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1.0 INTRODUCTION

This report details the drilling programme for which Billiton Australia Pty
Ltd engaged Rockwater Pty Ltd, to evaluate potential water sources for use in
the development of the Batman Gold prospect, located in the Mount Todd area,
approximately 50 km north-west of Katherine.

A groungwater supply of 600,000 cu m/yr (1,640 cu m/d) is required for the
initial plant. This would increase should the treatment plant be
subsequently expanded. In this report, consideration is given to locating
larger groundwater supplies, up to 2 x 10° cu m/year.

Potential sources for process water were to be assessed by drilling ten
exploration holes, of which five high-yielding areas were to be developed by
the installation of test-production bores. Exploration was restricted to two
exploration leases held by Billiton Australia Pty Ltd, EL 2204 to the west and
EL 2935 to the east, These leases occupy areas to the south and west of Mt
Todd, and they contain the Batman prospect.

Site selection for the exploratory holes was made by means of examination of
local geology, in conjunction with aerial photograph mapping and

interpretation. Bore locations are presented in Figure 1.

Exploratory drilling began in mid October 1988 and was immediately followed by

drilling and construction of production bores at the end of October., All
drilling was completed in early November 1988, Test pumping began at the end
of October and was completed by mid November. All drilling, construction of

bores and test pumping was carried out by Gorey and Cole Drillers.




2.0 PREVIOUS WORK

In July 1988, Rockwater was engaged to carry out a water resource evaluation
for process and potable water. In addition to background research, a field
inspection was conducted in late July 1986. Details of this study were
included in the Rockwater Report Number 128.2/88/1, dated August 1988. The
reader is referred to this report for an analysis of the region's climate,
meteorology and hydrogeology. However, a brief summary will be given below.

3.0 PHYSICAL SETTING

3.1 PHYSIOGRAPHY

The Mount Todd region is hilly with the most prominent physical feature, Mount
Todd, situated about 3.5 km to the east north east of the Batman Prospect.
Surface drainage from the prospect area trends to the south and west by means
of tributaries, into the Edith River, located about 3.5 km to the south.

3.2 CLIMATE

The climate in the Mt Todd Region is gsub-~tropical, comprising a warm dry
winter from May to September with prevailing south-easterly winds, and a hot
wet summer from October to April, with dominating north-west to westerly
winds.

’

3.2.1 Rainfall

The mean annual rainfall recorded at Katherine is 948 mm per annum with the
mean monthly rainfall being highest during the months of December to March.

3.2.2 Evaporation

The mean annual evaporation from a free water surface is 2,566 mm per annum,
being highest in October at 303 mm, and lowest in February at 142 mm.

3.2.3 Temperature

Temperatures are generally high, with the highest mean daily maximum in
June/July of 38°c. The mean daily minima range from 12°¢ to 24°%C
respectively,

3.2.4 Humidity

Humidities are relatively high, with 0900 hours readings ranging from a mean
maximum in February of 82%, to a mean minimum in August/September of 51%.




3.2.5 Vegetation

The region is covered with a light Eucalypt woodland and a grassy groundcover.
Land use is not dominated by any significant human influence. The natural
groundwater recharge systems are, therefore, likely to be currently operating.

4.0 HYDROLOGY

In the vicinity of the Batman Prospect and the Robin Zone, groundwater was
encountered in fractured bedrock during mineral exploration drilling.
Relatively large volumes were estimated from airlifting some of these holes,
but the results remained unconfirmed. Bedrock in this region is composed of
siltstone, shale and greywacke, which, in the vicinity of the prospect area,
is known to be hornfelsed and locally mineralised.

From analyses carried out on bores sunk in the region to date, salinities are
in general low. Contaminants such as arsenic and iron are likely only to be

found in aquifers that are mineralised.

5.0 DRILLING AND BORE CONSTRUCLION

5.1 PROGRAMME

Gorey and Cole drillers of Alice Springs were awarded the drilling and test-
pumping contract. Drilling commenced on September 17 and the field operations
were coﬁpleted on November 16 1988, A total of eleven exploratory holes (BW1
= BW10 and BW13), and five production bores (BW1P, BW2P, BW6P, BW8P and
BW10P), were drilled.

5.2 METHODS

Exploration and production bores were drilled by air-rotary and air-hammer
methods with some use of water and foam injection. An Ingersoll-Rand TH-60
rig was used.

All holes were lithologically logged and sampled. Water production rates
achieved by air-1ift were measured at regular intervals to allow for
identification of water-bearing zones. Water salinities were measured on
site, by conductivity. Samples were taken from completed production bores for
laboratory analysis.

Exploratory holes were drilled at 190 mm diameter. Those that yielded
significant water were cased with 50 mm ID UPVC Class 9, slotted through the
water-bearing zones. They were used for water level monitoring during test
pumping.

Five production bores (BW1P, BW2P, BW6P, BW8P and BW10P) were subsequently
constructed at sites that yielded high air-1ift rates. They are located more




than 600 m apart to minimise any interference effects. Bore locations are
shown in Figure 1.

Each production bore was drilled near to the observation bore. Holes were
drilled at 254 mm diameter and completed using 155 mm ID Class 9 UPVC casing,
with slots set in the water-bearing layers.

Drill holes not completed as production or observation bores were backfilled
and the sites levelled, in accordance with environmental procedural
guidelines. They are designated as abandoned.

6.0 RESULTS

6.1 TEST HOLES

Eleven exploration holes were drilled within a 3 km radius of the prospect.
They are located mainly to the east and south-east of the Batman Prospect,
Five of these holes developed sufficient water to warrant production bore
construction. \

Results of the exploratory and observation bores are presented in Appendix I
and summarized in Table 1. Details of production bores are

presented in Appendix II and in composite bore logs in Figures 2 to 6. A
summary is presented in Table 2,

Groundwater was generally intersected at about 30 m in fractures within the
greywacke and mudstones of the Burrell Creek formation. Water levels in
these holes stand above the first level of intersection, indicating that the
aquifer zone is confined by impermeable rock.

6.2 PRODUCTION BORES

Production bores were drilled and constructed at five sites (BW1P, BWZ2P, BW6P,
BW8P and BW1OP) to depths ranging from 60 m to 72 m below ground level,

Field salinities of groundwater samples taken during drilling ranged from 84
to 303 mg/l total dissolved solids (TDS), measured by conductivity, These
are similar to values obtained from the test holes.

Bore BWIP penetrated fractured greywacke with minor seeﬁage from 29 m, and the
main supply from below 51 m. During drilling, salinity measurements ranged
from 89 to 102 mg/1 TDS, similar to the adjacent observation bore. Static
water level is 18,53 m below ground level,

Bore BW2P intersected minor seepage from 33 m, increasing to 144 cu m/d at 48
m and 576 cu m/d at 72m. Once cased with 155 mm ID UPVC, the airlift yield
was the same or more than prior to casing. Salinities of groundwater ranged
from 147 to 164 mg/1 TDS.




TABLE 1

SUMMARY OF EXPLORATCRY
DRILLING

NOVEMBER 1988

DATE TOTAL DEPTH ATRLIFT TOTAL DISSOLVED

BORE HNo. STATUS GRID REFFERANCE COMPLETED S5.W.L DRILLED YIELD SOLIDS

(m bgl) (m) (cu m/d) (mg/1)
BW 1 Chservation 9896N 9805E 17/16/88 18.66 63 576 107
BW 2 Observaticn 10492H S684R 18/10/88 26.85 77 375 150
BW 3 Exploration 9035N 9130E 16/10/88 - 71 Dry -
BW 4 Exploration 8910N 875ZE 19/10/88 - 52 Dry -
BW 5 Qbservation 106C0N  9000E 20/10/88 18.27 65 43 105
BW 6 Observation 8955N 10365E 20/10/88 i8.87 71 258 300
BW 7 Exploration G450 1110QE 21/10/88 - 36 Dry -
BW 8 Cbservation 9598N 10253E 22/10/88 24,65 68 216 270
BW 9 Cbservation 10146N 10200 23/16/88 23.786 &5 150 250
BW10 Observation 9163N G960E 23/10/88 23.22 , 71 288 84
BW13 Exploration 105058 8351E 7/11/88 3.00 58 54 140




TABLE 2

SUMMARY OF PRODUCTION BORE DATA

STATIC* RECOMMENDED

BORE DEPTH* SLOTTED" WATER PUMPING PUMP* TINTERNAL DIAMETER LABCRATORY
NUMBER LOCATICN DRILLED SPECIFICATIONS INTERVAL LEVEL RATE SETTING OF PUMP HQUSING SALINITY
(m) {(m) (m bgl) (cu m/d) {m) {mm) (mg/1 TDS)+
BW ip 9S06N £2.6 +0,25-3,75 m 310 mn ID 26.00-62.6 18.53 250 48 155 185
B G806E 3232 mm OD Steel Surface

Casing. +0.25-62.6 m
155 mm ID 168 mm QD
Class § UPVC

BW 2P 10482N 72 +0.60-5.40 m 310 mm ID 34,90-70.90 25,99 300 55 155 242
G&8SE 323 mm CD Steel Surface or
Casing. +0.60-70.90 m 350
155 mm ID i68 m 0D Class
= 9 UPVC
BW 67 8984N 70 +0.30-2.70 m 310 mm ID 28.00-70.560 18.79 300 50 155 477
10362E 323 mm OD Steel Surface or
Casing. +0.30-70.00 m 350
155 mm ID 168 mm OD Class
g UPVC
BW 8P 9615N 60 +0.80-27.84 m 310 mm ID 28.€3-58.63 23.70 300 50 155 410
- 10266E 323 mm OD Steel. or
+0.80-58.63 m 155 mm ID 250
168 mm OD Class 9 UPVC
BW1QOP 9162N 70 +0.33-32.09 m 310 mm ID 29.90-70.00 22.65 250 65 155 149
9982E 323 mm OD Steel Surface '
Casing +0.25 m~70.00 m
155 mm ID 168 mm OD Class
9 TUFVC
SUM 1400

* Metres Below Ground Level
+ Salinity -~ Milligrams Per Litre Total Dissolved Solids (Field Determination - By Conductivity)




Bore BW6P was drilled to 70 m, penetrating fractured greywacke, with a thin
cover of alluvium. The bulk of the water was produced below 39 m, with flow
rates ranging from 247 to 375 cu m/day. Groundwater salinity ranged from 299
to 306 mg/1 TDS.

Bore BWBP penetrated 60 m of fractured greywacke with minor chert veins,
Flow rates from the main aquifer in the production bore were measured by
airlift methods from below 45 m and ranged from 288 to 864 cu m/day. Field
measurements indicate the groundwater salinity to be within the range 258 to
276 mg/l TDS.

Bore BWIOP was drilled to 71.5 m, penetrating completely weathered greywacke
clays near the surface and grading to fractured, fresh greywacke with depth.
Water was first encountered at 36 m depth. During the final airlift, flow
rates ranged from 216 to 575 cu m/day. Groundwater salinities were measured
at 83 mg/l TDS.

7.0 TEST PUMPING

Six production bores were test-pumped to assess bore yields and aquifer
characteristics. This phase of the investigation extended from 27 September
through to 16 November 1988, Tive of the bores were pumped using a shaft-
driven turbine pump with an orifice weir assembly to monitor the pumping rate.
(One existing bore was pumped using the existing facilities, and monitored for
one day,) Water levels were measured in the pumped and observation bores,
using electric probes.

On the five new bores, two types of pumping tests were conducted: step-rate
and constant-rate tests., The step-rate tests (comprising four steps of one
hour each at incrementally increasing rates), were used to determine suitable
pumping rates for the constant-rate tests. On the existing bore a constant-—
rate test alone was conducted. Plots and interpretations of the step-rate

tests are not presented herein.

The constant-rate tests were each run for two days with the exception of BP70
which ran for 24.5 hrs. Pumped waler was channelled from the site, by using
nearby or adjacent stream beds, This was done to ensure that the possibility
of artificial recharge was kept to a minimum.

Data from the test pumping are presented in Figures 7 to 12, and a brief
summary of results is presented below. In the discussion, long-term refers to
a time span of about two years.

7.1 BORE BW1P Figures 2 and 7

The constant-rate test of bore BWIP commenced at 350 cu m/d following a step-
rate test at 200, 300, 400 and 500 cu m/d. Drawdowns were measured in the
pumped and observation bores. Water levels were also monitored




intermittently in observation bores about 500 m on either side,

The plot of drawdown in the pumped bore, on semi-logarithmic scale, shows
steepening of the trend, particularly after 700 minutes. This indicates that
the transmissivity in the surrounding aquifer beyond an apparent hydraulic
barrier is lower than that at the bore. From the late time data, the aquifer
transmissivity 1s calculated to be 9 cu m/d/m, while the storage coefficient
is calculated to be 1.4 x 10 "3.Extrapolation of the trend indicates that the
available drawdown of 29.5 m between static water level and the main aquifer

interval at 48 m would be exceeded within two years.

A reduced rate of 250 cu m/d is, therefore, recommended as a production duty
rate. At this rate, assuming that there is no interference with bores other
than BW2P, and that no other deleterious boundaries become effective, the
long-term pumping water level is expected to be about 44 m below ground level.
A pump inlet level of 48 m below ground level will be suitable for this bore,
Intermittent monitoring of bores BW2, BW8 and BWY during the constant rate
test showed that only BW2 responded, with a measurable drawdown of 0.09 m
after 2 days. Both BW1P and BW2P penetrate the mineralisation in the Robin
area, through which a hydraulic connection is indicated. Therefore, some
interference drawdown is likely to occur.

Regular monitoring of pumping water levels will be important in assessing
whether any deleterious hydraulic effects are occurring.

7.2 BORE BW2P Figures 3 and 8

A constant-rate test was run at 300 cu m/d on bore BW2P, following a step-rate
test at discharges of 76, 250, 300 and 400 cu m/d.

The drawdowns in the pumped and observation bores followed similar trends on
semi-logarithmic scale, being essentially linear after about 120 minutes of
pumping. The steeper trend within the initial 120 minutes subsequently
shallows out and is probably due to aquifer development adjacent to the bore.

Aquifer parameters calculated from the observation bore data are:

Transmissivity: 84.5 cu m/d/m
Storativity: 3.8 x 10 -9

The results indicate a moderately high aquifer transmissivity (for fractured
rock aquifer) and a low storativity reflecting the confined aquifer condition.

The maximwn drawdown in the pumped bore was 5.89 m. Extrapolation of the
drawdown trend indicates that the bore could sustain more than 300 cu m/d, and

a pumping rate of 300 - 350 cu m/d is recommended.

Including some minor interference drawdown from bore BWIP, the long term




pumping water level is estimated to be 34 m below ground level. A pump
setting of 55 m should be satisfactory.

7.3 BORE BW6P Figures 4 and 9

The constant-rate test of bore BW6P was commenced at 350 cu m/d following a
step-rate test at 150, 200, 300 and 400 cu m/d.

Drawdown in both the pumped and observation bores followed similar trends on a
semi-logarithmic scale. The curves steepened at about 300 minutes, indicating
the presence of an hydraulic boundary. The value of the effective aquifer
transmissivity calculated from late time data for the bore is 30.5 cu m/d/m,
with a storage coefficient of 1.3 x 10—5. The available drawdown between
static water level and the main aquifer is about 43 m.

The bore is capable of 300 - 350 cu m/d provided no further aquifer boundaries
are intersected and there is no interference from the other bores in the region.
The long-term pumping water level is estimated to be 33 m below ground level
with a pumping rate of 350 cu m/d. A pump setting of 50 m is recommended.

7.4 BORE BW8P , Figures 5 and 10

Bore BW 8P was test pumped at a constant rate of 400 cu m/d, following a four
hour step-rate test at 200, 400, 600 and 800 cu m/d.

The plots of drawdown on semi-logarithmic scale show steepening of the trends,
particufarly after 400 minutes. At the end of the test the drawdown reached
/.78 m. Analysis of the late time data indicates an aquifer transmissivity of
20.3 cu m/d/m, and a storage coefficient of 1.5 x 10

The bore has an available drawdown of 30.3 m between static water level and
the main aquifer intersection at 54 m. Extrapolation of the drawdown trend
indicates that the available drawdown would be exceeded within two years. A
reduced rate of 250 - 300 cu m/d is, therefore, recommended as a production
duty rate, At a production rate of 300 cu m/d, in the long term, a pumping
water level of 36.7 m below ground level is estimated, assuming no
interference with other bores, or any other deleterious hydraulic boundary
effects are realised. Regular monitoring of pumping water levels will be
important in assessing whether the recommended rate is appropriate. A pump
setting of 50 m is recommended.

7.5 BORE BW10P Figures 6 and 11

Bore BW10P was test-pumped with a step-rate test at rates of 200, 250, 300 and
350 cu m/d, followed by a constant rate test at 250 cu m/d. The drawdown was
rapid for the first 1000 minutes reaching 17.64 m, after which the rate of
drawdown decreased. At the end of the test the drawdown reached 19.61 m.
Analysis of the late time data indicates an asuifer transmissivity of 14.76 cu
m/d/m, and a storage coefficient of 9.6 x 10 ',

9




The bore has an available drawdown of 42 m The main aquifer interval is from
65 to 70 m. Given a projected long-term drawdown of about 40 m, ie a pumping
water level of 62 m (provided no interference from other bores or aquifer
boundaries are realised) the bore should sustain 250 cu m/d, A pump setting

of 65 m is recommended.
7.6 BORE BP70 Figure 12

This existing bore was monitored for several days, during which the pumping
rate was measured by means of an orifice weir assembly. This bore is
currently used intermittently to supply camp facilities and mineral
exploration drilling operation, Presently, the pump is set at 35 m below
ground level with 17.3 m of available drawdown below a static water level of

17.7 m below ground level.

The test began with a pumping rate of 150 cu m/d, but after 300 minutes the
rate intermittently fell to 120 cu m/d, when demand for the water changed the
discharge rate. From Figure 12, the plot of drawdown on semi-logarithmic
scale, shows a curve with three segments, which increase in gradient with
time, from 0.26 m to 0.74 m per log cycle. After 300 minutes, the drawdown

readings became very erratic.

Using a worst-case scenario with the late time data, the trend follows a
gradient of about 1.6 m per log cycle, In the medium term, i.e. 6 months to
, this bore should be able to sustain a pumping rate of 120 cu m/d,
assuminé’no interference from other bores or other deleterious hydraulic

2 years
boundary effects are realised,
7.7 DISCUSSION OF TEST RESULTS

The 48-hour pumping tests give a reasonable basis for extrapolation of water-
level trends in the long term, although under continued pumping the trends can
change. Reduced rates of drawdown can result from recharge events and leakage
from adjacent aquifer layers. Increased drawdown can be caused by hydraulic
barrier boundaries or lower aquifer transmissivity/storage in the surrounding

area.

Two of the tests show flatlening drawdown trends which are favourable in
suggesting some leakage into the aquifer being pumped. These are Bores BW2P
and BWIOP (in the case of BW2P, the leakage is very small.)

Four of the tests showed steepening trends which give less confidence in
continuity of supply. Accordingly, the recommended pumping rates from these
four bores - BW1P (250 cu m/d), BW6EP (300 - 350 cu m/d), BW8P (250 - 300 cu
m/d) and BP70 (120 cu m/d) are all lower than the rates for the pumping tests.
If monitoring shows strong declines in water levels, the pumping rates might
need to be further reduced,

10
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More detailed evaluation of the extent and yield of the aquifers is not
justified in a project of this nature because of the expense and the
variability of results in fractured rock aquifers. It is more practical to
have adequate standby capacity to cover at least the highest producing bore.

8.0 GROUNDWATER CHEMISTRY

Water samples were collected from all pumped bores after one hour, and at the
end of testing. An additional sample (from the end of the test) was
acidified with nitric acid and subsequently tested for metal elements, The
samples were analysed by Rapley Wilkinson Laboratories for selected major and
trace ions. Results are shown in Table 3.

The groundwater is relatively fresh, with laboratory salinities ranging from
150 to 480 milligrams per litre Total Dissolved Solids (TDS) (measured by
conductivity). For drinking water, the usual limit is 1,000 mg/l.

Values of pH range from 6.15 to 7.30, indicating that the waters are
essentially neutral to slightly acidic and are unlikely to be very corrosive.

Except for iron, the concentrations of the major ions analysed are all within
acceptable limits for drinking water. Low concentrations of dissolved solids
make the waters very suitable for processing gold ore. Magnesium, for example,
has low concentrations which will reduce chemical dosing requirements.

Bores BW8P and BWIOP have iron concentrations of less than 1 mg/l, which is

the desired upper concentration limit. Bores BW1P, BW2P BS6P and BP70 range
from 1.2 to 5.0 mg/l, which are all above the desired upper limits.

Arsenic concentrations were above the recommended limit for drinking water
(0.05 mg/l, W.H.O) in three samples,with values of 0.08, 0.11, and 0.50 in
bores BP 70, 1P, and 2P respectively (Table 3). Water from the
mineralised zones should not be used for drinking.

Bore BW1OP has a lower than acceptable pll value for drinking water. Bore
BW8P, would be the suggested bore to be used as a drinking water source.

The relative concentrations of ions in the several samples are shown in Figure
13, in which the plotted values are milli-equivalents per litre. Notable
features are:

1. Sodium, chloride, and sulphate values are unusually low in all the
samples, compared with calcium, magnesium, and bicarbonate values,
This is a feature of 'young' groundwater, and suggests favourable
recharge conditions.

2. Magnesium values are higher than calciuwm in all samples, reflecting
magnesium-rich aquifer material, i.e. greywacke and shale/schist.

11




TABLE 3

CHEMICAL ANALYSES OF WATER SAMPLES FROM PUMPING TESTS

~

BORE BW1P BW1P BW2P BW2P BWS? BWSP BWeP BW8E BWiGP BW10P BP70 BF70
DATE
SAMPLED 28.10.88 30.10.88 10.11.88 12.11.88 31.10.88 2.11.88 14.11.88 16.11.88 3.11.88 9.11.88 13.11.88 14.11.88

DETERMINATION mg/1

Calcium 7

8 24 10 37 22 35 24 6 5 7 7

Magnesium g 9 ig 20 41 L2 35 30 12 1z 9 8
Sodium 28 28 34 35 84 33 58 60 18 18 12 11
Potassium 3 3 9 8 4 4 3 5 3 4 5 5
Total Iron - 4 - 2.6 - 1.2 - 0.7 - 0.3 - 5.0

_ Manganese - 0.1:1 ~ 0.25 - 0.20 - 0.329 - 0.06% - 0.185

b Strontium - 0.05 - 0.08 - 0.33 - 0.23 - 0.01 - <0.01
Lead - 0.01 - 0.03 - 0.01 - 0.0G3 - 0.01 - 0.02
Nickel - <0.002 - 0.002 - 0.062 - 0.002 - 0.002 - 0.007
Copper - <0.002 - 0.002 - <0.002 - <g.002 - 0.0062 - <0.002
Zinc - 0.07 - 0.26 - 0.21 - 0.14 - 0.225 - 0.24
Cadmium - <0.002 - <0.002 - <0.002 - <0.002 - <0.002 - <0.002
Bicarbonate 125 125 170 165 405 425 335 335 85 110 82 75

- Sulphate <5 <5 25 25 <5 {5 10 10 <5 <5 <5 <5
Chloride 70 85 50 60 115 1i5 105 115 45 55 45 55
Nitrate a. <0.1 <0.1 8.8* <0.1 <G.1 <G.§ 0.1 <0.1 0.1 <0.1 <0.1
Arsenic ~ 0.11 - 0.50 - <0,05 - <0.05 - <0.05 - 0.08

continued ..




TABLE 3 {continued)

CHEMICAL ANALYSES OF WATER SAMPLES FROM PUMPING TESTS

~
3

BORE BW1P BW1P BW2P BW2P BWaP BW6P BW8? BW8P BW10P BW10P BP70 BP70

DATE
SAMPLED 28.10.88 30.10.88 10.11.88 12.11.88 31.10.88 2.11.88 14.11.88 16.11.88 3.11.88 ©.11.88 13.11.88 14.11.88

DETERMINATION mg/1

Conductivity
(Lebortory) 179 195 226 242 480 477 413 410 125 149 118 128
(Field) 102 - 151 - 302 - 254 - 84 - - -

¢

Total
Alkalnity 103 103 139 135 332 349 275 275 70 90 67 62

; pH 7.30 6.65 6.65 7.05 7.00 6.80 6.80 6.95 6.95 6.15 6.20 7.20

* This sample was possibly contaminated with NO3 from addition of Nitric acid used to stabilise metal elements




9.0 FUTURE GROUNDWATER DEVELOPMENT

The groundwater supplies of 540,000 cu m/yr (1470 cu m/d) located and
developed during the completed Stage I of the groundwater programme are
contained predominantly in the shales and greywackes of the Tollis Formation,
A belt of country running northerly through Robin Prospect is the most
productive, It contains quartz veining in the Robin Prospect and covers the
contact zone between the lower and middle units of the Tollis Formation.

Process water requirements according to present planning will be either

1 x 10" cu m/yr or 2 x 107 cu m/yr. Development of such supplies is proposed
to be undertaken in 1989 as Stages II and III of the groundwater programme,
The scope of works and summary of cost estimates are presented below.

9.1 STAGE II - ONE MILLION CUBIC METRES PER ANNUM

The additional water supplies required are 460,000 cu m/yr (1,260 cu m/d) not
including standby capacity. It is prudent to have standby capacity equal at
least to the highest producing bore, in the present case 350 cu m/d. Thus
the total amount of groundwater to be proven is 1,600 cu m/d.

We propose that the Stage II groundwater search area extend to the north from
Robin Prospect through mineral tenements EL 5175 and EL 5792 (Fig 14). We
expect that the additional requirement of 1,600 cu m/d will be obtainable from
five or six new production bores with an average pumping rate of about 300 cu
m/d. To be conservative, we allow for six production bores, in the scope of
work,

Locations of two of the production bores have already been decided: at
BW 9 and the old Pacific camp. To locate the additional four, it is expected
that eight exploration holes will be required., The programme to develop an
additional 1,600 cu m/d, therefore, comprises: eight exploration holes

six production bores

six pumping tests.

Tentative sites for the drilling are shown in Figure 14.

9.1.1 Cost Estimates

(1 Drilling Contractor

The cost estimate to complete the above works is based on the actual rates
from the first programme, using the same drilling contractor,

Drilling of 8 exploration holes

Mobilisation 3,000
8 Exploration holes @ average $4,500.per hole 36,000
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Drilling, construction, and completion
of 6 production bores @ $12,500 per bore 75,000

Conduct pumping tests on 6 production bores

at $4,000 per test 24,000
Estimate of Contractors costs $138,000

(2) Cost Summary

Contractor costs 138,000
Consultants costs 23,500
Total 5$161,500

9.2 STAGE IIT1 - TWO MILLION CUBIC METRES PER ANNUM

The scope of work for the 2 x 1O6 cu m/yr scenario is based on the premise
that the 1 x 10° cu m/yr programme has already been successfully implemented.

We expegt that there will not be many sites available in the northern area

for further construct%on of production bores, Therefore, it is assumed that
the additional 1 x 10" cu m/yr (2,740 cu m/d) will be developed in the
southern area, between the present bores and the Edith River,. This will

necessitate an agreement being reached with the owners of EL 4823.

The programme is costed out on the basis of nine production bores and fifteen
exploration holes. Results are expected to be somewhat better than in the
northern area because the area is lower in the drainage basin, and might draw
recharge from Stow Creek and Edith River.

Sites for the exploration bores are not shown in Figure 14; they will be
selected at a later date.

9.2.1 Cost Estimates

(1) Drilling Contractor
Presented below are estimates based on the previously completed programme,
Drilling of 15 exploration holes

Mobilisation 3,000
15 exploration holes @ $4,500/hole 67,500




Construction and development of 9 production bores

@ $12,500 per bore 112,500
Test pumping of 9 production bores 36,000
Estimate of Contractors costs $219,000

(2) Cogt Suwmmary

Contractors costs 219,000
Consultants costs 37,000
$256,000

9.3 SUMMARY OF PROGRAMME

To develop a groundwater supply of 1 x 106 cu m/yr for the Mount Todd project,
an additional eight exploration holes and six production bores are estimated
to be required. It is proposed that these be drilled on EL's 5175 and 5742
to the north of Robin Prospect. The estimated cost is $162,000 for this
Stage II of the groundwater development.

To develop a groundwater supply of 2 x 10 6 cu m/yr, the additional 1 x 106 is
proposea to be developed from an area that is the southern extension of the
present borefield, in the vicinity of the Edith River. This Stage III is
estimated to comprise fifteen exploration holes and nine production bores, and
to cost $256,000.

There is an alternative to the above programme, i.e. that the Stage II
drilling is located to the south rather than the north. This has not been
costed herein because it presently appears that access will first be obtained
to the northern ground,

10.0 SUMMARY AND CONCLUSIONS

Five production water bores have been constructed to supply process and
domestic water for the Batman Gold Project. They are completed to depths of
59 to 71 m with UPVC casing of 155 mm internal diameter. From analyses of
48-hour pumping tests, the bores are recommended to be pumped at rates of 120
to 300 cu m/d totalling 1470 cu m/d. Recommended rates, pump settings, and
other data are listed in Table 4. With close monitoring, pumping rates for
bores BW2P, BW6P and BW8FP could be slightly increased from those given, but
should excessive drawdowns occur, then the rates would need to be reduced.

With the given pump settings, the pump inlets will be within the slotted
casing, and in one bore it will be within the main aquifer interval. It
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electric submersible pumps are to be used, that in bore BW10P should be fitted
with a shroud or bleeder tube to direct water over the motor for cooling

purposes,

Extrapolation of drawdown trends from the pumping tests gives good confidence
that bores BW2P and BW10P will maintain supply, while the rates for BWI1P,
BW6P, BW8P and BP70 might have to be reduced in the long term. Monitoring of
water levels under pumping conditions will provide advance information.

The water is relatively fresh, with salinities in the range 150 to 480
milligrams per litre Total Dissclved Solids. From the chemical analyses, we
recommend that Bore BWBP is the most suitable source of water for domestic

use.
TABLE 4
Summary of Water Supply
Recommended Expected
Bore  Depth Static Pump inlet Pumping long term
(m) Water Level setting Rate Water Level Salinity
. (mbgl) (m) (cu m/d) (m) (mg/1 TDS)
BW1IP  62.6 18.5 48 250 44 200
BW2P  70.9 26.0 55 300 34 240
BW6P  70.0 18.8 50 300 33 480
BWBP  58.6 23.7 50 250 37 410
BW10P 70.0 22.7 65 250 40 150
BP70  60.0 17.7 35 120 * 130
1,470

* Data insufficient for a reliable estimate to be made.

The completed programme established 540,000 cu m/yr of process water. Stage
IT is proposed to develop an additional 580,000 cu m/yr to give the

1 x 107 cu m/yr requirements plus standby capacity. Exploration and the
construction of six production bores is estimated to cost $162,000. The
suggested location is to the north of Robin Prospect, on EL's 5175 and 5792.
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Stage III is proposed to develop an additional 1 x 106 cu m/yr. Exploration

and the construction of nine production bores is estimated to cost $256,000.
The suggested location is to the south of Robin Prospect, on EL 4823,

DATED 20TH NOVEMBER 1988
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ROCKWATER PTY LTD

G BROPHY
Groundwater Technologist

J R PASSMORE
Principal Hydrogeologist




APPENDIX I

BORE COMPLETION DATA
OBSERVATION BORE




APPENDIX I
BORE COMPLETION DATA
OBSERVATION BORE
BORE: BwW 1
LOCATION: Mine Grid 9896 N 9805E

HEIGHT OF COLLAR ABOVE GROUND: 0.23 m

STATUS: Observation Bore

DATE COMPLETED: 17/10/88

DRILLING CONTRACTOR: Gorey and Cole Drillers

DRILLING RIG: Ingersoll Rand TH-60

DRILLING METHQD;: Ailr Hammer

DEPTH DRILLED: 65 m

DIAMETER DRILLED: 0 = 5.5 m 203 mm Dia Hole,\Hammer
5.5 - 65 m 190 mm Dia Hole, Hammer

CASING: 4+0.23-5.50 m 155 mm ID 168 mm OD UPVC Surface Casing
+0.23-63.84m 50 mm ID 60 mm OD UPVC

SLOTS: 27.84 - 63.84 m

WATER LEVEL: 18.53 m Below Ground Level

AIRLIFT YIELD: 576 cu m/d

WATER SALINITY: 107 mg/1l (By Conductivity)

LITHOLOGY:

(m)
0 - 18 GREYWACKE - Grey brown highly weathered fine even grained, becoming
fresh
18 -~ 27 GREYWACKE - Grey slightly weathered fine even grained

27 — 64 GREYWACKE - Black fresh fine even grained




BORE:

JLOCATION:

HEIGHT OF COLLAR ABOVLE GROUND:

STATUS:

DATE COMPLETED:
DRILLING CONTRACTOR:
DRILLING RIG:
DRILLING METHOD:
DEPTH DRILLED:
DIAMETER DRILLED:

CASING:

SLOTS:
WATER LEVEL:
ATRLIFT YIELD:
WATER SALINITY:
LITHOLOGY:
(m)
0-6 GREYWACKE
6 — 30 GREYWACKE

30 - 76.9 GREYWACKE

APPENDIX I

BORE COMPLETION DATA
OBSERVATION BORE

BW 2

Mine Grid 10492N 9684E
0.27 m

Observation Bore
18/10/88

Gorey and Cole Drillers
Ingersoll Rand TH-60
Air Hammer

77 m

0 - 77 m 190 mm Dia Hole, Hammer

+0.22-5.78 m 155 mm ID 168 mm OD UPVC Surface Casing

+0.27-76.73m 50 mm ID 60 mm OD UPVC
40,73 - 76.73 m

25.99 m Below Ground Level

376 cu m/d

153 mg/1 (By Conductivity)

Light brown highly weathered fine even grained, well

As above moderately to slightly weathered

Black grey, fresh fine even grained




APPENDIX I
BORE COMPLETION DATA
EXPLORATION HOLE
BORE: BW 3
LOCATION: Mine Grid 9035N 9130L

HEIGHT OF COLLAR ABOVE GROUND: -

STATUS: Exploration Hole - Abandoned
DATE COMPLETED: ' 19/10/88
DRILLING CONTRACTOR: Gorey and Cole Drillers
DRILLING RIG: Ingersoll Rand TH-60
DRILLING METHOD: Air Hammer
DEPTH DRILLED: 71 m
 DIAMETER DRILLED: 0 - 71 m 190 mm Dia Hole, Haﬁmer
CASING: -
SLOTS: =

WATER LEVEL: -
AIRLIFT"YIELD: Dry
WATER SALINITY: -
LITHOLOGY:
(m)
0 -3 ALLUVIUM - Light brown fine grained silt

3 - 27 GREYWACKE - Light brown moderately to slightly weathered fine even
grained

27 - 71 GREYWACKE - Dark grey, black, fresh fine even grained
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APPENDIX I
BORE COMPLETION DATA
EXPLORATION HOLE
BORE: BW 4
LOCATION: Mine Grid 8910N 8752E

HEIGHT OF COLLAR ABOVE GROUND: -

STATUS: Exploration Hole ~ Abandoned

DATE COMPLETED: 19/10/88

DRILLING CONTRACTOR: Gorey and Cole Drillers

DRILLING RIG: Ingersoll Rand TH-60

DRILLING METHOD: Air Hammer

DEPTH DRILLED; 52.5 m

DIAMETER DRILLED: 0~ 52.5m 190 mm Dia Hole, ﬁammer
CASING: -

SLOTS: -

WATER LEVEL: -
AIRLIFT YIELD: Dry

WATER SALINITY: -

LITHOLOGY:
(m)
0-3 ALLUVIUM/WEATHERED
HORNFELS =~ Light brown fine grain silt and light brown highly to
moderately weathered hornfels
3 - 52,5 HORNFELS - Dark grey black fresh fine even grained




BORE:

LOCATION:

HEIGHT OF COLLAR ABOVE GROUND: 0.63 m

STATUS:

DATE COMPLETED:
DRILLING CONTRACTOR:
DRILLING RIG:
DRILLING METHOD:
DEPTH DRILLED:
DIAMETER DRILLED:

CASING:

SLOTS:
WATER LEYEL:
AIRLIFT YIELD:
WATER SALINITY:
LITHOLOGY:
(m)
0 -3 ALLUVIUM
3 - 24 GREYWACKE

24 - 30 GREYWACKE
(HORNFELSED)

30 - 64.7 GREYWACKE
{HORNFELSED)

1

APPENDIX I
BORE COMPLETION DATA
OBSERVATION BORE
BW 5

Mine Grid 10600N 9000E

Observation Bore

20/10/88

Gorey and Cole Drillers
Ingersoll Rand TH-60

Air Hammer

65 m

0O - 65 m 190 mm Dia Hole, Haﬁmer

+0,38-5,62 m 155 mm ID 168 mm OD UPVC Surface C351ng
+0.63-65.39m 50 mm ID 60 mm OD UPVC

41.39 - 65.39 m
17.64 m Below Ground Level
40 cu m/d

105 mg/1 (By Conductivity)
Grey brown, silt and clay
Brown to dark grey. Moderately to slightly weathered
Grey to dark grey, slightly weathered fine even grained

Dark grey black fresh fine even grained
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APPENDIX 1
BORE COMPLETION DATA
OBSERVATION BORE
BORE: BW 6
LOCATION: Mine Grid 8955N 10365E

HEIGHT OF COLLAR ABOVE GROUND: 0.48 m

STATUS: Observation Bore

DATE COMPLETED: 20/10/88

DRILLING CONTRACTOR: Gorey and Cole Drillers

DRILLING RIG: Ingersoll Rand TH-60
- DRILLING METHOD: Aitr Hammer

DEPTH DRILLED: _ 71 m

DIAMETER DRILLED: 0 - 71 m 193 mm Dia Hole, Haﬁmer

CASING: +0.48~5.52 m 155 mm ID 168 mm OD UPVC Surface Casing

+0,48-70,06m 50 mm ID 60 mm OD UPVC

SLOTS: 28.06 —~ 70.06

WATER LEVEL: 18.79 m Below Ground level

ATIRLIFT YIELD: 258 cu m/d

WATER SALINITY: 303 mg/1 (By Conductivity)

LITHOLOGY:

(m)

0-3 ALLUVIUM - Grey brown silt and clay

3-6 GREYWACKE - Light grey clay after completly weathered greywacke

6 - 21 GREYWACKE - Light to dark grey moderately to slightly weathered fine

everni grained schistose
21 - 30 GREYWACKE - Dark grey as above
30 - 70.8 GREYWACKE - Dark grey black fresh fine to even grained with

white vein quartz from 33 to 60 metres




BORE:

LOCATION:

APPENDIX I
BORE COMPLETION DATA
EXPLORATION HOLE
BW 7

Mine Grid 9450N 11100E

HEIGHT OF COLLAR ABOVE GROUND: -

STATUS:

DATE COMPLETED:
DRILLING CONTRACTOR:
DRILLING RIG:
DRILLING METHOD:
DEPTH DRILLED:

DIAMETER DRILLED:

CASING:

SLOTS:

WATER LFVEL:
AIRLIFT fIELD:
WATER SALINITY:

LITHOLOGY:
(m)

0 - 12 HORNFELS

12 - 18 HORNFELS

18 - 36 HORNFELS

Exploration Hole - Abandoned
21/10/88

Gorey and Cole Drillers
Ingersoll Rand TH-60

Air Hammer

36 m

0 - 5.8 m 190 mm Dia Hole, Hammer
5.8 - 36 m 152 mm Dia Hole, Hammer

Dry

Light brown moderately weathered fine even grained

Grey brown slightly weathered with minor ferruginous
stain on joints

Dark grey, black, fresh, fine even grained



BORE:

LOCATION:

APPENDIX I
BORE COMPLETION DATA
OBSERVATION BORE
BW 8

Mine Grid 9598N 10253E

HEIGHT OF COLLAR ABOVE GROUND: 0.55 m

STATUS:

DATE COMPLETED:
DRILLING CONTRACTOR:
DRILLING RIG:
DRILLING METHOD:
DEPTH DRILLED:

DIAMETER DRILLED:
CASING:

SLOTS:
WATER LEVEL:

AIRLIFT YIELD:
WATER SALINITY:

LITHOLOGY:
(m)

0 - 27 GREYWACKE
27 - 39 GREYWACKE

39 - 67.7 GREYWACKE

Observation Bore
22/10/88

Gorey and Cole Drillers
Ingersoll Rand TH-60
Air Hammer

68 m

0 - 5.5 m 190 mm Dia Hole, Hammer
5.5~ 68 m 152 mm Dia Hole, Hammer

+0.55-5.45 m 155 mm ID 168 mm OD UPVC Surface Casing
+0.55-37.16m 50 mm ID 60 mm OD UPVC

1.16 - 37,16 m
23,70 m Below Ground Level
216 cu m/d

272 mg/1 (By Conductivity)

Light brown completely to lightly weathered - clay
Dark grey slightly weathered fine even grained

Dark grey black fresh fine even grained with minor
quartz veins




BORE:

LOCATION:

APPENDIX I
BORE COMPLETION DATA
OBSERVATION BORE
BW 9

Mine Grid 10146 N 10200E

HEIGHT OF COLLAR ABOVE GROUND: 0.60 m

STATUS:

DATE COMPLETED:

DRILLING CONTRACTOR:

DRILLING RIG:
DRILLING METHOD:
DEPTH DRILLED:

DIAMETER DRILLED:

CASING:

SLOTS :

WATER LEVEL:
AIRLIFT YIELD:
WATER SALINITY:

LITHOLOGY :
(m)

0- 9 GREYWACKE
9 - 27 GREYWACKE

27 - 64.4 GREYWACKE

Observation Bore

23/10/88

Gorey and Cole Drillers
Ingersoll Rand TH-60

Alr Hammer

65 m

0 - 65 m 192 mm Dia Hole, Haﬁmer

+0.35~5.65 m 155 mm ID 168 mm OD UPVC Surface Casing
+0.60-64,35m 50 mn ID 60 mm OD UPVC

34,55 - 64,55 m
23.76 m Below Ground Level
192 cu m/d

256 mg/1 (By Conductivity)

Light brown grey, fine grained highly weathered
As above becomming fresher

Black fresh fine even grained
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BORE:

LOCATION:

APPENDIX I
BORE COMPLETION DATA
OBSERVATION BORE
BW10

Mine Grid 9163N 9960E

HEIGHT OF COLLAR ABOVE GROUND: 0.54 m

STATUS:

DATE COMPLETED:

DRILLING CONTRACTOR:

DRILLING RIG:

DRILLING METHOD:

DEPTH DRILLED:

DIAMETER DRILLED:

.CASING:

SLOTS:
WATER LEVEL:

AIRLIFT YIELD:
WATER SALINITY:

LITHOLOGY:
(m)

0 - 15 CLAY

15 - 30 GREYWACKE

30 - 70.8 GREYWACKE

Observation Bore

23/10/88

Gorey and Cole Drillers
Ingersoll Rand TH-60

Air Hammer

71 m

0 - 71 m 192 mm Dia Hole, H;mmer

+0.54~5,46 m 155 mm ID 168 mm OD UPVC Surface Casing
+0.54-69.0 m 50 mm ID 60 mm OD UPVC

33 - 69 m
23.16 m Below Ground Level
288 cu m/d

84 mg/1 (By Conductivity)

Light brown clay dry after competely weathered
greywacke

As above but highly to slightly weathered

Black, fresh, fine even grained
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APPENDIX I
BORE COMPLETION DATA
EXPLORATION HOLE
BORE: BWI3
LOCATION: Mine Grid 10505N 8351E

HEIGHT OF COLLAR ABOVE GROUND: 0.26 m

STATUS: Exploration Hole - abandoned.
DATE COMPLETED: 7/11/88

DRILLING CONTRACTOR: Gorey and Cole Drillers
DRILLING RIG: Ingersoll Rand TH-60

DRILLING METHOD: Alr Hammer

DEPTH DRILLED: 58 m

DIAMETER DRILLED: 0 - 38 m 200 mm Dia Hole, Hammer
CASING: +0.26-1.24 m 206 mm ID 219 mm OD Steel Surface Casing
SLOTS: -

WATER LEVEL: 3.0 m Below Ground Level

AIRLIFT YIELD: 54 cu m/d

WATER SALINITY: 137 mg/1 (By Conductivity)
LITHOLOGY:

(m)

Gre§ black. Moderatly weathered bands. Moderatly
fractured .

0 -3 GREYWACKE

3-15 GREYWACKE, As above but well fractured. Fine grained, minor

limonite staining on fracture planes

i

15 - 21 GREYWACKE Black Blue. Minor Fracturing, fresh, becomming

harder

21 - 30 SILT STONE Brown black non fractured, very fine grained glassy

texture. Monor quartz and pyrite

30 - 33 AS ABOVE Moderatly fractured, increasing quartz

33 - 42 GREYWACKE

Blue black. Moderatly fractured, minor pyrite and quartz,
fresh, moderatly hard

42 - 58 GREYWACKE/QUARTZ

— As above minor quart veins, massive non-fractured.
Less quartz with depth. Minor pyrite

12




APPENDIX IT

BORE COMPLETION DATA
PRODUCTION BORE
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" BORE COMPLETION DATA

BORE:

LOCATION:

HEIGHT OF COLLAR ABOVE GROUND:
STATUS:

DATE COMPLETED:

DRILLING CONTRACTOR:

DRILLING RIG:

DRILLING METHOD:

DEPTH DRILLED:

DIAMETER DRILLED:
CASING:

SLOTS INTERVAL:

INTERNAL DIAMETER OF
PUMP HOUSING:

WATER LEVEL:
AIRLIFT YIELD:

PUMPING TEST:

RECOMMENDED PUMPING RATE:
RECOMMENDED PUMP INLET SETTING:
PUMPING WATER LEVEL:

WATER SALINITY:

APPENDIX II
PRODUCTION BORE
BW 1P
Mine Grid 9906N 9806E
0.10 m
Production Bore
25/10/88
Gorey and Cole Drillers
Ingersoll Rand TH-60
Air Hammer, Air Rotary
62 m

0 - 5.5m 311 mm Dia Hole, Roller Bit
5.5 - 62 m 254 mm Dia Hole, Hammer

+0.10-5.75 m 260 mm ID 272 mm OD Steel Surface Casing
+0.10-61.60m 155 mm ID 168 mm OD UPVC Class 9

26.60 - 61.60 m

155 m
18.66 m Below Ground Level
432 cu m/d
1. Step Rate Test 4 x 1 Hr Steps at Rates of
200, 300, 400 and 500 cu m/d
2. Constant Rate Test 48 Hrs at a Constant
Rate of 350 cu m/d.
Final Drawdown 17.15 m
250 cu m/d
45 m
44 m
Field Determination - 102 mg/1 TDS (By Conductivity)

Laboratory Determination - 195 mg/l TDS (By
Conductivity).
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BORE:

LOCATION:

HEIGHT OF COLLAR ABOVE GROUND:

STATUS:

DATE COMPLETED:
DRILLING CONTRACTOR:
DRILLING RIG:
DRILLING METHOD:
DEPTH DRILLED:

DIAMETER DRILLED:

CASING:

SLOTS INTERVAL:

INTERNAL DTIAMETER OF

PUMP HOUSING:

WATER LEVEL:
AIRLIFT YIELD:

PUMPING TEST:

RECOMMENDED PUMPING RATE:

RECOMMENDED PUMP INLET SETTING:

PUMPING WATER LEVEL:

WATER SALINITY:

APPENDIX II

BORE COMPLETION DATA
FRODUCTION BORE

BW 2P

Mine Grid 10482N 9689E
0.48 m

Produciton Bore

5/11/88

Gorey and Cole Drillers
Ingersoll Rand TH-60
Air Hammer, Air Rotary
72 m

0 - 5.5 m 311 mm Dia Hole, Roller Bit
5.5 = 72m 254 mm Dia Hole, Hammer

+0.48-5.40 m 250 mm ID 272 mm OD Steel Surface Casing
+0.48-70.90m 155 mm ID 168 mm OD UPVC Class 9

34,90 - 70.90 m

155 mm
26.65 m Below Ground Level
576 cu m/d

1. Step Rate Test 4 x 1 Hr Steps at Rates of

76, 250, 300 and 400 cu m/d
2. Constant Rate Test 48 Hrs at a constant
Rate of 300 cu m/d
Final Drawdown 5.89 m
300 or 350 cu m/d
55 m
34 m
Field Determination - 151 mg/1 TDS (By Conductivity)

Laboratory Determination - 242 mg/l1 TDS (By
Conductivity)
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BORE:

LOCATION:

HEIGHT OF COLLAR ABOVE GROUND:

STATUS:

DATE COMPLETED:
DRILLING CONTRACTOR:
DRILLING RIG:
DRILLING METHOD:
DEPTH DRILLED:

DIAMETER DRILLED:
CASING:

SLOTS INTERVAL:

INTERNAL DIAMETER OF
PUMP HOUSING:

WATER LEVEL:
AIRLIFT YIELD:

PUMPING TEST:

RECOMMENDED PUMPING RATE:

RECOMMENDED PUMP INLET SETTING:

PUMPING WATER LEVEL:

WATER SALINITY:

APPENDIX IT

BORE COMPLETION DATA

PRODUCTION BORE

BW 6P

Mine Grid 8984N 10362E

0.30 m
Production Bore

26/10/88

Gorey and Cole Drillers

Ingersoll Rand TH-60

Air Hammer, Air Rotary

70 m

0 - 2.5 m 311 mm Dia Hole, Roller Bit
2.5-70 m 254 mm Dia Hole, Hammer

+0.30-2.70 m 260 mm ID 272 mm OD Steel Surface Casing
+0.30-69.70m 155 mm ID 168 mm OD UPVC Class 9

27.70 - 69.70 m

155 mm

18.79 m Below Ground Level

375 cu m/d
1. Step Rate Test

2, Constant Rate Test

300 or 350 cu m/d
50 m

33 m

4 x 1 Hr Steps at Rates of
150, 200, 300 and 400 cu m/d
48 Hrs at Constant Rate

of 350 cu m/d,

Final Drawdown 8.83 m

Field Determination - 302 mg/l TDS (By Conductivity)
Laboratory Determination - 477 mg/1 TDS (By
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BORE:

LOCATION:

APPENDIX ITI
BORE COMPLETION DATA
PRODUCTION BORE
Bw 8P

Mine Grid 9615N 10266E

HEIGHT OF COLLAR ABOVE GROUND: 0.80 m

STATUS:

DATE COMPLETED:
DRILLING CONTRACTOR:
DRILLING RIG:
DRILLING METHOD:
DEPTH DRILLED:

DIAMETER DRILLED:
CASING:

SLOTS INTERVAL:

INTERNAL DIAMETER OF

PUMP HOUSING:

WATER LEVEL:

AIRLIFT YIELD:

PUMPING TEST:

RECOMMENDED PUMPING RATE:

Production Bore

6/11/88

Gorey and Cole Drillers
Ingersoll Rand TH-60
Air Hammer, Air Rotary
60 m

0 - 28 m 311 mm Dia Hole, Roller Bit
28 ~60 m 254 mm Dia Hole, Hammer

+0.80-27.84 m 260 mm ID 272 mm OD Steel Surface Casing
+0.80-57.83 m 155 mm ID 168 mm OD UPVC Class 9

27.83 - 57.85m

155 mm
23.70 m Below Ground Level
864 cu m/d
1. Step Rate Test 4 x 1 Hr Steps at Rates of
200, 400, 600 and 800 cu m/d
2. Constant Rate Test 48 Hrs at Constant Rate
of 400 cu m/d

Final Drawdown 7.78 m

250 or 300 cu m/d

RECOMMENDED PUMP INLET SETTING:50 m

PUMPING WATER LEVEL:

WATER SALINITY:

37 m
Field Determination - 254 mg/1 TDS (By Conductivity)

Laboratory Determination - 410 mg/l1 TDS (By
Conductivity)
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APPENDIX IT

BORE COMPLETION DATA

BORE:

LOCATION:

HEIGHT OF COLLAR ABOVE GROUND:
STATUS:

DATE COMPLETED:

DRILLING CONTRACTOR:

DRILLING RIG:

DRILLING METHOD:

DEPTH DRILLED:

DIAMETER DRILLED:

CASING:

SLOTS INTERVAL:

INTERNAL DIAMETER OF
PUMP HOUSING:

WATER LEVEL:
AIRLIFT YIELD:

PUMPING TEST:

RECOMMENDED PUMPING RATE:
RECOMMENDED PUMP INLET SETTING:
PUMPING WATER LEVEL:

WATER SALINITY:

PRODUCTION BORE

BW10P

Mine Grid 9162N 9982E
0.15 m

Production Bore

1/11/88

Gorey and Cole Drillers
Ingersoll Rand TH-60
Air Hammer, Air Rotary
71.5 m

0 - 33 m 311 mm Dia Hole, Roller Bit
33- 71.5 m 254 mm Dia Hole, Hammer

+0.33-32.09 m 260 mm ID 272 mm OD Steel Surface Casing
40.25-69.90 m 155 mm ID 168 mm OD UPVC Class 9

29,90 - 69,90 m

155 mm
22,65 m Below Ground Level
576 cu m/d
1. Step Rate Test 4 x 1 Hr Steps at Rates of
200, 250, 300 and 350 cu m/d
2, Constant Rate Test 48 Hrs at Constant Rate
of 250 cu m/d.
Final Drawdown 19.61 m
250 cu m/d
65 m
62 m
Field Determination - 84 mg/l TDS (By Conductivity)

Laboratory Determination - 149 mg/l TDS (By
Conductivity)
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BILLITON AUST PTY LTD
BATMAN WATER SUPPLY
COMPOSITE BORE LOG, BW1P

Fitrs 2

o CONSTRUCTION AHLIFT D5 ' ;
l.lo 5T I0 cu m/d 9/ 1 LITHOLOGY
" |GREYWACKE, grey brown, v
;:.:‘; to 5.70a L A highly weathered, becorming
[ 1D 260ma .| fresher. B
00 272
10 - -1 10
V.S'.IML. LT
a0 L U IGREYWACKE, grey, slightly | 20
Airlifr ‘| weathered, fine, even grained.
durin
- drilling e -
- GREYWACKE, black, fresh,
30 o tu bo 61.6a o ~ = | fine even grained. — 2
Class 9 URVE - —
10 1904 -
L (D 1€Pas —— 86 . 89 g
40 = T "5 L 9/ -1 40
[ eotren VAL - |
ze.u-m.s:t _ T - 226 - 98
50 |- - T3 ~ 50
— - L 788 | 9.4
= 288 . 9
60 |- e - 6o
e 0 6zaf 376 /02
70 - 70
80 - ~— B0
90 — — 49
COMPLETED 25/10/1)
VEHT SCALE {: 500
100 100

DRILLING DETAILS : o - 5.0u siiwm

0.0 = 624, 2040

1268.1/868/2-2




BILLTTON AUST RTY LTD
BATMAN WATEH SUPPLY Fiaure 3
COMPOSITE BORE LOG, BWeR
it CONSTRUCTION ARLIRT s
! )
mu ) . cuom/d mg/1 LITHCLOGY
T GREYWACKE, light brown, ¢
apnade b0 3.4 | kighly weathered, fine even
- 10 2F0an L grained, well foliated. -
o i . |GREYWACKE, as above,
10 k- L | mederately tu slightly 4
V| weathered. 1
20 - — av
- g WL, ~
Airlift L
30 during T 30
drilling S| GREYWACKE, black, grey, | °
- Cut water N Fresh, fing even grained .
- +0.4%» ta 70.% —— — = o 4
Clwen 8 UPVE -
10 9% e
0 {6Axa -
40 - == -1 40
- /44 - 147
50 |- Sz - 50
BLOTTED INTERVAL, oo
[ 54.9-70.%a - - 216 - /64
60 |- ] L 288 - /47 - 60
I el L 432 /27 7
70 - -~ 70
w576 15/
80 |- - ap
90 - - 80
COMPLETED 5/11/8R
VERT SCALE 1: 700
100 100
DRILLING DETAILS : o - 8.7a 311 3 -
2500 e 126.1/88/2-3
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BILLITON AUST PTY LTD

BATMAN WATER SUPPLY Flaure 4
COMPOSITE BORE LOG, BWAP
CONSTRUCTION AIRLIFT T0S
-ONS T THOLOR
JLTie cu m/d mg/ 1 LTTHOLURY
. . 0
2o lALLUVIUM, {
%00 10 2.1 —H U T lAEE L 9rey brown silt &
[ o 20w L GREYWACKE, Tight grey clag |
after complefely weathered
0|\ greywacke
™ o 1
- AGREYWACKE, light to dark
L grey. Moderately 1o slightly
i .| weathered, fine even .
7 SHL. graimed, schistose.
. D | 20
Airlift J|GREYWACKE, dark grey as
i during - .|above. i
drilling
~ — - 30
- UU|GREYWACKE, dark grey black.
2 to T | Fresh, fine even grained with
i :2;:: 3‘\53&" 1T ~- - |white vein quartz. 1
10 15 - T
U0 1680 A - 247 - 299
B - ] —1 40
s =T 262 -0 4 .
B T - 308 - 304 =1 5¢
BLOTIED INTFRVAL
27.7-69.7% r : __"_‘
-0 - 288 - 304
B - 20 -1 60
-l - 375 - 306
— S wrcal I 75 X002 70
B - By
N -1 90
COMBLETED 26710788
VERT SCALK 1: 500
100

DRILLING DETAILS @ o0 - 2.5 211w

2.5 - J0a, 2Mdua

128.1/88/2- 4




BILLITON AUST PTY LTD
BATMAN WATER SUPPLY Figure 3
COMPOSITE BORE LOG, BWBF
— - ATALTFT 0% Loy
wo CONSTRUCTION cu m/d na/1 LTTHOLUR |
U |GREYWACKE, light brown |
Sl eom letely fo highly weathered
i —— ~clay. .
0+ - 10
+0.Pa ty 27.840 —#H
- Stasl A
ID 260ws
QU 27 2ma
20 | -2
v SWL.
- Airlift . -
durin o
+0.6a to 97.43a = S S e drilling | GREYWACKE, dark grey,
30 [~ Claoe 8 UPVG - - - Cut water < Nslightly weathered. Fine even-{ a0
10 19%aa S ,
00 16maa - | grained.
w0 |- — T |GREVWACKE, dark grey | ae
OTTFD INTERVAL - = - N\black, fresh. Fine even
. g‘;.nnfgv.an. " - L 288 L 540 | grained with miner quarfz |
- U veins.
50 |- - - "o
i p— -345 - 258 ]
60 0 Eoa| 86 4 - 272 h0
70 - 70
80 - — &
90 - 1 a
GOMFLETED 8/51/8H
VERT SCALE 1: %00
100 100
DAILLING DETAILS : o - 26a 31t 12R.1/86/2-5
28 ~ t0m, 2044w
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BILLITON AUST PTY LTD

BATMAN WATER SUPRPLY Flaure
COMPOSTITE BORE LOG, BW1oF
CONS THLCTT ATALTFT TOS o
CONSTRIUCTION cu w/d mg/1 LITHOLOGY
CLAY, light brown clay, dry,
after completely weathered
i greywacke. .
i ;:;ﬁ' to 32.0% N GREYWACKE, as above, but
10 260ua | Aghly To slightly weathered.
— 0O 27 2. -
v SWL.
- Airlift ]
during
B ] dr/'///'nj -
T j | GREYWACKE, black, fresh,
I P ~ | fine even grained.
- +0.28a to 69,0 M 1
Clany 8 UPVC _ . - Cut water
10 10T — e e
(0 16Paa ]
e
SLOTIFD INTERVAL R L 37
29,9+69,9, -
T 123
i ~ - 26/ L 9/ |
T 10 11.ra | 288 - B
COMPLETED 1/18/88
VERT SCALE ): %00

DRILLING DETAILS : 0 - 328 ffim

33 - 71,% 2%4sea

6

0

10

1 20

30

40

50

a0

70

8y

QPR

19

128.1/83/2-6




Figure 7
e
1 L [] 1 1 : 1 | 1 1 1 1 E:
_ =
08
. . o° [~
N o)
7 - 2
] : B
_ Q] L
® a)
. ® 2
. ) w2
— L O .~
- . (o] L, =
— . G - —
-— » o B w
— , . (o] — =
- N © - —
o
— o L
: ® = o
- ® 0 oo =
& &
- ° 2 8
3 o) - .
7] @ = = -
n @ (%] [I; B
_,.1 |
i 9 a i
" h = = .
1
- e
Lo )
T G L L T ' L T l T T ¥ T ?‘
[ ] ~r m [fa] L ] =T 4]
Lol [RV] (aV] [aV]
DRAWDOWN (metres)
Cllent BILLITON AUST PTY LTD BOHE BWAP CONSTANT BATE PUMPING TEST
Project : MT TODD WATER SUPPLY DRAWDOWN IN PUMPED AND UBSERVATION BORES
Date DECEMBER 1988 Pumping FAate of BW1P 350 m*3/day
Dwg. No.: 128.1/8R/2-7 _ Commenced test on 28/10/88
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Figure 12
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SECTION 1

STEP RATE PUMPING TEST

DATA AND ANALYSES
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pgﬁéﬁm aLer GROUNDWATER CONSULTANTS

94 ROKEBY ROAD, SUBIACO, WESTERN AUSTRALIA 6008. TELEPHONE (09) 3824922

mojct. Billdon  Australia PK LH. Bodmaen Water Suzppf,\,

DATE: ~ SHEET OF

Bore Ec /e?waj Results . (Sleadom FRnalysis).

Buo /P PM?;?_OMQ (M:%’) Eﬁﬁ; ZA J (#)

£ 2.7 300 cannef analyse po il Huis meHlotl,
BwEP 300 6%

B &P 250 76

Bwirof 50 X2
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. PROPRIETARY LIMITED

cQLIEICE PLAtES ~»
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- GROUNDWATER CONSULTANTS
ADDRESS: 94 ROKEBY ROAD, SUBIACO WA 6008. TEL: 382 4922

S8

T N
V2 a0 23,

STEP—RATE PUMPING TEST

Y

Ponvirog Sors
B/  Bwz o' Bw 7,

o F
BORE NO: .. LS. 2 i, CLIENT: .. 30t TOM, i,
DATE:.. 27, ./.0./.8.6: ....................... . PUMP “INLET SETTING:.. 20 MNeervnnnnn. |
S.W.L..(m below dip tube): VO &2 ....... AVAILABLE DRAWDOWN: .2 & % i oL, L ..
DIP TiJBE HELGHT ABOVE QOI:LAR: Q:W ..... WEIR PIPBE DIAMETER:..:g. t, ..............
b £ I.
v . 2
et
8[1{11\5113251{ Z in. A in. /Z in. ’Zé-' ) in. in.
R P T
BORE ‘ 23 Jsec I-52ke 6 tha] K8l fs
DLSCHARGE Zeo m®/d 200 wa 4o g S0 pifd w? /d
TIME - - m e o n i
(minutes) WL DD | WE®, DD WL Db Wl I WL DD
t 2044 | voa |23 | 184 (260|806 29 112
2 2068 | L4098 AI_Q?;"_._‘%';@-GQ'Z.:A 852 2949 |11 8%
3 2085 |z 25 e’ |55 i | 8w (3220 |13 6o
4 |21 1237 | - | s 2745|908 3292 V4 3z
5 -0 | Z2-4| -~ = 2781 [ -2\ (3344 |14 B4
6 2104 1234 [4.2)|5 68 (2797 |9-37] 3332 | 472
7 A2 |2 e\ |35 75 |28.07 |94 244 TS0
8 2107 A7 [A440 | K. o [R814- |®1-54 | 24.07 | V27
9 A)32 | 272 2446 $86/28.20 |26l | 3\, | 656
10 A3 | 278 |24-50| S90|28.3) (971 [ag.ai|17-01
15 AlSg [ 298 [R4:12 | b1, [28-64 10 04| 2602|1802
20 2173 {343 |24 | 630 (2877 Vo7 83756 1870
25 -8+ | 524|299 | 6-39 [28.9% |10 36 38. 26 | 19169,
30 A1-93 1333|241 63142899 1039 | 39 co | 2040
35 22:@3 | 3-43|2547 | 657 |28.16 |10-56 37,47 | 21 07
40 2210 | 33018829 | 6-L9 2827110 6z 40 Ry LV Tz
45 22198y | 3 34125031 673 |29 -4V 0 thldo -su| 272 20 -
50 222 | 3 612541 | 680 2832 \0-72 |41 40 |Z2.80
55 42:.2C | 3S|A546| 686 | HFigloQzildrg (238
60 A22% | $ 6054 | 6.89 |29-98)10-EB|42\4 | 23
l ' ; L%
294
2% au
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Client : BILLITON AUSTHALIA PTY LTD
Bore BW1P Step Rate Pump Test
Project : BATMAN WATER SUPPLY
Static Water Level 18.33m bgl
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PROPRIETARY LIMITED N GROUNDWATER CONSULTANTS
ADDRESS: - 94 ROKEBY ROAl, SUBIACO WA 6008. TEL: 382 4922
B L |

t I':-: :‘:""_-w

STEP-RATE PUMPING TEST

é;f .
BORE NO:..RW2ZR . T, CLIENT: .. Bovvtont Powsr brgs
DATE:..ﬂ.}.u)BE .......................... PUMP INLET SETTING:. S@M~ .. ........
S.W.L. (m below dip tube):..z."a.'.zrt? ...... AVAILABLE DRAWDOWN: L v eveevevrivnesnens
DIP TUBE HEIGUT ABOVE COLLAR:«.vuevvnvnns WEIR PIPE -DIAMETER:.F}.”. ..............
o \
| orIFICE AN a
DIAMETER \ - . in, 2 in. 2 in. 2 in. in.
MANOMETER : in. in. in. in. in.
HEIGHT ld"(?c,m o g am | . (AE> e 206 - mn
'BORE - 76
DISCHARGE L m'/d 2o w'/d Joo w'/d Ao m? /d m'/d
TIME m i m mn n
(minutes) { WL DD | WL DD WL DD WL DD WL )
1 - |- | 2795 3-1%bhossT1¢sR|¥ 23| £4
2 2873 | ealL |27 0] 348 [3). gl & TIPROT | <61
3 2806 | V790 g5 >SN 3| &b 2224 517
4 28-22 | V- AS 3| 382 31 49 | 490 |vz2 2| 6-A
5 2831 |z-oa-lgo sy 1.a1 [D19] &0 |2 457619
6 . |2833 (206302 3T 2/ 4N |[32eg| b2 | &
7 28.35 |2.c8[>2)| 400 3122 4-K|2.52 | b 1S
8 2817 | 2102530 403 (31234 A|32:53 | b2
9 28636 |21 1204 390 D123 | 4|22 59| 627

10 ¥|28-39 | 21092025 3-98 | Y 24 497 225> b3
15 2823 | 196 |02y | X6 |20 & 0o | Rge| b1
20 28-2 | V¢ (3024 3-97 |R).2¢] S. o1 |pa| b
25 224 | 147 [Zo21| v o0 320 500 {qg | b-1d
30 28.28 | 198 |30.2¢0 54T /3 S0 |40 | 647,
35 ;2‘3-73)_ 2002092 &0 Y 3O $-0% [ 70| 6-AL
40 28. 21 | 20053026/ ¥OL |2/ 3/l S04 [ 5256 6 .40
45 %28 | 2.0 .|3028| 4 ol 51.3 S - Op| 2 79| b3
5o 2827 |20 RO 40 [y 35| S i3 69] ban
55 2830 |2-0% MOWF ¢ 7 |y x| S U |326<] 618
60 Ae.20 (202 (80¥114 0 @f 9Bl D [32.76 b‘.qq
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l - DRAWDOWN (metres) o o
Client : BILLITON AUSTRALIA PTY LTD
Bore BW2P Step Bate Pump Test
Project : BATMAN WATER SUPPLY
l Static Water Level 25.79m bgl
Date - DECEMBER 4988
Commenced 9/11/88
l Dwg. No.: 128.8/88/2-
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Roclkwater

PROPRIETARY LIMITED

BORE, NO:. .. W00
-:,._,;,
DATE: .. 39 .’."?’.l. ==

ED GROUNDWATER CONSULTANTS
ADDRESS: 94 ROKE%Y ROAD, SUBIACO WA 6008: TEL: 382 4922
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R
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STEP~-RATE PUMPING TEST

. S.W.L. (m below dip tube):.lfilgjg ..... '

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

LR .
L)

Agar

BIF TUBE HELGNT ABOVE Beriak:..2 48.... " uitn piee mAME'rER:E;..'%'.' .............
g?igéggR i%i in. Z in IEZL in. Z io. in.
I - T I
BORE ' ol - : I
DISCHARGE | '3C wid | 290 w/d|, 30 n/d| 4o w/d n? /d
TIME - . n in w - " : m
(minutes) WL pnL WL DD WL bD WL DD WL DD
1 (204 [VEFO 2172 |20 67 |3 4ot 2502] 50T i
2 1082 N9z gy |28z [234s|A %0 < <cl650
3 2-00 | 1-ag [ 218 Y 2.90 |23-6¢ |AwD |05 00 | 7S
oy M-0a 204 | 2po2 |27 2394 | &-VA2541 |6 8L w
s Db Z-W |22.06 | 2-0002362 | 477200 | &b | ¥ g
i 6 2-2€ 1220 [22.08] 3002385 |4 Qolk.o6 | 701 |
2 21-20 | 223 127208 |3-O3|23.86 |49 b1p.09 |7 0F |
'8 2130 |2 252207 |3-c2. 2387 [4-82 08 |7 10 e
9 A3l |22 2. |Y 04 2381 | 4.8 | baa. | T.09
10 A3 |2.28|22-12 [2.07 |3 484 b3 [7o8]
15 %236 [2-31 iy | 508 aay [ ¢-98 (2622 |77 |
20 U3 232 @ (302 o8[S oo 2611 |78
25 W40 2380320 |38 or | S0k [bas | 720
130 AAN 12 XT1IA222 | 20T 2400 |$-0S 623 |78
35 A4 | 230221 | 3 Vo |2404 | €A 5.2 747
60 2N 12990220 | 318 | A0S | S0 2623 ] 719
45 (A4 2.4 7223318 (220 [S S [2628 | 723
50 1 PNSo 2451224 |34 12420 |50 \S |36 |73
sy R4S 1243 222 |32 [ lsae (w72
60 2181 | 2442027 | 322 2423 $g [26-39 | 7.34-
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PUMPING RATE, G, (mS /day}

b, . FIGUR
= .__:_..':_ = EESEE i‘ﬂ::ﬂ" _E.m i
CH bBe Es FT‘J
W T chel 1
: BT EES i
" 114 : ik 258 ~--=__“““ _
T - 1
TR e i N
mEEEEE - i FHHEEE
HE:E% BEdeE 5 “‘::EL:':: A
o SESAEiERAEES = i s
'ad _: EE Es E
. H H
© - = “_H 1
o i iiicd - :
RS = FEEfRgERRRE
. ; HITHRL i
, T I
\'n * n ~ ~ w W + " ~ -t W 1)
N Sw/ap{m/md/ duy ) p;
o w/Qpim/m=/day S,_)
s 25-r ELDEF
Client : Billfon  PAust  Fl K’B € — ({
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] KWaler
ﬂgggmnv LIMITED GROUNDWATER CONSULTANTS -
ADDRESS: 94 ROKEBY ROAD, SUBIACO WA G6008. 7ITL: 382 4922 Y

e P
1 2y
l STEP-RATE PUMPING TEST \,U_Lf'
l BORE NO: .. B QP .............. oLtpny: . Bleiemens Blegt,
pare: NEIWSS PUMP INLET SETTING:..™ 2. ... ... ..
I §.W.L. (m below dip tube):.. 28 & s, ... AVATLABLE DRAWDONN: «vvnnne ..
I DIP TUBE Ilel.Gll'L' ABOVE COLLAR:............ WEIR PIPE D l./\ll\lli'l_'lFZR: ..:.'f'. I, ..............
| |
\ 227
I ORIFICE J iy b
| DIAMETER 2, in. 23, i L3 in. ~ 7. in. in.
oo co ol e 2l wa a0 o 1
BORE
I DISCUARGE oo m?/d G0  mi/d ean n® /d %3 m?/d m® /d
TIME m : i T m m
{minutes) WL LD WL (F30] WL DD Wi bb DI
l 1 2529 | 0 | 36-67) 2.42 |2\ Sy, 320 | Boor
2 2870 | 14T 127311392 |an. o (647 | 3330 ] Vo
I 3 Al 1w ;7-‘1‘?,3-72 R/ )06 8D | 35145 AAan
4 2e-2L VR 2B.20d 4.2) ) og| 7 023555 |y
l 5 6.0 | 180 2R Go | 32 |3 @ 76 |35-H] A
L 6 24 18 |2-72 | aal [ Z1gy | 7af 23757, | 149
I 7 2018 [ V8 | B85 | A8 3162 | T3] 3% 34| A5k
8 0.2\ |92 IB.g5 | A<t 3170 | 7an | R3] 2
9 T g | 4 (325 Fee |20 | AR
I 10 2\l 1182 28.86| & |5,00 | 752 |33-77 972
15 2606 V7T |28 Gl & Ly g | TS 3420 Ay
l 20 2607 (V7B 2o yo| 48X (3] g2 | 7°ST [34.27] V005
| 25 2607 |18 2ot | 487 ). gn| VB | 3037 oo
I 30 2608 | 171 190 | AL B/ 13| T 6L | B 10
35 0% | M \X.70| Y9 3150 | 78T (34 [ 10-3]
I 40 208 | VA 12| 49 Ivign | 753 2449|1022
45 R0 | V€0 129041497 |37 | 1A [-.5816-3)
__ 50 209 [\ 2929 502 [31-9) | 7.g 3473 1006 _
I 55 26-19 11.8) PRS- A 1396 7.09 [deven | 10-3C N
60 26-W | 182 2938 | Sho8 |32 0|7 TA- [A-67] 1040
1
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G4=8B00 m~3/day |

R1=200 m~3/day

G2

a3

100~

©
o
TIME

]
o
o}

o]
GG
o

Sk | """G) R B | 'G A I | D | R “@“' i B @'“_‘ b It it el B i Sl Rttt Tt ol

(en] =~ QY] ) ~r Lo o [aa jus) n ()
-t

... DRAWDOWN (metres)
Client : BILLITON AUSTRALIA PTY LTD

Bore BWBP Step Rate Pump Test

Project : BATMAN WATER SUPPLY
Statlic Water Level 23.49m hgl
Date : DECEMBER 1988

Commenced 12/11/88

Owg. No.: 12B.i/88/2-
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HOCKWater

PROPRIETARY LIMITED

GROUNDWATER CONSULTANTS
ADDRESS: 94 ROKEBY ROAD, SUBIACO WA 6008. 1TFEL: 382 4922

STEP-RATE PUMPING TEST

BORE NO:. . BNQU. ... .o, CLLENT: . Busaront Post Lo
DATE: , .%JH[.E’@ ........................... PUMP INLET SETTING: .. S . .vvun....
S.W.L. (m below dip tube):..22:30Q...... AVATLABLE DRAVDOWN: .. 23 5en, L
DIP TUBE HELGHT ABOVE COLLAR: «vvvvnsonnns WEIR PLPE DIAMETER:«.oZeneneennnnnn.
gl]fjl\lgéigf{ Z in. pa in. Z‘h in. Z%!i in.{ in.

JOMETE in &\ R in.
R I TR N e e B S
BORE SO Sood SED
DISCIARGE 200 w’/d T w/d| dem M| See  w'/d i /¢l
TIME o o i " " m
(minutes) WL Lh WL ) Wi, by WL b Wi no

1 22.06 |1'$6 [30.07] 15T | 39| W 4o/ 40. 10 110 ‘

2 2268 |Z21Q [%0-38/0-88 |35 44| ¢ W0 .p 19999

3 A3.2v 1271 306101 | 38-67] iS17 |4< 76 |20 20

4 23 00.] Lo | 3085 10-35 | 3583 1573840 Q5|20 4K

5 2392 [3.42| 2004 | 1034 | 159¢ | VS-&L{A 157 2068

6 WA | - 300082 | i | 1S (43 | 2008l

7 XA | A2 | 012 [ 10-98 | 3¢6-30 | \S-80 46 [ 209

8 24-82 |A.32 |31-48)10-98|3643 | \{93[41-62 (2192

9 2507 |47 [31-59 | W0 |36-55| Vb -OS |44.92 [21.22,

10 S 32 A 22| (@] W9 (36t | V616 |44 25 |2V 18]

15 Wbe S U[3219 | WA [3797 [ lu-bT|42.54 |22 04

20 27.08 |68 |2 -sg 1208 D7 42| A2 42672217

25 Z1-52 | 102 30 .9([' 2% [37-90 1740 (4301 |22.5)

30 27168 | 7.1 |35:37 | 1287 @16 | 174k 14318122 g

35 27-95 | 7-35 13370 [ 1310 354 VTN 43300 | 22 01

40 28-00 | 7:S0 |38- %] [13-39 [38-70| 18-20|43-26\22-8,

45 1820 | 772 |3%-12 13213980 1830 Y347\ 22. 947

50 2865 |8 1< [ D |13-92 821 1868435723 07

55 29-49 8.9 | 3. Jo|14 20|35 18-85 [#8-47 |23 V7

60 [29-65 |49 |3a-e4| 1834 |39 S6] 1. g, 43792328 |
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Client : Bill Fon  Ast  P/L

Teahams Aralysis

Project: ng?w w“’ﬂ‘?f 5"‘34/’[]'

5»3/@)( = & -05“6'

Ifelol>,
PUMPING RATE, . {m? /day]

10O




-4

g T,
E - .

SECTION 2

CONSTANT RATE PUMPING TEST DATA




. Ry R
GROUNDWATER CONSULTANTS
TEL: 382 4922

L Rockwater

PROPRIETARY LIMITED

.ADDRESS: 94 ROKEBY ROAD,' ‘SUBIACO WA 6008.

. i | GLO\PP66
l l 48 Hour Con”s‘t:arll:t Réte Pumping Test
. .".'zﬁ;(‘?.(’.o. ....................... CLIENT: ... 96009, .
l DATE: .. R8T/ 88 ... PUMP INLET SETTING:...Sx1..........
S.W.L. (m below dip tube):./8.80....... AVAILABLE DRAWDOWN: .. & &2 v ...
I _ DIP TUBE HELGHT ABOVE.COLLAR:..@..22.2%.. WEIR PIPE DIAMETER:..Deveunsseesnnnsss
* COLLAR HEIGHT ABOVE m.;.q.;c?m..‘.. PUMPING RATE:..35Q 7. .. .........
I ORIFICE PLATE DIAMETER:...& i’ ............ MANOMETER TUBE HEIGHT:..YC & ... ..
! START TIME:.... 08 i
l Elapsed Time Water |Drawdown : . Elapsed Time | Water | Drawdown
Date| Hours Minutes| Level m “{|'Date | Hours | Minutes | Level m
m m .
l 28)rokp 1 2-90 | F\o o> 260 12130 1) 0B ,‘
2 — — ; 1193 300 -0 137 ,'
l 3 - - )22 |. 360 o4t V- L0 é
. 4 - ~ o )3 420 20 L W\ 8 |
l 5 — — 2> 480  Inpngsl 120X !
6 |29 | .S 3% | 560 |ajo| 12 26 |
' 7 lzsz0 | 6 40 | a2 ] e00 [2128] 12 .49 3
8 2524, G- S e 660 M8 12.73
9 2550 | b 7= &3¢ [ 7120 -5 \2-ag
l’ oo*® 10 AS-to 6t Bo I Y At 780 A-3] v3.13
06%S 15 26.10 | 730 g> | 840 | yqel 131z
l 065 20 2b .58 77 g 900 27-38] 13-58
o6= 25 26.88 | © oR 10°° | 960  |L.D2] VA.72
l 07°° | 30 27.06 | ©-26 N 1020 1%2-92| 1402
07°%| 35 27.21 | R-4\ ||2kbB| 122° [r1080  [33-01] 4.2y
l o7'° 40 27.37 Q=7 o 3 ] 1160 33-0101 (4.2 |
| o07™ | 50 27,2 8.82 23 | 1200  133-3K WA <4
I | o] 0 [729-85% a.os 32 | 1260 |33-451 W.ug
o7% 70 28-05| 9 2< 43° 11320 |33-3S| \4.7<0 | - b
l O7% | 80  1@8.22| A-42 s> | 1380 IS5 G A .gn %‘, L
ogee 90 R840 A o 67 | 1460 138-8)| \S-of |
o3| 120 8- o e oo 7> [ 1500 |33-Fd 1SV O ‘
I og e 150 24.0% 1o 22 8™ | 1560 Afor] VK 22, :
o7 | 180 |2q.22] 1042 g7 1 1620 |34-06| \S 7o i
I 70°° | 210 29- 42| 1\o-wp. 107 1680 |3 Yyl \S-34 '
. : PTO..
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48 tlvur Constant Keie Pumplng Test (cont.)

. . “ -

. " Recovery
Elapsed Time | Water, |Drawdown Elapsed Time | Water | Drawdown
Date| Hours | Minutes|” Level | :'m: Date | Hours | Minutes | Level m
m : m
n>e | 1740 2422 | 1S-43 L1 Boul | 14
123 | 1800 2.2, | 1S 46 2 28.5¢| A 18
| e 1860 Dt 39 IS <9 3|27 Q| .-Sb
2= 1920 LT VvsGT7 4 26-60 Q.00
33 1980 A 60 \ERo 5 2% 7-1
432 1 2060 |54 -20] Ve 0O 6 2.9 7wl
&3 | 2100 | B4, 88| V6.0 T R | 749
&> | 2160|3497 ] Vouy 8 w1 | 7-27
73 | 2220 [ 3S-00o| Vb 2o 9 [Reor | 727
87 | 280 R4 -¥1| \o.o7 10 |y | 723
AT 2360 W -9]] Vo S 15 |1g70 | Ao
&2 2600 [ 48l Vo 68 20 |4l 667
wWIT L 2460, o - el Vo b7 25 [lg32 | .52
Mokg| 122 2520 |25 5D | Vo0 30 |94 | -4z
\ == 2580 |35 - 60| lu- QD .35 2 —
23 | 2660 [35. 70 | 1b-90 40 WAas| 6.5
33T 2700 126 68 |\e.Qg 0 |l sas
q."—‘;’ 2760 13577 | 1o-Q9 60 |24.,4] £ BG6
s3e | 2820 [95-¥YY | 17.08 70
&I | 2880|3595 (V7S 80
90 .
120
SALINITIES
SANPLE NO. TIME TAKEN EC TEMP. TDS
=Y




.. 2
. I S e ﬁgﬁ!&ﬂﬁ?ﬁ! .2 GROUNDWATER CONSULTANTS
ORI ““RUDRESS: -94 ROKEBY ROAD, SUBIACO WA' 6008. TEL: 382 4922
,I DISTAMNCE TG & PRoDLCoN RorE — Beon
' 48 Hour Constant Rate Pumping Test
I B
BORE NO:... 20 0 i, CLIENT:.. &L7ord ..
. DATE: .. %87/ 8% .. PUMP INLET SETTING:..T%euvnevnnvenenns
s o Ceretas?,
I S.W.L. (m below -dip wube):. (8 €T .. .., AVAILABLE DRAWDOWN: « 0o e vvevvnnrnrnnnns
" DIP TUBE HEIGHT ABO&.‘\’E;I;]&QR. T seees WEIR PIPE DIAMETER:...T...oiueesennnn.
I COLLAR HEIGHT ABOVE emound: {Z.13........ CPUMPING RATE::ue reecaneeccesnnasnnnns '
ORTIFLCE PLATE DIAMETER: . ...~ eevevarennns. MANOMETER TUBE HEIGHT:..Tl............
l START TIME:..B 7 en..... eeeeraraeaeaaan
|\" Elapsed Time Water |Drawdown . Elapsed Time | Water | Drawdown
Date | Hours | Minutes| Level m Date | Hours | Minutes | Level m
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e "Hecovery ™
Elapsed Time Water Draﬁdbwn Elapsed Time | Water | Drawdown
Date| Hours | Minutes| Level m Date | Hours | Minutes | Level m
m m
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Roclowater | . .
GROUNDWATER CONSULTANTS

" PROPRIETARY LIMITED gl
- _~ADDRESS:", 94 ROKEBY ROADLI'SUBIACO WA 6008. TEL: 382 4922
“ > o AR
Irl 48 Hour. Cbhsi::agf'-l;.éte Pumping lest S j
| I ,‘
BORE NO:...BLR.ZR . vev. CLIENT:.. R Ul i,
l DATE:..l‘?.l.'.‘)'b.@ ......................... PUMP INLET SETTING: .S @7, . ........
‘ S.W.L. (m below dip _;ube):.?:%'.é“z ...... AVAILABLE DRAWDOWN:. &% D3 mny /...
l DIP TUBE HEIGHT ABOVE COLLAR: ... veenene.s WEIR PIPE DmME'rER:‘.*-:—:.S././ ..............
COLLAR HEIGHT ABOVE crounD: ... X8 ..... pumping RA'I‘IE:..:}?F?."I‘?/‘?{. .............
I ORLFICE PLATE DIAMETER: «..2%nrennn... s+ MANOMETER TUBE 1TSS ST 1 B~ S
I START TIME: - o.M os oo e e
I\”'- Elapsed Time Water |Drawdown - ) Elapsed Time‘| Water | Drawdown
Date| Hours Minutes| Level m Date | Hours | Minutes | Level m
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‘{&gﬁr 48 lour Comstant Rate Pumping Test (cont.)
"EF g

L

. Jlﬂqt)ve ry .. -

‘ . o
Elapsed Time | HWater |Dravdbwn Elapsed Time | Water | Drawdown
Date| Hours [. Minutes| Level m Date | Hours | Minutes | Level m
m - m
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Rockwates

" PROPRIETARY LIMITED

GRAOQUNDWATER LONSULTANT'-:

SUBI/\( 0

WA .6008.

LBl

'..'.

382 4922

BORE NO:

DATE: .. 32N, ’.‘3.9.‘ e e PUMP INLET SETTING:
(m below dip tube):. 2—.6(:.1?—- .

. DIP TUBE HEIGHT ABOVE COLLAR:

S.W.L.

COLLAR HEIGHT ABOVE GROUND:

e ALDRESS :

.90 ROREBY ROA])

48 lour Consta.n(: Rate

g H;-i

-

Pump ing

Test

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

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

. AVAILABLE DRAWDOWN:

R LT B ... CLIENT:

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

i

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

......

........

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

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

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

i R . I,‘\l,‘slii‘\,_‘\

ORIFICE PLATE DIAMETER: ... ..nunee..... MANOMETER TUBE HEIGHT: . PR
START TIME: ... oo b ettt
Elapsed Time Water |Drawdown |, o Elapsed Time | Water | Drawdown
Dﬂ:c Hour; Minutes Le:\e] m | __‘!’“Da‘te ‘Hours | Minutes L;ve] m
' 1 1—744 o-Lz goe 240 83 1-40
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S 15 - - R 840 IR
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48 llour Constant Rate Pumping Test (cont.)

: : . . i X . T T <N . W

sl

N‘.\bs e ) » flecovery = 7,
. Elapsed Time Water |Drawdown Elapsed Time | Water | Drawdown
Date| Hours | Minutes| Level |© m || Date | Hours | Minutes | Level m
m m
6" 1740 7\8‘6“ |-a4 L gl V-7
‘oo |1 1800 2%8.9% | 20} 2 ,2‘5'3"4. (a2
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29= | 2220 Vojagie| g
e 2280 |/« 75 to RESFL v \77
4> | 2340 |20.02| 210" V120 IR
5°° | 2000 26| 2%l i 1a2.92] v ok
&2 ' 2460 % Lf 1 25 ‘;Z?-?‘f Lo
S 2520 SV T o osgr| VO
g 2580 1747 109 218 15 117921 tco
aee | 2640 g yg | 2.20 a0 99 % vag
\O%° 2700 24 1) 219 50 27 8(3 oS4
=2 2760 29 . 10 2 (R 60 [2755’ 0%
p= . | 2820 (27- 09| a-1\7 70 . -
o T | 2880 pFod] 21 80
- ) 90
- 120
o
’w . h
SALINITIES o ¥
SAMPLE NO. TIME TAKEN EC TEHD. . TDs
N O =
ok =
VoA




PO atag o .
KPEQ;SETAHY LIMHED GROUNDWATER CONSULTANTS

ADDRESS: 94 ROKEBY ROAD,zSUBIACO WA 60O8. TEL: 382 4922

48 llour Constant Rate lumping Test

CBORE NO:.. 92 @ CLIENT:.. SV TR
, !
pate:.. RV e Be PUMP INLET SETTING:. 2 ¥ .. ....o....
S.W.L. (m below dip tube):.. /220 ... ... AVATLABLE DRAWDOWH: ..o vvusernennnn..
. 11
_DIP TUBE HEIGHT ABOVE COLLAR:. Q. Q3. .... WEIR PIPE DIAMETER: .72 eueeesenennnns,
COLLAR HEIGHT ABOVE GROUND:... &4 . ... PUMPING RATE: ... =23 ...
_. ORIFICE PLATE DIAMETER:...%v.ueeeueennn. MANOMETER TUBE HETGHT: . 1S B........
l START TIME:.... 037 . SO
- i
l Elapsed Time Water |Drawdown Elapsed Time | Water Drawdown
Date| Hours Minutes| Level m Date | Hours | Minutes | Level m
in m o
l 21 )1o)g 1 2254 | 3.33 o2 | o 128579 658
| 2 2225 | 4 04 n3e oo 128 9¢| 6-73
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48 llodT Constant Rate Puwping Test (cont.)

. » CE Recovery
Elapsed Time Water |Dr&wdown Elapsed Time | Water | Drawdown
Date| Hours Minutes| Level no- Date | Hours | Minutes | Leve) mo
m m .
=N 4740 QT4 | B2 4| nlsq ! 23.57 &3
12.*° 1go0 |7/ Lo | 8- o 2 Al a0
|3 1860  1257)-50 | 8.24 3 23.00| 37
2 >0 1920 276 | 8 Nt 22 -9 3.9
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fag 2100 }2’76(7/_ R.% 2 7 227 2 .x7
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FHMoclcwateaer

TPROPAIE IARY LIMITED

N

GILOUNDWATER CONSULTANTS

94 ROKEBY ROAD, SUBIACQ, WESTERN AUSTRALIA 6008, TELEPHTOMNE ((19) 382 4922

HOUR CONSTANL RATE

PUMPING TEST

CLIENT : Buauvorn  Gous> DATE @ _ VA0 ]|®® _
BORE NO : WD & | BORE TYPE: - PRODUCTION/OBSERVATION
A. DEPIH TO WATER (m below d'i.p tube): 2450  D. PUMP INLET SEITING: _Slwa
B HELICHE-GE-0IP TUBE ABOVE_GROUNB-LEVEL: __ AVAILABLE DRAWDOWN (D-C): =50
C. STATIC WATER LEVEL (A-B) Cibgl): ___ WEIR PIPE DIAMETER: &
HEIGHT OF CASING ABOVE GROUND: _ & . Q2 MANOMETER TUBE HEICHT: _ S “
srart TIng: 7 ST PUMPING RATE: 400 mid
CRPICE PO s 2y
~ELAPSED TIME-| WATER ~ELAPSED T1HE- WATER
LEVEL | DRAWDOWH LEVEL | DRAWDOWN
DATE |TIME | HIRUTES (m) (m) DATE |TIME | HINUTES (m) (m)
wluleg - 2710 o R w' 240 20-08 | 5=
‘ 2 ] 2759 2. ofy 12\~ 300 3 e SLB
3 e | 3093 we | 300 13028 S
L Il P 2° | 420 13p.38 S 83
. 5 |R€ 0 | 430 e 480 126 Yyl S Qe
6 |28 | 4 .40 &' 540 1o 53| o oF
L 7 A 4..44 s 000 3o &5 & 157
my |2A-YT7 | 4.87 & (GO0 30-&9] 6 19
4. : 720 2075 (a5
4. 280 2o 6 25
¢ 840 30 | G 36
900 3693 6 43
oo | 303l 63532
1020 | -0 6-S%
| Y =
140 N2 2 N
1200 |BU23 673
1200 120 6T
1320 | /3] b€
1380 13).2¢ -89
, ,1440'-'__ B¢ | Al
1500 [N gl Teo |
1 501) 3/.5; 7-0%
_tow  3vsz | 702
' vyll')S() EATEYR ' 7. oe'
1740 13163 745
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Day Coustant Bate Pumpling test

(cont.,)

R gcovery
Elapsed Time Hater |Drawdown Elapsed Time | Water | Drawdown
Dunte] Hours Minutes| Level m Date | Hours | Minutes | Level n
m m

1 IBo> |-G | 7 12 1 29 %,
2% |18 | B[65 |71y 2
3 varo |36 719 3
4- \Geo |0 TH| T 2 .
$'¢ | 2e4o | BV-T78 ] 7-23 >
&'° zyvoo | 3-8 7-33 6
7'~ 22 | R -gs | 738 7
g | 2290 |31 %0 | 74O 8
cpre zzeo |31 93| 7 43 9
10" 2340 | 3] -q7 _] 47 10
u'e 2A00 |3 Q1| 15 15

velules| v 28 | Oy -S4 20
"° 52 /,,___(_)C_{{ 7SR 25
27 | 2se0 |2 | 7 c-:l 30
e ZCAD ;gz_' | 7 35
4 | 2700 | n22]| 7T 40
s 270 | 12273 773 50
L' | zgio | n. 74 7 60
10 zgeo | 3226 776 70
' 80 N

90
120
150
180
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Mocliwater

PROAPRIE TARY LIMITED)

GROUNDWATER COMSULTANTS

94 ROKEBY ROAD, SUBIACO, WESTERN AUSTRALIA 0008, FELED TONE (09) 3824922
S

CLIENT :

BORE HO :

T vTora

__LOUR GONSTANL RATE PUMPING TEST

Gowi

Lo o

s imt
A. DEPTLN TO WALER (m below dip -tube): &S_a_g?__\_

DATE

y)u)es

BORE 'JYP

D. PUdP IHLET SETTING:

E:

PROBUCTLOH/OBSERVATION

B. HELGHT OF DIP TUBE ABOVE GROUND LEVEL: -——  AVALLABLE DRAWDOWN (D-C): — L
C. STATIC WATER LEVEL (A-B) (mbgl): ”U_‘gz/__ﬁ WEIR PIPE DIAMETER: _ —
LY o 3
HELGIT OF CASING ABOVE GROUND: 2. &-37% MANOUETER TUBE HEIGUT: —
START TIME: PUMPING RATE:  —
{
~ELAPSED TIUE-| WATER ~ELAPSED T1ME- | WATER
LEVEL | DRAWDOWH LEVEL | DRAWDOWN
DATE |TIME | MINUTES () (m) DATE |TIME | MINUIES (m) (m)
13)u/381-10 ' legmr | - ol H0 12620 18
\ 2 12| OO Reeo| MY 12620 v &
3} 1287 03 [aal_ 0 |27-2¢] 2-22
J o254 0.4 2ol Y R7 .ol 2-39
o S D5 @S| O 4K 20| 180 Q7S 2SS
” b 1z 49l 248 bgol 510 766 | 2ws
7 {2S5.s2| ©-5) S o oo A7 273
8 |25 -SP ©Sb L-1o 660 L] K3 2.8z
9 [25. ¢4 0:SW Tol 720 |27-91 | 2-G0
0 1285 .59 0-53 P10 780 X7-9¥ ) 2 Q7
15 |gzs.=21| ©°- 10 Trof 840 |Ig-&4 | Z.oB
20 128,77 0-76 [Q-10 GO0 ag:y 312
25 125 G| o84 1} 40 GHo 2820 3.\9
W 2S5 70| 0 & 1200 1020 |,28-28| 1A
B Y l2s-45| _oAe 400100 |95z 119
o 2_6_._(_3_3___ __@\.02 1510 o 2_-2'{_‘;521__5_'“3_&
N P2A R V9T %10 1o 12 g4r| g 4Ae
- i B L t& 0] 200 2% .50 349
12803 V22 Beio| 1320 1 7&<)| .50
f o s 26, 28 CH10 1380 |ognam oS3
_____ W 12 G-yl 1By 7%10| L0 oo sd .67
: 05 12h ed) V-4 Glo] 1500 S A 2 6S
9ol 120 |Qb. 59| 13 10| 1500 heeel 307
949l 10 |26 62| N Jgig e gosl 76
J00| 1B D673 | \a2 I(-1o| 1680 2_%%’ T Rlga
10440 2107191, 93 V.87 1L 1740 e | 3.4
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RoCkKwialer |
PROPRIETARY LIMITED GROUNDWATER COHSULTANTS

ADDRESS: 94 ROKEBY ROAD, SUBIACO WA @008. TEL: 382 4922
g

P

Y
il v
e,

I 48 llour Constant Ratle Pu;'np'.i;lg;} Test
[ | SRR TR
| BORE NO:.... oW NCI2 b CLLEnES E‘u—‘“‘o‘\*&%"ﬂ ......
I pate:.... R LWWBB . ";."‘.'%}’lmpfxnm-:; SETTING: ... & ...,
S.W.L. (i below dip tube):.22:5% . ... .“‘..;A\{'AILABLE prawpowt: .. oo A8
I, DIP TUBE NEIGHT ABOVE COLLAR:..0.@%.... WEIR PIPE DIN-iETER:...;S..”. ............
COLLAR HELGHT ABOVE GROUND:..&2.S6=..... PUMPIHG RATE: ... 2 SCPoam A ...
1 . o
l ORIFICE PLATE DIAMEIER: - oSrnnneemneennns MANOMETER TUBE .. 2t
I START TIME: .o er o e e e
l Elapsed Time Water |Drawdown . Elapsed Time | Water | Drawdown
Date| Hours Minutes| Level m Date | Hours | Minutes | Level m
m m
1 i L |2450 |1.ag |alueg z== | o0 |zl 1519
o 2 2503 | 2.5 =2 | oo lagap| 167 ¢R
I ' 3 25 6o | 3.08 i R X7 - A -
. 4 21D 3 bl RSa 520 K 776
l 5 2069 | 4117 | am= | e ¥eq | (737
6 |27-:0a | 457 se= | o 3992 1744
7 2725 | 4713 [t 600 b1t 17-62 |
I 8 2747 4--95 7= 6O 4o ,;2'7 \7-75
' 9 2721 | S7 8= 72) qob{é' 17-96
l_ G (Ophy 10 27-87 $-38 oo 760 YO 53| 18- Ol
gArs | 15 |Z8.00| b-08 o= | s |Ho.s9| 1807
I g 20 412908 | &-53 we? | oaen Yo 70l 18R
g 25 29-95 | 7-43 |#EHB \2=° | von |ko.gd| 18- Bb
l > 30 |20-90| B39 o= [Fozo Alwo-gy| 1838
8>* 35 21-57 | 408 z2°¢ | tose 4z | (9.4
I gre 40 4 3204 | “1-S2 S LR YT L%-éé‘@_
gse 50 329 | ro4z 4™ | 1200 2 RIS
l a4 60 2372 \W.Zo 5o | 1260 | 4/-‘(6 /8 -8R
a'? 0 | e | wWg- & | 1320 | pHe| (%94
AT | % |3%7S 112.33 7°° (1380 14187 QOS5
l e 90 35-1% l«fi*?;é;t/ B=> | 1440 4631901
o7 | 120 ze@b| \&T7h %" | 5 14163 1A
1 Eadll MU I VRCT YT o | 150 J4098] 1A
W= | 180 27 ] 1@_0‘“ w L i6r0 [£092] 1920
i T I L Y Y I R R T )
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48 llour Constant Rate Pumping Test (cont.) —
_ i ‘ Recovery
7 Elapsed Time Hater . _Dra;dovl?n' Elapsed Time | Water | Drawdown
Date| Hours | Hinutes| Level " m’ Date | Hours | Minutes | Level m
. . : omin Ul m
slhijgy) =2 | 1740V 4ER| [Fe [b !
2ee | te00 | u.gmpleg9ig ’
%o | 1860 [ﬂfgg |1 A 36 3
ao0 | 1920 (4193 | P20 n | 2aes 389
Seo 1980 [ @% [T719-3] 5 3B
L°° 2040 Wl o 19-<¢ 6 '
7 oo 2100 (47219 9. 6b 7 3679
877 | 2160 .1 | 1762 9
ave | 2220 |%2-05 | 19-53 R s
w7 2280 | ARTb | 19 bH o 13629
W | 2340 | KA | AR 7R | 359
V2721 2400 B 20 35 5%
\ ©° 2460 | 25 3520
A 2520 B0 3% %
g°e= 2580 kN %t?l.ggﬂ
a=c | 2600 R
goe 2700 30 33 P N
e 2760 6Ho 33-57
7°7 2820 70
8= | 2880 80
a0
120
\\f SIS
SALINITAE
SAMPLE NO. TIME TAKEN e TEHD. TS




Roclhuvwator

PROPRIETARY LIMITED GROUNDWATER CONSULTANTS

o~ ADDRESS: 94 ROKEBY ROADY SUBIACO WA 6008. TEL: 382 4922
IS’?L{Z 48 llour Constant Rate Pumpiug Test
. BORE NO:.... 0w d\NQ . ol CLIENT: . . Wt Torr Pt
l DATE: ... . 3 \11(8.5. ........................ PUMP THLET SETTING: .. Tuuuereneenuenns
: S.W.L. (m below dip tube):.3. A8 ....... AVAILABLE DRANDOWH: .. T%. 0 viiereennn.
I . DIP TUBE HEIGHT ABOVE COLLAR:..veveusvenns NEIR PIPE DLZHETER: 2o eeesnseannns s
I " COLLAR HEIGHT ABOVE GROUND:..vseuwseeven-. PUMPING RATE: e e e eeennaanneaonerenns
ORIFICE PLATE DIAMETER: ... 7. ueueenannnn- MANOMETER TUBE HELGHT: o2 eeuneenenanas
I START 'r'u-u-::...%;Q‘.D.pr? ................
I‘- Elapsed Time Water |Drawdown | Elapsed Time | Water | Drawdown
Date| Hours Minutes| Level m Date | Hours | Minutes | Level m
m m
I 3!.:!@9 : 235 m| _©-2% Lr'!" gl A rned 21V |3¢-6R| 1525
2 2410 ©-67 VG oo 37.04| B 7o
I 3 Q‘J-:Q; IS B % 23 60 37.42 \a-- \A
- A b lau.ge | VeB 380 |7 |37-7o| FMNDE had
l 5 s G | Ve tao | 400 |37-%| AL ‘I-b‘
6 24%.45 paN 6‘{30 A W’V WAM’ ——
l ! 25-72, | 2k o | 0 |38o| FB2oy [T
. 8 25.76 2 E .80 OO0 A% 1 | 1437
9 25.83 Z .55 RGO 720 3.3 | 1508
l- S A\ ped__ 10 2533 | LSS g-po | 7% 138-S)| 1523
| %'\qr 15 26-02 | %14 weo | M0 13356 IS5-22
l g0 20 2640 | S5:\1 L1 (3 900 1g.71g| VS -So
| %25 25 0815 | 4.7 12:-80pdy 900 13881 ‘S-S3
I _%.30 30 26. 06 “;‘-'7%) A QGO m‘_()Z(') 587{3 VE - 2
| Q35 35 9873 645 2Re | 1080|370 iS-@)
l G 4O 40 2o:lh | & BT 3o | (10 |zma 3| 1SAS
250 50 30850 T-77 Lo | 1200|5830 16-o4
I : 5.00 60 290 | e.<2 s.go | 1260 [R5y Vo\Z
| Gapo | 0 32:27 | 6.:G0 | 1920 |3G Y9 V(o2
I Gam | 80 |2 | 33 7:60 | 1280 [34.57| Vo291
q-30 90 2237 |10} gen [ 14 1563 Ve 35
1 Lol 120 | qu-3p |13 G:@0 | 1590 jag.p7| Vo
v/ .
(&30 150 2%.00 | W2 Lowap | 1590 |me.54)l Ve -4
I Voo | 180 26797 | 12 44 |-oc | 1600 2G.13] e 4y
W20 | 210 36\ V2 &S K o8 2 o0 1600 13707 Vie- 57 X
. Pro. .. 2
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48 llour Constant Rale Pumping test (cont.)

Recovery

SANPLE NO,

Elapsed Time Hater D;r;"ai"'ﬁd‘c;win Elspsed Time | Water | Drawdown -
Date| Hours Minutes| Level |¥ m " || Date | Hours | Minutes | Level m
m m
Goprt ..
NEg U oneed 1790 | gagaty| o4 |7 !
2006 1800 9.9 o 55 .
2.0 1860 39-6Y]| "3l 3
o0 | 1920 3% B¢ lS4- g 3810
c.oo | 1980 |39.9Q/| 163 53?56
00 | 2060 1D o7 | 1 6 | F2a—
200 | 2100 |4o- )| b R L3720
.00 2160 o - /IS' o D7 4
G50 2220 (1(0. 172 | N ®RG- 4 ). of
oo oom | 2280 K6 9 | 1oAY 1o 373
V1. ool 2340 ! ' LS 3656
1\ -© 6| 2600 20 3610
1D ey | 2400 25 135:7S
bS] 2520 30 e,
Sees| 2580 35 352
oo | 2040 3N
l‘ﬁ@Xﬁ 2700 50 Eﬁﬂ~§7
g0 2760 6o 3?1. 2
o) 2820 70
Qeoo| 2880 0 N
Q0
120
 SALINITILES
: TIME TAKEN R TENP. TS
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‘Rockwater

PROPRIETARY LIMITED

GROUNDWATER CONSULTANTS

.‘_ Ty
'

s

{---‘---‘-

5 _
ADDRESS: 94 ROKEBY RPAD, SUBIACO WA 6008. TEL: 382 4922

48 lour Constant Rate Pumping Test

BORE NO:...RW.IQP ... ..l cLienT: .. Bvvaron Aot
DATE:..T’.}.‘!).QB ........................... PUMP INLET SETTING:..2R% . ...cvveen..
S.W.L. (m below dip tube):.2:3.03.... . AVAILABLE DRAWDOWN:..5Z%:SV2..........
DIP TUBE HEIGHT ABOVE COLLAR: . ./.ev2vrvaceen WEIR PIPE DIAMETER:..;'.':' ..............
COLLAR HEIGHT ABOVE GROUND:.E.?.:?E.g...- PUMPING RA'I‘E:....Z.“:D.‘.D..".”:?:)?! ...........
ORIFICE PLATE DIAMETER:...?:': ............ MANOMETER TUBE HEICHT:..?’.'._\.Q.‘ ........
START TIME:..MR:3Q. .. ... ... ... .....
Elapsed Time HWater |Drawdown ) Elapsed Time | Water | Drawdown
Date| Hours | Minutes| Level m Date | Hours | Minutes | Level m
‘ m m
~1 63 = “ : =
7uovsd | ! 2510 | 297 [|IMgRE 2030 | 240 K1 o3|
632 2 25781 2.7%5 aJo | 300 394 13-A3
16373 3 ) 640 1-37 2AJD |- 360 3745 a8
16844, 4 2687 | V-84 2330 | 420 2@ 1507
[635 ’ 262 | 562 lmvengsl 0030]. 480 [2942] 'S3A
LR 6 2905 | 4-02 o\ RO 540 3979 1<70
32 T lapes| 44 o230] %% |503] koo
R 8 QpRd | 477 ©330] 660 |%4h | V643
1639 9 29 0R | 499 ouol. 720 [3T4g | 1L6S
(b #O 10 2%.25 | S22 os30| 780 (3786 | 16-B3
le¥S| 15 R0 | S coBO| 840 fp.of | 17-93
1650 | 20 %S | b2 6730 990 |4o.23| 17-zo
1bss| 25 29 | b-b e33O | 960  |[ho.yp| 1737
mAo 30° 30.33 130 Oe @ | 1020 Z(L(‘)b? \7- 4
(105 3 ol 170 |6 B0 |1080  lho- gy V18|
1710 40 3.2 B (v | 1140 095l 1192
120 50 2395 | 872 1230 | 1200 Htriop | V7299
193¢} 60 32-15 ] A2 13 % | 1260 A1 1806
hyo| 70 43| Abo R | 1320 A2 | 8-\
50| 80 nA7| AWM \SR0 | 1380 |42b] 1823
1900] 90 291 988 w30 | 1660 M Al 1B bk
(g30]| 120 2.04%| V0.0 FRO[ 1500 4169 | \B-bb
1800 150 3%-73 W70 [k2p| 1560  [4V.777] \@74
/930 180 JH.GO | N }7 ngd’ 1620 4..77 VB 1A
2000 | 210 35,861 1277 20540 | 1680 dad-1  1g.a1

PTO. ..
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48 Mour Constant Rate Pumping Test (cont.)

- &

s Recovery -
~ Elapsed Time Water |Drawdown Elapsed Time | Nater | Drawdown
Date| Hours | Minutes| Level m Date | Hours | Minutes | Level m
m m
207 | 1740 M) 18.92 I |3 o5
2> 1800 44.99 ID.ab 2 LSS
21>° | 1860 4z-08.| 19 01 3 VGG
oZe | 1920 Az2.o|| 1898 M % A X4
O | 1980 &2\O | 19.07 3 3F.15)
o | 2060 a2..13 1909 6 3).77
©33° 2100 ¢22/ a.19 7 Dy
A3e | 2160 g 201 | 1992 8 1957
oS | 2220 g (- | 19 =
O | 27280 1D 273 \AL0 10 2336
0932 | 2340 ;f,;) 2o/ 1A 28 15 36 -
o8> | 2400 ll)b 3% 20 3677 |
0a®>| 2660 [47.39 | 1236 25 |36-27
o | 2520 4142 | 1940 30 |3.cof
w3 | 2580 | A2 4 | 1944 35 1S o
1232 | 2640 42 W)\ M b 7 8P
\339 | 2790 142 4| 9 Ag © _ Rea
LA-:"; 4 2760 "ILZ'S:( \Q:SQ 60 14 8l
\sT | 2820 142.53 | %<0 70
Vo ¥ 2880 o b0 \9-0 “.o 80
' 4 90
o 120
SALINITLES
SAMPLE NO. TIME TAKEN EC TEMP. TDS
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Fall
L

FHROPFIE TaAY LINMITED

94 ROKEBY ROAD, SUBIACO, WESTERN AUSTRALIA' 6008. TELEPHONE (09) 382 492

GROUNDWATER CONSULTANTS

CLIENT :
BORE NO :

A. DEPTH TO WATER (m below dip tube):

Bl tans DATE : INOVER

48 HOUR CONSTANT RATE PUMPING TEST

Rud LD

BORE TYPE: PRESGETEON/OBSERVATION

D. PUMP INLET SETTING: e

B. HEIGHT OF DIP TUBE ABOVE GROUND LEVEL: AVAILABLE DRAWDOWN (D-C):

C. STATIC WATER LEVEL (A-B) (mbgl): 2376 WEIR PIPE DIAMETER:
HEIGHT OF CASING ABOVE GROUND: MANOMETER TUBE HEIGHT: -
START TIME: _ L4 20) pea PUMPING RATE: —
~ELAPSED TIME- WATER ~ELAPSED TIME- WATER :
LEVEL DRAWDOWN LEVEL DRAWDOWN /
DATE TIME MINUTES ! (m) (m) DATE I TIME MINUTES {m) (m) ’
TINOBRI 1631 057 ] _ & BRROZO 240 ’3&;-.;«’,5 10-49
1632 0 W | 2z _ 3% ’34-?% 22
o33 22 | faggpl 30 | ocenwao
\6g Y 44| R0l %0 5 1k
| 163 SR O30 480 ag- g
113 ‘ ' 88 O3] 540 |z¢-q5
1627 7 5. a2 a2 Io 600 37.09
gl 8 | &5 | 200 o] 60 |77 50
1639 9 2580 | 2. 0A. [ 0430, 720 3773 29
e 10 | 76 206 | oszgl 780|279 | s
Wes| 15 | 2009 | 230 || o030 840 13843 | \a
Jus0 20 | abqy | 7.8 oI 900 B3T3 | \AagS
6§51 25 | 25 198 @330 960 |3%-37| e
1700 30 . 4 a3 SR 1020 38.75 | a9
ces| 35 | 2o | x2p | O30 1050|3898 | <oy
/%o O | 3y | 63| n3do 1140 137-07 | 1S\,
[20] 50 | mag | 6-oA | 230 1200 [39.48 | 54y
1730 00 0 | b4y ' 1330 12060 37- 20| 1K aa |
1o 70 ney3| Fe7 7430 1320 3937 1S .
1250 80 | 4.t | 1. $3¢ 1380 DT 36| 150
gool 99 | 1.9 | B /630 1440 [3-70| [ gog
(S| 105 | — - 4 / gQ}‘lsoo 317 | Lol
(220, : A4.30] 1500  [39.g4 Yo 08
1900 _gso | 1620 3997 | oo
(330 30| 1080 13499 [ Voo
2000 230 1740 jemaoos| VCoq |
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48 HOUR CONSTANT RATE PUMPING TEST (Cont.)

RECOVERY

~ELAPSED TIME-| WATER ~ELAPSED TIME-| WATER
| | LEVEL | DRAWDOWN | - LEVEL | DRAWDOWN
DATE |TIME | MINUTES (m) (m) DATE |TIME | MINUTES (m) (m)
227 | 1740 | 400 L3¢ L 139.76
23> 1800 | 4.0.13 Y. 2 39, 42
vo>" 1860 | 4o 14 V38 3 'BQOO
o 3@ 1920 |[do-(7 I 4] 4 2%.90
o>% 1980 gty | \b.&2 5 33.65
o3 7 2040 Bo x| Vw39 6 138 44
oa*® | 2100 lgoon | bbb 7 2%8.30
o™l 2100 |40 2 q| V648 8 ?)53. {7
o??| 2220 Ze>3y | Vb7 Y %%.06
ov3e | 2280 Yo g ‘o bk 10 2199
087° 2340 [do.08 |2 15 37750
o | 2400 4o .<) 78 20 37.149
12 3% 2460 |AQ.SO I - 14- 25 36,39
13T 2520 | Ao-59 b 74 30 3¢.56
(237 2580 | Ho s | (b 7o 35 26.29
1137 2640 |40 -SL | 1 SO 40 %6.08
427 2700 (Lol Gpl| 1 - 8% 50 | 3577
sl 2760 |4 62| Il - 8L 60 35473
W3 2820 |bo LG | 1 -T2 70
2880 80
\ - 50
120
SALINITIES
SAMPLE NUMBER TIME TAKEN iC TEMP ™S




PRAOPRIETARY LIMITED

g = water S
l oclk GROUNDWATER CONSULTANTS

94 ROKEBY ROAD, SUBIACC, WESTERN AUSTRALIA 6608 TELEPHIONE (09) 362 4922

cN

HIOUR CONSTANT RATE PUMPING TEST

CLIENT : _  BPIFCr 3w oM DATE !3!_\»288‘
BORE NO : QP70 BORE TYPE: __ PRODUCTION/GBSERYATEON

V-9 . PUMP INLET SEITING: 55w

A. DEPTH TO WATER (m below dip tube):
B. HEIGHT OF DIP TUBE ABOVE GROUND LEVEL: <= AVAILABLE DRAWDOWN (D-C): 71

C, STATIC WATER LEVEL (A-B) (mbgl): &KX/ WEIR PIPE DIAMETER: -

HEIGIT OF CASING ABOVE GROuND: Q- 29 MANOMETER TUBE LIEIGHT: _ —
START TIME: e e PUMPING RATE: = ;
~-ELAPSED TIME-| WATER ~ELAPSED TIHE- | WATER :
_ : ——|  LEVEL | DRAWDOWN ok — LEVEL | DRAWDOWN l
. { DATE |TIME | MINULES (m) (m) DATE |TIME | MINUTES (m) (m) '
“=pot 1 0-6S _ nee | 240 \ I 6O
> 2 - .72, V2.0 J00 ' ] 63
3 o -1 \©° 300 | .S | ¥
l ! | 08 2o | 420 L Se |k
5 -84 e 480 | <6
6 | 08 4°° 540 - | |- O
I 7 ' 0.8 s 000 |- &6 - |9 o
8 0 - 9o = 660 2 .00 : g
l 9 0.9l > o 720 | 1-99 &
7'° 10 Q.93 B 780 1-87 |
l 7'S 15 | 0-a7 a®e | 1 840 ] - 8'8 §
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; % £ Md@ g international Operations Group P.O. Box 114,
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technology and enterprise Osman Place, Australia
Thebarton, S.A. 5031
Telephone: (08) 43 5733 Telex: AA82725
International: ~618 43 5733 Facsimile: (08) 352 8243

2 November 1988

OD 3/114/0-06780

Billiton Australia
PO Box 872K
MELBOURNE VIC. 3001

Attention: Mr. M. Grier

Dear Mr. Grier,

REPORT NOQ. 06780/89
GATOR (MT. TODD) GOLD QRES
BENEFICIATION TESTWORK

’

The report which is enclosed describes the results of recent beneficiation testwork.
comprising Part One of the Metallurgical Test Programme on Mount Todd Ores.

Thank you for the opportunity of conducting this testwork. We look forward to being of
continuing service in the furure.

Yours sincerely,

Peter M. Cameron
General Manager, International Operations Group

(__,.-""
JKE:iyvu'=s
JKE14/5106780.doc

Sydney, Melbournn., Perth, Canberra, Darwin. Townsville. Represented world-wide.
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Primary Ore: Composite Nos
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29 July 1988

Head Assays, Scrubbing, Gravity Concentration, Flotation,
Magnetic Separation Testing, Visual Sorting

&
Investigation and Report by: R. Phillips, J.K.W. Ellis

General Manager, International Operations Group: Peter M. 'Slameron
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SUMMARY

Metallurgical Testing of Gator (Mt. Todd) Gold Qres, Part One — Beneficiation

In July 1988 Amdel was invited by Billiton Australia Gold Pty Ltd to submit a proposal to
conduct heap leaching and beneficiation testwork on samples of ore from their Gator
Prospect, near Katherine, Northern Territory.

The test programme had the following objectives:

(a) Heap (column) leaching: to establish the amenability of the ore by crushed sizes to
percolation and cyanide extraction of gold by heap leaching.

(b) Beneficiation: to define the response of the ore to alternate metallurgical processing
by laboratory scale testing of scrubbing, gravity concentration, flotation, magnetic
separation and agitation cyanide leaching.

The report which follows describes the results of beneficiation testwork, which were
summarised as follows:

The samples submitted were drill core and percussion drill chippings from three ore zones;
weathered, transition and primary ore. '

Drill Core

Drill core samples were composited, crushed to -12.5 mm and portions submitted for multi-
element scan analysis, sizing and gold assay, and scrubbing tests.

Elemental Analvsis

The ores were of similar composition in terms of their major constituents namely silica,
alumina, and potassium minerals, with very minor amounts of copper (below 0.23%). The
primary ore contained 0.49% sulphur, compared to less than 0.02% in the weathered and
transition ore.

Gold Distribution and Scrubbiny Tests

The ores were hard and of dense texture, and it was felt that crushing of drill core did not
produce a natural size distribution. Sizing and assay of fractions indicated that although
gold grades were higher in the finer fractions, the coarse size distribution of the crushed
products meant that gold was mainly distributed in the coarse fractions. Scrubbing gave
very little increase in the amount of gold contained in the finer fractions.

Head Assavs

Head assays determined from the above tests on drill-core were as follows:

Weathered Ore 0.37 g/t Au
Transition Ore 1.36 g/t Au
Primary Ore 1.04 g/t Au

Percussion Drill Chips

Percussion drill chip samples were submitted for mineralogical examination, gravity
concentration, flotation and magnetic separation tests.




Mineralogical Examination

X-Ray diffraction analysis of head samples showed the major minerals in all three ore types
to be quartz and muscovite. In the primary ore, the next most dominant iron mineral was
chlorite, with small amounts of pyrite and sphalerite. The transistion ore had a larger
amount of chlorite, with kaolinite, and goethite. Chlorite was not reported in the weathered
ore.

Deslimed samples of drill chippings were tested by heavy liquid separation at S.G. 3.3. The
heavy fractions were of higher gold grade than the light fraction, but only contained 10-20%
of the total gold in the ore.

Gravity Concentration

Table concentration at 100% minus 1 mm gave poor results with gold recoveries in the range
10-15%, to concentrates grading approximately twice head grade, suggesting that gold or
gold bearing minerals were very poorly liberated at 100% - 1 mm, or S.G. differences were
insufficient, or that the gold ore was softer than the surrounding rock.

Flotation

Sulphide flotation tests were conducted on ore at 80% minus 75 microns, using four rougher
and one cleaner flotation stages. Gold recovery from the weathered and transition ore were
poor; however quite good upgrading was achieved for the transition ore. The primary ore
was more amenable to flotation, providing gold recovery of 71.2% to a concentrate grading
18.3 g/t Au from a head grade of 1.34 g/t. Further tests would be required to investigate
whether finer grinding would improve gold liberation, and to optimise flotation conditions.

Maguetic_Separation

Wet high intensity magnetic separation tests were conducted on ore at 80% minus 212
microns. All three ore types produced a magnetic product, but while the tests on weathered
and transition ore resulted in gold concentration into the magnetic fraction, magnetic
separation of the primary ore resulted in gold concentration into the non magnetic fraction.
The primary ore contained a higher proportion of magnetic mineral, (chlorite), than the
weathered and transitional ore. Their results may be explained by the association of gold
with pyrite/chalcopyrite in the primary ore, and the higher magnetic susceptibility of the
oxidised species of these minerals in the weathered and tramsitional zones. The tests
indicated that magnetic separation could be used to achieve a bulk upgrading of the ore,
however this would result in the rejection of a significant proportion of the gold in the ore.

Site Water Analvsis

Two samples of site water were tested and found to be relatively low in impurity levels, and
suitable for use in cyanide leaching.

Visual Sorting

Samples of weathered and primary ore at 100% - 2 mm were hand picked to separate the
darker material from the weathered ore, and the veined particles from the primary ore. Fire
assays showed the darker weathered ore (high iron oxide) graded 11.3 g/t Au, with the
remaining ore 1.42 g/t Au. The veined primary ore, contained pyrite and galena, and had
8.05 g/t Au, versus 0.44 g/t in the remaining ore.




1.0 INTRODUCTION

In July 1988 Amdel Limited (Amdel) were invited by Billiton Australia Gold Pty Ltd
(Billiton) to submit a proposal to conduct programmes of heap leaching and beneficiation
testwork on samples of ore from their Gator Prospect, near Katherine, Northern Territory.
The scope of work for the metallurgical testwork was defined by Billiton in a memorandum
dated July 8, 1988, ref. Bod: 8807168.

The Gator ore body comprises three main zones from which corresponding ore types, both
drill core and percussion chips, were to be tested, viz:

* Weathered Ore
* Transition Ore
* Primary Ore

The ore is of low gold grade and heap leaching was under consideration. The test
programme had primary objectives to define the operating parameters and leaching
efficiencies to a level upon which the owners could commit to proceed with the project.
Some preliminary test work had indicated that the ore was slow leaching but good recoveries
could be obtained at grind sizes of Pgn = 75 micron. It also indicated that upon crushing
gold values report to the finer fractions, and a criterion for sample preparation was that this
latter phenomenon did not distort the testwork results. The testwork programme addressed
two major process avenues for each of the ore types and had the following objectives:

(a) Beneficiation: to define the response of the ore to metallurgical processing by
laboratory scale testing of scrubbing, gravity concentration, flotation and magnetic
separation.

(b).  Heap (column) leaching: to establish the amenability of the ore by crushed sizes to
percolation and cyanide extraction of gold by heap leaching.

~ The beneficiation testwork is reported in the Part One Report which follows. The columan '

leach testwork is reported separately.




2.0 SAMPLES RECEIVED

Samples of ore were received by Amdel on 31 August 1981.

Samples comprised diamond drill hole intersections and percussion drilling chips as listed
below for three (3) ore types: weathered ore, transitional ore, and primary ore.

Ore Testwork Composite
Type Programme Number Sample Numbers and Marking
Weathered Beneficiation B1WEB1-1D BD2 — full core from 10 to 14m

B1WB1-1P BP3 - chips from corresponding
metreage (sample numbers 3011
to 3014).

Column Leach HL1WB1-1D  BD3 - half core from 3 to 18m

HL1WB1-1P BP4 - chips from corresponding
metreage (sample numbers 4004
to 4018).

Transitional Beneficiation B1TBI-1D BD3 - full core from 31 to 32m;
38 to 39m; 57 to 58m.

BiTB1-1P BP4 - chips from corresponding
metreage (sample numbers 4032,
4039, and 4058).

i Column Leach HL1TB1-1D BD3 - half core from 33 to 37m;
39 to 43m; 56 to 37m and 58 to
71m).

HL1TB1-1P BP4 - drill chips from
corresponding metreage (sample
numbers 4034 to 4037; 4040 to
4043; 4057; and 4059 to 4071).

Primary Beneficiation BiPB1-1D BD2 - full core from 70 to 74m.

B1PB1~1D BP3 — chips from corresponding
metreage (sample numbers 3071
to 3074).

Column Leach HL1PB1-1D BD1 - half core from 62 to 78m.

HL1PB1~1P* BP2 - chips from corresponding

metreage (sample numbers 2063
to 2078).

Approximate weights are shown in Section 3.1.

&

Not received.

Note: The following metreages were removed from drill-core samples before further

compositing:

BD2 12 - 13m
BD3 57 - 38m
BD2 72 - 74m



3.0 TESTWORK PROCEDURES

3.1 Sample Compositing and Preparation

3.1.1 Drill Core (Beneficiation Tests)

Weathered Ore: Composite No. BIWB1-1D

Approximately 45 kg of full drill core was received in one drum. After removal
of retention sample BD2 12-13 m, the remaining drill-core was stage crushed to
minus 12.5 mm and one 12 kg sub-sample riffled out.

Transitional Ore: Composite No. BITB1-1D

Approximately 20 kg of full drill core was received in one drum. After removal
of retention sample BD3 57-58 m, the remaining drill core was stage crushed to
minus 12.5 mm and one 12 kg sub-sample riffled out.

Primary QOre: Composite No. B1IPB1-1D

Approximately 30 kg of full drill core was received in two drums. After
removal of retention sample BD2 72 - 74 m (Drum No. 41) the remaining drill-
core was stage crushed to minus 12.5 mm and one 12 kg sub-sample riffled out.

3.1.2 Percussion Chips (Beneficiation Tests)
Weathered Ore: Composite No. BIWB1-1P
“ Approximately 20 kg of dry percussion chips were received in one drum. these
were riffled mixed, then 15 x 1 kg charges riffled out.
Transitional Ore: Composite No. BITB1-1P
Approximately 100 kg of wet percussion chips was received in five drums. The
contents of each drum was dried, and riffled into two parts. One part was
" returned to its original drum, the other part was composited. The composite was
riffle mixed, then 15 x 1 kg charges riffled out.
Primary Ore: Composite No. B1PB1-1P
Approximately 30 kg of dry percussion chips were received in one bag. These
were riffle mixed then 15 x 1 kg charges riffled out. One 5 kg charge was
riffled from the balance for column leach tests (refer Section 3.1.3) because
samples for Composite No. HL1PB1-1P were not received.
3.2 Beneficiation Tests ~ Drill Core

The 12 kg sub-samples of minus 12.5 mm material from each ore type (refer Section 3.1)
were tested as follows:

3.2.1 Size-Fraction Assavs

A portion of approximately 2 kg was riffled out for screening on 6.70, 3.35, 1.4,
0.5 mm and 250, 150 and 75 micron screens. Fach size fraction was submitted
for mixer-mill pulverising and duplicate Au fire assay.




3.2.2 Maulti-Element Analvsis

A portion of approximately 0.5 kg was riffled out for multi-element ICP and
XRF scans.

3.2.3 Scrubbing Test

The balance of the 12 kg sub-sample was rotary scrubbed at a solids content of
50% by weight for 30 minutes in a rubber lined cement mixer. The scrubber
product was wet screened at 75 microns.

The plus 75 micron fraction was dried, weighed and screened on 6.70, 3.35, 1.40
and 0.50 mm, 250, 150 and 75 micron screens. The size fractions were
submitted for mixer-mill pulverising and duplicate Au fire assay.

The minus 75 micron fraction from wet screening was dried, weighed and
combined with the minus 75 micron fraction from the dry screening, then
submitted for duplicate Au fire assay.

3.3 Beneficiation Tests - Percussion Chips

The fifteen 1 kg charges of percussion chips from each ore type (refer Section 3.1.2) were
tested as follows:

3.3.1 Mineralogical Examination

(a) One 1 kg charge was riffled into two parts: one for XRD analysis, the other for
mixer-mill pulverising and triplicate Au fire assay (head assay).

(b) ' One 1 kg charge was deslimed by wet screening at 38 micron.

The minus 38 micron fraction was dried, weighed and submitted for duplicate
Au fire assay.

The plus 38 micron fraction was submitted for heavy liquid separation, with
XRD analysis, mineralogical examination of polished sections, and Au fire assay

of both the float and sink fractions.

3.3.2 Gravity Concentration

(a) One 1 kg charge was screened on 500, 250, 150, 106, 75, 53 and 38 micron
screens. Each fraction was submitted for mixer-mill pulverising and duplicate
Au fire assay.

(b) Five 1 kg charges were stage crushed to minus 1 mm and tabled to produce
three products: concentrate, middlings and tailings, using a laboratory scale
Wilfley Table.

Each product was dried, weighed and sub-samples submitted for mixer-mill
pulverising and duplicate Au fire assay.




3.33

3.34

3.4

Flotation

Three 1 kg charges were used to establish the grinding time to achieve 80%
passing 75 microns.

Two 1 kg charges were milled to 80% passing 75 microns and subjected to 4
stages of rougher flotation using 100 g/t of potassium amyl xanthate (PAX), 100
g/t of Cyanamid Aerofloat 238 and 25 g/t of frother (MIBC). Rougher
concentrates were cleaned without further addition of reagents. Samples of
cleaner concentrates, cleaner tails and rougher tails were submitted for gold
analysis by duplicate fire assay.

Magnetic Separation

Three ~ 2.5 kg portions, one from each ore type, were rolls crushed to minus 1.7
mm then stage ground to 80% passing 212 microns. Approximately 500 g was
removed as head sample for screening on 150 and 75 micron screens. The three
size fractions were dried and submitted for duplicate Au fire assay.

The balance of the material at P80 212 microns was treated in a Jones Wet High
Intensity Magnetic Separator, using two roughing passes at 30 amps (~ 17000
gauss) and one cleaner retreatment pass at 20 amps (~ 11300 gauss). Pass #1
middling and non-magnetics were retreated in Pass #2, leaving final middlings
and non magnetic products.

Pass #1 and Pass #2 magnetics were retreated in Pass #3 at 20 amps, to produce
a final magnetic concentrate, and a cleaner tailing consisting of the cleaner
middlings and non-magnetics combined.

The four products, i.e.
cleaner concentrate
cleaner tailings
pass #2 middlings
pass #2 tailings

were screened on 150 and 75 microns, and the fractions dried and submitted for
duplicate Au fire assay.

Site Water Analvsis

Two samples of site water was submitted for standard water analysis.

3.5

Visual Sorting

Portions of weathered and primary ore drill chippings were crushed to -2 mm and visually
hand sorted to separate darker material from the weathered ore and veined material from the
primary ore. The products were fire assayed.




4. RESULTS AND DISCUSSION

4.1 Drill Core (~12.5 mm) Multi~-Element Scan Assays

Multi-element analyses for the three ore types are shown in Table 1. The elemental
compositions were similar, with predominant composition of silica (~ 66%), alumina (~ 15%),
Fe,og (~ 8%) and potassium minerals (~ 4%). There were only minor amounts of other
elements likely to have a significant effect on processing, with the possible exception of
copper which varied from 0.101% (weathered ore), 0.141% (transition ore) to 0.253%
(primary ore).

4.2 Drill Core (-12.5 mm). Gold Assays of Size Fractions

Gold distribution by size fractions for the three ore types crushed to -12.5 mm are shown in
Tables 2, 3 and 4. The size distributions for all three ores were predominantly coarse, with
less than 10% of the crushed ore being below 500 microns. The small amounts of finer
material which were present, were of slightly higher grade than the coarser fractions.
However, the bulk of the gold was contained in the coarse fractions.

4.3 Drill Core - Se¢rubbing Test Results

The gold distribution by size fractions of the scrubbed ore products are shown along with
the feed sizings and assays, in Tables 2, 3 and 4. Each of the three ore types produced only
a small increase in the gold contained in the fine fractions. This is shown in the following
summary using 300 microns, as the top cut-off size.

% of Au in -500 micron Fraction

Unscrubbed Scrubbed
Weathered QOre . 18.4 _ 22.7
Transition Qre ' 11.1 16.3
Primary Ore 16.0 17.1

Calculated Head Grades

The assay of scrubbing test feed and product size fractions provided the following calculated
head grades for the Driil Core Composites.

Calculated Gold Assay g/t

Feed Product Average
Weathered Ore 0.33 0.40 0.37
Transition QOre 1.43 1.29 1.36
Primary Ore 0.91 1.16 1.04

4.4 Mineralogical Examination

The mineralogical report received from Amdel Geological Services follows:




4.5 Percussion Chippings -~ Gold Assavs of Size Fractions

Gold distributions calculated for three percussion drill chippings composites are shown in
Table 5. The head grades calculated from the gold distributions are summarised as follows:

Weathered Ore (Drill Chips) 1.61 g/t
Transition Ore (Drill Chips) 3.52 g/t
Primary Ore (Drill Chips) , 1.25 g/t

It is noted that the sizing and assay of these samples was outside the original scope of work.
The screen set nominated had a topsize of 500 micron which in fact retained a relatively
high proportion of the drill chippings.

4.5 Percussion Chippings - Gravity Concentration

Metallurgical balances showing the result of table concentration testing of the three ore types
(from percussion chippings crushed to 100% ~ 1 mm) are shown in Table 6.

The results showed that none of the three ore types had a satisfactory response to gravity
concentration at 100% - 1.0 mm size. In each case, 60 - 65% of the gold remained in the
gravity tailing which comprised 70 - 75% by weight of the ore feed. The results suggested
either that gold, or the gold bearing dense mineral, was poorly liberated at the crush size of
1 mm topsize, or else that the combined S.G/size of the mineralised material was close to
that of the of the gangue material.

4.7 Percussion Chippings — Sulphide Flotation

The metallurgical balances for rougher and cleaner flotation tests on the three ore types are
showir in Table 7.

Flotation conditions were as outlined above (ref: Sect 3.3.3) and are shown in detail in
Appendix L. '

Grades and recoveries to final (cleaner conc) concentrate are summarised as follows:

Au : Recovery

g/t T
Weathered Qre 0.25 32.48
Transition Ore 35.350 36.69
Primary Ore 18.30 71.16




Grade~-recovery plots for the three ores are shown below:
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The tests, which were preliminary only, showed that the flotation response of the primary
ore was significantly better than the response of the weathered and transition ores. Further
testing of the primary ore would be recommended, to include investigation of the effect of
finer grinding, and closer optimisation of flotation conditions with the objectives of
improving both grade and recovery of gold to concentrate.

4.8 Percussion Drill Chippings ~ Magnetic Separation

4.8.1 Head Sample Size Analvsis

The size distribution, gold by size fractions, and calculated head assays from
sizings of head samples milled to 80% minus 212 microns are shown in Table 8.

482 Magnetic Separation Test Results

The metallurgical balances for the magnetic separation tests on weathered,
transition and primary ore are shown in Tables 9, 10 and 11 respectively. The
flowsheet showing the test sequence is shown in Figure 1. Note that the balance
for the test on primary ore has been modified from that faxed to the client on
12 October 1988, following confirmation by repeat assaying, and a confirmatory
magnetic separation test, that gold in the primary ore was concentrated in the
non-magnetics, whereas in the weathered and transition ore, gold tended to
concentrate in the magnetic fraction.

i
I b




The separation results for the three ore types are summarised as follows:
Weight Gold Assay Dist.
% g/t %
Weathered Ore
Magnetic 8.95 5.16 ,‘ 29.3
Non-Magnetic 91.05 1.23 70.7
Head 100.00 1.58 100.00
Transition Qre
Magnetic 13.28 6.21 24.03
Non-Magnetic 86.72 2.91 75.37
Head 100.00 3.35 100.00
Primarv QOre
Magnetic 35.33 0.65 17.49
Non~Magnetic 64.67 1.67 §2.51
Head 100.00 1.31 100.00

The maguetic separation performance data is plotted in Figure 2 which shows gold
concentrate grade and recovery, versus weight percent recovered to concentrate,

Wedathered Ore

Final products were as follows:

Weight Gold Assay Dist.

% g/t %
Cleaner Magnetics 8.95 5.16 29.30
Cleaner Tails (non-mag) 16.96 1.27 13.66
Rougher Middlings 9.50 1.17 7.05
Rougher Tails (non-mag) 64.00 1.22 49.99

Calculated Head 100.00 1.58 100.00

The metallurgical balances for the separate size fractions are shown in Table 9A. The results
indicated that the magnetic separation had preferentially rejected fine material. Gold
recovery was slightly higher at +75 micron than at -75 micron, and the gold distribution in
concentrate was approximately 50% in the ~75 micron fraction, compared to 60% in the
weathered ore feed.




Transition Ore

Final products were as follows:

Weight Gold Assay Dist.

% g/t %
Cleaner Magnetics 13.28 6.21 24.63
Cleaner Tails (non-mag) 16.49 3.21 15.80
Rougher Middlings 10.53 2.85 8.96
Rougher Tails 59.70 2.84 50.61
Calculated Head 100.00 3.35 100.00

The metallurgical balances for the size fractions are shown in Table 10A. As.for the
weathered ore, the magnetic separation gave slightly preferential rejection of finer material,
and better gold recovery from the--75 micron material in the feed. The gold recovery to
magnetic concentrate was 24.63%, compared to 29.30% for the weathered ore. However the
degree of upgrading, from feed grade to concentrate grade, was not as high as for the
weathered ore. In the case of the transition ore, 13.28% of the feed weight was collected as
magnetic product, compared to 8.95% of the feed weight of weathered ore.

Primary Ore

Final products were as follows:

L

Weight Gold Assay Dist.
7% g/t %
Cleaner Magnetics 35.33 0.65 17.49
Cleaner Tails (non-mag) 21.89 0.81 13.65
Rougher Middlings _ 8.49 1.05 6.03
Rougher Tails (non-mag) 34.29 2.36 62.03
Calculated Head 100.00 1.31 160.00

The metallurgical balances for the size fractions are shown in Table 11A. As for the
weathered and transition ores, the magnetic separation had preferentially rejected fine
material. However, overall the ore was more highly magnetic than the weathered and
transition ores, 35.33% by weight of the feed ore was collected as magnetic product which
was relatively barren of gold compared to the non-magaetic product.

This appears to suggest that in the primary ore, gold is associated with pyrite (non-
magnetic), with other magnetic iron minerals present (e.g. chlorite, pyrhottite etc). In the
more oxidised zones, pyrite has oxidised to magnetic oxides, and some of the chlorite has
weathered to less magnetic forms (e.g. hematite etc).
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4.9 Site Water Analvsis

Two drums of site water, identified as

5887/1 Drum 1
5887/2 Drum 2

were sampled and submitted for standard water analysis, and arsenic analysis. The results
are shown in Tables 12 and 13.

The two waters were similar and were described as of good quality, in relation to possible
future use in gold extraction processing. Magnesium content was fairly low, therefore excess
lime requirement for neutralisation would not be anticipated. Hardness and total dissolved
solids were also low, suggesting the water may not contribute to percolation difficulties. The
waters were described as being of superior drinking quality to Adelaide tap water.

4.10 Visual Sorting

Colour differences were not great. The result of hand picking -2 mm ore particles was as
follows: '

Wit Wt Au Au
(g) % g/t Dist. %
Weathered Ore
Dark Ore 3.12 4.38 113 29.00
Paler Ore 60.83 95.12 1.42 71.00
Head"~ | 63.93 100.00 1.90 100.00
Primarv Qre
Veined Ore 9.16 10.77 3.05 68.83
Non-Veined Qre 76.02 89.23 0.44 31.17

Head 35.08 100.00 1.26 100.00

While hand sorting was reasonably effective for the primary ore, it was felt that machine
sorting would not be feasible, in view of the small particle size, and indistinct colour
separation.




5.0 CONCLUSIONS AND RECOMMENDATIONS

Earlier cyanidation testing (ref Amdel Report BA06600/2, dated 10 June 1988) of oxidised
and primary ores (MTM1 and MTM2) had indicated satisfactory gold extraction and reagent
consumptions at fairly fine grind sizes, although the primary ore, in particular, was slow
leaching. The results of agitation cyanidation were summarised as follows:

Sample MTM1 : MTM2
Ore Type Oxidised Primary
Grind % -75 am 85% 90%
Gold Extraction, % (6h) 82.7 60.4
(48h) 90.9 86.0
Reagent Used (48h) kg/t
CaO 0.9 0.8
NaCN 0.5 1.4
Calculated Head Grade Au 2.75 g/t 1.80 g/t

Subsequently, beneficiation testwork was conducted with the aim of upgrading the ores prior
to gold extraction. Conclusions and recommendations from the results were as follows:

Elemental Analysis

The weathered, transition and primary ores were of similar overall composition. Alhtough
galena, chalcopyrite and sphalerite had been identified visually in the veins within the
primary ore, only low concentrations of base metals, arsenic, sulphur or other elements likely
to affect processing e.g. by cyanidation were found. In conjunction with the availability of
good qualitity water, the ore composition was evidently suitable for cyanide leaching.

Gold Distribution, Serubbing of Crushed (12.5 mm)_Ore

Crushed drill core was water scrubbed. Analysis of size fractions of scrubber feed and
products indicated that the crushed ore contained relatively little fines (below 0.5 mm) and
despite the slightly higher grade of the finer fractions, gold was mainly distributed in the
coarser fractions.

These results tended to confirm the ores as hard and of dense texture. The small degree of
size reduction from drill-core to 12.5 mm may have been insufficient to generate the
"natural” percentage of fines which would arise from crushing run-of-mine ore. Therefore
particular atiention is required to the size-response of the ore to all metallurgical testing
including cyanidation testing at laboratory scale.

Mineralogical Examination

The XRD analysis provided information which helped to explain the magnetic separation
results. Heavy liquid separation tests were conducted using samples of drill chippings which
were in fact significantly coarser than anticipated, and in the light of subsequent knowledge,
of the nature of the ore, better results may have been obtained had the percussion chippings
been further crushed. A more comprehensive mineralogical examination would be required
to determine the heavy liquid separation efficiencies by size fractions. Such a study would -
be included in a liberation study which it is recommended should be conducted along with
any further testing which may be contemplated.




Gravity Concentration

The results of table testing at 100% minus 1 mm were particularly poor, suggesting that:

gold, or the minerals with which it is associated, were poorly liberated at 100% -1
mm, and/or -

the gravity difference between the gold bearing ore and the background rock, was
small and/or ~

the higher SG ‘valuable’ ore was slightly softer than the background rock.

The latter point is supported by the general tendency for finer fractions of ore to be of
higher grade than the coarser fractions.

Flotation

Sulphide flotation tests on all three ore types gave poor results from the oxidised ores, but
quite promising results from the primary ore. Further testing would be required if flotation
was seen as the only available route, to include tests at finer grind sizes to improve
liberation, and alternate reagent configuration, particularly for the oxidised ore. However, it
is likely that once the ore was ground sufficiently finely for flotation, cyanidation would in
fact be more effective on all ore types.

Magnetic Separation

All three ores were highly magnetic, however while the gold was associated with the
magnetic portion of the weathered and transition ores, it was associated with the non~
magnetic portion of the primary ore. Magnetic separation could be used to effect on bulk
upgrading of the ore, but would result in the rejection of a significant proportion of the
gold in the ore (unless the ore was finely ground). The "opposite” behaviour of oxidised and

' primary ore types may result in operational difficulties when treating actual mined ore.

Visual Sorting

Samples of weathered and primary ore at -2 mm were hand sorted and in the case of the
primary ore, quite good gold ‘recovery’ (68.8%) was obtained by visually separating "veined"
or composite particles from the background uniform grey ore. However it was noted that
the colour differences were not great, and the particle size (-2 mm + 1 mm) would normally
be considered too fine to justify optical sorting of relatively low value ore. This does not
rule out the possibility that some property of the composite veinlet particles may exist,
which could be sensed and enable sorting to be carried out.

Summary

Although the beneficiation testwork was inconclusive, the findings from several sections of
work have indicated the need for a liberation study of the ore, with objectives concerning
the liberation (a) of vein material, and (b) of gold. These results will be required in order to
fully interpret the results of the foregoing beneficiation tests, and the cyanidation
investigations, and provide guidance as to the most appropriate process route.
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TABLE 1: ICP SCANS OF COMPOSITE ORE SAMPLES. FULL DRILL CORE
Ore Type Weathered Transitional Primary
Composite No. B1WB1-1D B1TB1-1D B1PB1-1D

Al0,% 16.4% 15.9% 13.6%

Ca0 0.02 0.06 0.12

Fe,O, 8.45 7.90 7.90

K,0 3.62 4.48 4.08

MgQO 0.63 0.57 2.28

MnQ 0.04 <0.01 0.04

NaZO 0.20 0.18 0.17

P,0O, 0.04 0.04 0.06

Si02 63.2 66.2 67.3

'I'iO2 0.63 0.52 0.72

As 0.015 0.026 0.009

Ba 0.071 0.062 0.033

Cd <(0.002 <0.002 <().002

Co 0.003 <(.002 0.003

Cr 0.008 0.010 0.015

Cu 0.101 0.141 0.2353

La <(.002 <0.002 «<().002

Mo <(.002 <0.002 <(0.002

Nb <().020 <0.020 <0.020

N1 0.002 0.002 0.004

Pb 0.016 <0.003 0.005

Sn <0.005 <(.005. <(.005

Sr 0.002 ‘ 0.004 0.003

Ta <0.020 <(.020 <{.020

\% 0.010 0.007 0.011

W <0.020 <0.020 <(.020

Y 0.003 (0.004 0.002

Zn 0.030 0.028 0.036

Zr 0.016 0.019 0.021

S 0.007 0.017 0.490

Hg (ppm) <0.01 ppm <0.01 ppm <(0.01 ppm

Ag 70 3 3

Cs <10 15 10

Ga 18 12 8

Ge <4 <4 <4

In <10 <10 <10

Rb 143 220 170

Tl 10 10 <10

Ce 50 80 70

Se <? 3 <2

Sb 6 <4 <4

Te <10 <10 <10

Th 14 30 20

U <4 <4 <4
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TABLE 2 o B3ENETICIATION TI3T3 - ZULL BRILL CORZ

Qre Tvoe : WEATHERED ORE
Comousite No. : 33i1%W3:i1-1D

SCRCBBING TEST : minus 1i2.35mm feeq

06780_1======:==========—‘====*—'===========:==:=====—_-n
Size ftractlon Product Wt Au
---------------- g/t Dist'n
micron g % Au %
-6700 1.0Q¢0 33.7 0.20 20.3
-6700 -3330 933 32.2 0.29 28 .4
-3330 -:1400 439 id.8 .43 20.3
-31400 - 300 236 3.0 0.32 12.3
- 5300 - 250 9z 3.1 0.37 3.4
- 230 - 1530 <5 i.6 0.42 2.3
- 1530 - T3 43 1.3 0.39 2.7
- 73 131 5.1 0.66 ig.2
Caic nead 2.963 100.0 0.33 i00.0
Assav agad
SCRUBBING TEST : scruonber oprocuct
Product Wt du
Procucts 0 mmm e mm 7/ JisgT'n
=2 O Au %
-6700 3.608 35.3 0.27 22 .2
-8730 -333¢0C 2.271 30.1 0.10 29 .7
-3333 -1400 1.597 1.7 0.47 i7.2
-1400 - 300 394 3.3 0.39 8.1
- 300 =~ 2390 209 1.8 0.51 2.3
- 230 - 1390 39 0.9 .48 1.1
- 130 - 73 76 0.7 0.73 1.3
- 73 1.397 12.9 0.36 i7.8
Caic nead 10.832 i00.0 0.40 1060.0

Assav head
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TABLE 3 3ENEFICIATION TESTS
Ore Tvoe : TRANSITIONAL ORE
Composite No. : B1vB1-1id
SCRUBBING TEST : minus 12.3mm fe
06780_2:::::::::::::::=;:=====z=.—.===::::=======:=====
Size rraction Product Wt
nicron I )
-6700 337 36.2 1,37 34,07
-6700 -33350 733 32.7 1.37 31.3
~3320 -2400 352 T2 1.95% 13.3
~24090 - 500 iTe 7.6 1,42 7.6
- 500 - 230 638 3.0 .32 2.7
- 230 - 130 33 1.5 1,52 1.5
- 130G - T3 30 1.3 A 1.6
- 73 ) = 2.26 5.3
Cainz nead 2.310 00.0 .43 108.0
Assav neac
SCRUBBING TEZST scrunber oraduct
Product Wt Au
Products 00 mem=s— o -—meeo—ooe gt Dist'n
g ‘a Ay %
-57C0C 3.373 " 35.4 1.12 30.5
~6700 .-3330 2.910 30.5 i.28 30.2
-3359 -1400 1,315 13.8 1350 16.0
~31400 - 300 528 3.5 1.53 6.6
- 500 - 230 216 2.3 i.62 2.8
- 230 - 130 133 14 i.5C i.8
- 1390 - 73 110 1.1 .95 i.7
- s 943 e.9 1 .36 10,4
Caic head 9.528 100.0 1.2¢9 100 .0

Assav pead
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Ore TvoDe : PRIMARY OREL

Comvaosite No. : BlPB1I-1D
SCIT3BING TIST minus 12.3mm Feed
06780 3==c=====S=sSsScSS=====s=Ss=====sSSSE=SSsSsIsSssz
Size rTaction Product wt Au
—————————————— gy Dist'n
nicTon 24 % Ad %
-570C0 .03 25.3 0.48 23.3
-6700C -3330 713 30.6 0.94 3:.3
-3233 1400 3300 2.3 i.23 iT.3
-1200 ~ 3500 id4 g.2 1.80 12,2
- 300 - 250 i3 2.1 2.03 .6
- 230 - 130 24 1.0 2.36 2.6
- 130 - T3 23 1.0 2.67 2.8
- 73 48 2.1 2.63 5.9
Calg nead 2.330 100.0 0.9:% 100.0
Assav nead
SCRUBBING TEST scrubber product
Product Wt Au
Progucthts et g/t Dist'n
g % Au %
-6700 5.040 47 .2 0.92 - 37.3
-6700 -3330 2.971 27.8 i.00 211
-3330 -14090 1.311 12.3 1.37 14 .3
-2100 - 300 192 1.6 .73 7.0
- 30¢ - 230 169 1.6 1,91 2.8
- 233 - 130 g7 9.9 2.03 1.8
- 1340 - T3 890 0.7 2.38 1.5
- 73 5.8 2.8 2.72 T2
Ca:c nezc 1C.8TT :00.0 .16 i00.0C
Assay he2aq




TABLE 5
WEATHERED ORE DRILL CHIPS - GOLD IN SIZINGS

Product Weidht, GOLD Assay  GOLD Distribution
% d/t %
+500um 70,463 1,63 71,44
+250um 9.45 1,45 8,52
+150um S5.27 1,43 4,70
+106un 2,52 1,92 1,02
+73um 2.02 1,43 1,80
+53um 1,26 1,50 1,18
+38um 1,17 1,47 1.22
(COARSE FRACTIONS) (92.37) (1,40) (92,10
-38tm 7.63 1,46 7,90
Head(cale,) 100,00 1,61 100.00
TRANSITION ORE DRILL CHIFS ~ GOLD IN SIZINGS
Froduct Weight GOLD Assaw  GOLD Distribution
4 4/t %
+500um 47.33 3143 49,44
- +250um 9,45 3.40 2.14
+150um .64 275 4,43
+106um 2,71 2.60 2,00
+735um 2,33 2,73 1.82
+53um 1,463 3,05 1,41
+38um 1.81 3,03 1,56
{COARSE FRACTIONS) (90,93) (3.47) (89,81)
_38Uﬂ‘ 9'07 3095 1001?
Head(calc,) 100,00 3.52 100,00
FRIMARY ORE DRILL CHIFS -~ GOLD IN SIZINGS
Froduct Weight GOLD Assayw  GOLD Distribution
4 g/t %
+300um 91,41 1,13 82,48
+250um 4,67 2.92 10,91
+150um 1,461 2,30 2496
+106un 0,53 2.10 0,89
+75um 0.34 2,40 0.71
+53um 0.17 2+60 0,36
+38um T 014 2,39 0,31
(COARSE FRACTIONS) (98.921) (1,25 (98.462)
=-38um 1.09 1.58 1.33

Head(calc,) 100.00 1,25 100,00
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TABLE 6

TABLE CONCENTRATION RESULTS

FRIMARY ORE DRILL CHIFS -1mm TABLING

e T ¥ Lt

Froduct Weidht GOLD Assaw  GOLD Distribution
x g/t A
CONCENTRATE 5,25 2,55 13,41
MIDOLINGS 17.80 1.60 23.97
(R, CONEL,) (24,05} (1.8%) (37.38)
TAILINGS 75,95 0,98 62,462
Head(cale.) 100,00 1.19 100,00

TRANSITION ORE DRILL CHIFS -1mm TABLING

Froduct Height GOLD Assay  GOLD Distribution
i g4/t YA
CONCENTRATE 5,332 4,70 10,40
MIDDLINGS 23,03 3,47 25.94
(R, CONC.) (29.846) (3.78) (36.35)
TAILINGS 70,14 2.80 63,65
Head(calc.,?} 100.00 3.09 100,00

WEATHERED ORE DRILL CHIPS -1mm TABRLING

Product Height GOLLl Assay  GOLD Distribution
4 g/t y4
CONCENTRATE 9,93 2,460 15.8¢
HIDDLINGS 17,48 1.82 19,53
(R, CONCLY (27,43) (2,10} (35,411
TAILINGS 72,57 1,45 64.59
Head(ciale. ) : 100,00 1,63 100,00




TABLE 7

FLOTATION METALLURGICAL BALANCES
FLOTATION OF MT TODD WEATHERED ORE

Product Weight  GOLD Assav  GOLD Distribution
p 4/t v
CLEANER CONC 1,98 9,25 32,48
ELEANER TAIL 43,40 1,10 33,81
(ROUGHER CONC) (48,58) (1,94) (66,29)
ROUGHER TAIL 51,42 0.93 13,71
Hesd(calc,) 100,00 1,42 100.00

Froduct Weisht GOLD Assgy  GOLD Distribwtion
e 4/t %
CLEANER CONC - 3,44 - 35,90 36,69
CLEANER TAJL 10,08 3,52 10,464
(ROUGHER CONC) (13,.52) (11,67) (47.33)
ROUGHER TAIL 86.48 2.03 52,67
Head{calc,) 100,00 333 100,00

Product Weight GOLD Assay  GOLD Distribution
A g4/t 4
CLEANER CONC Te23 18,30 71,164
CLEANER TAIL 14,12 0,69 725
(ROUGHER CONC) (19,35) {(5,4%5) (78.41)
ROUGHER TAIL 8065 0.34 21,59
Head{(calec,) 100,00 1.34 100,00

File name!  MTDF1,REP




TABLE 8

MAGNETIC SEPARATION OF
PERCUSSION CHIPPINGS: HEAD SIZINGS

WEATHERED ORE HEAD SIZING

Froduct Height GOLD Assaw  GOLD Distribution
4 g/t %
+150uM 23,47 1,39 21,45
+75 uM 17,05 1,47 16,96
=75 uM 59,49 1,53 41,59
Head(calc,) 100.00 1,48 100.00

TRANSITION ORE HEAD SIZING

Froduct Weidht GOLD Assaw  GOLD Distribution
YA 9/1 /A
+{50uM 14,07 2,460 10,64
475 o 26,72 3.10 24,13
=75 uH . 59,21 3.78 63,21
Head(ecalc.) 100,00 T,43 100.00

FRIMARY ORE HEAD SIZING

Froduct Weidht GOLD Assaw  GOLD Distribution
% 4/t YA
+150uM 20,29 0.78 12,20
+75 uM 24,11 1,31 24,35
-73 uM 55,460 1,48 63,435
Head(cale,) 100,00 1,30 100,00




TABLE 9

MAGNETIC SEPARATION OF HT

TODD WEATHERED ORE -212uM

a4/t

GOLD Distribution
y4

FASS 2 NON-MAGS +150
+73
=75

(FASS 2 NON-MAGS)

FASS 2 MIDDS +150
+75
=73

fPASS 2 MIDDS)

(PASS 2 MIDDSHNMAG)

CLEANER MAGS +150
+75
~73

(CLEANER MAGS)

CLNR MIDHNMAGS 4150

: +75

_ =74

(CLEANER MIDDS+NHAG)
(PASS 142 MAGS)

Head(calc,)

13.58

8.59

42,43
(64.560)

2,34

2.11

3,03
(2.50)
(74.09)

2,44

2,32

4,19
(8,99)

(1,17)
(1.21)

4,83

4,80

3435
(5.14)

1.20

1,04

1,43
(1,27)
(2,61)

9,22

5423

35,34
(49,99

1.80

1.47

3.789
(7,05
(37.04)

5,93
(13,44)
(42,94)

File name!
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TABLE 9A: MAGNETIC SEPARATION BY SIZE FRACTIONS

WEATHERED ORE +1%50 UM

GOLD Distribution
%

PASS 2 NON HAG
PASS 2 MIDDS
(PASS 2 MIDDSHHAGS)

CLEANER MAGS
CLNR MIDDINMAG
(PASS 142 HAGS)

Head(cale,)

Weidht GOLD Assay
4 4/t
57,49 1.07
?.94 1,21
(67,63) (1.09)
10,37 4,83
22,01 1.2
(32,37) (2,34)
100,00 1.50

41,09
8.01
(49.10)

33,33
17,38
(50,90)

100,00

GOLD Distribution
4

PASS 2 NON MAG
F458 2 HIDNDS

(PASS.,2 NIDDOSHHAGS)

CLEANER HAGS
CLNR MIDD+NMAG
{PASS 142 MAGS)

Head{calec,)

Weight GOLD Assav
y4 4/t
50,06 0,94
12,30 1,10
(62.35) (0.99)
13,52 4,80
24,13 1,06
(37.,85) (2,40)
100,00 1,52

31,61
8.90
(40,50)

42,68
14,82
(59,307

100,00

GOLD Distribution
b

FASS 2 NON MAG
FASS 2 MIDDS
(PASS 2 HIDDSHHAGS)

CLEANER HAGS
CUNR MIDDH+NMAG
(FASS 142 MAGS)

Head(calc.)

File name?

Weight GOLD Assay

4 4/1
71,44 1,32

8,94 1,18
(79.99) (1.31)

7,09 5.99
12,93 1.43
(20,01) (2.89)
100.00 1.62
WSZ3.REF

58.14
4,21
(64,33)

24,25
11,39
(35,63)

100,00
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TABLE 10

MAGNETIC SEPARATION OF MT TODD TRANSITION ORE -212uM

GOLD

Distribution
YA

PASS 2 NON-~HAGS +150
+75
=79

(FASS 2 NON-HABS)

PASS 2 HIDDS +150

175
-73
{PASS 2 HIDDS)
(FASS 2 MILDSHNHAG)

CLEANER MAGS +150
+73
7%

(CLEANER MAGS)

CLNR MID+NMAGS +1350
+75
=75

(CLEANER MIDDS{NHAG)

(PASS 142 MAGS)

Head(e.iley)

4,54
11,95
34,11

(50.61)

0.91

2,19

J.84
(8.96)
(59.58)

2,
4.
9.
(15.80)
(40,44)

100,00

File nane!

Weight  GOLD Assay
% 4/t
7,76 1,95
13,48 2,97
38,47 2,97
(59.70) (2,84)
1,71 1,79
3.21 2,28
5,60 3,50
(10,53) (2,85)
(70.23) (2,84)
2,24 5,20
4,80 5,73
6,23 6,95
(13,28) (6,21)
2,97 2,47
5,83 2,45
7,69 4,07
(16,49) (3.21)
(29,77) (4,55)
100,00 3,35
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TABLE 10A: MAGNETIC SEPARATION BY SIZE FRACTIONS

TRANSITION ORE 4130 UM

et ki R e e R R M S i A A L S E o EDERSSEDIEET

Froduct Weight GOLD Ass3y  GOLD Distribuwtion
b4 4/t 7
PASS 2 NON MAG 52.86 1,94 40.82
PASS 2 MIDDS 11,63 1.79 8,22
(PASS 2 MIDDSHHAGS) (64,51) (1.93) (49,04)
CLEANER HAGS 19,26 5.20 31.2
CLNR MIDD+NKAG 20,23 2,47 19,69
{FASS 142 HAGS) (35.49) {(3.64) (50.96)
Head{calcy) 100,00 2.54 100,00
TRANSITION ORE 4735 UM
Proéﬂéi _________ &;;;ht - GOLD Assaw  GOLD Distribution
b4 4/t %
PASS 2 NON MAG 49,34 2,97 44,91
PASS 2 HIDDS 11.75 2,28 8,21
APASS 2 MIDDSHMAGS) (61,09) (2.84) (53,12)
CLEAMER MAGS ) 17.57 5.73 30,85
CLNR MIDDHNMAG 21,34 2,45 14,02
(PASS 142 HAGS) (38.91) (3,93) (46.88)
Heard{(calc.? 100,00 3,26 100,00
TRANSITION ORE -75 UM
Product Weight GOLD Assay  GOLD Distribution
A 4/t A
FASS 2 NON MAG 54,34 2.97 54,81
FASS 2 MIDDS .64 3.50 2.40
(PASS 2 NIDDSEMAGS) {76,00) (3,04) (64,21)
CLEANER MAGS 10.74 5,95 20,77
CLNR MIID+NMAG 13,24 4,07 15,01
{PASS 142 MABS) (24,00) (5.36) (35,79}
Head(calc,) 100.00 3.59 100,00

File rname! TSZ3.REF




TABLE 11

MAGNETIC SEPARATION OF MT TODD FRIMARY ORE -212uM

Weight
A

GOLD Assav
g4/t

GOLD Distribution
b4

PASS 2 NON-MAGS +150
75
~75

(FASS 2 NON-MAGS)

FASS 2 MIDDS +150

+75
=79
fFASS 2 HIDDS)
(FASS 2 MIDDSHNHAG)

CLEANER MAGS +150
+75

: ~75

(CLEANER NAGS)

CLNR MII4NHAGS $150
+75
. -75
(CLEANER HIDIStNMAG)
(FASS 142 HAGS)

Head(calcy)

(8.4%)
(42.78)

19.14

11,99

13.20
(39.33)

5.50

5,48

?.90
(21.89)

(57,22}

100,00

J.38

4,73

1,94
(2,36)

0.43

0,78

1,53
(1,05)
(2,10)

0,37

0.59

0.91
(0.63)

0,43

0.79

1.05
(0.,81)
(0.71)

(468.84)

2,87

5,42

9,20
(17.49)

1.81

3.87

7.96
(13.,465)
(31,14)

100,00

File name:
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"TABLE 11A: MAGNETIC SEPARATION BY SIZE FRACTIONS

FRIMARY ORE +150 UM

Product Weight GOLD Assay  GOLD Distribution
p 4/t 7
FASS 2 NON HAG 11,22 3,38 91.72
PASS 2 MIDDS 11,17 H.45 5,86
{FASS 2 MIDDS+MAGS) (22.38) (1,922 (58,58}
CLEANER HAGS 50,32 037 25,40
CLNR MIDDENMAG 27,30 0,42 14,01
(FASS 142 HAGS) (77.62) 10.,39) (41,42)
Head(calc,) 100,00 0,72 100,00

froduct Weight GOLD Assav  GOLD Distribution
4 4/t 4
PASS 2 NON MAG 14.83 4,7% 595417
FASS 2 HIONS 9,39 n,78 5.79
(FASS 2 HIDDS+HHAGS) (24,24) (3,20) (60,92)
CLEANER MAGS 49,18 0,59 22,79
CLNR HIDD+NMAG 26,58 0,78 14,29
TPASS 142 MAGS) (73.76) (0,64) {39.08)

Head{calc.} 100,00 1,27 100,00

Product Weight GOLD Assavy  GOLD Distribution
7 g/t %
FASS 2 NON MAG 91,23 1,99 64432
PAGS 2 MIDDS 7,12 1,585 7,22
(FASS 2 MIDDSHHAGS) (58,35) (1,93} (73.57)
CLEANER HAGS 23.80 0.91 14,17
CLNR MIDD+NHAG 17.85 1,03 12,24
(FASS 142 MAGS) 741,45) (0,97) (26,43)
Head(cale,) 100,00 1,53 100,00
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TABLE 12

Water Analysis Report Job No. 0676/89 Method W2/1 Page Wl

Sample ID. 5887/1 DRUM 1

b Chemical Composition l Derived Data '
Y e e em————————— { ———————————— :
: me/L me/L ! me/L |
[} i t
'Cations ! Total Dissolved Solids !
‘Calciumn (Ca) 7.9 0,394 ! A. Based on E.C. ' 87 !
\Magnesium (Mg) 8.2 0.675 ' B. Calculated (HCO3=CO3) 87 !
| Sodium (Na) 9.0  0.391 ! |
{Potasaium (K) 5.1 0,130 ! :
tArsenic (As) €0.03 ! Total Hardness 53 |
| Anions _ ' Carbenate Hardness 53
| Hydroxide (OH) ! Non-Carbonate Hardness :
'Carbonate (CO3) ! Total Alkalinity 103 !
!Bl ~Carbonate (HCO3) 96.6 1,583 | (Each as CaC03) !
'Sulphate (504) 5.3 0.110 | \
| 1 ]
\Chloride  (Cl) 4 0.100 | Totals and Balancs!
| Nitrate (NO3) <0.1 : |
' ! Cations {me/L) 1.6 Diff= 0.20 |
) ‘' Anions  (ms/L) 1.8 Sum = 3.38 |
| ! ‘ ' '
} ¢ ION BALANCE (DATEX100/Swn) - = 5.97%)
‘Cther Analyses ! !
} ' Sodium / Total Cation Rstie 24 .6%!
; C Remerks '
! b e e o e o o 1t 1 e i i B o T i A i ]
! | IMBALANCE UNKNOWN ALL RESULTS CHECKED AND !
! ! YERTFIED !
‘Reazction - pH 5.3 E |:
Conductivity (E.C) i85 !
b (micro -5/cm at 25°C) } !
iResiztivity Chm.M at 257°C 50.606 | )
‘e ! Milligrams per litre,

::::.—"_.___‘..:__..,_..___.__..__...._,.,._...........~....._.-._.—._.._.*.._—_q-._,_,_,_.__....__._s.-....-v-..-..q-...._._...._.______..,.....__._.......u--—....a--———




: f _ TABLE 13
| _
I Water Analysis Report Job No. 0B76/89 Method W2/1 Page W2
_ Semple ID. 5887/2 DRUM 2
l T. i Chemical Composition ' Derived Data !
1 e ——— T a———— S PRt :
I : mg/L me/L | mag/L
| Cations | Total Dissolved Solids :
'Calcium (Ca) 9.1 0.454 ! A. Based on E.C. 87 |
I ' Magnesiur (Me) 8.7 0.716 ' B. Calculated (HCO3=CO3) 94 |
| Sodiumn (Na) 9.5 0.413 | :
‘Potassium (K) 5.4 0,138 | !
I 1 Arsenic (As) £0.03 ! Total Hardness g !
|Anions ' Carbonate Hardness 59 !
‘Hydroxide {OH) | Non-Carbonate Hardness !
l 'Carbonate  (C03) | Total Alkalinity 112 !
'Bi~Carbonate (HCO3) 105.5 1.730 ! (Each as CaC03) |
'Sulphate (504) 5.6 o.117 | !
I 'Chloride (CLY 3 0.092 : Totals and Balancei
t Vo A m e e e 1
Nitrate (NO3) 0.1 | !
I } | Cationg (me/L) 1.7 Diff= 0.22 |
i ' Anicons  (ma/L) 1.9 Sum = 3.66 !
1 e | |
: | TON BALANCE ~ (Diff*100/Sum) = 5.92%
'Other Analyses - ! !
I \ ! Sodium / Total Cation Ratio 24.0%!
: ! Remarks !
3 ) e e e e i o e T e |
i | =.
: ' TMBALANCE UNKNCWN ALL RESULTS CHECKED &ND |
I v ! VERIFIED. )
'Resaction - pH 8.5 E !
‘Conductivity (E.C) 165 i
I o (miero —S/cm at 2570) l |
'Rasiztivity Ohm.M at 25°C 50.606 | :
. I Note: mg/L = Milligrams per litre,
l ! | me/L = MilliEgivs.per litre:




APPENDIX 1

FLOTATION TESTING OF MT. TODD ORES

Flotation conditions used in preliminary
flotation testing of weathered, transitional,
and primary ore types.

|
i




Project No.: _(957@0

Test Object: . /@(/ﬁé@f arsl c/é’ﬁ'/ﬂf/- '5/07%7{2:0/&
Teat No.: WA/ ‘ v
Sample: Brivs/— /P Weutterend Ore
Date: 7 Sep 88 ' X n clasze
: _ 4 J/
{a) Crinding, Flotation Conditions and Reagenfs
Stage : “Conditions Reacent Additiom  aft
-~ T ! b ~J'.
f/ﬂjf Time (min.) | pk. 22 N LUt B P Temp ¢ | pH eH, ~V
®'e. | cond. Flot. ‘235] Sta-r e Mraer JFicish bracr iy
Grrnel 260 rdvc i : .
Ao Alotateo | | Yooo 2 2 Ay 25 | 5o 2.0
Ko otnforn 2 V\(/oo0ppm) ) 3 25 25 2%
Ko Fotateort B / iy 253 25 -
Lo Flofzlove 4 / A 25 25 - 7.6
| -
Cleane; (Zofates | 2000 / 8 - - - 7-517-¢
- {1200/ 7M)
!




N

Project No.: _06750

Test Object: "(é’f/ﬁ/zf’/ aul Cleane,s é’a&&am
Test No.: 7B/ =Y
Samplc; /8/-/_/3/"‘/ ~ 7@(/75/:7(70/34/( Dre
Date: /9 SEX 288 X Zp, CALA G
4 [
{a) Cr.inding, Flotation Conditions and Reageni:s
Stage : ) Londitions —F‘icqq et lAdd:{ﬂo - r.”‘f'
Celi - _ - ‘ e .
\/:; Time (min.) pH: A ’/}75 i e Temp °C e H eH v
: me Cond. | Flot. 438} Bre. v Ie it Wraor [Fintist {Sime+ VFnishy
L GRIND 000 Aeys l | . . . Sy
Ko Flotarens | | Hoso | 2 2 25 25 25 S ‘
Ao _Atotpteor 2 / 3 25| |2y —~
Ao  Aotatron 3 / iy 2y 25 _
Ro  Flofariorn 4 / 5 25 25 . - $.7
|
| Leanes Ao tation | 2000 / 7 — — — , 4
/ -3 235 - — | Sratt _amovl f Aroateld 62
z 1




Project No.: o578 0 Test Object:  Logher gad (earer <7oioton
Test No.: =-y44 _ S =
Sample: LrrlP4a /I~ /p ///mg@ Cre

Date: /7 Ser 88

2 ko Chome
7 V4

(a) Cr:‘:h'uﬂ:h'lg1 Flotation Conditions and Reagénﬁa

Stage _Conditions acaq ent Addition  gft B
T —
Cett Time (min.) ) pH. AL { — ' Termpe °C H H v
Vol o | ¢ ‘ X 228 | MR & £ R
- e, ond. | Filot, | | Sra-r |Ficst tranr Finist [Sranr beinnin
7l (740rev ¢ | 1 - 7. <4
Ao Aloteirom /| Sopp 2 Z 25 25 | §O 2.3
Ko Alofarsorr 2 / 3 s 2s /2%
Lp AL A dtrorr B / s 25 25 -
Ay A orarion o / s 235 25| - 2-8
| .
Lrearnes AFprntod 2000 / ‘ — — — , 7.6
/ 3 2% 12%| Vary Smadd amounk Fagted 7-7
-5 .
}
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Nedpac Engineering

_ Nedpec Pty Ltd
(Formwety Ecwand L Batems Py L)

55 Broadway
Nadiands 8009

Avstralia NEDPAC

Tok: (09) 380 0400
Fax: (00) 389 0509
Toler: AA 95068

PGP:KA

23rd January, 1989

Billiton Australia Gold Pty. Ltd.,
31lst Floor,

570 Bourke Street,

MELBOURNE. VIC. 3000

Attn: Mr. M.F. Grier

Dear Martin,

#

Metallurgical Indices on Mt Todd Ores

Enclosed are two copies of our Report No. 8315 which formally
confirms the results provided earlier by fax. I am pleased
to have been able to carry out the testwork for you and trust
that the report meets your requirements.

Please do not hesitate to contact me if there are any queries
or if we can be of any further assistance.

Yours faithfully

$7.30%

P G PEARSON
Laboratory Manager

Enc.

rasirtnrRn o Wl Austrshe 4




Illlvj L

bl
i

This report has been prepared for Billiton Australia Gold Pty Ltd by
Nedpac Engineering Pty Ltd. Other parties may be given access to the
report or receive copies of the report, but only in full, including this
page, the title page and appendices.

While Nedpac Pty Ltd has taken all reasonable care to ensure that the
facts and opinions expressed in this report are accurate, it does not
accept any legal responsibility for any loss or damage suffered resulting
from,use of this report howsoever caused, and whether by breach of
contraét, negligence or otherwise.
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INTRODUCTION

The Nedpac Engineering Pty Ltd Laboratory was commissioned to
undertake testwork to determine various metallurgical indices on

?t Todd ore samples. The testwork was to cover the following
ndices: T

Bond Ball Mill Work Index
Abrasion Index

Impact Crushing Work Index
Unconfined Compressive Strengths

—— NEDPAC ..




2.0

3057

SAMPLES

A total of twelve (12) samples were received on 21.11.88 at the
Nedpac Engineering Pty Ltd Laboratory, for metallurgical findices
determinations.

The samples were of fresh ore, transitional ore and weathered
ore. Each sample was divided into sub-samples for Bond Ball Mill
Index, Abrasion Index, Impact Crushing Work Index and Unconfined
Compressive Strength determinations.

e NEDPAC
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SUMMARY

The results of the testwork are summarised in Table 3.1. The
values for Impact Crushing Work Index and Unconfined Compressive
Strengths are averages for all the determinations undertaken.

Table 3.1: Summary of Results
Weathered Transitional Fresh
Ore Ore Qre
[Bond Ball Mill Work Index '
kWh/t 8.4 20.2 20.4
Abrasion Index 0.018 0.0046 0.066
Impact Crushing Work Index
kih/t 4.1 2.6 7.8
Unconfined Compressive
Strengths MPa 24.0 29.1 57.1

v ... NEDPAC
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3057

TESTHORK
Sample Preparation

The samples as received consisted of various sub-samples of drill
core approx. 83mm in diameter, of each of the ore types. The
sub-samples for Bond Ball Mill HWork Index determinations were
crushed using a jaw crusher and a cone crusher and then screened
at 3.35mm. The oversize was recrushed until the entire sample was
minus 3.35mm in size.

The sub-samples for abrasion index were broken by hand until at
l$ast 2500 grams of the sample was minus 19.0mm to plus 13.2mm in
size.

No sample preparation other than rebagging and relabelling was
required on the sub-samples for Impact Crushing Work Index and
Unconfined Compressive Strength tests.

Bond Ball Mill Work Index

The Bond Ball Mill Work Indices for the three samples were
determined using the standard Bond procedure, at a limiting screen
size of 125 microns.

Abrasion Index

The Abrasion Indices of the samples were determined according to
the standard procedure, developed by Bond, using standardised

-equipment.

Im hing Work Index

The Impact Crushing Work Indices were determined according to the
standard Bond procedure, using the standard twin pendulum hammers
equipment.

ine mpr v r h
The Unconfined Compressive Strengths of the three ore types were
determined in accordance with ASTM D2938-71A testing procedure.

— o N NEDPAC o
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RESULTS
Bond Ball Mill MWork Indices

The Bond Ball Mi11 Work Indices for the three ores were determined
as:

WI = 8.4kWh/t - weathered ore
WI = 20.2kWh/t - transitional ore
WI = 20.4kWh/t -~ fresh ore

These values were determined at a 1imiting screen aperture of 125
microns.

The detailed test data sheets are given in Appendix 2.
Abrasion Indices

The abrasion indices were determined to be as follows:

Al = 0.018 - weathered ore
Al = 0.0046 ~ transitional ore
Al = 0.066 - fresh ore

The detailed test data sheets are given in Appendix 3.
Impact Crushing Work Indices

The Impact Crushing HWork Indices for the three ores were

- determined from at least 20 rock specimens for each ore. The

results are summarised in Table 5.1 and full details are given in
Appendix 3.

le 5.1: Impact Crushing Work ic mmar

Weathered Transitional Fresh
Ore Ore Qre
No of Tests 20 24 22
Range of Values kWh/t 1.7-12.6 1.7-6.5 4.3-16.1
Average kWh/t 4.1 2.6 7.8

nconfined Compressiv r
The Unconfined Compressive Strengths were determined on 5 rock
specimens of each ore type. The results are summarised in Table
5.2 and detailed test data sheets are given in Appendix 4.

Table 5.4: Unconfined Compressive Strengths Summary

Weathered Transitional Fresh

Qre Ore Ore

Range of Values, MPa 10.3-35.2 6.7-60.4 29.0-93.7
Average, MPa 24.0 29.1 57.1

NEDPAC ..
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DISCUSSION
Bond Ball Mill_Work Indices

The Bond Ball Mill Work Indices for the Mt Todd ores ranged from
8.4kHh/t for the weathered ore to 20.4kWh/t for the fresh ore. In
comparison, an average ball mill work index for Australasian gold
ores is 15.9kWh/t with a range of 10.7kWh/t to 23.2kWh/t. This
fndicates that the weathered Mt Todd ore has a 1low power
requirement for ball milling. 1In fact the weathered ore Bond Ball
Mi11 Work Index 1is almost half the value of the average for
Australasian gold ores and 1is only 80% of the lowest value
included in this average.

The transitional ore and fresh ore Bond Ball Mill Work Indices are
very similar at 20.2kWh/t and 20.4kWh/t respectively and are
towards the higher end of the range of Australasian gold ores.
Both the transitional and fresh ores' power requirements in ball
milling are approximately 2.5 times higher than that for the
weathered ore.

From this it can be seen that the throughput of a ball milling
circuit, treating the Mt Todd ore, will depend upon the ratio of
weathered ore to transitional or fresh ores.

Abr Indi

The Abrasion Indices for the Mr Todd ores were fairly low with
.0046 for the transitional ore through to .066 for the fresh ore.

“ In comparison, typical hard rock Australasian gold ore have an

Abrasion Index of approximately 0.2 which is between 3 and 100
times higher than the Mt Todd Abrasion Indices.

m rushing Work Indi

The Impact Crushing Work Indices relate to the power requirement
of an ore during primary crushing. The values for the Mt Todd ore
varied from a low of 2.6kWh/t for the transitional ore to a high
of 7.6kWh/t for the fresh ore. It is of note that the value for
the transitional ore was lower than that for the weathered ore ie.
2.6kWh/t compared to 4.1kWh/t.

nconfine ressiv rength

The results for the Unconfined Compressive Strengths show
considerable variations both within each ore type and between the
ore types. As could be expected the highest average unconfined
compressive strength was for the fresh ore and the lowest was for
the weathered ore. The highest individual test was also for fresh
ore but the Tlowest 1{ndividual test was for a sample of
transitional ore.

NEDPAC ... _
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: SAMPLE DETAILS
I Sample Label Ore Type Metallurgical Index Height (kq)
BDO30FA Fresh Abrasion 3.20
BDO30TA Transition Abrasion 3.06
I BDO3OWA HWeathered Abrasion 3.60
I BDO30F1 Fresh Impact Crushing 34.05
BDO30TI Transition Impact Crushing 39.70
BDO30WI Weathered Impact Crushing 38.20
I BDO30FU Fresh Ucs 21.40
BDO30TU Transition ucs 25.60
l BDO30WU Weathered ucs 15.05
I BDOOBF Fresh Bond Hork 17.80
BDOOBT Transition Bond Work 16.20
BDOOBW Weathered Bond Work 17.15
I 3057
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BOND WORK _INDEX

SAMPLE : 8315 BD 008F

Wt. OF STANDARD VOLUME : 1215.7 g
IDEAL POTENTIAL PRODUCT = 347.3 g
4 Undersize in Feed : 8.8 4

Period Revs Wt of Total Wt Wt of Net Wt Net U.S. Revs

of New u.s. U.s. u.s. Produced Next

Mill Feed Ex Mill in Feed Ex Mill Fer Rev Cyvcle

1 151 1215.7 206.5 106.6 99.9 0.661 498

2 “ . 360 206.5 295.7 18.1 277.6 0.771 417

3 417 295.7 344.8 29.9 318.9 0.7463 415

4 415 344.8 381.3 30.2 391.1 0.846 371

5 371 381.3 338.0 33.4 304. 6 0.821 387

6 387 338.0 352.2 29.6 322.6 0.834 380

MEAN OF LAST THREE VALUES : 0.833
MESH OF GRIND 125 microns
Fao: 2500 microns
Pao: 80 microns
BOND BALL MILL WORK INDEX : 20.4 KwWhr T2




BOND _WORK INDEX

FEED SIZE DISTRIBUTION

SAMPLE : 8315 BD 0QO08F

SIZE FRACTION Wt ZWt CUM. ZWt

(um) {(g)

+2800 24. 46 F.4 100.0
-2800 + 2000 44.8 25.2 0.4 -
=2000 + 1400 50.3 19. 4 65.2
=1400 + 1000 27.6 10.7 435.6
~1600 + 710 20.3 7.9 34.9
=710 + 300 15.0 5.8 26.9
=500 + 355 10.5 4.1 21.1
-385 + 250 8.7 3.4 17.0
=250 + 180 6.7 2.6 13.6
—-180 + 1235 F.7 2.2 11.0

=125 22.5 8.9 8.8

TOTAL 2586.8 100.0




BOND WORK TNDEX
PRODUCT SIZE DISTRIBUTION

SAMPLE : 8315 BD 008BF

SIZE FRACTION Wt ZWt CUM. Zwt
(um) (q)

-125 + 106 2.74 6.85 100.00

~-10& + J0 3.17 7.93 93.15
-90 + 43 6. 29 15.73 85.23
~63 + 45 4.03 10.08 69.50
~ =43 23.77 59.43 59.43

TOTAL 40.00 100
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BOND WORK INDEX

SAMPLE : 8313 BD 008T
Wt. OF STANDARD VOLUME : 11468.1 g
IDEAL POTENTIAL PRODUCT : 333.7 g

% Undersize in Feed : ?.1 %

Period Revs Wt of Total Wt Wt of Net Wt Net U.S. Revs

of New Uu.s. u.s. u.s. Producead Next
Mill Feed Ex Mill in Feed Ex Mill Per Rev Cycle
150 1168.1 218.8 106.3 112.5 0.750 418
2 ©, 350 218.8 323.6 19.9 303.7 0.8468 331
3 391 323.6 348. 6 29.4 319.2 0.709 332
4 332 348. 64 3I29.5 31.7 297.8 0.897 339
3 339 329.5 333.7 30.0 J03.7 0.894&6 339
MEAN OF LAST THREE VALUES : 0.901
MESH OF GRIND 125 microns
Fac: 200 microns
Pao: 85 microns
BOND BALL MILL WORK INDEX . : 20.2 KWhr T—*
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BOND _WORIK INDEX
FEED SIZE DISTRIBUTION

SAMPLE : 8315 BD 008T

SIZE FRACTION Wt Wt  CUM. %Wt
{um) {g)
+2800 7.0 3.5 100.0
-2800 + 2000 48.1 24.1 96.5
—-2000 + 1400 43.3 21.7 72.3
-1400 + 1000 22.7 11.4 50.7
-14000 + 710 17.3 8.7 39.3
=710 + 500 13.0 6.5 30.6
500 + 355 9.7 4.9 24.1
=355 + 250 8.3 4.1 19.2
~250 + 180 b.4 3.2 15.1
-180 + 125 5.5 2.7 11.9
-125 18.2 9.1 .1
TOTAL 199.5 100.0




SAMPLE

BOND WORK INDEX
PRODUCT SIZE DISTRIBUTION

8315 BD 008T

SIZE FRACTION Wt Wt CUM. ZWt
(um) (g)

=125 + 106 2.08 4.99 100,00
-106 + 20 4,22 10.13 25.01
-0 + 43 8.1%9 19.46646 84.87
—463 + 43 4,74 11.38 65.21
. —-43 22.42 55.83 93.83

TOTAL 41.4635 100
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i e Fog - JOB 8315 @D O0O8T .

se78210 . 2 -3 4.5 57830100 2. 3 4 's.67821000  ;
eq sw 35 g8% -8 3 5 8 s & 8
35 =
Feo = 2200 e
0 = —
7" 80
7o
Ffr) IR Ay I I i
> &d
. 50 i
. 40
S = = 0.9
30 |- —70
N -
ppy - — 0.8
U)'go BO
o - =
= =85 0.7
(] o s
= [~ -
=210 = — 30 0.6
7 E Ho3
— . ] . = 0.5 -
5'— . - . gs ‘t .
1 - 96 ~ ¢
b p— -t g
= -
- - 3-— __97 5 8
- - T
E = Le
— .4 ..o
1 i 99 .~
MWWWWW
s sreelD 4« 5 sy fO0 3 s;rtslm 2 3 4 5 ¢ 720000 2

v . 1

—E - EE N S S . -pm;;r—n,.,m - N I O N .




SAMPLE :

8315 BD 008uW

Wt. OF STANDARD VOLUME :

IDEAL POTENTIAL PRODUCT :

% Undersize in Feed :

BOND WORK INDEX

1128.2 g
322.3 g

21.3 %4

Period Revs Wt of Total Wt Wt of Net Wt Net U.S. Revs
of New U.s. u.S. u.s. Produced Next
Mill Feed Ex Mill in Feed Ex Mill FPFer Rev Cycle

1 100 1128.2 438.7 239.7 199.0 1.990 115

2 7115 438.7 388. 6 93.2 295.4 2.569 93

3 93 388. 6 325.8 82.6 243.2 2.616 7

4 97 325.8 328.5 69.2 259.3 2.673 94

5 94 328.5 317.0 69.8 '247.2 2.630 97

MEAN OF LAST THREE VALUES : 2.640

MESH OF GRIND
Fao: 16

Peao:

BOND BALL MILL WORK

125 microns
Q0 microns
80 microns

INDEX 1 8.4 KWnr T-2




SAMPLE

BOND WORK INDE
FEED SIZE DISTRIBUTION

8315 BD 008W

SIZE FRACTION Wt Wt CuUM. %Wt
{um) (qQ)
+2800 5.55 2.21 100.00
—2800 + 2000 28.47 11.34 7.79
=2000 + 1400 33.46 14.13 86.45
=1400 + 1000 24.08 ?.39 72.32
-1000 + 710 21.42 8.53 b2.73
=710 + 500 19.79 7.88 S54.19
-500 + 355 17.12 6.82 46.31
=335 + 230 17.47 6.96 39.49
=250 + 180 14.75 S5.88 32.353
=180 + 125 13.57 S5.41 26.65
-1235 53.33 21.25 21.25
TOTAL 251.01 100.00




BOND WORK INDEX

PRODUCT SIZE DISTRIBUTION

SAMPLE : 8315 BD 008W

SIZE FRACTION Wt ZWt CUM. %Wt
(um) {g)

-125 + 106 1.6 3.6 100.0
=106 + 90 3.7 12.7 6.4
-0 + 63 7.2 16.2 83.7
-463 + 43 Te 11.7 67.5
' =43 24,9 S55.8 55.8

TOTAL 44,7 100.00
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ABRASION INDICES AND
IMPACT CRUSHING WORK INDICES
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I X DI T CRUSHI Wi EX DETERMINATION.

Three ore samples were submitted for testing to determine Abrasion Index and Impact
Crushing Work Indices. The samples had been prepared to the feed sizing requirements for
the tests.

The procedures for the Abrasion Index and Impact Crushing Work Index tests are described
in Appendices A and B respectively together with Published Indices for various materials.
Information giving the relationship between Abrasion Index and metal wear is included in
Appendix A.

The following results were obtained.

Abrasion Index

Impact Crushing
Work Index,kWh/tonne

Fresh Ore
Transition Ore
Weathered ore

0.066
0.0046
0.018

7.8
2.6
4.1

r,

The Impact Crushing Work Index data for the tests are given in Tables 1 to 3.




1
TABLE 1! IMPACT CRUSHING WORK INDEX
. Fresh Ore
"’ \ === — eSS ES
. Seecimen Thickness Imeact Enerdy Hork Index
No. mm Joule kWth/tonne
1 75 30,44 8.0
2 79 48,00 12,6
3 75 41.79 11.0
4 7% 25,35 6.6
l S 73 61,34 16.1
; 6 75 33,35 1Y)
: 7 75 35.93 2.4
._ 8 75 75,93 9.4
: 9 75 20,48 9.4
b 10 75 20.68 5.4
i1 75 16,44 4.3
_ 12 75 25.35 6.6
a 13 79 41,79 11.0°
14 75 25,39 4.4
13 75 35.93 9.4
) 15 75 20.48 5.4
18 73 25:35 6.6
19 75 20,48 3.4
Y20 75 16,44 4,3
21 79 156.44 4,3
' 22 75 43.00 12.4
Adverade 7.8
I Hinimur 4.3
l Maxisum 14,1
Standard Deviation 3e2
95% Confidence Limits
. Lower 6.4
g Ueeer ?.2
. Specific Gravity 2.72
b Smmmmma s =
|




TABLE 20 IMPACT CRUSHING WORK INDEX
Transition Ore

. ot i s v e e e v e D L e e S A ARkl e Sl i o b ot e e

Srecimen Thickness Impact Enerdgy Hork Indey
No. 1] Joule ~ kiWh/tonne
1 79 ?.34 2.4
2 73 ?.34 2.4
3 79 ?.34 2.4
4 75 146,44 4,2
3 75 9.34 2.4
& 75 9.34 2.4
7 75 9.34 2.4
8 75 2.34 2.4
9 73 20.48 9.3

10 75 2.34 2.4
11 75 6.+51 1.7
12 75 .34 2.4
13 75 6.51 1.7
14 73 ?.34 2.4
15 75 12,63 3.3
16 75 6.31 1.7
17 75 6,31 1.7

.~ 18 75 6,51 1.7
19 75 6,51 1.7
20 75 92.34 2.4
21 79 4,51 1.7
22 75 92.34 2.4
23 73 23.33 6,3
24 79 6.31 1.7
Averade 2.6
Hinimum 1.7
Maximum 6.3
Standard Deviation 1.2

95% Confidence Limits
Lower 24
Upper 3

Srecific Gravity 277
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TABLE 3¢ IMPACT CRUSHING WORK INDEX
Heathered Ore

am 0 Yo ki

Srecimen Thickness Imnract Enerdy Work Index
No. nm Joule kWh/tonne
1 75 12,65 3.3
2 73 ?.34 2.4
3 75 ?.34 2.4
4 75 12,45 3.3
3 75 7.34 2.4
6 75 12.43 Je3
7 75 30,44 8.0
8 75 20.48 3.4
? 75 23.35 beb
10 795 ?.34 2.4
11 75 12,65 3.3
12 75 12,43 3.3
13 75 12,65 3.3
14 75 20,48 3.4
15 75 48,00 12.4
14 79 2,45 3.3
17 75 12.45 3.3

., 18 75 6,31 1.7
19 73 12,45 3.3
20 73 ?2.34 2.4
Aiverade 4,1
Minimum 1.7
Haxinum 12.6
Standard Deviation 243
95% Confidence Limits
Lower 2.9
Urpep 9.3
Gravity 2

Srecific

0 A ot e e sy




APPEN

BOND AB I

This test is used to determine the abrasiveness of a material in relation to metal wear in
crushing and grinding,

The test material, in the size range minus 19.0 plus 12.7 mm, is tumbled in a drum and
cascades over a hardened steel paddle which rotates concentrically with the drum.

The test material is replaced with a fresh charge after each 15 minutes and the test continues
for a total period of one hour.

The weight (g) lost by the paddle for the full test period is the Abrasion Index.

Sample Requirement
Minimum of 3 kg of minus 19.0 plus 12.7 mm material.

Reference

’-l

BOND, F.C. (1963) "Metal Wear in Crushing and Grinding", 54th Ann. Mtg of AIME, Inst.
Chem. Engrs. Houston, Texas, p.3.
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TABLE | - ABRASION AVERAGES

No. Material . Ave, Sg Wi P Ai
(1) Dolomite 5 27 - - .0160
(2 Shale 5 2.62 9.9 11,700 .0209
(3) L..S. for Cement 14 2.7 12.7 12,830 .0238
(4) Limestone 9 2.7 1.7 - .0320
(5 Cement Clinker 8 3.15 13.5 13,070 .0713
(6) Magnesite 3 3.0 - - .0783
7) Heavy Sulfides 10 31.56 11.4 12,000 .1284
(8) Copper Qre 24 2.95 1.7 12,700 1472
%) Hematite 7 417 8.5 | 13,45 1647
(10) Magnetite 2 3.7 13.0 - 2217
(1m Gravel 4 - 2.68 15.4 12,950 2879
(12) Trap Rock 20 2.80 17.8 14,400 .3640
(13) Gronite N 2.72 16.6 14,630 .3880
(14) Taconite 7 3.37 14.3 - .6237
(15) Quartzite 3 2.7 17.4 - J751
(16) Alumina 7 3.9 17.5 15,800 891

¥ BOND F.C., (1963) "Metal Wear in Crushing and Grinding",
S4th Ann. Mtg., American Inst. Chem. Engrs., Houston, Texas



APPENDIX B

B Im rushing Test for Work In Determinati

This test is used to determine the Work Index of an ore for use in calculating power
requirements for primary crushing,.

In this test ore pieces are broken using twin pendulum hammers which simultaneously
impact on opposing faces of the rock piece.

The Impact Crushing Work Index is calculated from the energy required to fracture the
rock, the thickness of the rock and the specific gravity.

iremen

The test is carried out on 2 minimum of 20 rock pieces selected as passing a 76 mm square
aperture screen and being retained on a 51 mm square aperture screen. - The specimens
should not be slabby or acicular in shape.

Test Result

The Work Index (kWh/tonne) determined from this test is applicable to a primary crusher.

Reference

-

BOND, F.C. (1946) "Crushing Tests by Pressure and Impact”, Trans. AIME Vol 169 pp 58—
65.
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. Table 24. Average Impact Work indices
! " No.
' Material tests Average Range
! Basalt 15 20.2 9.9-34.8
Bauwxite 8 5.3 25-12.2
‘ Calcite 4 32 5.8-12.2
Cement clinker 3 42 1.4~ 8.3
' Cement raw material 35 11.7 3.6-274
. ‘ Clay 4 4.8 3.7- 6.1
Copper-nickel matte 3 6.3 51- 12
I Copper-nickel ore 3 14.1 10.7-17.4
Copper ore 227 12.4 1.8-40.2
! Copper silver ore 4 16.0 13.0-18.8
Coral ' 3 8.6 7.9- 9.5
Diorite 11 20.1 13.3-27.3
! Dolomita 24 12.3 5.4-31.4
' Ferrochrome alloy 13 9.5 1.9-24.5
Ferromanganese 6 4.8 32- 9.0
! Ferrosilicon 6 1.1 3.3-11.4
_ Fullers earth 3 1.3 0.1- 3.3
' Gabbro T 18.6 16.7-21.2
Gneiss T 15.9 8.0-23.7
Gold ore 15 11.5 3.7-34.2
Granita 83 15.7 6.7-38.0
Gravel 11 16.7- 6.9-26.8-
Gypsum rock § 6.9 4.3-1L7
limenite 3 12.7 10.7-16.4
- Iron ore, unidentified 7 10.0 2.3-33.6
’ Hemadte 64 9.6 2.0-29.4
Yagnetite 44 10.1 2.4-19.2
Taconite 30 14.9 9.3-27.3
! Lead ore 4 15.5 11.0-21.8
. . Laad-zine ore i1 9.3 §.5«14.3
Limestone 178 11.1 3.3-21.8
Manganese ore 3 5.3 0.4~ 8.9
Molybdenum ore 4 12,5 5.8-18.6
Nickel ore 8 10.1 2.1-19.0
Qil shale 1 15.8 11.5-20.2
Phosphate rock 7 33 0.5-1L7
. Quartz 11 12.8 §.8-22.1
Quartzite 17 129 5.2-19.1
Sandstone 1 13.1 8.5-28.6
Schist 6 12.5 4.1-23.5
.. Shale 7 10.6 5.8-19.0
Silia rock 6 9.4 4.2-15.9
‘ Slag 10 12.3 1.321.9
Stone 8 16.9 10.4-27.5
Tin ore 3 18.0 16.6~19.5
\ Trap rock 95 19.0 4.9-85.5 '
Zine-lead ore ____i 10.5 4.5-16.3
Total 1115
F From SME Mineral Processing Handbook (1985), Edited by N.L. Weiss,
‘ Society of Mining Engineers, N.Y.
!
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UNCONF INED PRESSIVE STRENGTH
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SRC Laboratories (W.A.) Pty. Ltd.

A Subsidiary of Sunmark Corporation Ltd.

Correspondence: P.O. 184, Doubleview W.A. 6018.

34 Walters Drive, Herdsman Business Park
Osbome Park W.A, 6017

Phone: (09) 244 1199. Telex: AA197099
Facsimile: 244 1457

Ref: $3632/J0:ma

29th November, 1988

NEDPAC PTY LTD
20 Bellows Street
WELSHPDOL ~“WA 6106

ATTENTION: Mr P Hayward
Dear Sir
RE: SUBMITTED ROCK CORES

Attached are the following documents of report for work required by you on the

above project :

15 PLATES
Specimens Summary

If we can assist further, please advise.

Yours faithfully
JOHN QLIVER

S

Technigal Manager
for SRC LABORATORIES (WA) PTY LTD

N

Enc

Unconfined Compressive Strength of Intact Roack Core

f




CLIENT: NEDPAC PTY LTD SHEET No.: 1
PROJECT:; SUBMITTED ROCK CORES JOBNo,: $3632

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 71A. .

SAMPLE IDENTIFICATION: ]

Core Number: 33054

PHYCICAL DESCRIPTION:

Name of Rock: . Fresh Ore

SPECIMEN DATA:

Height: 147.8 mm
Diameter: 83.0 mm

Mass: 1338 g
Density: - t/m?
Height/Diameter Ratio: 1.78 *

RATE OF STRAIN: 100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 93.7 MPa

REMARKS : Non Standard Core estimated surface area , half the
diameter.
* NOTE: Non-standard L/D Ratio

TESTED BY: AG CHECKEDBY: ....AC . DATE: ....22711788

DATE TESTED: 28-11-88

*Denotes use of Rock Colour Chart
This document shall anly be reproduced in full,

- e
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CLIENT: NEDPAC PTY LTD SHEET No.: 2 OF; 15
PROJECT: SUBMITTED ROCK CORES JOB No.: $3632

DATE TESTED: 28-11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT RQCK CORE SPECIMENS SUMMARY

Tasted in accordance with ASTM D2938 - 71A.

SAMPLE IDENTIFICATION: 2

Core Number:

3055
PHYZICAL DESCRIPTION:
Name of Rock: Fresh Ore
SPECIMEN DATA:
Height: 177.0 mm
Diameter: 83.0 mm
Mass: 261.7 9
Density: 2.730 t/m’
Haight,/Diameter Ratio: 2.13

RATE OF STRAIN:

100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 29.0 Mpa

REMARKS:

TESTED BY: ... AG..

* Denotes use of Rock Colour Chart

.................. CHECKED BY: ....AG..wn......DATE: 29=11-88 SUSTS—

This document shall only be reproduced n full. -




CLIENT:  NEDPAC PTY LTD SHEETNo.: 3 OF 15
PROJECT: SUBMITTED ROCK CORES JOB No.: 83632
DATE TESTED: 28-11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 71A.

SAMPLE IDENTIFICATION: 3

Core Number: 33056

PHYCICAL DESCRIPTION:

Name of Rock: Fresh Ore

_ SPECIMEN DATA:

Height: 174.0 mm
Diameter: 83.0 mm

Mass: 2599 g
Density: 2.760 t/m?
Height/Diameter Ratio: 2.10

RATE OF STRAIN: 100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 29.2 MPa

REMARKS : Sheared down fracture plane

TESTED BY: AG CHECKED BY: AG DATE: 29~-11-88

* Denotes use of Rock Colour Chart
This document shall only be reproduced in full.




CLIENT: NEDPAC PTY LTD

PROJECT: SUBMITTED ROCK CORES

SHEETNo.: 4 OF: 15
JOB No.: 53632
DATE TESTED: 28—-11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

SAMPLE IDENTIFICATION:

Core Number:

PHYCICAL DESCRIPTION:

Name of Rock:

SPECIMEN DATA:

Height:

Diameter:
Mass:

Density:

Height/Diameter Ratio:

RATE OF STRAIN:

* Denotes use of Rock Colour Chart
This document shall only be reproduced n full.

Tested in accordance with ASTM D2938 - 71A.

4
33057

Fresh Ore

179.0 mm

83.0 mm

2674 g

2760 t/m?

2.16

100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 87.7 MPa

REMARKS ; Shattered
TESTEDBY: ... AG CHECKED BY: . aG DATE: ..29-11-88
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CLIENT:  NEDPAC PTY LTD
PROJECT: SUBMITTED ROCK CORES

SHEETNo.. 5 OF: 15
JOB No.: 53632
DATE TESTED: 28-11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

SAMPLE IDENTIFICATION:

Core Number:

PHYCICAL DESCRIPTION:

Name of Rock:

SPECIMEN DATA;:

Height:

Diameter:
Mass:

Density:

Height,/Diameter Ratio:

RATE OF STRAIN:

REMARKS :

* Denotes use of Rock Colour Chart
This document shall only be reproduced in full.

5

33058
Fresh Ore
178.5 mm
83.0 mm
2666

2.760 t/m’
2.15

100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 45-8 Mpa

TESTED BY: .o AG ... CHECKED BY: ... AG o, DATE:

Tested in accordance with ASTM D2938 - 71A.

29-11-88




CLIENT: NEDPAC PTY LTD
PROJECT: SUBMITTED ROCK CORES

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

SHEETNo.: 6 OF 15
JOB No.: 53632
DATE TESTED: 28-11-88

SAMPLE IDENTIFICATION:

Core Number:

PHYCICAL DESCRIPTION:

Name of Rock:

SPECIMEN DATA:

* Denotes usa of Rock Colour Chart
This document shali only be reproduced in full.

Tasted in accordance with ASTM D2938 - 71A.

33059

Transition Ore

Height: 176.5 mm
Diameter: 83.0 mm
Mass: 2527 g
Density: 2.650 t/m?
Height,/Diameter Ratio: 2.13
RATE OF STRAIN: 80. kN/minute
UNCONFINED COMPRESSIVE STRENGTH: 27.7 MPa
REMARKS ; Sheared down fracture planes
TESTED BY: ... AG CHECKED BY: ... AG DATE: .. 22-11-88




CLIENT: NEDPAC PTY LTD SHEET No.: 7 OF: 15
PRAOJECT: SUBMITTED ROCK CORES JOB No.: 53632

DATE TESTED: 28-11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 71A,

SAMPLE IDENTIFICATION: 7

Core Number: 33060

PHYCTICAL DESCRIPTION:

Name of Rock: Transition Ore

SPECIMEN DATA:

Height: 169.0 mm
Diameter: 83.0 mm

Mass: 2404 g
Density: 2.710 t/m’
Height/Diameter Ratio: 2.00

RATE OF STRAIN: 80. kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 18.7 MPa

REMARKS : Non standard core poor specimen
Failed down fracture planes

TESTEDBY: ... AGi CHECKED BY: AG DATE: ...29-11-88

* Denotes use of Rock Calour Chart
This document shall only be reproduced in full.
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CLIENT: NEDPAC PTY LTD SHEETNo.: 8 OF: 15
PROJECT: SUBMITTED ROCK CORES JOB No.: 53632
DATE TESTED: 28-11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 7I1A.

SAMPLE IDENTIFICATION: )

Core Numbper: 33061

PHYCICAL JESCRIPTION:

Name of Rock: Transition Ore

SPECTMEN DATA:

Height: 153.5 ™
Diamezar: 83.0 mm

Mass: 1757 g
Density: - t/m’
Haigpt,Diameter Ratio: 1.85 *

RATE OF STRAIN: 20 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 6.7 MPa

REMARKS : Non standard core not cylindrical
* NOTE: Non standard L/D Ratio.
TESTED BY: . .. BG CHECKED BY: ... AG DATE: ......22711-88 ..

* Denotes use of Rock Cotour Chart
This document shah only be reproduced i full, .




CLIENT: NEDPAC PTY LTD SHEETNo.: 2 OF:!5
PROJECT: SUBMITTED ROCK CORES JOB No.: 53632

DATE TESTED: 28-11-88

" UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 71A.

SAMPLE IDENTIFICATION: 9

Core Number: 33062

PHYCICAL DESCRIPTION:

Name of Rock: Transition Ore

SPECIMEN DATA:

Height: 118.6 mm
Diameter: 83.0 mm

Mass: 1760 g
Density: 2.740 t/m?
Height/Diameter Ratio: 1.43 *

RATE QF STRAIN: 100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 60.4 Mpa

REMARKS :
* NOTE: Non standard L/D Ratio
TESTED BY: ... AG CHECKED BY: .. AG DATE: ... 2°2711-88

* Denotes use of Rock Colour Chart
This document shall onty be reproduced in full,




CLIENT: ' NEDPAC PTY LTD . SHEET No.: 10 QF:15
PROJECT: SyuBMITTED ROCK CORES JOB No.: 53632
DATE TESTED: 28~11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 71A.

SAMPLE IDENTIFICATION: 10

Core Number: 33063

PHYCICAL DESCRIPTION:

Name of Rock: Transition Ore

SPECIMEN DATA:

Height: 127.0 mm

Diameter: 83.0 mm

Mass: 1899 g

Density: 2.760 t/m? ’
Height/Diameter Ratio: 1.53

RATE OF STRAIN: 100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 31-9  Mpa

REMARKS ;
* NOTE: Non standard L/D Ratio
AG AG 29-11-88
TESTED BY: oo CHECKED BY: ..o DATE:

* Denotes use of Rock Colour Chart
This document shall only be reproduced in full.
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CLIENT: NEDPAC PTY LTD SHEETNo.: 17 OF 15
PROJECT: SUBMITTED ROCK CORES JOBNo.: 53632

DATE TESTED: 28-11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 71A.

SAMPLE IDENTIFICATION: 11

Core Number: 33064

PHYCICAL DESCRIPTION:

Name of Rock: Weathered Ore

SPEC,IMEN DATA:

Height: 146.2 mm
Diameter: g2.8 mm

Mass: 1976 g
Density: 2.500 t/m?
Height/Diameter Ratio: 1.76 *

RATE OF STRAIN: 100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 28. 4 MPa

REMARKS : Failed down fracture planes
* NOTE: Non standard L/D Ratio
TESTEDBY: ... AGiaieee CHECKEDBY: ... AG. ., DATE: ..29-11-88

* Denotes use of Rock Colour Chart
This document shall onty be reproduced in full.
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CLIENT: NEDPAC PTY LTD . SHEETNo.: 12 OF: 15
PROJECT: SUBMITTED ROCK CORES JOB No.: 53632

DATE TESTED: 28-11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 71A.

SAMPLE IDENTIFICATION: 12

Core Number: 33065

PHYCICAL DESCRIPTION:

Name of Rock: Weathered Ore

SPECIMEN DATA:

Height: 154.5  mm
Diameter: _ 82.8 mm

Mass: 1801 g
Density: - t/m?
Height/Diameter Ratio: 1.87 *

RATE OF STRAIN: 50 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 10-3  Mpa

REMARKS : Non Standard core not cylindrical

* NOTE: Non standard L/D Ratio

TESTED BY: AG CHECKED BY: .......3¢ DATE: ....22711-88

* Denotes use of Rock Colour Chart
This document shail only be reproduced in full,




CLIENT: NEDPAC PTY LTD
PROJECT: SUBMITTED ROCK CORES

SHEETNo.: '3 OF 15
JOBNo.: 83632
DATE TESTED: 28~-11-88

UNCONFINED COMPRESSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 771A.

SAMPLE IDENTIFICATION:

Core Number:

PHYCICAL DESCRIPTION:

Name of Rock:

SPECIMEN DATA:

Height:

Diameter:
Mass:

Density:
Height/Diameter Ratio:

RATE OF STRAIN:

13

33066

Weathered Ore

148.8 mm

83.0 mm

2067 g

2.570 t/m’

1.8 *

100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 35.2 MPa

REMARKS :

* NOTE:

TESTED BY: AG

Failed down fracture planes

Non standard L/D Ratio

............................................... CHECKEDBY: ... 2G DATE _

* Denotes use of Rock Colour Chart
This document shall onfy be reproduced in full.

29-11-88




CLIENT: NEDPAC PTY LTD 15

PROJECT: SUBMITTED ROCK CORES’

SAMPLE IDENTIFICATION: 14

Core Number: ' 33067

PHYCICAL DESCRIPTION: RERRRE R HiA

i

Name of Rock: Weathered Ore

SPEGIMEN DATA:

Height: 152,4 Wm0
Diameter: | 82.8 mm oo : ‘
Mass: 1990 g
Density: 2.410 t/m?
Height/Diameter Ratio: 1:86 x

RATE OF STRAIN: 100 kN/minute

UNCONFINED COMPRESSIVE STRENGTH: 24.8 Mpa -

REMARKS :

* NOTE: Non standard L/D Ratio

TESTED BY: .. AC CHECKED BY: ... 2G

* Denotes use of Rock Colour Chart
This document shail only be reproduced in full.




CLIENT:  NEDPAC PTY LTD | ' o SHEETNo 15 OF:- 15
PROJECT: SUBMITTED ROCK CORES . JOBNe.:, 53632

DATE TESTED: 28-11-88

UNCONFINED COMPREfSSIVE STRENGTH OF INTACT ROCK CORE SPECIMENS SUMMARY

Tested in accordance with ASTM D2938 - 71AL

SAMPLE IDENTIFICATION: 15

Core Number: " 33068

i

PHYCICAL DESCRIPTION:

Name of Rock: " Weathered Ore

.
l' SPECIMEN DATA:
i Height: 100.0 mm
Diameter: 82.8 mm
: Mass: 1303 9 e : -
‘ Density: 2.410 t/m* B T L
i. Height/Diameter Ratio: 121 * ' '
t . RATE OF STRAIN: 100 kN/minute
l— UNCONFINED COMPRESSIVE STRENGTH: 21.2 MPa
l REMARKS : Failed dwon fracture planes
i N * NOTE: Non standard L/D Ratio
. TESTEDBY: ......2¢ CHECKEDBY: ....2S..............DATE: .......22711-88

* Denotes use of Rock Colour Chart
This document shall only be reproduced in ful.
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BILLITON AUSTRALIA GOLD PTY. LTD.
MT. TODD JOINT VENTURE
Annual Report for Period Ending 28 January, 1989

APPENDIX XIIX
Mt. Todd Gold Project & Prefeasibility Study
for a Carbon in Pulp Process
— Minproc
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BILLITON AUSTRALIA

MOUNT TODD GOLD PROJECT
NORTHERN TERRITORY

PRE-FEASIBILITY STUDY FOR
A CARBON IN PULP PROCESS

JANUARY 1989

Minproc Engineers Pty. Lid.

67 ST. PAUL'S TERRACE, SPRING HILL
QUEENSLAND 4000 AUSTRALIA
TELEX 44114 FAX: (07) 832 0101
TELEPHONE: (07) 839 0383




MT. TODD GOLD PROJECT
A PRE-FEASIBILITY STUDY
OF THE
CARBON IN PULP PROCESS

FOR

BILLITON AUSTRALIA GOLD PTY LTD

Prepared by:
Minproc Engineers Pty., Ltd.

! :




67 ST. PAUL'S TERRACE

SPRING HILL QLD 4004 MINPROC ENGINEERS PTY. LTD.

TELEPHONE: (07) 839 0383
FACSIMILE: (07) 8320101
TELEX: 44114

MTTODLET.11D

February 7, 1989

3

Mr, Martin Grier,
Billiton Australia Gold Pty. Ltd.,
Marland House,
i 570 Bourke Street,
: MELBOURNE VIC 3000

Dear Sir,

The final prefeasibility study report on the Carbon in Pulp process route for the
Mt. Todd Gold Project is enclosed.

This study defined the C.LP. process as the more viable option for the purposes of
a feasibility study.

We await your instructions with regard to the recommendations deriving from the
prefeasibility study, and trust that this report meets your requirements.

Yours faithfully,
MINPROC ENGINEERS PTY. LTD.

M.J. Gunn
STUDY MANAGER

Encl.
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EXECUTIVE SUMMARY

The C.LP/C.LL. process route is the recommended option for a Feasibility
Study of the Mt. Todd Gold Project.

A significant amount of work is required prior to the Feasibility Study, as
follows:

1. Completion of the Mining Feasibility Study.

2. Further leaching and adsorption testwork, plus refinement of grinding
parameters,

3. Cost comparison of alternate grinding circuit configurations.
4.  Further geotechnical investigations.

5. Examination of preconcentration techniques, and their economic impact.

Capital costs were composed of ($ millions):

Comminution $ 1573 Infrastructure $ 6707
ClLP. $ 829 Mine Development $  2.223
~Gold Recovery $ 150 Owners Capital $ 2337
Services $ 136 Working Capital $ 1.063
Dams $ 253

Contingency § 4.15

Management $__ 463

TOTAL PROCESS $ 38.19 TOTAL $ 5052
Operating costs were broken down as follows ($/tonne ore)

Mining §  3.99 (average over mine life)

Power $ 129

Manning $ 1.29

Consumables $ 426

Others $_ 023

TOTAL $_12,68/tonne of ore

The Nett Present Value of the project was calculated to be ($ millions):;
A. 2 million tonnes per annum

10 year mine life $ 9.169
15 year mine life $ 15.967

B. 3 million tonnes per annum

7 year mine life $ 3.831
10 year mine life $ 20.409

The project is particularly sensitive to head grade. At this point in time,
resources would be best employed in seeking a means by which head grade can
be increased.




1.0 INTRODUCTION

The Mt. Todd Gold Project is currently a group of adjacent exploration leases
located approximately 50 kilometers north of Katherine in the Northern
Territory (Figure 1.). The leases are either held by the Joint Venture
partners, Billiton Australia Gold Pty Ltd and Zapopan Consolidated Pty Ltd, or
under option from Pacific Gold N.L.

The leases are accessed from either the Stuart Highway along 12 kilometres of
gravel road, or via the Edith Falls road. The option to develop a new road
into site from a point further east - after the Rdith Falls road crosses the
Edith River - has also been studied.

This report, prepared for Billiton Australia Gold Pty Ltd, forms the second
part of a pre-feasibility study of the Mt. Todd Gold Project.

The first report focussed on the heap leaching process route and preliminary
costing of infrastructure,

The heap leaching alternative required extremely fine crushing and recovery
response was mediocre. The process was seriously considered because the
orebody is low-grade, and sufficient open space for leach pads was available.
Communution, pre-treatment, ore transport and pad construction were expensive
in terms of capital and operating costs relative to the majority of heap leach
operations, where particle size is an order of magnitude larger and pads are
located close to the process plant.

The C.LP. process for Mt. Todd ore is straight forward, with the exception of
high work index values for fine grinding. Recovery is relatively high, the ore
appears to be free of contaminating species, both organic and inorganic, and
slurry rheology is not a process problem.

The comminution stage of the process has been structured to minimise capital
cost. In the time frame of the pre-feasibility studies, it has not been possible
to design an all-purpose circuit which would service any permutation of heap
and C.IP. processing. HP. rolls crushing and ore sorting were not
incorporated, but are discussed in the report, as are the various circuit options
(Section 9) requiring further investigation.

The mining pre-feasibility study has been reviewed and costs adjusted to fit
with the overall infrastructure costs derived for the previous study. Contract
mining budget quotations have been obtained and are contained in ‘Appendix 2.
Geology and mining studies were carried out in Melbourne and were included
in the final report on heap leaching.

Page 1
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2.0
2.1

2.2

SCOPE OF STUDY
ENERAL

This pre-feasibility study constitutes an examination of the technical and
financial viability of an open pit mine and C.LP. process for the Mt Todd

Gold Project. The scope of work is essentially as specified overall by Billiton
Australia Gold Pty Ltd.

SCOPE OF WORK
Metallurgical Testwork

Review of Metallurgical Testwork carried out to date and
recommendations for any further testwork.,

Process Description

General Description;
Preparation of preliminary flowsheets and design criteria;
Indication of anticipated plant performance.

Plant Design

Preliminary selection of all items of equipment and plant including
capital cost and a review of process options.

v. Operating costs;
Power requirements;
Water requirements;
Manning requirements.

Water Management

Water management requirements and tailings disposal.
Evaluate water recovery/discharge systems.

Financial Evaluation

Capital Costs;

Operating Costs;

Project Economics;

Sensitivity Analysis.  Annual production of ore is planned to be 2
million tonnes, however, sensitivity analysis of costs will be carried
out for 3 million tonnes per annum production of ore.

Project Programme

Engineering;

Construction;

Commissioning;

Identification of long lead items.

Page 2




Recommendations

Comparative Analysis of heap leaching and C.LP. studies;
Recommendation on approach for a feasibility study;

Recommendations  for  site investigations to obtain  necessary
geotechnical information.

Page 3




3.0 INFRASTRUCTURE

3.1

3.2

SITE ACCESS AND ROADS

The Mt. Todd area is situated approximately 50 kilometers north of Katherine
and 10 kilometers east of the Stuart Highway. The Edith Falls road is bitumen
scaled and provides the most direct route from Katherine to the project via
the existing gravel road connection described on Figure 3.1 as Option 1.

Development of Option 1 would require upgrading of the existing Edith River
crossing with a reinforced concrete box ‘culvert structure, which preliminary
hydrological studies indicate would suffer inundation on an average of six days
per year. A bridge would be required to achieve a higher level structure.
This aspect is recommended for review in the final feasibility study. Under
Option 1, the existing gravel road would require upgrading to rural road
standard and is 4.5 kilometers in length from the Edith River road to the lease
boundary.

Option 2 for site access is shown on Figure 3.1 and further east along the
Edith Falls road from Option 1. It has the advantage of utilisation of an
existing bridge crossing of the Edith River, but does require a culvert
structure at the Stow Creek crossing. New road is needed for 2.5 kilometers
and upgrading of existing road for 1.5 kilometers to the lease boundary.

Both Options 1 and 2 require provision of culverts at minor creek crossings.
Cost estimates for these options are set out in Section 6.0,

A third means of road access is via a poor gravel road which proceeds in a
northwesterly direction from the mine, and is 12 kilometers in length and
would require some 12 culvert crossings and significant re-alignment to achieve
safe road geometry. The road joins the Stuart Highway 4 kilometers north of
the Edith Falls turnoff. Investigation of this alternative access was
discontinued on instructions from the Client.

ACCOMMODATION

In view of the likely recruitment of single persons from interstate and
shortage of accommodation in Katherine, the approach was adopted for the
project to provide single accommodation for process plant and administration
personnel either on site or in Katherine. The cost of these alternatives is
reviewed in Section 6.

It has been assumed that the mining contractor would provide accommodation

for mining personnel. Housing in Katherine is assumed to be provided for five
senior staff:

. Mine Manager

. Mill Superintendent

. Mine Superintendent
. Administration Officer
. Geologist

Single accommodation requirements have been estimated at 40 rooms which may
reduce if partial local recruitment is achieved or if some personnel make their
own arrangements for accommodation.

Page 4
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3.3 POWER SUPPLY

A review and costing of power generation options was carried out for the heap
leaching pre-feasibility study.

After both the Client and Minproc had conducted preliminary discussions with
the Power and Water Authority, it was understood that power would be
available from the grid at a rate which would:

a) Compete with any other source; _ o
b) Reflect the level of initial capital investment in transmission
and substation made by the Client.

The CLP. study has proceeded on the assumption that capital investment in
this area will be made, and that power will cost 10 cents per kW/hr.

The grid option is a more secure supply, requires negligible maintenance, and
is sized and costed on the basis of total installed power of 12 Megawatts,

The capital cost increase relative to the heap leach option is primarily for
extra transformers and upgrading of the Qil Cooled Breaker unit. Costs of

capital contributions are:

Transmission line

- $1.375 million

66 - 11 kV substation - $450,000
Transformers - $400,000
TOTAL $2.225 million

Without this order of capital contribution it may be difficult to obtain power
within 2a reasonable time frame. At best, a 6 month lead time is imposed on
certain items of equipment (according to PAWA).

3.4 COMMUNICATIONS

A.1 Multichannel Radio

This links to the Telecom microwave system. For a system dimensioned for 10
exchange lines and 30 analogue extensions (and a 5 year term).

A. Up front capital $251,000
10 line exchange installation $14,250

10 line exchange rental $2.384
TOTAL $267,634

B. Lease (5 years) $138,075
5 years rental $223,590

10 line exchange installation $14,250

10 line exchange rental _ 52,384
TOTAL $378,299

A2 lterra is almost as expensive to install and running costs are far greater as
maximum STD rates are charged on all calls. An up front payment on a

permanent station plus
$322,616 for 10 lines.

five years rent, maintenance plus installation is
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3.5

3.6

Terminal Equipment

Budget costs for a 9600 model PABX and a 9100 CMS (Communication
management system) is $36,860.

Cabling
Facility cabling for 30 extensions plus lightning protection (level 2) - $7,200.

Total System Cost:

. Multichannel radio $268,000
. Terminal Equipment $37,000
. Cabling _$7.200

TOTAL $312,000

Discussions with the independent group Consultel reveal that numerous options
are available, and significant economies may be achieved. The options depend
on the area, facilities in place and the attitude Telecom take in the region.

It is recommended that Consultel be commissioned to prepare a proposal on
this basis.

SITE BUILDING

The following buildings have been included in the scope of site facilities for
process plant and administration personnel. It is assumed that the mining
contractor will provide office, amenities and maintenance facilites.

. Main Office 15m x 12m
. Male Ablutions 12m x 3m
. Female Ablutions 6m x 3m
. Crib Room 9m x 3m
. First Aid 3mx 3m
. Laboratory 12m x 3m
plus sample preparation
area 12m x 9m
. Crib Room - Plant area
including toilet Om x 3m
. Workshop/Warehouse 24mx 12m
. Storage Compound 24m x 24m
. Plant Office 6m x 3m

Provision has been made for office equipment, basic workshop equipment and
warehouse shelving. A forklift has been included for materials handling,

WATER SUPPLY

3.6.1  The water requirement for the 2 MTPA case is 12.6 million m> P.A,
The current concept of water supply can deliver water at the
appropriate rate to the process plant for the dry season, and it is
anticipated that a wet season top up will cover the remainder.
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3.6.2

3.6.3

Bores ,

Five production bores have been proven by Rockwater, yielding on
average 400,000 cubic metres per annum. Pumps and pipelines to
deliver this water to the raw water tank have been selected and
costed.

Water quality from this source is excellent, but for optimum desorption
performance, and domestic use, a water softener has been included.

Table 3.2 shows the parameters for each bore. Tables 3.3 - 3.7 show
the major ion balance and a calculated Langelier Index. All indices
infer that scale formation is negligible and the water is high quality
in inorganic terms.

Raw Water Dam

Provision for a large raw water dam has been made to meet the water
requirements of the operation for 2,000,000 tonnes per annum. The
dam wall is located approximately 500 metres to the west of the
projected pit (i.e. beyond the pit location considered in this study).
This was due to concerns relating to potential leakage via faulting
into the pit. A spiliway directs overflow into an existing watercourse.

The dam catchment area of 500 hectares has been assessed as adequate
to fill the dam each wet season. Based on rainfall records for
Katherine 1873 - 1987, and assuming an average runoff coefficient of
0.70 for the generally steep rocky terrain, the catchment yield has
been assessed as 1.85 million cubic metres at 95% confidence (i.e.
expected in 19 out of 20 years). A dam capacity of 800,000 cubic
metres has been taken as appropriate to provide an annual usage of
600,000 cubic metres, after evaporation losses from the dam surface.
It should be noted that reliable yield from the dam in the first year
of operation can only be obtained after the initial wet season fill, and
this may have some bearing on project timing. A risk factor may be
associated with late wet season conditions depending on the scheduled
start-up time.

Preliminary geotechnical investigations by Golder Associates indicate
that the dam floor and foundation consists of strong tightly jointed
rock at shallow depths, so that minimal seepage losses and good
foundation conditions for the dam wall are anticipated, Clayey
materials which would be used for dam core construction were
identified at the proposed Stow Creek crossing, and closer sources may
be located by further investigation.

There is potential for expansion. As discussed in Section 5.3, the
annual requirement for the 2 million tonnes per annum case will be
met by the existing borefield and the dam. If the 50% increase in raw
water requirement associated with the 3 million tonnes per annum case
is anticipated, the dam should be redesigned and constructed for the
higher capacity rather than attempt an upgrade later. The location is
shown on the site plan. Submersible pumps are used to transfer water
to the plant site.
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3.6.4  Tailing Water Reclaim

For design purposes, only 15% reclaim has been used. Evaporation
losses will be significant over the expanse of the tailings facility as it
is currently conceived. This figure may be improved upon in practice,
and the flow will be significant in the wet season. Catchment is
minimised, and it is anticipated that the flow will be of manageable
proportions - either used in process, or stored in the dam over a
short period.
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TABLE 3.2

Summary of Production Bore Data

Recommended Internal
Bore Location Depth Pumping Pump Diameter Salinity
Number Drilled Rate Setting of Pump
Housing
(m) (cu m/d) (m) (mm) (mg/l TDS)
BW 1P 9906N 62 250 45 155 102
9806E
BW2P  10482N 72 300 55 155 151
9689E or
350
BW 6P 8984N 70 300 50 155 302
10362E or
350
BWS8P .9615N 60 300 50 155
254
10266E or
250
BWI10P 9162N 70 250 65 155 84
9982E
SUM 1400
Page 9




TABLES 3.3-3.7 FOLLOW
Langelier Index Calculation
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4.0 PROCESS PLANT DESIGN

4.1

METALLURGY - REVIEW OF TESTWORK

(1)

Mineralogy

The Batman orebody is composed of greywacke host rock finely veined
by sulphide and carbonate bearing quartz.  The veining is up to
centimetre order width at 10 centimetre order spacings.

Greywacke is assumed to be composed of hornfels, which usually
derives from the metamorphosis of clay based rocks, and is
predominantly Aluminum and Magnesium silicates.

The quartz carries small amounts (<1%) of Iron sulphides
(pyrite/pyrrhotite/marcasite) and Lead, Zinc and Copper sulphides
(galena/sphalerite/chalcopyrite) in the primary ore zone. The transition
ore zone through to the weathered (surface) ore zome displays a
typical sulphide breakdown to goethite/limonite/haematite.

Mineralogical examination has noted that the chlorite - Magnesium
silicates - have weathered to kaolinite from the primary to the
weathered ore zone. This comprises 20% of the ore, with 50% being
quartz and 30% muscovite (Pottassium, Aluminum silicates).

The orebody is composed of approximately 64% primary ore, 22%
transition ore and 14% weathered ore. The specific gravities are 2.78,
2,67 and 2.48 respectively.

An ICP scan indicates 65 to 67% silica content, with Aluminum, Iron
and Potassium as oxides making up the balance. The scan also
indicates Mercury is not a potential problem and confirms that Copper
is the dominant base metal. Silver assays are anomalous, so for design
purposes a grade of 2 g/t was assumed for a 1.3 g/t Gold head grade.
High Rubidium content was also noted, although its significance is not
known (Table 1).

The chalcopyrite content should not present any problems with regard
to cyanide consumption. From work done by Healy and Tabachnik (1958
- "Chemistry of Cyanidation”) it is shown that chrysocolla and
chalcopyrite are the least soluble of the Copper minerals, with about
10% soluble in cyanide solutions.

Gold is assumed to be associated with the sulphide mineralisation in
the quartz veining. Work is continuing to determine associations and
distribution.  Some Gold sighted has been extremely fine at 2-4
microns size, ex solution blebs in chalcopyrite and also contained in
Iron oxide. Distinct grains up to 150 microns in quartz are also
reported,  Recent information indicates that Gold is intergrown with,
or in solid solution in, Chalcopyrite and Bismuthinite.

Page 10




l TABLE 4.1
l ICP Scans of Compaosite Ore Samples, Full Drill Core
Ore Type Weathered Transitional Primary
l Composite No BIWBI-1D BITB1-1D BIPBI-1D
I AL,04% 16.4% 15.9% 13.6%
Cal 0.02 0.06 0.12
Fe,Os 8.45 7.90 7.90
K 3.62 4.48 4.08
| MEO 0.63 0.57 2.28
MnO 0.04 <0.01 0.04
Na,O 0.20 0.18 0.17
| P05 0.04 004 0.06
31202 65.2 66.2 67.3
TiO; 0.63 0.52 - 0.72
l As 0.015 0.026 0.009
Ba 0.071 0.062 0.053
Cd <0.002 <0.002 <0.002
I Co 0.003 <0.002 0.003
Cr 0.008 0.010 0.015
Cu 0.101 0.141 0.253
l La <0.002 <0.002 <0.002
Mo <0.002 <0.002 <0.002
'Nb <0.020 <0.020 <0.020
I Ni 0.002 0.002 0.004
Pb 0.016 <0.005 0.005
Sn <0.005 <0.005 <0.005
Sr 0.002 0.004 0.003
I Ta <0.020 <0.020 <0.020
\% 0.010 0.007 0.011
W <0.020 <0.020 <0.020
' Y 0.003 0.004 0.002
Zn 0.030 0.028 0.036
7r 0.016 0.019 0.021
l S 0.007 0.017 0.490
Hg(ppm) <0.01 ppm <0.01 ppm <0.01 ppm
Ag 70 3 3
l Cs <10 15 10
Ga 18 12 8
Ge <4 <4 <4
I In <10 <10 <10
Rb 145 220 " 170
Tl 10 10 <10
. Ce 50 80 70
Se <2 3 <2
Sb 6 <4 <4
Te <10 <10 <10
l Th 14 30 20
U <4 <4 <4
I Page 11
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Metallurgical Data

Testwork was carried out at AMDEL over the Christmas perod of
1988.  Only parts of the raw data had been sighted during the process
design exercise.

Comminution

The comminution circuit was designed on the basis of Bond ball mill
work index data supplied by Billiton Australia Gold Pty. Ltd. as
follows:

Weathered Ore 14.3, 9.2 kW/hrs/tonne
Transition Ore 12.2, 222 kW/hrs/tonne
Primary Ore 233, 284, 224 kW/hrs/tonne

and from impact crusher indices, unconfined compressive strength and
abrasion index data determined by NEDPAC Engineering (detailed in
Design Criteria).

The average of the primary ore work indices was used to size mills
(WI = 25). The Semi Autogenous Mill feed size was dictated by the
capability of the 1.2 x 1 metre jaw crusher (d80 = 200 mm) at 400 tph.
SAG mill discharge was specified at 2 mm to provide a near optimum
feed size to the ball mill circuit.

Ball mill product size for leaching was specified by Billiton Australia
Gold Pty. Ltd. as 90% passing 75 microns. To translate this to a d80
size, data from a 106 micron agitation leach residue sizing was used to
determine the slope of the size distribution, resulting in a d80 of 53
microns for leach feed. This decision fits logically with the residue
analyses obtained by size from leach tests (Table 4.2) in the context
of optimum leach performance. Testwork later indicated that for a 48
hours leach duration a product d80 of 75 microns achieved Gold
extractions very close to those obtained at a grind d80 of 53 microns
as shown in Figures 4.2 and 4.3.

TABLE 4.2 A
Mt. Todd Cyanidation Residue (Gold by Size) Lot 1-4 Comp

Assay Distribution %
Product Weight
% Gold Ag Gold Ag
st ppm
+106pm 17.99 0.34 82.01 45.69 21.11
+751um 13.92 0.23 68.09 23.91 10.89
+531m 10.61 0.17 57.48 31.47 6.22
+38um 9.65 0.21 47.83 15.14 5.66
-38um 47.83 0.00 1.79 56.12
Head(calc.) 100.00 0.13 100.00 100.00
Page 12




TABLE 4.2 B
Mt. Todd Cyanidation Residue (Gold by Size) Lot 5-8 Comp

Assay Distribution %
Product Weight
% Gold Ag Gold ' Ag
s/t ppm
+106pm 19.54 0.25 80.46 45.19 33.38
+751m 14.87 0.17 ' 65.59 23.39 16.93
+53um 10.84 0.12 54.75 12.03 18.52
+38pm 9.85 0.19 44.90 17.31 5.61
-38um 44.90 0.00 2.08 25.57
Head(calc.) 100.00 0.11 100.00 100.00
TABLE 4.2 C

Mt. Todd Cyanidation Residue (Gold by Size) Lot 9-11 Comp

Assay Distribution %
Product Weight
% Gold Ag Gold Ag
s/t ppm
+106pm 21.17 0.12 78.83 16.88 18.28
+751Um 15.39 0.27 63.44 27.60 13.29
+53um 10.56 0.28 52.85 19.64 22.79
+38um 9.69 0.29 43.19 18.67 8.36
-38um 43.19 0.06 17.21 37.28
Head(calc.) 100.00 0.15 100.00 100.00
TABLE 42D

Mt. Todd Cyanidation Residue (Gold by Size) Sp. Deep Pry Comp

Assay Distribution %
Product Weight
% Gold Ag Gold Ag
s/t ppm
+106um 19.24 0.28 80.76 21.50 19.24
+751m 14.11 0.55 66.65 30.97 14.11
+531um 10.64 0.50 56.01 21.23 10.64
+38um 8.89 0.37 47.12 13.13 8.89
-38um 47.12 0.07 13.16 47.12
Head(calc.) 100.00 0.25 100.00 100.00
Page 13




Leaching

An optimum leach feed d80 of 53 microns was confirmed by receipt of
the leaching tests conducted at grind sizes of 106, 75 and 53 micron
d80 (Table 4.3). As mentioned previously, a d80 of 75 microns was
selected at longer leach times.

Of some concern is the variability of work index for the various ore
types, combined with the sensitivity of recovery response to grind
size. Assumptions made in the laboratory as to conditions required to
achieve a particular (optimum) liberation size may not be valid over a
range of samples. This was a possible explanation for the
inconsistency in performance evident in the leaching testwork carried
out at varying pH, % solids and cyanide addition (75 micron d80),
however residue sizing checks showed size distributions very close to
the 75 microns d90 target.

TABLE 4.3
Lot Size Gold Silver Max
No. microns Ext. Ext. _ Gold Ext,
24 hr 24 hr
1-4 106 79 42 82
75 83 43 91
53 85 39 92
5-8 106 64 47 86
75 66 52 90
53 74 52 93
9-11 106 74 37 34
75 76 22 87
53 79 38 90
S.D.P. 106 75 38 83
75 71 54 87
53 79 40 87
Test Conditions
Cyanide 500 mg/l
pH ~11
% solids 40
duration 48 hours

Twenty eight leach tests were conducted (7 on each of 4 ore types) at
varying cyanide addition, pH and pulp density.

The major factor influencing performance within an ore category was
cyanide concentration. Policy on most operating plants is to sustain
cyanide concentration at 500 - 700 mg/litre (0.05-0.07%) and thus
several test results were rejected where concentrations were at 0.01%
or less (Table 4.4). The exception was lot 1-4. The results in Table
4.3 are superior overall in terms of ultimate extraction after 48 hours,
yet are poorer at the 24 hour mark than the results in Table 4.4.
Rejected tests are marked (*) and an overall recovery was calculated
to be 85% from the maximum (48 hour) results. A further effect
appeared to be high pulp density as the 48% solids tests were all poor.

Page 14




23

.
A

(0.01)

9-11

S.D.P.

Aside from the concern about grind size, further possible problems
could be:

- shortage of dissolved oxygen, due either to the presence of oxygen
consuming species or grinding in a reducing environment.

- Gold either very fine, intergrown to a significant extent with
sulphides, or surface coated.

- Gold in the form of Tellurides or electrum.

There are indications, particularly in transition ore tests, of excessive
initial cyanide consumption.

TABLE 4.4

Cyanide Leach Tests - Varying Conditions

Cyanide  Cyanide pH 24 br Gold Max ZoSoli
% Consumption Extraction Gold Ext.
0.050 0.35 9.5 87.6 90.7 40
0.050 0.54 10.3 79.2 88.3 40
0.015 0.08 11 92.8 92.8 40
0.025 0.16 11 85.8 87.5 40
0.100 0.46 11 75.7 88.0 39
0.050 0.28 11 78.3 84.1* 48
0.050 0.53 11 84.1 84.1 33
0.050 1.44 9.5 91.6 95.0 40
0.050 1.14 10.3 84.6 86.8 40
0.015 0.45 11 59.5 68.7* - 40
0.025 0.6 11 45.1 75.4% 40
0.100 1.27 11 69.9 74.3% 39
0.050 0.84 11 74.7 79.5* 48
0.050 1.15 11 91.5 91.5 32
0.050 0.87 9.5 81.5 81.5 40
0.050 0.59 10.3 79.1 81.8 40
0.015 0.15 11 64.8 72.5% 40
0.025 0.30 11 67.9 77.8% 40
0.100 0.62 11 82.3 82.3 39
0.050 0.31 11 68.2 70.5% 48
0.050 0.41 11 76.8 79.9 " 33
0.050 0.31 9.5 73.4 84.3 40
0.050 0.52 10.3 71.9 84.5 40
0.015 3.08 11 69.9 76.2* 40
0.025 3.03 11 79.2 89.1 40
0.100 3.37 11 80.9 80.9* 39
0.050 4,73 11 83.5 83.5 48
0.050 2.98 11 81.1 83.3 33

Test condition

Size p90 75 micron
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In  summary, the leaching results in Table 4.4 are extremely
inconsistent, displaying several distinct extraction characteristics over
time within an ore type. Several basic parameters remain undecided,
and appropriate testwork should be commissioned with an alternate
laboratory (AMMTEC, NORMET) to assess:

1. Grind size
2. Leach duration
3. Recovery

It would also assist to have AMDEL obtain a check on:

1. Dissolved oxygen levels
2. Residue sizings
3. Head assays

There is sufficient evidence of good extraction performance within
each composite group to justify further work. Silver extraction of
40% agreed closely with Minproc’s experience, however a reliable
estimate of Silver head grade is required to finalise elution design. A
Gold recovery of 85% on average is a realistic assessment for the pre-
feasibility C.LP. plant design on first pass, however for the purposes
of the study a recovery of 90% was used for the following reasons:

1. The leaching tests conducted at varying reagent concentrations,
PH and %solids (series A) indicate a sufficient number of good
and bad results to make a simple average recovery meaningless.
The aim of this program was to seek potential problems, rather
than establish recovery.

Further examination of the tests conducted at varying grind
size (seriess B) reveals that the tests are extraordinarily
consistent by ore type, and display a logical progression in
performance with grind size,

3. The average Gold in the residues from series B tests was 0.12
ght, or 90.7% recovery to 1.29 g/t feed. The weighted average
(14% W, 22% T, 64% P) was 0.1376% g/t which equates to
89.33% recovery to a 1.29 g/t feed.

4.  Reprecipitation of Gold was a feature of the series A tests, as .
was a wide range of leaching rates. The series B test, 5-8
comp. sample displayed extreme cyanide consuming behaviour,
These problems can be solved in practice with an overall
increase in performance.

5. Increased residence time for leaching may be required;
investigation of the oxygen injection or hydrogen peroxide

addition processes should be considered to minimise residence
time,

Summary

An average 90% recovery is achievable. A means should be
sought to reduce the time required to a consistent 24 hours, or
incorporate extra leaching capacity at the next stage of design.
The option of grinding to a d80 of 75 microns for a recovery
of 88% is realistic, and is used in the financial analysis.
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Adsorption

A model developed by Minproc was used to design the adsorption
circuit. The model is based on the Mintek adsorption model and
performs a mass balance over each circuit size. Carbon inventory,
stage efficiencies and Gold inventory are calculated to obtain a desired
solution grade for a particular number of adsorption stages.

The basis is the carbon adsorption test. As data was not available
during the design process, a circuit was designed on the basis of "k"
and "n" parameters of 150 and 0.6 respectively in the equation:

A Auc =k Austn
AAu; = change in Gold on carbon at time "t" (mg/1)
Aug = equilibrium gold tenor (mg/l)
t = equilibrium time (hours)

This is rearranged to:

log (aAu,) = logk+nlogt
(Aug)

which allows determination of "k" as the intercept at logt = 0, and "n"
the slope.

AMDEL testwork, conducted at 10 g/l carbon (PICA G210 AS 6x12
ASTM) yielded average values of:

Lot No. k n

1-4 282 0.67
5-8 195 1.00
9-11 501 1.02
SDP 324 0.69

(See Figure 4.1)

There is some dispute as to the range of time over which the model is
valid, and thus the number of data points taken into account can alter
the results considerably. The 24 hour data points were ignored, as the
model is generally only valid for the first 6 - 8 hours. The values of
150 and 0.6 were considered to be adequate for preliminary design
purposes in the light of these test results. This is largely a reflection
of the fact that fresh carbon gives high intercept values, whereas in
practice carbon loses much of its adsorption capability quite rapidly.

Page 17




FIG 4-4  ADSORPTION KINETICS

k U
1-4 282 0-67
5-8 195 1:00

9-1 501 1-02
SOP 324 0-69
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4.2 DESIGN PHIL.LQSQPHY

4.3

A primary aim in the design process has been to contain capital costs. Some
small ~further economies may be achieved when more extensive metallurgical
test data is available, mainly in the C.LP. area with larger scale tankage, in
the thickener area by adopting a 12 metre unit, and by use of a smaller
desorption plant.

The majority of the ore is very hard, and to achieve the required particle size
a substantial investment in mills was necessary. This in turn creates a high
operating cost with regard to steel and power. The variable speed SAG mill
will permit maximum economy with regard to power usage.

The desorption process was sized to permit one strip per day, in tumn
permitting maximum flexibility if extra capacity is required. The small
increase in capital cost over a plant size demanding 2 strips per day was
Jjustified on this basis.

To maximise the existing water resource, a tailing thickener is incorporated.
Water recovery from tailings dams is not dependable, particularly where the
area of the dam is large and evaporation rates are high. Dam design and site
selection specifically attempts to minimise catchment, however a significant
quantity of water is available during the wet season from tailings reclaim. -

As the design exercise had to meet a tight schedule, the leaching/adsorption
area was designed largely on the basis of experience. The test data available
was rteviewed late in the study period, and was relatively inconsistent in terms

-of indicative ore response. The data does reinforce the need for more

extensive testwork on a larger scale and by a more rigorous procedure.

The foremost consideration in C.LP. plant design is to im.:orporatc the facilities
to allow the operator to achieve maximum possible gold recovery.  The
grinding circuit must have the capacity to provide adequate liberation for any
ore type. The leaching circuit is less critical due to emerging technologies
such as CILO, Afrox or the Degussa processes for leaching, which can be
added on at a small cost. It is, however, essential that the leaching
characteristics of the range of ore types be firmly established.

DESIGN CRITERIA

Design Criteria are set out for the 2 million TPA and the 3 million TPA cases.
They are based on guidelines supplied by Billiton Australia Gold Pty Ltd,
testwork and data available at the time of writing this report, performance

characteristics derived from process models and Minproc’s experience of similar
processes.

Initial design and costing was based on a Gold extraction of 90% and carbon
loadings of 2200 g/t. After review of testwork and head grade the elution
batch size changes from 3.4 to 3.2 tonnes of carbon per day. It is desireable

to leave the column size (and cost) at 3.4 tonnes to cover feed grade, recovery
and carbon loading variations.

The 3 million TPA case shows that batch size is getting too large for a single
strip each day, and thus two swips have been nominated each at 2.8 tonnes
carbon.  Capital cost reduction would be small, the major compromise being
loss of flexibility.
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The tailings dam specification is 20 million tonne capacity of solids and thus
10 year life, although the design criteria states 7 years.

In summary:

1.

Design and_Costing carried out for 90% recovery from 1.5 g/t head
grade. This effects cost of desorption. A 24 hour leach time was
used, and 53 micron grind.

Design Criteria were finalised at 85% from 1.5 g/t, 24 hour leach at 53
micron grind.

Capital Cost of grinding and leaching arcas was modified for final
financial analysis to 88% recovery from 1.29 g/t head grade and 43
hours leaching plus 5 adsorption. The grind size was 75 microns d80.
A revised design criteria is attach in Appendix 3. Also included is -
revised mass balances and mill selection data.

Page 19




I MT. TODD GOLD PROJECT - C.I.P./C.LL. STUDY - DESIGN CRITERIA .
I 2MTPA AT 85% Au RECOVERY
CATEGORY UNITS DATA
I Schedules
Mining  Tonnes P.A Tonnes 2,000,000 Ore
Weeks P.A. 52
I Days P.W. 6
Shifts PD.- 2
Hours P.S. 10
l Tonnes P.W. Tonnes 38,462 c
Tonnes  P.D. Tonnes 6,410 c
Crushing Tonnes P.W. Tonnes 38,462 c
I Days P.W. 6
Shifts P.D. 2
Hours P.S. 10
| % Availby 80
Design  T.P.H. Tonnes/Hr 401 c
Milling Tonnes P.W. Tonnes 38,462 c
l Days P.W. 7
Shifts P.D. 2
Hours P.S 12 check
% Availby 92.50
I Nominal T.P.H. Tonnes/Hr 248 c
Design - T.P.H. Tonnes/Hr 250
l Stripping Days P.W. 7
Strips P.D. 1
Design  Batch Size Tonnes C 3.18 /strip c
l Bullion KgAu P.A. Kg 2,550 c
: Oz Au P.A. Oz 81,984 c
I Qre Characteristic
l Grade  Au gt 1.50
Ag g/t 2.00
S.G. Dry) 248 WDis % 14
I 2.67 T 22
278 P 64
2.71
S.G. Av % *kdkdk check
l Moisture
Bulk S.G. 145 W
I 148 T
148 P
I U.C.S. MPa 24.00 W
29.10 T
57.10 P
' Impact kWh/t 410 W
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l CATEGORY UNITS DATA
Crusher 260 T
l Index 7.80 P
Abrasion 0.0180 W
| Index 0.0046 T
0.0660 P
l Angle of Degrees 36.00 (Fine)
Repose
I Free Si02 % okokkdok
Bond BM. W.L kWh/t 11.70 W
1720 T
i 2470 P
RM. WL kWh/t *krakdk Use B.M.
l Crushing
Design  T.P.H. Tonnes/Hr 401
R.OM.  Size d100 m.m. 1000
l Truck Size Tonnes 85
R.O.M. .. Bin Capacity Tonnes 170
C.O.S. Capacity L Hours 24
l Tonnes 9615
Design  Product m.m, 200
I d80 Size
F.O.8. Capacity L Hours 48
Tonnes 11880
Grinding Circuit
I Design  T.P.H. Tonnes/Hr 250
Feed m.m. 200
d80 Size
I Product m.m. 0.053
d80 Size
l Recirculating Load - UF/OF
SAG Mill % 200
Ball Mill % 150
l Classification
SAG Mill Product
Density %Sol. XVT. 45
l Pulp S.G. t/m 1.40
%Sol. Vol, 23
T.P.H. Pulp Tongcs/H: 556
I Vol Flow m>/Hr 398
Ball Mill Product
Density %Sol. WT. 42
l Pulp S.G. t/m 1.36
%Sol. Vol. 21
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CATEGORY UNITS DATA
Ball Mill T.P.H Pulp Tom);es/HI 595 c
‘ Vol Flow m-/Hr 437 c
Leaching/Adsorption
Design  T.P.H. Tonnes/Hr 250 c
Density %Soi. WT. 42
Solids Flowrate m3/Hr 437 c
Solut.n  Flowrate m~/Hr 345
Sol.n Feed Grade gt 0.92
Trash Screen
Aperture Microns 1000
C.LP. Hybrid
Leach Time Total Hr 21.50
Absorb Hr 5 From
Model
Total Hr 26.50 v
No. of Stages Total 9
Leach 4
Absorb 3 5 ,
Tank Vol. Total m; 11590 (Live) ¢
Leach my 9403 c
». Adsorb m 2187 c
Intertank Screen Airswept, Flooded W’Wire
Aperture Microns 833
Leach Recovery
Au % 85 check
Ag % 40 check
Carbon  Type Pica G210A5 (Amdel)
Size ASTM 6x12
Design Tail Grade An g/t 0.23
Design Sol.n Tail Au gt 0.01
Design Carbon
' Au Load gt 2250 c
Ag Load ght okkokok
Stripped
Au Stripped gl 50
Ag Stripped gt akokokek
Concentration kg/m3 14.18 c
Mass Flow kg/Hr 138.45 c
Total Inventory kg 31000 Adsorb From
Model
Stage Efficiency % 61 From
Model
Gold Inventory kg 28 From
Model
Res. Time per Stage Hr 44.78 c
Transfer Cont.s Airlift
Removal Recessed Imp. Pump
Page 22




1 i
: N . H

CATEGORY UNITS DATA
Recovery Screen
Aperture Microns 800
Thickening "
Design  T.P.H. Tonnes 250 c
' F Density %Sol. gVT 39
Pulp S.G. t/m 1.33 v
%Sol. Vol 19 c
T.P.H. Pulp Tongcs/H.r 641 c
Vol. flow m”/Hr 483 c
Av Settling Rate
Compression m/Hr
Bulk m/Hr
Sol. Upflow m/Hr
Max % Sol. %Sol.WT,
Design %Sol. %S01. WT,
Flocc Use gft 50 Max35 Min
Desorption/Electrowin/Refine _
Stripping System AARL, Cold Acid Wash
Carbon  Batch  Size Tonne C 3.18 c
No. of Strips P.W. 7
Strips  P.D. 1
Metal Stripped P.W.
Au kg 49,04 c
Ag kg 30.77 :
Total kg 80 c
Electrowin
No. Cells 1
No. Caths 9
Current AMPS 700
Barren  Eluate PPM 10 Max
Electrorefine
No. Cells 1
No. Caths 10
Current AMPS 500
Carbon Regen. Rate kg/Hr 250
Reagent Usage
C.IP.
NaCN kgt 0.80
Lime kg/t 1.10
NaOH kg/t 0.20
Pb(NO)3 kgt 0.40 Max
Flocc kght 0.05
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CATEGORY UNITS DATA
Reagent Usage
Carbon t/yr 31.00
G. Media kg/t 1.50
Desorb
NaCN kg/t C 25.00 2% W/V
NaOH kg/t C 20.00 2% W/V
HCI kg/t C 85.00 3% W/V
Water Balance
Grind Product
T.P.H. Tonnes/Hr 250 c
Density %Sol. WT. 42
Pulp S.G. t/m 1.36 c
%Sol. Vol. 21 c
Pulp T.P.H. Tonges/Hr 595 c
Vol. Flow m~/Hr 437 c
Water T.P.H. Tonnes/Hr 345
Tail
Density %Sol. WT. 39
. Water Tonnes/Hr 391 c
Thickener U/F
Density %Sol. WT, 60
Water Loss Tonnes/Hr 167 v
Reclaim Tonnes/Hr 25 15 %RecF
Total Water Loss Tonnes/Hr 142
Return Tonnes/Hr 249 c
(To Grinding)
Grind Make-up Tonnes/Hr 96 C
Desorb Use Tonnes/Hr © 46 c
Other Tonnes/Hr 2 check
' Total Tonnes/Hr 144 c
TPD 3448 c
TPW 24136 c
TPA 1255072 c
Tailings Dam
Tonnes 14000000 c
Mine Life Years 7
Density %Sol. WT, 80 check
S.G. Tail t/n},’ 2.02 c
Dam Volume m 8658818 c
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Il_ MT. TODD GOLD PROJECT - C.LP./C.LL. STUDY - DESIGN CRITERIA
3 MTPA at 85% Recovery
| -
CATEGORY UNITS DATA
l Schedules "
Mining  Tonnes P.A, Tonnes 3,000,000 ore
I Weeks P.A. 52
Days P.W. 6
Shifts P.D. 2
I Hours P.S. 10
Tonnes P.W. Tonnes 57,692 c
Tonnes P.D. Tonnes 9,615 c
I Crushing Tonnes Tonnes 57,692 c
‘ Days P.W. 6
Shifts  P.D. 2
| Hours P.S. 10
% Availby ' 80
Design  T.P.H. Tonnes/Hr 601 c
I Milling  Tonnes P.W, Tonnes 57,692 c
Days P.W. 7
Shifts P.D. 2
I Hours P.S. 12 check
. % Availby 92.50
Nominal T.P.H, Tonnes/Hr 371 c
I Design  T.P.H. Tonnes/Hr 380
Stripping Days P.W. 6
l Strips  P.D. 2
Design Batch Size Tonnes ¢ 279 perstrip ¢
Bullion KgAu P.A. Kg 3,825 c
I Oz Au P.A. Oz 122,977 c
I Ore Characteristic
Grade Au ght 1.50
I Ag gt 2.00 check
S.G. (dry) 2.48 WDist.% 14
267T 22
278 P 64
I S.G. Ay 2.71
Moisture % *hkkkk check
l Bulk  S.G. 1.45 W
148 T
148 p
I U.C.S. MPa 24.00 W
2910 T
I 57.10 P
Impact kWh/t 410 W
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CATEGORY UNITS
Crusher 260 T
Index 780 P
Abrasion 0.0180 W
Index 0.0046 T
0.0660 P
Angle of Degrees 37.00 (Fine)
Repose _
Free Sio2 % Ak ok
Bond BM. W.L kWh/t 1170 W
17.20 T
2470 P
RM. W.I kWh/t *xkdkx Jse B.M.
Crushing
Design  T.P.H, Tonnes/Hr 601
ROM. Size d100 mm 1,000
Truck Size Tonnes 85
R.O.M. » Bin Capacity Tonnes 170
C.0.S. Capacity L Hours 24
Tonnes 14,423
Design  Project mm 200
d&o Size
F.O.S. Capacity L Hours 48
Tonnes 17,820
Grinding Circuit f
Design  T.P.H. Tonnes/Hr 380
Feed mm 200
d80 Size
Product mm 0.053
d80 Size
Recirculating Load UF/OF
SAG Mill % 200
Ball Mill % 150
Classification
SAG Mill Product
Density %Sol. gVT. 45
Pulp S.G. t/m 1.40
%Sol.Vol 23
T.P.H. Pulp TomJ)cs/Hr 844
Vol. Flow m~/Hr 604
Ball Mill Product
Density %Sol.%VT. 42
Pulp S.G. t/m 1.36
%Sol.Vol.
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CATEGORY UNITS DATA
Ball Mill Product
_ T.PH. Pulp Tonges/Hr 905 c
Vol Flow m-~/Hr 665 c
Leaching/Adsorption
Design  T.P.H. Tonnes/Hr 380 v
Density %Sog. WT. 42
Solids Flowrate mB/Hr 665 c
Solutn  Flowrate m-/Hr 525
Sol.n Feed Grade gt 0.92
Trash Screen
Aperture Microns 1,000
C.LP. Hybrid
Leach Time Total Hr 21.50
Adsorb Hr 5 From
Model
Total Hr 26.50 c
No. of Stages Total 11
.. Leach 6
Adsorb 5
Tank Vol. Total m? 17,617 (Live) ¢
Leach m] 14,293 c
Adsorb m 3,324 c
Intertank Screen Airswept, Flooded, W’ Wire
Aperture Microns 833
Leach Recovery
Au % 85 check
Ag % 40 check
Carbon  Type PICA G210A5 (AMDEL)
Size ASTM 6x12
Design Tail Grade Au gt 0.23
Design Sol.n Tail Au ght 0.01
Design Carbon
Au Load gt 2,250 c
Ag Load g/t ek ok ok
Stripped
Au Stripped gt 50
Ag Stripped g/t 3 okokokok
Concentration kg/m 13.84 c
Massflow kg/Hr 210.44 c
Total Inventory kg 46,000 Adsorb  From
Model
Stage Efficiency % 61 From
Model
Gold Inventory kg 42 From
Model
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I' CATEGORY UNITS DATA
Res. Time per Stage Hr 43,72 c
l Transfer Cont.s Airlift
Removal Recessed Imp. Pump
I Recovery Screen
Aperture Microns 800
I Thickening
Design  T.P.H. Tonnes/Hr 380 c
F. Density %Sol, 39
_ Pulp S.G. t/m 1.33 c
I %Sol.Vol 19 c
T.P.H. Pulp Tongcs/Hr 974 c
Vol. Flow m~/Hr 734 c
I Av. Settling Rate
Compression m/Hr
Bulk m/Hr
l Sol.  Upflo m/Hr
Max %Sol. %Sol. WT.
Design ~ %Sol. %Sol. WT.
l Flocc  use gt 50 max 35min
l Desorption/Electrowin/Refine
Stripping System AARL, Cold Acid Wash
Carbon Batch Size Tonne C 2.79 c
I No.of  Strips P.W. 6
Strips  P.D. 2
Metal Stripped P.W.
Au Kg 73.56 c
' Ag Kg 46.15
Total kg 120 c
Electrowin
I No. Cells 2
No. Caths 9
Current AMPS 700
I Barren  Eluate PPM 10 max
Electrorefine
No. Cells 1
I No. Caths 10
Current AMPS 500
I Carbon Regen. Rage Kg/Hr 350
I Reagent Usage
CILP,
NaCN kg/t 0.80
Lime kg/t 1.10
I NaOH kg/t 0.20
Pb (NO)3 kg/t 0.40 max
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CATEGORY UNITS DATA
Flocc kght 0.05
Carbon t/yr 46.00
G. Media kg/t 1.50
Desorb
NaCN kgt C 25.00 2% W/V
NaOH kgt C 20.00 2% W/V
HCl kgt C 85.00 3% W/V
Water Balance
Grind Product
T.P.H. Tonnes/Hr 380 c
Density %Sol. 42
Pulp S.G. t/m 1.36 c
%Sol. Vol 21 c
Pulp T.P.H. Tonges/Hr 905 c
Vol. Flow m-/Hr 665 C
Water T.P.H. Tonnes/Hr 525
Tail
- Density %Sol. WT, 39
Water Tonnes/Hr 594 c
Thickener U/F
Density %Sol. WT. 60
Water Loss Tonnes/Hr 253 C
Reclaim Tonnes/Hr 38 15 %Rec F
Total Water Loss Tonnes/Hr 215
Return Tonnes/Hr 379 c
(To Grinding)
Grind Make-up Tonnes/Hr 146 v
Desorb Use Tonnes/Hr 70 c
Other Tonnes/Hr 2 check
Total Tonnes/Hr 217 C
TPD 5,216 c
TPW 36,512 c
TPA 1,898,624 c
Tailings Dam
Tonnes 14,100,000 ¢
Mine Life Years 4.70
Density %Sol. WT> 80 check
S.G. Tail t/ng 2.02 c
Dam Volume m 8,720667 c
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4.5 PLANT DESCRIPTION

4.5.1

452

4.5.3

In ion

The Mt Todd Gold Project CIP. treatment plant is designed to
receive run of mine primary ore and process the ore to produce a
Gold/Silver bullion product.  Treatment of the ore will involve
crushing, grinding, leaching and adsorption utilising carbon-in-pulp
technology followed by recovery of gold using the Anglo American
Research Laboratory (AARL) stripping method.

This section describes in brief the plant operation.

Section 4.3 sets down the design parameters for the process plant to
achieve the production rate of 2.0 million tonnes per annum. These
design criteria are based upon the results of a metallurgical test
programme, in-house Minproc data where no testwork was available
and, where appropriate from the performance of existing plants. A
review of the metallurgical testwork programme is given in Section
4.1.

Principal design considerations are:

Circuit arrangement is based upon single stage jaw crushing,
closed circuit semi autogenous milling, parallel closed circuit
ball milling, hybrid C.ILL. leach and adsorption and AARL
stripping of loaded carbon,

Gravity flow is used wherever possible.

Common equipment sizes are used wherever possible to limit
spare parts inventories and for ease of maintenance.

All plant and equipment is designed to a standard commensurate
with economic and reliable operation for an absolute minimum
mune life of ten years.

Layout

The Mt Todd Gold Project C.IP. plant has been located on a gently
sloping area of land adjacent to the projected pit exit. Selection of
this site will enable a minimum of earthworks. Workshops,
administration offices, laboratory and store are in the same area. The
1:1000 contour maps did not cover the area closest to the pit exit. -
Relocation of the process plant to maximise use of natural landfall
should be considered at a later stage of design.

Crushing and Fine Qre Storage

The single stage crushing plant will receive run of mine ore and crush
it to a Pgy of 200 mm product at an average rate of 400 tph. Feed
to the plant enters by direct dumping of trucks or by front end loader
using ore recovered from the coarse ore stockpile. The crusher is a
1.2 x 1.0 m jaw.

The crushed fine ore will be discharged to a 12,000 tonne open

conical stockpile which is sufficient to keep the process running for
48 hours,
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4.5.4

4.5.5

Fine Ore Recove rindin lone Classification

Crushed ore from the fine ore stockpile is recovered by three
vibratory feeders feeding onto the SAG mill feed conveyor. This
conveyor will operate with a variable speed drive and weightometer
linked to allow a constant feed to be maintained to the milling circuit.
Feed rate is 250 TPH, reducing a feed d80 of 200 mm to a product d80
of 2 mm. The SAG mill is variable speed and grate discharge.

Lime, for pH control is added to the mill feed conveyor via a variable
speed screw conveyor from a bulk storage bin. A furrow and plough
is provided which turns the lime into the feed ore. The lime feeder is
interlocked to prevent addition unless the belt is running and is loaded.
with ore. Grinding media (balls) are added direct to the mill feed
chute via an automatic ball charger in both circuits.

The SAG mill is operated in closed circuit with two 760 mm
hydrocyclones. (One standby unit)* Cyclone underflow is returned to
SAG mill feed, and overflow is split equally by an adjustable weir box
to the parallel ball mill circuit discharge hoppers. Each of the two
parallel ball mill - cyclone grinding circuits is designed to reduce Pg
3 mm fine ore to eighty percent passing 53 micron at a feed rate o(%
125 tonnes per hour giving a total feed rate of 250 tph. The circuit
consists of two 7.6 m x 53 m ¢ Ball Mills operating in parallel and
closed with hydrocyclones (8 x 254 mm diameter).

Mill product discharges through a rotating scats trommel into the ball
mill discharge pump hopper. The large steeply sloped hopper has twin
outlet nozzles to the discharge pump and standby unit. The pumps
discharge through a Tech-Taylor valve to a common mining hose
feeding the cyclone feed pressure distributor. Each of the cyclones is
valved to allow independent isolation. Cyclone underflow returns to
the mill feed chute while the cyclone overflow discharges to a two
stage trash screen.

The trash screen separates any trash such as fibre, blasting wire and
plastic from the cyclone overflow. Both the cyclone feed pump and
standby unit have variable speed drives controlled automatically to
maintain a constant mill discharge hopper level. Mill water additions
and pulp densities are maintained manually.

The ball mills and all associated equipment are located over a bunded
slab containing a sump and sump pump. Floor slopes are graded to
ensure gravity flow of spillage to the floor sump. '

Leaching and Adsorption

The leach and adsorption circuit is designed to provide a total
residence time of 21.5 hrs at the design feed rate of 250 tonnes per
hour and a feed density of 42 percent solids. Experience has indicated
that with the addition of lead nitrate the leach residence time,
together with that provided by the adsorption circuit is adequate to
ensure efficient leaching. The adsorption circuit is designed to
recover Gold from solution onto carbon and to bring Gold in solution
levels to acceptable values, before pumping to the tailing thickener
and dam.
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4.5.6

The leaching and adsorption circuit comprises nine agitated tanks
argangcd in two staggered rows. The four leaclb tanks are each 2350
m~ live capacity, and the adsorption tanks 440 m” each. All tanks are
fitted with identical open impeller agitation. These impellers are high
efficiency axial flow type which have the impeller mounted well above
the tank bottom. This arrangement safeguards the agitator should
mechanical breakdown or loss of power allow settling of the pulp over
the agitator blades.

No pre-aeration is provided. (Testwork may indicate a need for this).

The first four tanks are dedicated to leaching of Gold and Silver and
are sized to provide 21.5 hours total residence time. Cyanide, caustic
soda and Lead nitrate are introduced into the first tank via metering
pumps from ground level storage tanks.

Tanks 5-9 are dedicated to the adsorption of Gold and Silver onto
carbon and are fitted with air swept cylindrical wedge wire screens in
their individual outlets to retain the carbon population required in
each stage.

Carbon is air lifted counter current to the pulp stream using manually
controlled continuous air lifts from tank 9 through the stages to tank
5. A submerged, recessed impeller pump operating in a batch mode, is
employed to mansport carbon via a static D.S.M. screen and rotating
trommel screen to the acid wash hopper. Spray water is added to the
screen installation to remove pulp and ensure only clean carbon enters
the desorption facility. Screen underflow gravitates back to tank 5.

The tanks are interconnected by a pipework system fitted with
removable isolation valves that allow a tank to be bypassed without
interrupting the process flow.

An adjustable weir at the tank system outfall allows pulp level in the
whole tank group to be adjusted to allow an increase in freeboard.
Outflow from the leach/adsorption train gravitates by launder to the
carbon recovery system where any escaping carbon is recovered before
the slurry is discharged into the thickener feed launders. Carbon
discharged from the screen is recovered in a portable container for
storage until subsequent treatment. Screen underflow gravity feeds to
the thickener. A screen bypass system is provided.

Thickener

A 15 m diameter Hi-rate thickener is used to increase tailings pulp
density to a nominal 60% solids by weight to maximise water recovery.

Underflow from the thickener is pumped via an 6 x 4 Warman pump to
the tailings dam. A second pump is provided for standby. Both sets
are equipped with variable frequency drives and are controlled by a
coriolis unit measuring pulp flow and density. A second stage pump is
installed on the bypass line due to higher flowrates.

Flocculant is added proportional to thickener feed flow rate by
automatic control, and thickener controls are overridden according to
pulp/water interface level. Rake torque is monitored  and automatic
"rake-raise” protection at critical torque levels is provided.
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4.5.7

45.8

A thickener bypass system is provided to allow discrete thickener
maintenance and utilises a steep walled hopper for surge capacity in
the feed to the tailings pumps The bypass system uses the same
thickener underflow pumps automatically controlled on hopper level.

Thickener overflow (clear water) gravitates to the process water tanks.

A bunded slab graded to a sump and pump installation gives adequate
clean up facilities under the thickener underflow and underflow pump
area. .

Tailings

Tailings is pumped to the tailings dam via a HDPE pipe line, and after
settling, the decanted water is returned to the process water tank. A
standby pump is provided.

Desorption and Gold Room

Clean loaded carbon is treated in the 3.40 tonne capacity Anglo
American Research Laboratory stripping circuit. A total of 3.40 tonnes
of carbon is stripped on each of 7 days per week.

The circuit employs a simple acid wash hopper for acid treating carbon
to remove scale build up. Batch rinsing follows the acid soak and the
carbon then gravitates into the AARL stripping column.

Following a caustic cyanide presoak, potable elution water, heated to
120° C is pumped through the column. This liquor returns via the
heat recovery section of a heat exchanger to an eluate storage tank.
The process continues until approximately six bed volumes have been
pumped through the column.

Following the elution cycle, the pregnant eluate, at approximately 65
degrees centigrade, is cycled through an electrowinning cell where
Gold and Silver are won on stainless steel wool cathodes. Spent
eluate typically contains less than 10 ppm Gold.

Loaded cathodes from electrowinning are transferred to an
electrorefining cell as anodes, and Gold and Silver are won onto
stainless steel plates as a foil.

Loaded cathodes from the electrorefining cells are then removed and
scraped. ~ The foil is dried, fluxes added and then smelted in the
barring furnace.

Regeneration of stripped carbon is carried out in a gas fired vertical
kiln at 650 degrees centigrade. Reactivated or fresh carbon is educted
back to the adsorption circuit from the quench hopper where it is
drained over a DSM screen and metered to the adsorption tank.
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45.9

ater Usage and Treatment

From the raw water dam water is 3pumped to 2 x 1200 m3 process
water tanks for make-up, via the 400 m” raw water surge tank.

Raw water pumps are sized for peak demand and standby units are
provided at both installations.

Raw water is distributed to the desorption area for carbon transfer
and screening as well as to safety showers, reagent mixing, and wash
down hoses. A water softener is provided exclusively for elution
water, to minimise scale-up of heat exchangers, acid washing, and for
potable use.
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MT TODD C.LP. GOLD PROJECT

l a EQUIPMENT LIST
1 CRUSHING
l Quantity Description : Power (kW)
1 R.O.M. Bin
l 1 Primary Crusher Grizzley Feeder
1.2mx50m 22 kW
' 1 Primary Crusher
48 x 42 Double Toggle Jaw 130 kW
l 1 Primary Crusher Maintenance Hoist
3 t Electric Traveling 2 kW
1 Primary Crusher Dust Collector
I Dalamatic Type DLLM \ 3 kW
.. 4
1 Primary Crusher D/C Conveyor
l 1000 mm wide. 125 m Long 30 kW
1 Tramp Metal Magnet -
I 1 Weightometer
I Page 37




GRINDING

Quantity
3 (2+1S/B)

i ek ek

2 (1+S/B)
1

MT TODD C.LP. GOLD PROJECT - ‘

EQUIPMENT LIST

Description

Crushed Ore Stockpile Reclaim
Feeders Syntron FV-370

Reclaimed Ore Conveyor
750 mm wide x 80 m long

Weightometer

Reclaim Tunnel

Lime Silo c/w Feeder (38t capacity)
SAG Mill Ball Charger

SAG Mill Feed Chute

SAGMill 53 mx7.4m

SAG Mill D/C Hopper

SAG Mill D/C Pumps 8.6 E-AH

Primary Cyclone Cluster
3 x 750 mm diameter
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MT TODD C.LP, GOLD PROJECT

1
I .
l EQUIPMENT LIST
i
l RINDIN
I | Quantity Description Power (kW)
l 2 Ball Mills
5.3 mx 7.6 m x 4000 kW 8000 (2 x 4000)

I 2 Ball Mill D/C Hoppers

4 (2+25/B) Ball Mill D/C Pumps 8/6EE-AH 264 (2 x 132)
| 2 Ball Mill Feed Chutes

2 Secondary Cyclone Clusters
l 8 x 250 mm diameter

1. Flow Splitter Box
l 1 Grinding Area Sump Pump 11

1 Ball Charging Hoist
l 3t Travelling Electric 3

2 Ball Kibbles
I TOTAL 10538.8
i
i
i
1
i
i
I Page 39




ADSORPTION

Quantity

MT TODD C.I.P, GOLD PROJECT

EQUIPMENT LIST

Description
Trash Screen DSM Type

Leach Tanks 3250 m> vol

Leach Tank Agitators
783Q125

Adsorption Tanks

Adsorption Tank Agitators

77Q30

Intertank Carbon Screen
Assemblies

Air Lift Assemblies

Fine Carbon Backup Screen

L.P. Air Blower
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360 (4 x 90)

440 m3 vol
110 (5 x 22)
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1

I MT TODD C.I.P. GOLD PROJECT

l EQUIPMENT LIST

i

i ADSORPTION

I Quantity Description Power (kW)

l 1 Tails Thickener, 15 m Dia. H-R 1.5

f 1 Thickener Floc System |

l 3(1+1+1S/B) Thickener U/F Pumps 6/4 EE-AH 300
1 Thickener by-pass Hopper

l 2(1+5/B)  Tails Water Return Pumps 10

(Submersible)

I 2 Process Water Tanks 1200 k1
i Raw Water Tanks 400 ki

l 1 Water Treatment Plant 2.2

: Ion Exchange Type
l 2(1+5/B)  Raw Water Dam Pumps 25
(Submersible)

I 2(1+5/B)  Process Water Pumps 90
1 Screen Handling Hoist 1t

i

1

i

1

i

1
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I MT TODD C.I.P. GOLD PROJECT
I EQUIPMENT LIST
I ADSORPTION
I Quantity Description Power (kW)
I 2(1+S/B)  Raw Water Pumps 90
1 Carbon Recovery Pump 1.5
l 1 Carbon Recovery Screen/Trommel 2.2
1 | Adsorption Area Sump Pump 1.5
l 2 Return Carbon Dewatering Screens
DSM Type
l Page 42




I
|
! MT. TODD HEAP LEACH GOLD PROJECT
I | EQUIPMENT LIST
DESORPTION PLANT
|
Qty. Description Power kW
1
| 1 Acid Wash Hopper -
I 1 Elution Column (3.4 t) -
I 2 Heat Exchangers -
| Thermocal Heater 55
I 1 Kiln Feed Hopper Screen (D.S.M. Type) -
1 Carbon Regen. Kiln ¢/w Predry Hopper :
I & Discharge Feeder S5
1 Carbon Quench Hopper 6
I 1 Carbon Eductor -
1 - Electrowinning Cell ) | -
l 1 Electrowinning Cell Hood/Fan 55
l 1 Electrowinning Cell Rectifier -
1 Electrorefining Cell
I 1 Electrorefining Cell Hood/Fan
1 Electrorefining Cell Rectifier
I 1 Dryer 3
I 1 Barring Furnace -
1 Electronic Balance -
I 1 Safe -
3 Eyewash/Shower | -
I 1 New Carbon Handling Hoist 2.5
I 1 Set Miscellaneous Goldroom Tools -
| 1 | Electrorefining Cell Circulation Pump 1.1
I 1 Inline Basket Filters (Eluate) -
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EQUIPMENT LIST (Cont)

DESORPTION PLANT

Qty. Description Power kW
1 Potable Water Tank
1 Transfer Water Tank 15001 -
1 Transfer Water Pump 2.2
1 Caustic Storage Tank 120001
2 Caustic Dosing Pumps 3.7
1 Eluate Tank -
1 Eluate Pump 1.1
1 Cyanide Storage Tank -
1 Cyanide Mixing Tank -
1 Bag Splitter -
1” Cy‘anidc Mixing Tank Agitator 1.1
1 Elution Cyanide Metering Pump 18
2(1+8/B) Cyanide Dosing Pump 37
1 Thermocal Expansion tank
1 Desorb Area Sump Pump 1.5
1 Hot Oil Pump 37
2(1+S/B) Potable Water Pumps 35
1 Lead Nitrate Storage Tank
2(1+S/B) Lead Nitrate Dosing Pumps .18
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EQUIPMENT LIST (Cont)
ESO P
Qty. Description Power kW
1 Cyanide Bag Hoist 3
1 Acid Storage Tank
1 Acid Dosing Pump 18
1 Elution Caustic Metering Pump 18
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1

I

L MT TODD C.I.P, GOLD PROJECT

l EQUIPMENT LIST

l SERVICES

I Quantity Description Power (kW)

I 1 H.P. Air Compressor 30
1 Instrument Air Dryer 2.2

I 5 Bore Pumps 25 (5x5)
1 L.P.G. Storage Facility

I TOTAL 1206.71

I Plant Total 11745.51 kW
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4.7

MANNING

The manning requirements have been assessed on the basis of experience and
industry practice. A leading hand has been incorporated due to the significant
number of off sitc elements in the operation - ie. tailings dam, raw water
dam, bores. The position would ideally be filled by a boilermaker to cope with
minor maintenance, however the local union climate will determine the
feasibility of this approach.

The bulk of the manning structure is as set out for the heap leaching study.

An extra mining engineer, geologist and metallurgist have been included, plus
the maintenance foreman position has been converted to an engineering role.
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FIG 4.7
MT. TODD GOLD PROJECT
A HART

Total Strength - 46

Mine Manager

I
| Mine Superintendent Mine Geologist Administration Officer
| Mining Engineer Geologist Store Clerk:
I Mine Surveyor Grade Control Officerx2 Computer Operator
| Chainman Samplersx2 Accounts Clerk
I Typist/Secretary
I Typist/Secretary
I
I
|
l

I

Metallurgy
Superintendent

I

|

I

I

I [ | I
General Foreman Maintenance Engineer Chemist Plant Metallurgist
Crushing3x 1 Fitters x2 Metallurgist
Grinding & CIP 3 x 2 Boilermakers x2 Gold Room Foreman
Leading Hand 3x 1 T/Ax2 .
Day Crew x 2 Elect/Instrumt x2

(Tradesmen on Contract)
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4.8 REAGENT MIXING

A schedule is illustrated in Table 4.8, showing for all metallurgical consumables
their estimated consumptions and handling methods. '

This data has been determined by testwork and from experience of similar
processes. The costs are tabulated in Section 7, although lead nitrate was not
included in the total cost.

Most reagent hold/mixing/dosing equipment costs are incorporated in the

desorption area. The exceptions are flocculant (in thickener cost) and grinding
media (in grinding area).
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TABLE 4.8

Reagent Schedule - 2.0 MTPA

A summary of the reagents and consumable used for a 2.0 MTPA ore treatment rate is presented.

STORAGE FACILITY
EST. MONTHLY CAPACITY STORAGE
REAGENT PRIMARY USE PHYSICAL FORM DELIVERY CONSUMPTION (1) TONNES TYPE
Sodium Cyanide Gold & Silver Solid briquettes Boxed 1 tonne 133 300 Bozes in fenced compound
MNaCN) leaching {99% NaCN) bulker bags
on pallets
Lead Nitrate Gold & Silver 30% solust'ion (wiw) 22 tonne tanker 50 28 Fibreglass tank vented
(PbNO3) leaching (135 ¢/m™) truckloads to atmosphere
Hydrochloric Carbont 35% solotion (w/w) 22 tonne tanker 9 11 Fibreglass tank vented
Acid (HC) Washing (155 vm®) truckloads o atmosphere
Canstic Soda Carbon stripping 50% solution {w/w) 22 tonne tanker 52 30 Mild Steel] tank vented
(N2OH) & pH adjustment (155 ym°) trackloads to atmosphere
Quick Lime Ph adjustment Powder 22 tonne truck 250 38 Mild steel silo with bag
{Ca0) pneumatic transfer filter vent
Flocculant Thickener Selution 2001 dmm 9 20 Drims stored in fenced
settling compound
Borax (NazB 40.;} Smelting Flux Powder 40 kg Bags 0.16 2 In store building
Niter (NaNOa) Smelting Flux Powder 22.5 kg Bags 022 2 In store building
Silica Flour Smelting Flux Powder 22.5 kg Bags 0.22 2 In store building
(5102)
Grinding Media Grinding Steel balls Approx. 1 tonne 250 600 Stacked drums
drum in 22 tonne loads
Carbon Adsorption Granular coconut 100 kg drums in 3 20 Remain in containers
Shell containers until required




5.0 REVIEW OF PROCESS OPTIONS
5.1 COMMINUTION

The grinding circuit is designed on the basis of 92.5% availability. An overlap
is incorporated between the two grinding lines with respect to size - a Pgy for
the SAG mill of 2000 microns (product) and a feed FSO for the ball mHl of
3000 microns.

Primary grinding classification for the purposes of this study is accomplished
by hydrocyclone. A screen option should be examined in detail at a later
stage (and selection of grate gap dimensions). The primary (SAG) mill is
variable speed to accommodate the variability in ore types (I2 - 25 WI) and
permit control over power usage.

The SAG mill product size was selected to maximise ball mill efficiency and
was scaled up on this basis. Initially the SAG mill was sized to serve in open
circuit.  This introduces a 20% inefficiency in power, so a cyclone classifier
was incorporated as mentioned above. The circuit balance was selected to
ensure a cyclone underflow density suitable for SAG mill feed.

Ball mills were selected on the basis of a WI of 23, and are sized to achieve a

53 micron product d80. This size may be a little conservative. Classifiers and

pumps were sized on the basis of a 150%. recirculating load (250% of feed rate

in cyclone feed), and a d80 equivalent to the product p q specification. The

ball mills are fed from a two way splitting device which is adjustable to

balance flow between the two circuits. This is more practical than attempting
., to use a common sump and/or cyclone cluster at this stage.

A mass balance and cyclone selection parameters are shown for each circuit in
Tables 5.1 and 5.2,

This approach is significantly cheaper and simpler than a crushing/rod milling
circuit (and more efficient). If a combined heap leaching/CIP process is
considered in the future, there is potential for dewatering SAG mill product,
and either stockpiling or agglomerating. This could be achieved by DELKOR
linear screening or a small aperture vibrating screen, and carried out on a
campaign basis when ore of 0.6-1.0 g/t was available.

The three million TPA case would require two 5.30 x 5.2 SAG mills feeding
three 5.30 x 7.6 ball mills. Table 5.3 shows the revised SAG mill mass balance.

No evidence is available to suggest that a gravity circuit in the ball mill
recirculating load would be feasible. It is recommended that recess liners be
used in the mills, and that material collected there be assayed for Gold.

The Mt. Todd ore has a low crushing impact work index relative to the ball
mill work index. This creates uncertainty with regard to SAG mill behaviour
and the potential for critical size buildup. The effect can be summarised by
envisaging good breakage to a size range from 20 - 60 mm, with only attrition
grinding beyond this point. ‘This could lead to large recirculating loads and a

much finer product, which in turn would make poor use of the ball mill
capacity.

A rod mill/ball mill circuit should be considered for the feasibility study as an
alternative approach.
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5.2 CJILP.PLANT
A. Leaching and Adsorption

Test data for the study from AMDEL was delayed, thus the design
exercise proceeded on the following data:

- 24 hour leach duration

90% Gold recovery from solids
2,000,000 TPA at 1.5 g/t Gold
- 90% passing 75 micron grind.

Kinetic  characteristics were approximated from previous experence,
and design proceeded on the following assumptions:

- pulp density/viscosity effects are negligible

- oxygen supply was adequate by entrainment
- carbon performance is "typical"

- there are no carbon fouling problems

- a 15 m high rate thickener would be adequate
- reagent consumptions are "normal", .

Without leaching and carbon adsorption profiles, a Carbon in Leach or
hybrid C.LL. circuit could not be designed with any confidence. A
Carbon In Pulp circuit was used with reasonably conservative residence
times. A 42% solids by weight slury was adopted, as slurries of
higher density are difficult to classify to the required size, and
commonly reduce carbon kinetic activity.

Referring to the original AMDEL agitation leach testwork, a fairly
rapid leach was attained. This implied that the design in this report
may be refined to a C.LL. circuit at the next stage of design, with
potential for reduction of capital cost. Typically, an economic analysis
requires comparison of the reduction in capital cost with the extra
costs of carbon inventory (and Gold lockup).

Leach kinetics are often significantly enhanced with Lead nitrate
addition , and often overall recovery increases as well. ‘This is a
double effect, in that Lead will scavenge Sulphur products from
sulphide oxidation (which would both passivate and reprecipitate Gold,
and consume cyanide by forming thio cyanates), and carbon activity is
enhanced by the nitrate ion. This offers further potential for capital
cost reduction,

Further testwork indicated that the 24 hour leach residence time is
inadequate. A 48 hour leach should be checked in the next stage of

testwork, plus the strategy of liquid oxygen injection or hydrogen
peroxide addition. .




Leaching was based on a 21.5 hour residence time requirement. This
was a function of tank construction limitations and experience.
Adsorption capacity was scaled up by use of a procedure which
assumes a steady state process (with regard to head grade and slurry
characteristics) and ideal plug flow. A minimum of 5 stages is utilised
to avoid short circuiting, each with a residence time of 1 hour.
Effects of carbon degradation have not been incorporated at this
stage. Five stages were selected as this yields a stage efficiency of
~61% for a recovery of 90% Au from 1.5 g/t ore. A sixth stage was
considered, however the extra capital cost is gfeater than the
reduction in carbon inventory.

The screen, carbon transfer and flow control systems are based on
well tried Minproc designs which have been built up over many plant
design and performance cycles, Variants which would be examined
more closely at a later stage of design would be screen selection for
trash and carbon safety duties (DSM versus high frequency vibrating
screens) and carbon transfer methods (air lift versus water eduction).

The impact of processing 3 million TPA would be felt in the cost of
tankage, although some enconomy of scale may apply.

Leaching profiles were so varied that the initial decision to use C.LP.
may well stand. A CILL. process generally requires rapid initial
leaching rates. Some of the tests exhibited a reprecipitation
characteristic, however, which could weigh in favour of a hybrid C.LL.
circuit.

Desorption

The Anglo American Research Laboratory (AARL) stripping process has
been selected to maintain maximum flexibility, and minimum labour
requirement, ‘

The AARL process is much faster and more automated then the Zadra
process, and a new strip can start as electrowinning proceeds.
Cooling of eluate is unnecessary and heating costs are lower.

In the Mt. Todd situation cost of pure water is negligible, and if 50%
cyanide recovery is assumed then operating costs of Zadra and AARL
systems are very similar. Capital cost for the two systems is also
very similar.

Ultimately, the advantage of AARL for the Mt Todd project is that
shift crews can be kept to a minimum, and any significant influx of
Silver will have less effect. If capacity expansion is required, even
temporarily, an extra back shift can be worked.

An acid wash hopper system has been designed to fit over the elution
vessel.  This is cheaper than a second column and the associated
carbon transfer equipment.

The electrowinning circuit operation is less critical for AARL since it
operates in a closed loop with the eluate tank, and pass efficiencies
need only be 55-75%. Current efficiency is higher and cell and
cathode sizes are lower relative to a Zadra system. The flow sheet is
illustrated on flowsheet 2.
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5.3 WATER MANAGEMENT

5.4

I

Figure 5.1 sets out a conceptual water balance for the process.  This
represents a steady state situation, with the only water usage not accounted
for being the internal recycle of trash screen and carbon safety screen sprays.

In the wet season a significant amount of water will be available from the
tailings dam water Tecpvery system,3 which may reduce the raw water
requirement from 147 m°/hr to ~16 m°/hr (for desorption, reagent mixing and
domestic use). In the dry season it is anticipated that only 15% recovery of
tailings dam water will be achieved.

A fall from 42% solids in leach feed to 39% solids in leach tail has been
allowed. This accounts for hose up, carbon recovery screen sprays, addition of
reagents and desorption recycles into the C.L.P. process.

Raw water is pumped from the raw water dam to a 400 m3 raw water tank on
a demand basts. Pumps distribute water to the water softener for domestic
and desorption use which feeds a small potable water tank. This tank pumps
water to the process transfer water tank in the desorption area and into the
domestic ring main. The Raw Water tank pumps also top up the process water
tanks on a demand basis. These comprise 2 linked 1200 m tanks, which will
keep the operation on line for 24 hours should either the thickener be by-
passed or the external raw water supply fail. The raw water tank is sized to
run the reagent/desorb/domestic system for 24 hours should the external raw
water supply fail.

Raw water dam pumps are sized to deliver 200 m3/hour. Tailing reclaim pumps

" are the same capacity, but will only pump when a high level is achieved in the

reclaim pond, and shut down at low level. Tailing thickener overflow water
will gravitate to the Process Water tanks. The thickener selection was based
on experience of other operations. Testwork data arrive% after the bulk of
the report had been written. Using a worst case of 0.7 m“/ipd, a 12 m High
Rate thickener is required whereas a 15 m unit cost was used.

Tgc raw water dam is anticipated to yield 600,000 m? pey year of the 800,000
m containfd. The bore source should yield 400,000 m”, leaving a deficit of
260,000 m~. This capacity should easily cover the dry season requirement, and
the wet season should quickly replenish both sources, particularly as tailings
dam catchment will have to be used for process water top up due to the slight
contamination involved.

At 3 million TPA, 50% more water is required. Either source is amenable to
capacity expansion,

TAILINGS DISPOSAL

The site selected for the tailings dam system (shown on the site plan) is based
on the following criteria:

1. The near surface geology is assumed to be similar to that at
the raw water dam site, where Golder Associates test pit logs 1
- 5 indicate strong tight rock at shallow depths. Thus base
permeability is expected to be very low in this area, minimising
the likelihood of groundwater contamination.
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2. The topography provides adequate storage for 20 million tonnes

of tailings with minimum earthworks construction for dam
" walls.  Volumetric capacity is based on a final settled density
of tailings of 1.50 (tonnes of solids per cubic metre) which
should be readily achieved using controlled sub-aerial beaching,
and by minimizing deposition and storage of tailings under
water.

3. Construction is staged to provide storage initially for one
year’s production of tailings, with successive lifts to the
various dams providing increased capacity for the ongoing
production.

Storage must be provided for rainfall arising from wet season
conditions; whenever possible in a locaton not over tailings.
Wet season storage is based on the worst record season
(December 1897 - March 1898), allowing run-off coefficients of
1-0 for rainfall on dam surfaces and 0.7 for rainfall off the
dam.  Diversion drainage is provided to minimize off dam
catchments, but because of the steep nature of the topography
it is not practicable to completely eliminate these. Evaporation
losses from wet surfaces of tailings and retention ponds have
been allowed for in sizing retention areas, and it has been
assumed that contaminated water in retention ponds would be
used preferentially for process water where possible to
minimize the storage requirement.

b

5. Water recovery from tailings would be by fixed decant towers
with recovery pipes laid under dam walls to decant panels.

6. Dams intended as water storages would be constructed with
impervious core composed of compacted select fill including
adequate fines placed under controlled moisture conditions.
Dams intended to retain tailings only may be constructed from
select mine waste rock to form a semi porous wall.  This
construction will provide for initial drainage of the tailings
placed adjacent to the wall, but migration of tailings fines will
seal the wall as deposition progresses.

5.5 FURTHER WORK

It is difficult to comment until the final AMDEL report is available. However,
the following recommendations are based on current knowledge, and the
anticipated requirements for the next study stage.

"
I"

1. A repeat of the grind optimization should be carried out for leaching,
with finer sizes included.
2, Lead Nitrate additions should be tested.
3. A "practical” mineralogist such as Wally Fander should look at the ore.
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4, Tests should document/carry out:

dissolved oxygen, D.O. uptake.

- residue sizings on all tests,

- residue assays and head assays.

- a series of reproducibility tests to 24 hours (to obtain residue
grade).

regrind and releaching of ore residue,

5. In light of the large power draws involved, High Pressure rolls
crushing testwork should be pursued, with the intent of reducing ball
mill power use.

6. Bond ball mill work index tests should be carded out close to the
chosen product size. Rod mill work index testwork should also be
carried out,

1. A residue sample should be sent to both Larox for thickener testwork

and Lightnin for checks on mixer selection.

A provisional program of further testwork is included in Appendix 4.
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6.0 CAPITAL COST ESTIMATE

6.1

6.2

INTRODUCTION

Capital cost estimates have been prepared for the project and are summarised
on Figure 6.1. All costs are in Australian Dollars as at November 1988,

Figure 6.1 shows the overall capital expenditure, with timing of expenditure
shown on Figure 8.1 and associated financial analyses schedules.

All capital estimates prepared for this study are based on current mine and
process plant development costs.

All units used are metric,

The estimates are regarded as having an accuracy of * 25%.

PLANT AND SERVICES (Refer Figure 6.1 - sheet 1 of 3)

Capital costs for process plant and services have been estimated by
undertaking sufficient preliminary design to establish the scope of work and
utilising  budget prices obtained from suppliers and actual costs from
comparable projects. The estimate is summarised on Figure 6.1; it should be
noted that the estimates include a contingency provision. A figure of $6.1
million is spread over 10 years to cover ongoing tailings dam expansion.

The scope of facilities covered by this estimate is set out in Section 2.0 and

- below. The interface points in the assumed scope of work and other aspects in

clarification of the scope may be further stated as :

- Initial earthworks at the R.O.M. stockpile, but excluding the fill for
the ramp and stockpile area,

. Connection of power from the plant area switchboard,

. Earthworks and roadworks are limited to the treatment plant area,
pads and ponds, rain water dam and site roads within the lease area.
It is assumed that mine waste is delivered to the required areas for
construction purposes e.g. dams. No provision is made for mine haul

roads which are anticipated to be constructed as part of mining
operations.

. It is assumed that the mining operation is undertaken by a
contractor who will provide appropriate support facilities e.g.
workshop, store, pumping, lighting, fencing and magazine,

. Estimates are based on new equipment,

- Included in the estimate for the plant is the cost of engineering,

project and construction management services associated with design
and construction of the plant and initial site works.

. No provision is made in the plant estimate for "all risks" insurance
during construction as it is considered more economical for the
owner to incorporate such cover in an overall project insurance, and
provision is made under the heading of owners costs,
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6.2.1

6.2.2

6.2.3

6.2.4

6.2.5°

6.2.6

6.2.7

6.2.8

6.2.9

6.2.10

6.2.11

- Further points of clarification regarding the scope of the capital
estimate are shown below.

Earthworks and Civils

Preliminary estimates of earthworks quantities have been prepared as
indicated.

Concrete
The estimates contain concrete works for each facility shown.
Structural Steel

The estimates are for supply and erection of structural steel for each
facility.

Platework & Tanks

The estimates are for supply and erection of platework and tanks.
Equipment

The estimates are for supply of equipment as listed on Tablq 6.1.
Mechanical Installation

The cost of installation of mechanical equipment has been estimated
using information from comparable projects.

Pipework and Services
Plant piping and services reticulation have been estimated.
Buildings

Provision is made for supply and erection of the buildings as listed in
Section 3.5.

Electrical

Electrical services are provided for the process plant with power
supply included under infrastructure.

Furniture and Equipment

Provision is made for supply and installation of laboratory equipment.
Furniture and equipment for other buildings is included as shown.

Freight

A separate provision is made for freight of equipment and materials
purchased ex works,
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6.3

6.2.12

6.2.13

6.2.14

INFRASTRUCTURE (Refer Figure 6.1 - sheet 2 of 3)

Fees

Provision is made for construction fees incurred by a contractor.
Contingency

A contingency of approximately 10% of plant direct costs is included.

Design, Project Management, Site Temporary Works and Project
Expenses

Provision is made for the costs incurred by a contractor -undertaking
design and construction of the process plant and associated site works
necessary to bring the plant to the stage of commissioning.

6.3.1

6.3.2

. 633

Water Supply

Water supply is obtained from a bore system adjacent to the mine and
plant area. The cost of this work is included under process plant.

Power 1

The alternatives for power supply are reviewed in Section 3.0. The
estimate provides for power from the state grid.

Access Road ;

The alternatives for road access to the site are reviewed in Section
3.0 and the cost estimates for Options 1 and 2 are summarised below.

Option 1 - Upgrade Existing Road

. Road upgrading 4.5km @ $20,000/km 90,000
. Edith River Crossing 358,000
- Minor Creek Crossings (4 off) 40,000
$488,000
Option 2 - Use Alternative Crossing
. New Road 2.5km @ $25,000 62,500
. Road upgrading 1.5km @ $20,000 30,000
. Stow Creek Crossing 186,000
. Minor Creek Crossings (4 off) 40,000
$318,500
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6.3.4 mmodation

As discussed in Section 3.0, single accommodation could be provided
either on site or in Katherine. The estimates for these two
alternatives are summarised below.

(@)  Accommodation on Site

For accommodation on site using transportable construction

camp type buildings,
13 off 4 man accommodation units 865,000
50 man laundry 32,000
50 man kitchen/dinner 100,000-
50 man recreation building 55,000
Site preparation, civils 100,000
EPCM 70,000
$1,222,000

(b) Accommodation in Katherine

For accommodation in concrete block, airconditioned units, 2

storey,  single rooms with toilet/bathroom shared by two
Occupants, central messing and laundry,

Accommodation units (50 off) 1,085,672
o Carports 181,021
Kitchen Dinner 155,349
Fitting out 365,700
Services and
Land Purchase (zoned land) 150,000
EPCM 140,000
$2,077,742

It is likely that room numbers will be reduced to 40 with the
possibility of local employment or personnel making other
arrangements for accommodation. The cost of accommodation
is reduced to $1,662,194 for the purposes of this study.

() Staff Housing

Staff  Housing is included for five senior staff. Enquiries
indicate that existing housing is readily available for purchase.

However, for the purposes of this study, new housing has been
assumed.

6.4 MINE DEVELOPMENT (Refer Figure 6.1 - sheet 2 of 3)
6.4.1  Permanent Mining Facilities

No provision is made for mining facilities as contract mining is
assumed.

]
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6.4.2  Preproduction Development

As indicated in the mining study, preproductlon dcvclopment has been
estimated as shown on Figure 6.1 \

6.4.3  Mining Equipment

No provision is made for mining equlpment as contract mining is
assumed.

6.5 OWNERS’ CAPITAL (Refer Figure 6.1 - sheet 3 of 3)
6.5.1  Light Vehicl

Allocation of light vehicles has been assumed as set out below.

OTHER 4WD SEDAN. 4WD UTE
Mine Manager \ 1
Mine Supt 1
Surveyor 1
Geologist 1
Met. Supt 1 :
Admin. Officer 1
Maintenance ' ' 1
Plant Foreman Bus x2 o
+. Store Forklift _ 1
First Aid Ambulance
Summary
Toyota Land Cruiser 4WD 4 x 40,000 160,000
Falcon Sedan 2 x 27,000 54,000
Toyota Utility 4WD 2 x 40,000 80,000
Bus/Toyota 4WD Troop Carrier . 2 x 40,000 80,000 .
Ambulance 1 x 50,000 50,000
Rough terrain forklift 1x 60,000 . 60,000
(2 tonnes)
$484,000

6.5.2  Recruitment and Training

An allowance equal to three months labour cost is made to cover
recruitment and training costs, :

6.5.3  Process Plant Maintenance and Replacement

In calculation of operation costs, provision has been made for
maintenance of plant and facilities including purchase of spare parts
and equipment replacement. The annual expenditure on this item has
been included on the financial analysis schedulcs in Section 8.0.

6.5.4  Insurance During Construction

]

Provision for insurance during construction has been included in the
amount of $ 70,000.

'
I
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6.6

6.7

6.8

6.5.5 PFacilities in Katherine

A sundry provision of $ 50,000 has been made for facilities in
Katherine. ‘ :

RKING CAPITAL

6.6.1  Process Plant

A vprovision of $ 800,000 has been made for working capital for the
process plant and site facilities,

K ine

A provision of § 50,000 is made for working capital for facilities in
Katherine.

EXCLUSIONS
Excluded from the capital costs are the following :
. Land acquisition for mine lease area -
. Owners Head Office Cbsts
. Mining Equipment
. Lease Equipment
. Environmental permits and associated costs.
. Legal Fees. -
. Water rights and associatéd COSts.
. Taxes and statutory fees except as stated herein.
CHANGES TO CAPITAL
Extra leaching capacity was costed and included as follows (43 hours):
Platework $ 1.177 million
Steelwork $ 0.176 million
Concrete $ 0.144 million
Agitators $ 0.440 million

These costs apply to 8 x 2350 m3 tanks, whereas economics would be achieved
using larger units.

The estimate of capital cost reduction by grinding to 75 microns (rather than
53 microns) is $ 1.2 million.
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7.0 OPERATING COSTS . .

Operating costs for mining have been documented in the mining pre-feasibility
study (Appendix 3).  This cost is comprised of the basic mining activity
(drilling/blasting/handling/transporting) for both ore and waste, plus the cost
of grade control and mine site services. Because this study is to be compared
with the heap leaching result, the equivalent cost will be used in the financial
analysis. It would be preferable to process the costs by year, reflecting the
changes in ore to waste ratios. The mining operating costs have been stripped
of any administration and labour costs which are covered by the overall
manning or infrastructure costs.

Manning/labour costs are based on a total strength of 46 persons, and the
manning is based on the same structure defined in the heap leach operation.
After further enquiries at Pine Creek, the process operator wages were
increased to between $41 - 43,000 P.A. The manning chart is illustrated in
Figure 4.7 and Table 7.1 shows the costs. '

Process costs are divided into reagents and steel in Table 7.2, and power costs
in Table 7.3 are based on 10 cents/kWhr.

All operating costs have been updated to reflect recent changes in manning,
grind size and leaching capacity. -

The process operating costs (as revised) are:

Manning - $ 1.29/tonne of ore
“Consumables - $ 4.26/tonne of ore
Power - $ 2.91/tonne of ore
Total - $ 8.46/tonne of ore
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TABLE 7.1
Billiton A Pl
Mt. Todd Gold Project
Title/Position No. Salary Burden Cost/Tonng
Staff Cost
Factor
Mine Manager 1 80,000 1.3
Mine Engineer 1 75,000
Mine Surveyor 1 55,000
Mine Geologist 1 75,000
Met. Supt. 1 75,000
Plant Met, 1 45,000 -
Gen. Foreman 1 50,000
Gold Room Foreman 1 38,000
Mining Engineer 1 42,000
Geologist 1 42,000
Metallurgist 1 42,000
Chemist 1 38,000
Maint, Engineer 1 45,000
Admin. Officer 1 50,000
Staff Total 14 772,000 1,003,600 50.18 c/tonne
Award
Process
Crushing 1x3 41,000
Grinding 1x3 41,000
ClP. 1x3 41,000
Day Works 2 32,000
Lead/hand/maint. 1x3 43,000
Bit .
Grade Controllers 2 45,000
Samplers 2 40,000
Chainman 1 40,000
Administration
Store Clerk 1 ' 30,000 ,
Accounts Clerk 1 30,000
Computer Op. 1 25,000
Typist/Reception 2 20,000
Maintenance - Contract
Fitter/Turner 2 44,000
Boilermaker 2 44,000
T/A 2 35,000
Elect/Instruments 2 48,000
Award Total '32 1,219,000 1,584,700 79.24 cftonne
Site Total 46 1,991,000 2,588,300 $ 1.29 /tonne
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TABLE 7.2
Operatin ts - Consumabl |
Consumable Addition % A_&l}uﬂal Annual nﬂtgm.qm
$/kg $°000  tonnes
Sodium Cyanide 0.8 kg/t 2.80 4,480 1,600 224
Lime 1.1 kg/t 0.18 396 2200 020
Sodium Hydroxide 0.2 kg/t 0.8 320 400 0.16
Lead Nitrate 0.4kg/t max. 1.83 1,464 800 0.73)
Flocculant 50 g/t max.  4.20 420 100 | 0.21
Carbon 15 git 4.5 135 30 0.07
Grinding Media 1.5 kg/t 0.8 2,400 3,000 120
Reagents & Fuel
(Gold Room) 0.12
Water Treatment 0.01
Workshop/Lab. 0.03
Overheads 0.02
TOTAL 4.26
TABLE 7.3
Power Costs for a 2 million TP
C.LP. Process Plant
Basis 10 centers per KWht
Plant Installated Av.Drawn Annual  $/tonne k tonn
kW kW kWhrs
Comminution 8,738.8 5,658.37 49,567,347  2.48 24.78
and Process 1,455.02 942.13 8,253,019 041 4,13
Process 111.69 39.09 342,442 0.02 0.17
Total 10,305.51 6,639.59 58,162,808 2.91 29.08
Basis Comminution 92.5% availability, 7 days-/wcck
& Process
Process 50 % availability, 7 days/week
Diversity 70 %
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8.0
8.1

8.2

FINANCIAL ANALYSIS 3
GENERAL

The financial analysis of the project has been influenced by" a number of
factors: :

Gold price
. Exchange rates ($US/$A)
Plant treatment rate
Ore reserves
Head grade
Variation in operation cost
Variation in capital cost
Table 8.1 presents the following information for use in the financial evaluation:
Annual pit production
Recovery rate
MR Gold production
Exchange rate
Revenue
Operating costs
Capital costs

The net project cash flow before tax is presented together with net present
value calculated with a discount rate of 14%. :

BASIS OF FINANCIAL EVALUATION

The financial parameters are adopted in the base financial case:

Gold Price - an unescalated price of US$400 per oz with an
alternative case using US$550 '

Exchange Rate -  exchange rate for US$AS have been used as shown below
Inflation - no account has been taken of inflation |
Tax - the proposed tax on gold mining has been ignored
Royalty - royalty charges have been excluded
Discount Rate -+ a discount rate of 14% has been used to calculate net
present value (NPV)
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Internal Rate - internal rate of return (IRR) is the discount rate for

Return which the NPV is zero

Finance - no financing charges have been included.

SCHEDULE OF GOLD PRICES
AND EXCHANGE RATES
CASE 1 CASE 2

GOLD PRICE $US/oz 400 550
EXCHANGE RATE ($US/$A)
1989 Year 1 0.74 0.72
1990 2 0.70 0.66
1991 3 0.72 0.66
1992 4 0.75 0.67
1993 5 0.77 0.68
1994 6 0.78 0.69
1995 7 0.79 0.70
1996 8 0.80 0.71
1997 9 0.80 0.72
1998 10 0.80 ¢, 073
1999" . 11 0.80 Y074
2000+ 12 0.80 : 0.75
8.3 FINANCIAL ANALYSIS

The analysis undertaken is shown on the following tables;

Table Case Gold Price Treatment Ore

No. No. $US/oz Rate (tpa) Reserve (t)

8.1A 1A 400 2,000,000 18,500,000

8.1B 1B 400 2,000,000 27,750,000

8.1C 1C 400 3,000,000 18,500,000

8.1D 1D 400 3,000,000 27,750,000

8.2A 2A 550 2,000,000 18,500,000

8.2B 2B 550 2,000,000 27,750,000

8.2C 2C 550 3,000,000 18,500,000

8.2D 2D 550 3,000,000 27,750,000

For each of the above cases, sensitivity to variation in grade,
and capital cost by £10% has been shown.

A cost scale up factor of 1.275 has been used to determine capital costs for a -

production rate of 3 mtpa,
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PINANCIAL ANALYSIS SUMMARY (SHEET 1 OF 2) "
.f ¥T. T0DD C.1.L.
INTODFBS])
06-Feb-89
! FILE TABLE  CASE  GOLD PRICE TREATMENT  CRE FINAL
' ne. §e. No. §US/84 RATE tpa  RESERVE ¢ YEAR
=~ NTCDSBOL 8,13 1A 190 7,000,000 20,018,912 YEAR 11
§TCDFEOZ 8.1 1B §00 7,000,000 30,029,358 YEAR 15
l NTODF303  8.1C  1C 108 3,000,000 20,018,912 YEAR §
et 7CDFBO4 .10 1D 100 3,000,000 30,028,358 YEAR 11
I MTODFE0S  8.20 23 550 7,000,000 20,018,912 YEAR 11
TODFE0s .25 2B 550 2,000,000 30,028,368 YEAR 16
MTCDF30T 8,20 20 §50 3,000,000 20,018,912 YEAD §
. NTODFBO3 8,20 1D 550 1,000,000 30,028,368 YEAR 11
rASE 13
SENSITIVITY ANALYSIS NET PROSENT VALUE NET PROJECT CASH FLOW
--------------------- GRADE  OPERATING  CAPITAL GRADE OPERATING CAPITAL
$'000 - - CosT CosT cosT - oSt
' SENSITIVITY 0.9 11233 27878 14945 22907 878} 68303
- FACTOR 1 9159 9159 9159 O B1894 51854 61894
* 1.1 29571 -4540 3392 99881 38505 56485
' CASE 1B
L2 SENSITIVITY ANALYSIS NET PRESENT YALUE " NET PROJECT CASH FLOY
--------------------- GRADE  OPERATING  CAPITAL GRADE PERATING CAPITAL
$000 rosT. CosT 2057 COST
- SENSITIVITY 0.9 -7459 31837 21928 13498 132108 103425
I FACTOR 1 15967 15957 15957 96218 96713 98213
; 1.1 19394 58 10007 148937 50327 89010
I £A8E 16 . ,
, SENSITIVITY ANALYSIS NET PRESENT JALUE ' NET PROJECT CASH FLOY
b | mmemeemnme e | GRADZ  OPERATING  CAPITAL GRADE OBERATING CAPITAL
I ¢000 £ost 08T osT  C0ST
P SENSITIVITY 0.3 ~26950 15948 11222 6228 68977 51893
FACTOR 1 3831 1811 1831 2758 43758 43788
I 1.1 7 -1228¢ -3569 §1287 18538 . 35822
s £AsE 1D
I STNSITIVITY ANALYSIS NET PRESENT VALUZ NET BROJECT CASH FLOW
g, e GRADE  OFERATING  CADITAL GRADE CPERATING CAPITAL
L. §1000 2087 cost cosT  COST
I SEXSITIVITY 0.5 -9847 10851 28182 40062 138579 106109
FACTOR 1 20409 20499 20409 §7155 97155 97155
l 1.1 50665 -33 12636 154249 58731 88201
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FINANCIAL ANALYSIS SUMMARY {SHEET 2 OF 2
NT. TODD C.I.L.
{MTCDERS1)
06-Feb-89
FILE TABLE  CASE GOLD PRICE TREATMENT CQRE FINAL
ie. NC. Ne. SUS/SA RATE tpz  RESERVE U YEAR
KTCDF301 8.1 13 400 2,000,000 20,018,512 YEAR 11
XTODEBOZ  §.1B 1% 400 2,000,000 30,023,358 YEAR 1o
XTODPBOY  8.1C 10 400 3,000,000 20,018,912 YEAR 8
¥TODFRO4  8.1D D 400 3,000,000 30,028,388 YEAR 11
NIGDF30E  8.2% 23 550 2,000,000 20,018,912 YEAR 11
yToprsos .18 18 550 2,009,000 30,023,388 YEAR 18
yroprser o LL2C a 550 3,000,000 29,918,912 YEAR 8
4TODFROS 8.2D Pl 550 3,000,000 30,028,388 YEAR 11
CifE A
SENSTTIVITY ANALYSIS NET PRESENT VALUE NET PROJECT CASH FLOR
--------------------- GRADE  CPERATING CAPITAL GRADE CPERATING CAPITAL
51000 IR Losr ‘ cost 08T
SENSITIVITY 0.9 83408 128032 120098 202197 285383 265403
FACTCR ! 114323 11432} 114323 269994 256994 259994
1.1 145240 100613 108547 1778 234608 233585
182 28 '
SENSITIVITY ANALYSIS HET PRESENT VALUE HET PROJECT CASH FLOW
--------------------- GRADE  QPERATING CAPITAL GRADE CPERATING CAPITAL
§'000 st o8t  CQsT £08T
SENSITIVITY 0.9 99602 159793 14088¢ : 281770 356855 - 3edim2
FACTOR 1 134925 134525 134925 350985 360965 360985
1.1 170248 11905¢ 128985 440159 325074 353197
(488 €
SENSITIVITY AMALYSIS ' HET PRESENT VALUE NET PROJECT CASH FLOW
"""""""""""""" GRADE  CPERATING CAPITAL GRADE CPERATING CAPITAL
§'000 08T {08t £osT £0sT
SENSITIVITY .9 91071 143426 134700 183880 266363 249084
FACTOR 1 127399 127309 127309 24114% 241149 241149
11 163548 111192 119918 298418 215930 233214
CASE 2D
SENSITIVITY ANALYSIS HET PRESENT VALUE NET PRCJECT CASH FLOW
""""""""""""" GRADE  CPERATING CAPITAL GRADE QPERATING CAPITAL
§'000 fosT - fost . CosT . CO8T
SERSITIVITY 0.9 130931 187270 184602 . 308332 433658 404188
FACTOR 1 178828 176823 176823 195230 395234 195234
1.1

222726 156387 169055 482135. 350810 336280




THILE 3.1 CONTIROED
INTODFRILY
mIT P VIAR TOAR 2 TEAR D YRAR 4 YEARS  YERR £ VEAR T YEAR ¥ YEAR. 9  YEAR I0 YEAR Il YEAR 12 VEAR 13 YEAR 14 YEAR 15 T0TAL
TAPITAL 08T ; ;
Salvass ¢ 00t 1 ; ?
Brasess Blapt SA U900 ! 38198 9% 99% 9% 998 9% 998 ; 12
Intrasiructure S (N i 8707
Yine Develsysent Sho'gan 220 ! 20
fgner'e Capita! g4 "pen ! 1288 5¢! 581 i 2176
farking Zapital [N LL 183 «106) i 1
Plyst Maint, fapits] e r000 288 3af L 852 1E0 H1d 160 360 11 114 589 t 9 1 11 8608
Zast Frale-Up Factor 1,48 1 ’ !
SUR-TOTAL CAPITAL 2087 53 '000 1 49T 360 1358 HiY 1356 18%% i!ﬁé 171 860 1356 - 0 ? 1 [ §4087
TOTAL IYPENDITRE §%'006 1 57RI% 74159 756 WIT 0 eEE 17e%E 78% 1421 26880 MEE 1N L] 3 1 L nnn
NIT 2RQJEOT CAsE PLOV 8000 b 47269 112 9082 5208 19852 14139 1129 107t 11815 1IN 11518 0 Y 7 91 (33511
CUMULATIVE CASH FLOY S4 '008 1 -47289 -34588 =284%6  -1627% -850 5115 19811 71238 38905 AT 91%W4 B1834  alI%4  &18%¢ 51894 |
UET PRESENT VALUE & 14% = 9,169,004
A LA EY
SENSITITITY ANALYSIS YET BRPSENT VALUE NET PROJECT CASE PLOY
-------------------- GRADE QPEPATING  CARITAL GRADE COPERATING  CAPITAL
ALL] f0sT cosT CosT costT
SIRSITIVITY (.50 -1 21378 14945 23907 37283 68302
FACTOR 1.7 9189 9189 9168 61394 aldi 81894
1.1% 2987 =440 ny 93881 36508 §5485
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LI - UL 1YTCLr30n ) FINANCIAL ANALTSIS TAELE 8.1

TATEL R RESERYE TOMAAGE 19,0981 ¢ YASTE TOSHAGE 18,337,948 ¢ -
00 TAX PLANT CAPACITY 2,000,800 2 L0878 AT MOV, 1982 _k
S0LD BRICE - SUS/ 400,00 COST SCALE-UP FALTCR 1.0 2OYALTIES EXCLUDED
try ol PLANT MAINT, ZBPITAL 0.4 58 IRPLATION N0 INCLUDED
Iz ! YENR YEAR 2 CYEAR Y YEAR 4 YEAR S YEMR & YRAR T YEAR @ VEAR O YEAR 10 YRAR 1 YEA® 12 YEAR 13 Y2AR 1{ YPAR 1% TOTAL
FRADULTION ; :
5 ORCTIITION I '
1200= 0Lk e ? 1 0 bl 1 t f 0 0 9 9 0 0 ¢ [ ¢
Je3d grade -9 4 ! 1.0% 1.14 1.1 L j ) 1.1 .n 1.5§ 13§ .19 1.42 1.2 1.1% L2 139
fee Type 2 et 1 1 i jd t 0 g ¢ 9 g ] ¢ ] 0 | 8
Rezd grade . 1.0 10 1.9 1.3 1.08 1.0 1.3 1.490 1.1 1. 1. 1.0 1.00 1.00 1,00 4
WASER e o 528 541 2000 2000 2000 2000 me 2000 2006 2008 i H 13
Z.0LL FRCORSTION ) i
Ore Type ! it 50 2000 2000 2000 2000 2000 2009 2000 000 - 2000 1389 1 g 01 20019
9ead Grade b+ ! 1.y 1.14 1.4 1.2 o 1,13 1.7 1,18 1.3% 1.8 1.4 1.l 1.9 1.8 1.2% 8
GOLD REVENVE- ; ;
RELOYERY AF ROLD ; - :
fre Type 1 ¥ HE—-A 15.00 75,08 TR0 75,00 0 7500 75,00 75,00 7,00 35,00 75,00 75,00 75,00 TR0 75,000
Jre Type 2 ¥ - 5.0 15,00 75,00 75,00 7500, 75,00 7E.G% 0 78000 76.00 7500 75.00 78,30 750 00
Ore Type 2 ¥ A 88.00 55,00 8300 13.00 83,00 88,09 83.00  8B.00 88,00 88.00 88,90 83,00 88,00 88,00 ¢
S0LD LOST UB/CLERY P s, ! -300 900 '
GCLD FRODULTD 8z, P 20048 24508 a4s08 68489 74178 TSI TSI TEIN 9N 13555 54982 0 1 1 0 731442
STCRANGE PATE FUETES W 6.7 0.1 3.1 0.75 1 0.7 0,73 9.5 5.4 2.%0 0.8 6.%0 0.80 0.%0 0.30 ¢
GoLh poICE thia I AT §71.42 REE.EE §23,12  S519.48  612.82 506,21 500,00 500,00 500,00 §90,00  S00.00  S00.00 S00.00  500.00
TCTAL PRODUCTICN REVENUD 631000 I 0 ki11y4 15838 ELL V] 11} 11898 39282 1819 ngy W 7949 0 1 0 [ 1798
!-.‘.’FE_SDITL’EE H H
........... ! i
(BERATING COSTS ! H
Ceerating Costs - Unit Rates H H
Mining Cest/tenze ¢f waste A/t 1 1.5 1.52 52 1.8 1.8 1.51 1.8 1.1 1.81 nn 1.1 .81 .0 1.1l .21}
fining fast/tanme 2f ars V4 ] .U .U U .U 2.5¢ .50 .50 .50 2.5 2,58 2.5 2.50 1,50 .50
Traztzent fost inzl. Adein,)éA/t H 8.4 8.4 ] R 8.49 348 . {3 3.46 . A6 ] [ 1] .46 1
Totrastructyre S/t i 1.1 0.13 A3 0.1] 9.13 013 0,13 0.1) .1 A1 ' 0.13 6.1 ¢
Rehakilitatisn A/t | 5.1 0.10 0.1¢ 0.10 0.0 0.10 0.10 0,10 0.10 g.1¢ 6.10 0.10 0.1 010 ¢
i H
Crerating fest -Summary | i
i i
¥ining fest g4 ‘000 2246 5910 7520 7520 8820 8829 1620 820 8620 3620 5019 [ 0 ] [ 19926
Treatzent Cost fincl, Adgpin.)$h 000 ! H i 16929 15920 16928 18920 16929 15420 18520 16920 18920 1151 ] t ¢ 91 169340
Infrastructurs §X "000 88 260 280 260 289 260 250 280 260 280 178 [ 0 ] [ 2607
fehabilitatisn &4 fg00 55 bitl 200 200 100 200 bRl 290 200 0 3 ] ] 9 [ 2002
SU3-TOTAL CPERATING £OST 1000 1398 23290 24990 24900 26490 25900 26000 25000 Jeonn 28000 18906 L] 9 ] L 251899




FROJECT: ¥T.TADD < 2.1 NTARFR02) . FIMARCIAL AMALTSIS TABLE §.1%
08-Fek-39 :
R
L] PESZRVE TCHHAGE 10,028,363 ¢ TASTE TORNAGE 18,835,110 ¢
52 TAY BLANT LARACITY 2,000,090 tp3 £OSTS AT KOV, 1988
GOLD PRISE - SUS/ 400,00 COST SCALE-UP FACTOR 1.00 ROYALTIES EYCLUDED
trey o2, PLANT MATHT, CAPITAL 0.42 Yt INFLATION QT INCLUDED
i PYIAR 1 TRaR 7 YEAR 3 YEAR 4 VEAR G YEAR 6 YEAR T YEAR © YEAR 9 YEAR 1% YEAR 11 ¥EAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16 ¢ TOTAL
SEOpUITION } ;
YTAF LEACE PRODUCTION : :
Qea Type 18102 0% e ¢ [ 0 9 [ 1 9 0 [ 1 ¢ e 1 [ 9
Fezd grade 2t } 1.09 114 1.14 1.1 .1 1.1 L.y 1.8 1,16 1.3 1.42 1.3 1.2 1.2 . 1.29 1
Ore Type 2 ey t [ ] f ¢ ¢ 9 0 1 0 [} t b [ 0
~ Jead grada ya.it i 1.0 1.90 1,00 1.9 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.9 1.9 1.9% 1,00}
WASTY e 52 941 2000 000 2609 2000 2000 1000 2000 2000 2000 2000 2000 2000 2009 1378 3 28839
2.1.5 PRODUCTICN ] 1
0re Type ) e g5¢0 2000 000 2000 2000 1000 2000 2000 2000 2000 2000 2000 2000 100 000 8 30028
Bead Grade & i 1.09 LU 1LY 1.1 1.3 n Ly 1.3§ 1,18 1.3% 1.4 1.2 1,28 .18 1.29 L
Z0LD REVENUE ! i
RECOVERY OF GOLD ! ’ ! ’
Ore Type 1 ] A 75.00 75,00 75,00 7500 75.00 75,00 75,00 5,00 75,00 75,00 75.00 75,00 7500 75,00 75,00
2re Tyee ? X AR 75.00 75,00 75,30 15,00 75,00 16,00 95,00 75,00 75.00  75.00  75.00  75.00 75,00 75,00 7500
Ore Tope 2 L . §3.00 83,00 38,00 18,00 88,00 98,00 88.00 8,00 88,00  B8.00 83.00 88.00 88,590 B8.00 8g.00 |
56LD LOX BR/CLERR UF 2o 1 - ' ' 900 |
GOLD BRODUCED . az. I 64508 84508 a%489 4128 79260 77523 76391 76957 73855 30351 73996 T2996 129%  729%6 50308 | 1099094
EXCHANGE BATE sUs/8L 0N 0.70 .1 0.75 on .1 0.719 9.80 0.30 0.8 6.80 9.3 0.30 0.4 .0.80 0.80 4
GOLD FRICE LI T 118 1 §71.43 585,56  §3L33 51843 5lL.82 506,33 500,00 500.00 500.00 500,00 500,00 500,00 500.00 300.00 500.00 %
TOTAL PRODOCTION REVENUS SV TRO0 T 1oM9 16862 15838 51 33508 kLLTH 39252 3R1%e M9 19311 4016 36493 36498 I6498 36498 25604 1} 551695
: ' ' |
EIPENDITURE H |
""""""" ) H B
QPERATING C08T8 ! H
Cperating Cests - Unit Ratas ; |
¥ining Cost/tomme of waste  S§M/t H 1.5 1.52 1.52 1.582 1.5 1.81 1 11 1.8 .11 L} W81 1.1 L 1.1 .11}
Nining Cost/tcume of ore Sut i 2 .4 2.4 W50 2.50 50 . .50 . 2.50 2.50 .50 - .50 - 2,50
Treatment Cost (incl. Adpin.)sAst H 6 . 3.4¢ 8.4 A 5.8 f A8 16 846 1.4 8.4€ L B LI I
Infrastructyre §i/t H 13 0.1 t.13 .1 -0.13 5.1 6.13 13 1 0.13 [ 8] 0131
Rehabilitation SArL ! . £ 0.1 o.10 0.10 0.10 g.10 0.10 0.10 0.18 0.10 .1 0.10 ¢
! H
Cperating fost -Sumaary ! |
¥inipg Cest Sh 'p90 ¢ 12E 5910 1520 152 3620 8820 820 8620 1620 1620 3620 8620 1620 3620 8620 5941 123957
Trsataest Cost fincl. Admin.18A 000 ! 9499 16520 16528 18920 16929 16922 16920 16320 14920 18421 18920 920 16920 13929 16920 '11651 ! 254040
Infrastructure ) 'poe ! 1 280 260 260 260 280 %0 260 269 260 260 260 260 60 260 1719 | 3504
Rehabilitstien M 85 bl 209 200 00 200 200 200 00 200 200 FLL 100 M0 00 1381 1003
’ H H
SUB-TOTAL JPERATING £05T s34 '0e0 7888 219 4500 24300 26000 ZE000 6000 28900 28000 16000 28000 26000 26000 28090 26000 17919 134904
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TABLE 4,19 CCNTIRUED
INTODESO2Y
. THIT T YEAR D TEAR 2 YEAR 3 YRAR Y TEAR S TEAR G YEAR D  YEAR & YEAR 9 YEAR 10 YRAR 11 ¥EAR 12 YEAR 13 YRAR 1 YRAR 19 ¥FAR 15 ! TOTAL
CATITAL f08T . ;
Salvage 8 000 ! 0
Pracess Plant S3T000 1 3819%e 9% %95 995 4§96 9§98 998 995 99§ 998 995 j 48185
Infrastrusture L3S R Vi ! §707
Yige Developzant sht000 v ! uun
fyner’s Capital g4 "000 1288 581 113 113 ! FEEN
Yarking Sapital Sh'moe 1083 -1063 ¢ [}
Plant Maist, Capital L1 1 280 BE0 1114 360 B&0 860 150 1114 162 Hi 30 860 11 360 1 593 12912
T2st Szale-Tp Factor 196 4 t
! |
SUB-TATAL CABITAL <ost 8°000 1 49T L 1358 Hiv 1854 1386 1858 1421 169 1855 1884 un 1856 1854 1 {10 12835
TOTAL EYPERDITORE S4'000 o STElS 24150 6766 LT M8 178Ra 27858 mn 26880 7856 273%6 W17 18 17856 Zeded  1TME 157839
RET PROJECT CASE FLOV §4 000 1 -47289 127112 9082 9200 10632 10739 11396 10778 11613 1ML 12320 Bosi 3642 3647 9813 §155 | 105856
CUMULATIVE ZASH PLOV Shot000 ! -47289 -34568 =18476 18215 -EED3 5115 18511 17236 38908 50376 BI8YT 70773 79420 38061  GTTO0 96218 =
H ’ (N
NET PRESENT VALUE € 14% + $17,346, 714
CASE 15
SENSITIVITY ARALTSIS NET PRESENT VALUS RET PROJECT CASE PLOVW
------------------ GRADE CPERATING  CAPITAL GRADE CPERATING  CAPITAL
£'000 COsT COsT COST_ fost
SENSITIVITY  0.90 ~1459 FaEh 21928 {13149 132108 103425
FACTOR 1.4 18387 15947 15987 95218 §5218 98218 .
1.1 39388 9 10007 142937 60327 19010
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FROCELTL MTLI00N - 4.1 et ia PINANCIAL ANALYSIS TARLE 8.1C
Be-Fer-19 )
':-
ASE L S RESERVE TOUHAGE 20,018,912 ¢ VASTE TONRAGE 18,237,943 ¢ -~
Bl 4 PLART CARACITY 3,000,000 tpa 20575 AT NOU. 1988
S0LD PRICT - SUS/ 420,00 08T SCALE-UF PACTOR 1.1 ROYALTIES ERCLUDED
Loy oz, PLANT MAIRT. CAPITAL - 0,47 81t IRFLATION ROT INCLUDED
URIT HI ALY TEAR 2 YEAR ) YEAR 4 YEAR £ YEAR § YEAR 7 YSAR § YSAR S YSAR 10 YSAR 1Y YEAR 12 YEAR 13 YEAR 14 YEAR 15} TCTAL
=3000CTIN :
A0 LEACE FRODUCTICN x ;
Ora Type 1 4/0= 0.t et ] ¢ 0 0 ¢ 0 i 0 0 0 8 0 [ b LI 7
dead jrade e/t \ 1.0¢ .14 1LY A .n 1.1 Ly 1.3§ 1.} 123 1.42 1.2 1.2 1,79 1.2% ¢
Cre Type b1 I A [} [} g 0 0 [} ] y b ¢ ] 1 g 0 01! |
Read grade Je./t H 1.00 1.1 1.00 1.08 1.9 1.90 1,00 1.1 1.1 1,00 1.00 1,90 1.00 1.00 1,00 4
WASTE ey 520 1641 3200 AN 3200 1200 J000 103 1 13128
2.1.L PROpUCTIOY H !
Cre Type 2 et 650 3000 1000 1000 1090 1000 3008 1369 1 ] 0 [ 0 [ 0 20019
353‘.‘ Grade F- WA i 1.0% 1LY LU . 1.31 1.7 .37 1.1% 1,38 1.1 1.42 1.2% 1,29 1.2% 1.28 )
GOLD RETENUS ! '
2ECAYERY OF GOLD i - . ;
fre Type 1 % A ] 75.00 75.00 75,00 75,00 75.00 75.00 75.00  75.00 75,00 75.00 75,00 75.00 75,00 75,00 %
fre Type 1 ] | 75,00 75.00 75,00 19,00 75,00 75.00 75.00  75.00 75,00 7500 75.00 75.04 75,00 75,00 75.00
fre Type ! b4 HE 1] 25,00 88,00 §8.00 §8.00 18,00 83,00 88.00 38,00 88,00 83.00 15,00 38.00 38,00 83,00 1
GOLD LOCY UF/CLEAR UP oL 1 -300 . §00 H
GOLD PRADUCED 2. T 98761 95762 102704 111192 112889 116285 51287 0 o 0 1 9 ] [ 708327
EYCRANGE JATE sUS/8R [ Il 0.78 8.72 0.79 [ 8.78 0.7% 0.80 0.80 0.30 0.10 0.80 0.80 0.30 0.8 3
GOLD PRICE SAez. 0 B40.8¢ 1.4 555,56 933,31 S19.4%  512.82 506,33 §00.00 500,00 50f,00  500.00 500.00 500,00 S00.00 500.00 %
TOTAL PRODUCTION REVENUE SA'000 1 10M49 55293 53757 54778 57762 57892 7 26591 0 [ ] ] 0 0 [ 175300
o ; i
EYPENDIRURE ' i _
CPERATING CCSTS H !
fperating oests - Uit Rates ! !
Mining Zost/tcope cf waste SA/t ' 1.52 1.52 1.52 1.8 1.8 1.8 1.1 1.51 1 1.1 1.8 1.81 1.81 4
Hining Cost/tenne of are A/t ! . LU LU .4 1.50 2,50 1.50 ? 2.50 .50 H . 501
Treatnent Cost (inzl, Adeim,)SA/t | 3.46 8.6 1.46 . B3¢ B.46 546 L1 . N 546 346 $.46 . . Y 1 .46 1
Infrastructure L1VA H 0.1 0.13 0.13 0.13 0.13 0,13 " 0.1) 1.12 0.13 0.1 6.1 0.11 0.13 .1 0.13 1
Rehabilitation . [1YA4 \ 0.18 0.10 0.10 0.1¢ 0.10 6.10 t.10 0.10 0,10 0.10 0.10 .10 0.1 0.10 0,18
! i
Cperating fpst -SuEmary H ;
| |
Nininy Cast §4 'poe ! WiE 21 11584 11896 13282 13292 12930 3971 0 0 ] 0 0 [} [ 18126
Treateent Zost finel. idain.)SA '000 ¢ 5489 251380 25380 I8 75330 25330 5180 11581 [ ] ] 0 0 7 [ 16§3a0
Infrastrusture S 000 85 3 19 90 390 19 9t 178 0 ] [} 0 0 0 01 1692
!’-ehahilitati:q €1 000 | 3] 300 300 100 100 100 300 m ] b 0 ¢ § 0 L 2002
SUB-TOTAL CPERATING QST £1 '000 1388 35284 17684 bHREY] 39182 19187 1000 15367 0 0 9 7 [ 0 [ 252199
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TA3LE .10 CONTINUED
1¥7T00TI0 . '
URIT PYEARR 2 YEAR 2 YEAR 2 YEAR 4 YEAR G YEAR & YEAR T YEAR S YEAR Y YRAR 10 YEAR 11 YEAR 17 YEAR I3 YEAR 14 YRAR 15} ik 1A
CAPITAL 08T ; .:
8000 ! ;
fr Plant §1°000 + 331%6 958 998 99§ 9§98 996 996 H 4172
Infrzstructure §3'000 8707 H E197
¥ise daveloprent LR L I i an
fumar's fapital S1'000 1 128% HH ! 1816
¥arying Samital 810948 1083 =103 1 L]
Plant Kaiat, Capisal £y 00 80 129¢ 125¢ 1299 1290 1299 1290 589 8 0 [ 1 1 9 LI 84508
Cost Soale-Up Faeter .78 i
SUB-TOTAL CAPITAL COST 40000 1 eI 2641 2541 338 2641 2541 2641 -§05 ] 0 [l 0 1 [ 0 30995
! i
TOTAL EXPENDITURE §F U700 ¢ 71292 17928 10198 41127 42003 §2003 41641 15282 b 0 | 1 ] ] 0t 313188
BET 2RAJEAY 28U FLOW §4 000 1 -g0943 17388 13462 13654 15789 13889 17238 11331 [ [} 0 0 0 ¢ 0! 42114
JUNULATIVE CASE FLOW Sho'ene 1 -50943 -§3%7 «30113  ~1e460 - 15188 12428 437538 13758 13738 41758 43758 43758 437538 43758 4
i |
HEY PRESERT VALUE ¢ 14% = §3,830,821

fase 1c '
SENSITITITY ANALYSIS

SEYSITIVITY  0.90
FACTOR 1.00
; 1.1

GRADE CPERATING

-20060
13

e

1

RET PRESENT VALUE
CAPITAL
£os? tos?

19348 11222
nn un
-12288 -1560

. GRADE OPERATING

HET PROJECT CASH FLOV
CAPITAL
cosT 08T

6228 53977 51693
43758 8 43758
81281 18538 15822

I Bm Bm Be Be B B Ne Be Be s B4 e B B B B B B |
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IRAJEST. NDLTADD - £.ILL INTODPRA4Y FINANCIAL RNALYSIS TABLE 8.1D
LD RESERVE TONNAGE 30,928,383 ¢ TASTE TONKASE 19,812,989 ¢t -
Ty PLAUT CAPACITY 1,000,000 tpa COSTS AT HOV, 1988
S0LD PRICE - §08r 400,90 COST SCALE-UR PACTCR LTS RCYALTIES EXCLUDED
tray 8L PLART NAINT. CARITAL - 5,43 41t IYFLATION MOT INCLUDED
It v TIAR 2 YEAR 2 YeRR O3 YEAR 4 YEAR S YEAR @ YEAR T VEAR D VEMR 9 YEAR 10 YEAR 11 YEAR 12 YFAR 1) YEAR 14 TYEAR 15! 0L
pontIrIny l :
SEAF LTACE SRODULTION ! !
Qra Typz 1 TO0w O, BHE I ? 0 0 iy ) [ 9 ¢ 0 0 f 4 ] ¢ 0 [
Read grade 3.t } 1.9 1.1 LU A L3 .n Ly 1.3% 1.3% LY 1.4 1.3 1,2¢ 1,23 1.8
fre Type 2 e 0 ] 0 0 0 d 1 ¢ g 0 @ 0 b 0 [}
Ze3d jrade ./t 1 200 .M 1.0 1.1 1.0 1.1 1.0 1.9 1.00 1.90 1.99 1,09 . 1.3 1,004
WASTE et 52¢ 1adl RrLL n 1200 3219 3068 1000 3000 1000 PR H 23413
£.1.L PReDUCTION ! i
Gre Type 2 et 650 3099 1000 100 3000 1000 1000 000 1000 plu 27 3 9 0 [ o028
D234 Gride 38./¢ ! 1.08 1.14 L1 1.1 1.1 1.3 1.37 1.5 1.1 1 1.42 1,28 1.3 1.2¢% 1,351
GCLD REYEXUE ; H
RECOYERY CF AOLD H i
Cre Type ! ¥ vooTs.00 78,00 7500 75,00 75,00 75.00 7500 75.00 75,90 75,00 VR0 7500 7506 75.00 75,001
Cre Type 2 1 LR 15.00 75,00 75,00 TR0 7500 75.00 75.00 5.0 7S.00 75,00 75,00 5.8 78,00 75.00 i
Cre Type 3 t HI T 1 82,00 .06 8%.00  R%.00 BR.OO 88,00 88,00 88.00 38,00 §3.00 1.0 83.00  g8.00 83.00 }
GOLD LOCE TP/CLEMY 0P 15 ! =300 930 H
40LD PRODUCED 1. 11111 96742 %8702 10273¢ 111197 112889 115285 1145877 115436 117987 95554 0 [} 9 a1 1100198
EICHANGE RATE SUS/SA [ 5.70 112 9.7% [ 4.78 9.1 0.5 9.30 0.30 0.8 9.80 0.1 9.30 .80 1
50LD PRICE Shlsz, 1 S40.M4 871.43 558,56 532,31 619.4% 512,82 506,33 500,00 500.00 500.00 500.40 500,00 500,00 500.00 500.00 1
TCTAL PRCDUCTICE REVENUE §4'000 1 10349 58291 LERLY SHTE £9%62 57892 58478 57291 - 1718 58991 [1Fre) [ ] ¢ 01 570336
EIPSRRITURE H H
QPERATIRG (05T ! H L
Qgerating Costs - Upit Rates ! 1
Kiniag Cast/teane of waste SA/t i 1.52 1.52 . 1.8 1.8 1 38.)1 1.1 L 1 98 3 1.81 1 8 H
¥ining Cost/tanme of ors Sl ! . . . . 2.50 1.50 . ’ .50 2.50 2,50 . § A0
Treatrent Cost (incl. Admin,}SA/t | 8.4¢ .46 .45 346 846 8.46 1.46 L] 1 b.48 8.5 [ !
Infrastructure SAft H . . . . A3 . 9.13 6.1 12 A3 .
fehabilitatian S/t ! ' 0.10 0.18 i 0.10 0.1 0,10 0.10 8.1 ' 0.10 8.10 ¢
Operating Cest -Summary | H
1 !
¥ining 2ot 210000 224€ 92U 11584 11e%¢ 119 112 12910 12930 12930 12938 10281 [ 9 [} 0 123298
Treatzent Cast tincl, Admin.1Sk '000 ! Y 28330 15380 25330 25380 2530 28380 25380 25280 25380 20121 9 9 0 01 754040
Intrastructyre €4 '000 i 1 90 190 150 9 390 192 190 299 %0 309 9 0 0 [ 1904
fehabilitation $4 0000 [ 300 00 e k1] g 300 W n 0 m 0 0 9 [ 1803
SUB-TOTAL QPERATING £0ST S4 U000 ! 1385 KLra 37884 b 1] 19361 19362 19090 39000 39000 00 0919 9 0 8 Tt 184002
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TARLE 8,10 CORTINDED
INTAORS0EY
T PTIR 1 TEAR 2 YEAZ ) YEAR 4 YEAR S YEAR 6 YEAR 7 VEARTS VEAR § TEAR 10 YRAR Il YEAR 12 YEAR 12 YEMZ 1 TEMR 18} TATAL
CAPITAL f0¢T I
FEMEH 0o H 0
Prazess Plant 1 S d I A 13 935 995 895 9% 19392 998 9%% 1% 998 ! 48188
Tafrastrocturs &1 000 807 ! 8107
¥ige Devalopzent k1 Wk I 20 i 1
Sraer's Sapital Fh'000 v 1288 5¢1 113 ! 76
Yerking Tapital ¢yoronn 1 1083 -1283 ' ]
Plant ¥aint, fapital §1 0090 280 129¢ 129¢ 1290 1790 1290 1290 1290 129¢ 1290 1022 g ] 0 0 - 12912
last Szale-¥p Factor 1,275 ¢ i
SU3-TOTAL CAPTTRL (08T 3 U000 1 83397 1641 1641 358 2041 3837 2641 1356 641 2641 -5l 1 b} ] 21 $2178
T2TAL EYPEXDITURE €1 '000 ¢ 71292 17825 40295 41122 42003 42999 1841 42356 41841 41841 &7 ] 0 0 13 476519
NET PICTECT CASE FLOW S1 U000 1 -B0942 17368 13462 13654 15759 14893 17238 1493 18077 170 17399 0 0 0 0 94416 5
CUNULAMIVE CASH FLOW $3 U000 5 -20943 -{3%75 -30113  -1a480 -0 1419 430 46388 2445 79796 §7185 7189 97185 97IER M8 -
HET PRESENT VALYE ¢ 1% = §20,408,912
CASE 1D
SENSITIVITY ANALYSIS RET PRESENT TALUE NET PROJECY CASH FLOV
| wwesssesesmssmmanane GRADE OPERATING  CAPITAL - GRADE QFERATING  CAPITAL
§1000 cast cost cos? L0857
SEXSITIVITY 0.%0 -9847 40351 1182 10062 135579 106109
1.00 20409 20409 0408 97153 97155 97155

FACTOR
“ L1 50683 -3 12636 1502409 5731 88201



FROJECT: XD, 7000 - CUILE {MTODPEQS) FINAYCIAL ANALYSIS THRLE 3.13
[E-Tek-83 ’ .
CASEZ R RESERVE TOUNAGE 0018912 % VASTE TONRAGE JRPREDN- 1138 S
0o TAY PLANT ZAPACITY 2,000,000 tpa COSTS AT NCT. 1988
GCLD PRICE « SUS/ 550,00 08T STALE-UP FACTOR 1.00 POVALTIES ZIZLUDED .
tray cz. BLAST MAINT, CARITAL §.42 ¢t THFLATION HOT INCLUDED
oyIT T YEAR 1 YEAR 2 YEARD  YEAR 4 YEAR S YERR O YEAR T YEAR 8 YEAR 9 YEAR M0 YSAR ]I YEAR 12 YEAR 13 YEAR 14 YEAR 1§ 0L
LTI : ;
I e ¢ b 9 ¢ 0 1 g 0 0 y 0 0 7 ¢ gt h]
jrade -1 j 1,658 LU .U . L.u 3.3 Ly 1.3 1.38 1.1 .4 1.4 1. 1.2 1.79 1
eyt g 7 ¢ 1 0 7 ] 0 0 [ i 7 9 0t 9
] ./t ! 1.m 1.00 1.00 1.1 1.%0 1.90 1.y 1,70 1.0 1.7 1,50 1.00 1.10 1.2 1,00}
e LRl 941 2600 2000 2000 2000 2000 2000 2000 2000 3 H 18338
wet €30 2008 2000 2000 2000 2000 2990 2000 2000 2000 1369 ] y 0 20019
Head Grade u./t ! 1.0% 1.1 L1 1.1 L. 1.13 1.3 1,38 1.3 1.1 1.42 1.2% 1.2 1.29 1.24 4
GALD 2EVENUE ': ;
ATLOVERY OF GOLD ! '
Qre Type 1 ¥ A 75.00 75,00 T5.09 1500 750D 75.00 75,00 75.00 75,00 7500 .00 75.00 75,09 75.00 ¢
Ors Type 1 L1 ToT5.00 79,00 75,00 75,00 7500 75,00 75,00 75.00 Is.00 7H.OR 75,00 75,00 75,00 75.00 75,00
Ore Type 3 % 188,00 18,00 38.00 83.00  83.00 83.0¢0 85,00  28.00  BR.00 §8.00 88,00 13,00 88,00 8800 88,00
GCLD LOCK UP/ILTAR UP £z, H -350 900 1
FALD pRODUCED i, v 20946 84508 54508 88489 T4128 75280 77523 739l 78997 T8B9S §499d [ 8 0 [ 1344
) . H
TYCHANGE RATE sus/sy 0.7 0.88 .66 0.87 0.88 9.89 .79 .11 9.7 .13 0.4 0.1% 0.7% §.75 5.75 3
G0LD PRICE Shez, TELLMY 833,13 833,33 820,90 #08.32 191.19 TRELIL 174085 763,89 7.2 LM ML ALY TR 1L
TOTAL PRODUCTION REVENUE 54'000 1 l4E2% 8 53787 56205 £995¢E 59989 £0911 5917 537187 59260 4154¢ b 0 0 [ 517911
ETPERDITERE i ! —
CPERATING CO8TS | !
Oparating Casts - Unit Rates H H
¥ining Cost/tomne of waste  SM/t H 1.52 . 1.52 1.82 1.0 1.5 1.5 1.81 1.1 i }) 1.81 1.1 1.11 1.1 i
¥ining Cast/tamoe of ore Sa/t H LU . .4 1.50 A . 2,50 2,50 2.50 5 . .3 1.90 Bl 5
Treatment fost linel. Main. )M/t H 8.4 A 8.4 1.6 8,48 348 L 13 3.4 546 1.46 8.8 148 146 A :
Intrastructure S/t ! 0.1} 0.1 0.1} . 0.13 .1 0.13 0.1} 0.1 0.1 0.13 1.13 5.13 1
Rehgrilitatice Shit [ N 0.1 0.19 0.10 0.10 0.10 0,10 0.10 n.10 0,10 £.10 0.18 0.10 4
H !
]
Operating fost -Summary i :
¥ining fost 1000 22E 5910 1820 1520 §620 8620 8620 1620 1620 8620 5010 0 ¢ [ 01 19928
Treatment Cost (ime}, Admin.)$a '000 ! 5499 13920 16920 18920 18920 18910 1la%20 . 16920 1e920 18920 11581 L] [ ¢ [ 169360
Infragtrusture € 000 35 260 260 260 60 260 289 260 260 260 1 0 0 0 0 2602
Rehabilitaticn Sk 1000 ) [1] 00 200 100 00 200 20 200 100 20 137 ] [} ] [ 2002
| ' 233890

SU3-T0TAL CPERATING £OST $1 1000 7858 2319 24900 24900 25000 28000 76000 2000 25000 2§000 . 18908 ] ? 0 [}




TLBLE $.24 SOYTINUED
HTIRTE0N
114 v TRAR 1 YEAR 2 YEAR D TEAR 4 YRAR G YEAR & YEAR T YEAR 4" YEAR 9 VEAR 10 YRAR 11 YRAR 12 YEAR 13 VAR 14 TRAR 1§ TOTRL
JAPITRL 2037 ; ;
Salvage €% 'ene ‘ ! 7
Srazess Plant S4'300 0 3Ei%e %5 $9% 9% 994 993 998 1 “im
Tnfrastrusture 511000 ! 8707 i 8307
Yine Developeent Sho'oe 1 an i un
Quner's Capital SR'0Rn 0 125% 581 561 ! 3%
Werking Capital g1 U000 1953 : -1083 i ]
Plant ¥zipt. Capital §3 000 ! 280 8&0 850 BED 360 380 114 L] 1114 111 539 0 0 L] I 1598
Zost Scale-Up Factor 1.00 1 i
SUE-TQTAL TAPTTAL C0ST 17000 1 49Ty 1 1354 U 1358 138 1355 YA 168 1394 =474 9 0 ] [ 24987
T07AL EXPENDITURE L WL [ H Y 1150 W\ INT O 18R 27856 7856 ML 28880 7858 1641 0 [ § [ nnn
HET PROJEAT CASY FLOW S4U000 4 -42893 29507 7001 28889 3108 31U 13088 A%e NI M 1M [ 0 ] 0 259994
CUMULATIVE CASR FLON 51 '000 1 -4299) -11238 13814 42504 T4e0¢4 10878 139793 171543 200475 234380  799%94 299994 299994 239994 259994 | o
i ' i
. HET PRESENT VALUE € 14% = $114,322,581
CASE 24
SENSITITITY MRALYSIS NET PRESENT VALUE NET PROJECT CASH FLOW
-------------------- GRADE CPERATING  CAPITAL -GRADE OPERATING  CAPITAL
$'000 £ast £ost £0s? cast
SENSITIVITY  0.9¢0 33405 128032 12009¢ 202197 28538 266403
FACTOR 1.90 14323 e 14 259994 259994 259994
. 1.10 145240 100613 108547 nnl 234605 253585



+

FAOIECT: NOLTCOD - 2LLLL INTCDFB08) FIIANCIAL ANALYSIS TABLE £.23
fg-rab-88
;
TASE 2§ PESERTE TONMAGE 10,028,388 ¢ WASTE TOHRAGE /INWIL -
N TAY BLAYT CAPASITY 2,020,000 tpa COSTS AT OV, 1988
GOLD RICE - SUS/ 530.00 COST SCALE-UP FACTOR 1.00 ROYALTIES EXCLUDED
tray . PLANT MAINT, CAFITAL 0.43 8/t INFLATICY KOT IHCLUDED
HIT VYERR L YIAR 2 TEAR 3 YEAR 4 YEAR S VEAR & YEAR T YEAR § EAR 9 YEAR 10 YEAR 11 VYEAR 12 YEAR 13 VYEAR 14 YVIRR 15 YEAR 1§ ¢ TOTAL
ey 0 0 t ¢ 0 0 q 1 Y g { ] 0 0 0 0 [
mt i 1.99 1 LU 1.1 1,31 L LY 1.3% 1% 1.3§ 1.42 1.29 1.1 1.39 1.28 1.7%
anny 9 u 0 0 B 0 0 D 7 L] f ¢ g 1 0 0 g
- WA H 1.10 1,90 1.40 1.59 1.0 1.00 1.90 1.00 1.00 1.00 1.00 1.40¢0 1.00 1.0 1.40 1.00 4
et 520 541 2000 200 2000 2000 2000 2000 2000 2000 2000 2000 2009 2009 2000 18 28839
2 1.0 2R5DUCTI0N !
Qre Type 2 LU S £50 2000 2000 2000 2009 2000 2000 2000 000 2000 2008 2000 1090 2000 2000 178 j0028
Ye3d Grade 2.t i 1.9 1.14 1.14 1.2 1.3 1.3 .37 1.3 1,38 .33 1.42 1.1% 1.24 1.29 29 1.29 %
GOLD REVENUE i |
RECOVERY CF 40LD ! 1
Cra Type 1 X io15.00 75.00 75,00 75,00 75,00 75.00 75,00 75,00 75,00 75,00 75.00 14,00 75,00 75.00 78,00 75.00 ¢
QOre Type 1 ] tT5.00 75,00 75,00 75,00 75.00 15,00 75.00 7500 75,00 75,00 15,00 765.00  75.00 75.00 75.00 75.90 4
fre Type ? ] V88,00 §8.00 83.00 85.00 18,00 18,00 38.00 $8.00 §3.00 88.00 13.00 83.00 88.00 88,00 18,00 88.00
H . :
GOLD LOCK UB/CLEAN UP oL, H -400 . 900 ¢
GOLD BRODUCED A, i 20048 54502 54509 88469 74128 75260 11521 78391 Te957 78455 80352 129%6 17996 11998 12945 §0308 | 1099090
SXCHANGE RATE SUS/Sy ) 0.12 0.68 0.68 0.87 0.68 0.69 .10 0.71 0.12 0.73 [ ]} 8.7% 0.7% 0,73 0,15 0.30
GOLD PRICE SAlez, 1 TR3.ES §33.33 833,33 p20.90 B08.E2 797,10 785,71 TTLLES 76189 1347 LW ML ML 1.1 1333 6M1.60
TOTAL PRCDUCTICY REVENUE §1'000 | 14825 531%7 53757 56208 59956 5999¢ §0911 §917§ 58787 59260 89771 53531 53531 53531 53531 35205 845614
EXPENDITVRE ! '
----------- H i
CPERATIEG £0STS H |
Operating Casts - Unit Rates ! : 1
Mining Cost/tonme of waste SA/t .-} 1.52 1.52 1.52 1.1 1.81 1,81 1.3 1.8 1,8 .1 1 1.4 n 1,81
Mining Cost/tanne of ore sa/t | .2 LN U 2,50 1.50 .50 2.50 2,50 2.50 2.50 50 1.50 1.50 2.50
Treatment {est {inzl, Admin.)SA/t 1 ' 1] §.48 8 8.4b . 1.4 113 (1] 1,46 346 {6 §.46 3.4 3,46 |
Infrastructure san ! B 0.13 0.13 B 0.13 .1 : 6.1 Rkl 0.13 g.13 0.1} 3
Rehabilitatien S/t H 0.10 0.10 . 0.10 .1 0.10 10 0.10 0.10 0.10 1
. !
Cperating Cost -Sumsary ! |
Kining Cast £ 000 24E 5910 1520 7520 3620 1620 3520 8820 1520 B620 L 8820 8520 3820 3620 5941 122957
Treatment Sest (inel. Adain.)SA '000 ! 8499 18920 18920 1a%20 16929 16920 16920 16920 16920 16920 18920 16920 16420 15920 15520 11661 | 254040
Infrastructure §4 '000 1] 280 260 260 260 260 260 260 260 b1 260 260 280 260 160 1791 3904
Rehabilitation SAo'o00 (1] 200 ol 200 00 0 200 200 00 200 200 200 m 200 200 138 ¢ 3003
. SUB-TOTAL OBERATING COST §1'000 ! 7498 21790 24400 24900 26000 26080 26000 26000 25000 25000 26000 25000 28000 25000 1791% 1 184904

26600

:
§




4

TABLE 8,28 COxTINUED
INTODFROE)
URI? T VEAR 1 TEAR 2 fEAR ) YEAR 4 YEAR S YRAR 6 YEAR ! YEAR & YEAR S VEAR 10 YEAR 11 YEAR I VEAR I3 YEAR 14 YEAMR 1S VEAR 16 TATAL
ZAPITAL f087 i i
Salvage LU U ! 9
Fracass Mant S4'000 & 38196 948 998 99 596 958 9%6 995 235 993 996 ; 48156
Infrastruatyrs €008 ! ey i 6707
¥ize davelspaent 511000 2223 ! 2223
Mynar's Zapital g4 U000 ! 138% 581 5¢1 861 . ! 2931
Warking 2apital S1'ed0 1083 ~1063 | ]
Plant ¥aint, Capital 3 roet 280 1 850 360 850 113 11 360 159 HY 1 H 360 860 850 593 4 12812
Cest Seale-Up Facter 1,00 ! -
SU3-TOTAL CAPITAL COST S 900 0 4Ty 360 1858 un 1385 1855 1856 11 860 1855 1855 U 1455 1356 150 =470 ¢ 1293%
TOTAL SIPERDITURE Syorooe ¢ 57618 24159 287% 71311 27856 27356 M85 ML 25380 27356 27856 1ML 27856 27856 26860 17448 457839
¥ET PROJECT CASE FLOW 0000 4 -42993 29607 7000 28889 NG00 121U 3085 31786 31927 lL4m4 dImes 2S1LE 25875 256U eETl 19757 387638
CUMULATIVE CASH FLOY 54000 1 ~42993 ~133%% 13614 42504 TdE04 106738 139793 171548 203475 234880 186745 291859 317533 343208 35987% 280955 |
i ’ !
N2 PRESENT VALUE @ 1% = $138,836,74
CASE 28

SEYSITIVITY AMALYSIS

GRADE CPERATING

§'000 £0sT
SEXSITIVITY  0.90 99603 150795
FALTCR 1.0 134925 14928

1.18 110248 11905

NET PRESENT VALUE

CAPITAL
£0sT

140886
134525
123965

YET PROJECT CASH PLOV
. GRADE OQPERATING  CAPITAL
c0sT £0s?

21170 196855 168172
360985 160988 360965
140159 1250 38197

N Im Id = Eu B 0= BE B B B N: BS ONE B BN B B W

i
=




FROJIOT: XT,7000 - £.LLL IMT0BTEOT) FINANCIAL ANALYSIS TABLE 8.2¢
Dé-Fek-19 '
"‘
2110 I RESERVE TONNAGE oo nzt TASTE TONEAGE 18,337,948 ¢
NQ TAY PLANT CAPACITY 3,000,000 tpa COSTS AT ROV, 1988
F9LD PRICE - &Uey 550,98 L0ST SCALE-UP FACTOR L PCYALTIES EXCLUDED
tray el PLANT MAINT., CAPITAL ° 043 &t INFLATION NCT INCLUDED
WIT VIERR YIAR 2 TEAR ) YRAR Q. YERR S YRAR § YEAR D YEAR 8 YEAR ¢ YEAR 10 YEAR 11 YUAR 12 YEAR 13 TEAR 14 YEAR 1%} TOMAL
ADULTION : ;
2247 LEACE PRODUCTION ' !
Cre Type 1 %/0= 0.0 MR [y { Y 0 0 ? 0 0 0 0 ¢ ¢ ¢ 0 [ 0
Head grade e/t ! 1.0% U L . L 1.33 1K 1.38 1.38 1,38 1.4 1.2 1,28 1.2% 1.79 %
Ora Type 1 ‘0wee { ] bl g b ¢ 1 [ 0 ] 0 1 g 91 0
Ya3d jrade 13/t j 1.7 1.0 1.00 1.1 1.00 1.00 1.40 1.00 1,00 1.00 1.00 1.0 1,00 1.90 100
RASTE oL ! 520 188l 1200 un 1200 1200 oo 303 ! 18138
C.1.L PRODUSTION ' !
Qrs Typs 2 ‘e 850 3000 3000 1000 oo Jore 000 1369 0 0 ] [ ] 0 93 20019
Bead Srade Ju./t ! 1.08 LU Ly 1.1 L1 1.1 L 1,38 1.3 1.19 1.4 1.7% 1.2% 1.1 1.2% 3
GOLD REVERUE 1 i "
REAOVERY OF 7LD i |
Orz Type 1 H HE R L] 75.00 75.00 75,00 75.00 75.00 15.00 75.00 - 75.00 75,00 75,00 75,00 75.00 75.00 73.00 )
Cre Type 2 ¥ N L] 75.00 75,10 79.00 75.00 75.90 75.00 75.00 75.00 75,00 75,08 75.00 75,08 715,00 75,00 |
Ore Type ? ¥ - 38.00 83.00 88.00 88,00 88.00 83.00 §8.00 88.00 88.00 33,00 18.00 88.00 83,00 33.00 }
GOLD LOCT UP/CLEAN UP &1, 1 -§90 900 '
GOLD PRODUCED A L1 98762 96762 102704 111192 112889 118285 52287 0 0 ] L] L] 0 8! 108977
| i
EYCHANGE RATE TR . 8.72 0.66 0.66 0.87 0.63 1,69 0,70 0,71 0.12 [ k] 0.74 0,18 0.7§ 0.75 0.75 ¢
GOLD PRICE Shfez, 1 TELLES 331,31 83333 B20.%0  808.82 797.10 786,71 77465 76389 TRNL42 TOALM T3M3Y N LY 1L
TCTAL PRODUCTION REVENUE SLU000 ) 14825 30E35 306395 84309 19928 85984 91366 412010 0 0 0 ¢ [} ¢ [ 572691
EXéfE!‘I‘!’UR! ': i
CPERATING COSTS H i
Operating Costs - Unlt Rates ] i
¥ining “ost/tonne of waste  Sh/t L2 1,82 1,52 1.1 1.81 1.0 L1 1.8 1.8 1.4 .4 1.81 1811
Yipiny rastftzome sf ere SMt ! .U 2.4 .U 2,50 2.50 1.590 2.50 2,50 2.50 2,59 2,50
Treatsent Cost {inzl. AMupin,}sist | 1.8 .46 .46 . ' 3.4¢ [ N1 8,46 3.46 8,46 L %13 346}
Infrastructyre SAIL i 0.13 8,12 0.1 0.13 0.13 0.13 5.13 0.13 6.1 0.13 0.13 .13 4
Rehakilitatien s/t ! 0.10 p.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 )
- 1 !
fperating Cest ~Summary ! :
¥iring test 7 S 1 2246 L2431} 11584 11696 13292 11252 12930 FL 0 0 0 0 0 L] [ 78226
Treatzent Cost {inel. idmin,lSA ‘000 ! 5499 25380 253890 25280 25380 25380 25380 11581 0 9 0 0 L] ] [ 169380
Infrastructure $h'000 b 85 190 330 1gn 390 199 190 113 [} 0 0 0 ] 4 [ 2602
Rehabilitaticn $1 '000 83 e 00 e bLL 300 00 1 0 0 0 ] [ ] [ 092
) ! i
SUB-TQTAL QPERATING 20ST §1'000 ¢ 7398 3528 17654 17784 19362 19182 39000 15887 | 0 0 0 L] ] 0 282199
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TARLE §.20 CONTINUED
1HINRFRAT) .
WIT !YEARR 1 TEAR T YEAR D YRAR 4 YEAR S VERR & YEAR T YEAR % YEAR 9 VEAR 1 YEAR 11 YVEAR 17 YEMR 13 YEAR 14 YEAR 15! AL
CAPITAL 2087 : i
S3lvage $3 0000 ! [}
Srazgss Plapt Sh U000 1 1% §59 998 995 4§98 §%% 131 i Hin
Ixfrastruzture £ or000 £707 i 8707
¥irz Mevelopaent 1 W L { 20 ! 21
fyner's Capital & 000 25 581 ! 1818
Yarking fapital 000 H ~1083 ; ]
tlant Maint. fapitsl ¢ 009 280 1299 129¢ 1298 1299 1293 1299 589 0 0 f 0 0 1] 01 3E08
Jast Seale-Up Facter 1L.278 0 !
SUB-TOTAL CAPITAL COST S3'000 5 633V 2641 2l 1355 2ll 2541 2041 -305 0 0 [ 1 [ 0 LI 30993
TOTAL TYBENDITURT 3 N 11 . S VA F) 31928 40295 41127 4200 42003 1341 1082 0 L] 1] 0 ! ] 0 132183
NET PROJECT CASH FLOK §A U000 ¢ -5E6ET 42710 0341 9187 12 4 49726 25978 0 ] [} [ 0 2 0 219508
CUNULATITE 2481 PLOY §1 000 1 -EBEeT -13957 28384 89571 117503 165484 215210 MIL4Y A4S IS 149 IL49 241149 1143 2448
NET PRESENT VALTE ¢ 14% = £127,309,1%6
CASE 10
SERSITIVITY ANALYSIS RET PRESENT YALUE §ET PROJECT CASH PLOY
-------------------- GRADE CPERATING  CAPITAL _-GRADE CPERATING  CAPITAL
$'400 £osT cost <14 CosT
SERSITIVITY  0.9¢ 91071 143476 134700 183830 266368 245084
FAZTCR 1.00 127309 127309 127309 241149 11148 241148
1.10 163548 111152 119518 298413 215930 1IN
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PROIEST: MILTODD - £.1.L INTODFRSY) FINANCTAL AMALYSIS TABLE 8.2D
Je-Fek-29 '
.‘\
gLl RESEIVE TONNASE 38,028,1¢0 ¢ JASTE TONMAGE 19,412,988 ¢
L2 TAY PLANT CARACITY 3,000,000 tp2 COSTS AT ROV, 1982
GOLY PRYCY - 2ug/ 50,00 40ST STRLE-UP FALTOR 1.0 POYALTIRS EXSLUDED
trey o, BLANT MAINT. {APITAL & t.42 e INPLARION MOT IRCLUDED
UNI? TTRRR Y YEAR 2 ¥ear 3 YEAR & YRAR £ YEAR & YRR 7 YEAR 8 YEAP 9 YEAR 10 YEAR 11 YEA? 12 YEAZ 11 YZAR I¢ YEAR 1% @ TOTAL
JEAP LIACH PRODUCTION : |
Cre Type 1 0/0: .8 aeet ¢ 0 t ° g [y ] ¢ 0 0 0 0 0 1 [ 0
Bead jrads 3 ! 1.09 1.1 P ] 1.2 Ln 1.1 1.9 1,38 1.38 1.3§ 1.4 1.2§ 1.3 1,29 .9
fra Type 2 T A 0 [ [ 0 ¢ ] g [ 1 0 g ¢ 0 L 0
9234 grada iz, /8 i 1.00 1.9 1,90 1,99 1.00 1.00 1.00 1.9 1.00 1.1 1.00 1.0 1.00 1.09 1.09
WASTE et ! 520 1641 3280 i e 0 1060 3000 1000 000 P | ! 29413
21,1 PRODICYION ! i
fre Type ? et E50 3000 000 1000 00 Jg00 1000 jooe 3000 khij} nn 0 L] 0 [ 30028
Qesd Grade e/t ! 1.0% 1.1 1.14 L. L1 1.3 1.37 1.35 1.38 1,3 1.42 1.3 1.9 1.2% 1.29 ¢
G0LD REVENUE 1 | .
REZCTERY OF GOLD 1 1
Cre Type 1 % [ 75.00 15,00 75,00 7508 75,00 75.00 75,00 75,80 75.00 15.00  75.00 75,00 75,00 75.00 75,00 }
Cre Tyme 1 ¥ T 75,00 75.00 75.00 75.00 785,400 715,00 75.00  75.00 75,00 15,00 15,00 78,00 15.00 15.00 75.00 ¢
fre Type 2 L 188,09 §3.00 83,00 8§.09 38,00  r.00 81,00 85,00 38.00 §2.00 §8.00 83.00 38.00 §2.00 83.00 ¢
GOLD LOCK UB/CLEAN UP 1, ! =900 00 !
GOLD PRODUCED ) 0z, [ L1 98762 35787 102704 111187 11284% 116285 114587 115435 117942 95554 0 9 ] [ 110019¢
EXLUANGE RATE sus/sy 7.1 .86 0,68 0.57 0,68 0.69 0.71 N 5,72 en 0.74 0.7% 9.15 0.73 9.19 4
GOLD PRICE ez, 1 162,89 21,3 833,33  820.90 B08.82 797.10 7871 M85 763,89 7532 TALA 13333 TR ML mLg
TOTAL PRODUCTICN REVENDE ¢4 *000 | 14625 30815 80535 84309 89938 89984 91386 18745 15180 $2891 71629 0 0 [ 0 365014
; i H
EYPENDITORE ! i
CPERATING COSTS | H
Cperating Costs - Unit Rates i t
¥iping Cost/tonme of waste 83/t 1 1.82 1.52 1.582 1.52 1.81 1.81 1.81 1.11 1.8 1.1 1.8 1.81 1.81 1.31 i
Mining Cast/tonne of ore S/t ' . . . . . . 2,59 2.50 2.5 2.50 .9 2.5 1.50 H
Troateent Cost {inzl, Adumin,)SM/% ! 3.4¢ 3.4¢ B.86 8.4¢ 3.4¢ B.4¢ LA L] B.40 848 §.46 L1 8.46 B4 . H
Infragtructure F.YA ! 0,13 0.13 2.1] 7.1 8.13 0.1 .13 0.13 0.13 0.1 5.1 813 7.1 0.13 i
Rehzhilitatisn SA/t | 0,10 c,10 6,10 . 0,10 0.10 0.18 0.10 0.10 0,10 0.10 8.10 0.10 0.1% 0.10 |
; i
Cperating Sost -Susnary ! ;
! i
Mizing Cost $4'000 ¢ 2UE §214 11584 11698 13292 13292 12930 12930 12830 12930 10251 [} 9 0 [ 123295
Traatzent Cost {incl. Admin.)$) "800 5499 15380 25380 25330 29380 15380 25280 25330 25380 25330 20121 0 0 0 [ 254040
Infrastrosture 211000 4] 190 150 198 190 180 190 390 390 130 k4] 0 0 0 [ 3904
Rerabilitation SA U000 ) [1] 00 300 0 n b kb 100 kL1 108 238 0 [} ] [ 3003
a7 ! !
SL'E-'!QHL OFERATING COST €090 7358 35284 37854 768 39382 39362 39000 19000 19000 19000 10919 L] 1 0 g1 384242




TABLE §.10 CORTINGED
LA
It PR L TTAR 2 TEAR I YTAR 4 YRAR S YEAR & YEAR 7 YEAR 4 YEAR 9 YEAR 10 YEAR 1} VEAR I7 YEAR 11 ¥EAR 14 YEAR 1§} T0ML
CARITAL 2087 ;
falvegz §h'905 | ¢
fracess Plant 1 WU T 1 998 998 394 298 1982 9% §% 9% 99§ ! 48156
Infrastructure 1000 e i £707
Yine Nevelopeeat 3 WL [ ul ! 20
{wnar's fapitel gaorper o 1285 561 5¢l H 278
Yorking Sapital & Moy 1083 ~1083 ! L]
tlapt ¥aint, lapital 40080 280 1290 1298 1290 129 1250 1299 1250 1290 1290 101 1 0 [ [ 12912
fest Scale=Up Factor 1.5 i
! |
SUR-TOTAL CAPITAL CosT §60000 7 83IM M 284l 1258 2641 kEMY 2641 1354 2641 1841 =51 1 t t 0 32278
TOTAL CYPENDITURE $4'000 1 71292 17928 40795 1311 42003 12999 11641 {135 41641 41641 30887 [ ] ¢ LI 478519
YET PROJECT CASH FLOW £1 7000 1 -S5REET 11718 10341 [ KbER 47432 {6986 49728 . 46409 46839 17250 {082 1] 0 bl 01 392495
CUMULATIVE CASH PLOY 84 '000 1 -%546 -139%7 26184 89371 117903 184489 214214 260821 347183 3S441)  D98234 39S234 0 395234 D9NIML ISHIN
i |
NET PREGENT VALUE @ 14% = £174,828.407
case 20 .
SENSTTIVITY ARALYSIE KET PRESENT VALDE NET PROJECT £ASH FLOW
-------------------- GRADE QPERATIRG  CAPITAL . GRADE CPERATING  CAPITAL
57300 L0357 cosT ' cesT £0sT
SENSITIVITY 0,90 130931 197770 184607 308332 {13658 {04188
fACToR 1.00 176828 178813 178828 ELLM T 395234 195234
: 10 156387 169055 482135 158810 386280
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9.0 RECOMMENDATIONS FOR A FEASIBILITY S'I-‘UDY,(

0.1

MPARI F PROCESS R
Heap Leaching Process

Analysis of testwork carried out to-date yields little ev1dcnce that an overall
recovery of 60% Au by heap leaching can be improved upon. - The Telfer mine
operates an ROM heap leach at this recovery level, however the mining and
haulage cost has been incurred, and the -project bears no - infrastructure,
process or comminution costs.

The financial analysis indicates that a substantial increase in Gold price would
be required to make a heap leach operation viable at Mt Todd.
Metallurgically the ore is not amenable to this process, probably because at
millimetre order sizings the Gold is not liberated, and the host' rock exhibits
very poor internal permeability to leach solutions.

It is recommended that heap leaching should be reserved for opportunities
where waste material is available that could not be economically treated by
C.LP. processing. In this situation a long cycle leach process need only bear
the cost of site preparation, pad construction and catchment control (plus a
minor outlay in pumps and irrigation).

It is of interest that the heap leach project planned for the Potosi tailings in

- Bolivia is using second hand equipment, and operating at Silver head grades of

150 -240 g/t at 75% recovery. This equates roughly to a Gold head grade of

‘~4 gft.  Throughput is very small, and a ball mill is utilised to achieve a heap

feed size of 600 microns.

CI1P./C1L. Process

The CLP./C.IL. process route is financially more viable for the low gold price
at the prefeasibility stage. The design of the process plant was carried out
for 24 hours leach time at 53 ‘micron grind and 90% recovery. Review of
testwork at a later date indicated that these parameters should change to 48
hours leach time at 75 micron grind and 88% recovery. Further testwork is
being commissioned to confirm these parameters, and the financial analysis in
this final report reflects the increase in capital cost required ($1.2 million less
for mill, $1.937 million more for leach capacity, a nett increase of $0.737
million).

It is also of note that the C.LP./C.IL. desorption area was designed for 90%
recovery from a head grade of 1.5 g/t, and is thus more expensive than
required.  Similarly a 15 metre tailings thickener has been costed, whereas
settling testwork indicates that a 12 metre (high rate) unit will be adequate,

As discussed previously, the selection of a SAG/ball mill' grinding circuit may
not be the optimum circuit for comminution of Mt Todd ore. Billiton
Australia Gold Pty Ltd have expressed reservations with regard to SAG milling,
and it is recommended that, prior to commencement of a feasibility study of
the C.IP./CIL process option, further testwork, analysis and cost estimation
of comminution options be carried out. Reservations are primarily associated.
with the question of the particle size at which impact breakage ceases and
attrition grinding commences in the SAG mill.

Accordingly, it is recommended that C.ILL./C.IP. be the preferred process
option.
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9.2 RECOMMENDA
A.  Geotechnical

ML, Todd C.LP, Study

ecommendations for Further techni nyestigation
1. lant Are

For final design of plant area foundations, especially mill
foundations, more detailed characterisation and proving of rock will
be necessary. In order to ensure non-resonant foundations it is
necessary to establish a range of dynamic modulus values for the
founding rock as close as possible to the final location of the mills,

2.  Raw Water Dam

To access seepage losses from the proposed raw water dam, it will

be necessary to quantify losses by permeameter testing over the dam
- floor. To optimize dam wall design it will be necessary to quantify

the available clayey materials. :

Tailings Dams

Investigation will be necessary at the proposed tailings dam sites to
determine

(a) the adequacy of dam foundations,

(b) the base permeability characteristics, and

(c) the availability and construction requirements of suitable dam
wall construction materials, particularly for contaminated water
retention dams.

This data will confirm the suitability of the sites with respect to

minimizing seepage to groundwater, and will enable design of dams

to be optimised to minimize losses through the walls.

B. Feasibility Stud

It is recommended that a feasibility study be carried  out to define

the financial viability of a C.LP./C.LL. process for treatment of Mt.

Todd ore. This study should follow on from:

1. The second program of leaching and adsorption testwork.

2. The study of comminution options.

3. The final mine feasibility study.

4.  The recommended program of geotechnical work.

5

Any further infrastructure studies which are required (.e.
power, bridge, communications and accommodation refinements).
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10.0 CRITICAL PATH ANALYSIS

10.1

10.2

GENERAL

Project development has been analysed using TIMELINE software.  The
schedule is structured around the following general features:

1.  The dates are, at this stage, arbitrary. A May 1 design start is assumed.

2. It is not considered realistic that civil works (site, tailings and raw water
dam) can be carried out during the wet season. Actual design start date
will affect the schedule as it relates to the wet season. ;

3. A three week period has been set aside prior to commencement of design
for finalization of scope of work. '

4.  First Gold pour coincides with the completion of commissioning.

5. It is assumed that the tender, evaluation and mobilization process for
contract mining would have a prior start on the process plant design,

6. It is assumed that Government and Statutory approvals are handled by the
Client, with further engineering information being advised at the
appropriate time in support of applications.

SCHEDULE

‘A, project schedule (Figure 10.1) has been prepared for construction of the
process plant and this programme assumes:

A single contractor for design, procurement and construction management
activities,

The contractor is provided with sufficient flexibility in decision making to
allow timely and responsible execution of all activities.

On this basis, total execution time between project commencement and Date of
Practical Completion as shown in the attached schedule is 42 weeks. The
execution time is constrained by the delivery period for the agitators. it may
be possible to reduce this period following finalization of equipment supply
orders and construction sub-contracts. This is discussed in more detail in 10.5.

Key activities within the project schedule include:

Appointment of the engineering, procurement, construction management
contractor, ‘

Specification and prbcurcment of long lead items,
Detailed design,

On-site construction,

Practical Completion, and

Commissioning.
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10.3

RASTRU RE
Power

Grid extensions are not included on the schedule as it has not been possible to
obtain a firm period for extensions to the power grid. = Purchase of
transformers is seen as the major item. A period of six months has been
utilised. This item could become critical if agitator/crusher/mill lead times are
reduced.

Water

The crucial component of water supply is the raw water dam. Dam
construction must be completed as close to the wet season as possible to
obtain a fill for the dry season. 3 The bore system, as currently proven, is
capable of delivering only 75 m“/hr, and thus the raw water dam is an
essential source for start-up purposes.

It is assumed that pre stripping would supply necessary fill, and thus
determines the dam construction schedule. _

Other

Accommodation, road/bridge and communications are not incorporated in the -
schedule. It is recommended that these facilities be provided as early as
possible in the schedule period.

10.4 -MINING

10.5

Pre stripping is scheduled to commence week 14, with a duration of 10 weeks.
Production mining commences week 24 and thus generates a 580,000 tonne ore
stockpile prior to commissioning in week 28.

PROCESS

The process schedule incorporates three long lead items -.in decreasing order;
A.  Agitators - the current critical path |

B. Mills

C.  Crushers

It is these items, transformers aside, which determine the final phase of
installation prior to, and in conjunction with, commissioning (the final
mechanical, pipework and electrical installations).

The schedule has been assembled to minimise execution time, with the
preparation of specifications for long lead items commencing as early as
possible. The area which remains uncertain is that of dam construction which,
as previously mentioned, is a function of how the schedule relates to the start
of the wet season.
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10.6 RECOMMENDATIONS

To realise a significant reduction in project execution time early
commencement of design and procurement activities will be necessary.

Criteria for agitator selection are as follows:

1.  Established grind size, leach residence time and individual tank sizq.

2. Pilot testing to determine viscosity effects at operation pH, and
ultimately a scale up factor for agitator type and power draw (by the
manufacturer).

p—
! i

Overall site power requirements will need to be determined as early as
possible.  This could be achieved if the crushing, grinding and agitator
selection processes were brought forward as prior design work. The
transformer size can be determined and an order placed immediately on project
commitment. Second hand and standard size transformers may be a viable
option as discussed below.

=ommy

=

ST

- This approach would also be necessary to reduce the grinding circuit lead time,
which is very similar to that for agitators and transformers. A rod mill/ball
mill circuit would be the simpler, quicker and more reliable option for this
purpose, The lead time for crushing would not alter if a secondary crushing
or tertiary crushing stage was required.

It is recommended that:

’

1. A program of testwork be implemented immediately to determine agitator
selection criteria. -

2, A study to be commissioned to assess and size the crushing and grinding
circuits.

3. An estimate of total site. power needs be made, with appropriate
contingency. Second hand and "standard" size transformers offer reduced
lead times, and a cross over parallel system with excess capability may be
the most cost effective (particularly if a dual line grinding circuit is
likely). Caution is advised as the cost curve for increasing transformer
size has severe irregularities at different points,

4, The Northern Territory Power and Water Authority be réqucstcd to supply
detailed information, on lead times for extension of the power grid to the
Mt. Todd Gold Project site.

5. That appropriate consuitants be engaged to refine scope and costs for
infrastructure requirements such that these facilities may be provided as
early as possible in the project design phase.
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APPENDIX 2
Mount Todd Feasibility Study - Contract Mining Costs

A brief specification was prepared and submitted to some eight Contractors. Replies
were received from six contractors: '

- N (R .

Theiss Contractors Pty., Ltd.
Leighton Contractors Pty., Ltd.
Roche Bros. Darwin
Holdaway MacMahon

Curtain Bros. (Qld) Pty., Ltd.
TTS Construction

1

The prices submitted are collated over in Table 1 and the source letters are also
attached for reference. The prices range reasonably well around the estimated
mining price in the study after applying the average strip ratio of .92 tonnes of
waste to 1 tonne of ore. : '

The following qualifications to the pn‘cés submitted apply:

The prices really represent the first five years of mining. Once the
favorable strip ratio ore on top of the hill is mined off and the pit
commences mining, costs for waste haulage may increase.

No clcbuicity or water charges have been included.

The indicative haul distances may not be achievable in practice as the pit
haul road will need to exit the pit on either the ore side or the waste
side with either ore or waste having to be hauled around the pit on the
160 bench. If the waste dump is re-located to the south then the one pit
exit would be required and the potential problem resolved.

There are a number of issues requiring solution in regard to the pit
scheduling and individual bench tonnages shown in the mining document.
Resolution of these will probably lower the waste to ore ratio overall,
improve the front end project economics by taking into account the
favorable carly strip ratios and possibly lower the overall mining costs.
These issues can be summarised as follows:

TR

Some of the lower benches have more total tonnage than the
benches above them.,

The highest tonnage waste appears on the bottom bench,

The indicative mining schedule does not seem to take into account
the favorable ratios on the initial benches. It would probably be
very difficult to mine up to two million tonnes of waste in the early
years of the project. The most likely optimum schedule is one that
constrains total movement in the early years of the schedule to that.
necessary to achieve the desired mining rate of two million tonnes
per annum and reasonable forward development.  Alternatively it
may be practical to alter the cut-off level in the early years of the
project to improve project cash flows. .
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The table is constructed as follows:

1.

2
3.
4

\

Haul to dump distance - use 500 metres (overburden (c)).
Load to pads is for information only (ore (c)).
$/tonne waste by 0.92 plus $/tonne ore plus admin$/tonne =Total #,

4% day work and mobilisation costs are included in Mine site
Services and Mine Preproduction Costs respectively.

Sampling/assay and Mine Site Services costs are extracted from the
existing Mine Pre-feasibility Study.




TABLE 1
MT. TODD GOLD PROJECT
CONTRACT RATES FOR MINRYG

Roche Holdaway
Item Unit  Bros Theiss Macmahon Leighton Curtain TTS
Overburden _
(2) Rip and Load bmg 025  0.82 1.80  0.90
(b) Drill and blast bM 1.35 1.87 1.35 1.00 1.35 1.45
(c) Haul to dump 500M  2.71 255  2.60 1.49 1.90 -2.50
(d) Haul to dump 1000M  3.20 2.68 2.90 1.68 2.60 2.85
(¢) Haul to dump 2000M  3.68 3.06 3.50 - 3.10 4.30
 Ore
(a) Drill and blast tonne 0.60 0.51 0.70 0.57 0.55 0.75
(b) Loadto ROM tonne 1.42 0.92 1.20 0.89 1.80 1.55
(c¢) Load toPads tonne 1.40 1.03 0.75 0.92 1.20 0.90
Administration
() Mobil, 332,000 210,000 120,000 331,039 450,000 150,000
(b) Demobil. 80,000 3,000 25,000 165,520 300,000 . 70,000
(¢) “Accommodation M 43,982 30,000 13,212* 30,000 ‘18,000
Accommodation Y 511,000 527,784 360,000 687,024 360,000 216,000
Total Unit Basis .
Waste M3 4060 442 425  2.49 325  3.95
tonne 1.62 1.77 1.70 1.00 1.30 1.58
Ore - tonne 2.02 1.43 1.90 1.46° 2.35 2.30
Admin/t (2.0M) 0.25 0.26 18 0.34 0.18 0.11
Total at (0.92)# 3.76 3.32 3.64 2.72 3.73 3.86
+ 4% Day Work 3.91 3.45_ 3.79 2.83 3.88 4.02
+ Mobilisation .04 .02 .01 .05 07 02

3.95 3.47 3.80 2.88 395 4.04

AV 3.68 RANGE (2.88 - 4.04)
*  Weekly Cost _
Av of TOTAL # 3.51(2.72 - 3.86)

+ sampling/assay 21
+ Mine site services 18
TOTAL ' 390  For Comparison
Cheapest 3.11
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MINING & CIVIL ENGINEERING CONTRACTORS \\. ..f'l ) ‘

ROCHE BROS. PTY.

(Incorporated in Victoria)

\ i ™ / . TELEX: . AABS5SS]

LTD.

REPLY TO: :
1761 GRAFFIN CRESCENT,

e WINNELLIE, 5783, NORTHERN TERRITORY.
P.O. BOX 2148, DARWIN N.T, 5794

ROCHE BRAS 1 JELEPHONE 080 47 0200

REF: 701-027

16th December 1988

The Study Manager

Mt Todd Gold Project
Minproc Engineers

P.0. Box 544

SPRING HILL QLD 4000

Dear Sir,

RE: MT TOBD GOLD PROJECT - N.T.

-

We have pleasure in submitting our budget prices for the above
project. Our prices are based on the specifications and information
supplied. )

Roche Bros. expsrience and expertise and depth of resources is well
established throughout the industry.

We have a well established office and workshop complex in Darwin
from which all Northern Territory projects are managed.

Existing and previous contract mining operations in the Territory
and northern Western Australia include: :

Cosmo Howley (Current)
Granites (Current)
Bow River (Current)
Toms Gulley (Current)
Moline (Current)

White Devil
Northern Star
Golden Duke
Woodcutters
Argyle {Hard Rock)
Argyle (Alluvial)

LI R - R R -

We offer any or all of these as references to our capability in
contract mining in the Top End.

.2/

MELBOURNE (HEAD OFFICE) ADELAIDE BRISBANE CANBERRA DARWIN
(03) 529 3022 (08) 47 5088 (07) 277 7188 (062) 66 2622 (089) 47 0250

PERTH
(09) 458 4177
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We thank you for the opportunity of quoting budget prices for this
project,and look forward to receiving tender documents in due
course. ’

Please contact the undersigned should you require any further
information.

-

Assuring yvou of our best services.

Yours faithfully
ROCHE BROS. PTY LTD

ol

C.H. DIEBEN
MANAGER - NORTHERN TERRITORY

- -

,.
1

Encl.
CHD/sm

s By
: { -

i
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RAOCHE BRAOS
.,
REr:701-026
MT TODD GOLD PROJECT
BUDGET SCHEDULE OF RATES
ITEM DESCRIPTION
1.0 WASTE MINING
1.1 Load oxide waste
1.2 Load Sulphide waste
1.3 HAUL WASTE
To dump (inc RD & dump maintenance)
up to 500m lead.
(a) RL 130 to 200 (Oxides)
. (b) RL 130 to 200 (Sulphides)
(c) RL 90 to 130 (Sulphides)
{d) RL 50 teo 90
1.4 Extra over Item 1.3 for up to
1000m lead.
ALL LEVELS
1.5 Extra over Item {.,3 for up to
2000m lead.
ALL LEVELS
1.6 DRILL & BLAST WASTE
(a) Oxides
{b) Sulphides
2.0 ORE MINING
2.1 Load Oxide ore
2.2 Load Sulphide ore
2.3 Haul ore to R.0O.M. (inc RD & S/pile
maintenance) at 1000m lead.
(a) RL 130 to 200 (0xide)
(b) RL 130 to 200 (Sulphide)
(c) RL 90 to 130 (Sulphide)
(d) RL 50 to 90 (Sulphide)
2.4 DRILL & BLAST ORE

(a) Oxides

(b) Sulphides
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" DESCRIPTION UNIT RATE
$

3.0 ADMINISTRATION COST
3.1 MOBILISATION

(a) Plant & Facilities LS 182,000

{b) Camp LS 150,000
3.2 DEMOBILISATION

(a) Plant & Facilities LS 70,000
- (b) Camp LS ‘ 10,000
3.3 ACCOMMODATION

~ Maintain & Operate MAN DAY 40

35 man singlemens camp '

4.0 MISCELLANEQUS WOKRKS
4.1 Feed main primary crusher ROM $/pile

(6000 T/day on double shift) TONNE 0,44
4.2 Load crushed ore ex 8/pile,haul 500m,

dump & stack on leach pads, TONNE 1.40
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HOL DWAY- MACMAHON ‘. Civil Engineers &

. Earthmoving
(QLD )PTY.LTD. Contractors

799 Fairfield Road,

B !i“’ﬂ[?”ﬂnl_rl < \ | . Yeerongpilly,

Qld. 4105

Qld. 4105

WDT:MAB: 360: 1:88/256 JL Z 1 DEC 1988 5&,53:;74' ‘\

ANS / / " Telephone: (07) 848 2061
TTTTTmmmerensmme s Facsimile: (07) 892 2305
16th December 1988 Tolox: AA145196

The Study Manager,
Mt.Todd Gold Project,
Minproc Engineers,

P.0. Box 544,

SPRING HILL QLD 4004

Attention: Mr. Mike Gunn

Dear Sir,

RE: 'MT TODD GOLD PROJECT — NORTHERN ' TERRITORY

We thank you for the opportunity to submit budget estimates for
this project.

Attached is the completed Schedule of Rates. This schedule is
based on the following:~

1. Rates submitted are at current prices and Rise & Fall
would apply.

2. Rates are average for benches to RL140m only.

3. Ttem la) is an extra over the rate for loading and
hauling of blasted material.

4. Items lc), 1d) and le) are load and haul rates for
blasted material.

5. Item 2 has not been corrected for dry tonnes.
6. Construction of haul roads not included in the mining
rates.

We look forward to your further advice.
Yours faithfully,

HOLDWAY-MACMAHON (QLD.) PTY.LTD.

G¢VK<C) €;77k<3 AN _AADN -

W.D. THOMSON B.E. M.1.E.(Aust.)
SENTOR ESTIMATING ENGINEER .




HOLDWAY-MACMAHON (QLD.) PTY.LTD.

ITEM

MT TODD GOLD PROJECT \
SCHEDULE OF PRICES REQUESTED

DESCRIPTION UNIT ~ RATE
OVERBURDEN
(a)  Rip anddoad overburden b m3 0.25
(b)  Drill and blast overburden bm3 i35
(c)  Haul overburden to dump 3 ﬂ" A
500 metres away from the pit exit bm < 60
(d)  Haul overburden to dump 1000 b m?’ -
P 2-9¢
metres away from pit exit
(e)  Haul overburden to dump 2000 b2 3.50
metres away from pit exit M
ORE
(a)  Drill and blast ore t C-To
(b) Load ore and haul to ROM Y
stockpile t .28
()  Load crushed ore and haul to :
pads 500 metres away t o 75
@MINISTRATION COSTS
(a) Mobilisation i2C,ecT
(b)  Demobilisation 2% 000
(c)  Monthly Accommodation Coét [ 5
(not to be included in above 4
rates)
by | oo
okt gt
s

Jreg o ity

oo
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THIESS |
CONTRACTORS PTY. LTD.

(INCORPORATED IN QUEENSLAND)

16th Decenber 1988

The Study Manager

Mt Todd Gold Project
Minproc Engineers

P O Box 544

SPRING HILL QLD 4000

Dear Sir
RE: MTI TODD GOLD PROJECT, N.T. — BODGET ESTIMATE

We have pleasure in submitting our Schedule of Rates Budget Estimate for the
above project. Our budget estimate has been prepared in accordance with the
documents and drawings supplied with your letter of 8th December 1988.

The Schedule of Rates is submitted in the form of a computer print out. The
quantities used were calculated on the basis of a 3 year contract period
with ore extraction at the rate of 2,000,000 tonnes per annum., The waste
volume was calculated from the bench quantities supplied by your Mr J.
Jamieson by phone on l4th December 1988,

Our price is calculated in December 1988 dollars with no allowance for
escalation. -

Our price is based on the Mining Fuel Rebate of $0.18899/litre applying to
all diesel fuel used on this contract.

As we propose using a hydraulic excavator for all excavation, we have not
allowed for any ripping and have assumed all material will be drilled and
shot at appropriate patterns and powder factors. Our drill and blast rates
are based on our interpretation of the limited information available and are
subject to confirmation.

For the purposes of calculation, we have assumed all waste at 2.5T/bm3 and
all ore at 2.65T/bm3.

Should you require further information or clarification of this submission
please contact the undersigned.

Yours faithfully

wllid '

W G Turner
MANAGER — ENGINEERING

QUEENSLAND OFFICE: ) .
146 KERRY ROAD, POSTAL ADDRESS: . TELEPHONE (07) 275 8500
ARCHERFIELD, P.O. BOX 199, TELEX AA41236

CDICOARMDE M™MI M A410 A Y ISP ™ ™ 44 e e o a
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100D FULD PROJELT.

DESCRIPTION

KT T0DD GOLD PROJECT.

HHE I HENH
DYERBURDEN.
RIP & LOAD OVERBURDEN
DRILL & BLAST GVERBURDEN
HAUL DYERBURDEN TO DUNP 588m FROK PIT EXIT
HAUL OVERBURDEN TO DUNP 1886 FRON PIT EXIT
HAUL OYERBURDEN TO DUNP 2888a FRON PIT EXIT
ORE,
DRILL & BLAST ORE
LOAD & HAUL ORE TO ROK STOCKPILE
LOAD & HAUL CRUSHED ORE 588m TO PADS
ADKINISTRATION COSTS.
KOBILISATION
DEMOBILISATION

KONTHLY ACCONKODATION CDSY (HOT IHCL IH RATES

L

TENDER SCHEDULE

QUAKTITY

1391268, 88
1391288, 00
13191288, 88

4400888, 08
5800088, 08
6660088, 88

36,88

URITS

BH3
BK3
EH3
B3
BH3

TORNE

TORHE
TOHKE

LS
LS

HONTH

TENDER TOTAL

--§f% FINAL PAGE Xxi--

RATE

Inciuded in 1C,

1.97
2.35
2.48
3.86

g.31

1.83

43982, 80

DATE 16.12.88

TOTAL

1,488,584
3,547,568
RATE DHLY
RATE ONLY

3,848, 808
5,528, 068
6,188,898

218, 096
5,088
1,588,472

21,591,614

1D & 1k
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MECACEONEEN Pmmmnm{? LEIGHTON

PROJECT MANAGEMENT
3
19 Lang Parade Telephone:  (07) 870 3354
Milton, Queensland Fax: (07) 870 145 20 DEC 1988
Australia 4064 Cables: LEIGHTON, .
BRISBANE
P.O. Box 288 Telex: AA4102
Toowong 4066 : ANS / /

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

Ref:  TRC/kmj/TF03

The Study Manager

Mt Todd Gold Project
Minproc Engineers

PO Box 544

SPRING HILL QLD 4000

Attention: Mr Jeff Jamieson

- Dear Sir,

CONTRACTORS
PTY: LTD.ooecere.

16 December 1988

RE: MT TODD GOLD PROJECT

. NORTHERN TERRITORY i3

Please find enclosed our Schedule of Budget Prices for the mining of the above

works.

In our estimate we have made certain assumptions which are outlined on the

attached schedules.

We trust this is to your satisfaction and we await your further advice.

Yours faithfully,
LEIGHTON CONTRACTORS PTY LTD

o ing

Engineering Manager




SCHEDULE OF ASSUMPTIONS
The average waste dump haul is 1000m from the edge of the pit, level slope.

The average ore haul is 500 metres from the edge of the pit, slightly downhill

to the ROM stockpile.
For the first three years, the following rates should apply;

Item 1 (d) Haul Overburden to Dump _ $1.49
ltem 2 (b)  Load ore and haul to ROM stockpile $0.83

Leighton Contractors Pty Ltd




MT TODD GOLD PROJECT
SCHEDULE OF PRICES REQUESTED

2
<
)

! ITEM DESCRIPTION . UNIT ~  RATE
: 1 QVERBURDEN |
! . (@  Rip and load overburden m? $0.82
I (b)  Drill and blast overburden m?  $1.00°
- (¢)  Haul overburden to dump - CONA
l 500 metres away from the pit exit Y7
L. (d) Haul overburden to dump 1000 $1.68

: metres away from pit exit
_l‘ (¢)  Haul overburden to dump 2000 - N/A
metres away from pit exit _
. 2 ORE |
l (2)  Drill and blast ore t ©0.57
. . (b)  Load ore and haul to ROM
' ‘ : stockpile t © 0.89
; (¢) Load crushed ore and haul to o
- pads 500 metres away t 0.92
l 3 ADMINISTRATION COSTS
' (a) Mobilisation , Item 331039
L (b)  Demobilisation Ttem 165520
I (c) Monthly Accommodation Cost’ Week 13212
; (not to be included in above
(I rates) (capacity 42 No)

LEIGHTON
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14712 788 16:35 4 x 077 745 427 CB'ENGINEEkaGT_ﬂ R T
DDRESS ALL CORRESPONDENCE TO; L o TELEPHONE: (077) 746198 .
2.0, BOX 488, : ‘ - . TELEX: AA4T7304

SARBUTT, Q. 4814, CFAX:

- MANAGEMERNT: (077} 73-6146
PURCHAaING Q77 74 GE’;T

CURTAIN BR D.) PTY. LTD

CIVIL ENGINEERING, CONT N‘b‘_‘ GENERAL CONTRACTING -

891 INGHAM RO
QUEE

14 December 1988
Dur ref, * M1l-1-L.0O01

Minproc Engineers Pty Ltd

PO Box 544 ,
SPRING HILL QLD 4004

Attention: Mr Mike Gunn

Dear Sir,

MT _TODD GOLD PRICES

Attached is our completed schedule for the above.
We amplify some aspects of our rates as follows: -

. Qur rates have no allowance in them for infra-structure
works; i.e. clearing, construction of haul roads, etc. They
are purely rates for mining

. We have assumed, in our drill & blast rates, that benches in
both waste and ore will be drilled to 5 m.

- Our budget filgures for mob and demob are based on taking all
required equipment, camp, facilities, etc. from Townsville.
At the Tender stage, we would look closer at thne
avallability of camps, etc., nearer to the job site.

Trust the attached is of assistance,

Yours fait u?ka,
CURTAIN 05} ((ALD.) PTY. LTD.

SRS

B.T. GAYLOR,
Caoantracts Engineer
v

ADMIN' (077) 74-G460 ~ °
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MT TODD GOLD PROJECT
SCHEDULE OF PRICES REQUESTED

P QVFRBURDEN ~ *

- ' ‘

I (2)  Rip and load overburden m3 $1.20

L (b)  Drill and blast overburden ¥ m? Svoas

l (c) Haul overburden to dump :

» 500 metres away from the pit exit HAAO

I (d)  Haul overburden to dump 1000

; metres away from pit exat 4 2060
(e)  Haul overburden to dump 2000 42X 10

| metres away from pit exit

I o

3 (2 Drillandblastore ¥ bt hoeas

I (b)  Load ore and haul to ROM & .

’ stockpile t o d: 1«80

' (¢)  Load crushed ore and haul to

I pads 500 metres away t 41-20.

’* . ADMINISTRATION COSTS

I (2)  Mobilisation % 420000

l (b)  Demobilisation ‘f) '.?YQD'C:DO

3 (c) Monthly Accommodation Cost 4550000

' (not to be included in above }

l rates)

% Dry helew, Add do-s0 l“‘“&" e el helos

I % Dr‘j helea, Add dooo l‘\‘ D

? : S

t
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i

Head Qilice: 35-53 Morehead Street, Townasville
N Address all correspondence to Box 6422, TMC, Townsville, QLD, 4810
; ~ Telephone (077) 222777 Fax (077) 211387
R Tolex 47012 Telegraphle Addrass “Transerve”

7TH CONSTRUCTION

An Operating Division of TTS TRANSPORT PTY. LTD.

December 16, 1988,

" Minproc Engineers Pty Ltd
P.0. Box 544
SPRING HILL. 4004.

Attention: Mike Gunn

Dear Sir

RE: MT. TODD GOLD PROJECT

In response to your request of December 8, 1988, we have pleasure In
submitting our budget prices as per atbvached schedule.

You will note we have amended items on the schedule to provide elarification.

’J

1.0 As there is no allowance Lo load overburden under Ttem 1(b), by hauling
under 1(c) (d) or (e) we have modified 1(a) to a "rip and push“ operation
and included "load" in items 1(c), 1(d) and 1(e).

2.0 Item 2(b) is qualified to allow hauling to stockpile up to 1000 metres
away from pit exit.

3.0 Ttem 1{¢) is assumed to have an average haul distance of 400 metres from
load point to pit sxit.

4.0 Ttem 1(d) is assumed to have an average haul distance of 800 metres from
load point te pit exit.

5.0 Item 1(e) is assumed to have an average haul distance of 1200 meirea from
load point te pil exit.

6.0 Fquipment selection could vary from that indicated in your document.

We trust the above assists in your study and would be pleased to supply
further information as required. '

Yours faithfully

Eomcle.,

S, Holay
718 CONSTRUCTION, | .

HE EE I T N B I B B BN BN BRI BN EE N BN =l




& ©r7 211 47e TTS CONSTRUCT

-

; Hnad Ofiice: 35-63 Morehead Street, Townsvnle

L Address all correspondance to Box 5422, TMC, Townsville, QLD, 4810
Telephone (077) 222777 Fax (077) 211387
[ Telex 47012 Telographlc Address "“Transerve” .
‘ TTE CONSTRUCTION

MOWMMQMWMHBWM%HWWYUD

— - MT. TODD GOLD PROJECT

SCHEDULF OF PRICES REQUESTED

-

. ITEM ., DESCRIPTION UNIT RATE
i ‘ OVERBURDEN
I () Rip and Push overburden m3 0,90

(b) Drill and blast overburden m3 1.45
: (¢) Load and haul overburden to dump

500 metres away from the pit exit m3 2450

I (d) Load and haul overburden to dump
1 1000 metres away from pit exit m3 2.85

(e) Load and haul overburden to dump
l 2000 metres away from pit exit m3 4.30
I 2 ORE
L (a) Drill and blast ore | £ 0.75
I (b) Load ore and haul to ROM ,
{ stockpile 1000 metres away t 1.55
1 (¢) Load crushed ore and haul to
I pads 500 metres away 1 0,90
n 3 ADMINISTRATION GOSTS
I (a) Mobilisation _ 150,000.00
| (b) Demobilisation 70,000.00
I (¢) Monthly Accommodation Cost (not :

to be included in above rates) $ 18,000,00/mth
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¥1DC2 ¥T TODD GOLD PROJECT - CIB/CIL STUDY - DESIGN CRITERIA

CATEGORY ! UNITS U AT
SCHEDULES : :
NINING TONNES PA |  TONNES 1. 2000000 QRE
WEERS PA | ! 52
DAYS BY | ! 5
SRIFTS PD | ! 2
EOURS BS ! : 10
TONNES B¥ | TONNES : 38462 ¢
TONNES BD | TONNES : 5410 ¢
: !
CRUSHING TONNES B3 | TONNES : 33452 :
DAYS BY | : 6
SHIFTS PD | ! g
BOURS BS | : 10
¥ AVAILBY ! | 80
DESIGH 1.1, | TONNES/HR | 101 ¢
NILLING TONNES BW |  TORNES | 38452 ¢
©DAYS B : ! 7
SRIFTS PD | | 2
HOURS BS | : 12
Y AVAILBY | : §2.50
NONINAL T.P.E. ! TONNES/HR | M ¢
DESIGN T.P.E.  *-.  TORNES/ER 1)
: !
STRIPPING DAYS P¥ | ! 7
STRIPS BD | : 1
DESIGN BATCH SIZE | TONNES ¢ ! 3.31 PER STRIP:
| !
BULLICK Rg AuPA | g ! 270 ¢
PV W ¥ ! 12995 e
z
ORE CHARACTERISTIC |
! |
GRADE Ay Lo/t | 1.29
Ag T : 1.50
$.6.0ORY) ' 208 W DIST. 8 U
: | 2,871 2
! ! 278 7 64
.60 : 2,71
MOISTRE | ¥ | errersee oheck
| !
BULK 56 | ! 1.45 §
| ! 148 1
: ! 1,48 p
! !
U.C.5. L NP | 24.00 ¥
: ! 29.10 1
! : 57.10 P
INPACT | KW/T : 110 %




CRUSHER
INDEX

ABRASICN
INDEX
ANGLE OF
REPOSE
FREE SiC2

BIND B W.IL

R.E, VI

CRUSHING

DESIGN  T.P.H.
2.0.M. SIZE 4100
TRUCK STZE
2.C.H.BIN CAPACITY
C.0.8, CAPMCITY L

DESIGN  PRODUCT

480 SIIE -

F.0.8. CAPACITY &

GRINDING CIRCUTT
DESIGY  1T.P.H.
FEED
489 SIIE
FRODUCT
a3y SIZE

RECIRCULATING LOAD
SAG MILL
BALL MILL

CLASSIFICATION

§AG NILL PRODUCT
DENSITY
PULP §¢

TPH PULE
VOL FLGY

BALL NILL PRODUCT
DENSITY
PULP 86

DEGREES

TCNNES/HR
n.&.
TONRES
TONNES
HOURS
TONNES

o.n.

HOURS
TONKES

TONNES/HR
.0,

o.n.

¥SCL. WT,
/43
¥50L. VOL
TONNES/HR
¥3/HR

¥50L. WT,
T/M3

- a3
oo o
L= =1
= 3

=]
1 w3

37,00 (FINE)

thkdkaid

11,70 %
17,20 7
24,70 B

teetrit (IST B N,

0
10¢0
83
1
24
9615

200

48
11380

250
200

0.07%

UF/QF
200
150

43
1.40
23
536
398

«»

3

3
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TPH PULP
VoL FLOW

LEACHING/ADSORPTION
DESIGN  T.B.H.
DENSITY
SCLIDS  FLOWRATE
SOLUT.K FLOWRATE
SCL.N FEED GRADE

TRASR SCREEN
APERTURE

C.I.B,  BYSRID

LEACE TINE TOTAL
ADSORB
TOTAL

N, OF STAGES TOTAL

LEACH
ADSCRE
TANE V0L TOTAL

LEACE

ADSORB

INTERTANR SCREEN
APERTURE

LEACH RECOVERY
Au
Ag

CARBON  TYRE
SIZE

DESIGN TAIL GRADE Au
DESIGN SOL.N TAIL Au

DESIGN CARBCK
‘Au LOAD
LV
STRIPBED
Aw "
Ag "
CONCHTN
MASSFLOW
TCTAL  INVENTCRY
STAGE EFFICIENCY
GOLD INVENTORY
RES.TINE PER STAGE
TRANSFER
REMOVAL

RECOVERY SCREEN

1
1

§50L. VOL
TONKES/HR
H3/HR

TONNES/HR
¥50L, W7,
NI/HR
H3/HR

7

NICRONS

R
ER
IR

3
13
L]

NICRONS

ASTY

g/T
g/T

§/7
/T

q/T
g/7
Kg/¥3
Tq/HR

| 44
HR

won
(¥ -]
wn

[ 20N o T -1

250

«»

LEN
345
0.82

3

1000

43,00
5 FROM MODEL
43.00 ¢

13

8

§
20993 (LIVE)
18808
187

£3 & O

AIRSWERT FLOCDED,V'WIRE

8313

88 check -
40 " n

PICA G210A5 {AMDEL)
6112

1935 ¢

32 F 853

50
RAXLEERAR
14.18
140.8]

31000 ADSCRB

81 "

28 "

44,02 2

L T S ]

© CONT.S AIRLIFT

RECESSED INP. PUNP

RON MODEL
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APERTURE t NICRCNS '

' {

' !

: ! !
TEICKENING i i
DESIGY  T.P.H. i TONHES/HR
F DENSITY | %SOL. ¥T. |

PULE §.6.  + 1/M3 ;

P ¥S0L, VoL

T2E PULP i TONNES/HR |

-Y0L FLOW P MI/ER i

AV SETTLING RATE i !
COMPRESSN ' M/ER i

BULE PON/ER !

SCL UBFLO 1 M/ER g

HAX %50L i %50L. ¥T, {

DESIGN %301 i ¥S0L. NT.
1 1

FLOCC USE | q/T i

i 1

800

250 ¢
39
1,33
19
641
483

NN n

50 ¥AX 35 MIN

DESORPTICN/ELECTROWIN/REFINE

STRIPPING SYSTEM

CARBON BATCH SIZE .

NC. CF STRIPS PW
STRIPS BD
NETAL STRIPPED PW
Ly
iz
TOTAL
ELECTROVIN
NG. CELLS
NC. CATHS
CURRENT
BARREN  ELUATE

ELECTRCREFINE
e, CELLS
NG, CATHS
CURRENT

CARBON REGEN, RATE

REAGENT USAGE
0.LLE.
NaCN
LINE
NaCE
PR (RC)3

FLOCC

1

i

!

|
'

!

!

TONKE €

fe
kg

ANPS
PPY

Rg/T
Re/T
Kg/T
Re/T

Fa/T

MARL,COLD ACID WASK
13 ¢

7

1

43,588 ¢
23.08

¢.80
1.10
.20
0.40 MAY




CARBON P T/ | 31.00
] 1
G MEDIA ! Rg/T 1 1.50
DESORB ! !
Nack ! Re/T ¢ ! 25.00 2% w/V
NaCH ] Kg/T € ! 20,00 2% W/v
BCl i Rg/TC ! 85,00 3% w/V
] \
VATER BALANCE d f
GRIND PRQDUCT i i
T.B.E. i TONKES/ER | 250 ¢
DENSITY I XS50L. T, ! 42
PULP 56 1 & ! 1.3 2
) i £50L V0L ! 21 e
PULPE TPE H TONNES/ER H 595 ¢
YOL FLOY H M3/HR H 37 ¢
VATER TPE i TONNES/HR H 345
t 1
TAIL ! :
DENSITY ! %50L, WT. ] 35
WATER i TONNES/HR | 391 ¢
THICRENER U/P ' !
DENSITY , | %SQL. W7, ! 60
WATER LCSS 'f  TONNES/HR | 167 ¢
RECLATN ' TONNES/HR ! 25 15 $RECF
TCTAL WATER LOSS ! TCNKES/HR i 142
1 i
RETURN ! TCNNES/ER i 219 ¢
{TC GRINDING ) ! !
GRIND MAREUP ! TONNES/HR ! 9% S
DESCRE USE i TONNES/ER | 45 2
QTHER ! TOXNES/HR ' 2 check
TCTAL ! TORNES/HR ] 144 ¢
! TPD ] 3448 ¢
' T8y ! 24138 ¢
! TPA ] 1255072 ¢
i !
i !
TAILINGS DAM i '
TOKNES i 120000000 {
MINE LIFD i YEARS ! 17
DENSITY ) %500, 9T, i 17 check
$G TAIL 1 T/M3 } 1.95 C
DAN VCLUNE 1 N3 H 13343760 ¢
i '
] [}
! !
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HT TCOD GOLD PROJECT CIE/CIL WET $AG

ANNUAL THROUGHBUT

QBERATING HOURS

Tennes per heur

MILL TYPE: RCD [R],BALL [B] ?

RCD MILL WORE INDEX

BALL MILL WORK INDEX

FEED SIZE ,F80{um)

PRODUCT SIZE ,F80{un)

MILL DIAX, INSIDE LINERS (m)
{ft)

NILL LENGTH (m)

NILL POVER {kV)

WET GRINDING [Y]/N ?

QOPEN CIRCUIT Y/[¥] ?
STEEL/RUBBER LINERS S/[R} ?
NEW/NORN LINERS N/(¥] ?
GRATE DISCHARGE Y/[N] ?

" Charge {fraction of volume)

Critical Speed §
Selids 8.6
EFFICIENCY FACTORS
EFl Dry Grinding ..
EF2 Open Circuit Milling
EF3 Diameter Efficiency
EP4 Cversized Feed
EFS Ball ¥ill Fine Grinding
EFe H/L Rr. Red Milling
EF7 Low Rr. Ball Milling
EF8
EF9 Rubber Liners
EF10 Rorn Liners
EF1l Grate Discharge
EF TOTAL
Reduction Ratio (Rr)
Optimun Feed Size (Fo) :
Rod ¥ill (usm)
Ball Nill {un)
Basie kw/tomne
Basic Grinding Power (kV)
Tetal Bificiency Factor EFT
Tetal Power Required (kW)
{at Pinion) (HB)
Transzission Losses %
Total Power Required (k¥)
{at Neter) {EP)
BALL SIZE (mm)
SLUNP FACTOR
Power/Tonne Balls
Veight of balls {temnes)
Required Length of Mill (m)
Required Length of Nill(ft)

546
2000000
§000
250.0
B
36.90
13.6
200000
2000
5.3
17.4

N
04

-

r> o

5

Y

N

§

i

Y
6.17
L
2.1

1.00
1.00
.51
13,18
1.00
1.00
1.00
1.00
1.00
1,00
1.18
1.06
100

9489
1312
1.42
1855.0
1.06
1987
2036

§

2065
2768
120
nn
16,70
1.1
8.87
2.5

QFTICN

BY
1006000
8000
1250
B

P2

i
3000
75
1.5
14.9
§.31
1104

-~
M -—
-

Pt b b g b s s el b O3 ek
U DO O I A DO S D O
L= o i = P = IR — B = I I — I RS — R ]

11775
2944
21.33
2916.4
1.01
2955
3982

5

3104
1160
90
0.73
11.20
263,84
8.31
21.3

BY
1000000
8000
125.0
B

2

2
3000
15
4.5
14.3
§.31
Y

-

i I R e e I S — Y W)
€D O I Y Y I ) O w0 O
e e = R — R G i i =1

11776
2544
3.3
2916.4
1.0l
2956
3962

104
4150
90
0.73
11.20
261.84
8.1
7.3

ball size calculation (ARN
INPUTS . G100 MICRONS 3000
WI KWHRS/T 25
XCRIT D YN
NILL. D ¥ 4.5
$R.L. UE/QF 150
QUTPUTS
RPE CRIT 19.53547
¥4X BALL N.M. 82,20062

USING ARMCO CALC
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STREAN  TPH SCLS TPH WATER % SOLIDS PULP $G TPH PULP N3/ER

ENTER  5G SCLIDE

e
L

F 4800
NeIST

.1
45.00
1.00

SAG MILL MT TODD GOLD EROJECT

NEW FEED
WATER ADD
NILL FEED
NILL DISC
WATER ADD
SPILLAGE
£YC FEED
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CYC of¥
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2
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4502 DES
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0.98
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2.00
208.28
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301.10
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509.38
202.75
305.83
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0.29

185 zm  LOW

HIGH

QY LN e L D

$9.40
0.00
78.21
18.21
0.00
100.00
89.55
11,05
45,00

AL}
820

an
1270
1050
500
750
e60
151

L=
TP

CUF WATER

§PLIT

.88
.00
58
98
(00
J1
.60
A
.40

FEED kPa
ROPE LIM
VE D mn

INLET Dzn

PULP
200.00
250,00 .
0.40 ¥in 0.2
%301 Vol

352,51 .18 91.M

2.00 2.00 0.00
958.28 485.03 57,06
938,28 485.03  57.06

301,10 301.10 0.00°

0.06 0.02 100.00
1239.44 786,16 35,21
703,75 388,25 47.52
555.89  397.%0  23.19

60
61.80 %S0Lv CUF
931
002 NAX
574 MIN
sed kPa
60 80 100
0.7 0.6 0.5
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7.4 1.1 - 387
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TPE SOLS TPH WATER % SOLIDS PULP 56 TPE PULP M3/HR

STREAN _
PULP N
ENTER 8G SCLIDS 2.1 2L = 200.00 '
COF %50L 40.00 TP 250.00
¥ NOIST 1.00 CUF WATER .40 ¥in 0.2
SELIT %50l Vol
"S45 NILL XT TCDD GOLD PROJECT
KEY FEED 250,00 2.53 99.00 2.00 252,53 94.78 91.14
WATER ADD 2.00 0.00 1.00 2.00 2.00 0.00
MILL FEED 750.00  254.%9 74,88 1.89 1004.59 531.34 52.09
MILL DISC 750.00 254.59 74.60 1.89 1004.59 531.14 52.09
- WATER ADD 170,55 0.0¢ 1.00  370.56  370.%5% .00
SEILLAGE 0.0¢6 0.00 100.00 2.1 0.0% 0.02 100,00
CYC FEED 750.06 625.15% 54.54 1.52 1375.21  901.92 30.89
LY U/F 500,00 250.0¢ 66.66 L.73 750,06 434,56 12.4%
CYC o/F 250,06 375.0% 40,00 1.3 575.15  487.3% 19,74
£l 3.45 FEED kPa ol
22 1.04 ROPE LIY §9.94 %SQ0Lv CUF
03 0.98 VF D e 1532
d50¢ DES 500 NICROXS INLET Dma 1033 NAX
CYC DIAY 3830 nn MAX D 938 KIN
Q/cye 10853.57 H3/4R
NC. CYC.§ 0.08
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: HIGH 1340 zr
feed kP2 _
nezinate ewer sizes ER 40 80 80 100 120 140
read no. of 1 1n 0.9 0.8 0.7 0.8 0.5 6.5
cyclenes at ) 1050 1.4 1.1 1.0 0.9 0.8 0.7
feed kPa 3 940 1.§ 1.5 1.3 1.2 1.1 1.0
4 150 2.1 2.2 1.9 1.7 l.% 1.4
5 660 3.5 2.8 2.5 2.2 2.0 1.9
& T 151 bh. 5 54.4 7.1 42.1 1.5 15.8
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GRIND

106 microns d80
15

53

44

Procedure

Agitation Leach

REPRODUCE

BATCH LEACH TEST

PREG~ROBBING

OXYGEN UPTAKE

ORETYPE:D18J

EACH ORE TYPE - ONE OR TWO SAMPLES

IF REQUIRED

stainless steel mill & media

48 hours

2, 6, 12, 18, 24, 32, 40, 48.

aerate only if indicated by Oz uptake test.
0.07% CN (700 mg/1)

40% solids by weight with compensation for
liquor extractioms.

pH 10.5 - 11.0

monitor -~ D.0. *) especially for
- CN %) transition
- PH & temperature
Assay - Au )
-  Ag)
-  Cu) feed, solution &
- " Bi ) residue
- ' Pb)
- Zn )
- Fe )

i

4 tests at selected size
procedure ag in 1. !

2 or 3 tests for model.
procedure attached.

Preaeration effect ) 2 tests each_

Lead nitrate )

(Pending results of phase 1 of CIP testwork).
Procedure already supplied and result will
determine preaeration time if required (D.0. versus
time) and technique (ie. sparge, aerator, turbine
or Hz20z).

Au in solution over time compared with D.O. over
time.

Stress gentle agitation, as surface area to volume
ratio is large on small scale test.,
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6. ADSORPTION S - sighter tests to determine carbon concentration

required (1, 3, 5, 7 g/1) by stage efficiency.

- batch  sequential tests ‘- 3 stages at 3-4
litres/stage. Full analysis of carbon (ie. Au, Rg,
Cu, Bi, Zn, Pb, Fe, Ca, Mg) and 24 hour duration.

- example reports attached.

The features of the test data which require investigation are:

1.

2.

3.

4‘

5.

Grind size - 75 or 53 micron?

High cyanide consumption, particularly where initial leaching rate
reduced with transition ore. Have no evidence so far to rule out oxygen
deficiency for this effect as well.

Preg robbing - reprecipitation of Gold seen in some tests.

Carbon concentration and Gold loading. (so far carbon concentration too
high, which effects loadings).

Aeration requirement.

7.  CIL TEST

Agitation leach with carbon in pulp at the 2 hour point. Procedure as in 1.

- NOTE

The order of testwork may require rearrangément if 0z wuptake tests show any
anomaly. If so, a series of aeration requirement leach tests will be necessary,
prior to 1., 2. & 3.

no aeration . .
3 hours aeration

full aeration

Hz02 addition

Aeration can be costly, and its requirements need to be established prior to

design.




-

!'-‘
-‘-i

! ‘
b

i

i

!

|

vI

II

I

i

<l

.

ERE RIS G L R S T T

\

To c\}a.luatc the model parameters, laboratory scale tests are conducted and data collected.
These data are then fitted to the assumed model equations, using a least squares of error
procedure, which generates the parameter values of the assumed model that most closely
match the laboratory data. Note that if the assumed model is a poor fit to the data, the
least squares gcne:ratc& parameters will be of little use.

3.1 Leach Model Parameters

The leach model (2.1) to be used in the present work is rewritten below:

d[Au]o 2 .
a ]fo ([A.u]o - [Au]o'f) : (3.1)

After integration, and the assumption that [Au ], i>> [Aulog, (.1) gives:

[Au]o'i (T+k t [Au]_ )

[Al=—47% k, t[AY]_ ) 62

Equation (3.2) forms the basis of a curve fitting program that evaluates kg and [Aulos

from a data series of leach time versus [Au]o, generated from a batch leach laboratory test.

1 hT

1

In the batch leach test, a baffled, stirred 4 litre container is used. A typical data set fora
quartz ore is given in Table 3.1 (Costello, 1985).

fi leach
Pulp solids concentration 50%
Ore specific gfavity 2.6
Water specific gravity 1.0
Pulp specific gravity 1.44
Pulp volume (initial) 41
pulp mass : 3.778 kg
Ore mass .. .2.889kg

24/6/88 version 1 p7

.
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Water mass | 2889 kg

~ Pulp volume per 100 g ore sample 138 ml
Lime addition (100% NaCN) , - - ! 0.5kgt!
Cyanide addition (100% NaCN) 05kg t‘l
Initial cyanide concentration - 05gl!
Final cyanide concentration 03gll
nitial pH 9.7
FinalpH - 9.5 (varies according to
sample) .
Natural pulp pH 7.8
Oxygen concentration before chemical addition 6 mg 1-1
Oxygendemand .- ' T "QGiglpl

The reaction system is started and approximately 138 ml of sample pulp is withdrawn at
05,1, 2,4, 8, 12, 16, 20, and 24 hours. The solution is filtered and assayed for gold,
pH, and NaCN. The residue is washed and dried and assayed for gold.

3,1.2 Test Results -

The data set of time and solids gold concentration form part of, or can be calculated from

the results of the batch leach test. These data form the input to the leach curve fitting
program LCHFIT. :

This program calculates the best fit of the parameters [Au], f and k;, in equation (3.2),
according to a non-linear, least squares error curve fitting procedure. The program makes
- use of the FORTRAN subroutines presented by Pres, Flannery, Teukolsky and Vetterling

(1986). These subroutines use the Levenberg- Maxquaxdt mcthod of least squares curve
fitdng.

One feature common to most of the data sets analysed is that data is not collected at even
intervals through the sampling period: initially, data is collected every 2-4 hours up until
t=8 hours, and often there is a gap of 16 hours before the next readin g is collected at t=24
hours, which is often the final reading. The least squares program weights each data
point by the same amount, therefore a large error in the 24 hour concentration will be
tolerated if the 4 data points up to 8 hours are fitted with small errors.

However, the 24 hour data point is the most SIgmﬁcant metallurgically, and therefore
conflict exists bctwccn the program wc1ghtmg of the data and the metallurgical weighting.
This may be dealt with in two ways. Firstly, the testing laboratory may be requested to
sample at mgular 2 or 4 hour intervals up until the 24 hour interval, thereby giving a more

b
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I
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I
I
1
1
1
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even distribution of data. Secondly, the LCHFIT program can weight th;: test data using ... .

several different methods.

The standard analysis wéights each data point the same, such that each data point is of
eqﬁal importance. The second mode weighs the data according to the time that the data
point was taken - that is, the 8 hour data point is eight times as important as the 1 hour
data point. In the third mode, the final data point alone is weighted relative to the other
data points in the set. The relative importance of this point can be set _é_x_lywhcrc between 2
and 99 times. These weighting procedures result in much smaller errors on the weighted
data points, relative to the unweighted points.
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Test Identity

Carbon type
Carbon welight
Slurry % Solids

Solution weight
Slurry sample vol
Ore s.0.
Solutiaon
RESULTS

5.0

SOLUTTON
YOLUME

mles

CYCLE

o 1 AR L AT O v S

SEAMEXTIAL . uf MMP‘HM

16.80
44,70
32638.0
aoO. 0
2,67
1.00

ELAFSED TIME

tHaycarb Ya0 [anl12]

gram
Cw/wl

Equiv vol

EqQuiv soln

4 gpl1

E638.0

61.4

Au

Smlufiun
' Ag
mg/l

- Larbon
- Cu Cale’d
mg/1° Load

Carbon
Loac
Cumul -’

(2|

o A
T O~
i

a

O, Q0
0,50
1.00

2,00

O. 00
0.50
1.00

2,00

0,00
0,350
1.00
2.00
2,00
4,00
20,00

0. 00
Q.30
1.00

2.00

2.00
2,50
F.00

4.00

4,00
4.50
500
&. 00

. 7 - (_-_)(:)

. 8.00
24,00

0.04

K
1.467
0,53
Q.23

ey

0.07

1.467
0.869
0,39
0.10
0.07
0, 05
0.03

fAu g/t
210 Q
203 242
212 a2
204 15
10 Q
212 207
213 )]
218 27
210 0
217 184
212 S
214 A
213 =
214 4
22 5

__H__m_—“m__.ﬂ__q___-qm___w..._—_..._—_.-...._—.....-._.-....-.._._—...........____..-.._._—_.m..._——m-.._—_....-..___m

Constant
Std Err of Y Est
R Squared

Mo,

X Coefficient(s)
Std Err af Coef.

of Observations
Pegrees of Freedom

Regression Output:For

0.576
Q.0748

Sixn

9.712

Hours

0.1746 intercept b=

0.891

F.000 coeff

7. 000

Fleming

Fleming

s

n=

k=
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SieHTeR  ESS,
CARBON ! 2 qgpl H 4 gpl ! B gpl H 16 gpl
CONCENTRATION i i i i
Elapsed time i Soln We o Soln  %Au ¢ Soln e | Seln %Au
hrs i Bu g/t Loaded ' Au g/t Loaded ! Au 9/t Loaded | Au g/t Loaded
0 H 0,44 0.0 1 0.64 0.0 0.64 0.0 4 0.64 0.0
0.5 ! 0.39 40.8 § 0.24 63,6 1 0.07 89.4 | 0.00 100.0
1 P03 OSB3 05 The ! 002 .00 0.00 1000
2 ] 0,20 70,8 4 0.0 92,7 0,00 100,0 0,00 100,0
3 : 0,12 B2.8 1 0.02 97,24 0.60  100.0 ! 0.00 100.0
4 ; 0.10 BE.9 17 0,02 7.2 0.00 160.0 3 0,00 100.0
3 ] 0.08 6.8 | .00 160.0 § 0.00 100,0 § 0.00 100.0
b H 0.04 .73 0.00  100,0 ! 0.00  100.0 4 0.00  100.0
24 H 0.42 97,3 1 0.00 100.0 3 0.00 100.0 1 0.00 100.0
Regression analysis for kinetics of guld loading . '
tise ! b Hours i & Hours (three) | 2 Hours ' b Hours
FLEMING b2 oW o oo
FLEKING n P03 P09 )t o.08 b0.00
~ Loaded Carbon T ” - h
o 1 -
fu g/t 1 232.0 1.4 i 1.4 H 39.4
e .
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1. INTRODUCTION

Golder Asscociates were requested by Minproc Engineers Pty Ltd, acting on
behalf of Billiton Australia Gold Pty Ltd, to carry out site investigation

work for the mine infrastructure development, incorporating the following

items:

. Crushing Plant
- Two large crushers with associated screens, agglomeration drum, and
dump hopper. Administration buildings and workshop buildings are
proposed immediately south of the crusher 1line. An absorption/

desorption plant is also proposed in this area with unit foundation

loads of the order of 100kn.
.- Leaching Stockpiles

- Stockpiles on the initial leach pads (Nos. 1 & 2) are to be
*~ constructed in two lifts to a height of 12m. Future leach pads (Nos.
3, 4 and 5) will be constructed on the alluvial flood plain
approximately lkm east of the proposed crusher line and leach pads 1 &

2.
- Process Ponds

- Two fully 1lined process ponds are proposed south of leach pad No. 2.

The ponds will have 5m high embankments.

- Raw Water Dam

- A 10m high earth embankment is proposed, located approximately 3km

north-west of the crusher line.

. Stow Creek Crossing

- A new access road is propoged off Edith Falls Road into the site, and

a culvert crossing will be required at Stow Creek.

Golder Associates
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Investigation work was carried out by excavation of 21 test pits on 5 and 6
December, 1988. This report sets out details of field work and laboratory
testing together with engineering comment and geotechnical design

parameters,

2. THE SITE AND LOCAL GEOLOGY

The Mt Todd gold deposits (named Batman and Robin) are located approximately
50km north-east of Katherine. fThe main deposit (Batman) is located within a
group of hills rising 60m above an alluvial flood plain to the east. The
proposed crusher line is located at the south-eastern base of these hills
with leach pad Nos. 1 & 2 on slightly sloping ground covered with light

scrub and medium height trees.

The proposed area of leach pads 3, 4, and 5 is a flat flood plain covered

with sparse vegetation and low to medium height trees.

The~proposed raw water dam is located within a steep sided gully which was

boulder strewn but dry at the time of investigation.

At the location where the proposed access road crosses Stow Creek the creek
banks are very steep and rise 2 to 3m above water level. The area to be
traversed by the road is generally flat and covered with low to medium

height trees.
Information supplied by on-site geologists indicates the whole area to be
underlain by greywacke rock, which is generally medium strong to strong and

close to surface level at the base of the Batman hill gold deposit.

3. FIELD WORK

The location of the various sites are shown on the site locality plan,

Fig. 1. A large excavator (Kobelco K912A) was used to excavate 21 test
pits. The location of 18 of these test pits are given on Fig. 2. Test pits
19 and 20 were excavated on the banks of Stow Creek at the proposed crossing
site and Test Pit 21 was located 200m along the proposed éccess road to the
east of Stow Creek.

All test pits were logged by an experienced geotechnical engineer and

samples taken for laboratory testing.

Golder Associates
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4. GROUND CONDITIONS

Detailed descriptions of the strata encountered are given in the attached
Test Pit Reports using terminology defined in appended notes. The ground

conditions are summarised for the various sites as follows:

. Crusher Plant/Administration and Workshop Buildings

- Uniform ground conditions were encountered at the base of the hills

comprised of medium dense and dense silty sands and gravels to a
maximum depth of 1.0m overlying weak to medium strong rock. The rock

was generally fragmented with clean tight joints.
. Leach Pads Nos. 1 & 2 / Process Ponds
~ Ground conditions did not vary markedly from above, with the silty

sand/gravel strata extending to a maximum depth of 0.8m. A layer of

clayey gravel was encountered: in Test Pit 13 between 0.6m and 1.2m.

The underlying rock was generally very weak to weak.
. Leach Pads 3, 4 and 5

— Although located on an alluvial flood plain, the alluvial materials
(silty sand and gravel) overlying rock were still medium dense to dense
and extended to a maximum depth of only 1.7m in Test Pit 16. The

underlying rock ranged in strength from very weak to medium strong.

- Raw Water Dam

— The soil overlying rock in this area was more cohesive than in the
general plant area and is described as rock ffagments in a clay matrix.
This stratum extended to a maximum depth of 2.5m in Test Pit 5, located
some 500m west of the proposed dam embankment in the floor of the
gully. On the sides of the gully (Test Pits 2 and 3) rock was
encountered at approximately 0.5m. The rock was generally medium
strong to strong with c¢lean tight Jjoints and apparently of low

permeability. A visual assessment of moisture content profile down the

Golder Associates
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sides of the test pits indicated that water flowing through the gully

dees not penetrate below 0.5m.
. Stow Creek Crossing/Access Road

- Test Pit 19 on the western bank of Stow Creek encountered stiff
alluvial clays and silts to 2.9m overlying very dense sands and gravels
to the terminal depth of 5m. In contrast Test Pit 20 on the eastern
bank encountered silty clay to only 0.6m overlying rock. Test Pit 21
encountered stiff alluvial clays and silts to the texminal depth of
2.5m. It is most probable that the creek has cut a number of channels
in the area through the rock and the old channels have been filled with

the cohesive alluvial deposits.

5. LABORATORY TESTING

Particle size distribution tests were carried out on samples of the silty
saqd/gravel encountered in the majority of the test pits and on a sample of
cla;éy silt taken from the western bank of Stow Creek. Atterberg limits
determinations were also carried out on the latter sample. The results are

summarised on an attached sheet and grading curves are appended.

The silty sand/gravel contained up to 60% gravel sized particles with 20%
sand and 20% silt, The cohesive alluvial deposits on the western bank of
Stow Creek were comprised predominantly of low plasticity silt sized

particles with 20% fine grained sand.

6. ENGINEERING COMMENT

6.1 Crushing Plant/Administration and Workshop Buildings

Foundations to all plant items along the proposed crusher line could be
formed either in the medium dense to dense silty sand/gravel strata; or
on the underlying weak to medium strong rock using allowable bearing
pressures of 300kPa and 1000kPa respectively. The 1000kPa value is .a
conservative figure based on weak rock and could be increased if

necessary for stronger rock, The rock is fragmented and therefore

* Golder Associates
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should be relatively easy to excavate if working from an open face. In
a confined excavation (eg. service trench) the rock will be difficult
to excavate, as indicated during excavation of the test pits using a

large excavator.

It is understood that the administration and workshop buildings, and
the absorption/desorption plant will be relatively flexible structures
impesing low foundation loads. Strip or pad footings to these
buildings could be formed at shallow depth in the medium dense to dense
silty sand/gravel stratum using an allowable bearing pressure of
300kPa. Weak to medium strong rock would be encountered at shallow
depth (about 1.0m) underlying the buildings and the comments given

above on excavation conditions would apply.

6.2 Leach Pad Nos. 1 & 2 / Process Ponds

Some cut to fill earthworks will be necessary in order to form a level
,pad for the ore stockpiles. The silty sand and gravel layer will be
feadily' excavated and would be suitable for re-use as filling. A
compaction level equivalent to 90% Modified compaction is recommended.
Fill material should be placed in loose layers no greater than 300mm

thick prior to compaction.

The proposed 12m high stockpiles would induce negligible settlement in
the natural or compacted foundation materials, and could be formed as
steep as practical for leaching purposes, without threatening the

stability of foundation materials.

It is understood that excavation depths for the process ponds will be
up to 3m. Rock is anticipated below approximately 1m. As noted under
Section 6.1, the rock is fragmented and shouild be readily excavated
when working from an open face, using a large excavator or a bulldozer
(say up to D6 in size) to rip the rock. 1In a confined éxcavation the
rock could be very difficult to excavate: possibly requiring the use of
air tools or blasting. Excavated rock to be used as general filling
elither to form leach pads or process pond embankments should be broken

down to exclude fragments greater than 200mm.

Golder Associates




January 13, 1989 6 88638252(C)

Embankments to the fully lined process ponds could be formed wusing the
near surface silty sands and gravel (mixed with broken down rock if
necessary), compacted to a dry density ratio equal to 90% of Modified
compaction. For a 5m high embankment, a battered slope of 1.5
horizontal to 1 vertical is recommended. Embankments formed from silty
sand and gravel would be subject to erosion and hence external slopes
should be protected. The fragmented greywacke encountered generally

below 1.0m would be adequate for this purpose.

Leach Pads 3, 4, and 5

Similar ground conditions were encountered under proposed leach pads 3,
4 and 5 as encountered under leach pad 2, hence the comments given
under section 6.2 would apply.

Raw Water Dam

The overburden soil encountered in the floor of the gully was comprised
of rock fragments in a clay matrix. This material, when compacted in

layers to a dry density ratio equal to 95% of Standard compaction (this
dictates a slightly higher placement moisture content than Modified
compaction), would form a low permeability earth embankment. It will
be necessary to determine the extent, and hence available quantity of
cohesive material within the gully floor area prior to final embankment

design.

Prior to commencement of embankment construction, the embankment
foundation area should be stripped of all vegetation and loose
boulders, and then proof rolled to remove any soft zones. For a 10m
high embankment, battered side slopes of 1.5 horizontal to 1 vertical
are recommended. It will be necessary to protect embankment slopes
against erosion, preferably by the use of vegetation on external

slopes.

The in-situ soil and wunderlying rock have been visually assessed as

J— e e, .

being of very low permeability. Hence onl?ﬂminor seepage would be
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anticipated through the dam floor and embankment wall provided care is

taken to wuse predominantly clayey material in embankment construction;

excluding rock fragments and boulders larger than 200mm.

guantify the

establish permeability values for the in-situ

anticipated

clay embankment.

seepage volumes it would

In order to

be necessary to

fragmented rock and the

This facet 1is important if the plant process is

dependent on water supply from the dam.

6.5 Stow Creek Crossing/Access Road

It is understood that the Stow Creek crossing will be formed by placing

a number of large culverts in the existing creek bed and covering with

s011l won locally.

The clayey silt encountered on the western bank of Stow Creek would be

highly erodible and hence this material should not be used to fill over

culverts. There was evidence of a number of small

area to the east of

e

from these pits,

leach pad areas be

should be placed in

should be placed upstream

gravél pits in the

Stow Creek and it is recommended that either gravel

or silty sands and gravels such as

used for this purpose. (Naturally

encountered in the

these materials

compacted layers). In addition, large rock rip-rap

of the culverts to protect

erosion during high velocity flow periods.

The worst material likely to be encountered as subgra

the propozed

accegss road is

encountered in Test Pits 19 to

carried out,

the clayey silt/silty

against current

de material for

clay such as

21. Based on the laboratory testing

a CBR value of 16% is indicated for this material. It is

noted that the material has a

impossible to

compact when

high silt content and

wetted above optimum mo

Adequate drainage should be installed along the sides

protect against erosion of the subgrade.
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| TEST PIT BEPORT

CLIENT  NINPROC ENGINEERS PTY LTD TEST PIT NO. 1, 2 and 3
B sie PROPOSED RAW WATER DAl DATE Sth December, 1983
LOCATION NT TODD GOLD PROJECT PROJECT NO. 88638252
SURFACE LEVEL
Tsib;f DESCRIPTION OF STRATA Depth| S2mpling and In-Situ Testing
No. Interpreted from field and laboratory testing (m) Type Depth Resulis
1 CLAY AND ROCK FRAGMENTS GL

Strong to very strong rock fragmentg (up to 400mm) in
a brown clay matrix -

TEST_PIT TERMINATED AT 1.0m (unable to penetrate) 1.0

2 CLAY AND ROCK FRAGMENTS GL
Medium strong red rock fragments (up to 300mm) in a
stiff clay matrix

ROCK (Greywacke) 0.6
Medium strong, highly fractured rock with tight clean
joints
- grading strong (highly fractured) below

2.0m approximately D 1.0

.

TEST PIT TERMINATED AT 2.5m (unable to penetrate) 2.5

3 CLAY AND ROCK FRAGMENTS GL

Weak to medium strong rock fragments (up to 300mm) in
a stiff red clay matrix

ROCK (Greywacke) 0.5

Medium strong, red, highly fractured

- grading strong to very strong, highly fractured
{tight, clean joinvts) below 0.9m

TEST PIT TERMINATED AT 1.5m (unable to penetrate) 1.5

EQU|PMENT Excavator Kobeleco K912A SUPERVISOR D Nolan

GROUND WATER Not encountered

REMARKS -

A — ouger somple SCALA PENETROMETER TEST

D — disturbed sample A 9kg hammer wilh a 0.5m Irea foll is used to driva g 30°0pex angle

U — undisturbed sample cone of 0.020m diemeler, followed by smaller diometer rods. Resulls

SP — Scala Penetrometer are recorded in blows per 100mm penetration. Where fasis are

PP — Pocket Penefromeler extended beyond 1.5m penelration. excovation is carried aut prior to

Su — shear skength (ie, continuing the test. A "
" unconfined Golder Associates
compression strength) D
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CLIENT  MINPROC ENGINEERS PTY LTD

SITE

PROPOSED RAW WATER DAM

LOCATION MT TODD GOLD PROJECT

TEST PIT REPORT

TEST PIT NO. 4, and 5
DATE 5th December, 1988
PROJECT NO. 88638252

SURFACE LEVEL

TIS’STT DESCRIPTION OF STRATA Depth Sampling and In-Situ Testing
| . .
No. Inferprefed from field and laboratory testing (m) Type Depth Results
4 CLAY AND ROCKX FRAGMENTS 6L
Weak grey rock fragments in a stiff clay matrix
ROCK (Greywacke) 0.5
Medium strong, grey, highly fractured clean tight joints
~ ironstained in places
TEST PIT TERMINATED AT 2.5m (near pentration refusal) 2.5
Note: water not penetrating below 0.5m
- very damp above 0.5m then dry
5 CLAY AND ROCK FRAGMENTS GL
Alluvial gravel (100-200mm - rounded) in a red clay matrix
- tight and difficult to excavate
CLAY AND ROCK FRAGMENTS 1.5
- as above with colour change to grey
ROCK (Greywacke) 2.2
Strong, grey highly fractured, clean tight joints
TEST PIT TERMINATED AT 2.8m (very difficult to penetrate) 2.8
EQUIPMENT Excavator Kobelco K912A

GROUND WATER Not encountered

REMARKS -
A — oauger sample SCALA PENETROMETER TEST
D — disturbed sample A 9kg hammer with o 0.5m froe fall is used 1o drive g 30°apax angle
U — undisturbed somple cone of 0,020m diameter, lollowed by smaller diameter rods. Resulls
5P — Scala Penetromeler are recorded in blows per 100mm penetrotion. Where lests are
PP — Pocket Penetrometer extended beyond 1.5m penefration, excavation is corried out prior to
Su - sheor sirenglh (ie, continuing the lest,

% unconfined

compression sirengih)

SUPERVISOR D Nolan

67& Golder Associates
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TEST PIT REPORT

CLIENT  MINPROC ENGINEERS PTY LTD TEST PIT NO. b
SITE PROPOSED CRUSHER LINE DATE 5th Decenber, 1988
LOCATION NT TODD GOLD PROJECT PROJECT NO. 88638252
SURFACE LEVEL
Tg.?f' DESCRIPTION OF STRATA Depth| S2MPling and In-Situ Testing
N(|). Interpreted from field and laboratory testing (m) Type Depth Results
(3 SILTY SAND/GRAVEL GL
Rpparent medium dense to dense, brown
ROCK (Greywacke) 0.8
Weak grey, highly fractured (clean tight joints)
ROCK (Greywacke) 2.5
Weak to medium strong, grey, highly fractured
(clean tight joints)
TEST PIT DISCONTINUED AT 4.5m (very difficult to penetrate) 4.5
EQUIPMENT Excavator Kobelco K912A

GROUND WATER Not encountered

REMARKS N

A " — ouger sample SCALA PENETROMETER TEST

D — disturbed somple A 9kg hammer with a 0.5m free fall is used fo drive a 30°opax ongle
U — undisturbed sample cone of 0.020m diameler, followed by smaller diameler rods. Resuits
5P — Scala Penetrometer are recorded in blows per 100mm penelralion. Where lesls are
PP — Pockel Penetrometer extended beyond 1.5m penetration, excavation is carried oul prior fo
Su — shear strength (i.e. conlinuing the test.

Y2 unconfined
compression strengih)

SUPERVISOR D Nolan

67& Golder Associates
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- TEST PIT REPORT
CLIENT  MINPROC ENGINEERS PTY LTD TEST PIT NO. 7, § and 9
SITE PROPOSED CRUSHER LINE DATE hth December, 1988
LOCATION NI TODD GOLD PROJECT PROJECT NO. 88638252
SURFACE LEVEL

el DESCRIPTION OF STRATA Deptn| Sampling and In-Situ Testing
No Interpreted from field and laboratfory festing (M 1Type| Depth Results
7 SILTY SAND/GRAVEL GL
Apparent medium dense to dense, brown
ROCK (Greywacke) 0.5
Weak, grey, fragmented {(clean tight joints)
- grading weak to medium strong below 2.5m approximately
TEST PIT TERMINATED AT 3.5m (very difficult to dig) 3.5
8 SILTY SAND/GRAVEL GL
Apparent dense red hrown
N D 0.50
ROCK (Greywacke) 0.9
Weak, grey, fragmented (clean tight joints)
’ D 2.50
TEST PIT TERMINATED AT 3.5m (difficult to dig) 3.5
9 SILTY SAND/GRAVEL GL
Apparent medium dense to dense red-brown
ROCK (Greywacke) 1.0
Weak, grey fragmented (clean tight joints)
-~ grading weak to medium strong below 2.5m approximately
TEST PIT TERMINATED AT 3.0m 3.0
EQUIPMENT Excavator Kobeleco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
REMARKS -
A — auger sample SCALA PENETROMETER TEST
0 — disturbed sumple A 9kg hamemer wilh a 0.5 Iree fall is used o drive o 30°0pox angle
U — undisturbed somple cone of 0.020m diamefter, followed by smaller diameler rods. Resulls
SP — Scolo Penetrometer are recorded in blows per 100mm penelration. Whera fests are
PP — Pocket Penetrometer extended beyond 1.5m penetration, excavation is carried out prior to
Su ~— shear strengh (i.e. continuing the test.
V2 unconfined

Golder Associates
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| TEST PIT REPORT
_ CLIENT  MINPROC ENGINEERS PTY LTD TEST PIT NO. 10
I SITE ADMINISTRATION/WORKSHOP BUILDING DATE 6th December, 1988
LOCATION MT TODD GOLD PROJECT PROJECT NO. 88638252
l | SURFACE LEVEL
1 oot DESCRIPTION OF STRATA Depth| SamPling and In-Situ Testing
NC|). Interpreted from field and laboratory testing (m) Type Depth Results
10 SILTY SAND/GRAVEL GL
l Apparent medium dense to dense brown
~ gravel size up to 50mm
ROCK (Greywacke) 0.8
Weak grey, fragmented (clean tight joints)
l — grading weak to medium strong below 1.8m approximately
l TEST PIT TERMINATED AT 3.0m (very difficult to dig) 3.0
l EQUIPMENT Excavator Kobelco X912A SUPERVISOR D Nolan
GROUND WATER Not encountered
I REMARKS B
l A " — auger sample SCALA PENETROMETER TEST
D - disturbed somple A 9kg hammer with a 0.5m free 1ol is used 1o drive a 30%0pex angle
U — undistwbed sample cone ol 0.020m diomeler, followed by smaller diameler rods. Results
SP — Scala Panetfrometer aré recorded in blows per 100mm penelration. Wherg tesls are
l gﬁ' : Pocket Penetrometer
Y2 uncontined

extended beyond 1.6m penetration, excavation is carriod out prior fo
shear strength (i.e. conlinuing the test. A H
Golder Associates
.
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VEST PIT REPORT
CLIENT  HINPROC ENGINEERS PTY LTD TEST PIT NO. 11

SITE POTENTIAL C,I.L PLANT DATE 6th December, 1988
LOCATION MT TODD GOLD PROJECT PROJECT NO. 88638252
SURFACE LEVEL

fest DESCRIPTION OF STRATA Depth| $aMPling and In-Situ Testing
No Interpreted from field and laboratory testing (m) Type Depth Results
11 SILTY SAND/GRAVEL GL
Apparent medium dense to dense, red
(gravel size to 100mm)
- grading very dense below 0.8n
ROCK (Greywacke) 1.4
Weak to medium strong grey fragmented (clean tight joints)
- grading to medium strong below 2.0m
TEST PIT TERMINATED AT 2.5m (unable to penetrate) 2.5
EQUIPMENT Excavator Kobelco K9121 SUPERV'SOR D Nolan
GROUND WATER Not encountered
REMARKS B
A — auger sample SCALA PENETROMETER TEST
D — disturbed sample A9kg hammer with & 0.5m free fall is used (o drive g 30%apex angle
U — undisturbed sample cone of 0.020m diometer, followed by smaller diameter rods. Results
SP - Scalo Penetrometer are recorded in blows per 100mm penelration, Where lests are :
PP — Pocket Penetromeler extended beyond 1.5m penelration, excavation is carried out prior to
Sy — sheor strength (ie. continuing the test. A .
% unconined o Goldar Accariates
compression strennih) -4 /7 '/
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CLIENT  MINPROC ENGINEERS PTY LTD

UEST PIT REPORT
TEST PITNO. 1, 13 and 14

SITE LEACH PAD NO. 2 DATE bth December, 198§
LOCATION N7 TODD GOLD PROJECT PROJECT NO. 88638252
SURFACE LEVEL
Tsi?f DESCRIPTION OF STRATA Depth| Sampling and In-Situ Testing
No Interpreted from field and laboratory testing ™ |Type| Depth Results
12 SILTY SAND/GRAVEL GL
Apparent medium dense, brown {(up to 50mm)
ROCK (Greywacke) 0.4
Weak, grey, fragmented, (clean tight joints)
- grading weak to medium strong below 1.5m approximately
TEST PIT DISCONTINUED AT 3.5m (very difficult to dig) 3.5.
13 SILTY SAND/GRAVEL GL
Apparent medium dense, brown
CLAYEY GRAVEL 0.6
Apparent medium dense to dense, red (gravel up to 50mm)
ROCK (Efreywacka) 1.2
Weak, grey fragmented (clean tight joints)
—- grading weak to medium strong below 2.5m approximately
TEST PIT DISCONTINUED AT 3.2m (difficult to dig) 3.2
14 SILTY SAND/GRAVEL GL
Apparent medium dense to dense, brown (gravel up to 50mm)
ROCK (Greywacke) 0.6
Very weak, grey, fragmented
ROCK (Greywacke) 1.3
Veak, grey, fragmented (clean tight joints)
- grading weak to medium strong at 2.6m approximately
TEST _PIT DISCONTINUED AT 3.0m 3.0
EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
REMARKS -
A — ouger sample SCALA PENETROMETER TEST
D~ dislurbed somple A 9kg hammer with o 0.5m free fali is used lo drive g 30°cupex angle
U — undisturbed somple cone of 0.020m diameter, followed by smaller diomeler rods. Results
SP - Scola Penelrometer are recorded in blows per 100mm penetration. Where lests ore
PP — Pocke! Panatrometer oxtonded boayond 1.5m peneration, oxcavation is carried out prior fo
Su — sheor strength (ie. continuing the test.
Y2 unconlined

comyression strength)

5

e
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TEST PIT BEPORT
CLIENT  MINPROC ENGINEERS PTY LTD TEST PIT NO. 15

SITE LEACH PAD NO, 2 DATE - bth December, 1988
LOCATION MT TODD GOLD PROJECT PROJECT NO. 88638252

SURFACE LEVEL

Test ! -Si i
§ DESCRIPTION OF STRATA Depth Sampling and In-Situ Testing
Pit : .
No Interpreted from field and laboratory testing (m) Type Depth Results
15 SILTY SAND/GRAVEL GL
Apparent medium dense to dense, red-brown
{gravel up to 50mm)
ROCK (Greywacke) 0.8
Weak to medium strong grey, highly fractured
(clean tight joints)
- grading medium strong below 1.5m approximately
TEST PIT TERMINATED AT 2.5m (unable to penetrate) 2.5
EQUIPMENT Excavator Kobeleco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
REMARKS T
A — auger sample SCALA PENETROMETER TEST
D - disturbed somple A 9kg hammer with a 0.5m free fall is used 1o drive o 30%apex angle
U — undishubed sample cone of 0.020m diameter, lollowed by smaller diameler rods. Results
SP — Scalo Penelrometer ore recorded in blows per 100mm penelration. Where lests are
PP — Pockel Penetromeler extended beyond 1.5m penetralion, excavation is carried out prior o
Su — shear strength (ie. continuing the lest,
Y2 unconlined

Goldar Acenrintoe

compression slength)
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TEST PIT REPORT
CLIENT MINPROC ENGINEERS PTY LTD TEST PIT NO. 16, 17 and 18

SITE LEACH PADS 3 T0 5 DATE 6th December, 1988
LOCATION MNT TODD GOLD PROJECT PROJECT NO. 88638252

SURFACE LEVEL

el DESCRIPTION OF STRATA Depth| SaMPling and In-Situ Testing
NO Interpreted from field and laboratory testing M |Type|  Depth Results
16 SILTY SAND GL
Apparent medium dense, yellow brown
-~ with some fine gravel below 0.5n
SILTY SAND/GRAVEL 0.8
VYery dense (difficult to dig)
red brown
ROCK (Greywacke) 1.7
Medium strong, grey, highly fractured (tight eclean joints)
TEST_PIT TERMINATED AT 2.0m (unable to penetrate) 2.0
17 SILTY SAND/GRAVREL GL
Apparent medium dense, red-brown (gravel up to 10mm)
ROCK (Greywacke) 0.7
Very weak, grey, fragmented (clean tight joints)
- grading weak to medium strong below 2.2m approximately
TEST PIT TERMINATED AT 2.5m 2.5
18 SILTY SAND/GRAVEL GL
Apparent medium dense, yellow brown {gravel up to 10mm)
ROCK (Greywacke) 0.5
Very weak, grey, fragmented (clean tight joints)
- grading weak to mediunm strong below 1.5m approximately
TEST PIT TERMINATED AT 2.5m (very difficult to dig) 2.5
EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
REMARKS -
A — uuger sample SCALA PENETROMETER TEST
D~ disturbed somple A 9kg hommer with o 0.5m free fall is used to drive g 30%pex angle
U — undisturbed somple cone of 0.020m diamefer, followed by smaller diameter rods. Results
SP — Scola Penelromeler ore recorded in blows per 100mm penetration. Where lesls ore
PP — Pockel Penetrometer extended beyond 1.5m penclration, excavation is carried out prior 1o
Su — sheor sirengih (ie. continuing the lest,
2 unconfined

Golder Assnriateg
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CLIENT MINPROC ENGINEERS PTY LTD
SITE PROPOSED STOW CREEK CROSSING
LOCATION NT TODD GOLD PROJECT

TEST PIT REPORT

TEST PIT NO. 19 and 20
DATE 6th December, 1988
PROJECT NO. 88638252

SURFACE LEVEL

i n -Sit sti
fest DESCRIPTION OF STRATA Depth| S2mPling and In-Sity Testing
No Interprefed from field and laboratory testing (M |Type| Depth Results
19 SILTY CLAY/CLAYEY SILT GL
Vest Stiff, brown and yellow brown
Bank

- grading very stiff to hard below 0.6m
- with fine sand
D 1.0
SILTY SAND 2.9
Very dense grey fine grained indurated bands
- alluvial gravel lavers (up to 100mm) below 3.8m
TEST PIT TERMINATED AT 5.0m 5.0
20 SILTY CLAY/CLAYEY SILT GL
East Stiff yellow brown, with some fine sand and gravel
Bank
ROCK (Greywacke/Mudstone/Siltstone) 0.6
Extremely to very weak grey, fragmented with ironstaining
- grading weak to medium strong below 1.5m approximately
TEST PIT TERMINATED AT 2.5m 2.5
Excavator Kobeleo K912A D Nolan
EQUIPMENT SUPERVISOR
Not encountered
GROUND WATER
REMARKS
A " — ouger sample SCALA PENETROMETER TEST
D — disturbed somple A 9kg hammer with o 0.5m free falt is used to drive a 30°upex angle
U — undisturbed sample cone of 0.020m diameler, toliowed by smaller diamoler rods. Resulls
SP — Scalo Penetrometer are recorded in blows per 100mm penefration. Whers tests are
PP — Pocket Penetrometer extended beyond 1.5m penelration, excavation is carried out prior to
Su — sheor strength (ie, conlinuing the fest.
Y2 unconlined

compression slreng!h)

Golder Acsneiateg
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TEST PIT REPORT
CLIENT  MINPROC ENGINEERS PTY LTD TEST PIT NO. 21
SITE ACCESS ROAD - 200m EAST OF STOW CREEK DATE 6th December, 1988
LOCATION MT TODD GOLD PROJECT PROJECT NO. 88638252

SURFACE LEVEL

fest DESCRIPTION OF STRATA Depth| SamPpling and In-Situ Testing
No. Interprefed from field and laboratory testing m | Type Depth Results
21 SILTY CLAY/CLAYEY STLT GL ‘

Stiff, yellow brown with a trace of gravel
- grading very stiff to hard and red and
yellow~brown below 0.6m

- apparent cementation with some sand and alluvial
gravel below 2.0m approximately

TEST_PIT TERMINATED AT 2.5nm 2.5

Shallow gravel pits on high ground in surrounding area

EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nolan

GROUND WATER Not encountered

REMARKS -

A — oauger sample SCALA PENETROMETER TEST

D — disturbed somple A kg hammer with 0 0.6m free fall is used to drive a 30°0pex angle

U — undisturbed somple cone of 0.020m diomeler, followed by smaller diameter rods. Resulls

SP — Scolg Penetrometer are recorded in blows per 100mm penefration. Where fests are

PP — Pocket Penetromeler extended beyond 1.5m penefration, excavation is carried gut prior to

Su — shear strength (ie. continuing the test. A
Yz unconfined i
compression shrength) D GOIder ASSOC!H*QQ
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DESCRIPTION AND CLASSIFICATION OF SOIL

GENERAL

Description and clzecification of soil and rock ere based on definitions and systems
outlirmed in Australianm Standard AS1726, SAR Site Investioetion Code 1875 and its appendices
R-D 1978.  Description of rock fracturing is bzsed on a system set out by the Sydney Croup
of the Ausirszlisn Ceomechzmics Society, 1975,

DESCRIPTION AND CLASSIFICATION DF SOTL

Scils  zre clascified on the beeis of predominating grain size, modified by other
significant grain size or sizes prezent (e.g. CLAYEY SAND) on the following basis:

Clessification Particle Size
N .less than 0.002mm
SILT. .. ovvnn e vev...0.002-0.06mm
SAND

fire sand......... veeaan .0.06-0. 2mm

medium sand. o en.. 0.2-0.6mm

COBTSRE SaNd. et inrrrnnnnnn 0.6-2.0mm
GRAVEL

fime gravel.............. 2-Bmm

medium cravel............6-20mm

coarse cravel....... v o va o 20-60mm
COBBLES. ... . v us. e ++.B0-200mm
BOULDERS.......... e «..greater than 200mm

COHESTVE SUILS are described in terms of comsistency, colour and structure with commentis on
minor constituents or spperemt specizl festures. Consistency is based on the shezr
strength of the seil, and is generzlly estimsted from experience, measured by hand
penetrometer or determired by laborztory testing. Terms used in describing consistency zre
set out below:

Term Shear Strenath

VERY SOFT..... e less than 12kPa
SOFT...... e v e 12-25KPa

FIRM. .ovvun. Ceeeeeiiieaa . 25-50kPa
STIFF.,..... Cheeereas varenees s 30-100Pa

VERY STIFF..... e veeena. . 100-200%Pa

HARD. ..., ... e veveoonegreater than 200xPa

NON-COHESIVE SOILS ezre described inm terms of relztive density, colour, with comments on
minor conmstituents or apparent specizl features. Relative density or density index is
generally based on stendard pemetrstion testing (AS1283 Test F3.1), or other forms of
penetration testing. Terms used in describing relstive density are set out below:

Term Relstive Density SPT "N" Velues
blows/300mn

VERY LOOSE..........0ess than 159......... ...less than 5 blows

LOOSE.......... T B 15, S veveeraaasB5-10 blouws

M.DIUM DLNSE, .
DENSE ..ot -

Golder Associates
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ROCK _STRCNGTI

ENGINEERING CLASSIFICATION OF ROCK1

DCSCRIPTION GENCRAL TIELD GUIDE Is (50)2 AS172G ROCK appRox., >
TERM "Pa STIRENGTH qu Ma
Extremely Weak Fasily remoulded by hond Lo a material with soil properties Extremely Low
0.03 0.7 ~——
Very Weak May be crumbled and fragmented by hand Very low -
0.1 2.4 —
Wealk A piece of core 150mm x 50mm diancter may be broken by hand and Lony
easily scored with a knife. Sharp edges of Lhe core may be friable
and bresk during handling. Lumps of rock crumble with light hammer .
blow
0.3 7
Medium Strong A picce of core 150mm x S0mm diameter may be broken by hand with Medium
considerable difficulty but may be scored with a knife. Core may
be Lroken with a light hammer blow.
1 24
Strong M piece of core 150mm x 50mm diameter cannot be broken by hand, but High
can be slightl]y scroatched or scored with a knife. Core may be
broken with a blow from a hammer,
3 70
Very Strong A piece of core 150mm x SOmm dizmeter may be broken with a heavy Very high
hammer blow, but cannot be seralched by a knijfe.
10 00—

Extremely Strong

A piece of core 150mm x S50mm diameter is difficult to break with a
hammer and rings when stiruck

Extremely High

Notes: 1.

Based on NS172G - 1981 - SAA Site Investigation Code.

2. Point Load Strength Index : ISRM Committer on Laboratory Tests, Document No. 1, October 1972.

Jd. The approximate unconfired compressive strength (
“index of 24:1.

This ratio may vary widely.

g ) is based on an assumed ratio to the point load
u

ROD:  ROCK QUALTTY DCSICNATION (expressed as a percent) for core recovered from borehole, defined as :

sum_of sound core pieces 100mm or more long*
total length of section considered

¥ core fractured by drilling process considered unbroken

FRACTLRING
DESCRIPTIVE CENERAL FIELD CUIDE
TERM
Fragmented The core is comprised primarily of fragments of length less than 20mm and mostly of width less than the

core diameter. Gererally >S50 hreaks/metre.

Highly Fractured

Core lengths are generally 20-40mm with occasienal fragments. Generally 25-50 breaks/metre.

Moderated Core lengths are generally 30D-100mm with occasional shorter and longer section.

Fractured Gererally 10-20 breaks/metre,

Fractured Core lengths are generally BO-400mm with occasionsl shorter and longer sections. Genmerally 3-17
breaks/metre.

Slightly Core Jengths sre generally 300-1000mm with oeccasional shorter and longer sections., Generally 0-3

Fractured breaks/metre,

Unbroken

The core does not contain any natural bresks.

Note: This elassification applies to drill cores and refe
the core is discontinuous (i.e. natural breaks),
ang other natural rock defects but e
Natural unbroken defects such as tight joints and ve

- Modified from draft prepared by Lhe Sydney G

ROCKCLAS_FRM

roup of the Australian Geomechanics Society, January 1975.

rs to the spacing of all types of natural fractures along which
Such natural fractures include joints, bedding plane partings
xclude artificial fractures such as breaks caused by drilling and boxing core.
ins along which no fracture is present are also excluded.

Goldar Acenniatac
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MT TODD GOLL PROJECT 88638252(B)
MINE INFRASTRUCTURE
SITE INVESTIGATION

TEST | DEPTH DESCRIPTION | IN-STTU CONDITION PLASTICITY LINEAR ESTIMATED GRADING

Na. Moisture Liquid Plasticity | SHRINKAGE £BR* pass |pass | pass

(m) Content Limit Index 2.36mm | .425mm | .075mm
£ X 1 p4 4 1 4 4
TP8 0.5 Silty sand and gravel 2.5 - - - 43 35 25
P13 1.0 Clayey silt with some fine
sand 2.5 23 6 2.0 16 100 100 79




. AUSTRALIAN STANDARD SIEVE APERT_URES
l |..l‘:£'\l E W E w0 Voo oiN o= Vo (==
. o0 ‘T o~ er"\:"/\D Cl ;:5 = o e m 100
1 | T ‘ ‘/g.u 3
)4
1L/
I 80 . ;)r 80
I 70 70
60 k 60
l = 50 - 50
=
x -
(¥a)
I — L0 L0
&S
;5_ 30 ' 0
I 20 : 20
l 10 10
0 0
l ' CLAY FRACTION SILT FRACTION SAND FRACTION GRAVEL FRACTION COBBLE
i B fine medium toarse fine medium coarse fine l medium coarse
0002 0.006] 0102 oloe| ol2 o 2 6 ’ 2 0
l 0.0001 0.001 0.01 0:1 1 10 100
PARTICLE SIZE In mm
' DESCRIPTION Clayey silt with some fime sand
I TEST TYPE AS1289 B1.1, C1.2, C2.1, C3.1, C4.1, CB.1
PRE-TREATMENT NIL
l NATURAL MOISTURE CONTENT 2.6%
LIQUID LIMIT 234%
PLASTIC LIMIT 179
l PLASTICITY INDEX 64
LINEAR SHRINKAGE . 2.04 Mould length 125mm
RESULTS OF CLASSIFICATION TESTS
l SITE © mr TooD coLD PROJECT EXCAVATION No.  1piq
l CLIENT MINPROC ENGINFERS PTY LTD DEPTH 1.0m
. SIGNATORY /@Qz‘a DATE 3o /1/€7
S 7 e ottt Aseacier®,  REPORT Mo, NBe-537/1
L Testing Autherities, Australia. JOB No. 88638252 - '
, l ggse'l::zf)p:?g:;z% s DATE 14.12.88

Golder Acenpintan

accordance with its terms of LABORATORY DRISOANE
registration. This document shall

LABORATORY No. E1155% GEOTECHNICAL ENGINEERS




PERCENT SMALLER

AUSTRALIAN STANDARD SIEVE APERTURES
£ [
3 S oanggs 8 B L8N euww 22
o0 'J_ -~ .-~' [T T R S - ] E A A C) 100
l'//
0]
90 | . O U O 1 1 5 O [ A 1 5 /1~ 90
80 ; 444- A u; : 80
70 wof m«/ 70
&0 - 60
' 4 44 /..,.-_...H
(L/ 50
50 e 0,
- C)//
40 o™ L0
o4
//
30 (41- 30
20 20
0 . 10
0 0
' CLAY FRACTION SILT FRACTION SAND FRACTION GRAVEL FRACTION COBBLE
———————— fine medium toarse fine medium toarse fine medium roarse
0.002 0.006 002 0los 02 06 2 6 70 60
0.0001 0.001 0.01 0;1 1 10 100
PARTICLE S'ZEin mm ,
DESCRIPTION Silty sand ahd:. gravel. -:.
TEST TYPE A51289 B1.1, CB.1
PRE-TREATMENT NIL
NATURAL MOISTURE CONTENT 2.5%
LIQUID LIMIT -
PLASTIC LIMIT -
PLASTICITY INDEX -
LINEAR SHRINKAGE . - Mould length -

RESULTS OF CLASSIFICATION TESTS

SITE MT TODD GOLD PROJECT
CLIENT MINPROC ENGINEFRS PTY LTD

EXCAVATION No. Trs
DEPTH 0.5m

SIGNATORY @t DATE oo /1 /57

This Laboratery is registered
NUJ by the National Association of ~ REPORT No,
N\ Testing Authorities, Australia.  JOB No,

The test{s} reported herein
have been performed in DATE

accordance with its rerms of LABORATORY

registration. This document shall LABORATORY No. E1156

not he reproduced except in full

NOB-537/2
88638252

14.12.88 QA

s \\ &= Golder Ascnciatec
— GEOQTECHNICAL ENGINEERS



BILLITON AUSTRAILIA GOLD PTY. LTD.
MT. TODD JOINT VENTURE
Annual Report for Period Ending 28 January, 1989

APPENDIX XIV
Preliminary Environmental Review
- Kinhil]l
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AIM:'

‘(%:This!assessment wvas initiated as part of the review process of

o 'considerations for potential environmental effects of the act:i.v.u:yw'1 :

. undertaken in the Mt Todd Area. , A
The gurpose of this environmental report is to identify the principal
issues associated with activities to be undertaken in the area
compiising the Mt Todd JV mining leases, and to put forward management .

- suggestions designed to control these issues.

‘vahisﬁis héwéver, by no means a comprehensive réview, as further workj

' is to be done by Rinhill Engineering (an environmental/engineering

‘;f'consultancy group) who will be preparing a Preliminary Environmental

l;‘  Review.

fvahiS }eport includeés; a description of the proposed project, the
; 'lﬂexisting environment of the site, the potential impact arising from
';3j;the‘p;oject and the safeguards proposed for environmental protection.

-
Y.

:ﬁ'The %nfofmation is based on a review of available data ie.,
infor@ation provided by local government and othex authorities, site
@ yisit!and review, as well as 2nd hand data collection - literature
reviews of closely associated circumstances.

R U

P

_ 'In‘seétion 4 of the ‘"Environmental Assessment Act, 1982", states its
7aQ{aimjA53‘ being; " ...to ensure that each matter affecting the
environment which is, in the opinion of the Minister, a matter which
could reasonably considered to be capable of having a significant

effact on the envixonmuuL, is fully examined and taken into
_account...

ﬁ@§3Thus a8 major part of our work to date has been the liaison with
wp gOVEINMENt. departments, e.g. The Department of Mines and Energy and e
. The Conservation Commission, to adequately ensure that the above aim‘“”,
%g bei g met. :
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MINING TENEMENTS:

The‘ area invo;ved is

approximately 40 ¥nm north-north west
Katherine, and approx.

of
47km south-east of Pine Creek.

It lies 13 ¥

road and 7 km of gravel track/road.

Bill;ton Australia Gold together with Zapopan each have a 50% interest

Todd Joint Venture, with Billiton being the manager of

The tenements involved are located as shown on the
-attached fiqures (Fig’s 1 & 2), Figqg.
cutréntly held by Pacifie Gold Mines,
Purchase. These tenements
V6n§%re.v

SRR

2 also shows
over which BauG hasg an option to
are also subject to the BAUG/Zapopan Joint

4

. A s T

is reached via Skm of bitumen :}

the tenementsji

-
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level at its highest point. Overall,
area is gently undulating and heavily dissected w

| gneisses from lowers proterozoic metasedime

“Formation, comprise greywacke, siltstone and

'CENERAL DESCRIPTION:

The main area of interest, known as the Batman zone, iz 222m abhove sea
the landccape in the Monnt Todd

ith ephemeral

streams, which flow south into the Edith River.

The tekrain from Katherine to Pine Creek generally consists of plains

with occasional rocky outcrops. ,
Eucalypt/Agagin woodland, of medium to low density predominates

throughout the ridges/hills and valleys, with a higher density being

associated with watercourses.

1
J

AZ‘GEOLOGYQ

"~ The afea consists of undulating foothills and strike ridges which have
‘resulted from the erosion of Archean metasediments, granites and

nt and igneous intrusives

(Dames & Moore, 198%).

It lies to the gouthern extremity of the Pine creek Geosyncline.

The Burrell Creek Formation and The Tollis
shale with minor

WO formations of interest,

volcanics. The Burrell Creek Formation containing mostly greywacke and
hornfels, while The Tollis Formation consists mainly of shales and

siltstones.

. The stratq strike mainly north-north-west, dipping steeply to the

west,]although gome tight folding has resulted in an easterly dip.

The moét promising area of interest, the Batman Prospect, occurs
within part of the Burrell Creek Formation and dips 60 to 80% to the
west, whereas the mineralised quartz veins dip steeply to the east at

‘a low angle to the strike. The strata are mainly shalessiltstone on
‘the eaateru sldw and greywanka on the western side of the prospect.

Y

f mt todd sﬁm/3
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.. . Bt GROUNDWATER

The  known occurrences of groundwater in the project vicinity are in
fractured shale bedrock.

| In this area, shales of the Tollis Formation, such as at Robin
Prospect appear to be productive aquifers, with local occurences of
grogndwater in the Burrell Creek Formation. The groundwater is
contained in secondary porosity arising from brittle fracture of the
rocgs wiphin the formation. '
Drilling at the Batman Prospect indicates that small supplies of
T groundwater lie at the base of oxidisation and that a larger supply
;0ccurs in fracture zones. The water salinify has been measured in
drilling samples at around 440 mg/l TDS.

Rock%ater have' found from their analysis that the groundwater is

e fresh and should prove suitable for human consumption as well as
process use. No above limit arsenic concentrations have been found in

it, at the sites sampled in the present project area, excepting for

grouhdwater north of Mt Todd, where there is also a potential for a
high iron content (exceeding 10mg/l). This compares with the WHO
standards of 0.3 mg/l (working level) for fron and 0,05 mgsl for
. arsenic. |
3
Depths to water table have been found to be shallow at between 15-30
meters below surface.

'

C. CI:.IMATE:

: IIP’ ,:‘7. L ;

. ' The q1imate'of the area is tropical savannah with two seasons - a warm .
- dry period from May to September, and a hot wet summer period from. ;.
October to April. As seen by figure 3, virtually all rain falls in theig;\ 

fsummer wet season, mostly during November to March.

l‘ - highér arsenic values (0,064 mg/l ) which were measured in

nmt toﬂd:sjm/3ﬁ1
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WIND SPEED AND DIRECTION
(WIND-ROSE) FOR KATHERINE

Dry Season (March - September)
Composite (0900 hours)

Wet Season (October — February)
Composite (0900 hours)

SPEED __ﬂ
(km/Mr) 6
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FAGE 11
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WIND SPEED AND DIRECTION
(WIND-ROSE) FOR KATHERINE

~ Dry Season (March - September)
Composite (16500 hours)

Wet Season (October - February)

Composite (1500 hours)
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- year, with daily maxima ranging from 30
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¢

Average rainfall decreases southwards from more than 1,500mm at Darwin
to 1,040mm per annum at Katherine.

‘The mean average rainfall for the area is 800-1200mm per annum and the
mean average rainfall 2000-2250mm per annum (Dames and Moore,. 1985),.

~ The average evaporation rate is 2,570mm per year.

. Figqure 5 shows that air temperatures are uniformly warm throughout the

O in JunesJuly to 38% in

October/November, whilst mean daily minima range from 13. 200 June/July

to 24 C November/January.

# As seen by figure 4, mean humidity (9000 hours reading) is relatively
~ high from December to February, (up to 81%) and around 52% in the

winter months.

Fibure 6 and 7 illustrate that easterly winds predominate from March
to September. From October to February the winds are variable, with
‘hn'rfh‘-iv‘PﬁfPﬂy winda haing mnet fragquent from MNovemhor to January. May

}['and June tend to ‘'be the windiest months, with a higher frequency of
"7lspeeds over 20 km/hre

- During the wet seaB%on average winds are low, there 4is a high

- 'percentage of calms but some strong movements usually associated with

thunder storms.

D. SOILS

l fﬂLithosols are dominant of areas of greater relief. Alluvial valleys

‘ an lower side slopes have lateritic podzols, yellow earths and soddic
”_éeilp; The valleys or low relief areas consist of unconsolidated soils
" of seolian (windblown) or alluvial origin.

o The skeletal, rocky soils at Batman are of poor fertility, with very'
"vﬂilitple topsoil due to the finer particles being washed out during the
" wet season. The shallow soils are underlain by framented rock, with

“weathered rock size increasihg down the soil profile. The soils are
- unconsolidated and poorly developed on the slopes, with the erosion

- ‘risk being very high ie. no clay to bind the soil, thus the vegetation

‘ cover would be an important. protection factor during the wet season.

mt todd:sjm/4
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'Eucalypt woodland comprising malnly of Eucalytus bleeseri and E.
 tetradonta and tussock grasses.

Closed forest adjacent to water

" courses.

l\
"“‘
an
'-\ :

,l.
l" .
':lir
| lg:

“fis seén by past workings and disturbed areas,
‘vicinity'seems well able to naturally regenerate, with many areas

The area sufrOunded'by the Fergusson and Edith Rivers is noted on
~ register held by the Conservation Commission as a well known habitat
“for the Chestnut Quilled Rock pidgeon (Petrophassa rufipennis). |
' rhis- raré specles has a limited distribution in the Northern

. frequents sandstone escarpments nesting a
' seeds of grasses and herbaceous plants,
| (approx. 100m) to drink (Frith, 1979).

“ gome rare bat species have also b

TS

f{éhe'énv;ronsvof the Katherine area, although none as yet have been
recorded in the Mt Todd area.

*ﬂ;‘mt tédd:sjm/4.1

ol [

the vegetation in the
now

being3 under regrowth of vegetation types similar to that of

. undisturbed areas.

A vegétation map of a scale of 1:10,000 or larger should be prepared
by thé corivullants. This will involve both aerial-phato interpretation

‘and ground truthing (vegetation survey).

|

' Fi FAUNA

the

of the Stuart Highway. It
mong rocks, and feeds on the
travelling short distances

Terfitory-occurring only to the east

een mentioned as being significant in

A fauna purvey is required to determine those species of significant

'statqs.

! 4

L3
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‘._Gi SOCIO - ECONOMIC

"'The major - industries in the gatherine and surrounding area are
" tourism, mining, £ishing and grazing. The mine itself would be an
- added economic benefit to the community, providing direct and indirect

benefits.

most will be recruited from outside the Katherine area. It is

currently envisaged that accomodation will be provxded at Katherine.
f

l A workforce of approximately 80 will be involved in the mine. Of these
l LAND-USE:

Tho area in the vicinity of the proposed mine is crown land, which in
' ~ the past ‘has been under various pastoral leases. The area has a
| | history of mining, mainly open-cut extraction of gold and tin. There
l ‘are scattered open cut excavations and stockpiled overxburden dumps
which ara very -visible and have just been abandoned without any
' restoration work. Natural re-generation seems to be occuring around

"1. the ‘open-cuts in sdhe cleared areas.

P . s

' ASTHETIC, RECREATIONAL AND HERITAGE VALUES:

The .area has no significant or unique asthetic value, due to
" disturbance, clearing, pastoral uses and “overburden dumps. However,
::(according to the Conservation Commission), there is some recreational
‘use of the area, for gemstone and fossil collection. Topaz is noted as .

»f the primary gemstone of interest. ,
" As the mining operations would occupy only a small area there would be

. {
© 1ittle interference with these recreational uses.

Wolfram Hill, northeast of the prospect, is the nearest area of
=ﬂ;her1tage value. No impact is foreseen as the area is congidered to be

_‘fremote from envisaged operations.

Al

. "\"
'
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NATIONAL, PARKS?

' whe Katherine Gorge National Park 7km due east of the Mount Todd area
is the nearest park in the vicinity. As it is also some distance away,

. 1ittle impact is anticipated.

‘ABORIGINAL SITES:

Two sacred sites have been identified outside and to the gouth of the
'Mt. Todd JV area. Liasion with the Sacred Sights Authority has been
established and it does not appear that therxe are any major -problems
in this reqard.
"There {5 an Aboriginal Land Claim covering the araa concerned, hawever
1:it ig understood that the portion of the claim covering the project
3 %ﬁhas 'not 'been recommended for grant. Two further land claims
| J'ffhave subsequently been lodged over the same area as the original -

2 claim.

~ A 2
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- GENERAL:
:viQQAlthough planning of the mine is at an early stage, it is envisaged

" ' that the area of Batman would be developed as an open-cut mine,
.. operating on a 24 hour basis.

b . . 5
a .l 4....Jrf.lll ...l l... <l

The ore 1s of low grade and conceptually suited to heap leaching.

It is intended that testwork will address two major avenues for each
of the ore types a) heap leaching and b) beneficiation followed by
Carbon-in-leach (CI),

‘jThé‘estimated water requirement is 0.75 x 106;cu n/yr (2,740 cu m/d),
fand&a larger supply might be sought to allow for ancillary uses and
~ contingency. |

|l
DESIGN:

-

A heap leachings pad, opencut mine, associated overburden dump,
pregnant pond, metallurgical treatment plant and associated

storages, workshops, stores and offices would form the basis of
acéivity and design of the area, along with other support facilities
such as process water reservoir, electricity generating unit,

" borewater siles etc.

. ‘These are to be addressed in further detail along with the proposed
waste facilities - waste oil, sewage, kitchen garbage etc.

- ORE BODY - CONTENT:

.. This is obviously of utmost importance and will be addressed by
;’Kinhill when adequate data is avalable. |

- mt toddisjm/7
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= U PIRE1.

,(fmf?Eire behaviour in this region is largely influenced by the density of

i the grasses in the understorey, a hilly topography and the very '
‘seasonal nature of the rainfall. During the dry season, it 1s expected
that firea would be of high intensity and spread rapidly due to the
relativelj uniform nature of grass layer and slope of terrain. Burning
is at presently managed by setting fire to the grasslands towards the
end of the wet season.

DUST & NOISE POLLUTION®

These will be limited and confined to the immediate area of operations
'I_ due to the distance between the mining activity and the nearest .
| townships of Katherine and .Pine Creek. There is little likelyhood of
any impact on these communities.

4

' VEGETATION: .

The more obvious impacts of mining in the area are those on the

| vedétntloﬁ, through both minimal c¢learing as well as disturbance,

“trampling, and the increase of dust emissions from increased usage of

roads’ ané disturbed surfaces (le. reduction of light for

- photosynthesis). '

Another iw the possible incxeaee in the frequency of weed specias due .

to.the clearance and disturbance of the natural vegetation.

s S, ; .

oo - FAUNAS ' : - L e
! ‘ ' [

!

_ The increase in road traffic, human presence and disturbance, are =

.- likely to' cause dislocation of fauna. Mobile fauna however will - 25
.ﬁl{=return, and emplacement of logs can provide habitats for ground .
"' dwelling fauna, ‘

¢ ) i H

" mt todd:sim/8:
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}?he destruction of habitat and resources especially for the

" rock-pidgeon and other species will be of minimum impact due to the
. regionally common nature of the habitats., Due to the extensive grazing

- 'land-use le. already disturbed land, it is unlikely that the project

..+ would have any additional adverse effect on the fauna.

oF

fﬁﬂwraditional aboriginal use of plants and animals (if in fact this

..occurs) should not be largely effected as the species are widespread
throughout the area.

Planning to avoid sensitive areas, where possible, will favour the
conservation of any rare or endangered species found in the area.

‘mt toddtsim/8.0.1
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' MINE PRACTICES AND WATER MANAGEMENT:

VQ;FJOne‘of the major issues to be addressed 1is the passibility of
- contamination by cyanide and other poisonous/harmful elements, which
may be utilised in the mining and treatment processes. |
Safa design and practices for the heap leach pad will ensure that both
environmental and economic conditions are satisfied. For
Exampleoptimum retention of the cyanide/gold liquor, both prevents
contamination of the environment and ensures that as much gold |is

- recovered as is possible.

Excessive rainfall in the wet season is a major consideration in the
design of overflow or stormwater ponds which connect to the pregnant
and barren liquor ponds. To ensure total catcyment of stormwater it is
! necessary to review rainfall records over the previous 50-100 years,
to obtain the highest recorded storm event (Mcrabb, 1988).
~ Using the available data from the Katherine area (appendix 1),
‘the 1 maximum amount of rainfall over the highest recorded 24-hour -
' period {s 140mm. Rockwater, who have obtained figures from the CSIRO,
. and have records goving back 100 years as against 31 years, have a high
- daily duration of 133mm, Thus, the pond needs to be sized to contain
| ra;nfalllfrom the highest recorded storm event, in this case between

133-140mu,

LINER LEARAGE AND CYANIDE POLLUTION:

y'The,ﬁrincipal site of solution loss is through the pad liner during
.~ the construction phase. Leakaga is caused by ripping, puncturing or
e inefficient gluing/welding. |
QQZA detection system can be laid below the liner in the sand or material .
" used for liner protection. This consists of slotted agricultural pipe
“-‘Wwhich 1s laid to run with the slope to a collection well.
f_ This detection system is a good monitoring system however if cyanlide/s
gold liquor leakage is detected, little can be done to solve the
”f problem. The best method therefore is a positive approach; ie. strict
" superviaion of gluing/welding of this 1liner and when ore is dumpéd¢i
“onto it, C e
A sand or tailing layer is usually placed on both sides of the 1inerif
(""" to reduce rock impact. -
'P-mt toddzsjm/S
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+1.,0mm thick, as compared to the requirement of 0.5mm thick.
- Apart from 1liner construction/supervision, monitoring wells located

., accumulate water following rain, are recommended (McCrabb, 1988). This
. allows the monitoring of water quality below the pad.

DECOMMISSIONING:

- When the gold has been recovered, it is necessary to neutralise the
¢yanide within the system. This is achieved by firstly removing all
traces of cyanide from the heap by continuons flushing via the
sprinkler system. The heap will then constitute a lower body of rock,

Njwith all cyanide bearing solution being contained in the pond area,

,fNeutralisation procedures can then be applied to the pond (aexration
' and U.v)

L';“The heap can be covered with waste rock to reduce its permeability and
to extend its watershed outside the liner drain area. Drainage from
f-the heap can be ré-directed to flow directly to the stormwater pond. :

~ condsidered, Again this involves covering the heap with overburden
. allowing the heap to be Incorporated into the mines existing or future

u"earthworks. These earthworks can then be rehabilitated at the
- cessation of mining.

‘WILDLIFE PROTECTION:

A gencral requirement would be to stockproof the entire heap leach
.. .area with fencing.

'5‘;_Birds are attracted to the water source of a heap leach area durinq,

dry perioda when alternative sources are not abundant.

'(‘:ﬁAt heap leach operations in North coastal Augtralia, birds have been :1;’
' Lound drinking from the ponds and bathing  under sprinklers anduf )

,consequently dying on site (McRabb,  1988).
mt todd:sjmls 1
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.The liner thickness used by Billiton, is estimated to be at least:

~ downslope from the pad and sunk to water table or depth that will

‘”ij'Az 1t is difficult to initiate reclamation works for a heap which is  Y\
| contained within the operatinq minae, the approach of incorporating
- tha hean into tha long trrm reclamation planv for the mine should be
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;;McRabb, 1988; also stated that this is best avoided by providing an
“alternative water sourca a short distance away, and that it should
"fremain undisturbed. This has merit, especially if the Quilled Rock
;fJPidgeon and other rare or endangered specles was found to frequent the
L. area.

" PEST SPEC1ESt

Mosquitoes form the main issue here, in that, the three most commonly
_found species found in gewage ponds and their effluents, namely Clunex

" annulirestris, C.quinguefasciatus and Anopheles hilli, transmit a
‘variety of dangerous viruses and diseases. The adult A, hilli species,

is also capable of transmitting malaria. _
Thus practicea ensuring that breeding sites. are eliminated is an

"fimportand consideration.
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- MANAGEMENT SECTION:

' The status and significance of the vegetatiqn and fauna are related to

the degree to which past land-use has altered the original vegetation,

... :the extent to which similar vegetation occuxs elsewhere, and the
;Aoccurrence of protected and rare species, The proposed development is
Kffin an area which has had a history of disturbance through small-claim

mining, larger scale open-cut extraction, and grazing;. and is not a

new development in an otherwises unaltered area. The major direct
effect of the proposed mine would involva the clearing of a mostly
disturbed area of deciduous woodland.

The,gpgraéing and use of existing tracks, and restricted clearing,
would all help in minimising disturbance in the area.

' fop-goil ‘i.ei the first 100cm will be geparately removed = and
’55§tockpile@ from excavated areas, and subsequently vreplaced upon
Fféémplétiop of construction. Consexvation of toplayer will carry over
‘seed and  small rootstock. Compacted areas can bs ripped to permit

rainwater infiltration and root penetration, pribr to topsoil return.

WQ)Onﬁycessatlon‘ of® ‘use, if desired, temporary tracks can be

rehabilitated,
Raplid rehabilitation of disturbed areas would then be carried out din

'”‘;order to minimise loss of habitat and environmental impact.

‘The regrowth of vegetation on old diggings in the area suggests that
natural re-vegetation takes place rapidly, and that this vegetation -

is similar to the nature of vegetation of undisturbed areas. Thus the

 vegetation map/survey will show what are the appropriate vegetation

tfpes for ptabilising embankments, probably as described by Kinhill,

l ‘f1984, ‘m;xed woodland qf low hill slopes’.

The Overburden dump should be graded to a minimum slope to inhibit

#iy erosion but ensure adequate drainage. Progressive shaping of dump to

enable pﬁogreasive rehabilitation should be infitiated from an early

. stage.

. mt toddisjm/11
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|- Effective supervision during clearing, construction and rehabilitation

: " ghould be undertaken. personnel should recleve instruction on safety

 practices and the importance of fire.
‘As the area is just outside of the 50km radius of Katherine PO (fire

protection zone), fires may be 1it except within areas that have been

** declatred as fire danger areas.

| 1f a fire is . required for the purpose of clearing land, burning
tirebreak§ or for any other purpose, a permit must be obtained from a
Fire Wardqn or Fire Contro) Officex. '

1

i

i

l To ensure :thaﬁ mosquitoes are controlled, planned modification of the

- environmerit which physically removes water in which mosquitoes develop

I or that makes the water unsuitable for breeding should occur,e.g.

' iiliing i small depressions with gand or earth, or in the case of dams

I dr water gtorage, alternating the water level to kill mosquito larvae
~ (Whelan,1983). - “

e Monitoring programs ghould be formulated 4in such a way so as to

l ‘provide baseline water level and water quality data to obsexve the
E ~effuule of mining antivity on the existing qroundwater regime.

y

Overall, continued llaison with the relevant authorities and other
& "2"_i‘.nter_estecll parties is to be maintained, so as to obtain advice as well
l as ensuring that suitable standards are upheld. '
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BUREAU OF METEQROLOGY
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STATION: Katherine (COMPOSITE)
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TABULATION OF CLIMATIC AVERAGES AND EXTREMES
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5 RELATIVE HUMIDXTY (%)
e
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1. INTRODUCTION

i

Golder Associates were requested by Minproc Engineers Pty Ltd, acting on
behalf of Billiton Australia Gold Pty Ltd, to carry out site investigation
work for the mine infrastructure development, incorporating the following

items:

- Crushing Plant
- Two large crushers with associated screens, agglomeration drum, and
dump hopper. Administration buildings and workshop buildings are
proposed immediately south of the crusher line. An absorption/
desorption plant is also proposed in this area with unit foundation

loads of the order of 100kn.
. Leaching Stockpiles

" Stockpiles on the initial leach pads (Nes. 1 & 2) are to be
‘- .constructed in two lifts to a height of 12m. Future leach pads (Nos.
3, 4 and 5) will be constructed on the alluvial flood plain
approximately 1lkm east of the proposed crusher line and leach pads 1 &

2.
-  Process Ponds

- Two fully lined process ponds are proposed south of leach pad No. 2.

The ponds will have 5m high embankments.

- Raw Water Dam

=~ A 10m high earth embankment is proposed, located approximately 3km

north-west of the crusher line,

- Stow Creek Crossing

!

- A new access road is proposed off Edith Falls Road into the site, and

a culvert crossing will be required at Stow Creek.
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Investigation work was carried out by excavation of 21 test pits on 5 and ©
December, 1988. This report sets out details of field work and laboratory
testing together with engineering comment and geotechnical design

parameters.

2. THE SITE AND LOCAL GEOLOGY

The Mt Todd gold deposits (named Batman and Robin) are located approximately
50km north-east of Katherine. The main deposit (Batman) is located within a
group of hills rising 60m above an alluvial flood plain to the east. The
proposed crusher line is located at the south-eastern base of these hills
with leach pad Nos. 1 & 2 on slightly sloping ground covered with light
scrub and medium height trees.

The proposed area of leach pads 3, 4, and 5 is a flat flood plain covered

with sparse vegetation and low to medium height trees.

L

The“proposed raw water dam is located within a steep sided gully which was

boulder strewn but dry at the time of investigation.

At the location where the proposed access road crosses Stow Creek the creek
banks are very steep and rise 2 to 3m above water level., The area to be
traversed by the road is generally flat and covered with low to medium

height trees.

Information supplied by on-site geologists indicates the whole area to be
underlain by greywacke rock, which is generally medium strong to strong and

close to surface level at the base of the Batman hill gold deposit.

3. FIELD WORK

The location of the various sites are shown on the site locality plan,

Fig. 1. A large excavator (Kobelco K9122A) was used to excavate 21 test
pits. The location of 18 of these test pits are given on Fig. 2. Test pits
19 and 20 were excavated on the banks of Stow Creek at the proposed crossing
site and Test Pit 21 was located 200m along the proposed access road to the
east of Stow Creek.

All test pits were logged by an experienced geotechnical engineer and

samples taken for laboratory testing.
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4. GROUND CONDITIONS

Detailed descriptions of the strata encountered are given in the attached
Test Pit Reports using terminology defined in appended notes. The ground

conditions are summarised for the various sites as follows:
. Crusher Plant/Administration and Workshop Buildings

- Uniform ground conditions were encountered at the base of the hills
comprised of medium dense and dense silty sands and gravels to a
maximum depth of 1.0m overlying weak to medium strong rock. The rock

was generally fragmented with clean tight jeints.
- Leach Pads Nos. 1 & 2 / Process Ponds

- Ground conditions did not vary markedly from above, with the silty
, sand/gravel strata extending to a maximum depth of 0.8m. A layer of

u_élayey gravel was encountered: in Test Pit 13 between 0.6m and 1.2m.

The underlying rock was generally very weak to weak.
- Leach Pads 3, 4 and 5

—~ Although located on an alluvial flood plain, the alluvial materials
(silty sand and gravel) overlying rock were still medium dense to dense
and extended to a maximum depth of only 1.7m in Test Pit 16. The

underlying rock ranged in strength from very weak to medium strong.

. Raw Water Dam

—~ The soil overlying rock in this area was more cohesive than in the
general plant area and is described as rock ffagments in, a clay matrix.
This stratum extended to a maximum depth of 2.5m in Test Pit 5, located
some 500m west of the proposed dam embankment in the floor of the
gully. On the sides of the gully (Test Pits 2 and 3) rock was
encountered at approximately Q. 5m. The rock was generally medium
strong to strong with clean tight Jjoints and apparently of low

permeability. A visual assessment of moisture content profile down the
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sides of the test pits indicated that water flowing through the gully

does not penetrate below 0O.5m.
. Stow Creek Crossing/Access Road

- Test Pit 19 on the western bank of Stow Creek encountered stiff
alluvial clays and silts to 2.9m overlying very dense sands and gravels
to the terminal depth of 5m. In contrast Test Pit 20 on the eastern
bank encountered silty clay to only 0.6m overlying rock. Test Pit 21
encountered stiff alluvial clays and silts to the terminal depth of
2.5m. It is most probable that the creek has cut a numbgr of channels
in the area through the rock and the old channels have peen filled with

the cohesive alluvial deposits.

5. LABORATORY TESTING

Particle size distribution tests were carried out on samples of the silty
saqéYgravel encountered in the majority of the test pits and on a sample of
cla;éy silt taken from the western bank of Stow Creek. Atterberg limits
determinations were also carried out on the latter sample. The results are

summarised on an attached sheet and grading curves are appended.

The silty sand/gravel contained up to 60% gravel sized particles with 20%
sand and 20% silt. The cohesive alluvial deposits on the western bank of
Stow Creek were comprised predominantly of low plasticity silt sized

particles with 20% fine grained sand.

6. ENGINEERING COMMENT

6.1 Crushing Plant/Administration and Workshop Buildings

Foundations to all plant items along the proposed crusher line could be
formed either in the medium dense to dense silty sand/gravel strata; or
on the underlying weak to medium strong rock using allowable bearing
pressures of 300kPa and 1000kPa respectively. The 1000kPa value is a
conservative figure based on weak rock and could Qe increased if

necessary for stronger rock. The rock is fragmented and therefore
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should be relatively easy to excavate if working from an open face. In
a confined excavation (eg. service trench) the rock will be difficult
to excavate, as indicated during excavation of the test pits using a

large excavator.

It is understood that the administration and workshop buildings, and
the absorption/desorption plant will be relatively flexible structures
imposing low foundation loads. Strip or pad footings to these
buildings could be formed at shallow depth in the medium dense to dense
silty sand/gravel stratum using an allowable bearing pressure of
300kPa. Weak to medium strong rock would be ehcountered at shallow
depth (about 1.0m) underlying the buildings and the comments given

above on excavation conditions would apply.

6.2 Leach Pad Nos. 1 & 2 / Process Ponds

Some cut to fill earthworks will be necessary in order to form a level
;bad for the ore stockpiles. The silty sand and gravel layer will be
feadily' excavated and would be suitable for re-use as filling. A
compaction level equivalent to 90% Modified compaction is recommended.
Fill material should be placed in loose layers no greater than 300mm

thick prior to compaction.

The proposed 12m high stockpiles would induce negligible settlement in
the natural or compacted foundation materials, and could be formed as
steep as practical for leaching purposes, without threatening the

stability of foundation materials.

It is understood that excavation depths for the process ponds will be
up to 3m. Rock is anticipated below approximately I1m. As noted under
Section 6.1, the rock 1is fragmented and should be readily excavated
when working from an open face, Qsing a large excavator or a bulldozer
(say up to D6 in size) to rip the rock. In a confined excavation the
rock could be very difficult to excavate; possibly requiring the use of
air tools or blasting. Excavated rock to be used as general filling
either to form leach pads or process pond embankments should be broken

down to exclude fragments greater than 200mm.
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6.3

6.4 "

L

Embankments to the fully lined process ponds could be formed wusing the
near surface silty sands and gravel (mixed with broken down rock if
necessary), compacted to a dry density ratio equal to 90% of Modified
compaction. For a 5m high embankment, a battered slope of 1.5
horizontal to 1 vertical is recommended. Embankments formed from silty
sand and gravel would be subject to erosion and hence external slopes
should be protected. The fragmented greywacke encountered generally

below 1.0m would be adequate for this purpose.

Leach Pads 3, 4, and 5

Similar ground conditions were encountered under proposed leach pads 3,
4 and 5 as encountered under Jleach pad 2, hence the comments given

under section 6.2 would apply.

Raw Water Dam

The overburden soil encountered in the floor of the gully was comprised
of rock fragments in a clay matrix, This material,. when compacted in
layers to a dry density ratio equal to 95% of Standard compaction (this
dictates a slightly higher placement moisture content than Modified
compaction), would form a low permeability eafth embankment. It will
be necessary to determine the extent, and hence available quantity of
cohesive material within the gully floor area prior to final embankment

design.

Prior to commencement of embankment construction, the embankment
foundation area should be stripped of all vegetation and loose
boulders, and then proof rolled to remove any soft zones. For a 10m
high embankment, battered side slopes of 1.5 horizontal to 1 vertical
are recommended. It will be necessary to protect embankment slopes

against erosion, preferably by the use of vegetation on external

slopes.

The in-situ soil and underlying rock have been V1sually assessed as
. ) ) _.______......‘_‘ﬁ /"""“‘-n. .
being of very low permeability. Hence only minox seepage would be
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anticipated through the dam floor and embankment wall provided care is
taken to use predominantly clayey material in embankment construction;
excluding rock fragments and boulders larger than 200mm. In order to
quantify the anticipated seepage volumes it would be necessary to
establish permeability values for the in-situ fragmented rock and the
clay embankment. This facet is important if the plant process is

dependent on water supply from the dam. i

6.5 Stow Creek Crossing/Access Road

It is understood that the Stow Creek crossing will be formed by placing
a number of large culverts in the existing creek bed and covering with

soil won locally.

The clayey silt encountered on the western bank of Stow Creek would be
highly erodible and hence this material should not be used to fill over
culverts. There was evidence of a number of small gravel pits in the

’

area to the east of Stow Creek and it is recommended that either gravel

L

from these pits, or silty sands and gravels such as encountered in the
leach pad areas be used for this purpose. (Naturally these materials
should be placed in compacted layers). In addition, large rock rip-rap
should be placed upstream of the culverts to protect against current

erosion during high velocity flow periods.

The worst material likely to be encountered as subgrade material for
the proposed access road is the clayey silt/silty clay such as
encountered in Test Pits 19 to 21. Based on the laboratory testing
carried out, a CBR value of 16% is indicated for this material. It is
noted that the material has a high silt content and hence would be
impossible to compact when wetted above optimum moisture content.
Adequate drainage should be installed along the sides of the road to

protect against erosion of the subgrade.

GOLDER ASSOCIATES PTY LTD

per

David K. Nolan
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I TEST PIT RBEPORT
l CLIENT  MINPROC ENGINEERS PTY LTD TEST PIT NO. 1, 2 and 3
SITE PROPOSED RAW WATER DAM DATE hth December, 1988
l LOCATION MT TODD GOLD PROJECT PROJECT NO. 88638252
SURFACE LEVEL

l Tgﬁ' DESCRIPTION OF STRATA Depth| SamPpling and In-Situ Testing
No Inferpreted from field and laboratory testing (m Type Depth Results

1 - CLAY AND ROCK FRAGMENTS GL
Strong to very strong rock fragments (up to 400mm) in
a4 brown clay matrix -

TEST PIT TERMINATED AT 1.0m (unable to penetrate) 1.0

2 CLAY AND ROCK FRAGMENTS ' 6L

DAY AND ROCK FRAGMENTS
Medium strong red rock fragments (up to 300mm} in a

stiff clay matrix

ROCK (Greywacke) 0.6
Medium strong, highly fractured rock with tight clean
joints
- grading strong (highly fractured) helow

2.0m approximately D 1.0

’4

- TEST _PIT_TERMINATED AT 2.5m (unable to penetrate) 2.5

3 CLAY AND ROCK FRAGMENTS GL
Weak to medium strong rock fragments (up to 300mm) in
a stiff red clay matrix

ROCK (Greywacke) 0.5

Medium strong, red, highly fractured

- grading strong to very strong, highly fractured
(tight, clean joints) below 0.9m

TEST PIT TERMINATED AT 1.5m (unable to penetrate) 1.5
EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
A " — ouger somple SCALA PENETROMETER TEST
[ I dislprbed sample A 9kg hammer with a 0.5m Irea fall is used lo drive a 30°0pex angle
U — undisturbed sample cone of 0.020m diomeler, lollowed by smaller diomeler rods. Resulls
SP — Scalo Penelrometer are recorded in blows per 100mm penelialion. Where lesls are
PP -
Su —

Poche! Penelromeler exlended beyond 1.5m penetration, excavation is corriad oul prior to
shear strength (ie, continuing the lest. A :
) i i

Y2 unconlined . —_ GO'der ASSOCIﬂtGS
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| UEST PIT REPORT
| CUENT  MINPROC ENGINEERS PTY LTD TEST PIT NO. 4, and 5
T SITE PROPOSED RAW WATER DAM DATE bth Decenber, 1988
l LOCATION MT TODD GOLD PROJECT PROJECT NO. 88638252
SURFACE LEVEL
I Tgﬁ' DESCRIPTION OF STRATA Deptn| S2MPling and In-Situ Testing
No Interpreted from field and laboratory testing M Type Depth Results
I 4 CLAY AND ROCK FRAGMENTS GL
Weak grey rock fragments in a stiff clay matrix
l ROCK (Greywacke) ' 0.5
Medium strong, grey, highly fractured clean tight joints
- ironstained in places
I TEST PIT TERMINATED AT 2.5m (near pentration refusal) 2.5
Note: water not penetrating below 0.5m
I = Very damp above 0.5m then dry
5 CLAY AND ROCK FRAGMENTS GL
I Alluvial gravel (100-200mm - rounded) in a red clay matrix
- tight and difficult to excavate
CLAY AND ROCK_FRAGMENTS 1.5
- as above with colour change to grey
I ROCK (Greywacke) 2.2
Strong, grey highly fractured, clean tight joints
I TEST PIT TERMINATED AT 2.8u {very difficult to penetrate) 2.8 ,
EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nolan
I GROUND WATER Not encountered
I REMARKS -
A " — auger somple SCALA PENETROMETER TEST
D — disturbed somple A 9kg hammer with a 0.5 tree foll is used fo driva o 30%apox angle
l U — undisturbed sample cone of 0.020m diarneler, lollowed by smaller diarmeler rods. Results
SP — Scalo Penetrometer are recorded in blows per 100mm penatiation. Where lests ore
PP —
Su —

Pocke! Penelrometer extended beyond 1.5m penelration, excavalion is coried oul prior to

shear shength (i.e. conlinuing the lest. A .

% unconfined ) v Goldar Accariatac
R I T




1 - TEST PIT BEPORT

I CLIENT  NINPROC ENGINEERS PTY LTD TEST PIT NO. 6
.~ SITE PROPOSED CRUSHER LINE DATE 5th Decenmber, 1988
:I LOCATION MT TODD GOLD PROJECT PROJECT NO. 88638252
SURFACE LEVEL
l Tgﬁf DESCRIPTION OF STRATA Depth| S2mpling and In-Situ Testing
No. Interpreted from field and laboratory testing (m) Type Depth Results

6 SILTY SAND/GRAVEL GL
Apparent medium dense to dense, brown

ROCK (Greywacke) ' 0.8
Weak grey, highly fractured (clean tight joints)

ROCK (Greywacka) 2.5
Weak to medium strong, grey, highly fractured
(clean tight joints)

TEST PIT DISCONTINUED AT 4.5m (very difficult to penetrate) 4.5

EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered

REMARKS B

A " — auger somple SCALA PENEYROMETER TEST

D — dislglbcd somple A 9kg hormmer with a 0.5m lree fall is used 10 drive @ 30°0pex angle

U — undislurbed sample cong ol 0.020m diometer, toltowed by smalier diomeler rods. Resulls

Sg — Scolo Penelromeler are recorded in blows per 100mm peneliation. Where lesls ara

PP —

Sy —

Pockel Panelromeler extended beyond 1 .5m penelration, excavation is carried oul prior fo

shear strength (ie, conlinuing the losl. A

‘I, -
uncorfined B —_ Golder Ascociatec
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CLIENT  MINPROC ENGINEERS PTY LTD

TEST PIT REPORT
TEST PIT NO. 7, 8 and 9

SITE PROPOSED CRUSHER LINE DATE 5th Decenber, 1988
LOCATION MT TODD GOLD PROJECT PROJECT NO. 88638252
SURFACE LEVEL
Tgﬁf DESCRIPTION OF STRATA Depth| Sampling and In-Situ Testing
No Interpreted from field and laboratory festing ™ |Type| Depth Results
7 SILTY SAND/GRAVEL GL
Apparent medium dense to dense, brown
ROCK (Greywacke) 0.5
Weak, grey, fragmented (clean tight joints)
- grading weak to medium strong below 2.5m approximately
TEST PIT TERMINATED AT 3.5m (very difficult to dig) 3.5
8 SILTY SAND/GRAVEL GL
Apparent dense red brown '
D 0.50
ROCK (Greywacke) 0.9
Weak, grey, fragmented (clean tight joints)
) D 2.50
TEST PIT TERMINATED AT 3.5m (difficult to dig) 3.5
9 SILTY SAND/GRAVEL GL
Apparent medium dense to dense red-brown
ROCK (Greywacke) ' 1.0
Weak, grey fragmented (clean tight joints)
- grading weak to medium strong below 2.5m approximately
TEST PIT TERMINATED AT 3.0m 3.0
EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
REMARKS B
A " — auger sompla SCALA PENETROMETER TEST
D — dislurbed somple A 9kg hammer with a 0.5m free fall is ysed 0 drive o 30°upex angle
U — undislurbed sample cone ol 0.020m diameler, followed by smaller diomeler rods. Resulls
SP — Scala Penalromeler are recorded in blows per 100mm penetration. Whera losis ore
PP — Pockel Penefromeler extended beyond 1.6m penetration, excavation is carried oul prior 1o m
Su — sheor stienglh (le. continuing Iha test, .
Y2 unconfined ° e @ (2AlAdar Acecmm:md e e




CLIENT  MINPROC ENGINEERS PTY LTD

SITE

ADMINISTRATION/HORKSHOP BUILDING

LOCATION HT TODD GOLD PROJECT

TEST PIT REPORT

TEST PIT NO. 10
DATE bth December, 1988
PROJECT NO. 88638252

SURFACE LEVEL

Tsif‘;f DESCRIPTION OF STRATA Depth Sampling and In-Situ Testing
No Inferpreted from field and laboratory festing (m) Type Depth Results
10 SILTY SAND/GRAVEL GL
. Apparent medium dense to dense brown
-~ gravel size up to 50mm
ROCK (Greywacke) 0.8
Weak grey, fragmented (clean tight joints)
- grading weak to medium strong below 1.8n approximately
TEST_PIT TERMINATED AT 3.0m (very difficult to dig) 3.0
EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
REMARKS B
A " — ouger sample SCALA PENETROMETER TEST
D - disturbed somple A kg hammer with @ 0.5m iree lall is used o drive g 30°opex angle
U - undisturbed somple cone of 0.020m diameter, lollowed by smaller diameler rads. Resulls
5P — Scala Penelromeler ore recorded in blows per 100mm penelralion, Where lesls ore
PP — Pockel Penelromeler exionded beyond 1.5m penetralion, excavalion is corried out prior fo
Su ~— shear sliength (ie, conlinuing he lasl. ﬁ A .
¥2 unconfined o — GOIder ASSOCIBtES




CLIENT  MINPROC ENGINEERS PTY LTD

SITE

POTENTIAL C.I.L PLANT

LOCATION MT TODD GOLD PROJECT

VEST PIT REPORT

TEST PIT NO. 11
DATE oth December, 1988
PROJECT NO. 88638252

SURFACE LEVEL

i DESCRIPTION OF STRATA Depth| S2MPling and In-Situ Testing
No Interpreted from field and laboratory testing ™M \Type| Depth Results
11 SILTY SAND/GRAVEL GL
Apparent medium dense to dense, red
(gravel size to 100mm)
~ grading very dense below 0.8m
ROCK (Greywacke) 1.4
Weak to medium strong grey fragmented (clean tight joints)
~ grading to medium strong below 2.0m
TEST PIT TERMINATED AT 2.5m (unable to penetrate) 2.5
EQUIPMENT Excavator Kobeleco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
REMARKS - ’
A ' — auger somple SCALA PENETROMETER TEST
D — disturtbed sampla A9kg homimer with a 0.5m Iree fall is used to drive a 30°upax angle
U~ undisturbed sample cone of 0.020m diameler, followed by smaller diameler rods, Resulls
SP — Scolo Penelromaler ore recorded in blows per 100mm penetration. Where lesls are
PP — Pocket Penelromeler extended beyond 1.5m penelration, excavalion is corried oul prior to
Su — sheor sirength (ie. continuing the tesl. A ' .
% unconlined —) Colder Acenrintan




CLIENT  NINPROC ENGINEERS PTY LTD

TEST PIT REPORT
TEST PIT NO. 12, 13 and 14

coml)me;qmn slmnqlh\ o

SITE LEACH PAD NO. 2 DATE bth December, 1988
g LOCATION Y7 T0DD GOLD PROJECT PROJECT NO. 88638252
l SURFACE LEVEL
| W DESCRIPTION OF STRATA Depth| Sampling and In-Situ Testing
No Interpreted from field and laboratory testing M 1 Type| Depth Results
12 SILTY SAND/GRAVEL GL :
Apparent medium dense, brown (up to 50mm)
ROCK (Greywacke) 0.4
| l Weak, grey, fragmented, (clean tight joints)
- grading weak to medium strong below 1.5m approximately
I TEST PIT DISCONTINUED AT 3.5m (very difficult to dig) 3.5
13 SILTY SAND/GRAVEL GL
Apparent medium dense, brown
CLAYEY GRAVEL 0.6
Apparent medium dense to dense, red (gravel up to 50mm)
ROCK (ffreywacke) 1.2
Weak, grey fragmented (clean tight joints)
- grading weak to medium strong below 2.5m approximately
l TEST PIT DISCONTINUED AT 3.2m (difficult to dig) 3.2
l 14 SILTY SAND/GRAVEL GL
Apparent medium dense to dense, brown {gravel up to 50mm)
l ROCK (Greywacke) 0.6
Very weak, grey, fragmented
l ROCK (Greywacke) 1.3
Weak, grey, fragmented (clean tight joints)
- grading veak to medium strong at 2.6m approximately
l TEST PIT DISCONTINUED AT 3.0m 3.0
EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nelan
' GROUND WATER Not encountered
REMARKS -
l A — auger sample SCALA PENETROMETER TEST
D — dislutbed somple A 9kg hammer wilh a 0.5m Iree all is used Io drive a 30%pex ongle
U — undisturbed somple cone ol 0.020m diomeler, lollowed by smaller diometer rods. Resulls
5P — Scula Peneiromeler are recorded in blows per 100mm penelration. Whore lesls are
PP — Pocke! Penalromeler axtonded beyond 1.5m ponetration, excavation is carried oul prior lo
Su — sheor slrength (ie. conlinting tha les!. A ; .
¥ unconfined }*._7 G()'der ASSOCIﬂfFPS




I TEST PIT REPORT

B cuENT  MINPROC ENGINEERS PTY LTD TEST PIT NO. 15
" SITE LEACH PAD NO. 2 DATE bth Decenber, 1988
J LOCATION HT T0DD GOLD BROJECT PROJECT NO. 88638252
SURFACE LEVEL
l TF?iSft DESCRIPTION OF STRATA Depth| S2mpling and In-Situ Testing
No. Inferpreted from field and laboratory testing (M [Type| Depth Results
I 15 SILTY SAND/GRAVEL GL
‘ : Apparent medium dense to dense, red-brown
I (gravel up to 50mm)
ROCK (Greyvacke) 0.8
Weak to medium strong grey, highly fractured
{clean tight joints)
l - grading medium strong below 1.5m approximately
' TEST PIT TERMINATED AT 2.5m (unable to penetrate) 2.5
l EQUIPMENT Excavator Kobelco K912A SUPERVISOR /D Nolan
GROUND WATER Not encountered
I REMARKS -
A - ouger sample SCALA PENETROMETER TEST
I D — dislurbed sample A9kghommorwi!_hoo.5m free foll is used lodriv0030°upcxungle
U — undisturbed somple cone of 0.020m diameter, tollowed by smaller diameler rods. Resulls
SP — Scalo Penelromeler are recorded in blows per t0Omm penelralion. Whare lests are

PP — Pochet Penglromeler

extended beyond | 5m penetration, excavation is carried out prior to
Su - shear siength (e, continuing the lost. C?&
: X ™ 1.1 m




L TEST PIT REPORT
CLIENT  MINPROC ENGINEERS PTY LTD TEST PIT NO. 16, 17 and 18
SITE LEACH PADS 3 T0 5 DATE bth December, 1988

I LOCATION NT TODD GOLD PROJECT PROJECT NO. 88638252

SURFACE LEVEL

l Tgﬁ* DESCRIPTION OF STRATA Depth| Sampling and In-Situ Testing
No Interpreted from field and laboratory testing (fn) Type|  Depth Results

16 SILTY SAND GL
Apparent medium dense, yellow brown

-~ with some fine gravel below 0.5m

SILTY SAND/GRAVEL 0.8
Very dense (difficult to dig)

red brown

ROCK (Greywacke) 1.7

Medium strong, grey, highly fractured (tight clean joints)

TEST PIT TERMINATED AT 2.0m (unable to penetrate) 2.0
17 SILTY SAND/GRAVEL GL

Apparent medium dense, red-brown (gravel up to 10mm)
ROCK (Greyvacke) 0.7

Very weak, grey, fragmented (clean tight joints)
- grading weak to medium strong below 2.2m approximately

TEST PIT TERMINATED AT 2.5m 2.5

18 SILTY SAND/GRAVEL GL
Apparent medium dense, yellow brown (gravel up to 10mm)

ROCK (Greywacke) 0.5
Very weak, grey, fragmented (clean tight joints)

- grading weak to medium strong below 1.5m approximately

TEST_PIT TERMINATED AT 2.5m (very difficult to dig) 2.5
EQUlpMENT Excavator Kobelco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
REMARKS -
A " — ouger sampla SCALA PENETROMETER TEST
D — dislurbed sample A kg hommer with a 0.5m free tall is ysad 1o drive o 30%pex angle
U~ undisturbed somple cone ol 0.020m diameter, follawed by smaller diameter rods. Resulls
SP — Scolo Penetromeler are recorded in blows per 100mm penelralion. Whera lesls are

Pockel Penelrometer extended beyond 1.5m penetralion, excovetion is corried out prior to
Su shear strength (ie. conlinuing the lest, \A 4
¥ unconfne - e’ =) Golder Associatec




CLIENT MINPROC ENGINEERS PTY LTD
SITE 'PROPOSED STOW CREEK CROSSING
LOCATION NI TODD GOLD PROJECT

TEST PIT REPORT

TEST PIT NO. 19 and 20
DATE " 6th December, 1988
PROJECT NO. 88638252

SURFACE LEVEL

. .Sj .
el DESCRIPTION OF STRATA Depth| SamPling and In-Situ Testing
| . .
No Interpreted from field and taboratory testing - ™ |Type| Depth Results
19 SILTY CLAY/CLAYEY SILT GL
West Stiff, brown and yellow brown
Bank
- grading very stiff to hard helow 0.6m
= with fine sand
D 1.0
SILTY SAND 2.9
Very dense grey fine grained indurated bands
~ alluvial gravel layers (up to 100mm) below 3.8m
TEST PIT TERMINATED AT 5.0m 5.0
20 SILTY CLAY/CLAYEY SILT GL
East S5tiff yellow brown, with some fine sand and gravel
Bank
ROCK (Greywacke/Mudstone/Siltstone) 0.6
Extremely to very weak grey, fragmented with ironstaining
- grading weak to medium strong below 1.5n approximately
TEST PIT TERMINATED AT 2,5m 2.5
. Excavator Kobhelco K912A D Nolan
EQUIPMENT SUPERVISOR
Not encountered
GROUND WATER
REMARKS )
A " — auger sample SCALA PENETROMETER TEST
D — dislurbed sample A 9kg hammer wilh 0 0.5m free fall is used 1o diivo g 30°%apex angle
U — undisturbed sampla cone of 0.020m diameler, foltowed by smaller diameler rods, Resulis i
SP — Scolo Penetromeler ore recorded in blows per 100mm peneliclion. Where lesfs ore
PP — Pockel Panefromeler exlended beyond }.5m panelration, excavation Is corried out prior to l m
Su — sheor shiength (ie. conlinuing 1ha fest. 0 .
% unconfined ) p = Croldar Acenmnintao .




l CLIENT MINPROC ENGINEERS PTY LTD

SITE

ACCESS ROAD ~ 200m EAST OF STOW CREEK

l LOCATION NT TODD GOLD PROJECT

TEST PIT REPORT

TEST PIT NO. a1
DATE bth December, 1988
PROJECT NO. 88638252

SURFACE LEVEL

Test DESCRIPTION OF STRATA Depth| S2mPpling and In-Situ Testing
Pit . .
Interpreted from field and laboratory testin (m) Depth Resul
No. _ ype P SUITS
21 SILTY CLAY/CLAYEY SILT GL
. Stiff, yellow brown with a trace of gravel
-~ grading very stiff to hard and red and i
yellow~brown below 0.6m
- apparent cementation with some sand and alluvial
gravel below 2.0m approximately
TEST PIT TERMINATED AT 2.5m 2.5
Shallow gravel pits on high ground in surrounding area
EQUIPMENT Excavator Kobelco K912A SUPERVISOR D Nolan
GROUND WATER Not encountered
REMARKS -
A — ouger sample SCALA PENETROMETER TEST
D — disuwbed somple A 9kg hommer with 0 0.5m free fall is used fo drive a 30°opex angle
U — undisturbed somple cona of 0.020m diemeter, tollowed by smaller diomeler rods. Resulls
5P — Scalo Penetromelor are recorded in blows per 100mm penefralion. Where lesls are
PP -~ Pockel Penelromeler oxtended beyond 1.6m penelration, excavation is carried out prior fo
Su — shear strenglh (i.e. continuing he s, ﬁ A .
% unconined ~ = Roldeor Acenciatnc




DESCRIPTION AND CLASSIFICATION OF SOIL

,1 ..

GENERAL

Description and clzeseification of scil and rtock are based on definitions and sys%ems
outlined in Australian Standerd AS1726, SAA Site Investiopation Code 1975 and its appendices
A-D 1978,  Description of rock frecturing is based on a system set out by the Sydney CGroup
of the Austrzlian Ceomecheznics Sociely, 1975.

DESCRIPTION AND CLASSIFICATION OF SOTL

5cils ere clessified on the besis of predominating grsin size, modified by other
significent orain size or sizes prezent {e.g. CLAYEY SAND) on the following basis:

Classification Particle Size
CLAY. e less than 0.002mm
STt e +..0.002-0.06mm -
SAND

fine sand....... e 0.06-0.2mm

medium semd.............:0.2-0.6mm

COBISE SaMNdeeevennrennn. 0.6-2.0mm
GRAVEL

fire gravel........ vevee . 2-Bmm

medium cravel....... e v+ 0+ 6-20mm

coarse oravel...... + v o v s o 20-60mm
COBBLES. ....... e, 60-200mm
BOULDERS. .. ...... e vove.aoreater than 200mm

’

COHESTVE SBILS ere described in terms of consistency, colour snd structure with comments on
minor constituents or zpparent specizl features, Consistency is bzsed on the shear
strength of the s0il, and is Qenefally estimsted from experience, measured by hand
penetrometer or determired by laborztory testing. Terms used in describing consistency are
set out below:

Term Shear Strenmpth
VERY SOFT.......ooveva.t, .+.less than 12kPa
L veeeseneen. 12-25kPa
FIRM....otii et es s 25-50KkPa

STIFF i ++...50-100%Pa

VERY STIFF........ ceeveeaea., . 100-200Pa

HARD. .o oot +veeseso..greater than 200kFa

NON-COHESIVE SOILS are described inm terms of relztive density, colour, with comments on
minor constituents or apperent specisl festures. Relative density or density index is
generally based on stzndard penetrstion testing (AS1289 Test F3.1), or other forms of
peretration testino. Terms used in describing relative density are set out below:

Term Relative Density SPT "N" Valuyes
blows/300mm

VERY LOOSE......... .less than 15%............)ess than 5 blows

LODSE....vvvvne ... 15-388....... Ceaeen srese.5-10 blows

MEDTUM DENSE. ... ..., 35-65%..... feeiaaa sena.10-30 blows

DENSE....... . oL, 65-85%........ veevesseass30-50 blows

d Golder Associateg




ROCK_STRCNGTH

1
ENGINEERING CLASSIFICATION OF ROCK '

DCSCARIPTION GUNERAL FICLD GuIDC Is (sn)2 AS172G ROCK I\me)x.3
TCRM MPa STRCNGTH a, Ma
Cxtremely Weak Lasily remoulded by hond to a material with sojl propgrties Extremely Low
0.03 0.7 —
Very Weak May be crumbled and fragmented by hand o Very low -
Weak A piece of core 150mm x SOmm dianmeter may be broken by hand and Low
easily scored with a knife. Sharp edges of Lhe core may be friable
and break during hordling.  Lups of rock crusble with light banmer
blow
0.3 K
Medium Strong A piece of core 150mm x SDm dismeter may be broken by hand with Medium
considerable difficulty but may be scored with a knife. Core may i
be broken with a 1ight hammer blow.
1 24—
Strong N piece of core 150wn x S0mm diameter cannot be broken by hand, but High
can be slightly scratched or scored with a knife. Core may be
broken with a blow from a hammner,
3 70
Very Strong A piece of core 150mm x SOmm diam:ler may be broken with a heavy Very high
hammer Llow, but cannot be scratched by a knife,
10 240 —
Extremely Strong] A piece of core 150mm x S50mm diameler is difficult to bresk with a Extremely High
hammer and rings when struck

Notes: 1. Dased on AS172G - 1981 - SAA Site Investigation Code.
2. Point Load Strength Tndex
3. The approximate vnconfined conpressive strength (¢ ) is based on an assumed ratio to the point load

“index of 24:1, This ratio may vary widely. Y

15AM Conmittee on Laboratory Tests, Document No. 1, October 1972.

ROD:  ROCK QUALTTY DCSICNATION (expressed as a percent) for core recovered from borehale, defined as

sum_of sound core pieces 100mwn or more long®
total length of section considered

* core fractured by drilling process considered unbroken

FRACTURING
DESCRIPTIVE CENERAL FICLO CulDE
TERM
F ragmented The core is comprised primarily of fragments of length less than 20mm and mostly of width less than the

core diameter. GCererally >50 breaks/metre,

Highly Fractured

Core lengths are gemerally 20-40mm with occasional fragments. Generally 25-50 bresks/metre.

Moderated Core lengths are generally 30-100mm with occasional shorter and longer section.

Fractured Gererally 10-20 breaks/metre.

Fractured Core lenglhs are generally B0-400mm with occasional shorter and longer sections. Cenerally 3-12
breaks/metre,

Slightly Core Jengths are generally 300-1000mm with occasional shorter and longer sections. Generally 0-3

Fractured breaks/metre,

Unbroken

The core does nat contain any natural bresks.

Note: This classification applies to drill cores and refers to the spacing of 8ll types of natural fractures along which
the core is discontinuous (i.e. nalural breaks). Such natural fractures include joints, bedding plane partings
and other natural rock defects but exclude artificial fractures such ss bresks caused by drilling and boxing core.

Natural unbroken defects such as tight joints

and veins along which no fracture is present are also excluded.

- Modified from draft prepared by the Sydney Group of the Rustralian Geomechanics Society, January 1975.

ROCKCLAS.FRM

{

Goldar Acemamintae



MT TODD GOLD PROJECT 88638252(B) |
MINE INFRASTRUCTURE |
\
SITE INVESTIGATION ‘
TEST | DEPTH DESCRIPTION | IN-SITU CONDITION PLASTICITY LINERR ESTIMATED GRADING
Na. Moisture Liguid Plasticity SHRINKAGE CBR* pass pass pass
(m) Content Limit Index 2.36mm | .425mm | .07Sam
£ ] 1 3 < x X X
P8 0.5 Silty sand and gravel 2.5 - - - 43 35 25
TPg 1.0 Clayey silt with some fine
sand 2.6 23 5 2.0 16 100 100 79
1




PERCENT SHALLER

AUSTRALIAN STANDARD SIEVE APERTl_JRES
€ £
i A zeggs = B LBRy =92 23
-y R [P D U N o R A‘/ ]
20 O e d _ e // - 90
80 - : J'/ 80
70 70
60 -]t - o] : 60
50 b -+ 50
Lo Lo
30 30
20 ' 20
10 ~ 10
0 0
' CLAY fRACTION SILT FRACTION SAND FRACTION GRAVEL FRACTION COBBLE
—~—~7T~_u_m fine medium toarse fine medium coarse fine l medium toarse
0.002  0.'006 0.02 0106 02 0.6 2 6 I 70 0
0,0001 0.001 0.01 0:1 1 10 100 7
PARTICLE SIZEin mm ’
DESCRIPTION Clayey silt with some fine sand
TEST TYPE AS1289 B1.1, C1.2, c2.1, C3.1, C4.1, CB.1
PRE-TREATMENT NIL
NATURAL MOISTURE CONTENT 2.6%
LIQUID LIMIT 23%
PLASTIC LIMIT 17%
PLASTICITY INDEX 6%
LINEAR SHRINKAGE . 2.0% Mould length 125mm

RESULTS OF CLASSIFICATION TESTS

SITE MT TODD GOLD PROJECT EXCAVATION No.
[LIENT MINPROC ENGINFERS PTY LTD

SIGNATORY /@Qzﬂt DATE 2o/ /87

This Laberatory is registered
‘ by the National Association of REPORT No. NB8-537/1
k Testing Authorities, Australia, JOB No, e8s63a2s52 -

The test(s} reported herein

P19
DEPTH 1.0m

have been performed in DATE 14.12.88 (_7& .
accordance with its terms of 1 ARDRATARY orennae |1 O Caldor Aceanmintoe




PERCENT SHALLER
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AUSTRALIAN STANDARD SIEVE APERTURES
E [
A S eneowme & 2 L agn guwn o9
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CLAY fRACTION SILT FRACTION SAND FRACTION GRAVEL FRACTION COBBLE
: fine medium coarse fine medium toarse fine I medium roarse
0.007 0.%os 0.02 0los 0'2 o6 2 6 I 70 0
0.0001 0.001 0.01 0.1 1 10 100
PARTICLE SIZE in mm
DESCRIPTION Silty sand and.gravel. ..
TEST TYPE 751289 B81.1, C6.1
PRE-TREATMENT NIL
NATURAL MOISTURE CONTENT  2-5%
LIQUID LIMIT - |
PLASTIC LIMIT -
PLASTICITY INDEX -
LINEAR SHRINKAGE . - Mould length -

RESULTS OF CLASSIFICATION TESTS

SITE MT TOOD GOLD PROJECT EXCAVATION No. TPs
MINPROC S
CLIENT ENGINCEIIS PTY LTD DEPTH 0.5m

SIGNATORY @t DATE do [1/17

This Laboratory is registered
NUJ by the National Association of ~ REPORT No, NBB-537/2
k Testing Autherities, Australia. JOB No.

The test(s) reported herein
have been performed in DATE 14.12.80 ﬁ&
accordance with itt rerme of 1 ARMNDATNADY MToOnA =
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