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Introduction

The submitted report presents the Final Study on the
extraction of gold from the TORCO tailings in
Akjoujt/Mauritania by the cyanide heap leaching process.

Prior to this study a preliminary design and cost analysis on
the same subject had been elaborated by KHD and submitted to
UNIDO and to Société Arabe Minidre d'Inchiri (SAMIN) in
October 1986.

The main objective of this provisional assessment of
investment and operation costs was to help SAMIN to compare
the technical results of the heap leaching technology with
those obtained by the agitating cyanidrtion - a process which
was under review some years ago.

In addition, the preliminary analvsis was carried out with
the aim to obtain first indications as to the profitability
of the project.

A thorough discussion of the preliminary cost and design
analysis was held in Paris on October 14th, 1986 ia the
presence of representatives of UNIDO, SAMIN and KHD.

It was understood that the preliminary estimates still needed
to be more refined before decisions on the investment
proposal could be taken by the project promoter.

The presented Final Report incorporates the assumptions
agreed upon in the above mentioned economic tri-partite
meeting, especially regarding

financing

- taxation

lifetime of plant

investments in infrastructure

cost of personnel

and is Dbased on the final laboratory results end detailed

engineering work for an assessment of the investment and
production costs.
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1 Executive Summary
1.1 Project Background and History
1.1.1 Origin of TORCO Tailings

The ore deposit at Akjouit / Mauritania is a copper
sulphide ore-body with an oxidized cap. For the
extraction of copper contained in the oxidized part of
the deposit a very uniqus process - the so-called
TORCO-process - was applied over several years in the
past.

The name "TORCO" derives from the abbreviation of the
words “"Treatment of Refractory Copper Ores". This
process has been developed in particular for the
treatment of alumino-silicate copper ores which cannot
be treated economically by flotation or
hydrometallurgical processes.

The TORCO process consists of the following operation
steps:

- preheating of the fine-grained material in a
fluidized-bed reactor under oxidizing conditions

- treatment of the hot calcine with coal ore coke and
sodium chloride in a segregation furnace in a
reducing atmosphere

The final product of this operation contains elemental
copper which is segregated on the surface of the
carbon. The elemental copper is subsequently recovered
by flotation.

Depending on the composition of the ore, the residues
of the TORCO process, in the following called "TORCO
tailings”, contain precious metals.

2,5 wmillion tons ot such TORCO tailings with
spproximately 3 grams per ton of gold have been dumped
in the past by the predecessors of SAMIN.
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1.1.2 Project Promoter

SAMIN as the lawful owner of the gold containing TORCO
tailings in Akjoujt intends to commence with the gold
extraction still in 1987 and further wishes to resume
the copper mining activities.

The required research work for the g¢gold extraction
from the very peculiar raw matericl was completely
sponsored by UNIDO.

The studies perforxed in the past on this subject
mainly comprised:

- determination of the available gquantity of TORCO
tailings

- determination of the average gold-, silver- and
copper contents of the TORCO tailings

- laboratory investigations and pre-feasibility study
on the gold extraction from TORCO tailings by
agitating cyanidation followed by gold absorption on
activated carbon

- laboratory investigations and economic study on gold
extraction by cyanide heap 1leaching of TORCO

tailings followed by gold adsorption on activated
carbon (presented report)

1.1.3 Market Orientation

Until recently, the gold market had been characterized
by the wide-spread view that gold had performed not so
well as an investment asset. However, g¢gold has
actually advanced in an intermittent and gradual
fashion over the past two years. With gold recently
trading above US-Dollar 400/ounce, it has appreciated
more than 40 % from its low point near Ug¢-Dollar
280/ounce in Pebruary 1985. Gold mining activities
have, therefore, been expanding in recent years all
over the world.

The gold mine production of zhe non-communist
countries now 1is in the range of 1,200 t per ysar.
This amount is mainly supplied to or consumed by
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- jewellery

- electronic industries
- dentistry

other industry

coin hoarders

bar hoarders.

In comparison with the world gold production,

the

Mauritanian gold resource and the projected annual

capacity of 790 kg gold in bullion are very modest.

It is assumed that the total gold production will be

sold abroad.
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1.2 Market and Plant Capacity

Faith in gold as a store of wealth is as o0ld as “he
knowledge of extracting the yellow metal. In addition,
gold plays a fundamental role still today, both as
reserve asset of the central banks and as a universal
medium of payments.

As the market is not sensible to such small quantities
of gold which will be produced in Mauritania, the
market absorption capacity for the MNauritanian g¢gold
can be considered unlimited.

Within 1985, the Western market absorbed approximately
200,000 kg gold coming from the Soviet Union; in
addition, unknown quantities came from the P.R. of
China and the D.P.R. of Korea to the Western market !

Growth in jewellery and industrial demand will
certainly continue so that concerns about a gold
market surplus or a slump of the gold price are not
justified at the time being.

Consequently, it is assumed that the total Mauritanian
gold production can be sold with ease.

The gold extraction plant will have a capacity of
treating 310,000 tpy of TORCO tailings with an average
gold content of 3 g/t. Assuming a recovery rate of
85 &, the yearly gold production could reach 790 kg
which equals 25,500 oz.

The gold will be contained in a so-called bullion
which represents an alloy mainly consisting of gold
and copper. For economic reasons the bullion should be
refined in a Buropean gold refinery.

1.3 Materials and Inputs

According to the previous studies, the total amount of
TORCO tailings available at the Akjoujt site equals
2.5 million toms.

The gold extraction plant will be designed to treat
310,000 tpy from this material. For this process the
following utilities and matevials will be required and
the composition of the material is the following:

TN 0100 0431.04
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Analysis of received sample for the study on heap
leaching (1986)

’ - lining material for

Sio, 19.12 %
AL,0, 1.43 %
Pe 52.90 X
) 1.56 %
Mgo 6.7 %
{ cao 0.81 %
Na 0.38 X
s 840 ppm
: cl 643 ppm
Utilities

electric power

fresh water

EEFELER

»
-
-
[}

leach pads and ponds

Main consumables

cement

sodium cyanide

Nalco-wetting agent

activated carbon

sodium hydroxide
sodium carbonate

muriatic acid

2,60 kWhr per tonne
800,000 kWhr per year

one cu meter per tonne
310,000 cu meter per year

45,000 sq meters per year

10.0 kg per torne
3,100 tonnes ;} 1 Year

2.0 kg per tonne
620 tonnes per year

0.04 kg per tonne
12.0 tonnes per year

5 grams per tonne
1,600 kg per year

2,000 kg per year
2,000 kg per year
16,000 liters
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1.4 Location and 8ite

The Akjoujt copper ore mine is located in the Sahera
desert 260 ka morth-east of Nouwakchott, the capital of
Bauritania. The climate is arid, over the whole year
only & few rainfalls occur.

As previously stated, the oxide ore was treated in a
TORCO plant which wes clesed dewn for ecomomic
reasons. Major buildimgs of this TORCO plemt imcluding
power station, werksheps and offices still exist at
the Akjouit site. Durimg the operation time of the
i TORCO plant, Akjoujt could be reethed from Nouakchott
by roed. Now this road is in an extremely bad
condition and is peartly buried in send.

The gold heap leaching plant will be erected 3 kn away

from the town of Akjoujt in the immediate vicinity of
the old TORCO plant.

1.5 Project Engineering

The present leaching practice for gold containing ores
usually involves cyanidation by agitation or
percolation in heaps. The first method to process
TORCO tailings was already investigated in the past.
The metallurgical and economic results of this
process were presented for the purpose of a pre-
feasibility study to UNIDO and the Mauritanian
government in 1983.

Since in the last few years heap leaching has obtained
favor, principally for its merit of very low capital
and operation costs, a new study on heap leaching
TORCO tailings had been elaborated on behalf of UNIDO.

In this process ore is piled into a heap using
mechanical earth-moving eqQquipment. 1In the case of
TORCO tailings the material has to be agglomerated
prior to piling. The agglomerated material is leached
by spraying the heap with a sodium cyanide containing
solution. This liquor percolates down through the pile
leaching the g¢gold on its way and is collected for
recovery of gold using activated carbon.

N 0100 041 04
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1.6

The process is something of a compromise in that
recoveries are not as high as when applying the
agitating cyenidation, but without th: requirements
for large tamk=, heap leaching of agglomerated TORCO
tailings is wnieniable a "cheap”™ process.

The presented Fimal Report gives the eagimsering
design, the assestmmat of capital and operatiom ceusts
as well as a profitability calculation for the gold
bheap leaching operation at Akjoujt / Meuritamia. The
operatioa will bDe designed for am ultimate annual
treataent of 310,000 tomnes of TORCO tailings.

The method of treatment evaluated in this report
involves

- discing, hauling and transportation
- agglomeration with chemical r;ngents
- stacking on a prepared surface

- heap leaching

- recovery of gold from the solution

- production of dore material

Plant Organization and Overhead

The plant will be integrated in a partly existing
infrastructure as far as water and energy supply and
general administration are concerned.

The future production activities in the golad
extraction plant are well definable and can be divided
as follows:

- discing, hauling, transportation of tailings

agglomeration of tailings

stacking of tailinqs‘

heap leaching of tailings

TR 0103 0431 N4
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- adsorption, desorption and recovery of gold.

The service centres will be divided into the
departments:

- repair and maintenance

- water and snergy supply

- sampling and laboratory

The administration of the gold extracting plant will
not be divided from the copper mining and
beneficiation activities of SAMIN in the future. For
the heap leaching plant only a small administration is

required for accounting, payroll ané general project
record keeping.

TH 0100 0431 04
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1.7 Manpower

The required company personnel, including professional
staff and operating lebor, is 1listed below. This
workforce will be sufficiemt to conduct all project
unit operations:

Professional and clerical staff

1 General Operation Manager

1 Chief Metallurgist / Project Engineer
1 Cheaist / Assayer

1 Bookkesper

1 Secretary

Operating Personnel

4 Operators for the adsorption-, desorption- and
refinery plant

2 Laboratory assistants

3 Operators for agglomerating and stacking

6 Operators for the mobile equipment (trucks, dozer
and endloader)

S Operators for heap leaching

20 Total operating workforce

10
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1.8 Iaplenentation Scheduling

Based on the experience of other, similar projects but
considering the particular local conditions, the gold
extraction from the TORCO tailings could start after
approximately 13 months after coming into force of a
contract between SAMIN and one or more companies which
execute the plant engineering and deliver the
equipment as well as perform erection and conduct the
civil works.

Por the plant engineering approximately 9 months are
required.

With a delay of one month, parallel to the engireering
work delivery of the equipment could start.

Brection of the mechanical and electrical equipment is
supposed to start in the 10th month after signing the
contract and can be finished within the 13th month.

1.9 Financial and Economic Evaluation

The total initial investment during the construction
phase amounts to US-D 6,262,270.00.

It is assumed that US-D 1,733,10C.00 of local equity
and a local loan of US-D 4,043,900.00 will be
available in 1988, the year of construction. Thus.
30 & of total funds will be financed by equity.

Total production costs amount to approximately US-D
4,000,000.00 in the first year of production and
remain almost constant in the following years.

As of the second year of production the specific
production costs for gold bullion amount to 6,760 US-D
per kg, or 50 § of the assumed sales value.

The pay back period of the project is 1less than 2
years and the Internal Rate of Return on Total
Investment amounts to 66.52 & at a discounting rate of
15 %.

11
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1.10

Conclusions

Search for the best means of gold extraction from
TORCO tailings has led to intensive studies in which
two different technical paths were followed:

A Agitating Cyanidatica (study finished in 1983)
B Heap leaching

211 technical and econénic investigations on subject B
are included in the presented Final Study.

For both technologies the most important factors for
the development of such projects were carefully
considered:

- availebility of raw material
- average gold content of the raw material
- gold recovery as a function of operating parameters

It was found that the most influential factor
“"recovery” is not very different for both methods. It
could be proved in laboratory tests that by heap
leaching of agglomerated TORCO tailings gold
recovery reaches 85 &. This yield is rather high in
comparison with other heap leaching operations and can

even compete with extraction rates from agitating
operations.

The most significant advantage of heap leaching TORCO
tailings are the lower capital and operation costs and
the shortened plant construction time compared to
agitating leaching methods.

From the environmental viewpoint the controllability
is another important characteristic of heap leaching
TORCO tailings. According to the laboratory results,
the 1leach solution can be completely recycled. The
final leached tailings will be washed and remain on
the impermeable plastic layer.

12
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The primary disadvantage of heap leaching TORCO
tailings is the necessity of agglomerating the
material prior to leaching.

The slower recovery rate in comparison with the
agitating leaching process can be compensated by
operational arrangements. ,

The main conclusion of the study is that both for the
company SAMIN and for the Government of Mauritania the
project is very interesting from the economic
vierpoint.

As it can be shown, the projact creates large amounts
of foreign currency and should therefore be
implemented as soon as possible.

The total initial investment amounts to
6,262,270.00 million US-Dollar.

85 & of initial fixed investments are due in foreign
currency and about 65 § of total production costs of
about 4,000,000.00 US-Dollar have to be paid in fo-
reign currency.

According to the assumptions made, the specific
production costs for gold bullion will only amount to
50 & of the sales value.

13
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2 Cyanide Laboratory Tests fcr the Evaluation of the
Effectiveness of Heap Leacking

2.1 General Conclusions

The TORCO tailings can be agglomerated to form pellets
with sufficient green strength and wet strength after
curing to be placed snd leached in 6 meter high
heaps. Locked cycle tests (see figure 3) indicate that
gold recovery from these pellets will range from 83 to
90 percent in 35 days of leaching, and will average 88
percent or higher in a 90-day extended leach period in
laboratory columns. Field heap leach recoveries are
pProjected to be approximately 85 percent. Locked cycle
tests do not show any degradation of leach effective-
ness which indicates that solutions can be re-used
indefinitely (this is the typical procedure with heap
leach operations, but exploratory tests were justified
because of the relatively high levels of soluble
copper in the TORCO tailings).

2.1.1 Preliminary Bottle Roll Tests

Agitated cyanide bottle roll tests were run on
portions of the as-received material. Gold recovery in
one test was 90.1 percent in 24 hours of leaching. A
second test with 1lower cyanide 1levels showed a
recovery of 74.0 percent. A portion of the same sample
was pulverized and tested in a bottle roll test.
Apparent recovery was 83 percent, but total dissolved
gold and copper levels were higher.

Conclusions from these tests were:

=~ most of the gold in the TORCO tailings is soluble
from the material at its existing size

~ soluble copper levels, percentage of soluble gold
and cyanide consumption increase with higher cyanide
levels. This is a commor behavior with materials
containing soluble copper.

14
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2.1.2 Locked Cycle Bottle Roll Tusts

A ‘eries of bottl:s roll tests were al<o run in locked-
cycle to see the effect of copper buildup in solutions
on gold recovery. Cyanide strength (as measured by
titration with silver nitrate at pB 10.5) was
maintained near 0.70 grams NeCW per litre. The results
of these tests are presented in figures 6 through 8.
Gold recovery in the tests averaged 81.9 percent. The
initial tust showed higlier gold recovery (89 percent)
but the next five cycles appeared to have stable gold
recovery even though dissolved copper increased from
1001 ppm in solution to 2180 ppm. Cyanide consumption
was stable throughout the six cycles, with about 2.8
kg NaCN per tonne of ore.

The conclusion from these preliminary 1locked-cycle
bottle roll tests was that there is no solution
component which causes significant chemical 1leaching
problems.

2.1.3 Preliminary Column Leach Test

After thorough blending, a portion of the incoming
sample weighing 36 kg was oven-dried and weighed again
(test 6760). Moisture content was 11.2 percent.

A portion of the incoming sample was also tested for
percolation and 1leach rates by placing 15 kg of
material in a 9 cm diameter column, 1.3 meter high
(test 7448). Gold recovery is shown in figure 2. Gold
recovery rate was slow and the columa percolation
rate was less than the rate considered necessary for
effective leaching. It was therefore concluded that
agglomeration was needed for successful leaching.

15
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2.1.‘

2.1.5

Agglomeration Procedures and Reagents

Normal agglomerating procedures involve adding cement
and / or lime and agglomerating with water or diluted

" cyanide solution. This typically makes fira pellets

which can be stacked directly on the heap. Due to the
tiixotropic properties of the TORCO tailings,
agglomerating was however very difficult even at
relatively high cement levels.

To explor: the problem, a series of nearly 50 tests
were run on small (1 kg) samples of the feed material
using different combinations of agglomerating agents
including chemical additives and "physical" modifiers
such as clcy.

An effective and relatively low-cost combination of
reagents was dereloped - 10 kg cement per tonne and
0.04 kg Nalco 88i4 as wetting agent. The resulting
pellets form well and exhibit sufficient early
strength so that they can be placed directly into the
heap. After curing, they are strong enough to be
leached in relatively high heaps (testing took place
at 1.5 meters with no apparent degradation, and six
meter high heaps are expected to perform satisfactori-
ly).

Figure 10 shows the agglomerating conditions for the
column tests.

Locked Cycle Column Leach Tests

A series of four column tests were run using 75 kg of
agglomerated pellets in 20 cm diameter columns 1.5
meters high (tests 7149 - 7531). The tests were run
sequentially using the same leach solution.

Results are given in figure 13 and graphically in
figure 3. Gold recovery after 35 days of leaching
ranged from 83 to 88 percent and averaged 86.1
percent. Cyanide consumption ranged from 1.5 to 2.1
kg NaCN per tonne of ore. Neither gold recovery nor
cyanide consumption appeared to be affected by re-use
of the same leach solution throughout the tests.
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Test 6888 as reported in figure 1 iandicates that gold
recovery continues beyond the 35 days used for the
locked cycle tests. In 6888, gold recovery increases
from 74 percent in 35 days to 89 percent in 90 days.
In the 1locked cycle tests, gold recovery was
continuing when the tests were ended (for instance,
recovery in the final 8 days of the fourth cycle was
in the order of ten percent per month). The results
indicate that ultimate gold recovery could be expected
to exceed the levels seen in the relatively short
locked cycle tests. VWe feel that a recovery of 85
percent is reasonably attainable in field production
leaches when processing matccial similar to the bulk

sample.

In the locked cycle tests, copper levels in solution
gradually climbed and peaked at about 3000 ppm half
way through the fourth cycle. Copper levels rose and
fell during all the tes*s. 1In the second cycle, they
peaked at 1800 ppm and ended at 1100 ppm. Tn the third
cycle they peaked at 2100 ppm and ended at 1400 ppm.
In the fourth cycle they peaked at 3000 and ended at
1900.

The 1level of free (directly titratable) cyanide was
maintained at a somewhat higher level in the fourth
cycle (0.62 grams NaCN per liter compared with 0.35
for cycles 2 and 3). The higher levels of copper
probably reflected that. The overall evidence is that
copper levels in solution appear to reach a stable
level. Even though the level of copper exceeds the
amount needed to complex all available cyanide, there
appears to be no adverse effect on gold recovery by
re-use of solution.
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FIGURE 1. TORCO TAILINGS BULK SAMPLE

AGGLOMERATED COLUMN LEACH TESTS
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PERCENT CONTAINED GOLD RECOVERED
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FIGURE 2. TORCO TAILINGS BULK SAMPLE

UNAGGLOMERATED COLUMN TEST NO. 7648
GOLD RECOVERY VERSUS DAYS LEACHING
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2.2 Laboratory Test Results
2.2.1 Sampling Procedures and Test Material

According to a study performed by KHD in 1982, the
gold content of the TORCO tailings amounts in
average to 3.606 g/t; however, it wvaries in a
wide range. For previous tests evaluating the
efficiency of the agitating cyanidation process,
s material from an average sample of 236 boreholes (346
kg) was used. The gold content of this material
amounted to 3 g/t.

For the heap leaching tests however, 2 tons of
material was required and therefore a new sample had
to be taken. As the concentration profile of the TORCO
tailing deposit was carefully established and depicted
in the first study of 1982, new samples with similar
gold concentration could be taken at points of known
concentration. According to a request by KHD, SAMIN
took the samples at 4 different points (Nos. 33, 34,
39 and 40) where the gold content was supposed to be
around 3 g/t. This material was packed in plastic
lined drums and airfreighted to Cologne. These drums
were treaced as one bulk sample for testing.

The gold content assayed was lower than expected and
amounted to 2.5 g/t (see page 19 a). It has to be
emphasized that this concentration is an incidental
finding and does not represent the average gold
concentration of the total quantity of the TORCO
tailings. Therefore, the concentration of 2.5 g/t was
disregarded in respect to the calculation of the
profitability (chapter 13). It was agreed by all
parties that a concentration of 3 g/t should be used
as basis for the profitability calculation of the
presented study.

2.2.2 Sanmple Preparation
. The sample preparation procedure used is as follows:

1. mix the material from the five drums by taking one
shovelful of material from each drum and placing
into an empty drum with a plastic lirer
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2. after the first drum is full, repeat step one
until all five original drums are empty

3. take one of the five drums of aixed sample and
split in half, store half

4. take the remaining half split from step 3 and
split into quarters .

5. take one of the quarter splits from step 4. weigh
and then place in oven to dry, weigis the dried
material and determine percent moisture in the
sample

6. take another of the quarter splits from step 4 and
split into 1 kg samples

7. take two of the 1 kg portions from step 6 and
pulverize each one, split out two pulps from each
1 kg portion and submit for fire assay

8. take two of the 1 kg portions and use for cyanide
bottle roll tests

9. wet screen one of the 1 kg portions at 65M, 100M
and 200M, record the weight of each size fraction

10. use the remaining 1 kg portions for agglomeration
tests to optimize agglomerating agents.

Figure 4 presents the results of the wet screen
analysis and the results of the head assays run on the
pulverized head samples.
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FIGURE 4. TORCO TAILINGS BULK SAMPLE
SAMPLE 6750
WET SCREEN ANALYSIS AND FIRE ASSAYS

WEIGHT
PERCENT

13.40

10.52
36.84
39.24

Cu § Zn ppm

SIZE WEIGHT
FRACTION GRAMS
+65 M 132.9
-65M + 100M 104.3
-100M + 200M 365.3
-200M 389.1
HEAD ASSAYS: Au g/t  Ag g/t
2.160 1.37
z.468 Tr

2.743 13.71*

2.606 Tr
2.468 Tr
3.291 Tr
2.743 Tr
2.057 Tr
Average: 2,571 Tr

0.79 26
0.76 26
0.75 25
Oo 72 -
0.76 26

Percent Moisture: 11.16 $ (As-Received Material)

* - Not included in average.
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2.2.3 Cyanide Bottle Roll Tests

Agitated cyanide bottle roll tests were run on
portions of the as-received tailings and on a portion
of pulverized tailings.

The procedure used for these tests is as follows:

1. place 500 grams of tailings into a 2 1liter
polybottle and add 1000 ml of Adistilled water

2. check the pH and adjust to pH 10.0 - 10.5 with
hydrated lime, if necessary

3. for the tests on as-received material, add 0.5
grams of sodium cyanide (equivalent to 0.5 gpl
NaCN) to one of the tests and 1.0 grams of sodium
cyanide (equivalent to 1.0 gpl NaCN) to the other
test. For the test on pulverized material, add 2
grams NaCN (equivalent to 2.0 gpl NacN)

4. check solution after 2, 4, 8 and 24 hours for PH,
NaCN, Au, Ag and Cu. Maintain the pH above 10.0
and NaCN at the initial starting concentration

5. filter, wash and dry tailings, prepare two pulps
from the tailings and submit for fire assay.

Figure 5 presents the results of the cyanide bottle
roll tests. In the tests on as-received tailings, gold
recovery was 74 percent in the test run at 1.0 gpl
NaCN. Gold recovery in the test run on pulverized
tailings using 2.0 gpl NaCN solution was 85 %,
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3
s

6303A

68038

6782

SI13E OF
MATERIAL

As-Received

As-Received

Pulverized

FIGURE 5. TORCO TAILINGS BULK SAMPLE
CYANIDE BOTTLE ROLL TESTS

TIne WaCw gpl METAL RECOVERED
BEOURS pB Pree/Total Au g/t Aq g/t Cu ppal
2 10.1 0.20/0.20 0.960 Tr 271
4 10.2 0.15/0.15 1.200 T 15
8 10.4 0.20/0.20 1.646 b1 482
24 10.5 0.35/0.35 1.954 Tr 609
TAILS ASSAYS: 0.686 2.40
0.686 Tr
CALCOLATED HEAD: 2.640
PERCENT RECOVERY: 74.02
CHEMICAL CONSUMPTION: 1.22 kg/tonne NaCN
0.62 kg/tonne Ca(OH)
2 10.4 0.35/0.35 1.680 Tr 363
4 10.5 0.65/0.65 1.783 1.03 429
] 10.7 0.50/0.50 2.229 Tc 677
24 10.9 0.65/0.65 2.331 Tr 855
TAILS ASSAYS: 0.240 3.09
0.274 T
CALCULATED READ: 2.5688
PERCENT RECOVERY: 90.07
CREMICAL CONSUMPTION: 1,72 kg/tonne NaCN
0.64 kg/tonne Ca(OH)3
2 10.6 0.40/0.40 1.3711 Tr 811
4 10.8 2,25/2.25 2.126 0.34 1030
8 10.8 2.05/2.05 2.331 0.34 1240
24 10.8 1.70/1.70 2.366 0.34 1290
TAILS ASSAYS: 0.411 Tc
0.548 Tc
CALCULATED HEAD: 2.846
PERCENT RECOVERY: 83.13
CHEMICAL CONSUMPTION: 5.42 kg/tonne NaCN

0.24 kg/tonne Ca(OH)3

1 - Copper in leach solution.
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2.2.4 Locked Cycle Bottle Roll Tests

In order to deteraine the effect of copper buildup in
the 1leach solutions, a series of six locked cycle
bottle roll tests were run. The procedure used for
this series of tests is as follows:

1. place 500 grams of as-received material into a ¢
liter polybottle

2. add 1000 ml of distilled water and check pH, adjust
to pH 10.5 with hydrated lime, if necessary

3. add 1.0 gram of NaCN (equivalent to 1.0 gpl NaCN)
and place on rolls

4. check solution after 2, 4, 8, 24 and 48 hours for
pH, Au, Ag and Cu. Add sodium cyanide and hydrated
lime as required to bring sclution up to pH 10.0
- 10.5 and NaCN to 1.0 gpl.

5. filter the tailings and then wash with distilled
water

6. dry the tailings, pulverize and split out two pulps
for fire assay

7. take the filtrate and run through column containing
10 grams of virgin activated carbon to remove the
gold in solution

Cycles 2 - 6
8. take 500 grams of as-received material and place
into a 4 liter polybottle

9. take 1000 ml of the filtrate from the previous
test that has been run through activated carbon
and check pH, NaCN, Au Ag and Cu

10. add the 1000 m1 of solution from step 9 to the
polybottle with the sample. Add the same amount of
hydrated 1lime used in step 2 and any sodium
cyanide needed to bLring the concentration back up
to 1.0 gpl NaCN.

21
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11. check solution after 2, 4, 8, 24 and 48 hours for
pH. Au, Ag and Cu. Add sodium cyanide and hydrated
lime as required to bring solution up to pH 10.0
- 10.5 and NaCN to 1.0 gpl.

12. filter the tailings and then wash with distilled
water

13. dry the tailings, pulverize and split out two
pulps for fire assay

14. take the filtrate and run through column of virgin
activated carbon to remove the gold in solution

15. repeat steps 8 through 14 until a total of 6 tests
have been run in series.

Figures 6 through 8 present the results of the locked
cycle bottle roll tests. The first test in the series
(7237 A) showed the highest gold recovery at 89
percent with the remaining five tests (cycles 2 - 6)
averaging 80 percent gold recovery.
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PIGURE 6.

TORCO TAILINGS BULK SAMPLE

LOCKED CYCLE CYANIDE BOTTLE ROLL TESTS

AS-RECEIVED MATERIAL

PINE NaCn gpl
TEST WO. CYCLE WO. BOURS pa Free/Totsl
723 1 0 10.5 «.00/1.00
3 10.8 0.15/0.15
4 10.8 0.15/0.15
] 11.0 0.40/0.40
24 11.0 0.55/0.55
48 11.1 0.60/0.60
TAILS ASSAYS:
CALCULATED HEAD:
PERCENT RECOVERY:
CREMICAL COMSUMPTION:
72378 2 0 10.8 1.00/1.00
2 10.4 0.40/0.40
4 10.5 0.60/0.60
[} 10.5 0.35/0.85°
24 10.5 0.70/0.70
L1 ] 10.7 0.80/0.80

Tr signifies trace.

1 - Copper in leach solution.

TAILS ASSAYS:

CALCULATED HEAD:
PERCENT RECOVERY:

CHEMICAL CONSUMPTION:

22 a

As g/t A9 g/t  Cu ppa!
° ° 0
1.646 ™ 39y
1.7114 T 392
2.126 ™ 678
2.331 T 889
2.3¢6 ™ 1001

0.274 ™

0.309 :
2.658

8.0l

4.4% kg/tonne WaCN
0.30 kg/tonne Ca(OH))

0.857 Tr 840
0.789 Tr 9375
1.166 Tr 1200
1.851 Tc 1350
1.920 Tr 1460
2.126 Tr 1610
0.617 Te

6.720

2.795

76.06

3.34 kg/tonne NaCN
0.28 kg/tonne Ca(OH)2
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PIGURE 7. TORCO TAILINGS BULK SAMPLE
LOCKED CYCLE CYAMIDE BOTTLE ROLL TESTS
AS-RECEIVED MATERIAL

TINE NaCH gpl METAL RECOVERED
TEST O.  CYCLE WO. ROURS p Free/Total Au g/t Aq g/t Cu pel
7237C 3 0 10.5 1.00/1.00 0.206 Tr 1260
2°
4 10.5 0.45/0.4S 0.789 T 1400
s 10.5 0.70/0.70 1.303 Tr 1580
24 10.5 0.80/0.80 1.989 Tr 1890
Q@ 10.4 0.90/0.90 2.503 Tr 1870
TAILS ASSAYS: 0.480 Tr
0.549
CALCULATED HEAD: 3.018
PERCENT RECOVERY:  82.94
CHEMICAL COMSUMPTION: 2.34 kg/tonne NaCN
0.28 kg/tonne Ca(ORH)
7259 4 0 10.6 0.95/0.95 0.411 Tc 1360
2*
4 9.6 0.30/0.30 0.514 Tr 1460
8 10.6 0.75/0.75 1.269 Tc 1310
24 10.6 0.70/0.70 1.920 Tr 1920
4 10.6 0.90/0.90 2.126 Tr 1880
TAILS ASSAYS: 0.549 Tr
0.549
CALCULATED HEAD: 2.675
PERCENT RECOVERY:  79.48
CHEMICAL CONSUMPTION: 2.76 kg/tonne WacN

0.28 kg/tonne Ca(OH),

Tr signifies trace.
1 - Copper in leach solution.

* = No 2 hour sample taken.
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;
3

72598

7259C

PIGURE 8.

TORCO TAILINGS BULK SAMPLE

LOCKED CYCLE CYANIDE BOTTLE ROLL TESTS

AS-RECEIVED MATERIAL

TINE NaCK gpl
CYCLE NO. HOURS ps Pree/Total
3 0 10.4 1.00/1.00
2 10.6 0.40/0.40
4 10.6 0.70/0.70
[ 10.6 0.60/0.60
24 10.7 0.85/0.85
438 10.7 0.80/0.80
TAILS ASSAYS:
CALCULATED HEAD:
PERCENT RECOVERY:
CREMICAL CONSUMPTION:
6 0 10.4 1.00/1.00
2 10.4 0.50/0.50
4 1¢.5 0.80/0.80
8 19.5 0.80/0.80
4 10.5 0.80/0.80
48 10.5 0.70/0.70

TAILS ASSAYS:

CALCULATED HEAD:
PERCENT RECOVERY:

CHEMICAL CONSUMPTION:

Tr signifies tiace

1 - Copper in leach solution.

22 ¢

METAL RECOVERED

Au g/t Aq g/t Cu ppal
0.069 T 1350
0.891 ™ 1650
1.269 T 1690
1.509 T isdo
2.023 T 1980
2.194 Tr 2000
0.343 2.40
0.549 .
2.640

83.11

3.34 kg/tonne NaCN
0.28 kg/tonne Ca (OH) »

0.206 Tr 1610
0.823 Tr 1880
0.926 Tr 2040
1.436 Tr 2150
1.989 Tr 2160
2.126 Tr 2180
0.549 2.40

0.480

2.640

80.53

2.79 kg/tonne NaCl
0.28 kg/tonne Ca(OH);
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2.2.5 Agglomeration Tests

Prior to satting up large column tests, a series of
tests were conducted on 1 kg samples to determine the
agglomerating conditions required to form stable
pellets for leaching. The first series of tests were
run using either cement (Portland type 2) or hydrated
lime or a combination of both using plain tap water.
In all test runs using just these two agglomerating
agents, even with cement levels of 20 kg cement per
tonne of ore, the pellets formed were thixotropic and
broke dowu rapidly.

Several tests were run with the addition of clay to
act as a stabilizing agent. While this was successful,
the amount of clay required appeared to be uneconomic.

A series of tests werc then conducted using a common
liquid household aetergent added to the water to act
as a wetting agent. The results of these tests showed
that the addition of a wetting agent allowed stable
pellets to be produced with cement added as the
binding agent. Based on the results of these
preliminary tests, the first cwo large scale column
tests (nos. 6863 and 6888) were carried out on samples
agglomerated with 20 kg cement per tonne of tailings
using an agglomerating solution containing 2 gpl of
the dishsocap (0.40 kg soap per tonne of ore).

A series of small column tests were run using the
commercial detergent called "LOC". This product is
sold as a detergent but is also used as & wetting
agent for ores. The results of these tests showed that
stable pellets could be formed with 15 kg cement per
tonne using 0.1 grams LOC per liter of agglomerating
solution (0.02 kg LOC per tonne of ore).

Another series of tests were conducted with the
wetting agents Nalco 7852, 8801, 8814 and 8815 in
order to determine optimum conditions for
agglomeration. The results of these tests showed that
by using a concentration of 0.25 gpl of Nalco wetting
agent 8814 in the agglomerating solution (equal to
0.05 kg Nalco 8814 per tonne of ore), stable pellets
could be produced using only 10 kg cement per tonne of
ore. Based on the results of this series of tests, the
material used for the last three locked-cycle tests
was agglomerated using this set of conditions.
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2.2.6 Column Leach Tests

All column leach tests were run as continuously-
drained drip 1leach tests. This type of test most
accurately reflects actual heap leack conditions.

The equipment used for these tests is shown
schematically in figure 9. The agglomerated column
leach tests were run in plexiglas columns 20 cm in
diameter. The test with unagglomerated materal (7448)
was run in a 9 cm diameter column.

3.2.6.1 Leach Test Procedure

The tailings to be leached were placed into the 1leach
column as shown in figure 9. During a 24-hour "leach”
period, alkaline cyanide solution was continuously
distributed onto the ore. Flowrate of solution
dripping onto the tailings was controlled with a
peristaltic pump to approximately 10 - 12 liters per
hour per square meter of heap (column) surface. This
is within the range of normal application rates of
leach solution on production heaps.

The solution exiting the leach column was collected in
the bottom (floor) tank. Leach solutions were checked
during each cycle for pH, NaCN, Au and Ag. Copper was
checked periodically. The solution was then passed
through a bottle of activated carbon over a period of
24 hours to recover the gold and silver in solution.
During this period the column was dormant. After
passing through the bottle of activated carbon, the
solutions were rechecked for pH, NaCN, Au and Ag.
Sodium cyanide and hydrated lime were then added, if
necessary, to maintain the solution at the desired
levels. The leach solution was then recycled to the
ore for another 24-hour leach period. This 24 hour
leach/dormant cycle was used for the duration of the
test.
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The charge of activated carbon was changed three to
five times during the tests and assayed to determine
the amount of gold and silver recovered from the ore.
Essentially no silver was recovered frox the samples.
In some cases, the samples showed silver by fire
assay, however in all cases the silver c¢nntent was
below the 12 grams per tonne normally considered to be
the 1lower 1limit of accuracy of a silver fire assay.
Figures 12 and 13 present the results of the carbon
assays.
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FIGURE 9. COLUMN TEST APPARATUS

Header of Tygon tubing w/glass capillary drip tubes.

ngz—ff:istaltic Pump

Leach Column

Barren Solution

Pregnant Solution

CARBON RECOVERY SYSTEM

Pregnant
Soluticn

Activated
Carbon

Barren

25 a Solution
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TAILINGS CEMENT ADDED

WEIGHT
TEST %0. XG
6863 76
(111} 76
7149 75
7257 75
7433 75
7531 75

PIGURE 10.

20
20
20
10
10
10

TORCO TAILINGS AGGLOMERATED COLUMM TESTS
AGGLOMERATING CONMDITIONS

AGGLOMERATING
SOLUTION

qpl NaCH
0.0

1.0
1.0
5.0
5.0
5.0

25 b

Ivory Soap
Ivory Soap
Ivory Soap
Walco 8814
Malco 8814
Malco 8814

COWCENTRATION LITERS OPF
WETTING AGEWT SOLUTION
qpl USED
2.0 16.80
2.0 16.95
2.0 16.32
0.25 17.40
0.2% 17.52
0.25 16.53
TN 0103 0431.04
{HW 3002/4)
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FIGURE 11l. TORCO TAILINGS BULK SAMPLE
CYANIDE COLUMN LEACH TESTS
COLUMN TEST EFFLUENTS

INITIAL EFFLUENT

25 ¢

NaCN gpl

TEST NO. pi Free/Total COLOR CLARITY
6863 11.9 0.05/0.05 Colorless Clear
6888 12.1 0.05/0.05 Colorless Clear
7149* 11.7 0.04/0.04 Colorless Clear
7257+ 11.6 0.34/0.34 Lt. Blue Clear
7433* 11.4 0.53/0.53 Lt. Blue Clear
7531+ 11.8 0.61/0.61 Med. Blue Clear
7448%* 8.2 0.04/0.04 Colorless Clear

TN g;gAL EFFLUENT

TEST NO. pH Free/Total COLOR CLARITY
6863 12.1 0.34/0.34 Lt. Blue Clear
6888 11.8 0.79/0.79 Lt. Blue Clear
7149 11.8 0.22/0.22 Lt. Blue Clear
7257+ 11.5 0.40/0.40 Colorless Clear
7433 11.1 0.43/0.43 Colorless Clear
7531+ 11.6 0.61/0.51 Colorless Clear
T4482* 8.7 0.00/0.00 Colorless Clear
* - Locked cycie column tests.

** - Unagglomerated column test. I
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FIGURE 12. TORCO TAILINGS BULK SAMPLE
CYANIDE COLUMM LEACH TESTS
METAL RECOVERY AND CREMICAL COMSUMPTION

PERCEST CEEMICAL CONSUMPTION COPPER
DAYS METAL RECOVERED GOLD kg per tomne IN LEACH
TEST MO. LEACHING Au g[t Ag g[t RECOVERED naln [of X8 SOLUTION ppm
6863} ¢ 0.343 Tc 13.10 0.32 0.08 )
19 0.99%4 T 37.95% 0.43 0.00 PIE]
34 0.309 13 11.80 0.24 0.00 436
TOTAL: 1.646 T 62.85 0.9 c.08
TAILS ASSAY: 0.973 1.59
CALCULATED BEAD: 2.619 1.59
ssanl 3 1.131 T 44.21 0.59 Q.02 155
20 0.54% T 21.46 0.59 0.00 582
@ 0.274 L {3 10.71 0.51 0.00 "o
60 0.171 T 6.60 0.42 0.00 1250
DY 0.120 Tr 4.€9 0.45 0.00 1410
TOTAL: 2.245 Tr 87.75 2.5%6 0.02
TAILS ASSAY: 0.317 0.39
CALCULATED NEAD: 2.562 0.39
74482 20 0.103 T 3.04 1.23 0.77 (]}
40 n.s14 Tr 19.16¢ 0.83 0.47 68
67 0.3:7 T 14.05 0.77 0.43 980
TOTAL: 0.9%4 13 37.05 2.93 1.67
TAILS ASSAY: 1.689
CALCULATED HEAD: 2.683

Tr signifies trace.

1 - Agglomerated test. See Figure 10 for agglomerating conditions.

2 - Unsgqlomerated coluan leach test.
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DAYS
TEST NO. LEACHING
7149 ?
Cycle 1 g;
TOTAL:

TAILS ASSAY:
CALCULATED HEAD:

7257 5
Cycle 2 22
5

TOTAL:

TAILS ASSAY:

CALCULATED HEAD:

Tr signifies trace.

7433 [1
Cycle 3 20
28

TOTAL:

TAILS ASSAY:
CALCULATED HEAD:

7531 ?
Cycle ¢ 19
34

TOTAL:

TAILS ASSAY:
CALCULATED HEAD:

FIGURE 1).

TORCO TAILINGS SULK SAMPLE
LOCKED-CYCLE CYANIDE COLUMN LEACH TESTS
METAL RECOVERY ARD CHEMICAL CONSUMPTION

PERCENT
METAL RECOVERED GOLD
Au g/t Aq g/t RECOVERED
1.048 Tr 40.61
6.600 T 23.29
0.400 Ir 18.63
2.12¢ Tr 82.%3
0.450 Tr
2.57¢ Tr
1.646 Tr 60,12
0.634 Tr 23.16
0.137 Tr 5.00
2.417 Tt 88.28
0.321 0.60
2.738 0.60
1.543 Tr 59.78
0.614 Te 23.73
0.137 Tr 5.31
2.294 Tr 88.88
0.2087 Tr
2.561 Tr
1.474 Tr 53.85
0.651 Tr 23.79
0.1711 T 6.25
2.2% Tr 03.89
0.441
2.737
25 e

CHENICAL COMSUMPTION

kgs per tonne

MaCu
0.59
0.45
0.46

1.50

-X-N 4
PRI
N A e
(=N ]

(3
.

)
o

Ca{om) 2

0.03
0.00
08.00

0.03
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2.2.7
2.2.7.1

2.2.7.2

2.2.7.3

Test Details
Start-up of Tests

The initial leach solution for all seven column leach
tests contained 1.0 gram sodium cyanide per 1liter.
The initial solution for tests 6863, 6888, 7149 and
7448 also contained 0.5 gram hydrated lime per liter
of solution (the amount of hydrated lime used in the
tests was negligible and only cement will be used in
prodaction systems). Initial effluents from the six
tests with agglomerated material ranged in pH from
11.4 to 12.1 and in cyanide content from 0.04 to 0.61
gpl free sodium cyanide. The initial effluent from the
test on unagglomerated tailings (test no. 7448) had a
pH of 8.2 and contained 0.04 gpl free sodium cyanide.
These data are presented in figure 11.

Solution Clarity and Color

The initial effluents from all seven tests were clear
ané colorless or light blue in color. The color and
clacity of the initial and final effluents from each
test are presented in figure 11.

Cyanide Strength and Alialinity

The initial leach solution for each of the column
leach tests contained 1.0 gram sodium cyanide per
liter. Cysnide strength of onflow solutions was
adjusted to 1.0 gram NaCN per liter before recycling
the leach solutions for the duration of the tests.

Hydrated lime was used to maintain the leach solutions
above pR 10.0. In the tests on agglomerated tailings,
hydrated lime was only required for conditioning any
makeup water added to the tests as the cement used
for agglomeration helped to maintain the pH above 11.0
for the duration of the tests.

Cyanide consumption in the six agglomerated column
tests averaged 1.66 kgs sodium cyanide per tonne of
ore and ranged from 0.99 t0 2.11 kg per tonne of ore.
Previous laboratory / field scale-up experience has
sho'm that chemical consumption in field heaps after
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60 days is typically less than 30-day consumption in
laboratory tests. Based on this observation, 60-day
cyanide consumption in field heaps is projected to be
less than 2.00 kg sodium cyanide per tonne.

Lime consumption in the six tests with agglomerated
material averaged only 0.03, with the cement used for
agglomeration being sufficient to maintain the
protective alkalinity of the leach solutions above pH
10.0.

Test 7448 was run on a 15 kg portion of unagglomerated
tailings for a period of 67 days. The observed
flowrate wvas below the design rate and the
permeability completely insufficient.

2.2.7.4 Rate of Gold Recovery

FPigures 1, 2 and 3 present graphs of the gold recovery
versus days of leaching for each of the seven column
tests. Test 7448 on the unagglomerated sample showed
the slowest rate of recovery and lowest overall
recovery.

The rate of recovery in the tests with agglomerated
material was moderate, with all seven tests still
showing gold recovery continuing when the tests were
ended. In the locked cycle test series, agglomerating
with high strength cyanide solution initially resulted
in higher gold recoveries and faster recovery rates.

2.2.7.5 Tailings Analysis

At the completion of the column tests the tailings
were removed from the columns and dried in an oven.
The dried tailings were then put through a 10 mesh
screen to break up the agglomerates and the sample
was split into quarters. Two 500 gram portions were
then split out from each quarter, pulverized and one
pulp from each portion submitted for fire assay.

Pigures 14 through 20 present the results of the
tailings assays.
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FIGURE 14. TORCO TAILINGS COLUMN TEST 6863
TAILINGS FIRE ASSAYS

SPLIT Au g/t Ag g/t*
A 1.029 Tr
1.029 1.71

B 0.823 0.69

1.063 1.37

c 0.891 2.06

0.994 3.1

D 1.029 2.74
0.926 0.34

AVERAGE: 0.973 1.59

*Tr signifies trace.

FIGURE 15. TORCO TAILINGS COLUMN TEST 6888
TAILINGS FIRE ASSAYS

SPLIT Au g/t Ag glt
A 0.446 Tr
0.309 Tr

B 0.377 Tr
0.206 Tr

c 0.377 Tr
0.206 2.06

D 0.411 Tr
0.171 1.03
AVERAGE: 0.313 0.39

Tr signifies trace.
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FIGURE 16. TORCO TAILINGS COLUMN TEST 7149
TAILINGS FIRE ASSAYS

A 0.514 Tr
0.411 T

B 0.446 Tr
0.411 Tr

C 0.514 T
0.411 Tr

D 0.480 Tr
0.411 Tr

" AVERAGE: 0.450 Tr

*Tr signifies trace.

FIGURE 17. TORCO TAILINGS COLUMN TEST 7257
TAILINGS ASSAYS

SPLIT Au g/t Ag g/t*
A 0.274 1.37
0.309 Tr
B 0.343 Tr
0.343 Tr
(o] 0.411 3.43
0.309 Tr
D 0.274 Tt
0.309 Tr
AVERAGE: 0.321 0.60

* Tr signifies trace.
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FIGURE 18. TORCO TAILINGS COLUMN TEST 7433
TAILINGS FIRE ASSAYS

SPLIT Au t Ag g/t*
A 0.274 Tr
0.309 Tr
B 0.274 Tr
0.309 Tr
o 0.274 Tr
0.343 Tr
D 0.206 Tr
0.309 Tr
AVERAGE: 0.287 Tr

*Tr signifies trace

----------------------------------- o -

FIGURE 19. TORCO TAILINGS COLUMN TEST 7448
TAILINGS FIRE ASSAYS

SPLIT Au t Ag g[t'
A 1.611 Tt
1.646 Tr
B 1.577 Tr
1.646 Tr
C 1.886 Tr
1.783 Tc
D 1.851 Tr
1.509 Tz
AVERAGE: 1.689 Tr

*Tr signifies trace.
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FIGURE 20. TORCO TAILINGS COLUMN TEST 7531
TAILINGS FIRE ASSAYS

SPLIT Au g/t Ag g/t*
A 0.343 Tr
0.411 Tr
B 0.754 Tr
0.411 Tr
c 0.377 Tr
0.411 Tr
D 0.274 Tr
0.549 Tr
AVERAGE: 0.441 Tr

*Tr signifies trace.
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2.2.8 Assaying Procedure
2.2.8.1 Heads of Tailings

The samples for fire assay were submitted to two
independent commercial laboratories for assaying.

2.2.8.2 Carbon Assays

The loaded activated carbon was dried and weighed. Two
samples were split out and assayed and the remainder
saved for reference. The carbon for assay was roasted
to convert it to ash and then conventionally fire
assayed.

2.2.8.3 Solution Assays

Approximate solution assa 3 were made every cycle on
an atomic adsorption spectrophotometer using gold and
silver standards which had been calibrated by fire
assay. The solution assays were used nerely to check
on the progress of leach since actual recoveries were
based on fire assays of the activated carbon.

Final leach solutions were checked by atomic
adsorption methods and found to contain negligible
amounts of gold and silver.

a8
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3 General Design Parameters
3.1 Metallurgical Basis of Design Concept

The project is designed to process 310,000 tpy (at 100
p percent utilization rate) of TORCO tailings by heap
leaching methods. The real usage of the capacity (rate
of availability), however, is assumed to be lower and
' will probably be only 64 percent within the first year
of production and 80 percent in the following years.

The tailings to be treated come from a refractory
copper oxide ore which was previously treated by the
TORCO process at Akjoujt / Mauritania.

The reserves of the so-called TORCO tailings and the
gold content were previously determined with 2.5
million tonnes and 3 grams per tonne respectively.

Laboratory column leach tests indicate that the
tailings will leach well when agglomerated with cement
(10 kg per tonne) and a diluted solution of NaCN and a
wetting agent (Nalco 8814 or equivalent). The tests
suggest that an industrial plant coald recover 85
percent of contained gold in 90 days of leaching.

The tailings contain a maximum of 0.16 percent soluble
copper which will consume cyanide, but not to an
uneconomical degree based on current g¢gold prices.
Pending operating experience, a portion cf the process
solution may periodically be discharged and replaced
tc prevent poor leaching behavior due to copper
buildup in solution. However, this sub-process is
n ot thought to be necessary and, therefore, not
included¢ in this study.

3.2 Description of Production Systems

A genera’lized process flowsheet is presented in
drawing no. 801-31-180 UA.

The tailings will be disced at the site of the deposit
by an agricultural disc plow followed by a roller.
Both machines will be towed by an agricultural
tractor. The "delumped” and disaggregated tailings
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will be taken by a front-end loader and loaded on
trucks for the transport to a feed bin. The material
will then be transferred to a rotating drum for
agglomeration with cement, NaCN and a wetting agent.

The fresh agglomerates will be transferred by
sectional conveyors and a radial stacker which will
pile up the material on a 6 m high heap. The heap will
be built on a plastic sheet (pad) and this pad will
be protected by a sand cover in areas where the
stacking equipment operates.

KHD HUMBOL DT WEDAG AG
Agglomerates will be leached for 45 days in a primary
cycle, then leached for 45 days in a secondary cycle.
The pads, ponds and solution ditches will be arranged
so that solutions from different heap segments will
flow to different storage ponds in a countercurrent
flow. After leaching is completed (several cycles may
be required), the heaps will be washed and abandoned.
Each heap module will measure 106.5 by 45 meters and

will contain 38,700 tonnes of material (equivalent to

45 calendar days of productior). The total area under

leach will be equal to two heap modules and will cover

approximately 9600 sguare meters including two
sideslopes.

Process solution will be applied at the rate of 10

liters per hour per square meter, or 48 cubic meters

per hour per heap module.

Gold will be recovered in a carbon adsorption-
desorption-recovery (ADR) plant. In ¢the adsorption
section of the recovery plant the pregnant 1leach
solution will be contacted with 6 x 12 mesh activated
carbon in an upflow, fluidized system. In the
desorption section the carbon will be stripped using
a pressurized high-temperature caustic solution. The
gold-bearing strip solution will flow to an
electrolytic cell for recovery of the gold.

At peak capacity, 540 kg of carbon can be processed
in the stripping plant each day.
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3.3 Design Parameters

Operating days per period ,
agglomer. + stacking 26 days/month; 12 months/year
leaching 30 days/month; 12 months/year

Production rate 310,000 tonnes per year
25,800 tonnes per month
1,000 tonnes per day
(agglomerating & stacking)
860 tonnes per day

(leaching)
Gold recovery
ore head grade 3.00 gram gold / tonne *
recovery 2.55 gram gold / tonne (85 %)
Heap height 6 meters
Heap bulk density 1.44 dry tonnes/cubic meter

Duration of leach cycle 45 days'
Number of leach cycles 2 process cycles plus wash

Heap flowrate 10 liters/hour/sq meter
48 cubic meters/heap/hr

Plant operating flowrate 48 cubic meters / hour
Plant capacity flowrate 58 cubic meters / hour
Fresh water requirements
adsorption by ore 7.2 cubic meters / hour
leaching + washing 22.1 cubic meters / hour
51

pond evaporation cubic meters / hour
estimated camp usage cubic meters / hour

. total 34.8 cubic meters / hour

* gee page 18
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3.4

Reagent Requirements
Lab test data indicate that the following levels

of

reagent addition should be used for design of field

operation:
cyanide added at agglomeration 2.00 kg/tonne
cyanide added at intermediate pond 0.00 kg/tonne

cement added at agglomeration 10.00 kg/tonne

Nalco 8814 wetting agent added at

agglomeration 0.04 kg/tonne

solution added at agglomeration 250.00 kg/tonne

project cyanide consumption 2.00 kg/tonne
32
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4 Material Handling Design and Capital Costs
4.1 Feed Reclamation

The tailings deposit has an irregular hard (naturally
cemented) top surface. The material in the interior of
the deposit is expected to vary from hard and dry to
sandy and wet.

The design of the feed reclamation is based on the
assumption that the tailings can be removed in layers
and that any further comminution prior to
agglomeration is not necessary.

A disc plow combined with a roller is required for
cutting and breaking of the material in a single
operation. This d4isc plow and the roller will be
attached to a tractor, which is further equipped with
a grader and a shovel to achieve a multipurpose
availability.

The tailings will then be taken by a front-end loader
and loaded on trucks for the transport to a feed bin.

In addition, an emergency stockpile should be kept to
feed the plant out of this stockpile with the front-
end loader in case of unforeseen breakdowns.

For the initial preparation of the tailings it is
necessary to g¢grade the surface with a dozer. This
dozer can also be used in the plant for other
purposes, tor example road construction and
maintenance and grading of the surface for the
leaching area.

The degree of "delumping” is critical to the success
of agglomeration and leaching. The finished pellets
will feature a diameter of 6 mm to 15 am; however,
they will be stable only if they are formed from ore
macerial which largely consists of fine disaggregated
particles. Pellets which contain natural "lumps™ of
material larger than ¢ am will partially break apart

. in the heaps. A large amount of breakage is expected
and can occur without significant effect, but if the
breskage becomes too severe then heap permeability and
gold recovery levels will decline.
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Based on experience with similar mining (disc
plowing) techniques on tailings in Australia and high-
clay ores in Costa Rica, it 1is felt that the
attainment of a correct combination of nmining and
agglomeration techniques will be a fairly simple
procedure. Continued quality control of mining
operations to meet the target for the lump size of
feed material will be very important.

Preparing, “mining”, hauling and feeding the tailings
will require the following items of new equipment:

1 disc plow with roller
1 tractor

b front-end loader

3 15 t trucks

The investment for this mining equipment amounts to
US-Dollar 700,000 including freight and insurance.

In addition, suxiliary mobile equipment is needed
also for other departments of the plant. The
assumption is made that the following equipment is not
available in Akjoujt for the time being and has
therefore to be bought:

1 dozer

1l 15 t truck

1 2.5 cu meter front-end loader
1 2 t forklift

1 1 t pick-up truck

For this equipment US-Dollar 540,000 including freight
and insurance have to be spent.

4.2 Agglomeration

Agglomeration is r process in which fine feed material
is mixed with reagents and moistened, then formed into
small rounded pellets by a tumbling action. Once
proper moisture is achieved, some “"agglomeration”

. takes place at belt transfer points and other places
where the material is agitated. Correct agglomeration
requires a rolling action to densify the pellets, and
this is accomplished in an agglomerating drum.
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The laboratory test program on the TORCO tailings
indicates that they will easily form agglomerates.
Addition of 10 kg Portland cement per tonne of
tailings will provide sufficient strength so the
agglomerates will retain their permeability during
heap leaching. It is also necessary to add a wetting
agent.

Laboratory testing also indicates that introduction of
high-strength cyanide solution into the agglomerating
drum increases rate and overall 1level of gold
recovery. For this reason, most of the cyanide used in
the process will be added to the ore during
agglomeration.

The agglomeration and reagent addition process will
consist of the following activities:

4.2.1 Ore Feed

For proper operation of the agglomeration systems, ore
feed rate must be constant. The ore will be fed from a
hopper equipped with a continuous conveyor belt at the
bottom. The belt speed will be controlled by a
variable speed drive.

4.2.2 Cement Addition

Cement will be fed onto the conveyor belt by a dosing
screw from the base of a bulk cement storage silo.

The silo will be filled by a bulk pneumatic truck.

4.2.3 Dosage of Cyanide Solution

Cyanide solution for agglomeration will be fed to
the drum at a rate up to 600 liters per minute. This
solution will be delivered by a separate process
pump located in the barren pond. Solution will be
introduced into the ore through spray heads located in
pipes in the agglomerating drum. The amount of
solution fed will be controlled =manually by an
operator at the discharge end of the drum.
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4.2.4 Wetting Agent

Wetting agent will be delivered to the site as a
concentrated liquid in 200-liter drums. ,
Wetting agent will be added to the system by pumping
through a high-pressure nmetering pump into the
flowstream of solution before it is sprayed into the
drum. Control of this feed and pumping system will be
sanual. Approximately 0.04 kg of wetting agent will be
used per tonne of ore, equal to 40 kg per day.

4.2.5 Sodium Cyanide Addition

Sodium cyanide will be delivered to the site in
100 kg drums. The A:ruxs will be manually positioned,
then dumped using a small winch hoist into a 2000 1
agitated tank. Solution in the tank will be ten
percent sodium cyanide, plus a small amount of sodium
hydroxide for pH control.

4.3 Heap Construction

Since the agglomerated material must be carefully
handled, the m=method of continuous conveyor handling
has to be applied.

The heap construction is done by a radial conveyor
stacker.

A 20-meter radial stacking conveyor with a 6.0-meter
extendable/retractable tip will be used. This stacker
will allow stacking up to 7.5 meters in height.

Design of the conveyor stacker is critical and
selection of off-the-shelf standard stackers should be
avoided.

Details of conveyor layout are shown in the drawings
nos. 801-11-298 UA and 801-11-300 UA.

Agglomerated material will be transferred from the
discharge of the agglomerating drum to the radial
stacker using a transfer conveyor and a series of
moveable conveyor belts.
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The transfer coanveyor will discharge to one of 1i1vo
100-meter conveyors placed in series. These tw>
conveyors will be located parallel to and along the
upslope side of the heap. They will be mounted on
skids 80 they can be positioned by pulling with =
soveable winch.

These long conveyors will feed a set 2£ eleven 20-
mster portable conveyors which will feed the radial
stacking comvayor.

All of the 20-meter conveyors will be wheel-mounted
for ease ¢f relocation. They will be connected
together with cable into a linear string so that they
can be retracted in one operation.
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The installation for agglomeration, reagent addition
and heap construction will include the following items
of new equipment:

US-Dollar
feed hopper / belt feeder 67.000.00
ramp and containment wall 10,000.00
cement silo and dosing screw 55,000.00
agglommeration solution systeam 3,000.00
and plumbing
wetting reagent metering pump 2,000.00
NaCN addition system 5,000.00
feed / discharge conveyors 32,000.00
agglomerating drum 178,000.00

approx. 500 meters sectional conveyors 373,000.00

radial stacker 55,000.00
electric control unit 343,000.00
belt weightometer 20,000.00
equipment sub-total ;:;IQTSESTES
installation / assembly. 30 % 340,000.00
estimated freight / insurance 285,000.00
total installed cost IT;EETEEETBS
as
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5.0 Site Layout, Pad and Pond Design and Installation
5.1 General Layout

The layout of the leach pad area, ponds and plant site
is shown in the attached drawing no. 801-11-298 UA.

The site was chosen because it is close to existing
infrastructure and has s moderate slope which allows
for drainage of the heaps. The site is approximately
1500 wmeters south of the TORCO tailings deposit and
adjacent to the 0ld TORCO process plant. The leach pad
occupies an area of 475 x 740 meters which is
sufficient to contain 2.5 million tonnes of stacked
tailings. The 1local relief in the area is unifora
sloping downward at an average grade of 1 percent to
the northeast.

The £inal heaps will be built in two segments, each
containing 1.25 million tonnes of tailings. Each 1.25
million tonne segment will be constructed with a
continuous smooth top surface measuring 198 meters in
an upslope-downslope direction and 720 meters across
slope. As new material is stacked, each heap segment
will Dbe extended across slope in 45 meter wide
modules.

Bach of the 198 by 45 meter heap modules will be built
during a 90-day production period. The downslope and
upslope halves of each segment will be separated by an
internal berm (described below) and will be leached in
separate 45-day production heaps. Bach 45-day
production heap will contain 38,700 tonnes anrd measure
106.5 by 45 meters (including one sideslope).

5.2 Initial Leach Pad Installation

At the start of operations, sufficient 1leach pad
naterial will be installed for the first year's
operation. This requires a pad of 205 x 323 meters;
the heaps are surrounded by a five meter border to
mininize cyanide overspray loss.
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5.3 BDeras

Two types of solution control berms will be
constructed upon the pad surface. The berms are
depicted in the attached drawing no. 801-11-301 UA.

The first type of berm will be used to isolate each
heap segment from adjacent (across slope) heaps so
that leach solutions in the various leach and wash
stages can be kept separate. These longitudinal berams
run up-slope/downslope and will be constructed by
placing a 60 cm high mound of earth on top of the
prepared ground surface below the PVC liner.

A second type of berm, called lateral beram, runs
across slope and will be used within the heap segments
to separate solutions from adjacent leach "modules”
covering 45 days of ore production. These berms will
be built using the same techniques as the longitudinal
berms.

5.4 Solution Collection Ditches

Solution is transported in a ditch at the downslope
edge of the pad into one of threse ponds. This ditckh is
0.5 meters deep, 2.5 meters wide at the base and 3.5
meters wide at the top.

The ditch contains two pipes which transport solution
flowing from the heap modules into the pregnant or
intermediate solution storage ponds. Short connecting
ditches are placed between the pads and the main
ditch. Short connecting pipes in these ditches can be
easily re-connected into either of the two solution
transfer pipes.

Solution flowrates into the pregnant and intermediate

ponds will be monitored. These monitoring devices will

be mounted in the ditches just before they enter the

respective ponds. Solution samples will also be taken
‘ at this location.
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5.5 Drainage Base and Protective Cover

To ensure good drainage of solution from below the ore
heaps and to prevent excessive hydrostatic head froa
building up on the plastic sheet, 50 ma perforated
polyethylene pipe (agricultural drain pipe) will be
installed on the PVC leach pad on six meter centers.
This requires 7,800 meters of pipe for the first
year's operation.

A cover of crushed rock will also be needed to protect
the PVC pad in the area subject to vehicle traffic,
especially where the stacker conveyor operates. Also,
relatively heavy equipment such as front-end loader
will drive across the pad surface when re-positioning
the sectional conveyors. This “"roadway” will occupy
the central 25 meters of each 45 meter wide heap
segment. The pads and pipe in this area will be
protected with a textile cover (Geotextile) and 0.3
meters of crushed ore, sand or agglomerates made with
extra cement.

5.6 Pad Installation Procedures and Costs

Installation of the pads, berms, ditches and drains
will include the following activities:

1. rough g¢grade the surface to obtain a natural but
unifora slope. £1i1ll small depressions where
necessary

2. where fill is required, moisten the £fill material
to approximately 15 percent moisture and compact
the £ill in 0.25 meter layers

3. to construct the berms, spread out a layer of fine
s0il material, moisten and mix so that it contains
approximately 20 percent moisture. Reclaim this
material with a road grader or front-end loader
and form berms. Compact the berms with a vibratory

. compactor

4. hand-rake and inspect the final surface. Remove

rocks larger than 15 mm, plant residues and other
foreign matter. Pine grade and compact the surface
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5. cut, grade and compact solution ditches

6. install a plastic pad sheet of 0.75 mm PVC for the
heap pad and 0.90 mm plastic 1lining material
(Hypalon) for the solution ditches arni ponds

7. 4nstall and position solution transfer pipes in
the lined solution ditches

8. install drain pipes on the top surface of the pad

9. cover the drain pipes with 0.3 meters of
protective gravel or agglomerated ore

The pad, pond and ditch liners will be installed by a
crew of 12 men. The liner material will be delivered
to the site in factory-fabricated ©panels of
approximately 1000 square meters each. These panels
will be positioned over a section of prepared surface,
then field-welded to the adjacent panels using a
solvent cement.

The installed cost for the first year's pad (48,000
square meters of PVC) and solution ditches (3,000
square meters of Hypalon) is estimated below.
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US-Dollar
Liner material
48,000 sqm 0.75 mm PVC 122,000.00
3.000 sgm 0.90 mm Bypalor 17,000.00
20,000 2-a Geotextile 24,000.00
7,800 = perforated drain pipe 9,000.00
750 m solution transfer pipe 50,000.00
4,000 cum crushed rock 30,000.00
glue and installation tools 15,000.00
Equipment
water truck: 12 days
200.00 US D/day 2,400.00
dozer, D-8: 18 days
560.00 US D/day 10,800.00
endloader: 30 days
250.00 U’ day 7.500.00

(dozar anu snd-loader operating cost
only, equipment required for the project)
aaul truck: 12 days

300.00 US D/day 3,600.00
road grader: 15 days

500.00 US D/day 7,500.00
vibratory compa—ttor: 15 days

500.00 US D/day 7,500.00
misc equipment 8,700.00

Site preparation / materials sub-total 315,000.00
Installation labor 25,000.00
Shipping / insurance for liner material 25,000.00
Equipment modb / de-mobilization 10,000.00

total installed first year's pads 375,000.00
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5.7 Pond Sizes and Designations

The layout of the heaps and ponds is shown in the
attached drawings nos. 801-11-298 UA and 801-11-300
UA. There are four initiel ponds: barren,
intermediate, pregnant ané fresh water. The capacity
of the ponds will be sufficient to contain working
solution volume and run-off for two leach cycles plus
30 mm of rainfall over the entire first year heap
area. The total pond volume (not including the wash
pond), divided equally among the three ponds is 4500
cubic meters.

Bach of the three process ponds (1500 cubic meters)
will have top edge dimensions of 27 by 27 meters. They
will be excavated four meters deep in alluvial
material with pond sideslopes at 2 : 1. The wash pond
volume 1is 800 cubic meters. It will have top edge
dimensions of 22 by 22 meters and will be three meters
deep.

All ponds will be lined with 0.90 mm plastic sheet
(reinforced Hypalon) and will contain a leak detection
system below the liner. The detection system will
consist of two textile layers (Geotextile) and a leak
collection sump, connected to the surface by a 75 mm
PVC pipe for observation and solution removal.

The function of the ponds is described below:

Pregnant solution pond

Solution from the heap that is under primary leach
will flow into a pipe in the lined ditch located elong
the downslope edge of the leach pads and then into the
pregnant pond. Sclution will be pumped from here to
the process plant.

Barzren solution pond

Solution exiting the carbon adsorption columns will
discharge into the barren pond. Cyanide strength will
be adjusted when necessary by chemical additions to
this pond, although it is expected that nearly all
cyanide needed will be fed to the agglomerating
drum. Solution will be pumped from this pond to the
oldest heaps (in secondary or later leach cycles).

TN 0103 041,04
{HW 3002/4)
40070 4 87 O




KHD HUMBOLDT WEDAG AG

Intermediate pond

Solutions from the heaps in the secondary leach cycle
will flow into tLe intermediate pond. Wesh solutions
from 01d heaps will also flow into this pond. Solution
will be pumped from this pond to the newest heaps (in
the primary leach cycle).

Fresh water pond

This pond will receive water via a pipeline from the
project water supply. Water will be pumped from this
vond onto heaps in the wash cycle as needed to provide
aaske-up water to the leaching systea.

The installed cost for the three process solution
ponds and the fresh water pond is estimated below:

US-Dollar
excavation and compacting 15,000.00
egquipment usage during installation 2,500.00
liner material
2,050 sgqu 0.9 nm Hypalon 11,500.00
2,050 sgqm Geotextile 2,500.00
glue, leak detection system 18,500.00
miscellaneous supplies and equipment
use 10,000.00

site preparation / materials sub-total 60,000.00
installation labor 5,000.00

shipping/insurance for liner material 4,000.00

total installed costs of ponds 69,000.00

TN 0103 0431,04
{HW 3002/4)
40000 4 87 O




4

s
A

KHD HUMBOLDT WEDAG AG

6.0 Flowrates and Water Requirements

The schematic water flow streams are shown in drawing
no. 801-11-180 UA.

Each of the 198 by 45 meter heap modules (213 by 45
meters including two sideslopes) will contain 77,400
tonnes of ore, eguivalent to 90 days of production. At
any one time an area equal to 9600 square meters will
be under leach (not including temporary wash cycles).
In most operating conditions, 4800 square meters will
be in primary leach and 4300 square neters in
secondary leach, respectively. Process solution will
be applied at the rate of 10 liters per hour per
sguare meter or 48 cubic meters per hour per heap. The
recovery plant is designed to process 48 cubic meters
per hour. Evaporation of 20 percent of solution pumped
will reduce the actual amount of solution available.
so the plant effectively has 20 percent excess
capacity.

Water make-up requirements include water absorbed and
retained in the ore and losses due to evaporation.

¥ater absorption during agglomeration and subsequent
saturation of the new heaps will be 200 liters per
tonne of agglomerated ore or 5200 cubic meters per
month.

Evaporation from heaps at constant humidity is a
function of the amount of solution sprinkled. Average
24-hour loss due to evaporation is estimated at 20
percent of solution pumped onto the heaps or 13,800
cubic meters per month.

Wash cycle evaporation will be 15 percent of process
water evaporation or 2,100 cubic meters per month.

Total process water requirement is therefore 21.100
cubic meters per month. Other water requirements for
the project include camp drinkable supply and dust
control needs for the haul roads and plant / office
area. These are roughly estimated at 4,000 cubic
Reters per month.
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Current water sources should be reviewed to ensure
water availability for 25,100 cubic meters per month
or a continuous flow of 35 cubic meters per hour.
According tc information from SAMIN, the water supply
will be ensured since the pipeline can deliver 58
cubic meters per hour.
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7.0 Recovery Plant and Reap Piping Systea
7.1 Recovery Plant Options

The recovery plant selected for Akjoujt is a modular
carbon tdsorption plant, incorporating a high-pressure
hot strip followed by electrowinning of gold. The
plant includes a sselting furmace and all associated
equipsent needed to recover dore bars om-site.

In the choice of recovery plamts for cyanide lecch
operations, two basic options exist - recovery using
zine dust (Merrill-Crowe) and recovery using activated
carbon. These two options are discussed below.

Merrill-Crowe vs. Carbon Adsorption for Gold Recovery

Zinc precipitation of gold and silver from pregnant
solutions using the Merrill-Crowe Jrocess was
developed several decades ago and is a common method
of gold recovery. The process involves filtration and
deaeration treatment steps Zollowed by injection of
zinc dust resulting in a gold-bearing filter cake. The
filter cake is then dried and smelted in a furnace for
production of a dore bar.

The carbon adsorption process is a more recent
development and begins with the adsorption of gold and
silver on activated carbon held in tanks or stages
of a column. Because the carbon granules are large,
pregnant solutions can be processed directly without
prior filtration steps. The precious metals must then
be stripped from the carbon and plated onto steel wool
in an electrolytic cell. The cathodes are then smelted
in a furnace and a bar is poured.

Zinc precipitation is best for treating clean process
solutions containing high levels of dissolved gold and
silver. When the metal content of the solution drops
to 1low levels (such as those expected in the Akjoujt
project), or when solutions become high in other

. metals or salts, zinc dust precipitation requires
close technical supervision and continuous process
adjustaent.
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In comparison, a carbon adsorption plant can be
operated by non-technical personnel regardless of the
metal content of the solutions: it can process
solutions high in suspended solids, dissolved salts
or base metals and it allows for continued inexpensive
recovery froma low-grade dirty solutions.

Based on these and other criteria, a carbon adsorption
recovery plant system is chosen for the study.

Carbon Stripping Alternatives

The two methods under consideration for removal of
gold and silver from the loaded carbon are the
alcohol/caustic (atmospheric pressure) stripping
system and caustic pressure stripping system. Both
methods are based on work conducted by J.B. Zadra at
the United States Bureau of Mines in the early 1950°'s.

The alcohol/caustic system entails pumping a hot (85
degrees C) solution of 1 percent caustic soda, 1
percent sodium carbonate and 20 percent ethyl alcohol
at atmospheric pressure through a batch of 1loaded
carbon. The exiting solution is then passed through an
electrolytic cell where gold and silver are plated
out. The cell overflow sclution is returned by gravity
to a heated tank and recycled to the carbon. The
entire stripping process, including electroplating, is
completed in approximately 24 hours. The cathodes from
the electrolytic cell contain the precious metals and
these are transferred to a smelting furnace for
production of dore bar.

The caustic pressure system is conducted essentially
in the same way, except that it is conducted at a
higher temperature and piressure (3 bars absolute, 130
degrees C). In order tc achieve the high temperatures
and pressures, the heating system is contained in a
pressure vessel, and the system also contains heat
exchangers and pressure control valves.

° An alcohol strip procedure can be run in a system

designed for caustic pressure stripping, but the
reverse is not possible.
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Normally the alcohol strip system is applied because
the capital cost of the plant is 1lower, there are
fewer items of process equipment and control is
easier.

However, for Akjoujt pressure stripping is recommended
because of the AdAifficulty and cost of procuring
alcohol at this remote site.

Reccvery Plant Design Parameters

Gold will be recovered in a carbon adsorption-
desorption-recovery (ADR) plant.

The general design parameters of this plant are as
follows:

Plant caparity at 100 & utilization *

ore process rate
(26 days per month) 1,000 tonnes/day

310,000 tonnes/year

maxisum plant solution y'lowrate
operating plant solution flowrate

58 cu meters/h
48 cu meters/h

gold recovery

head grade (study 1983) 3.0 grams/t
plant design recovery 90.0 percent
expected field recovery 85.0 percent
total daily design recovery 2.7 kg Au
average gold content of pregnant
solution 1.91 ppm Au

carbon loading levels 10.0 kg Au/t

carbon processed per day 255.0 kg

®

mode of operation at design capacity (100 5
utilization)

agglomerating, stacking (310,000.00 tpy)
26 days x 7 h/day x 12 months/year
leaching (310,000.00 tpy)

30 days x 24 h/day x 12 months/year
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mode of operation at 64 § availability (first year of
production - basis of profitability calculation)

agglomerating, stacking. leaching
310,000.00 tpy x 0.64 = 198,400.00 tpy
gold production

198,400 tpy x 3 g/t x 0.85 = 506 kg Au per year

mode of operation at 80 & availability (2nd and

following years of production - basis of profitability
cal culation)

agglomerating, stacking, leaching

310,000.00 tpy x 0,80 = 248,000.00 tpy

gold production

248,000 tpy x 3 g/t x 0.85 = 632 kg Au per Year

7.3 Recovery Process Description

In the adsorption section of the recovery plant the
pregnant leach solution will be contacted with 6 x 12
mesh granular activated carbon in an upflow, fluidized
system. The adsorption equipment will comsist of a
single five-stage adsorption tower approximately 12.7
meters high and 1.13 meters diameter. BEach stage will
contain 540 kgs of carbon.

In the desorption section of the plant, the carbon
will be stripped using a pressurized high-teperature
caustic solution. The gold-bearing strip solution will
flow to an electrolytic cell where the gold will be
plated on steel wool cathodes. The cathodes will be
processed in a diesel-fired pot furnace to produce
impure metal bullion.

Following stripping, the carbon will be transferred to
an acid wash tank where it will be washed with a
dilute hydrochloric acid solution. Pollowing acid

washing, the carbon will be recycled to the adsorption
tower.

Once every two to four months the carbon will be heat
regenerated in a vertical tube or rotary regenerating

furnace. The system will process 20 kg of carbon per
hour.
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Recovery Plant and Bguipment

The flowsheet of the recovery plant is shown in
the drawings no. $01-31-180 UA. The process equipment
for the recovery plant will cousist of a vwvertical
tower adsorption column (shipped separately): a strip-
acid wash section installed in one 12-meter shipping
container; a 6-meter shipping container coataining
storage and sump tanks and screems: a saelting furnace
and miscellaneous equipment shipped in a separate 6-
meter shipping container; and a carbon regeneration

furnace shipped in a separate 6-peter shipping contai-
ner.

The process equipment will coasist of the following
items:

- one 5-stage adsorptioa tower

- barren, intermediate, pregasant, wash pumps and
contrels (the pumps will be located at the ponds)

- instrumentation and sampling systeas

- pressure strip solution system including two
carboa strip vessels, electric in-lime heatess,
heat exchangers, back-pressure valves, strip
solution storage tank, p>wer supply and
electrolytic cell

- acid wagsh systea, carbon regenerating furnace and
carbon transfer equipment

- fenced refinery area including flux storage
facilities, flux mixing table, tilting furnace,
crucibles, molds, slag process eqQuipment, sink and
water supply

LY
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Investment costs of ADR plant
US-Dollar
estimated price of 48 cu meters per
hour recovery plant installed in two
shipping containers with exterior
five-stage adsorption tower, & pro-
Cess punps and systems ingstrumen-
tation 350,000.00

additional cost of 'prcnuro strip
facilities and carbon regeneration 110,000.00

fenced refinery area and equipment,
flux and slag process equipment,
sink and water supply 35,000.00

eguipment sub-total 495,000.00

five tonnes carbon: plus spare parts
at 20 percent of equipment sub-total 135,000.00

field installation of ADR plamt and
associated process facilities 75,000.00

shipping: four 40-cu meter comtai-
ners for ADR plamt, refinery equip-
Beat and gpare parts; plus 65 cu me-
ters for adsorption tower, regemera-
ting furnace and five tonnes carbon 75,000.00

total estimated cost of ADR plant
assoc. facilities 780,000.00
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7.% Reap Pipes and Sprinklers

At any given time during the leach cycle, solution or
wash water will be sprinkled onto two heaps containing
77,400 tons of ore each at a flowrate of 10 liters per
square meter per hour or 48 cubic meters per hour per
heap.

The design also provides for sprinkling a third heap
in a third-stage leach or a wash cycle: eoquipment and
supplies for this third cycle are also included in
costs.

The solution distribution systea for two leach cycles
and one waah cycle requires 720 meters of main
solution headers and 1300 meters of sub-main solution
headers. The main headers are of 150 mm diamster PVC
and the sub-headers of 100 ama diameter PVC; these
pipes are sized to accommodate a design flowrate of
800 liters per minute.

A total of 95 sprinklers per 77,6400 tonne heap module
will be spaced on a 6 X 9 meter pattern along the
distribution 1lines. Bach spriskler will daistribute
approximately 9.0 liters of solution per minute on an
area which will overlap the flow from adjacent
sprinklers.

HDPE (high density polythyleme) is a better material
whea exposed to hot sunny weather, but PVC (polyvinyl
chloride) has been choser. becausse of easier
instellation. The installation of PVC requires simple
tools and solveat welds, whereas HEDPE requires
specialized tools and heat welding technigues.
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Investment costs of heap piping systea

US-Dollar
solution main headers,
150 ax dia PVC, 720 m 18,000.00
solution sub-main headers
100 sm 4ia PVC, 1300 » 18,000.00
solution distribution lines
50 mm dia PVC, 2400 m 28,000.00
300 sprinklers 5,000.00
1C0 and 50 mm valves
70 pcs. 9,000.00
pipe tittings, various sizes, types
3000 pes. 12,000.00
estinated freight / insurance 20,000.00
total first year pipe system 110,000.00

Heap piping for the second year of operation include
50 perceat replacement of pipes and sprinklers. These
requirements are listed as operating cost and are
presented separately in section 11.7.
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8.0 Sampling Procedures and Laboratory Requirements
8.1 Concepts of Process Control

Boap leach process control will encompass several
functions:

a. adequate sampling, weighing and assaying of solid
(ore) samples to determine tonnages and ounces of
gold placed on the heap

h. flow measurement and gold/silver/copper assays of
process solutions tuv determine metallurgical
recoveries

c. cyanide and pH measurements of process solutions

4. assays of activated carbon and strip solutions for
correct control of recovery plant operations

The laboratory facilities required at Akjoujt will
include preparation equipment to éry, aix, split and
pulverize solid samples and a wet chemistry laboratory
with atomic absorption spectrophotometer.

Pire assays of ore and carbon samples will be
periodically required. However, results are not needed
for immediate process control purposes and operation
of a fire assay ladboratory is not considered to be an
on-site requirement. Samples for fire assay will be
sent to commercial or government laboratories.

8.2 Sampl'.ng and Assaying Requirements

Ore samples

Grad samples consisting of 3 kg of ore feed to the
agglomerating drum will be taken every 30 minutes by
sccoping material from the conveyor belt. The sanjples
will be combined into 2-hour composites. Each of the
composites will be weighed, drisd, weighed again,
split, pulverized and assayed for cyanide soluble gold
content. A total of 2 to 6 .olids samples will be
processed per day. Additional grab samples may
increase the tctal to ten per day.
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A portion of each composite will be saved, and these
will be combined into two-day master composites which
will be sent for fire assay.

A weightometer at the agglomerating Adrum feed or
discharge balts will record total throughput tonnage.
b § 4 this weightometer is at the drum discharge,
additional samples will be taken at this point for
moisture deteramination.

Solution samples

Solution samples will be taken every four hours, 24
hcurs per day, at several points in the process area.
These sample points are listed below:

barren solution at the barren pump
intersediate solution at the intermediate pump
pregnant solution at the pregnant pump
discharge from each carbon adsorption stage
heap discharge at heap in primary cycle

heap discharje at heap in secondary cycle

heap discharge at heap in wash cycle

strip solution entering electrolytic cell
strip solution exiting electrolytic cell

A total of 54 solution samples will be processed per
day. These will be analyzed by direct atomic
absorption analysis for g¢gold and copper (and
occasionally other metals). They will also be analyzed
for pH using a pH meter and titrated for cyanide
content.

The flowrates from the heaps will be measured manually
using open weirs. Adsorption tower flowrates and
flowrates to each heap cycle (barren and intermediate)
will be measured using continuous recording
flowmeters. BElectrolytic cell input and discharge
flows will be sampled and measured using automatic
proportional samplers {alterncstively, the cell
sampling and flowrate readings may be done manually).

Carbon samples

Carben will be sampled each time it is transferred
into or out of the strip vessels. Carbon will also Le
sampled from each adsorptiosn atage at the end of each
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month for monthly inventory control. Ten to fifteen
carbon samples will be processed per month. Carbon
sanples will be sent for fire assays.

8.3 Sample Preparation and Assay Facilities

The laboratory will be mounted in one 12-meter
shipping container.

The container for sample preparation and storage will
include a dust collecting system, splitter, pulverizer
and compressor. The wet assay 1ladb will include an
atomic absorption spectrophotometer, fume hood and
fan, wrist action shaker, pH meter, centrifuge and
general lab suppliocs. The container will be equipped
with evaporative coolers, cabinets, benches, plumbing
and electrics.

The container will be separated inside by a wall. One

of the rooms will be used for sample preparation and
the other for wet chemistry and analysis.

Investment costs of the field laboratory

Us-Doll-
field lab equipment and supplies 77,000..
one shipping container / installation 23,000.00
freight and insurance 20,000.00
total field laboratory cost 120,000.00
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9.0

Infrastructure and Support PFacilities

A summary of the estimated installed costs of the
infrastructure and support facilities is presented

below; a discussion follows for each category:

Investaent costs of infrastructure and support
facilities
£ = foreign investment
1 = local investment

US-Dollar
power requirements * (£) 170,000.00
water requirements * (1) 330,000.00
trailer for personnel (f) 40,000.00
sccess/haul road construction or
upgrade (1) 60,000.00
warehouse / changeroom -
wind fences and site security (1) 25,000.00
service and support vehicles (f) 80,000.00
infrastructure sub-total 705,000.00
estimated freight / insurance 105,000.00
total infrastructure /
support facilities 810,000.00

. according to information from SAMIN US-Dollar
100,000 have to be spent for the repair of the water
pipeline and US-Dollar 300,000 for the diesel angines.
These amounts are included in the prices.
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Figure 21: Akjoujt 1000 tonnes/day Heap Leach

Motor List with Installgd Power

Equipment Description Installed Power (kW)
A. Primary transport conveyors
(tailings area to plant area) 20
Agglomerating drum 45
Radial stacker 40
Transfer conveyors
(drum to heap) 100
Winch 10
B. Wetting agent metering pump 0.25
Agglomerating solution pump 5.00
NaCN agglomeration feed station
with agitator 0,40
C. Intermediate solution pump 12.00
Barren solution pump 12.00
Process water pump 12.00
Pregnant solution pump 12.00
Strip solution pump 0.75
D. Strip solution heater, heat
exchanger and controls 65.00
E. Acid wash system 2.5

P. Electrolytic cell, power supply
exhaust hood with fan, proportional
sample: and controls 7.5

G. Smelting furnace and blower 3.0

H. Regeneration kiln, gas fired 2.5

Quench tank agitator 0.4

Carbon transfec svstem with pump 4.0

Carbon dewatering screen 0.5

. Carbon fines system 1.5

I. Lights, general electrical service

and evaporative coolers 7.0

J. Laboratory complete 15.0
K. Operator office 5.0
Tctal 383.3
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9.1 Power Requirements

Figure 21 is a 1list of motors and other povwer
consuming equipment. Total installed power is 383 kW.
The 2aquipment in figure 21 is separated into groups
lettered A through K. Consumed power, based on one
shift of ore processing and 24 hours of heap
operation, are estimated for each of the groups as
follows:

Groups A and B

Group A equipment consists of the conveyors and
agglomerating drum. These systems will operate 7 hours
per day. The drum and stacker and incidental equipment
(group B) will consume about 70 percent of their
installed power. Also the conveyors will consume about
70 percent of their installed power. Tctal yearly
power consumed for group A + B equipment is 309,650
kWhr (1.0 kWhr per tonne).

Groups C, I, J, K

These groups will operate 24 hours per day and will
consume about 70 percent of their installed power.
Total yearly power consumed for these groups will be
445,410 kWhr (1.44 kWhr per tonne).

Groups D through H

Equipment in these groups will operate intermittently
with an estimated average power consumption (24 hours
basis) of ten percent of their installed power. Total
yearly power consumed for these groups will be 51,097
kWwhr (0.16 kWhr per tonne).

Total povwer ccnsumption will therefore be
approximately 2.6 kWhr per tonne of ore processed.

Power for all project activities will be sup,lied by
the existing power station. 7he cost of installed
electrics for the various equipment items is included
in the cost of the equipment. Additional power
"infrastructure” requirements include about 100 meters
of power 1line to the leach site and a main power
distribution board. The installed cost of these
facilities (including insurance and freight) is
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estinmated to be US-Dollar 75,000.00. According to an
information from SAMIN, the additional cost of diesel
engine spare parts amounts to US-Dollar 300,000.00.

9.2 Water Requirements

As discussed in section 6.0, total water requirements
are estimated to be 25,100 cubic meters per month.
Water for all project activities will be supplied by
the existing water supply systea.

Additional water facilities will include 200 meters of
150 mm dia steel pipeline, a 30 cubic meter drinkable
water tank and a domestic water pumping systeama. The
installed cost of these extra water facilities
(including insurance and freight) is estimated to be
US Dollar 35,000.00.

The additional cost of repair of the pipeline amounts
to US-Dollar 105.000.00 (information from SAMIN).

9.3 Trailer for Plant Personnel

This facility will consist of two 6-meter trailers,
equipped with electrics, air-conditioner, furziture
and communication. The installed cost of these
facilities (including insurance and freight) is
sstimated to be US-Dollar 60,000.00.

9.4 Access / Haul Road Construction or Upgrade

Approximately two kilometers of existing road will
have to be improved. The time and material for road
improvement is estimated to require 4,000 cu meters of
gravel and three weeks of an equipment fleet including
a dozer, grader, water truck and a supervisor. The
total cost of this work is estimated to be US-Dollar
60,000.00.
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9.5 Warehouse / Changeroom

It is assumed that the facilities for the warehouse
and changeroom are currently available at the project
site. If not, these items will be houséd in three of
four 6-meter trailers. The trailers will be equipped
with simple electrics, ventilation and storage
facilities. The installed cost of these facilities
are not included in the cost estimates.

9.6 Wind Fences and Site Security

Approximately 1770 meters of d4-strand barbed wire
fence will be installed around the first year's
project site layout. In addition, about 500 meters of
thatch fencing for wind breaks and sand diversion will
be placed in the windward side of the project. For the
process plant and solution pond areas, approximately
200 meters of two-meter high chain link fence will be
installed. The total installed cost of site fencing
(including insurance and freight) is estimated to be
Us-Dollar 30,000.00.

9.7 Service and Support VYehicles

Two pick-up trucks and an all-purpose fork-lift will
be required for general project support. Delivery
cost (including insurance and freight) of these
vehicles is estimated to be US-Dollar 90,000.00.
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10.0
10.1

10.2

Personnel
Professional and Clerical Staff

The projected professional and clerical staffing
suggested for the Akjoujt Heap Leach Project is listed
below.

- 1 General Operations Manager
Exporienced senior engineer who is familiar with
the business and technical aspects of production
operations. Ultimate responsibility for all phases
of mine-plant control, gold production and safety.

- 1 Chief Metallurgist / Project Engineer
Senior engineer with a basic understanding of the
heap leaching and carbon processing phases of the
operation. Responsible for daily plant operations,
process improvement, operator supervision and
training, leach and plant equipment maintenance,
metallurgical accounting and smelting operation.

= 1 Chemist / Assayer
Degreed chemist responsible for all functions of
the laboratory and sample preparation, including
equipment / instrument upkeep, requisitioning of
supplies, maintaining records and calculating
metallurgical summaries and supervision of 1lab
personnel.

~ 1 Bookkeeper
Bilingual bookkeeper who is familiar with general
accounting and bookkeeping procedures, payroll
calculations and purchasing functions.

1 Bilingual Secretary

Skilled Operating Personnel

- 4 ADR Plant Operators
Persons who are familiar with general industrial
processes. These individuals will be trained to
operate the ADR plant. Specific tasks will include
solution sampling, carbon transfer, stripping,
acid washing and plaut record keeping.
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- 2 Laboratory Assistants
Persons who are familiar with general industrial
procescses. These individuals will be trained to
assist the chemist. Specific tasks will ipnclude
solid and solution sample preparation, sample and
assay data record keeping.

= 3 Agglomerating / Stacking Operators
Persons who are familiar with general industrisl
processes. These individuals will be trained ¢to
operate the agglomerating and stacking equipmwment.
Specific taska will {nclude daily equipment
maintenance, start-up and shut-down procedures,
reagent sdditions and feed material sampling.

- 6 Bquipaent Operators
Experienced equipment operators who are familiar
with daily equipment maintenance. These
individuals will be responsible for the daily
service and operation of the heavy equipment fleet
(trucks, dozer and endloader).

10.3 Operating Personnel

- 5 Heap Operators
These persons will be trained to monitor and
maintain the heap systems. Specific tasks will
include heap pipe and sprinkler installation, heap
solution sampling and miscellaneous support work.
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10.4 NHeap Leach Techanical Traiaiag Progres

KED strongly recommends the performamce of a four-week
heap leach technical training program for 4 people
from the skilled ocperating persomnel.

Such a progran is designed to train a four-member tean
to manage tad operate s typical 1,000 toane per day
heap leach operation. The key elements of the program
and associated costs are as follews:

- four-day eduction in BReap 1leach technology
covering typical unit operations

- several two or three-day site visits to various
operating mine / heap leach operations

- field exposure to material handling, leach pad
and heap masintenance. recovery plant operations,
laboratory and plant control and refinery systems.

US-Dollar
daily room and board expenses 12,000.00
transporteation (4 people) 21,000.00
engineering instruction by a senior
engineer assigned full time for a
four day seminar 13,000.00
field expenses for site visits 4,000.00
totsl technical training progranm 50,000.00
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11.0 Operstiang Costa
The operating coets dsveloped helow are based on am
annual production rate of 310,000 tamnes per year.

11.1 Profeasional Statf, Operatiamg Labor, Administration,
Overheads |

i
f - foreing
1 - local
a - administration
d - direct labor

US-Dollar/month
project manager (£, a) 7.500
project engineer (£, a) 6,500
maintenance mechanic (1, 4) 6,500
chenist (1, a) 2.000
bookkeeper (1, a) 1,000
secretary 1,000
operating labor (1, 4)
US D 16.00 / manshift 8,000
total professional and labor 32,500

= 1,26

per tonne

administration overheads ( 10 & ) 3,250

TN 0103 0431,04
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11.2 Discing and Hauling Tailings to Leach Site

The cost of equipment operators is included in
section 11.1. The operating costs listed pelcw are for
company-owned vehicles and include costs of
maintenance, tirex, fuels and repairs.

US-Poilar per month
hsul truck fleet (3 trucks)

each truck 15.25 US-D per hr
130 hrs/mon*h 5,950.00

endloader, 20.35 US-D per hour
130 hrs/month 2,645.00

dozer. 20.15 US-D per hour
180 hrs/month 3,625.00

disc plow (1 agriculture type)
7.40 US-D per hourhr

50 hrs/month 370.00
total disc / hauling operation 12,590.00
= 0.49

per tonne

11.3 Agglomerating and Stacking

The labor and power costs to operate the agglomerating
drum and stacking equipment are included in sections
11.1 and 11.5.

The costs 1listed below are for maintenance of the
equipment and operation of the endloader. Tre
maintenance cost is based on 8 percent of capital
costs.
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11.4

belt feader
agglomerating drum

canveyors
redial ssacker

total capital cost

Us-Dellar

32,000.00
178,000.00
373,000.00

55,000.00

638,000.00

operating cost 8 percent

plus endloader

13.50 hr = 2460 hrs/month

total agglomerating and stacking

Leach Solution Reagents

US-Dollar per year

51,000.00

33,200.00

84,200.00

= 0.27
per tonne

The labor and power costs to operate the
addition systems are included in sectiona 11.1 and
11.5. The costs 1listed below include the reagent

consumption rate

based on the laboratory

reagent

test

multiplisd by the estimated delivery cost of each

consumable.

sodiun cyanide
2.0 kg/tonne
US-D 1.50/kg

cement (Portland)
10.0 kg/tonne
UsS-D 0.13/kg

Nalco wetting agent
0.04 kg/tonne
Us-~-D 5.00/kg

US-Dollar per tonne

total leach solution reagents

3.00

1.30

0.20

4.50

1,395,000.00
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11.5

11.6

Leach Utilities: Power and Water

Project power and water requirements are discussed in
sections 9.1 and 9.3. The costs listed below assume an
electrical power cost of US-Dollar 0.10 per kWhr and a
water cost of US-Dollar 0.07 per cubic meter.

US-Dollar per tonne

electric power
=.60 kWhr per tonne
US-D 0.10/kWhr 0.326

drinkable water
one cu meter per tonne
US-D 0.07 / cu meter 0.07

total leach utilities costs 0.33
102,300.00 per year

Lesach Pads and Ponds

The capital cost of first year's leach ped, draisage
bese and solution ditch is ¥B-Doller 375,000.00. This
cost is outlinbd in section §$.6. An additiemal 4S,000
sSquare meters of pad materials will b» reguired for
subsequeat yeats ot an estimated cepital cost of US-
Dollar 8635,009.00 pér year (or US-D 5.89 per sgquare
aster). No allitional ponds will De required.

US-Dollar
45,000 sq meters
US-D 5.88/sq neter 265,000.00 peor year
0.85 per tonne
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11.7 Heap Pipe 3ystem

Capital costs of the first year's heap piping
requirements and sprinklers are US-Dollar 110,000.00.
These costs are outlined in section 7.5. Heap piping
costs of the second year's operation inclrde
replacement of 60 percent of all pipes, valves 4
sprinklers.

UsS-Dollar

60 percent of Us-D 110,000.00 66,000.00 per year
0.18 per tonne

11.8 Laboratory and Assay Systems
(allocated to Pactory Overheads)

Operating costs of the laberatory and assay systea to
control the feod material and plam’; fumctieas are

preseanted below. Lapttatory leabor and utilities cests
are imcluded in sections 11.1 and 11.5.
US-Dollar per year

solid sample preparution / assay

20 per Gay

US-D 2.50 per semple 15,600.00

soln seaple preparation / assay

40 por day

US-D 2.00 pcr sample 25,000.00

fire ausay (outside check)

5 per dny

US-D 10.00 pasr sasple 15,600.00

total laberatery/assay system 56,300.00

= 0.18

per tonne
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11.9 ADR Recovery Systems Operation

During one year of operation. approximately 800
kg of gold would be recovered from 310,000 tonnes of
ore (design capacity). At an average carbon loading
level of 10.0 kg metal per tonne ! carbon, 80 tonnes
of carbon will be stripped dvring one operating year.
Approximately one tonne ¢f carbon will be processed in
each strip cycle.

The composition of the produced dore metal is still
unknown. Depending on the gold loading level of the
carbon, the g¢gold content of the bullion from the
electrolysis is expected to be between 10 and 50 &. In
order to guarantee the copper content of the bullion,
a semi-production facility will have to be run om-site
for a peried of at 1848t thrde months at s rate of 100
tonnes of tailiags precesved per 4&hy. Nowsver., the
cost to rum these tests would greatly emceed the
potential costs due to having & low or varisdle gold
content in the bullioh durimg production operatiom.

KED have correspondence from a aajor refinery in
Germany statiag that the refinery charge for ome kg of
bullion with 50 & gold would be in the renge of DM
6C.00 per kg of Dbullion and for a bullion with only
10 & gold, DM 30.00 per kg bulliem. The effectiwve
costs per kg of gold axe therefere 120.00 (apprex.
Us-Dellar 65) and DN 300.00 (approx. US-Dollar 162)
per kg Of gold, a very smell amount in relaetion to the
gold value.

Tynictal US refiners do mot charge any penalty for
copper in the bullien, since copper is often alded to
the bullicr in order to retine it.

The costs of the ADR plant operation are listed below
end imclulle the conswmadble swpplies and genersl
maintensnce (costs of labor and eperating power are
included in sections 11.1 and 11.5). The purchase cost
. of the carbon, including several years of make-wp, is
included in the ABDR plant capital cest, sectiom 7.4.
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Plant Maintenance: .
10 § of plant capital cost US D 43,000.00 per year
0.14 per tonne
Stripping Chemicals / Supplies (80 strips per year):
US-Dollar per year
sodium hydroxide

a5 kg/strip

US-D 1.5/ kg 3,000.00
sodium carbonate

25 kg/strip

US-D 1.00/kg 2,000.00

muriatic aciad
200 1/strip

UsS-D 0.75/1 12,000.00
cathodes
US-D 40.00 per strip 3,200.00

diesel (carbon regeneration)
60,000 liters

US-D 0.40/1iter 24,000.00
total stripping chemicals 44,200.00
= 0.14

per tonne
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Smelting Supplies:
US-Dollar per year
fluxes
1000 kg flux
US-D 1.00/kg 1,000.00

crucibles
12 crucibles
US-D 500.00/crucible 6,000.00

diesel (furnace)
12,000 liters

US-D 0.40/1iter 4,800.00
total smelting supplies 11,800.00
= 0.04

per tonne

Total ADR Maintenance and Consumabies (section 11.9):

US-Dollar per year

plant maintenance 43,000.00

stripping chemicals and supplies 44,200.00

smelting supplies 11,800.00

total ADR maintenance

and consumables 99,000.00

= 0.32
per tonne
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11.20 Gold Refinery Charges and Insurance

The expenses for annual gold sales include refinery
charges for secondary refinement and insurance charges
for shipment of bullion to the refinery. This cost
will amount to approximately US-D 180,000.00 per year.

11.11 General and Administrative

General and administrative costs include items such as
property and equipment taxes, vehicle operation, local
goodwill expenses, office and communication expenses,
legal and accounting fees, outside technical
consulting and insurance.

US-Dollar per month

office supplies 1,000.00
communication 5,000.00
| liability insurance and
property taxes 9,000.00
company vehicles 2,000.00
legal and accounting services 5,000.00
cutside technical consulting 4,000.00
total estimated general
and administrative 26,000.00
=1.0
per tonne
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12.0

Pinancial and Economic EBvaluation

The financial evaluation of the project has been
perforaned with the help of the UNIDO IPS Investment
Promotion Service, Cologne. The total calculation of
the “"basis case” and the sensitivity calculations are
presented in chapter 13.

For the basic calculation the following assumptions
have been made:

1 year of construction

10 years of production

start of construction in 1988

all costs and prices expressed in 1,000 US-Dollar

1 product: gold bullion

discount rate for Net Present Value: 15 %

local equity of US-D 1,733,100.00

disbursed in 1988

no foreign loan

local loan US-D 4,043,900.00

disbursed in 1988, interest rate 12 §, repayment
beginning with first year of production with
constant instalments

- gold price US-D 420 per ounce corresponding to
approx US-D 13,500 per kg (price of January 20th,
1987, day of calculation).
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12.1 Investment Costs

All costs of investment are listed in the previous
chapters. However, for the calculation of the
profitapility, it is necessary to split investment
costs in foreign and local currency.

All prices mentioned below are related to installed
equipment, including freight and insurance.

INVESTMENT COSTS IN FOREIGN CURRENCY
SUMMARY SHEET

Project component
JNo. Description line COMFAR

Investment Cost
US-D

1 structures and civils 3 194,000.00

power requirements

2 incorp. fix. ass. transport 5 1,240,000.00

disk / haul tailings

3 incorp. fix. ass. technology 6 3,222,9000.00

agglomeration/stacking
leach pads

solution storage ponds
ADR plant system

heap piping system
field laboratory

4 incorp. fix. ass., other 7 350,000.00

engineering, procurement,
construction management

S plant mach. and equipm., a 8 97,000.00
service and support vehicles

. 5 lant mach. and equipm., b

initial investm. in spare parts 9 105,000.00
7 preproduction expenditures 11 ' 5¢,000.00
technical training program

TOTAL 5,258,000.00
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For the estimate of the investment costs in 1local
currency it was assumed that no purchase of land would

be necessary.

INVESTMENT COSTS IN LOCAL CURRENCY
SUMMALRY SHEET

Project component

Investment cost

No. |Description line COMFAR Us-b
1 site preparation and de-
velopment 14 65,000.60
acess/haul road construc-
tion or upgrade
2 structures and civil works 15 454,000.00
water requirements
trailer for personnel
wind fences and site
security
TOTAL 519,000.00
77
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12.2 Reinvestments

Due to the production period of 10 years, after which
the available TORCO tailings are most likely
exhausted, depreciation is generally assumed with 10
years.

Only the service and support vehicles as well as the
investment in disk/haul tailings (all mobile
equipment) are depreciated within 5 years. Therefore,
only these items have to be reinvested.

REINVESTMENT AFTER 5 YEARS OF PRODUCTION in 1993
SUMMARY SHEET

Project component

No. |[Jlescription line COMFAR investment cost
UsS-D

1 incorp. fix assets
transport 29 1,240,000.00
disk/haul tailings

2 plant, mach. and equip-
jment 32 97,000.00
service and support
vehicles
TOTAL 1,337,000.00
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12.3 Production Costs

The production Costs are based on the following
assumptions agreed upon in the economic tripartite
meeting.

The plant will be designed for a capacity of 310,000
tpy of tailings. Because of the start-up difficulties
and the logistic difficulties which must be expected
due to the remcte location of the plant, it will be
unlikely to reach the planned capacity. Therefore, it
is assumed that within the first year only 198,400 tpy
of tailings can be treated (64 % of designed
capacity) and 506 kg gold will be produced. This
production results from the assumption of an ore grade
of 3 gram per tonne and a -ecovery of 85 §.

As of the second year 248,000 tpy will be treated and
632 kg gold will be produced every year (80 & of
designed capacity).

In the following, the production costs are split into
foreign and local currency.
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PRODUCTION COSTS IN FOREIGN CURRENCY
SUMMARY SHEET

Project component

line production cost
No.|[Description COMFAR US-D per year

1 raw material, b 66 1,716,000.00

leach sol 1tion reagents

- sodium cvyanide
- cement
- Nalco wetting agent

leach pads and ponds

stripping chemicals and
supplies '

smelting supplies
80 % variable

2 direct labor 70 78,000.00

project engineer

0 % variable

3 maintenance costs 71 66,000.00

heap pipe system
0 % variable

4 factory overheads 73 15,600.00

fire assay (outside check)

0 ¥ variable

5 administration labor 74 90,000.00

project manager
0 % variable

6 administration, non-labor 75 48,000.00

outside technical consul-
tant

0 ¥ variable

7 marketing, non-labor 77 90,000.00
gold refinery charges
100 % variable

TOTAL 2,103,600.00
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SUMMARY SHEET

PRODUCTION COSTS IN LOCAL CURRENCY

Project component

No. |[Description

line
COMFAR

production cost
US-D per year

1 Utilities
power and water
20 % variable

2 energy

3 direct labor

operating labor
80 % variable

4 maintenance

ADR
20 % variable

5 factory overheads

fuel is included in mainte-
nance costs for vehicles

maintenance mechanic

discing and hauling tailings
agglomerating and stacking

assay

total personnel
80 % variable

solid sample preparation,

solution sample assay
administr. overheads for

6 administration labor

chemist
secretary
bookkeeper

0 % variable

7 administration, non-labor

company vehicles,

ce

offlsgrfggflles

communication, liability in-
surance and property tax,

leagal and accounting servi-

|18 marketing, non-~labor

100 % variable

insurance charges for shipm.
of bullion to foreign refinery

98

99

100

101

103

104

105

107

102,300.00]

174,000.00

278,280.00

79,600.00

48,000.00

264,000.00

$0,000.00
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12.4 Working Capital

The net working capital amounts to US-Dollar 1,254,310
and is based on the following main assumptions:

- accounts receivable
30 days at production costs minus depreciation and
interests

- inventory
all required raw materials (other than TORCO
tailings) will be kept in stock for 90 days

- work in progress
the leaching time of the heaps amounts to 90 days.

- finished product (gold bullion)
the bullion remains only for 3 days in the plant;
afterwards it is sold.

- cash in hand
30 days

- accounts payable '
30 days for raw materials and utilities

12.5 Source of FPinance

Ic was agreed in the economic tripartite meeting that
the project should be financed by local loan only.
This 1loan with an interest rate of 12 &% has to be
repaid within the 10 years period of production.

The local equity amounts to 30 %.

12.6 Income Tax

Taxation was calculated according to an existing
agreement between the Mauritanian Government and the
company SAMIN.

The taxes to be paid from the taxable profit amount to

- 10 % within the first 5 years of production
- 30 % as of the 6th year and all following years of
production
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12.7 Financial Bveluatien

The total initial iavestmeat during the coastruction
phease ameunts to VE-D 6,262,270.00.

This emount imcludes US-D 865,270.00 as 12 months
iaterest for a locel lean of US-D 4¢,043,900.00 and
US-D 50,000.00 for a treining program.

Repleatements are @we in 1993 for all the mobile
equighunt and emswnt to 98-D 1,337,000.900.

In 1999, at the ead of empleitation, the werking
capital of UB-D 1,254,310.00 will be recovered.

Total production costs amownt to approximately US-D
4,000.000.00 in the first year of production and
remain almost constant in the following years.

As of the second year of production the specific
production costs for gold bullion amount to 6,760 US-D
per kg, or 50 & of the assumed sales value.

The most imporcant production costs refer to the other
raw materials required for the leaching process, for
example

- leach solution reagents
- leach pads and ponds

- stripping chemicals and suppli <«
- smelting supplies.

About 65 & of total production costs accrue in foreign
currency and 42 & of them are variable.

Depreciation amounts to about 16 % of total production
costs.

Nearly 50 % of the net working capital is necessary to
prefinance the production process (work in progress)
which lasts for about 90 days. About 36 % serves to
finance the necessary stocks of inventory and
materials.

’ It 4is assumed that US-D 1,733,100.00 of local equity
and 8 local loan of US-D 4,043,900.00 will be
available in 1988, the year of comstruction. Thus,
30 & of total funds will be financed by equity.
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12.8

The peay bdack period of the project is less than 2
gears end the Intermal Rate of Rsturn om Total
Investasnt amounts to 66,52 § at a discounting rate of

The Net Iacee Statemsat shows a yearly turn-over of
. 00 end as of the secead year of
profiluction & net profit of about ¥S-D 3,900,000.00.

As of the 6th year of i o the met profit
shounts te about US-D 3, ,000.00 Gue to higher tames
to be paid.

Since no distribution of dividends is assumed, the
cunulated undistributed net profit at the end of the
project amcunts to about US-D 34,100,000.00.

The break even point of the project is at 39 & which
indicates a low economic risk.
Sensitivity Analysis

The main parameters influencing the profitability of
the project are

- gold recovery
gold price
consumption of chemicals.

In the sensitivity analyses the three parameters were
scrutinized and the results are shown below.
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A. Effect of decrease of gold recovery on the IRR

calculation recovery ¢old price IRk
U8-D/ kg %

basis model 85.0 13,500 66.52

sensitivicy 1 59.5 13,500 40.5¢

As it can be seen from analysis A and B, a slump of
the g@old price from 13,590 to 9.450 US-D/kg has the
same effect as decreasing the recovery from 85.0 to
59.5 &.

B. Effect of decrease of gold price on the IRR

calculation recovery gold price IRR
4 US-D/kg S

basis model 85.0 13,500 66.62

sensitivity 1 85.0 9,450 40.56

The sensitivity analysis C combines very pessimistic
assumptions as

- decrease of gold price
- low recovery

- . -
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C. ERffect of decrease of gold price on the IRR at low

recovery
calculation recovery gold price Ire
% US-D/kg S
sensitivity 1 59.5 13,500 40.56
sensitivity 2 59.5 10.800 23.48
sensitivity 3 59.5 9.450 14.38

Since the consumption of chemicals is an important

factor in gold production,

in a wide range.

this parameter was checked

D. Bffect of increase in consumption of leach solution
reagents and other supplies on the IRR

calculation recovery gold price

chemical con- IRR

basis model
sensitiv. 4
sensitiv. 5
sensitiv. 6

7

sensitiv.

5 US-D/kg sumption pro- %
jected = 100%
85.0 13,500 100 66.52
85.0 13,500 110 63.71
85.0 13,500 130 58.15
85.0 13,500 150 52.66
85.0 13,500 200 39.25
86
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The sensitivity analysis A shows that the risk of the
project is very low. Even a decrease of 30 § of the
present gold price reduces the IRR only from 66 to
40 X. This percentage is however still .an axtremely
good return on investment.

From the sensitivity analysis B results that the
project remains still economical with a very bad
recovery rate of about 60 %.

The combination of the worst events, i.e. low recovery
and low gold price, is shown in analysis C. As it can
be seen, the very unlikely combination of a gold price
at 10,800 US-D/kg or 335 US-D per ounce and a bad
recovery of 60 % still leads to an acceptable IRR of
23 S. Only the combination of completely unrealistic
conditions results in an IRR of 1¢ .

The sensitivity analysis D shows that the IRR remains
on the very high level of 39 & even if the consumsption
of chemicals would amount to 200 & of the projected
consumption.

Because of the low risk and the promising economic
results, the project should be realized imme-
diately.
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13 Profitability Calculation COMFAR
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KHD HUMBOLDT WEDAG AG

TORCU TAILINGS - GOLD EXTRACTION
26.01,1587
basic version

1 yearis) of construction, M) years of production
currency conversion rates:
foreign currency 1 unit =
Iocal currency | mit =
accounting currency: U $ 1000

1.0000 units accounting currescy
1.0000 units accowntiny currency

Total initial investeent duriag construction phase

fixed asseis: $282.21 83.963 1 foreign
currest assets: 0.00 0.000 I foreign
tetal assets: 6262.21 B3.963 1 foreigp

Source of funds duwisg costruction phase

equity & grants: 1733.10 0.000 T roreign
foreign loams : 0.00
local  loans : 4043.90
total  funds : 1.0 0.000 1 foreign

Cashflow from operations

Year: i 2 3
poerating costs: 784,10 3139.78 313%.78
depreciation : $95.90 $95.90 $95.%0
interest : 485.27 436.74 388.21
production costs 3985.77 4272.82 4223.85
thereo? foreign 8i.94 1 64,31 % 83.05 1
total sales 6B31.00 8332.00 8532.00
gross incose 2885.75 4259.38 4305.11
net incae 2579.16 3833.62 3677.29
cach hajance 1774,51 3966.58 4168,.80
nst cashsion 26064.56 4807.71 4955, 41
Net Present Value at: 13,001 = 15072, 9

internal Rate of Return: £6.52 1
weturn on equityi: 175,30 1
aeturn on equityZ: 152.85 1

P L L e

Index of Schedul es sroduced by CONFAR

Total 1nitial investeent

Total investsent during production
Totai prodection costs

Working Capital requirements

Cashilos Tables
Projected Balance
Net incose statesent
Source of finance

TN 0103 1431 04
(MW 3007.4)
43000 17 88 O
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KHD HUMBOLDT WEDAG AG ﬁlé ’-’" COI"IFﬁR
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. - L UNIDD
---------------- CONFAR 2.6 - UNIDG IPS Investment Fromction, Cologne -----

Total Initial Investaent n U5 $ 1000
L7 T L B8

Fized i1nvestaent costs

Lang, site presaration, deveiopaent 63.00
Buiidings and civil works . . . . . #40.00
fuxiliary and service facilities . 0.30
Incorporated fixed assets . . . . ., 4812.00
Plant sachinery and equipsent . . . 202.00
Total fixed investoent costs . . . . 3721.90
Pre-production capital expenditures, 38,2
Net working capital . ....... 0.00
Total initial investeent costs . . . 63482. 27
Of it foreige, 10 1 . .. ... .. 3%

TORCD TAILINGS - BOLD EXTRACTION —~- 25.01.1967

TN 0103 0431.04
{HW 3002/4)
40000 17 98 O




g

KHD HUMBOLDT WEDAG AG

Total Current Investament in S $ 1000
Year . . i e e e e e 8 %0 91-92 93 -9 §¢
fized 1nvesteent costs

Land, site preparation, deveiopsent 0.00 0.00 0.00 0.00 0.00 0.0
Buildings and civil works . . . . . 0.00 0.00 0.00 0.00 0.00 0.0
Auxiliary and service facilities . 0.00 0.00 0.00 0.00 0.00 0.6%
Incorporated fixed assets . . . .. 0.00 0.00 0.00 1200.00 0.00 0.0:
Plant, sachinery and equipsent . . 0.00 0.00 0.00 97.00 0.00 0.0
Total fixed investeent costs . . . . 0.00 0.00 0.00 137.00 0.00 0.0¢
Preproduction capitals expenditures. 0.00 0.0 0.00 0.00 0.00 0.00
Working capital .......... 1005.74 18.5% 0.00 0.00 0.00 -1254. 31
Total current investsent costs . . . 1095.76 19.55 0.00 1337.00 0.00 -125¢.31
D¢ it foreign, 1 . .. ... ... .M 88.69 0.00 100.00 0.0C) 6.6

TORCD TAILINGS - GOLD EXTRACTION --- 26,01.19%7

TH 0103 0431.04

4000012 88 O




'COMFAR

’ zn UNIDO
------------ - - COMFL” 2.0 - IMIDD IPS investeent Prosoticn, Cologne -----

Total Production Costs in  U5¢ 1000

LT 89 %0 n 92 N §
1 of non. capacity (single product). 0.08 100,00 10.0 10.00 140.0 100,
Rawmatennal t . .. ........ 0.00 0.00 0.00 0.0 0.00 0.0¢
Other rav maternals . . ... ... 1.3 1716.90 1716.00 ine.0 1Y) 1716,
Wilities . . ... ........ n.2 102.30 12.9 n.» 12.% 102
Energy . « . v v e e e 0.00 0.00 0.00 .00 0.00 0.
Labowr, direct . . . . ....... s Y- .0 20,0 nz.n 2.0 2.
Repair, saintemance . . ... PN 5818 N .a M. wm.a M,
Spares . . ... ... e e 0.00 0.00 0.00 0.00 0.00 0.
Factory overbeads . . ....... 2.03 9.2 5.2 5.2 L % ?s.
Factorvcosts . .......... an.n on.n on.n oM.n 0.1 e
Mdsinistrative overheads . . . . . . 5.0 5.0 ;.0 5.0 5H.0 430.0(
Indir. costs, sales and distridution U1 109.00 1.0 1.0 100.00 100. &
Direct costs, sales and distribution 0.00 0.00 0.00 0.00 0.00 0.0
Depreciation . . .. ........ "5.% $95.90 .9 6735.% 495.90 $95.9%¢
Financial costs . ... . e e ws.27 436,74 .2 339,69 .14 202.6]
Tota} produciion costs . . . . ... NS 77 1212. 42 223,09 un.3 4126. 04 WTD.S]
Costs per unit ( single product ) . 1.M 676 b.68 6.6l 3 6.4
0f 2t foreign, 1. ... ... ... 1.9 64,31 63.05 85.50 (Y% ] 7.
0 it variable, . . . L ... ... .02 41.76 7.0 2.3 3.3 43,7
Total dabosr . . v v v v b e . 0., U225 390.00 390.00 390.00 390.00 3%,

© TORCE TAILINGS - GOLD EXTRACTION --- 25,9519

TN OIN3 04D 04
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KHD HUMBOLDT WEDAG AG COMEAR

- COWAR 2.0 - UMIDO IPS Investsent Proeotion, Cologne -----

Total Production Costs i» U5 #1000

T 95 9% 97 8 99- 103
1 of nos. capacity (single prodect). 100.00 100.00 100.00 100.00 0.00
Rwaatennal t . . .. ....... 0.00 0.00 0.00 0.00 0.00
Other rawmaterials . .. .. ... 1716.00 1716.00 1716.00 1716.00 0.0
Utilaties . . . . .. .00 . ™ 102.30 102.30 102.30 102.30 0.8
Emargy . . ..o 00 h i il e 0.00 0.00 0.00 0.0 0.00
Labowr, direct . . . ... .. ... 22,00 232.00 52.0 52,00 0.00
Repair, saintemance . . . .. .. . A .28 . . .0
Spares . . ... . e e b e e 0.00 0.00 0.00 0.00 0.00
Factory overdeads . . .. .. ... 5.9 5.2 5.2 9% 0.00
'm" tosts . . ...... R m.n m.n uon Mon 'o“
AMainistrative overbeads . . . . . . 5.0 450.0 0.0 30.0 0.00
Indir. costs, sales and distribution 0.0 10.00 10.0 100,00 0.00
Direct costs, sales and distridution 0.00 0.00 0.00 0.00 0.00
Depreciation . . . ... e s #5.% 5.9 N9 #75.% 0.00
Finamcial costs . . . .. .. ... 19,11 145.% 9.8 8.3 0.00
Total production costs . . .. ... HN.71 1.2 LN 34,21 0.00
Costs per wnit { single product ) . (%} 63 22 6.15 0.00
D¢ it foreign, 1. ... ... ... 48.18 6%.01 .5 1.7 -10200%0.00
0f 1t variable,X . . . . .00 v . w.a 44,81 0.3 5.9 0.00
Tota: labowr . . . .. ... o0 390.00 390.00 190.00 390.00 -312.00

TORCO TAILINGS - BOLD EXTRACTION --- 26.01.1%:7

TH 0103 431 04
MV 3002, 4)
40000 17 88 O




KHD HUMBOLDT WEDAG AG

0 BHInD

----------------------------- COWFAR 2.0 - UNIDG IS investmert Prosotion, Lologee -----

Net MWorking Capital = U5$ 100
VEAY v v h e n e e ey 8% %0 91-98 9 100- 3
Coverage . ... .. . st coto

Current assets &

tccounts receivable . . . W 12,0 2.0 1.8 261.463 0.00 .00
Inveatory and saterials . %0 4.0 €813 45498 154,98 ~0.00 -9.00
Energy .. e 0. 0 - 0.00 0.00 0.00 0.00 0.00
Spares . . . . . cese 0 — 0.00 0.% 0.00 0.00 0.00
¥ork im progress . ... 0 40 1.5 827.4 (YN 0.00 9,00
Finished products ... 3 1200 a.% 0.6 2.6 "% .00
Cashinhaod ....... 30 12,0 91.62 n.12 5.12 *%0 X
Total current assets . . ... .. .. 1m.2 1863. 8 1863. 40 1 X ) *n
Current liabilities and
fccownts payable . . . . . . 30 12,0 12.% 20.13 200.13 .5 .00
Wet working capital . . . . . . ... 1093.76 124,31 1254. 31 .00 .00
Increase in working capital . . . . .. 1093.76 158,55 0.00 -1294.31 0.00
Net working capitai, local .. .... m.% 2.8 3.683 203.91 05.91
Met working capital, foreign . . ... 812.86 758.48 938.48 -205.91 -205.11

Note: adc = sinisua days O coverage ; coto = coefficient of turnover .

TORCO TAILINGS - GOLD EYTRACTION --- 26.01.19%7

TN 0103 (431 04
(MW 3007,4)
40000 12 88 O




KHD HUMBOLDT WEDAG AG

UHIDO
- - - -- - ~ CUNFAR 2.0 - UNIDG IPS Invastmert Proeotion, Coiogre -----

Source of Finance, construction in {5 ¢ 1000

YEdr tevicenniennns 3
Eruity, ordanary .. 1738.10
Equity, preésrence. 6.00
Subsidies, grants . 0,00
toan A, foreign . 0.00
Loan B, foreign.. 0.00
Loan C, foreign . 0.00
Loan A, local.... 4043.9%
Loan B, local.... 0.00
Loan €, local.... 0.00
Total l0an ceoeutne 4043.%
Current Liabilities 0.00
Bank overdraft .... 0.2
Jotal funds ....... 6262,27

TORCO TAILINGS - GOLD EXTRACTION --- 24.01.1987

1N 0°030431,04
(MW 3002/4)
40000 12 88 O.
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KHD HUMBOLDT WEDAG AG OMFAR |
- 0. UNIOL
........... CONFAR 2.0 - UNIDO iPS Ivestaent Prosctioa, Cologne ..!

!
H

Source of Finance, production in 5§ 1000

YEar vivvvvvrnnsons 89 90 91-98 99 '

Eguity, ordinary .. 0.00 0.00 0.00 0.00
tourty, preference. 0.00 0.00 0.00 0.00
Subsidies, grants . 0.00 0.00 6.00 0.00
Loan A, foreige . 0.00 0.00 0.00 0.00
Loan B, foreign.. 0.00 0.00 0.00 0.00
Loan C, foreige . 0.00 0.00 0.00 0.00
Loan A, local.... -404.39 -404.39 -3 0.00
Loan B, local.... 0.00 0.00 0.00 0.00
Loan C, local.... 0.00 0.00 0.00 0.00
Total loan ........ - -0 - 0.00
Current liabilities 12.5% .45 0.00 -20.13
Bank overdraft .... ~A85.27 0.00 0.00 0.00
Totai funds ....... -107.16 -3N. 1 -404.3% -200.13

TORCO TAILINGS - GOLD EXTRACTION --- 26.01.1967

TN 0103 0431.04
(MW 3002/4)
40000 12 88 O
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KHD HUMBOLDT WEDAG AG

. - NID:
----------- LONFAR Z.0 - UNIDO IPS iavestsent Prosction, Cologrs -----

Cashflow Tables, construction in U5$ 1000

YRR L s v s e e e 86
Total cash nfiow . . Im.e
rinancial resources . M.

0.00

Sales, et of tax .

Total czsh oatflow 2.7 P

Total assets . ... I

Operating costs . . . 0.00
Cost of fimance . . . .7
Repaysest . .... 9.00
Corporate tax . .. .00
Dividends paid . .. 0.00
Surplus { deficit ) . -8s.27
Cusulated cash balance 5.2
Inflow, local . ... m.»0
Dutflow, local . . .. 1004, 27
Sarplus { deficit ) . a7
Inflow, fereign . . . 0.%0
futélon, foreign . . . 3238.00
Surplus ( defscit ) . -5258.00
Net cashilow . . . .. -377.%0

tusulatee net cashélom 5777.00

TORSO TAILINGS - GuLD ZYTRACTION --- 28.01.13%7

TN 0103 0431 O4
(MW 30024}
40000 12 86 O




KHD HUMBOLDT WEDAG AG y COM|F @cR“
g (12D g A XN

..... — AR 2.0 - Widh i*S Investeent Proset:oe, Cciogee -----

Cashflow tables, production s US$1060

Year . ... 0. 89 90 9. 2 9 %
Tetal cast 1ndlow . . 013,50 3545 8sh..0 £332.00 1532.00 1532.00
Financiai resources . 102,30 2.6 0.00 0.00 0.00 0.00
Sales, net of tax . . 431.0 02N | U 532.0 532.00 52.0
Total cash outflow . . 8.9 om2.0 843.19 81%.5 N8 a2
Total assets . ... m.a 185.2 0.00 $.00 1N1.0 0.00
Pperating costs . . . .10 InN.n umn.n Iin.n N IN.N
Cost of finance . . . .2 3.1 n.21n m.0 M5 M2.&83
Repaysent . .... on.n . . LB “o.n .
Corporate tax . .. 26.57 425.% 43.81 LX) 8.2 13%.11
Dividends paid . . . 0.00 0.00 0.00 .0 $.00 0.0
Surplus ( deficit ) . Im.n NN 4168.81 212.8 M.15 un.”
Cunulated cash balance 129%.4 5256.22 250 1363791 16556, b6 19%5.75
Inflos, local .. .. 8.0 .M 0.00 0.00 0.00 0.00
Outfiow, Jocal . . . . NB.8 323.M N 2157 un.s i3
Swrplus { deficait ) . %7 -B31.20 NN -‘215.m AN -%1%.3
Inflow, foreign . . . 4%4.89 $354.01 532.00 532.00 332.00 9532.00
Outflow, Sorergn . . . 2783.32 247.83 2103, 60 2103.60 W, 0 2103.60
Surplus ( deficit v . 4201.18 s497.78 “n.90 [y R 5091.40 M. 9
Bet cashflow . . . . . 2604.56 4907.11 49%5.41 935%.5% 1470 4056.11
Tusulated net cashfiow -3112. 44 1695.29 6656, 69 11613.28 15221.95 19284.07

TOKCO TALINGS - ooww EJTRACTICM --- 26.01,19:°

TN 0103 N431 04
{HV/ 002 4}
M 17 08 O




KHO HUMBOLDT WEDAG AG
. UNTIDO
-- CONFAY 2.0 - URISC IFS investsent Proaction, Cologne -----

Cashflow tables, production s U5$ 100

b 7 T " % L/ % 99 100- 1
Total cash nflow . . 1532.0 | X 532.0 $532.00 0.00 ¢.00
Financial resowrces . 0.00 0.% 0.00 0.00 0.00 0.00
Sales, set of tax . . 52.0 5.0 532.08 1532.% 0.00 .00
I“'l (w ﬂtﬂu o s m” m-" w.“ m-“ ‘m.' .-“
Total assets .. .. 0.0 0.0 0.00 (| X ) ~1463.483 0.00
Bperating costs . . . Iin.n un.n 3NN In.nN (X .0
Cost of finaace . . . 19.11 165.39 7.8 8.3 0.9 X ]
Repaysent .. ... . "m» . w.» .13 .00
Corporate tax . .. 1390.6 138 1IN 1M (X ] .0
Dividends paid . .. 0.0 .0 .0 v (X ] (X )
Serples ( deficit ) . U3 6% U”n.8 3511.80 1.9 1224.39 4.0
Cesclated cash balance 308,01 2085 %0 L. 3519%.10 3519%.10
Inflow, local .. .. 0.00 0.00 0.00 0.00 0.00 6.00
Outflow, local . . . . M. a0 MMl 3.4 625.03 TIA. N
Surplus ( deficit ) . -2985. 4 951,97 -017.80 -3 4 -£25.03 1149
Inflow, foreigs . .. 532.%0 532.0 532.0 532.0 0.00 0.00
Dutflos, foreign . . . 2103.80 203,60 2103. 80 2103.60 -m.n -714.94
Surplus { deficit ) . #28.90 “WB.% [y W) M28. 04 wn.g T16.94
Net cashflom . . . . . 1.% 02.% NM2.4 3997.8 1234.30 0.0
Cusuiated net cashfios 33255.462 352,42 31345.06 %295 34617.25 617. 5

TORCG TAILEINES - 60LD EXTRACTION --- 26.01.%%¢”

T8 0103 0431 04
(rw 2007.4)
47000 17 88 O




KHD HUMBOLDT WEDAG AG

. 12 Bl
------ - OFAR 2.0 - NI IS Iavestsent Prosotion, (oiegee -——--

Cashflow tables, production» U5$100

Ye&r . . v v e e e e 102- 3
Tota! cash 1eflow . . 0.00
Financial resowrces . 0.00
Sales, net of tax . . 0.00
Total cash outflow . . "
Totai assets . ... .00
Operating costs . . . .
Cost of finance . . . 0.0
Repaysest .. ... (K )
Corporate tx ... (X )
Dividends paid . . . .0
Serplus  deficit ) . 4.0
Cosulated cash balance 5i1%.0
Inflom, local . ... 0.00
dutfiow, local . . .. TN
Serples { deficit } . -714.N
Inflow, foreign . . . 0.00
Dutflow, foreign . . . -4 N
Surpivs ( deficit ) . NN
Bet cashflom . . . . . 0.9
Cusulated net cashilos Wil1. 4

TGRCD TAILINGS - GO.D EXTRACTION --- 26.01.155°

TN 0103 0437 04
(HW 2002,4)
4. 001208 0




KHD HUMBOLDT WEDAG AG

Cashflow Discounting:

a) tquity paid versus Net i1ncoee flom:
Net present vaise ......evieenne
Interna: Rate of Seturn (IRREL® ..
b) Net North versus Net cast retwra:
Net preseat valee ..............
Internal Rate of Retern (IMRED) ..
¢! Internal Rate of Reters on total investeest:
Net preseat valw ........ceco.. 1S072.9% at
Intersal Rate of Retern (IRR) .. 5.52 1
Net North = Equity paid plus reserves

15408.09 at
1.1

IN5.6 st
12.651

15.00 1

5.0 1

15.00 1

- COFM 2.0 -

A:@ DNIDD
UNiDy iPS investeent Prosotiow, Coiogee -—--

TORCD TAILINGS - GOLD EXTRACTION —- 26.01.1987

TN 01030431 04
(Mve 30074}
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KHD HUMBOLDT WEDAG AG

- 20 ON T
------ COMFAR 2.¢ - UNIDU iP5 iavestsent Prosction, Cologae -----

Net Income Stateament i 5§ 100

{7 89 1) 9 9z 33
Total saies, inci. salestaa . .. .. 8531.80 §532.00 532.0 532.9 532.00
iess: variable costs, iecl. saies tar. 118.3% 1. 1.0 1704.04 1T
Varigblemargia . . ... .00 L X 8741.% 1.9 041.% $41.%
fs 1 of totai saies . ..... . ne n.e» n.e nn ne
Noa-variable (”ts| ll(l- "“l‘tl. m.“ m"“ m"“ m‘u“ ml-“
Operational sargin . . . . . . .. .. /1.0 “N.22 WN.32 %%. 32 0.2
Asloftotal sales . ........ 9.6 B.0 B B[.M 6.1
Cost of fimamce . ... ....... w2 SN . m.n :1.16
Grossprofat . . . . ... 000 .. 245.73 .2 9.1 336,83 “Ws.16
Allowances . . . . ..... e e v o 0.00 0.00 0.00 .00 0.9
Tazabieprofit . . . . ... ... .. . 91 29.9% 308.11 35,83 4005. 16
S, .5 15.% 3081 £335.6 .2
Betprofit . . . . . . v v i b b oN.4 3862 an.n . T4
Bividesds paxd . . . ... ...... 0.00 0.00 0.00 0.00 0.00
Undrstributed prodit . . . .. .. .. r-1281% 3362 nn.n .9 064 M4
fccusuiated undistributed profit . . . 5114 Miz.n 16290.07 14211.4 10175.68
6ross profit, 1 of totai sales ... . 4.9 ". .49 51.8 1.8
Wt profit, 1o totai sales . . . . 3N ".93 H$.4 $3.% %.0
ROE, Net profit, T of ecuaty . . . . . 188.82 1.2 m.n 26,24 28.76
RO, Wet prcirteinterest, T a° :invest. u.9n 0.73 0. 66 80.80 50.86

TGRCO TAILINZS - o0ub ERTRACTION --- 25.01.15z7

TN 0103 0431 04
[HW 3002/4)
40000 12 88 O




KHD HUMBOLDT WEDAG AG

Net Income Statemsent in it § 1000

LONFAR 2.0 - UNIDD *PS Investeent Prosctior, (2lzgne

L T 1] 3 9% 997 98
Total sales, 1ncl. sales tax . . . . . "0 532.0 £532.00 532.00 52.0
Less: variable costs, incl. sales tax. 1T. 0 174, 1704.04 1T 1TH. M
Voriablemargua . ... ....... §741.% 141.% §I87.% S41.% 1. %
hs Lof total sales .. ....... n» ne n®» n.n ne
Nom-variable costs, incl. depreciatios 251.4 2081.4 N51.4 N51. 4 M51.4
Operatiomal sargin , . . . ...... #%.32 .32 W, 32 WN. R 4%.32
hs L of total sales ....... . B.H B.M B.M 6.0 B[.M
Cost of fimamce ........... M. 1% 11 183.9 7.6 %.53
Gross srofit . . .. .. et e s 433 6 8.1 o300 .2 w.n
fiiowances . . . .. .. .. v e w e 0.00 0.00 0.00 0.00 0.00
Toxableprest . .. ... ...... “u3. M &S §350.74 omm.a W1.n
TOE o i et st s s e e e 13%.11 1350.6 145.22 1n.n 1N
Met profit . . . .. .. e s v . 3151.95 nes.% nn.y 25%.4
Dividends paid . . . .. ....... 0.00 0.00 0.00 0.00 0.00
Undistriduted orofit . . . . ... .. ur.n 315 J3185.12 219.49 I8
Accuaylated andistributed profit . . . A093.2% 244,81 27630.33 0. 82 H103.27
bross profit, 2 of total sajes . . . . 2.2 2.n .U 3.9 LNy
Ket proiit, 1 of total siles. ... %.M4 36.94 .4 .13 n.3
m| l.t pfbfil, 2 ﬂ’ !auity ----- ‘”c. l.‘-“ l“o“ ‘“-7‘ “7.72
ROI, Wet profiteinterest, 1 of 1avest. 9.13 n.n 39.81 N N4

20 UNID

TORCO TAILINGS - SOLD EXTWACTION --- 28.01.19:"

TN 0103 0431 04
(MW 3002,4)
40000 17 88 O




KHD HUMBOLDT WEDAG AG

9 N Inn:
- - - COMraR 2.0 - UNIDU iPS investeent -oaction, Cologne -----

Net Incoae Statesent in US $ 1000

YeR" . . vt v e e e s 99- 100 101- 2 103
Totai sales, incl. saies tax . . ... 0.00 ¢.00 0.00
Less: variable costs, incl. sales tax. 0.00 0.00 0.00
Variablesargia ........... 0.00 0.00 0.00
fs Tof total sales . ........ 0.90 0.00 0.00
Noa-variable costs, incl. depreciation 0.80 0.00 .80
Operational sargin . . . . ... ... 0.0 .0 .0
As Toftotaisales ......... 0.00 0.00 0.00
Costof finamce . .......... 0.0 0.00 .00
Grossprofit . . .. ......... 0.8 -0.00 .00
Alowances . . . .. . v v v v v v o 0.00 0.00 0.00
Taxadleprofit . . . . ... ... u -0.8%0 0.0 -0.00
TaE o i et v s s o v v o n o as 0.00 0.00 0.00
Netprofit . . ............ -0.00 -0.00 0.00
Dividends paid . . . .. ....... 0.00 0.00 0.00
m‘lst'l'“t“ "“lt s 0 o 2 0 s e s ‘0.” '0.“ .00“
hccusciated undistributed profit . . . 103,27 34103. 2% Mu103.5
bross profit, 1 of total sales . . . . 0.00 0.00 0.00
et profit, 1 of totai sales. ... 0.00 .00 0.00
RCE, Met profi, T of ecuity . . . . . -0.00 -0.00 -0.00
Rii, et proiit+interest, 1 of invest. -0.00 -0.00 -0.00

TORCC TAILINGS - SGLD ZXTRACTION --- 26.01.1527

TN 0103 0431 04
(MW 3002,4)
40000 12 66 O




Projeacted Balance Sheets, construction in US$ 1000

Year .. ... 88
Tote! assets ... ....... 6262.21
Fixed assets, met of depreciation 0.00
Construction in progress . . . . 2.2
Current assets . ........ 0.00
Cash, bank ........... 0.00
Cash serplus, finance available . 0.00
Loss carried forward . .. ... 0.00
0SS .. . vi it v v ens 0.00
Total liabilities . . ...... 42.77
Equity capital . ........ 17153.16
Reserves, retained profit . . . . 0.00
brofit ............. 0.00
Long and sediuvs ters debt . . . . 043.9
Current liabilities . . . ... . 0.00
Bank overdraft, finance required. .77
Totai dedt ........... 829.17
tousty, 1 of izabilsties ... . 27.48

TORZO TAILINGS - GOLD EXTRACTION —- 26.01.13:7

TN 01030431 04
MW 3002.4)
4700012 86 O




KHD HUMBOLDT WEDAG AG

EDNOHT ) § a3

COMFMR 2.6 - UNIUG iS5 Investsent Promot:ion, Caiogre -----

Projected Balance Shests, Production iz 5§ 100

1 N 89 %0 N 92 91 94
Total assets . . .. ... ... 8121 11590.15 15043. 05 16579.43 2213.8 20453.07
Fized assets, net of depreciation SShb. 37 un.g HI57 un.g m.n ua.n
Construction in orogress . .. . 0.00 0.00 0.00 0.00 133700 0.00
Current assets . ....... . 110044 1360.33 13%4.33 1368.33 130.33 1340.33
Cashy bamk . . . ........ 91.42 ".12 .12 9.12 95.12 93.12
Cash sarplos, fisance available . 1289.4 B2 NZA.03 1431.3%0 14556.66 19965.75
Loss carried forward . .. ... 0.00 0.00 0.00 0.00 0.00 0.00
LosS & ¢ e v v v v v n s u 0.00 0.00 0.00 0.00 0.00 0.00
Total liabilities . . . .. ... 1.2 115%.13 13063.65 1657983 N8 2053.07
Equity capital ...... .o 1733.19 1.1 1153.10 175310 1753.10 173.10
Reserves, retained profit . . . . 0.00 -1 81 Hwaw.n 1029%0.07 14211.04 18175.48
Profit & v s v b i h e e e s .16 33,42 m.n .97 394,44 317,58
L06g and sediua ters dedt . . . . 33931 37%3.12 .73 AW U 2.5 1617.5
':u'.'!l'!t ll.bll!tlES s e v s 0 0 » “2.“ m.ﬂ m-ﬂ m-ls mols m-ls
Bank overdraft, finamce requireg. 0.00 0.00 0.00 0.00 9,00 0.00
Total debt . .......... nn.0 .27 303%.08 23,8 231,10 1826.71
Ceurty, 1 of liabalities . . .. 1.3 14.95 11.51 .33 1.83 6.97

TORCO TAILINGS - 6OLD EXTRACTION --- 24.0!,1987

CONFAR 2.0 - UNIDD iPS Investment Prosotion, Cologne -----

Projected Balance Sheets, Production in 5§ 1000

YEA™ . v v e v s e e s e §5 9% §7 35 §9- 100 10t- 2
Totdl 25ERES L . L ... ... 27600.23 30381. 36 33196.45 36045, 52 3583.38 3583.37
71.pg ascets, net of depreziatior 1.9 203207 13%.17 640,27 $40.27 840,27
2CSTTLCLIN 1N fTo0TRES L . L . 3,30 0.00 H.00 6,00 0,99 0,0
Tucrent gsgete L, . L ... . 1368.33 1368.33 1368.33 1368.33 0.00 0.00
fash, bamr . ., .. e .. .12 95.12 95.12 95.12 0.00 0.00
{aer surcius, f1nance avaiiable . 73408.80 20865.83 30396.83 33941.79 15185.10 35195.09
LCES Carvied forware L L . . . 3.66 0.0¢ 3.00 0.90 6,00 6,0%
LOEE o h s i e s e s e s s 6,00 6.0C .00 8,0 0.00 0.00
Total ladiiities , . .. . .. 27600,23 30381.36 33194.45 36045, 32 358356.38 35836, 37
touitycapatal . .. ... ... 1733.10 175,10 175310 1733. 10 1153.10 1783.10
Reserves, retained profst , . . , 2.2 20044, 01 276%.3 30049.82 34103.27 34103.27
Profit . . . e e 3.3 n,L.%2 n.» 23534 0.00 0.90
Loﬂg and sediua tere dedt . P '2"-'7 m'” mo” ‘0-“ '00“ '00“
t“"“t l‘»‘llt‘” e 0 ® 0 o v ml‘s m-ls m.ls Muis 00” °l”
Bank overdraft, {inance required. 0.00 0.00 0.00 0.00 0.00 0.00
Total dedt . ........ . 2.0 1017.93 613.54 .15 0.00 | oo 200

(MW 30024}

Equity, 1 of Labsitties . . . "2 5,70 .22 .0 [ T o




€ \ =0 LINT O
----------- —--- COMAR 2.0 - UNIDG i®S investaent P-omstion, Coiogne -----

Projected Balance Sheets, Production in U5$ 1000

T . e 107
Totar assets . . ... ... .. I 3
Fixed assets, net of depreciation .27
Construction in progress . ... 90.00
Current assets . ........ 0.00
Cashybamk . .......... 0.00 .
Cash surplus, finance available . 351%4.00
Loss carried formard . ... .. 0.00
loss . ......0000000. .00
Total liabilities . ... .. .. 3034 %
Equity capital ......... 1I7353.10
Reserves, retained profit . . . . 34103.26
Profit . ... i e, 0.00
Long and sedius ters debt . . . . -0.00
Current liabilities . .. ... . 0.00
Bank overdraft, finance required. 0.00
Total dedt . .......... 0.00
Eourty, 1 0° Jiabriities .. .. 4.84

TORCO TAILINGS - 6OLD EXTRACTION --- 25,01,168°

TH 01030431 04
(MY 3002:4)
40000 12 88 O
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KHD HUMBOLDT WEDAG AG

cma o

------- - COmFeR 2.0 - UNiDG iP5 isvestsert S+osotiun, Coiogne -----

TORLE TRILINGS - BOLD EXTRACTION
6,01 1987
test run wmath 70X oroduction of basis , sensitivity 1

1 yearis) of construction, IC yeirs of production
turrency conversion rates:

foreign currency 1 orit = 1.0000 units accownting currency
local corrency 1 onit = 1.0000 wnits accounting cerrency
accounting currency: US ¢ 1000

Total initial investment during construction phase

fixed assets: 6282.21 83.963 1 foreign
cerreat assets: 0.00 0.000 I foreign
total assets: 8202.27 83.963 1 foreigm

Source of funds during construction phase

equity ¥ grants: 1733.10 0.000 Y foreige
foreign loans : 0.00
local  loans : 4043,590
totai  funds : 5777.00 0.006 X <oreign

Cashflow from operations

Year: 1 e 3
operating costs: 2155. 59 2604.57 2604.57
depreciation $95.90 695.90 695.%¢
interest : 463,27 436,74 380,21
production costs I536.78 . 3131 3688, 68
therea+ foreign S5l bi.7E & $2.59 %
tota: sales 4781.76 397240 5972.40
gross income 1244.98 2235.19 2287.71
net incose : 120,44 011,87 2055, 74
cast balanre @ 507,21 215276 2745, 85
SET cashiiom 179¢,82 302373 31739.48
ket Present Valve  at: 15,00 1 = 7070.43

internal Rate o4 Aetu-s: 40,56 1

“gTurn On BCUIT, LS 51,65

keturn on equityls B1.5¢ %

Index of Schedules gproduced oy COPFAR

Jotai initial investaent Cashflom Tables
Total investaent during production Projected Balance
Total production costs Net incose statesent
Norking Capital requiresents Source of finance

TN 0103 0431 N4
{H¥¢ M02.4)
400 17 86 O




COMFAR

------ -- CONFAR 2.0 - UNIDG iPS Investment Prosotion, Loiogne -----

TORCO TAILIWGS - GOLD EXTRACTION
26.01.1987
702 prod. and only 802 of basis Au-price  sensitivity 2

1 yearis) of construction, 10 years of production
currency conversion rates:

foreign currency 1 unit = §.9000 units acccunting :u}ren:y
lotal currency I urit = 1.0006 anits accounting currency
accounting currency: US ¢ 1000

Total initial investment during construction phase

fized assets: . b282.77 B3.563 1 ‘oreign
curreat assets: 0.00 0.000 T fereign
total assets: $262.27 B83.963 1 foreign

Source of funds duriag construction phase

equity & grants: 1733.16 0.000 1 foreign
foreign loans : 0.0
lotai  loans : 4043,%0
total  funds : 3771.00 0.000 T foreign

Cashflow from operaticns

Year: { 2 3
operating costs: 235,59 2604, 57 2604.57
depreciation 695.90 $93.90 695,90
interest : AR5, 27 §36.74 388.24
production costs 3536.76 3737.48 3688. 68
thereof foreign 35.51 % 83,78 1 $2.55 1
‘otal sales @ 362538 477,52 4777.92
gross incose 288,60 1049, 74 1085.24
ret  Incose ¢ 259,73 926, b4 580.11
cesh salarce ¢ -352.50 7,17 127:.92
ret cachiiow ¢ $36.18 1953, 30 2064.43
her Prasert value  at: 15,00 7 = 1299.4¢

rternii Rate of #aturn: 23,48 1%

feturn on equityi: 42,08 1

eturn on equity2: 37.74 1

Index of Schedules produced by CONFAR

Total initiai investeent Cashflow Tabdies
Total investeent during production Projected Balance
Total production costs Net incose statesent
Working Capital requiresents Source of finance
TN 0103 0431 04
[HW 3002/4)

40000 12 86 O.



KHD HUMBOLDT WEDAG AG

TGRCT TAILINGS - BOLD EXTRACTIOM
26,01, 1587
7% prod. and oniy 70X 7 pasis Au-price | sensitivity 3

1 vearis) of construction, 10 years of production
currency conversion rates:

foreign currency U unit = 1.0000 units accountiag currency
local currency | unit = §1.0000 wnits accoenting curreacy
accounting currency: U5 3 1000

Total initial investment durisg construction phase

fixed assets: 6282.27 83.963 1 foreigm
currest assets: 0.00 0.000 1 foreige
total assets: 6262.27 83.963 1 foreign

Source of funds during construction phase

equity & grants: 1733.10 0.000 1 foreign
foreign loans : 0.00
locai  ioans : 4043.90
total  funds : 5777.00 0.000 X foreign

Cashflow from operations

Year: { 2 3
operating costs: P4 2504,57 2604,57
depreciatior - 695.5¢ 655.90 $95.5¢
interest : 485.%7 436,74 388.21
sraductyon costs 3536.7¢ 3137, 2 3bBE. b2
thereoé foreig- 59.51 1 81,78 1 42,59 1
tatal sales : 347,16 4150, b6 4160, 63
grocs 1nccee -169.57 “..0 492,00
18t jncoee -165.57 196.12 442,86
tach baiance -B0z.&! 575.65 704,71
ret cashfice 36,63 142,78 1526.91
Net Present Value at: 15,001 = -162,25

irterral Rate of ketyrr: OR 1

keturr 09 egquityl: 15,85 1

feturn on equityd: 16,57 %

.................................... P o roma-

Index of Schedul es produced by COFAR

Total initisi investaent Cashflom Tables
Total investsent during production Projected balance
Total production costs Net incose statesent
Working Capital requiresents Source of finance

TN 0103 0431 04
(MW 3002;4)
4000 12 86 O




KHD HUMBOLDT WEDAG AG . ~Z3 UNIOT
- COFAR 2.0 - UKILD IFS Isvesteent Promotion, Cologne

TORCD TAILINGS - oULD EXTRACTIOW
26.01.1987
vasic version + 10 X raw mat., sensitivity 4

1 vearts) of construction, M0 years of production
currency conversicy rates:
foreige currency | umit =
fecal currency 1 mit =
accounting currescy: US ¢ 1000

1.0000 units accoenting cervescy
1.0000 wnits accounting currency

Total initial investaent dring constructios phase

fixed assets: 8262.27 83.963 1 foreign
cerreat assets: 0.00 0.000 X fereign
total assets: 8282.27 83.963 1 foreign

Source of funds duriag construction phase

equity & grasts: 1733.10 0.000 X foreign
foreign loans : 0.00
local  loans : 4043.90
totai  funds : 51711.00 0.000 T foreign

Cashflow from operations

Year: i 2 3
operating costs: 2926.33 3311.38 3311.38
depreciation : 695,90 695.90 693,90
interest 485,27 436,74 368.21
sroduction costs 4109.50 4444,02 439549
therecf fareige 63.27 1 85,65 1 86,41 1
total saiec 6831,00 §532.00 8532.0¢
3ross incose 2721,5¢ 4087.98 4136.51
net incose 2449, 35 3479.18 3722.85
zash baiance §571.78 3198.27 4014,77
ret cashéiow 206144 4539, 34 480,97
Kst Presest Vaive  at: 15,00 % = 14260, 63
Interna] Rate of Return: 63.71 1
keturn or equityl: 168.00 %
Astusr 04 eguityl: 147,86 %

R Index of Schedul es produced by CONFAR

Total initiai investsent

Total investsest during production
Total production costs

Working Capital requiresents

Cashflow Tables
Projected Balance
Net incose statesent
Source of finance

TN 0103 0431 04
(MW 3002/4)
40000 12 86 O




\\
KHD HUMBOLDT WEDAG AG

COMFAR

>0 INT O

CONFAS 7.0 - UMEDD IPS imvesteent Proscticn, Cologre ---—

TORCT TAILINGS - HRD EITRACTION
26.01.1987
Sasic version - raw saterial 0L sore, SEnsitivity 5

I yeawis} of construction, 10 years of prodection
currency conversiom rates:
foreign currency | weit =
local cerrency I wmit =
accounting curreacy: U $ 1000

1.0000 mits accounting carreacy
1.0000 enits accownting curreacy

Total initial investment deing constrectin phase

fixed assets: 6262.77 83.963 1 foreign
cerreat assets: 0.00 0.000 I foreign
total assets: 6202.27 83.%63 X fereign

Source of funds during construction phase

equity & grants: 1733.10
foreign loass : 0.00
local  loans : 4043.%
total  funds : 3177.00

0.000 1 foreign

0.000 I foreign

Cashflow from operations

Year: I z 3
operating costs: 3216.79 3654.58 3654.58
depreciation $95.90 $95.50 - $95.30
interest : 483,27 436.74 388.21
prosuction costs 4197.96 4707.22 4738.469
thereof foreign 83.68 1 48,151 48,85 1
total sales : §831.00 8532.00 8532.00
grose incose 2433.04 3744,78 3793.3t
net incose 185.73 1370.30 3413.96
cash balance 1145,53 388152 37065, 48
net cashélon 2053.19 4302,6¢ 4458.09
Net Present Value at: 15,00 1 = §2725.97

internal Rate of Return: 5B.15 X

returr on equityl: 153,42 1

keturn on equity2: 126.44 1

Index of Schedules produced by CONFM

Total initial investeent

Total investeent during production
Totai production costs

Working Capital requirssents

Cashflom Tables
Projected Balance
Net incose statesent
Source of finance

TN 0103 0431 04
(M 2002/4)
40000 12 88 O



KHD HUMBOLDT WEDAG AG

COMFAL:

20 UNID
CHFAR 2.0 - UNIDG IPS Investsent Prosotion, Cologne ----

TORLD TAILINGS - GOLY EXTRACTICN
26.61.1987
basic version - raw saterial 501 sore

1 yraris) of coastruction, 10 years of productioa , sensitivity 6
currency conversion rates:
toreige currency 1 woit = 1.0000 enits accounting cerrescy
local corrency | wmit = 1.0000 snits accosnting cerrency
accounting currency: 0s $ 1000

Total initial investment duwing construction phase

fixed assets: 6262.21 85.963 1 foreign
curreat assets: 0.00 0.000 I foreiga
total assets: $262.21 83.963 I foreign

Source of funds cdaring construction phase

equity & grants: 1733.10 0.000 1 foreign
foreign leans : 0.00
local  loass : 4043.0
total  funds : 3177.00 0.000 I foreign

Cashflow from operations

Year: 1 2 3
operating costs: 3505.26 3997.78 3997.78
depreciation £93.90 695.%0 695.90
interest : §85.27 436.74 388.21
procuction costs 4685.42 5130.42 5081.59
thereof foreign 87,79 1 70.28 1 70.95 1
total sales : 6631.00 §532.00 8532.00
gross incose 2144.58 3401.58 3450.11
net incose 1930.12 J061.42 3105. 05
cash balance 759.28 3124.82 3396. 60
net cashflow 1648.94 3965.595 4189.21
Net Present Value at: 15.00X = 11161.31

Internal Rate of Return: 352.06 1

Return on equityl: 138.89 1

Return on equity2: 109.76 1

Index of Schedules jproduced by (iNFAR

Total initial investeent Cashfiow Tables
Total investeent during production Projected Balance
Total production costs Net incose statesent
¥orking Capital reyciresents Source of finance

TN 0103 0431 O4
(M 2002, 4)
40000 37 86 O
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KHD HUMBOLDT WEDAG AG Y G
NI
S COMERR

CGWAR 2.0 - UNIDO IPS Investaent Promotion, Cologne -----

TORCE TAILINGS - GOLD EXTRACTION
16.01. 1987
basic version - with 1902 sore raw sate. SENsitivity 7

1 yearis) oi coastruction, 10 years of production
currency conversion rates:

foreige currency 1 weit = 1.0000 units accounting carrescy
local currency 1 umit = 1.0000 wnits accoenting cerreacy
accounting currency: s § 1000

Total initial investment dering constructios phase

fixed assets: 8252.21 §35.963 1 foreign
currest assets: 0.00 0.000 X foreign
total assets: 8262.21 83.563 I foreign

Source of funds during constructios phase

equity & grants: 1733.10 0.000 T foreign
foreign loass : 0.00
local Toans : 4043.%0
total  funcs : $717.00 6.000 I foreign

Cashflow from operations

Year: i 2 3
operating costs: 8226.41 4853.768 4655.76
degreciation 455,90 £95.90 $95.9%
interest : 485.27 36,73 388.21
production costs 5407.58 3580.42 3939.89
thereof foreign 72.09 1 74.54 2 75.151
total sales 5831.00 8532.00 8532.00
gross incose : 1423.42 2341.58 3%2.11
net  incose 1281.08 1289.22 2332.50
cash balance : -256.34 2281.06 2624.40
net cashflos : 633.31 3i24.19 317,01
Net Present Value a2 3.0 1= 1249.47

Internal Rate of rerp-n; 7.73 %

Return on equityl: 10,78 %

Keturn on equityZ: 71,64 %

Index of Schadul es produces by CONFAR

Total imtia! 1nvestsent Cashfjos Tables
Total investment during production Projected balance
Total prodection costs Net 1ncose statesent
Morking Capital requiresents Source of finance
TN 0103 0431 O4
{rw 3002, 4)

4n000 12 68 O
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