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Introduction 

The aubaitted report presents the Final Study on the 
extraction of gold f roa the TORCO tailing• in 
Akjoujt/Mauritania by the cyanide heap leaching process. 

Prior to thi• atudy a preliainary deaign and coat analysis on 
the saae aubject bad been elaborated by KBD and aubllitted to 
UNIDO and to Soc:i't' Arabe Mini~re d'Inc:hiri (SAllDf) in 
October 1986. 

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

In addition, the preliainary a~aly•i• was carried out with 
the aia to obtain first indication• •• to the profitability 
of the project. 

A thorough di•cussion of the preliain~ry cost and design 
analysi• was held in Paris on October lCth, 1986 in the 
presence of representatives of UNIDO, SAMIN and JtJID. 
It was understood that the preliainary estimates still needed 
to be aore refined before decisions on the investment 
propo•al could be taken by the project promoter. 

The pre•ented Final Report incorporates the 
agreed upon in the above mentioned econoaic 
meeting, especially regarding 

- financing 

- taxation 

- lif etiae of plant 

- inve•tments in infra•truc:ture 

- cost of peraonnel 

a••umption• 
tri-partite 

and i• based on the final laboratory re•ult• and detail8d 
engineering work for an ••• .. 9119Dt of the inve•taent and 
production c:oata. 

1 
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1 Bxecutive S1m11ary 

1.1 Project Background and Bi•tory 

1.1.1 origin of TOaco Tailing• 

The ore deposit at Altjou~t I Mauritania i• a copper 
sulphide ore-body with mi oxidized cap. Por the 
extraction of copper coatainecl in the oxidized part of 
the depo•it a very uniciu• proce•• - the •o-called 
TORCO-proce•• - ••• applied over several year• in the 
pa•t. 

The n... •TOaco• derive• fro• the abbreviation of the 
word• •Treataent of aefractor~ Copper Ore•·· Thi• 
proce•• ha• been developed in particular for the 
treat•ent of aluaino-•ilicate copper ores which cannot 
be treated econoaically by flotation or 
hydro•etallurgical processes. 

The TORCO proce•• consists of the following operation 
atep•: 

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

- treataent of the hot calcine with coal ore coke and 
sodiua chloride in a segregation furnace in a 
reducing ataosphere 

The final product of this operation contain• elemental 
copper which i• segregated on the surf ace of the 
carbon. The eleaental copper is subsequently recovered 
by flotation. 

1>9peading on the coapo•ition of the ore, the residues 
of the TOaCO proceaa, in th~ following called "TORCO 
tailin99•, contain precioua metals. 

2,5 million ton• ot •uch TORCO tailings with 
approxiaately 3 graas per ton of gold have been dumped 
in the •••t by the prcder.esaors of SAMIN . 

2 
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1.1.2 Project Proaoter 

1.1.3 

SAll!H as the lftwf ul owner of tbe gold containing TORCO 
tailings in Akjoujt intends to co .. ence 'with the 9old 
extraction •till in 1987 and further wishes to resuae 
the copper aining activities. 

The required research work for tbe gold 
froa tbe very peculiar raw aaterial wa• 
sponsored by URIDO. 

extraction 
coapletely 

The studies perf o.raed in th.. past on this subject 
aainly coaprised: 

- deteraination of the available quantity of TORCO 
tailings 

- detel'11ination of the average gold-, silver- and 
copper contents ot the TORCO tailings 

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

- laboratory investigations and econoaic study on gold 
extraction by cyanide heap leaching of TORCO 
tailings followed by gold adsorption on activated 
carbon (presented report) 

Market Orientation 

Until recently, the gold market had been characterized 
by the wide-spread view that gold had perforaed not so 
well as an investaent asset. However, gold has 
actually advanced in an interaittent and gradual 
fashion over the past two years. With gold recently 
trading above US-Dollar '00/ounee, it has a~preeiated 
aore than •o ' fro• its low point near Ut-Dollar 
280/ounce in Pebrua•y 1985. Gold mining activities 
have, therefore, been expanding in recent years all 
over the world. 

The gold aine production of the non-co .. unist 
countries now is in the range or 1,200 t per year. 
Thi• aaount is aainly supplied to or consua•d by 

3 
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- je-ll•EY 
- electronic induatriea 
- dentiatzy 
- other induatEY 
- coin boarder• 
- bar boarder•. 

ID comparison witb tbe world gold production, tbe 
.. uritanlan gold reaource and tbe projected annual 
capacit7 of 790 kg gold in bullion are •er7 aodeat. 
Xt i• uauaect that tbe total gold production rill be 
•old abroad • 

' 
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1.2 llarket and Plant Cepacit7 

Paith in gold aa a ator• of .. alth i• aa old .. ~· 
knowledge of extracting the 7ellow -tal. In adclition. 
gold pla7• a fund.-ntal role •till toda7. both •• 
reaerY• ••••t of tbe central bank• and as a aaiYeraal 
aecliua of pa,..ata. 

Aa the aarket i• not aena!J)le to auc:b ... 11 41Q&Dtiti•• 
of gold which rill be produced in .. uritaaia. th• 
aarket abaorption capacit7 for th• .. uritaaian gold 
can be couiderecl unliaited. 

Within 1915. th• •••tern aarket ab9orbed ..,.rmd .. tel7 
200,000 kg gold ~oaing froa th• Sori.et union: in 
addition, unknown qcantiti•• c- froa the P.I.. of 
China and the D.P.a. of Korea to the Western aarket ! 

Growtb in jewell•r7 and indutrial d~d rill 
certainl7 continue •o that concern• about a gold 
aarket aurplus or a aluap of the gold price are not 
ju•tified at th• tiae beiao. 
Con•equentl7, it is aaauaed that the total .. uritanian 
gold production can be sold with ease. 

The gold extraction plant will have a capacit7 of 
treating 310,000 t1>7 of TOI.CO tailings with an average 
gold content of 3 g/t. Aaauaing a recov•r7 rate of 
85 ,, the yearly gold production could reach 790 kg 
which equal• 25,500 oz. 
The gold will be contained in a so-called bullion 
which represent• an alloy aainly consisting of gold 
and copper. For econoaic reason• the bullion ahould be 
refined in a luropean gold refinery. 

1.3 .. terial• and Inputs 

According to the previou• studies, the total aaount of 
TOI.CO tailings available at the Akjoujt site equal• 
2.5 million tons. 

The gold extraction plant will be designed to treat 
310,000 tpy froa tbi• material. For this process the 
following utilities and aate~i•l• will be required and 
the coapoaition of the aaterial i• the following: 

5 
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ADal~•i• of nceiftd •MIPl• for tile etad7 on b .. 1> 
leacbirae (lHS) 

Si02 
Al20, 
Pe 
ltl 
ltJO 
cao 
Na 
s 
Cl 

19.12 % 
1.43 % 

52.90 % 
1.56 % 
6.78 % 
0.81 % 
0.38 % 

840 ppl 
643 ppm 

Utiliti .. 

- electric power 

- f reah water 

As 725 ppl 
Co 0.2.a % 
Qi 0.84 % 
Iii 100 ppl 
Pb 528 ppl 

Au 2.571 Piii * 
Ag traces * 

* see page 19 a 

2,60 kWbr per tonne 
800,000 k1fhr per 7ear 

one c::u aeter per tonne 
310,000 c:u aeter per 7ear 

- lining .. terial for 
leach pa48 and pond• C5,000 aq aeters per 7ear 

Main conauaabl•• 

- aocliua c7anide 

- Nalco-wetting agent 

- activated carbon 

- socliua h7clroxide 

- socliua carbonate 

- auriatic acid 

6 

10.0 kg per toc~e 
3,100 tonnes t r 7ear 

2.0 kg per tonne 
620 tonnes per year 

O.OC 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 liter• 
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1.C Location aD4 lite 

!'Ile &kjoujt copper ore alae i• located in tile s.llu'a 
.... rt 260 b aortll-eut of llo•llltdM>tt, tbe capital of 
.. aritaai.a. fte ell.Mt• i• ari4, o••r tbe whole par 
oaly a f .. raiafall• occur • 

.a. preri.wlr atated, tM ad .. we m treated iD a 
'NRCO pl-t whlcb - cl--4 4- for •ea-ic r••oaa. ajer bail•tw1 of tld.a waco plnt iacludiD8 
po•r etatton, •Elmll:I .. - ol«l- 8tlll eld•t at 
tM AkjeaJt aite. ---. tile 09JWatioa tt.a ol tM 
teaco pl•t, Ak:t•:lt cod•• r•e118d rr• lleaakcbott 
~ roa4. .... till• r.a i• ill - ~ly 1Ml4 
C081itioa _. i• l'U'tly burl .. ill Hllcl. 

The gold beap leacbing plant will be erected 3 IDl away 
froa tbe town of .&Jtjoujt in tbe iaaediate vicinity of 
the old TOaCO plant. 

1.5 Project bgi.DHring 

The present leacbing practice for gold containing ore• 
usually involves cyanidation by agitation or 
percolation in heaps. The first aethod to process 
TORCO tailing• was already inveatigated in the past. 
The aetallurgical and econoaic result• of this 
process were presented for the purpose of a pre
f easibili ty study to URIDO and the Mauritanian 
governaent in 1983. 

Since in the laat few years heap leaching has obtained 
favor, principally for it• aerit of very low capital 
and operation costs, a new atudy on heap leaching 
TORCO tailing• had been elaborated on behalf of URIDO. 

In this process ore is piled into a heap using 
aechanical earth-aoving equipment. In the case of 
TORCO tailings the aaterial ha• to be aggloaerated 
prior to piling. The aggloaerated aaterial i• leached 
by spraying the heap with a •odiua cyanide containing 
solution. Thi• liquor percolate• down through the pile 
leaching the gold on its way and i• collected for 
recovery of gold using activated carbon • 

7 
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Tile proee•• i• •011etlliDg of a campra.i.M iD ta.at 
recoveri- are aot u bip • .... 1111Pll'iatJ tbe 
agitatt..e c:yaaidatioa. mt witboat tll~ r91'1!r••••t• 
for larwe t~7 llHp i..-1,.. ef -lcmft'ated 'ft&CO 
tail1- i• mM'..ai9bl• • ·et.a·· ..-OC••· 
fte .....-t.. l'iaal Report p.... tM ~tag 
... 1... tile -·••I Lit Of capital ... •1•ratlea COllh 
.. w11 • a ..-otlt9iltq ..ie.iatl• far u. goJ.4 
11eap leadabg ..-auon at •'"3t I .. uriuata. ne 
operati• will • ... lgaed for - ultimate -•al 
treet!lent of 310.000 toaaea of 'IORCO tailla8s. 

The Hthod of treataent evaluated in thi• report 
involve• 

- di•cing, hauling and transportation 

- aggloaeration with cheaical reagent• 

- •tacking on a prepared aurf ace 

- heap leaching 

- recovery of gold froa the solution 

- production of dore aaterial 

1.6 Plant Organization and overhead 

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

The future production activities in the gold 
extraction plant are well definable and can be divided 
a• follow•: 

- diacing, hauling, tranaportation of tailings 

- aggloaeration of tailings 

- stacking of tailing• 

- heap leaching of tailings 

8 
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- aclaorption, de•orption and recover7 of gold. 

Tb• ••rvic• centre• rill be divided 
departments: 

- repair and -intenance 

- water and •n•rGJ' •11PP17 

- aampliDg and laborator7 

into the 

Tb• acllliai•tration of the gold extracting plant rill 
not be diri.ded froa the copper ainiDg and 
beneficiation activiti•• of SAllDI in the future. For 
the heap leaching plant onl7 a •-11 adaini•tration is 
required for accounting, pa7roll an4 general project 
record keeping • 
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1.7 llanpower 

Tbe required c~ peraonnel, including 
ataff and operating ltrt!>or, ia liated 
workforce will be auf tici••~ to conduct 
unit operations: 

Prof eaaional and clerical ataf f 
-------------------------------

1 General Operation llanager 
1 Chief .. tallurgiat I Project Bngineer 
1 Cb .. iat I Aaaa7er 
1 Bookkeeper 
1 Secretary 

Operating Per•onnel 

prof eaaional 
below. Thi• 
all project 

C Oper~tora for tbe adaorption-, de•orption- and 
ref in•rl' plant 

2 Laboratory a••i•tanta 
3 Operator• for aggloaerating and atacking 
6 Operator• for tbe aobile equipaent (trucks, dozer 

and endloader) 
5 Operator• for heap leaching 

-----------------------------------------------------
20 Total operating workforce 
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1.8 19pleaentatlon Scbectullng 

la•ed on tb• experience of other. •iailar project• but 
conaidering tbe particular local conditions. tbe gold 
extraction froa tbe TOllCO tailing• could start after 
approziaately 13 aontba after coaing into force of a 
contract between SAllDI and one or aore coapanie• which 
execute tbe plant engineering and deliver tbe 
equipaent .. ..11 .. perf ora erection and conduct tbe 
civil wort•. 

Por tb• plant engineering apprmdaately 9 aontba are 
required. 

With a delay of one aontb. parallel to tbe engineering 
wort delivery of the equipaent could start. 

Erection of the .. cbanical and electrical equipaent i• 
supposed to atart in tbe 10th aontb after signing the 
contract and can be finiahed within the 13th aonth. 

1.9 Financial and Bconoaic Bvaluation 

The total initial inveataent during the construction 
phaae aaount• to US-D 6,262.270.00. 

It i• aaauaed that 
and a local loan 
available in 1988. 
30 ' of total f unda 

US-D 1,733.100.00 of local equity 
of US-D C,OCJ.900.00 will be 

the year of conatruction. Thus. 
will be financed by equity. 

Total production coat• aJIOu~t to approxiaately US-D 
C,000,000.00 in the first year of production and 
reaain alaost constant in the following years. 

A• of the second year of production the specific 
production coat• for gold bullion aaount to 6,760 US-D 
per kg, or 50 ' of the assuaed aale• value. 

The pay back period of tbe project i• le•• than 2 
year• and ~b• Internal Rate of Return on Total 
Inveataent aaount• to 66.52 ' at a discounting rate of 
15 '· 
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1.10 Conc:luiona 

Search for the beat aeans of gold extraction f roa 
TORCO tailings baa led to intenaive atudi•• in which 
two different technical paths were followed: 

A Agitating Cyanidaticn (atudy fi~iabed in 1983) 

8 Beap leaching 

~11 technical and econoRic inveatigationa on subject B 
are included in the preaented Pinal Study. 

Por both tecbnologiea the aost iaportant f ~ctors for 
the developaent of such projects were carefully 
considered: 

- availability of raw aaterial 

- average gold content of the raw aaterial 

- gold recovery as a function of operating paraaeters 

It was found that the aoat influential factor 
- "recovery" is not very different for both aethods. It 

could be proved in laboratory teats that by heap 
leaching of aggloaerated TORCO tailings gold 
recovery reaches 85 -· This yield is rather high in 
coapariaon with other heap leaching operations and can 
even coapete with extraction rates fro~ agitating 
operations. 

The aoat significant advantage of heap leaching TORCO 
tailings are the lower capital and operation coats and 
the shortened plant construction time compared to 
agitating leaching aethods. 

From the environaental viewpoint the controllability 
is another iaportant characteristic of heap leaching 
TORCO tailings. According to the laboratory result•, 
the leach solution can be coapletely recycled. The 
final leached tailings will be washed and remain on 
the iaperaeable plastic layer. 
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T:le priaary diaad•antage of heap leaching 
tailing• i• tbe neceaaity of aggloaerating 
aaterial prior to leaching. 

TOR CO 
the 

~e •lower recovery rate 
•gitating leaching proc••• 
operational arrangeacnta. 

in coapariaon with the 
can be coapenaated by 

The aain concluaion of the atudy ia that both for the 
coapany SAllilf and for the Governaent of Mauritania the 
project i• very intereating froa the econoaic 
vie~int. 
b it can be ahown, the proj•ct create• large amount• 
of foreign currency and abould theref cre be 
i11Pl ... nte4 aa aoon aa poaaible. 

The total initial inveataent aaounta to 

6,262,270.00 aillion US-Dollar. 

85 • of initial fixed lnveataents are due in foreign 
currency and about 65 • of total ~ro4uction coat• of 
about 4,000,000.00 US-Dollar have to be paid in fo
reign currency. 

According to the aaauaptiona aade, the apecific 
production coats for gold bullion will only aaount to 
50 ' of the sale• value • 
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Cyanide Laboratory Teats fer th• Bvalua~ion of the 
Bffectiveneaa of Reap LeachiDG 

2.1 General Concluatona 

The TORCO tailing• can be aggloaerated to fora pellet• 
with aufficient green atrength and wet atrength after 
curing to be placed ~nd leached in 6 aeter bigh 
heapa. Locked cycle teata (••• figure 3) indicate that 
gold recoYery froa th••• pellet• will range froa 83 to 
90 percent iD 35 claya of leaching. and will a•erao• 81 
percent or ~gher in a 90~ extencled leach period ill 
laboratory colUllDa. Piel4 beap leacb recoveriea are 
projected to be approziaately 15 percent. Locked C7Cle 
teata do not abow any degradation of leach effective
neaa which indicate• that aolutiona can be re-uaed 
indefinitely (thia i• the tJPical procedla'e with heap 
leach operation•. but exploratory teata were justified 
becauae of the relatively high levels of soluble 
copper in the TORCO tailinga). 

2.1.1 Preliaina:ry Bottle Roll Testa 

Agitated cyanide bottle roll teats were run on 
portions of the as-received aaterial. Gold recovery in 
one teat waa 90.1 percent in 2C hours of leaching. A 
aecond teat with lower cyanide levels showed a 
recovery of 7C.O percent. A portion of the aaae aaaple 
was pulverized and tested in a bottle roll test. 
Apparent recovery waa 83 percent, but total diaaolved 
gold and copper levels were higher. 

Conclusions from these teats were: 

moat of the gold in the TORCO tailings is soluble 
fro• the aaterial at its existing aize 

- soluble copper levels, percentage of soluble gold 
and cyanide cona1lllption increase with high~r cyanide 
levels. 'l'bia is a co .. on behavior with materials 
containing soluble copper • 
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l.1.2 Locked C7cl• Bottle Roll Tt.ata 

A -erie• of bottl~ roll t••ta .. r• al•o run in locked
cycle to ... tile ef feet of c .... r lluildup in solation• 
on oold rec~. C7•i .. •trall9tb <•• -•ured t»y 
titration witb •il.... nitrate at pll 10.5) ... 
.. intaiaed a..r 0.70 eear1 llaCll IJ9C' litre. '!be re•ult• 
of th••• te•t• •• ..--ted iD figarea 6 tbroup a. 
Gold recovery la tile t•u a .. r..-1 11.9 percent. ft!t 
initial twat DOiied ld.ga.r 901• reco.-y (19 percent) 
bat tb• next five cycle• appeared to bav• •table gold 
recovery •••n though 4iaaolved copper iacreaaed froa 
1001 ppm la aolution to 2110 ppa. C7aaide conauaptioa 
waa •table tbrougbout tbe •ix cyc:l••· with about 2.8 
to ••Cll per toDDe of ore. 

The conclusion f roa theae preliainary lock..,-cycle 
bottle roll teat• •a• that there i• no solution 
coaponent which cau•e• aionif icant cheaical leaching 
probleu. 

2.1.3 Preliainary Coluan Leach Teat 

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

A portion of the incoming saaple was also tested for 
percolation and \each rate• by placing 15 kg of 
aaterial in a 9 ca diameter coluan, 1.3 meter high 
(test 7C,8). Gold recovery is shown in figure 2. Gold 
recovery rate wa• slow and the colWUl percolation 
rate was le•• than the rate considered necessary for 
effective leaching. It was therefore concluded that 
aggloaeration ••• needed for successful leaching . 
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2.1.t liggloaeration Procedures and Reagents 

Jlorllal ... loaerating procedures involve adding ceaent 
81111 I or liae and agglo .. rating with water or diluted 
C79Di.. •olution. Thi• t71>ically aake• fir.a pellets 
wbi-cll ean be stacked directly on the heap. Due to the 
tlliwotropic properties of the TORCO tailings • 
... lomerating was however very difficult even at 
relatively high ceaent levels. 

To explor~ the problea, a aeries of nearly 50 teats 
were run on ... 11 (1 kg) aaaplea of the feecl aaterial 
using different coabiDationa ~f •cnrloaerating agents 
including cheaical additives and •pbyaica1• aoclifiers 
such u c:l.::i. 

An effective and relatively low-coat collbination of 
reagents was de·.1eloped - 10 kg ceaent per tonne and 
O.Ot kg Ralco 18lt as wetting agent. The resulting 
pellets fora well and exhibit sufficient early 
•trength 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 aeterm with no apparent degradation, and six 
aeter high heaps are expected to perfora satiafactori
l:r). 

Figure 10 shows the aggloaerating conditions for the 
coluan teats. 

2.1.5 Locked Cycle Coluan Leach Testa 

A aerie• of four coluan teats were run using 75 kg of 
aggloaerated pellets in 20 cm diameter columns 1.5 
aeters high (tests 71•9 - 7531). The tests were run 
sequentially using the aaae leach solution. 

Results are given in figure lJ and graphically in 
figure 3. Gold recover~ 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 NaCH per tonne of ore. Reither gold recovery nor 
cyanide consumption appeared to be affected by re-use 
of the saae leach solution throughout the tests • 
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Teat 6888 aa reported in figure 1 iodicatea that gold 
recovery continue• be7ond the 35 days uaed for the 
locked c7cle teata. In 6888, gold recovery increaaes 
froa 7C percent in 35 da7a to 89 percent in 90 days. 
In the locked c7cle teata. gold recovery was 
continuing when the tests were ended (for instance. 
recovery in the final 8 4a7a of tbe fourth C7Cle was 
in tbe order of ten percent per aontb). The results 
indicate that ultillate gold recovery could be expected 
to exceed the levels seen in the relativel7 short 
locked C7Cle teats. Ve feel that a recovery of 85 
percent ia reaaonabl7 attainable in f iel4 production 
leach•• when proceaaing aat,~ial aiailar to the bulk 
8utple. 

In the locked c7cle te~ta, coiper levels in aolution 
gradually clillbed and peaked at about 3000 ppa half 
way through the fourth cycle. Copper levels roae and 
fell during all the tea•s. In the aecond cycle, they 
peaked at 1800 ppa and ended at 1100 ppa. !n the third 
cycle they peaked at 2100 ppa and ended at lCOO ppa. 
In the fourth cycle they peaked at 3000 and ended at 
1900. 

The level of free (directly titratable) cyanide was 
aaintained at a aoaewhat higher level in the fourth 
cycle (0.62 graas 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 roach a stable 
level. Even though the level of copper exceeds the 
amount needed to coaplex all available cyanide, there 
appears to be no adverse effect on gold recovery by 
re-use of solution • 
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2.2 Laboratory Teat aeaulta 

2.2.1 Saapling Procedures and Teat Material 

2.2.2 

According to a study perforaed by KllD in 1982. the 
gold content of the TORCO tailings aaounts in 
average to 3.606 g/t: however. it varies in a 
wide range. Por previous teat• evaluating the 
efficiency of the agitating cyanidation process. 
aaterial fro• an average •m1Pl• of 236 borehole• (3t6 
kg) waa used. The gold content of tbi• -terial 
aaounted to 3 g/t. 

For the heap leaching teats however. 2 tons of 
aaterial was required and therefore a new aaaple had 
to be taken. As the concentration profile of the TORCO 
tailing deposit was carefully eatabliahed and depicted 
in the first atudy of 1982. new aaaples with siailar 
gold concentration could be taken at points of known 
concentration. According to a request by JalD, SAMIN 
took the saaples at • different points (Nos. 33, 3•, 
39 and •O> where the gold content was supposed to be 
around 3 g/t. Thia aaterial was packed in plastic 
lined drums and airfreighted to Cologne. These drums 
were trea~ed 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. 

Sample Preparation 

The aample preparation procedure used is as follows: 

1. aix the material fro• the five drums by taking one 
ahovelful of material fro• each drum and placing 
into an eapty drua with a plaatic lir.er 
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2. 

3. 

'· 
5. 

after the rirat drua is full. repeat step one 
until all five original druaa are e.pt7 

take one of the five druaa of aixed aaaple and 
split in half. •tore half 

take the r-ining 
aplit into quarters 

half aplit f roa atep 3 and 

take one of the quarter •Plit• froa atep c. weigh 
and then place in oven to dz'7, wei~u the dried 
aaterial and deteraine percent aoiature in the 
saaple 

6. take another of the quarter splits froa step C and 
split into 1 kg aaaples 

7. take two of the 1 kg portions froa step 6 and 
pulverize each one. split out two pulps fro• each 
1 kg portion and subait for fire assay 

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

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

10. use the reaaining 1 kg portions for aggloaeration 
tests to optiaize aggloaerating agents. 

Figure C presents the results of the wet screen 
anal7si1 and the results of the bead assays run on the 
pulverized head saaples • 
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FIGURE 4. TORCO TAILINGS BULK SAMPLE 
SAMPLE 6750 

WET SCREEN ANALYSIS AND FIRE ASSAYS 

SIZE WEIGHT WEIGHT 
FRACTION GRAMS PERCENT 

+65 M 132.9 13.40 

-65M + lOOM 104.3 10.52 

-lOOM + 200M 365.3 36.84 

-200M 389.1 39.24 

-----------------------------------------------------------
HEAD ASSAYS: Au g/t Ag g/t Cu ' Zn ppm 

2.160 1.37 0.79 26 

~.468 Tr 0.76 26 

2.743 13.71* 0.75 25 

2.606 Tr 0.12 

2.468 Tr 

3.291 Tr 

2.743 Tr 

2.057 Tr 

Average: 2.571 Tr 0.76 26 

Percent Moisture: 11.16 ' (As-Received Material) 

* - Not included in average. 

19 a 

TN 0103(1431,04 
(HW 300214) 

40000. 87 0 



• 

A 
KHO HUMBOLDT WEDAG AG 

2.2.3 Cyanide Bottle Roll Teats 

Agitated cyanide bottle roll tests were run on 
portions of the as-received tailings and on a portion 
of pul•erized tailiDO•· 
The procedure uaed for these teats i• •• follows: 

1. place 500 graas of tailings into a 2 liter 
polybottle and add 1000 al of distilled water 

2. cbect the pH and adjuat to pH 10.0 
hJdrated liae, if neceaaazy 

10.5 with 

3. for the teats on as-recei•ed aaterial, add 0.5 
gr- of •odiua cyanide (equivalent to 0.5 gpl 
RaCJf) to one of the tests and 1. O gr... of aodiua 
cyanide (equivalent to 1. O gpl RaCll) to the other 
test. For the test on pulverized aaterial, add 2 
graas RaCR (equivalent to 2.0 gpl RaCll) 

C. check solution after 2, C, 8 and 2C hours for pH, 
Ractf, Au, Ag and Cu. Maintain the pH above 10.0 
and RaClf at the initial starting concentration 

5. filter, wash and dry tailings, prepare two pulps 
froa the tailings and aubait for fire assay. 

Figure 5 presents the results of the cyanide bottle 
roll tests. In the tests on as-received tailings, gold 
recovery was 7C percent in the test run at 1.0 gpl 
RaCR. Gold recovery in the teat run on pulverized 
tailings using 2.0 gpl RaCR solution was 85 '· 
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lllS °' 
TEST llO. MftUAL 

HOlA b-llecelftd 

HOlB As-aecelyed 

'712 PulYerlzed 

l'JGUU 5. 'l'OllCO TAJLJllGS BOU SAlll'LE 
CYUJDE BOTTI.& llOU. TESTS 

TIU •eCll 9pl 
!!!!!! ~ l'l'ee,l!!!tal 

2 10.1 0.20/0.20 • 10.2 0.15/0.15 
I 10.C 0.20/0.20 

2C 10.5 0.]5/0.]5 

TAILS ASSAYS: 

CALCULATED BEAD: 
PEllCEllT RECOVEa:r: 

CHEMICAL COllSUMPTIOll: 

2 10.C O.l5/0.l5 

' 10.5 0.65/0.65 
I 10.7 0.50/0.50 

2t 10.t 0.65/0.65 

TAILS ASSAYS: 

CALCOLAnD READ: 
PERCENT RECOVERll': 

CHEMICAL CONSUMPTION: 

2 10.6 o.u/o • .ao 

' 10.8 2.25/2.25 
8 10.8 2.05/2.05 

24 10.8 1. 70/1. 70 

TAILS ASSAYS: 

CALCULATE::> HEAD: 
PERCENT RECOVERY: 

CHEMICAL CONSUMPTION: 

unr. ucovmu 
~ !Lil! 

O.tH Tl' 
1.200 Tl' 
l.H6 Tl' 
l.t5c Tl' 

0.616 
0.616 
2.HO 

7C.02 

2.CO 
Tl' 

~l 

271 
l15 
Cl2 

'°' 

1.22 kg/tonne NacN 
0.62 kg/tonne Ca(OHJ2 

l.HO Tl' 36] 
1.713 l.Ol '2t 
2.22t Tr 677 
2.]ll Tr 155 

0.2tD 3.09 
0.274 Tr 
2.518 

90.07 

1.72 kg/tonne NaCN 
0.6t kg/tonne Ca(OHJ2 

1.371 Tl' 811 
2.126 0.34 1030 
2.331 0.)C 1240 
2.366 O.H 1290 

0.411 Tr 
0.50 Tr 
2.846 

13.ll 

5.U kg/tonne NaCN 
0.24 kg/tonne Ca(OHJ2 

l - Copper in leach 1olution • 
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2.2.4 Locked C7cle Bottle Roll Teat• 

In order to deteraine the effect of copper buildup in 
the leach aolutiona, a aerie• Qf aix locked cycle 
bottle roll te•t• .. re run. The procedure uaed for 
thi• aerie• of teat• i• •• followa: 

C7cle 1: 

1. place 500 gr ... of ••-received aaterial into a 4 
liter pol7bottle 

2. add 1000 al of diatilled water and c:bect pB, adjuat 
to pB 10.5 with b7drated liae, if nec••••EY 

3. add 1.0 gr- of ••Clf (equivalent to 1.0 gpl RaCJf) 
and place on roll• 

4. check aolution after 2, 4, 8, 24 and •a hours for 
pB, Au, Ag and Cu. Add sodiua cyanide and hydrated 
liae •• required to bring aolution up to pB 10.0 
- 10.5 and RaCll to 1.0 gpl. 

5. filter the tailings and then wash with distilled 
water 

6. dey the tailing•, pulverize and aplit out two pulps 
for fire a•••Y 

7. take the filtrate and run through coluan containing 
10 graas of virgin activated carbon to remove the 
gold in aolution 

Cycles 2 - 6 

8. take 500 gr ... of ••-received aaterial and place 
into a 4 liter polybottle 

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

10. add the 1000 al of solution from step 9 to the 
polybottle with the •••~le. Add the same amount of 
hydrated liae uaed in atep 2 and any sodium 
cyanide needed to bring the concentration back up 
to 1. 0 gpl NaCN. 
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11. check aolution after 2, C, 8, 2C and ca hours for 
pB, Au, Ag and cu. Add aodiua cyanide and hydrated 
liae •• required to bring aolution up to pB 10.0 
- 10.5 and RaCll to 1.0 gpl. 

12. filter the tailing• and then waah with diatilled 
water 

13. dry the tailinga, pulverize and split out two 
pulp• for fir• aaaay 

lC. take the filtrate and run through coluan of virgin 
activated carbon to reaove the gold in aolution 

15. repeat atepa a through lt until a total of 6 teats 
have been run in aeriea. 

Pigurea 6 through 8 preaent the Eeaults of the locked 
cycle bottle roll teata. The firat teat in the series 
(7237 A) showed the higheat gold recovery at 89 
percent with the r ... ining five teats (cycles 2 - 6) 
averaging 80 percent gold recovery • 
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PIGUU 6. TOllCO TAILlllGS IUU SAllPU 
LOCKED CYCLE CYAlllDE IOTTLE aGLL TESTS 

AS-llECUVED llATEillAL 

na •aa 9pl llSTAL ll&COVZUD 
~l TEST llO. C1CLE llO. !!!!!! I!! rrul!!!Ul 

l2J7A l 0 10.5 ..OO/l.00 
J 10.1 0.15/0.15 
4 10.1 0.15/0.15 
I ll.O 0.40/0.40 

24 11.0 0.55/0.55 .. ll.l 0.60/0.60 

TAILS ASSAYS: 

CALCULATED HEAD: 
PERCEll'T RECOVERY: 

CRZIUCAL CO•SUllPTIOH: 

72378 2 0 10.1 1.00/1.00 
2 10.4 0.40/0.40 

• 10.5 0.60/0.60 
I 10.5 O.i5/0.85-

24 10.5 O.i0/0.70 .. 10.7 0.10/0.80 

TAILS ASSAYS: 

CALCULATED HEAD: 
PERC£11T RECOVERY: 

CHEMICAL CONSt:KPTlOl': 

Tr signifies trace. 

1 - Copper in leach •olutlon. 

22 a 

~ 

0 
l.H6 
l.714 
2.126 
2.JJl 
2.JH 

0.274 
0.109 
2.'51 

19.0l 

4.49 
O.JO 

0.157 
0. 719 
1.166 
1.851 
1.920 
2.126 

0.617 
0.720 
2.795 

76.06 

J.34 
0.28 

!Liil! 
0 0 
Tr Jh 
Tr Jt.: 
Tr UI 
Tr 119 
Tr 1001 

Tr 

kg/tonne ••CN 
kg/tonne Ca(ORJ2 

Tr 140 
Tr 9;5 
Tr 1200 
Tr ll50 
Tr 1460 
Tr 1610 

Tr 

kg/tonne NaCN 
kg/tonne Ca(OHl2 

TN OfOll ()131 :04 
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PIGUU 7. TOaCO ftlLlllGS BUI.It SAllPU 
UX:llED CYCLE CYUID& BOTTLE ROLL TESTS 

AS-UCZIVED MATERIAL 

TID •.or gpl lllETAL UCOVDED TEST llO. C1CLE llO. !!!!!! I!! Pree[!!!tal ~ !L!l! a_eel 
72l7C 3 0 10.5 1.00/1.00 

2• • 10.5 O.t5/0.t5 
I 10.5 0.70/0.70 

2t 10.5 O.IO/O.IO .. 10.t O.to/O.H 

TAILS ASSAYS: 

CALCULATED llEADr 
PEllCDT ltECOVERJ': 

:JIEMICAL COllSDMPTIOll: 

725tA • 0 10., 0.95/0.t5 
2• 

• '·' 0.30/0.lO 
I 10., 0.75/0.75 

2• 10., 0.70/0.70 
•1 10., 0.90/0.90 

TAILS ASSAYS: 

CALCULATED HEAD: 
PEJICEllT RECOVERY: 

CHEMICAL C<illSUMPTIOll: 

Tr signifies trace. 

1 - Coppec in leach solution. 

• - llo 2 hour •••Pl• taken • 

Z2 b 

0.211 Tr 

0.7H Tr 
l.JOJ Tr 
l.tlt Tr 
2.501 Tr 

o.tao Tr 
0.50 
l.011 

12.H 

2.lt kg/tonne llaCH 
0.21 kg/tonne Ca(OB>2 

O.tll Tc 

0.514 Tc 
1.269 Tc 
1.920 Tc 
2.12, Tc 

0.50 Tr 
0.50 
2.'75 

79 ••• 

2." kg/tonne PaCN 
0.28 kg/tonne C~(OHJ2 

l2H 

uoo 
lSIO 
lHO 
1170 

1360 

1460 
1810 
1920 
1180 

IN OICD0431 Of 
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PIGUQ I. 'IOllCO TAILlllGS BOLK SAllPtlt 
LOCKED CYCLE CYAllIDE BOTTLE aoLL TESTS 

AS-ltECEIVED MATERIAL 

TlllE •acw gpl llE'l'AL IECOVDED TEST llO. ClCLE llO. !!!!!!! I!! rree£Total !'!..!l! ~ 9!...21!!!1 
725'8 5 0 10.t 1.00/1.00 

2 10., o.to/o.to • 10., 0.70/0.70 
I 10., O.H/O.H 

2t 10.7 0.15/0.15 .. 10.7 O.IO/O.IO 

TAILS ASSAYS: 

CALCULATED BEAD: 
PEJICEllT RECOVERY: 

CBDIICAL CONSUllPTION: 

7259C ' 0 10.4 1.00/1.00 
2 10.4 0.50/0.50 

' lC.5 o. 10/0.80 
8 lll.5 0.80/0.80 

24 10.5 O.I0/0.80 
ca 10.5 0.70/0.70 

TAILS ASSAYS: 

CALCULATED READ: 
PERCENT RECOVERY: 

CHEMICAL CONSUMPTION: 

Tr al9nlfle1 t~ace 

1 - Copper In leach •ol~tlon • 

22 c 

O.Ht Tr 
O.ltl Tr 
l.2H Tr 
l.5ot Tr 
2.023 Tr 
2.lH Tr 

0.343 2.tO 
0.549 
2.640 

"3 .11 

3.H kg/tonne NaCN 
0.21 kg/tonne Ca(OHI;: 

0.206 Tr: 
0.123 Tr 
0.926 Tr 
l.C'l6 Tr 
1.989 Tr 
2.126 Tr 

0.549 2.40 
0.480 
2.640 

10. 53 

2.79 kg/tonne NaCU 
0.21 kg/tonne Ca(ORJ2 

1350 
1'50 
lHO 
lHO 
lHO 
20>00 

1610 
1880 
2040 
2150 
2160 
2180 
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2.2.5 Aggloaeration Tests 

Prior to setting up large coluan teats, a series of 
tests were conducted on 1 kg aaaples to deteraine the 
aggloaerating conditions required to fora stable 
pellets for leaching. The first series of tests were 
run using either ceaent (Portland type 2) or hydrated 
liae or a coabination of both using plain tap water. 
In all test runs using just th••• two aggloaerating 
agent•, even with ceaent levels of 20 kg ceaent per 
tonne of ore, the pellets foraed 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, 
t~e aaount of clay required appeared to be uneconomic. 

A aeries of tests wero 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 
preliainary tests, the first cwo large scale colWlll 
tests (nos. 6863 and 6888) were carried out on samples 
agglomerated with 20 kg cement per tonne of taili.ngs 
using an agglomerating solution containing 2 gpl of 
the dishsoap (0.CO kg soap per tonne of ore). 

A series of small column tests were run using the 
comaercial detergent called "LOC". This prO'!uct is 
sold as a detergent but i• 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, 881C 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 
O.OS kg Nalco 881C per tonne of ore), stable pell .. ts 
could be produced using only 10 kg cement per tonne of 
ore. lased on the result• of this series of tests, the 
aaterial used for the last three locked-cycle tests 
was aggloaerated using this set of conditions. 

23 
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2.2.6 Coluan Leach Tests 

All colWID leach tests were run •• continuoualr
drained drip leach teats. This t:rpe of teat moat 
accuratelr reflects actual heap leact conditions. 
The equipaent used for these teats ia shown 
acheaaticallr in figure 9. 'l'be aggloaerated colWID 
leach teats were run in plexiglaa colWllla 20 ca in 
diaaeter. The teat with unaggloaerated aateral (7C48) 
was run in a 9 ca diaaeter colW1D. 

2.2.6.1 Leach Test Procedure 

The tailings to be leached were placed into the leach 
colWID as shown in figure 9. During a 24-hour "leach" 
period, alkaline cranide solution was continuously 
distributed onto the ore. Flowrate of solution 
dripping onto the tailings was controlled with a 
peristaltic pump to approxiaately 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 ••• collected in 
the bottom (floor) tank. Leach solutions were checked 
during each crcle 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 ~ilver 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 liae were then added, if 
necessary, to aaintain the solution at the desired 
levels. The leach solution waa then recrcled to the 
ore for another 24-hour leach period. This 24 hour 
leach/doraant cycle was used for the duration of the 
test . 
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The charge of activated carbon wa• changed three to 
five ti••• during the te•t• and a••a7ed to deteraine 
the aaount of 9old and silver recovered froa the ore. , 
B••entially no •ilver wa• recovered fros the •aaple•. 
In •o•e ca•e•, the •aaple• •bowed •ilver by fire 
a•••Y· however in all ce••• the •ilver c~ntent was 
below the 12 gr... per tonne noraally con•idered to be 
the lower liait of accurac7 of a •ilver fire ••••Y· 
Pigure• 12 and 13 pre•ent the re•ult• of the carbon 
a••aY•· 
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FIGURE 9. COLUMN TEST APPARATUS 

Peristaltic Pump 

Leach Coh:mn 

Barren Solut:.on 

_J•re~nant Solution 

CARBON RECOVERY SYSTE~ 

25 a 

Pregnant 
Soluticn 

Activated 
Carbon 

Barre:i 
Solution 
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PIGUU 10. ~ TAILillGS AGGLOMEQTED COUll9I TESTS 
ACGLOllEllATillG COllDITJOllS 

BlGllT AGr.UlllDATillG COiiCEll'tiiATIO. 
TAILIJIGS CDmlT ADDED SOLUTIO. llSTTI•G llETTI._ AGEllT 

TEST 90. &G IG/TClnB 1e1 •.c11 AGElft 121 

6HJ 7' 20 0.0 Iworr Soap 2.0 

'"' 7' 20 1.0 Iworr ~P 2.0 

710 75 20 1.0 Iworr Soap 2.0 

7257 75 10 5.0 •alco Ille 0.25 

7Ul 75 10 5.0 ••lco 1114 0.2$ 

7531 75 10 5.0 •alco HU 0.25 

• 

25 b 

LITUS Gr 
SOLDl'IC. 

USED 

U.IO 

U.'5 

U.J2 

n.~o 

17.52 

U.5J 
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TEST NO. 

6863 

6888 

7149* 

7257* 

7433* 

7531* 

7448** 

FIGURE 11. TORCO TAILINGS BULK SAMPLE 
CYANIDE COLUMN LEACH TESTS 

COLUMN TES~ EFFLUENTS 

INITIAL EFFLUENT 
NaCR gpl 

2! Free/Total COLOR CLARITY 

11.9 0.05/0.05 Colorless Clear 

12.l 0.05/0.05 Colorless Clear 

11.7 0.04/0.04 Colorless Clear 

11.6 0.34/0.34 Lt. Blue Clear 

11.4 0.53/0.53 Lt. Blue Clear 

11.8 0.61/0.61 Med. Blue Clear 

8.2 0.04/0.04 Colorless Clear 

---------------------------------------------------------
FINAL 

HaCN gpl 
TEST NO. E!! Free/Total 

6863 12.l 0.3410.34 

6888 11.8 0.79/0.79 

7149* 11.8 0.22/0.22 

7257* 11.5 0.40/0.40 

7433* 11.l 0.43/0.43 

7531* 11.6 0.61/0.'il 

7448** 8.7 0.00/0.00 

* - Locked cycle column tests • 

** - Unaggloaerated coluan test. 

25 c 

EFFLUENT 

COLOR 

Lt. Blee 

Lt. Blue 

Lt. Blue 

Colorless 

Colorless 

Colorless 

Colorless 

CLARITY 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

Clear 

flt OIOCt 0431 04 
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FIGUU U. 1011CO TAlLlllCOS 8UL& SAIWLS 
CDlllDE COLlllm LEACll ftSTS 

llETAL RECOVPY A11D CllElllCAL ~ICIS 

PucrcT CSDIICAL COllSllllPTICl9 
!!!AYS llETAL llECOVEllED GOLD li:9 per toane 

~· LUCllIIG !!~ Y....fil UCOVDED !!9! CalOBh 

HUl ' a.JU Tr U.10 0.12 O.OI 
1t O.Ht Tr Jl.'5 o.u o.oo 
Jt hl!! ~ !!:.!! ~ !:.!! 

'IOTAL: 1.HI Tr '2.15 o.tt O.OI 
TAILS ASSAY: o.tn l.St 

CALCULATED llEAD: 2.llt I.St 

Hiil ' 1.111 Tr U.21 o.st Q.02 
20 o.5n Tr 21.H o.st o.oo 
t1 0.21• Tr 10. 71 0.51 o.oo 

'° 0.111 Tr '·" o.n o.oo 
tl 0.120 ~ •.n !.:.ll ~ 

TOTAL• 2.245 Tr 11. 75 2.51 0.02 
TAILS ASSAY: 0.111 O.Jt 

CALCVl.ATZD 8EAD: 2.su O.Jt 

nu2 20 0.10] Tr ].It l.2l o. 77 
to "SU Tr n.u o.n 0.41 
'7 O.li~ ~ !•.05 !:..!! !:.il 

TOTAL: O.tH Tr ]7.05 2.Sl 1.67 
TAILS ASSAY: l.Ht 

CALCULATED READ• 2.HJ 

Tr si9nifies tr.ca. 

- A99l011erated test. See Fi9ure 10 for a99l09eratin9 conditions. 

2 - Una99lCl9arated coluan leach test • 

25 d 

COPPEii 
18 LEACll 

SOUITICl9 PJ!11 

5 
27J 
UI 

15S 
512 
910 
1250 
UlO 

ID 
68! 
910 

rN 0103001 ~ 
(HWJ00:!/4) 

40000 4 87 0 



.. 

I I 

~ 
KHO HUMBOLDT WEDAG AG 

FIGUU U. '!OllCO TA!J.IllGS SULK SMIPLE 
LOCl'ED-cTCLE CJAMIDE COW. LDCJI TESTS 
llETAL lllCOVDJ AllD CllEllICAL COllSUllPTICM 

PEllCDT 
DAIS METAL UCWE11ED COLD 

~- LEACllI•G !!...Jl! ~ lllCOVDD 
710 , l.OH Tr co.n 

Cycle 1 11 O.HO "'= ZJ.29 
33 !.:.!!! !! !!.:.ll 

TOTAL: 2.121 Tr 12.53 
TAILS ASSAY: 0.450 Tr 

CALCULATED BEAD: 2.51' Tr 

7257 5 l.HI Tr I0.12 cycle 2 22 o.nc Tr 23.U 35 !:ill !!. .!:.!! 
TOTAL: 2.Cl7 Tr 11.21 

TAILS ASSAY: 0.321 0.60 
CALCULATED READ: 2. lll 0.60 

Tr sig,.lfiu tr•ce. 

7Ul ' 1.50 Tr 59.78 Cycle J 20 0.614 Tr 23.,, 
21 !:ill !!. .!:..!! 

TOTAL: 2.2H Tr ..... 
~AILS ASSAY: 0.217 Tr 

CALCi'LATED READ: 2. 581 Tr 

75H 7 i.nc Tr 53.85 Cyclo! 4 19 0.651 Tr 23. 79 
34 ~ !! !ill 

TOTAL: 2.2'6 Tr 13.19 
TAILS ASSAY: a.cu 

CALCULATED READ: 2.737 

• 

25 e 

CUlllCAL COllSUllPTICM 
lt9a per tonne 

!!9! CalOBh 

0.51 O.OJ 
o.u o.oo 
.!!..:.!! !:.!! 
1.50 O.OJ 

1.42 o.oo 
0.50 o.oo 
~ !:.!! 
2.11 0.110 

1.37 o.oo 
0.]I 0.01 
.!!.d! ~ 
l.H o.oc 

l.'7 O.Ol 
0.21 o.oo 
.!!.ili ~ 
1.61 O.OJ 

, .. 01000431,()t 
(HW 3002141 
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2.2.7 Test Detail• 

2.2.7.1 Start-up of Te•t• 

The initial leach solution for all aeven colUllD leach 
test• contained 1.0 graa aodiua cyanide per liter. 
The initial aolution for teats 6863, 6888, 71C9 and 
7CC8 also contained 0.5 graa hydrated liae per liter 
of solution (the aaount of hydrated liae used in the 
teats ••• negligible and only c ... nt will be uaed in 
prod~ction syat ... ). Initial effluent• froa the •ix 
teats with aggloaerated aaterial ranged in pB fro• 
11.C to 12.1 and in cyanide content froa O.OC to 0.61 
gpl free aodiua cyanide. The initial effluent froa the 
teat on unaggloaerated tailings (test no. 7CC8) had a 
pB of 8.2 and contained O.OC gpl free aodiua cyanide. 
These data are presented in figure 11. 

2.2.7.2 Solution Clarity and Color 

The initial effluent• froa all seven tests were clear 
an~ ~olorle•• or light blue in color. The color and 
cla::ity of the initial and final effluents froa each 
test are presented i~ figure 11. 

2.2.7.3 Cyanide Strength and Alkalinity 

The initial l~~ch solution for each of the colWID 
leach teat• contained 1.0 graa aodiUll cyanide per 
liter. Cyanide strength of onflow solutions was 
adjusted to 1.0 graa NaCN per liter before recycling 
the leach solution• for the duration of the tests. 

Hydrated liae was used to aaintain the leach eolutiona 
above pB 10.0. In the teat• on aggloaerated tailings, 
hydrated liae was only required for conditioning any 
aakeup water added to the tests as the cement used 
for aggloaeration helped to aaintain the pB above 11.0 
for the duration of the teats. 

Cyanide conauaption in the six agglomerated coluan 
tests averaged 1.66 kg• sodiua cyanide per tonne of 
ore and ranged from 0.99 tO 2.11 kg per tonne of ore. 
Previous laboratory I field scale-up experience has 
sho!tn that cheaical consuaption in field heaps after 

26 
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60 days i• t~ically less than 30-day conauaption in 
laboratory tests. Based on this observation, 60-day 
cyanide consuaption in field heaps is projected to be 
le•• than 2.00 Jtg aodiua cyanide per tonne. 

Li•• consuaption in the six tests with aggloaerated. 
aaterial averaged only 0.03, with the c .. ent used for 
aggloaeration being sufficient to aaintain the 
protective alkalinity of the leach solutions above pH 
10.0. 

Teat 7••• waa run on a 15 kg portion of unaggloaerated 
tailings for a period of '7 days. The observed 
f lowrate was below the design rate and the 
permeability coapletely insufficient. 

2.2.7.• Rate of Gold Recovery 

Figures 1, 2 and 3 present graphs of the gold recovery 
versus days of leaching for each of the seven coluan 
tests. Test 7••a on the unaggloaerated saaple showed 
the slowest rate of recovery and lowest overall 
recovery. 

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

2.2.7.5 Tailings Analysis 

At the coapletion of the column tests the tailings 
were reaoved froa the columns and dried in an oven. 
The dried tailings were then put through a 10 aesh 
screen to break up the aggloaerates and the sample 
was split into quarters. Two 500 gram portions were 
then aplit out fro• each quarter, pulverized and one 
pulp froa each portion subaitted for fire a•••Y· 

Figure• 1• through 20 present the results of the 
tailings ••••Y•· 
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*Tr 

FIGURE 14. TORCO TAILINGS COLUMN TEST 6863 
TAILINGS FIRE ASSAYS 

SPLIT Au 9/t Ag gf: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. 77 

D 1.029 2.74 
0 .• 926 0.34 

AVERAGE: 0.973 1.59 

signifies trace. 

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

FIGURE 15. TORCO TAILINGS COLUMN TEST 6888 
TAILINGS FIRE ASSAYS 

SPLIT Au g/t Ag g/t 

A 0.446 Tr 
0.309 Tr 

B 0.377 Tr 
0.206 Tr 

c o. 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 

SPLIT Au g/t Ag g/t* 

A o.su Tr 
0.411 Tr 

B O.H6 Tr 
0.411 Tr 

c 0.514 Tr 
0.411 Tr 

D 0.480 Tr 
0.411 Tr --

AVERAGE: 0.450 Tr 

*Tr signifies trace. 

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

FIGURE 17. TORCO TAILINGS COLUMN TEST 7257 
TAILIN:;S ASSAYS 

SPLIT Au g/t Ag g/t* 

A 0.274 1.37 
0.309 Tr 

B 0.343 Tr 
0.343 Tr 

c 0.411 3.43 
0.309 Tr 

D 0.274 Tr 
0.309 !£ 

AVERAGE: 0.321 0.60 

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

SPLIT AU 9/t Ag glt* 

A 0.274 Tr 
0.309 Tr 

B 0.274 Tr 
0.309 Tr 

c 0.274 Tr 
0.343 Tr 

D 0.206 Tr 
0.309 !! 

AVERAGE: 0.287 Tr 

*Tr signifies trace 

-----------------------------------·---------------------~ 

FIGURE 19. TORCO TAILINGS COLUMN TEST 7448 
TAILINGS FIRE ASSAYS 

SPLIT Au g/t Ag glt* 

A 1.611 Tr 
1.646 Tr 

B 1.577 Tr 
1.646 Tr 

c 1.886 Tr 
1. 783 Tr 

D 1.851 Tr 
1.509 !! 

AVERAGE: 1.689 Tr 

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

SPLIT Au g/t Ag glt• 

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 Aaaaying Procedure 

2.2.8.1 Beads of Tailings 

The aaaplea for fire ••••Y were aubaitted to two 
independent coaaercial laboratoriea for aaaaying. 

2.2.8.2 Carbon Aaaaya 

The loaded activated carbon was dried and weighed. Two 
aaaplea were split out and aasayed and the reaainder 
aaved for reference. The carbon for assay was roasted 
to convert it to aah and then conventionally fire 
aaaayed. 

2.2.8.3 Solution Assays 

Approxiaate solution assa 1 were aade every cycle on 
an atoaic adaorption spectrophotometer using gold and 
ailver standards which bad been calibrated by fire 
assay. The aolution assays were uaed aerely to check 
on the progress of leach since actual recoveries were 
b&sed on fire assays of the activated c•rbon. 

Final leach solutions were checked 
adaorption methods and found to contain 
aaount5 of gold and silver. 
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3 General Deaign Paraaeter• 

3.1 Metallurgical Ba•i• of Deaign Concept 

The project is designed to proceas 310,000 tpy (at 100 
percent utilization rate) of TORCO tailing• by heap 
leaching aethods. The real uaage of the capacity (rate 
of availability), however, i• aaauaed to be lower and 
will probably be only '' percent within the first year 
of production and 80 percent in the following years. 

The tailing• to be treated coae fro• a refractory 
copper oxide ore which waa previoualy treated by the 
TORCO proce•• at Akjoujt I Mauritania. 

The reserve• of the ao-called TORCO tailings and the 
gold content were previously deterained with 2.5 
million tonnes and 3 graas per tonne respectively. 

Laboratory coluan 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 coJld recover 85 
percent of contained gold in 90 daya of leaching. 

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

3.2 Deacription of Production Syateaa 

A genera:ized proceas f lowsheet is presented 
drawing no. 801-31-180 UA • 

in 

The tailings will be disced at the site of the deposit 
by an agricultural diac plow followed by a roller. 
Both aachin•• will be towed by an agricultural 
tractor. The "delumped" and diaaggregated 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 aaterial 
will then be tranaf erred to a rotating drua for 
aggloaeration with ceaent, NaCN and a wetting agent. 

The fresh aggloaerates will be transferred by 
sectional conveyors and a radial •tacker which will 
pile up the aaterial on a 6 a high heap. The heap will 
be built on a plaatic abeet (pad) and this pad will 
be protected by a aand cover in areas where the 
stacking equipaent operates. 

Aggloaerates will be leached for CS days in a priaary 
cycle, then leached for CS days in a secondary cycle. 
The pads, ponds and solution ditches will be arranged 
so that solutions fro• different heap segaents will 
flow to different storage ponds in a cou~tercurrent 
flow. After leaching is completed (several cycles may 
be required), the heaps will be washed and abandoned. 

Bach heap aodule will measure 106.5 by 45 meters and 
will contain 38,700 tonnes of aaterial (equivalent to 
CS calendar days of product:i.ol'.) • The total area under 
leach will be equal to two heap aodules and will cover 
approximately 9600 aquare meters including two 
sideslopes. 
Process solution will be applied at the rate of 10 
liter• per hour per aquare meter, or 48 cubic meters 
per hour per heap module. 

Gold will be recovered in a carbon adsorption
deaorption-recovery (ADR) plant. In the adsorption 
section of the recovery plant the pregnant leach 
solution will be contacted with 6 x 12 mesh activated 
carbon in an upflow, fluidized system. In the 
desorption aection the carbon will be stripped using 
a pressurized high-temperature cauatic solution. The 
gold-bearing strip aolution 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 De•ign Paraaeters 

Operating days per period 

aggloaer. + stacking 
leaching 

26 days/aonth; 12 aonths/year 
30 days/aonth; 12 110nths/year 

Production rate 310,000 tonnes per year 
25,800 tonne• per aonth 
1,000 tonne• per day 
(aggloaerating 5 •tacking) 

860 tonnes per day 
(leaching) 

Gold recovery 

ore head grade 3.00 graa gold I tonne * 
recovery 2.55 gram gold I tonne (85 ,, 

Heap height 6 aeters 

Heap bulk density 1.•4 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 I hour 

Plant capacity flowrate 58 cubic meters I hour 

Fresh water requirements 

adsorption by ore 7.2 cubic meters I hour 
leaching + washing 22.1 cubic meters I hour 
pond evaporation 0.4 cubic meters I hour 
estimated camp usage 5.1 cubic meters I hour 

------------------------t 0 t a 1 34.8 cubic meters I hour 

* ••e page 18 
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3.C Reagent Requlr....ata 

Lab te•t data indicate that the following level• of 
reagent addition ahould be used for de•ign of field 
operation: 

cyanide added at aggloaeration 

cyanide aclclec! at interaediate pond 

ceaent aclclec! at aggl011eration 

Halco 111C wetting agent added at 
aggloaeration 

•olution added at aggloaeration 

project c7anide con.uaption 
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t .. terial Ban4ling Deaign and C&pital Coata 

t.1 Peed Rec:laaation 

Tile tailings depoait ha• an irregular hard (naturally 
ceaente4) top aurface. The .. terial in the interior of 
the deposit i• ezpecte4 to •ary froa hard and dry to 
sandy and wet. 

Tile deaign of the feed recl-tion i• baaed on the 
a••U11Ption that the tailing• can be reaove4 in layers 
and that any further cOW111inution prior to 
aggloaeration is not neceaaary. 

A diac plow collbined with a roller i• required for 
cutting and breaking of the aaterial in a single 
oper•tion. Thia diac plow and the roller will be 
attached to a tractor, which is further equipped with 
a grader and a •hovel to achieve a aultipurpoae 
availability. 

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

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

Por the initial preparation of the tailings it is 
neceaaary to grade the surface with a dozer. Thia 
dozer can alao be used in the plant for other 
purpose•, for exaaple road construction and 
aaintenance and grading of the surf ace for the 
leaching area. 

The degree of "deluaping• is critical to the success 
of aggloaeration and leaching. The finished pellets 
will feature a diaaeter of 6 .. to 15 .. : however, 
they will be •table only if they are foraed fro• ore 
aa,erial which largelr consist• of f.ine disaggregated 
particle•. Pellet• which contain natural "luapa• of 
aaterial larger than t .. will partially break apart 
in the heaps. A large aaount of breakage i• expected 
an4 can occur without significant effect, but if the 
breakage becoae• too aevere then heap peraeability and 
gold recovery lftvel• will decline. 

33 

fN OIQIC)QI °' 
CHWJOIY.,•J 

«lOOO • 117 0 



• 

t1 
KHO HUMBOLDT WEDAG AG 

C.2 

Baaed on experience with aiai1ar aining (disc 
plowing) technique• on tailing• in Australia and high
cla7 ore• in Costa Rica. it is felt that the 
attainaent of a correct coabination of aining and 
aggloaeration techniques will be a fairly siaple 
procedure. continued quality control of aining 
operations to aeet the target for the luap size of 
feed aaterial will be very i.Jlportant. 

Preparing. "-'ainino•. hauling and feeding the tailings 
will require the following it ... of new equipaent: 

1 diac plow with roller 
1 tractor 
1 front-end loader 
3 15 t trucks 

The inveataent for this aining equipaent amounts to 
US-Dollar 700.000 including freight and insurance. 

In addition. auxiliary aobil• equipaent is needed 
also for other departments of the plant. The 
assumption is aade that the following equipaent is not 
available in Akjoujt for the tiae being and has 
therefore to be bought: 

1 dozer 
1 15 t truck 
1 2.5 cu aeter front-end loader 
1 2 t forklift 
1 1 t pick-up truck 

Por this equipaent US-Dollar 540.000 incl~ding freight 
and insurance have to be spent. 

Agglo-ration 

Aggloaeration is r process in which fine feed aaterial 
i• aized with reagents and aoiatened, then foraed into 
saall rounded pellets by a tuabling action. Once 
proper aoiature is achieved, aoae "agglomeration" 
takes place at belt transfer points and other places 
where the aaterial is agitated. Correct aggloaeration 
requires a rolling action to d•n•ify the pellets, and 
this i• accoaplisbed in an agglo .. rating drua. 
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4.2.1 

4.2.2 

4.2.3 

The laboratory teat prograa on the TORCO tailings 
indicate• that the7 will eaail7 fora aggloaerates. 
Addition of 10 kg Portland ceaent per tonne of 
tailing• will provide auf f icient atrength ao the 
aggloaeratea will retain their peraeabilit7 during 
heap leaching. It i• alao neceaaary to add a wetting 
agent. 

Laboratory teating alao indicate• that introduction of 
high-atrength C7&nide aolution into the aggloaerating 
drua incre•••• rate and overall level of gold 
recovery. Por thi• rea•on, aoat of the C7&nide uaed in 
the proc••• will be acldecl to the ore during 
aggloaeration. 

The aggloaeration and reagent addition process will 
con•i•t of the following activities: 

Ore Peed 

For proper operation of the aggloaeration s7steas, ore 
feed rate aust be con•tant. The ore will be fed froa a 
hopper equipped with a continuou• conve7or belt at the 
bottoa. The belt •peed will be controlled by a 
variable speed drive. 

Ceaent Addition 

Ce•ent will be fed onto the conve7or belt by a dosing 
screw froa the base of a bulk ceaent storage silo. 

The silo will be filled b7 a bulk pneuaatic truck. 

Dosage of C7anide Solution 

C7anide solution for aggloaeration will be fed to 
the drua at a rate up to 600 liter• per ainute. This 
solution will be delivered b7 a separate process 
puap located in the barren pond. Solution will be 
introduced into the ore through spra7 heads located in 
pipes in the aggloaerating drua. The aaount of 
solution fed will be controlled .aanuall7 b7 an 
operator at the discharge end of the drua. 
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c.2.c 

C.2.5 

Vetting Agent 

Vetting agent will be delivered to the site as a 
concentrated liquid in 200-liter druJls. • 

Vetting agent will be added to the •r•tea by puaping 
through a high-pre••ure aetering puap into the 
flow•treaa of •olution before it ia apra:re4 into the 
ctrua. Control of tbia feed and puapiDg •r•t- will be 
aanual. Approxiaately O.OC kg of .. tting agent rill be 
used per tonne of ore, equal to CO t2 per day. 

Sodiua Cyanide Addition 

Sodiua cyanide will. be delivered to the •ite in 
100 kg druaa. The chmta rill be aanually positioned, 
then duaped using a •aall winch hoist into a 2000 1 
agitated tank. Solution in the tank •ill be ten 
percent sodiua cyanide, plu• a aaall aaount of aodiua 
hydroxide for pB control. 

C.3 Reap Construction 

Since the aggloaerated aaterial aust be carefully 
handled, the aethod of continuous conveyor handling 
has to be applied. 

The heap construction is done by a radial conveyor 
stacker. 

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

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

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

Aggloaerated aaterial will be transferred froa the 
discharge of the agglomerating drua to the radial 
stacker u•ing a transfer conveyor and a series of 
aoveable conveyor belts. 
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Tb• tr-f•r CODTe70r will 4i•ellar9• to one of '"""'° 
100-.eter COD••70r• placecl ill •eri••· 'Ill••• t•~ 
con••:ron will be located parallel to an4 along th• 
..-lope •i4• of tlae beap. '!lle7 will be llOUDted on 
Bids ao tlae:r can be poaitioned - pulliDg witb r. 
llOYeabl• winch. 

Tbeae loeg con,,.:rora will feed a •et ,f eleTeD 20-
-ter portable CODTe70ra wlaicb will f ..ct tbe radial 
atadi .. CODTepr. 

lll of tile 20--ter con•e:rora will be wbHl-.ounted 
for eue C;if relocation. !lle:r will be COllllected 
together witb cable illto a lillear atrillg •o tbat tb•:r 
can be retracted ill one operation • 
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Tbe installation for aggloaeration. reagent addition 
and heap construction will include the following it ... 
of n .. equipaent: 

feed hopper I belt feeder 

raap and containaent wall 

c...nt ailo and doaing acre• 

aggl0119ttration aolution •Y•t .. 
and plUllbing 

wetting reagent aetering puap 

KaOI addition systea 

feed I diacharge conveyor• 

aggloaerating 4rua 

US-Dollar 

67.000.00 

10.000.00 

55.000.00 

3.000.00 

2.000.00 

5.000.00 

32.000.00 

178.000.00 

approx. 500 aeter• sectional conveyors 373.000.00 

radial •tacker 

electric control unit 

belt weightoaeter 

equipaent sub-total 

installation I ••••ably. 30' 

eatiaated freight I insurance 

total installed cost 
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5.0 lite Laput, •a4 aa4 fODd Dealp aad Iutallatlon 

5.1 Geural LQoat 

5.2 

Tb• layout of the leaeb pad area, pcm4a and plant aite 
i• ahown ill the attaebed drawing no. 101-11-291 UA. 

Tbe ait• m clao8- becauae it i• elNe to md.ating 
iDf rutraetare and baa a llOderate •lope wbieb allowa 
for drainage of ~· laeapa. Tbe alt• la approdmatel7 
1500 -t•ra •outb of th• TORCO talllaga depoait ud 
adja~t to the old 'IORCO proeeaa plant. Tb• leaeb pad 
oeeupiea u area of t75 z 7t0 -t•r• wbieb i• 
aufficient to contain 2.5 llillion tonne• of atacked 
tailinga. Tb• :&.oeal relief ill the area i• unifora 
•loping downward at u average grade of 1 percent to 
tbe nortbeaat. 

Tb• final heapa will be built in two aegaenta, each 
containing 1.25 aillion tonne• of tailing•. Bach 1.25 
aillion tonne aegaent will be constructed with a 
continuou• aJIOOtb top aurface .. aauring 191 ••t•r• in 
u upalope-downalope direction and 720 aeter• aero•• 
•lope. &a new -t•rial i• •tacked, each heap aegaent 
will be eztended aero•• alope in t5 aeter wide 
aodulea. 

Bach of the 191 b7 t5 aeter heap aodulea will be built 
during a 90-day production period. Tile downalope ud 
upslope halve• of each aegaent will be aeparated by an 
internal bera (deacribed below) ud will be leached in 
aeparate t5-da7 production heapa. Bach •5-day 
production heap will contain 31,700 tonne• and aeaaure 
106.5 b7 t5 aetera (including one aidealope). 

Initial Leach •ad Inatallation 

At the •tart of operation•, aufficient leach pad 
aaterial will be inatalled for the firat year'• 
operation. Thia require• a pad of 205 x 223 aet.era; 
the heapa are aurrounded b7 a five aeter border to 
ainiaize C7aDide overapray lo••· 
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5.3 lerm. 

two tn»e• of aolatlon control berJl8 will be 
eoll8trueted upon the pad aurfaee. fte beraa are 
depicted in the attached drawing no. 101-11-301 UA. 

fte f ir•t tn»e of bera will be uaed to iaolate each 
heap a_.at froa adjacent (aero•• elope) beas- ao 
that leach aolutioaa lD tile •arioua leach &Del wuh 
atagea can be kept aeparate. ft••• longitudinal beraa 
run up-alope/downalope and will be eonatructed by 
placing a 60 c:a bigb aomad of earth OD top of the 
prepared ground aurfaee below the PVC liner. 

A ••cond tn»e of bera, called lateral bera, run• 
aero•• •lope and will be uaed within the heap aegaent• 
to aeparate aolutiona froa adjacent leach •aodulea• 
covering •s da7a of ore production. ft••• beraa will 
be built uaing the .... technique• a• the longitudinal 
beraa. 

5.C Solution Collection Ditebe• 

Solution i• tranaported in a ditch at the downalope 
edge of the pad into one of thr•e ponda. Thia ditch i• 
0.5 aetera deep, 2.5 aetera wide at the baae and 3.5 
aetera wide at the top. 

The ditch contain• two pipe• which tranaport aolution 
flowing froa the heap aodul•• into the pregnant or 
interaediate aolution atorage ponds. Short connecting 
ditch•• are placed between the pada and the aain 
ditch. Short connecting pipe• in theae ditehea can be 
eaaily re-connected into either of the two aolution 
tranafer pipea. 

Solution flowratea into the pregnant and interaediate 
pond• will be aonitored. 'l'beae aonitoring device• will 
be aounted in the ditch•• juat before they enter the 
reapective ponda. Solution •&11Pl•• will alao be taken 
at thia location. 
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5. 5 Drainage -e aDd trotecti:n COftr 

To ensure good drainage of •olution froa,below th• ore 
heape mad to prevent ezce••i•e h7dz'o•tatic head froa 
building up on tb• pla•tic •h .. t, 50 - perforated 
pol7etb7lene pipe (agricultural drain pipe) rill be 
in.talled on tbe PVC leach pad on •ix .. ter center•. 
'l'bi• reqaire• 7,100 .. ter• of pipe for tb• fir•t 
7ear'• operatioa. 

A cover of cru8hed rock rill al•o be needed to protect 
tb• PVC pad in tbe area •ubject to vehicle traffic, 
••peciall7 where tb• •tacker conve7or operat••· Al•o, 
relatively heavy equipment •uch a• front-end loader 
rill drive aero•• tbe pad •urface when re-po•itioning 
the ••ctional conve7or•. Thia •roadway• rill occupy 
the central 25 aetera of each •5 .. ter wide heap 
•epent. Tb• pads and pipe in thi• area will be 
protected ritb a textile cover (Geotextile) and 0.3 
aetera of Cr118hed ore, •and or aggloaerate• aade with 
extra ceaent. 

5.6 Pad In.tallation Procedure• and Co•t• 

In•tallation of the pada, beraa, ditches and drains 
will include the following activitie•: 

1. rough grade the surface to obtain a natural but 
unifora slope. 'ill ••all depre•aiona where 
nec•••ar7 

2. where fill is required, moisten the fill aaterial 
to approximately 15 percent aoi•ture and coapact 
the fill in 0.25 aeter layer• 

3. to conatruct the berll8, apread out a layer of fine 
soil aaterial, aoiaten and aix so that it contain• 
approxiaately 20 percent aoi•ture. Reclaim this 
aaterial with a road grader or front-end loader 
and fora beraa. Coapact the ber•• with a vibratory 
coapactor 

C. hand-rake and inapect tbe final aurface. Reaove 
rock• larger tban 15 aa, plant reaidu•• and other 
foreign aatter. Pine grade and coapact the •urface 
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5. c:ut. grade and c:cmpact aolution ditch•• 

6. iutall a plutic pa4 abeet of 0.75 - PVC for th• 
beap pad and 0.90 .. plutic lining aaterial 
(Jl7palon) for the aolution ditcbea a&i ponds 

7. iutall ua4 po•ition •olution traufer pipe• in 
th• lined aolutlon cU.tc:bea 

I. iutall drain pipes OD tile top surface of the pad 

9. eover th• drain pipe• with 0.3 -t•r• of 
protective gravel or aggloaerated ore 

Tb• pad. pond and 4itcb liner• will be iutalled b7 a 
crew of 12 -n. Tb• liner aaterial will be d•livered 
to the aite iD factozy-fabricated panel• of 
appron.&tel7 1000 aquare •t•r• each. Tb••• panel• 
will be positioned over a aection of prepared •urface, 
then field-welded to the adjacent panel• uaing a 
•olvent c-•nt. 

Tbe inatalled co•t for the first 7ear'• pad (Cl,000 
•ciuare aeter• of PVC) and aolution ditch•• (3,000 
aquare aetera of B7P&lon) i• ••tiaated below • 
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Liner material 
tl,000 aqa 0.75 .. PVC 

3. 000 •qa 0. 90 .. Bn>alOl' 
20, 000 ~---.~ Geotextil• 
7,100 a perforated drain pipe 

750 • aolution tranafer pipe 
4,000 eua eruabed rock 

glue a:id inatallation tool• 

Bquipaent 
water truck: 12 dap 

US-Dollar 

122,000.00 
17,000.00 
2t,OOO.OO 
9,000.00 

50,000.00 
30,000.00 
15,000.00 

200.00 US D/4a7 2,t00.00 
dozer, D-1: 11 daya 
560.00 US D/4a7 10,800.00 
encllo•~•r: 30 da7a 
i5o.oo V' la7 7,500.00 
(4oa~r an~ 9Dd-loader operating coat 
onl7, equipaent required for the project) 
4aul tructg 12 da7a 
300.00 US D/4a7 3,600.00 
road grader: 15 da7a 
500.00 US D/4a7 7,500.00 
vibratory coapa~tor: 15 daya 
500.00 US D/day 7,500.00 
aiac equipaent 1,700.00 

Site preparation I aateriala aub-total 315,000.00 

Inatallation labor 25,000.00 

Shipping I inaurance for liner aaterial 25,000.00 

Bquipment mob I de-ao~ilization 10,000.00 

total inatalle4 firat year'• pad• 375,000.00 
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5.7 Pon4 Ii••• and De•i9DatioDS 

Tb• layout of th• beap• and poncla i• ahown in the 
attached drawing• noa. 101-11-291 UA an4 101-11-300 
UA. There are four initial ponda: barren, 
interaediate, pregnant and. free -t•r. The capacity 
of th• poncl8 will be •uff icient to contain working 
•olution voluae and run-off for two leach C7Cl•• plus 
30 .. of rainfall over tb• entire f ir•t year beap 
area. Tb• total ~ voluae (not including the •a•h 
pond), divided equally aaong the three pond• i• CSoo 
cubic aeter•. 

Baell of the three proc••• pond• (1500 cubic aeter•> 
will have top edge diaen•ion• of 27 by 27 aetera. They 
will be excavated four aeter• deep in alluvial 
aaterial with pond aidealopea at 2 : 1. The wa•h pond 
voluae i• 800 cubic aet•r•. It will have top edge 
dia•n•ion• of 22 br 22 aeter• and will be three aeter• 
deep. 

All pond• will be lined with 0.90 aa plaatic aheet 
(reinforced Bl'J)alon) and will contain a leak detection 
•r•tea below the liner. The detection •Y•tea will 
con•i•t of two textile layer• (Geotextile) and a leak 
collection auap, connected to the •urface br a 75 am 
PVC pipe for observation and aolution reaoval. 

The function of the pond• ia deacribed below: 

Pregnant aolution pond 

Solution froa the heap that i• under primary l~ach 
will flow into a pipe in the lined ditch located along 
the down•lope edge of the leach pad• and then into tbe 
pregnant pond. Solution will be puaped from here to 
the proc••s plant. 

Barren •olution pond 
--------------------Solution exiting the carbon adsorption colUllll• will 
discharge into the barren pond. Cyanide strength will 
be adju•ted when necessary by cheaical additions to 
thi• pond, although it is expected that nearly all 
cyanide needed will be fed to the aggloaerating 
drua. Solution will be puaped froa this pond to the 
oldest heap• Cin secondary or later leach cycles) • 

•• 
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Interaecliat• pond 
-----------------SolutiOIUI f roa th• heap• in th• aecoDdazy leach cycle 
will flow into the intermediate pond. •••h aolutiou 
froa old heapa will alao flow into thl• pond. Solution 
will be puaped froa thi• pond to th• nneat heap• (in 
th• priaazy leach cycle). 

Preab water poncl 

Thi• pond will receive water via a pipeline froa the 
project water auppl7. Water will be puaped froa thl• 
pond onto heapa in th• waab cycle a• needed to provide 
~ake-up Yater to th• leaching •7•t ... 

The inatalled coat for the three proce•• •olution 
pond• and tbe freab water pond i• eatiaated below: 

excavation and coapacting 

equipaent uaage during in•tallation 

liner aaterial 
2,050 aqa 0.9 1111 BJPalon 
2,050 •cia Geotextile 
glue, leak detection •Y•tem 

ai•c•llaneou• •upplie• and equipment 
u•e 

US-Dollar 

15,000.00 

2,500.00 

11,500.00 
2,500.00 

18,500.00 

10,000.00 

•ite preparation I material• •ub-total 60,000.00 

in•tallation labor 

•hipping/in•uran~• for liner aaterial 

total in•talled co•t• of pond• 

•s 

5,000.00 

C,000.00 

69,000.00 
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6.0 

Tb• •ch-tic: water flow atre- are abewn ill drawing 
DO. 101-11-110 U&. 

Bach of tb• 191 ~ •s -t•r heap 9CMl\ll•• (213 b7 •s 
aetera inclucliag two ai4ealopea) will contain 77,tOO 
tonne• of ore. eqalwalant to to 4a79 of protluction. At 
an7 one t1- an area equal to 1600 8qaare .. t•r• will 
be UD4er leach (not lllclucling te11PC>r~ wub ~c:lea). 
In aoat operating coD4i,tiona. •100 •quare aetera will 
be in priaazy leach anc1 tSOO aquare aetera in 
aec:o~4a~ leach, re•pectivel7. Proc••• •olution will 
be applied at tbe rate of 10 liter• per hour per 
•quare aeter or Cl cubic: aetera per hour per heap. The 
recove~ plant i• dttaigned to proce•• •1 cubic aeter• 
per hour. Bvaporation of 20 percent of •olution puapect 
will reduce tbe actual aaount of •olution available. 
•o the plant ef fec:tivel7 ba• 20 percent exc••• 
c:apac:it7. 

Water aake-up requireaent• include water ab•orbed and 
retained in tbe ore and lo•••• due to evaporation. 

~ater ab•orption during aggloaeration and 
saturation of tbe new heap• will be 200 
tonne of aggloaerated ore or 5200 cubic 
aonth. 

•ub•equent 
liter• per 
aeter• per 

Bvaporation fro• heap• at c:on•tant huai4ity i• a 
function of tbe aaount of •olution •prinkled. Average 
2C-hour lo•• due to evaporation i• e•tiaated at 20 
percent of •olution puaped onto the heap• or 13,800 
cubic aetera per aonth. 

Wa•h cycle evaporation will be 15 percent of proce•• 
water evaporation or 2,100 cubic aeter• per aonth. 

Total proc:e•• water requireaent i• therefore 21.100 
cubic aeter• per aonth. Other water requireaenta for 
the project include caap drinkable •upply and 4uat 
control nee4• for the haul road• and plant I off ic:e 
area. Th••• are roughly ••tiaated at C,000 cubic 
aetera per aonth. 
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current water •ourcea ahoulcl be reriewect to -ur• 
water •••ilabilit~ for 25,100 cubic .. tera per llOllth 
or a cont:inuCMl8 flow of 35 eabic .. t•r• per bour. 
AccordiDcr tc.- :inforaation froa 8111!9, the -t•r aupply 
will be eD8ure4 •ince tb• pipeline cu cleli••r 51 
cubic .. tera per bour • 
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7.0 Recc>TUT •1-t aDd .. ap Pipillg 178t-

7.l. Rec:oYer7 •1-t Optioaa 

'lb• nCOY•ET pl-t ••l•ctecl for Akjoujt i• a ao4ular 
carbon cdaorption plant. incorporatiDG a bigb-pr•••ur• 
bot •trip followed b7 eleetrowilmiDg of gold. Tbe 
plant inelud•• a ... 1ttag furaae• and all aa•oeiated 
equipaent uedecl to reco..- c1ore ban oa-•ite. 

In the cboiee of reeo••ET plaata for ~aaide leech 
operations. two baaic optiou eziat - reco•eET uing 
zinc duat (llerrill-Crowe) and recovery uaing activated 
carbon. Tb••• two option• are diacuaaed below. 

Kerrill-Crow• ••· Carbon &daorption for Gold Recovery 

Zinc precipitation of gold and •ilver froa pregnant 
aolutiona u•ing th• Merrill-Crowe ~roe••• wa• 
developed ••veral decade• ago and i• a collllOD aetho4 
of gold recovery. '!be proceaa involve• filtration and 
deaeration treat .. nt atepa followed b7 injection of 
zinc dut re•ulting in a gold-bearing filter cake. The 
filter cake i• then dried and aaelted in a furnace for 
production of a dore bar. 

The carbon adaorption proce•• ia a aore recent 
developaent and begina with the ad•orption of gold and 
silver on activated carbon held in tank• or stages 
of a colUllD. Because the carbon granule• are large, 
pregn.nt solution• can be proc•••ed directl7 without 
prior filtration •t•P•· The preciou• aetal• au•t then 
be stripped fro• the carbon and plated onto steel wool 
in an electrol7tic cell. The cathodes are then ••elted 
in a furnace and a bar i• poured. 

Zinc precipitation i• be•t for treating clean proce•• 
•olution• containing high level• of di••olved gold and 
•ilver. titben the aetal content of the •olution drop• 
to low level• (such a• those expected in the Akjoujt 
project), or when solution• becoae high in other 
aetal• or aalt•, zinc dust precipitation require• 
cloae technical auperviaion and continuous process 
adjustaent. 

•• 
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Ill coapari•on, a carbon a4aorption plant can be 
operated b7 non-teebnical peraonnel regarcll••• of the 
-tal content of the •olutiona: it can proc••• 
aolutiona high iD •upended •oli4a, 4i•aolvecl •alt• 
or ba•• -tal• and it allOW8 for continuecl inexpeuive 
reco••1Y froa low-grade dirty aolutiona. 

-eel on tb••• aD4 other criteria, a carbon adaorption 
reco••1Y plant a79t .. i• cho•en for the atudy. 

carbon Stripping Alternativea 

Th• two .. tboda under conaideration for reaoval of 
gold and ailver froa the loaded carbon are the 
alcohol/cautic (atllo•pberic preaaure) •tripping 
•Y•t.. and c:auatic pre••ure •tripping ayat... Both 
-thoda are baaecl on work concluctecl by J.B. Zadra at 
the United Stat•• Bureau of llin•• in th• early 1950'•· 

The alcohol/cautic •Y•t .. entail• puaping a hot (85 
degree• C) aolution of 1 percent cauatic •oda, 1 
percent aodiua carbonate and 20 percent ethyl alcohol 
at ataoapheric pre••ur• through a batch of loaded 
carbon. The exiting aolution ia then pa•••d through an 
electrolytic cell where gold and ailver are plated 
out. 'l'be cell overflow •elution i• returned b7 gravity 
to a heated tank and recycled to the carbon. The 
entire •tripping proceaa, including electroplating, i~ 
coapleted in approxiaately 2• houra. The cathode• fro• 
the electrolytic cell contain the precioua aetal• and 
th••• are tranaferred to a aaelting furnace for 
production of dore bar. 

The eauatic pre•aure ayatea i• conducted ea•entially 
in the •-e way, excef't that it i• conducted at a 
higher teaperature and p1:eaaure (3 bar• abaolute, 130 
degree• C). In order te achieve the high teaperatur•• 
and prea•urea, the heating •Y•t•• i• contained in a 
pre•aure veaael, and the •Y•t•• al•o contain• heat 
exchanger• and preaaure control valve•. 

An alcohol atrip procedure can be run in a •Y•t•• 
deaigned for cauatic preaaur• atripping, but the 
r•v•r•• i• not poaaible. 
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•ormatly the 
the capital 
fewer it
euler. 

aleobol atrip •78t- i• applied becaue 
eoat of tbe plant i• lCNer, there are 
of proe••• ecauiPll9Dt aad control i• 

8CNeYer, for lljoujt preaeure 
becaue of th• tiff ieul\.z 
aleollol at thi• reaote alte. 

•tripping ia reco-ended 
and eoat of procuring 

7.2 Rec:oYeQ Plat De•lGD •ar-tera 

Gold rill be recovered in a carbon adaorption
deaorption-reeoveQ (ADR) plant. 

Tb• general deaigi\ par-t•r• of thi• plant are aa 
follow•: 

Plant capar.ity at 10ll - utilization * 

ore proc••• rate 
(26 daya per aontb) 1,000 tonnea/day 

310,000 tonnea/year 

aaxiaua plant aolution 1'lowrate 
operating plant aolution flowrate 

58 cu aetera/h 
t8 cu aetera/h 

gold recove~ 
head grade (atudy 1983) 
plant deaign recoverr 
expected field recove~ 
total daily deaign recovery 

average gold content of pregnant 
aolution 

carbon loading level• 

carbon proceaaed per day 

• 

3.0 gr-/t 
90.0 percent 
85.0 percent 
2.7 kg Au 

1.91 ppa Au 

10.0 kg Au/t 

255.0 kg 

aode of operation at deaign capacity 
utilization) 

(100 

------------------------------------------------------aggloaerating, •tacking (310,000.00 tpy) 
26 daya x 7 h/day x 12 aontha/year 
leaching (310,000.00 tpy) 
30 daya x 24 b/day x 12 aontha/year 
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aocl• of operation at 6t - a•ailabi11tr (firat rear of 
production - baaia of profitabilit7 calculation) 
------------------------------------------------------aggloaerating, atcac:king, leac:ldag 
310,000.00 tPJ' z 0.6t • 111,tOO.OO tPr 
gold production 

, 

111,tOO tPJ' z 3 g/t z 0.15 • 506 kg Au per rear 

aocl• of operatioa at 10 - aYailabilitr (2Dcl aacl 
followilag r•ara of proctaction - baai• of profitabilitr 
cal eulation) 

agglomerating, atacking. leaclltag 
310,000.00 tPJ' z 0,10 • 2tl,OOO.OO tPr 
gold production 
2ca.ooo tpr z 3 g/t z o.15 • 632 kg Au .-r rear 

7.3 kecOYery froce•• Deacription 

In th• adaorption ••ction of tb• r~ gleat tile 
pregnant leach aolution will be contact.a with 6 z 12 
•••b granular activated carbon in an upflow, lluitised 
•r•t••· Tb• adaorption equi.,....t will c:011aiat of a 
aingle five-atage aclaorption tower approzillatelr 12.7 
••t•r• bigb and 1.13 ••t•r• di ... ter. lac~ ata .. will 
contain 5CO kg• of carbon. 

In the deaorption aection of tbe plant. the carbon 
will be •tripped uaing a preaaurisecl llieb-teperature 
cauatic aolution. Tb• gold-bearing atrip aolution will 
flow to an electrolytic cell wlaere tbe gol4 will be 
plated on ateel wool catbodea. Tbe catbo4•• rill be 
proc••••d in a dieael-fired pot furaace to pr~uce 
i•pure ••tal bullion. 

Following •tripping, the carbon will be tr ... ferred to 
an acid waab tank where it will be •aalted with a 
dilute brdrocbloric acid aolution. Following acid 
waabing, the carbon will be recrcl .. to the ... orption 
tower • 

Once everr two to four aontba tb• carlilloA •ill be beat 
regenerated in a vertical tube or rotarJ r ... aeratiDg 
furnace. The •r•tea will proc••• 20 kg of earl:.on DU' 
bour. 
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7.t a.coYeET •lat a4 8flai..-t 

'!be f lowalleet Of tbe l'eCOftET plat la aJloma la 
tll• drawinp ao. 101-31-110 UA. fte proc .. a --1..-t 
for tbe recoYeQ plat will c:oaaiat of a Yertical 
tower aclaorptioa col- (abi.111*1 -..ratel7J: a •trip
aeid wub aectloa iaatalled la one 12--ter abippbg 
eoatalaer: a 6--ter ablppiag coatat.aer coaatatag 
atorage Uld aump t•nk• mad •er•••: a -ltiag faraace 
ad ai•e•llaaeou --1..-t abl....S la a -..raa 6-
-ter ablpping contaiaer: a4 a earboa regeneration 
funaee aid_.. la a ... _.ate 6--ter alalppbg coatal-
aer. 

'llae proe••• equi,...t will c:oaaiat of tile f ollowiag 
it-: 

iutnmeatatt..oa u4 •-.liDe •7•t-
preaaure atrip aolutioa •7•tea iaclucliag two 
earlMNa atrip ..... 1., electric ia-liae beat•~•, 
beat exebancrera, ttact-pr•••ar• •al•••· •trip 
•olutioa ater... ttmll, p.>Wer •uppl~ ad 
electrol~ic cell 

aei• •aP apt.a, carbon regenerating furaaee and 
carbon tr-fer equi~t 

fenced refiDe1"7 area including flux 
facilitiea, flux aixiag table, tilting 
crucible•, 110lda, •lag proe••• equipment, 
water auppl7 
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Innat.eat eoata of ADR plant 

••tlaated price of ti ea -tera per 
boar ACOYeQ pl-t :lDatallecl ill t1lo 
8bippbg eontalDera with ezterlor 
fiYe-abge adaorptioa tower. t pro
een p-... and a7atw iastrwn
tatim 

additiODal eoat of preaaure atrlp 
faeiliti•• ancl carbon regeneration 

fweil n!iWT area _. ~t. 
11• ad •1.. proc.a ecaai..-t. 
•bk ... _t_ ... 17 

eqai,._t aub-total 

fl•• tomaea cawboD: pl• apare Mrta 
at 20 pereeat of equiJ1191lt aub-total 

field iaatallatlOD of ADR pl .. t ancl 
a .. oclate4 proe••• faelliti•• 

*1t1>bg: four to-cu •t•r CODtai
ura for ADa pl .. t, r•fiDU7 equip-
-t ... __. • .-rta; Pl• 65 cna -
tera for ... orptiOD to.er, r .. 1wa
tl .. furnace aDd five tODDea carlloa 

total ••tillated coat of ADa •laat 
... oc. faeiliti•• 

53 

US-Dollar 

350.000.00 

110,000.00 

35,000.00 

tts.000.00 

135,000.00 

75,000.00 

75,000.00 

710,000.00 
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7.5 .. ap tipe• aD4 lpriDllen 

At U7 giYeD tiae durilag the leach qc:le, •olution or 
wub nter will be aprtUled onto two bHIMI CODtaiaing 
77,•oo tcma of ore ••ch at a flowrate of 10 litera per 
...-r• •ter per boar or •• cubic: •t•r• per boar per 
beap. 
Tile 4••iGD alao prodde• for •priUl.ilag a tbir4 beap 
iD a tlaircl-•t- l•c:b or a nab qc:le: eQUlJlllmlt ad 
auppli•• for tbi• tlaird C7Cle are alao included iD 
c:o•ta. 

Tile aolution ti•trillatiOD Qat• Cor t110 leac:b qcl•• 
... one ...ma ~1• ~-.. 720 •tera of .. in 
solution b•.._.• ... lJIO •tera of a--..la •lution 
beadera. '!Ila ala .... _.. er• of 150 - ti-ter PVC 
u4 the nb-be.,._.• of lH - 41-t•r nc: the .. 
pipes ere •1... to acco .. a4a•• a de•iCllD f lowrate of 
100 lit-. per m-te. 

A total of 95 91>r:1Uler• per 77,toO tonne beap moclul• 
will be apac:.. oa a I x 9 -ter pattern •lOll8 the 
diatribu~ioa lt.aea. ..ell apriakler will 41atribut• 
approxiaatel7 9.0 liter• of molutioa per ainute on .n 
area wlaicll will OYerlaD tbe flow f roa adjac:•t 
aprialllera. 

BDfS (blgla clelaait7 pol7tb7l ... ) i• a bett•r aaterial 
•• e.xpoaed to bot -7 watber, but nc (po17YiDyl 
cblori .. ) baa beea c'°8eL bec:au.. of ... 1er 
iaatellatiOD. Tbe iaa~allation Of fYC recuire8 ai119le 
tool• Md aol,,..t .. 1da, wber• .. 8DR requirH 
apecialised tool• and beat welding tecbaique• • 
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Inve•taent co•t• of heap piping a7at .. 

•olution aain header•. 
150 1m dia PVC, 720 a 

•olution •ub-aain header• 
100 - dia PVC, 1300 a 

•olution diatrlbutlon liD•• 
50 .. dia PVC, 2t00 a 

300 •priDkl•r• 

lCO .ad 50 .. •alvea 
70 PG•· 
pi .. fittillga. variou• •i•••· t71»9• 
3000 PG•· 
••tiaated freight I in•urance 

US-Dollar 

11.000.00 

11.000.00 

21.000.00 

5,000.00 

9,000.00 

12.000.ou 

20,000.00 

110.000.00 

Reap pipiDtS for tb• aecond 7ear of operation include 
50 perceat replac..-nt of pipe• and •printlera. 'l'h••e 
requir .... t• are li•t•d aa operating co•t and are 
pre•ente4 aeparatel7 in .. ction 11.7 • 
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8.0 la111>lilag Procedure• and Laboratory Requir-.at• 

8.1 Concepta of froc••• Coatrol 

Beap leach proce•• c:ontrol will enc09pa•• ••veral 
functiou: 

a. adequate •a111>ling, weigbing ancl u•aPD9 of •oli4 
(ore) aamplea to 4eteraiae toanagea &IMl ounce• of 
gold placed on tbe bcap 

~- flow -a•ur-.it an4 golil/•ilver/copper aaaay• of 
proceaa •olutiona to deteraine aetallurgical 
recoverie• 

c. C7&ni4e an4 p8 ••••ur-•nt• of proce•• •olution• 

4. •••aY• of activated carbon an4 •trip aolution• for 
correct control of recovery plant ~peration• 

The laboratory faciliti•• reqqired at .lkjoujt will 
include preparation equipaent to dry, aix, aplit an4 
pulverize •oli4 aaapl•• an4 a wet cbeaiatry laboratory 
witb atoaic abaorption •pectrophotoaeter. 

Pir• aaaaya of ore and carbon aaaple• will be 
periodically required. However, reault• are not nee4e4 
for iaaa4iate proc••• control purpo••• an4 operation 
of a fire a•aay laboratory i• not conai4ered to be an 
on-aite requireaent. Saaple• fo~ fire aaaay will be 
••nt to co .. ercial or governaent laboratori••· 

8. 2 Saapl,".ng an4 Aaaaying Requireaenta 

Ore aaaplea 

Grab aaapl•• conaiating of 3 kg of ore feed to the 
aggloaerating drua will be taken every 30 minute• by 
ac~oping aaterial fro• the conveyor belt. The aaa~le• 
will be collbined into 2-hour coapoait••· lach of the 
coapoaitea will be weighed, 4ri~d, weighed again, 
aplit, pulverised an4 •••ayed fo~ cyanide aoluble gold 
content. A total of 2 to 6 ,~ol:l.d• •1111ple• will be 
proc•••a4 per da~. Additional grab saapl•• aay 
increaae tbe total to ten per day. 
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A portion of each coapo•ite will be •aved, and th••• 
will be coabined into two-da7 aa•t•r coapo•it•• which 
will be aent for fire •••a7. 

A ••ighto .. ter at the agglomerating drua feed or 
di•charge belt• will record total througbput tonnage. 
If thi• weigbto .. ter i• at th• drua diacbarge, 
addi 't1.onal •DPl•• will be taken at thi• point for 
moi•ture deteraination. 

Solution •DPl•• 

Solution •aaple• will be taken •••r7 four houra, 2C 
hcur• per day, at •everal point• in the proce•• area. 
Th••• •UIPl• point• are liated below: 

barren aolution at the barren puap 
interaediate aolution at the inter.ediate puap 
pregnant •olution at the pregnant puap 
diacharge froa each carbon adaorption •tage 
heap di•charge at heap in priaary cycle 
heap di•char~e at heap in aecondary cycle 
heap diacharge at heap in waah cycle 
atrip aolution entering electrolytic cell 
atrip aolution exiting electrolytic cell 

A total of SC aolution aaaplea will be proceaaed per 
day. Theae will be ·analyzed by direct atoaic 
abaorption analyaia f~r gold and copper (and 
occaaionally other aetala). They will also be analyzed 
for pB uaing a pH aeter and titrated for cyanide 
content. 

The f lowrates fro• the heaps will be aeasured manually 
u•ing open weir•. Adsorption tower flowrate• and 
flowrates to each heap cycle (barren and intermediate) 
will be aeaaured uaing continuoua recording 
flowaeter•. llectrolytic cell input and discharge 
flo•• will be s .. pled end aeaaured uging autoaatic 
proportional aaapler• (alternatively, the cell 
sampling and flowrate readings aay be done aanually). 

Carbon •aaple• 

~arbon will be aaapled each ti•• it is tran•ferred 
into or out of the •trip ve••ela. Carbon will alao ~· 
saapled fro• each adaorpti.o~"l aJtage at the end of each 
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aontb for aontbly inventory control. Ten to fifteen 
carbon aaaple• will be proc•••ed per aontb. Carbon 
aaaple• will be •ent for fire aaaaya. 

8.3 19111>1• ~eparation and &..aay Pacilitie• 

Tbe laboratory rill be aounted in one 12-aeter 
abippincJ container. 

The container for aaaple preparation and atorage rill 
include a duat collecting ayatea, aplitter, pulverizer 
and coapr•••or. lftle wet u••Y lab rill include an 
atoaic abaorption apectropbotoaeter, fuae hood and 
fan, wriat action abaker, pB -ter, centrifuge and 
general lab aupplie•. Tbe container will be equipped 
witb evaporative cooler•, cabinet•, bench••· pluabino 
and electric•. 

Tbe cc1ntainer will be aeparated inaid• by a wall. one 
of tbe roo .. will be uaed for aaaple preparation and 
the other for ••t cheaiatry and analyaia. 

Inveataent coat• of the field laboratory 

field lab equipaent and auppliea 
one •bippi~G container I inat·allation 
f reigbt and inaurance 

total field laboratory coat 
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9.0 Intraatructur• and Support Paciliti•• 

A a111111&ry of th• eatiaatecl iDatallecl co•t• of th• 
infraatructur• and •upport faciliti•• i• pr•••nted 
below: a di•cuaaion follo.. for eacb category: 

Inve•taent coat• of 
faciliti•• 

inf raatructure and aupport 

f • foreign iD•••taent 
1 • local inve•taent 

power requir ... nt• • (f) 
water requir ... nta • (1) 
trail•~ for peraonnel (f) 
ecceaa/baul road coaatruction or 
upgrade (1) 
warebouae I cbangerooa 
wind fence• and •ite •ecurit~ (1) 
••rvice and •upport vebicl•• (f) 

inf ra•tructure •ub-total 
e•tiaated ~reigbt I in•urance 

total inf ra•tructvre I 
aupport faciliti•• 

US-Dollar 

170,000.00 
330,000.00 
•0.000.00 

60,000.00 

25,000.00 
80,000.00 

705,000.00 
105,000.00 

810,000.00 

• according to inf oraation f roa SAllIN US-Dollar 
100,000 have to be •pent for the repair of the water 
pipeline and US-Dollar 300,000 for the die•el angin••· 
Th••• aaount• are included in the prices • 
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Figure 21: Akjoujt 1000 tonnes/day Heap Leach 

Motor List with Insta1led Power 

Equipment Description Installed Power (kW) 

A. Primary transport conveyors 
(tailings area to plant area) 
Agglomerating drum 
Radial stacker 
Transfer co~veyors 
(drum to heap) 
Winch 

B. ~etting agent metering pump 
Agglomerating solution pump 
NaCN agglomer~tion feed station 
with agitator 

C. Intermediate solution pump 
Barren solution pump 
Process water pump 
Pregnant solution pump 
Strip solution pump 

D. Strip solution heater, heat 
exchanger and controls 

E. Acid wash system 

F. Electrolytic cell, power supply 
exhaust hood with fan, proportional 
sampleL ~nd controls 

G. Smelting furnace and blower 

20 
45 
40 

100 
10 

0.25 
5.00 

0,40 

12.00 
12.00 
12.00 
12.00 
0.75 

65.00 

2.5 

7.5 

3.0 

H. Regeneration kiln, gas fired 2.5 
Quench tank agitator 0.4 
Carbon transfec system with pump 4.0 
Carbon dewatering screen 0.5 
Carbon fines system 1 .5 

I. Lights, general electricdl service 
and evaporative coolers 

J. Laboratory complete 

K. Operator off ice 

T ~ t a 1 
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9.1 Power Requireaent• 

Figure 21 is a list of motors and other power 
consuming equipment. Total installed power is 383 kW. 
The equipment 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 estiaated for each of the groups as 
follows: 

Groups A and 8 

Group A equipment consists of the conveyors and 
agglomerating drum. These systems will operate 7 hours 
per day. The drum and stacker and incidental 6quipment 
(group B) will consume about 70 percent ~f 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 tbeir installed power. 
Total yearly power consumed for these groups will be 
445,410 kWhr (l.44 kWhr per tonne). 

Groups D through H 

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

Total power 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. ~he cost of installed 
electrics for the various equipment items is in~luded 
in the cost of the equipment. Additional power 
"infrastructure" requirements include about 100 meters 
of power line 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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eatiaated to be US-Dollar 75,000.00. According to an 
inforaation froa SAllill, the additional coat of dieael 
engine apare part• aaounta to US-Dollar 300,000.00. 

9.2 Water Requir...ata 

Aa di•cu••ed in aection 6.0, total water requireaenta 
are eatiaated to be 25,100 cubic .. ter• per aonth. 
Water for all project acti•iti•• will be •applied by 
th• eziating -ter •uppl:r •:r•t-. 

A4ditional -t•r faciliti•• will include 200 aetera of 
150 .. dia ateel pipeline, a 20 cubic aeter drinkable 
water tuit and a doaeatic water puaping ayatea. The 
inatalled coat of th••• extra water facilitiea 
(including inaurance an4 freight) ia eatiaated to be 
US Dollar 35,000.00. 

The additional coat of repair of the pipelin• aaounts 
to us-Dollar 1r~.ooo.oo Cinforaation fro• SAllIN). 

9.3 Trailer for Plant Peraonnel 

Thi• facility will conaist of two 6-aeter trailers. 
equipped with electric•, air-conditioner, fur.:iture 
and coaaunication. The inatalled coat of th••• 
facilitie• (including inaurance and freight) i• 
eatiaated to be US-Dollar 60,000.00. 

9.4 Ace••• I Baul Road Con•truction or Upgrade 

A~proximately two kiloaetera of exiating road will 
have to be ia~roved. The tiae and aaterial for road 
iaproveaent ia ••tiaated to require •,OOO cu aetera of 
gravel and tbree week• of an equipaent fleet including 
a dozer, grader, water truck and a auperviaor. The 
total cuat of thi• work i• eatiaated to be US-Dollar 
60,000.00. 
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9.5 Warehouse I Changerooa 

It is assUJlled that the facilities for the warehouse 
and chanoeroom are currently available at the project 
site. If not, these items will be housed in three of 
four 6-aeter 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 estiaates. 

9.6 Vind Fences and Site Security 

Approximately Jr?o meters of 4-strand barbed wire 
fence will be installed around the first year's 
project site layout. In addition, aoout 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 aol~tion 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 Vehicl~s 

Two pick-up trucks and an all-purpose fork-lift will 
be required for general project su~port. Delivery 
coat (including insurance and freiqht} of these 
vehicles is estimated to be US-Dollar 90,000.00. 
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10.0 Peraonnel 

10.1 Profeaaional and Clerical ltaff 

Tb• projected prof eaaional an4 clerical ataf f ing 
a119geated for tb• Atjoujt Reap Leach Project i• liated 
below. 

- 1 General Operationa llulager 
Bxpori•ced aenior engineer wbo ia faailiar witb 
tb• baain••• an4 teclulical aapecta of production 
operationa. Ultiaat• reaponaibilit7 for all pha••• 
of aine-plant control. gold production and aafety. 

- 1 Chief Metallurgiat I Project Bngineer 
Senior engineer with a baaic underatanding of the 
heap leaching and carbon proc•••ing ph•••• of the 
operation. aeaponaibl• for daily plant operation•. 
proc••• iaproveaent, operator auperviaion and 
training. leach and plant equipaent aaintenance. 
aetallurgical accounting and aaelting operation. 

- 1 Cheaiat I Aaaayer 
Degreed cheaiat reaponaible for all function• of 
the laboratory and aaaple preparation, inclu4ing 
equipaent I inatruaent upkeep, requiaitioning of 
auppliea, aaintainina record• and calculating 
aetallurgical aumaari•• and aupervision of lab 
peraonnel. 

- 1 Bookkeeper 
Bilingual bookkeeper who i• faailiar with 
accounting and bookkeeping procedures, 
c•lculation• and purchaaing functions. 

- 1 Bilingual Secretary 

10.2 Skilled Operating Personnel 

- ' A.DR Plant Operator• 

general 
payroll 

Peraon• who are faailiar with general industrial 
proc•••••· 'l'lf••• individuals will be trained to 
operate the ADR plant. Specific ta•k• will include 
aolution aaapling, carbon tranafer, stripping, 
acid waahing and plaut record keeping. 
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- 2 ~ratory Aaa:lataata 
P•r•ODa wbo are fuil:lar with general :l.Dduatrial 
proceaaea. tb••• iD4iYiduala •ill tae traiaed to 
uaiat the eb..tat. Specific taau will iaclu4e 
aolid and aolution aaaple preparation. aaaple and 
aaaa7 data record t .. ping. 

- 3 Aggloaerating I Stacking Operator• 
P•noaa wbo are fuiliar with general induatrial 
proe•••••· tb••• iD41ri4aal.a will be trained to 
operate the agglomerating and atacting equi11119Dt. 
Specif :lc taata will include dail7 equipaent 
aaintenance. atart-up and abut-down proeedurea. 
reagent &dditiona and feed aater:lal •1111Pling. 

- 6 Squipaent Operator• 
Bzperienced equipaent operator• wbo are 
with dail7 equipaent aaintenance. 

f uailiar 
tb••• 
dail7 individual• will be reaponaible for the 

aervice and operation of the hea97 equipment 
(trucka, dozer and endloader). 

fleet 

10.3 Operating Peraonnel 

- 5 Heap Operator• 
Th••• peraona will be trained to aonitor and 
aaintain the heap •7•t•••· Specific taak• will 
include heap pipe and aprinkler installation, heap 
aolution aaapling and aiacellaneous •upport work. 
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10.• llMp Leach Tacbaical Traiat .. ~~-

m> atroagl7 reC11D•••.. tile perlorwe of a f our-..U 
laeap leacb tacbaical tralat.. progr- for • people 
froa tb• akill .. opaetU. .....-1. 

lucb a pr0fl1"• la .. ,1.... to train a f our-...... r tm 
to ... _ ... ..-ate a tnlcal 1,000 tomae per du 
lleap leaela ClllS•U•. fte ~ •1-t• ol tile prottr• 
and aaaociated cottta are • loll-: 

f our-da7 ecluction in heap leach techno10(;7 
cov•riDg t71»lcal unit operations 

aeveral two or thr••-4a7 alt• viaita to vario~• 
operating lliDe I beap leach operation• 

field espoaare to .. t•rial handling, leach pad 
aD4 heap •inteD&Dce, reco••r7 plant operations, 
laborator7 and plant control and refin•r7 •7•t .... 

US-Dollar 

dail7 rooa &Del board expen••• 12,000.00 

tran•portation (I people) 21,000.00 

engineering instruction b7 a aenior 
engineer a••igned full tiae for a 
four dar aeainar 13,000.00 

field expen••• for site viait• C,000.0~ 

total technical training program 50,000.00 
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11.0 Ogeretiag co.ta 

-. ...-eth8 coe•• ~l~ below are b•••4 OD • 
uaual ...-U:t:l• rate of 311.HO t-• per ...-. 

11.1 ~o!-1aaal 1un. Operatt-. L.rtar. at••t•aat:l-. 
°"~ .... 
f - f oreing 
1 - local 
a - adaini•tration 
4 - 4ireet labor 

project aanager (f, a) 
project eDGineer (f, 4) 
-intenanc• -ebanic: (1, 4) 
chai•t (1, a) 
bookkeeper (1, •> 
aecretary 

operating labor (1, d) 
US D 16.00 I aanahift 

total prof •••ional and labor 

ac!ainiatration overhead• ( 10 ' ) 

'' 

US-Dollar/aonth 

• 

7,500 
6,500 
6,500 
2.000 
1,000 
1,000 

8,000 

32,500 

1,26 
per tonne 

3,250 
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11.2 Diacing .act BauliDg Tailiaga to Leach Site 

'i'he coat of 
section 11.1. 
coJ1pan7-owned 
aaint.eaance, 

equil)llent operatorD is included 
"l'he ODerating costs listed ~•l~v are 

vehicles and iDclud8 coats 
tir••· fu•ls and resaira. 

in 
for 
of 

US-Collar per aonth 

b&ul truck fleet (3 trucks) 
each truck 15.25 US-D per br 
130 brs/aon~h 

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

dozer. 20.15 US-D per bour 
180 hrs/aonth 

disc plow (1 agriculture type) 
7.40 US-D per hourbr 
50 hrs/aonth 

total disc I hauling operation 

11.J Agglomerating and Stacking 

5,950.00 

2,645.00 

3,625.00 

370.00 

12,590.00 

- 0.49 
per tonne 

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

The costs 
equipment 
wu&in tenance 
C :>:J'tS. 

listed below are for 
and operation of 
cost is based on 
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laelt ~•'llr 
..i.--•iaa -OQlll'lle9•• 
rllllial ••acller 

total c .. ltal coat 

Ul-Dell• 

32,0H.OI 
111,ogo.eo 
373,0H.OO 

55,000-.08 

631,000.00 

operating coat I percent 

plua endloader 
13.50 hr • 2C60 bra/aonth 

~otal aggloaerating and •tacking 

11.C Leach Solution Reagent• 

VS-Doll• per ;JeU' 

51,000.00 

33,200.00 

ac,200.00 

- 0.27 
per tonne 

The labor and power coat• to operate the reagent 
addition •Y•t•aa are included in aectiona 11.1 and 
11.5. '!'he coata li•t•d below include the reagent 
conswaption rate ba•ed on the laboratory te•t 
aultiplied by the e•tiaated delivery co•t of each 
C::On8Wlablct. 

•odiwa cyanide 
2.0 ko/tonne 

US-Dollar per tonne 

US-D 1.50/kg 3.00 

c::eaent (Portland) 
10.0 kg/tonne 
US-D 0.13/kg 1.30 

Nalco wetting agent 
O.OC kg/tonne 
U8-D 5.00/kg 0.20 

total leach •olution reagent• C.50 

1,395,000.00 per year 
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11.5 Leacb Vtilitie•: •OW9r aa4 Water 

hojeet pot19r aa4 -ter requlr-nt• are ti•eua•ecl in 
••etiOD8 9.1 aa4 9.2. 'lb• C08t8 li•tecl below u•uae an 
eleetrieal pot19r eo•t of VS-Dollar 0.10 per ldlbr and a 
water C08t of VS-Dollar 0.07 per eabie .. ter. 

eleetrie PGW9r 
::.60 ldlbr per tonne 
VS-D 0.10/ldlbr 

drinkable water 
one eu .. ter per tonne 
VS-D 0.07 I eu .. ter 

VI-Dollar per tolme 

0.26 

0.07 

total 1 .. eb utiliti .. C09ta 0.33 

102,300.00 per ~ 

11.6 ... ell .... - ..... 

fte CllPital -.t of ftrat J9U''• l•cll .,.., drai•
.._ ... •1.U• Mtcb i• •-Dollar 375,0Do.eo. fti• 
C08t i• outl~ ta aeetl• 1.5. AD .atitt-l 11,0M 
-•r• -~• of ... •teriala rill • ne-lr.. for 
......... t ...-. n • ~ -.1~ wt of •
Dollar •1.en.00 .- .-r (er n-D 1.11 .- -.uar• 
.. ter) •• lllliti-1 •••• will ... ~ind. 

tS,000 841 •ter1 
Ul-D 5.11/aq .. ter 

'' 

VI-Dollar 

265,ooo.oo .-r ~eer 
o.ts IJK' tomae 
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11.7 Beap Pipe 178tell 

capital coats of the firat 79ar•a beap piping 
requirements an4 aprlnklera are US-Dollar 110,000.00. 'file•• coats are outlined iD aection 7.5. ..ap piping 
coats of th• aecODd 79ar'• operation iDcl•-de 
repla-=-t of 'O percent of all pipe•. Yal.Ye• -4 
apriaklen. 

60 perceat of Ul-D 110,000.00 

11.I LUoratoQ ad bH7 178tem 
(allocated to Factory O.erbeada) 

a-Dollar 

11,000.00 per ,.ar 
0.11 per tonne 

GJ•r•t'-9 co.ta ol tile l~ _. -7 mptea to 
eeatrol Ula f ... •tedal ... •lmf.; f-ti- ue pre•••t .... low • ......-atft7 laor illld atiliti .. ce.u 
are lacl .... :La netioa. 11.1 - 11.s. 

Nll• ._.le pr9PM'lltion I .. ._ .. ._._ 
.... l.H 1'W -.1e 

••lD .... 1. 1'1"91*r•tlOD I •-:r .. ... -Ul-D 1.80 pcir .... le 

fire auaa:r (out•l .. clleet) 

5 ... -Ul-D 10.00 p.tr .... le 

70 

US-Dollar ._. 799r 

11,600.00 

25,000.00 

15,600.00 

5',200.00 

• 0.11 
per tonne 

,,. 0100 0431 04 
(HW :100~•4) 

4ll000 11 Ill 0 



.~ 

~ 
KHO HUMBOLDT WEDAG AG 

11.9 ua ReeoYeQ 178~ OperatlOD 

During one 79ar of operation. approxiaately 100 
kg of gold would be recoYered froa 310.000 toDD•• of 
ore (deaign capacity). At an aYerage carbon loacliag 
l•••l of 10.0 tg Mtal per toaae ~l carbon. 10 toaaea 
of carbon will be •tripped dn-iag one operating year. 
ADPz'od•tel7 ciae toaae ~f carbon will be proceaaed ill 
eacb atrip cycle. 

Tile eo-.ioaitlon of tile produced don •tal la atill 
UDlmowD. DepeDd:lng on tile gold loadi.Dg 1•••1 of tbe 
carbon. tbe gold content of tbe bullion froa tbe 
electrol7ala i• expected to be bet ... n 10 aD4 50 -· In 
order to guarantee tb• copper content of tbe bullion. 
a •eat-production facilit7 will bawe to Ille l"1ID oa-aite 
for a .-ri.. of et l ... t tlaree WU. at a Z'ft• of 100 
ta••• of ~llW. llC•••••I .-. Mw. ••._. tile 
~ to na tlllll tata ,...Y .-reatl7 wee• tile 
poteattal co.ts - to JaaYi119 a 1- or Yarial»le gold 
content la tbe lllalliOla thlri.119 ..,.._t:l• ...-atiOD. 

DD b.,,. corr ... oal1ace froa a .. jer ref laery ill 
Geruay •tati.91 ~~ tM nf tuzy elMaqe fer oae q of 
bwlll• nu. 98 • .. i• -i• 1te in the r••" of • 
60.00 ..- lie .i INlli• _. for a balllon witll oal7 
10 ' ~. Ill 38.te 1191' IE4f 1N111... '!be effecti .. 
C09ta ~ 'f of .. i• ... tMnten m 120.eo (appEea. 
Ul-8ellar 15) _. • JI0.00 (91JPrOK. VI-Dollar 161) 
..- ... of 9014, a Yerr -11 ••a-t lD relation to t• 
•old ••lae. 

T?p:l:al UI reflaen do aot c.._... eay pe-lt7 for 
copper in tbe Rlli•, aince C011P9r ia often aeled to 
tlae bullion lD or._ to refine it. 

'ftMt co.ta of tlle Ala pl-t operatloa are llated below 
_. iacl- tlle cwallble •tlPPli•• _. -ral 
•l•t-ce (coat• of lllltor ... ..-ratl81 po•r are 
incl .... in aeet:lona 11.1 ... 11.5). '!be pur~ba•• coat 
of tlae carbon, iacl .. U.. H9ft'al 7ear• of llalle-•, ta 
lnclUllecl :la tlle Illa plaat capital ce11t, .. ctioa 7.t. 
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Plant llaiatenance: 
10 - of plant capital co•t 

, 
us D C3,000.00 per 7ear 

0.1C per tonne 

Stripping Cbeaicala I Supplie• (10 atriPll per 7ear): 

aodiaa bJdrozicle 
25 kg/atrip 
US-D 1.5/ kg 

aodiaa carbonate 
25 kg/atrip 
US-D 1.00/kg 

auriatic acid 
200 1/atrip 
US-D 0.75/1 

cathode• 
US-D C0.00 per atrip 

dieael (carbon regeneration) 
60,000 liter• 
US-D O.CO/liter 

total •tripping cbeaical• 

·12 

VI-Dollar per par 

3,000.00 

2.000.00 

12.000.00 

3,200.00 

2c,ooo.oo 
CC,200.00 

- 0.1• 
per tonne 

Tr• 0103 Cl'JI 04 
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Sllelting SUpplie•: 

f luxe• 
1000 kg flux 
US-D 1.00/tg 

crucible• 
12 eracibles 
US-D 500.00/crueible 

41•••1 (furnace) 
12.000 liten 
US-D O.tO/liter 

total ... lting •uppli•• 

US-Dollar per :rear 

1,000.00 

6,000.00 

t.100.00 

11,100.00 

• o.oc 
per tonne 

Total .lDR Maintenance and Con.uaabl•• <••ction 11.9): 

plant aaintenance 
• 

•tripping cbeaical• and 9up~li•• 

•••lting •uppli•• 

total .lDR aaintenance 
and con•waabl•• 

73 

US-Dollar per :rear 

Cl.000.00 

Ct,200.00 

11,100.00 

99,000.00 

• 0.32 
per tonne 
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11.10 Gold RefiDeEY Charge• and IDaurance 

Tb• expenaea for annual gold •ale• include ref ineEY 
charge• for aecoD4ary ref ineaent and insurance charge• 
for ahipaent of bullion to tbe refinery. Thi• cost 
will uaount to approxiaately US-D 110,000.00 per year. 

11.11 Geaeral aDd .ldatDi•tratt .. 

General aD4 aclminiatratiTe co•t• include it... •uch a• 
property and equipment taxea, Yttbicle operation, local 
goodwill expen•••· office and co1111UDication expenaea, 
legal and accounting feea, outaide technical 
conaulting and in8urance. 

off ice aupplie• 

coaaunication 

liability inauranee and 
property tax•• 

eoapany ••hiele• 

legal and accounting services 

outside technical eon•ulting 

total eatiaated general 
and adainiatrative 

14 

US-Dollar per aonth 

1,000.00 

s.000.00 

9,000.00 

2,000.00 

5,000.00 

•• 01)0.00 

26,000.00 

• 1.0 
per tonne 
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12.0 Pinancial and Seonoaic SYaluation 

Th• financial evaluation of th• project ha• be•~ 
perforaed with th• help of th• URIDO IPS Inveataent 
Proaotion Service. Cologne. 'l'be total calculation of 
the •baaia caae• and th• •enaitivity calculation• are 
pre•ented in chapter 13. 

Por the baaic calculation the follcnri~ aaauaption• 
have been -d•: 

1 year of conatruction 
10 year• of production 
•tart of conatruction in 1988 
all co•t• and price• expre••ed in 1,000 US-Dollar 
1 product: gold bullion 
di•count rate for Ket Pre•ent Value: 15 ' 
local equity of US-D 1,733,100.00 
di•bur•ed in 1988 
no foreign loan 
local loan US-D C,OC3,900.00 
dl•bur•ed in 1988, interest rate 12 ,, repa:J]lent 
beginning wtth firat year of production with 
conatant inatalaent• 
gold price US-D C20 per ounce correaponding to 
approx US-D 13,500 per kg (pri~e of January 20th, 
1987, day of calculation). 

75 
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12.1 Inveataent Coats 

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

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

INVESTMENT COSTS IN FOREIGN CURRENCY 

SUMMARY SHEET 

Proiect component 

No. Description line COMFAR Investment Cost 
US-D 

1 structures and civils 3 194,000.00 

power requirements 

2 i.ncoq~. fix. ass. transeort 5 1,240,000.00 

disk I haul tailings 

3 incorp. fix. ass. tech no logy 6 3,222,000.00 

agglomeration/stacking 
leach pads 
solution storage ponds 
ADR plant system 
heap piping system 
field laboratory 

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

engineering, procurement, 
construction management 

5 El 3n t- mach. and eguiem., a 8 97,000.00 

service and support vehicl"!s 

~ plant mach. and equipm •. b 

initial investm. in spare parts 9 105,000.00 

7 ereeroduction exeenditures 11 50,000.00 
technical training program 

T 0 T A L 5,258,000.00 

TN 01000431 04 

4/)000" 119 0 



~ 

i1 
KHO HUMBOLDT WEDAG AG 

Por the ••ti.Jlate of tbe in•••taent eo•t• in l~c•l 
eurrene~ it ••• •••uaed that no pureb••• of land would 
be nee••••~· 

INVESTMENT COSTS IN LOCAL CURRENCY 

SUMMARY SHEET 

Project component 

No. Description 

1 site 2re2aration and de-

velo2!!ent 

acess/baul road construe-
tion or upgrade 

2 structures and civil works 

water requirements 
trailer for personneJ. 
wind fences and site 
security 

T 0 T A L 

77 

iline COMFAR 

14 

15 

Invest•ent cost 
US-D 

65,000.<iO 

454,000.00 

519,000.00 

TN 0103 °'31 04 
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12.2 R.einveataenta 

Due to the production period of 10 years, after which 
the available TOR.CO tailings are aost likely 
exhausted, depreciation is generally aaauaed with 10 
years. 

Only the service and support vehicles as well as the 
investaent 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. Description 

1 incorE· fix assets 

trans2ort 

disk/haul tailings 

2 Elant 1 mach. and eguie-
ment -
service and support 
vehicles 

T 0 T A L 

78 

line COMFAR 

29 

32 

investment cost 
US-0 

1,240,000.00 

97,000.00 

1,337,000.00 
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12.3 Production eo.ta 

The production Cb•t• are baaed on the 
a••u.ption• agreed upon in the eeonoaic 
aeeting. 

f olloring 
tripartite 

The plant rill be d••igned for a capacitJ' of 310,000 
tpJ' of tailing•. Becauae of the •tart-up difficultie• 
and tbe logiatic difficulti•• Wbicb mat be ~cted 
due to the reaote location of the plant. it will be 
unlik•lJ' to reach the planned caSN1cit7. Therefore, it 
i• a••uaecl that within the fir•t J'•ar onl7 191,COO tpJ' 
of tailing• can be treated (6C ' of de•ign.cl 
capacitJ') and 506 kg gold rill be produced. Thi• 
production re•ult• froa the a••uaption of an ore grade 
of 3 gr- per tonne and a =ecovery of 85 '· 

As of the ••cond J'ear 2Cl,OOO tpy will be treated and 
632 kg gold will be produced every year (80 ' of 
de•igned capacity). 

In the following, the production coats are •plit into 
foreign and local currency. 

79 
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PRODUCTION COSTS IN FOREIGN CURRENCY 

SUMMi\RY SHEET 

Project component 

No. Descr~ption 

2 

3 

4 

5 

6 

7 

raw material, b 

leach sol ttion reagents 

- sodium cyanide 
- cement 
- Nalco wetting agent 

leach pads and ponds 

stripping chemicals and 
supplies 

smelting supplies 

80 % variable 

dire~t labor 

project engineer 

0 % variable 

maintenance costs 

heap pipe system 

0 % variable 

factory overheads 

fire assay (outside check) 

0 % variable 

administration labor 

project manager 

O % variable 

administration, non-labor 

outside technical consul
tant 

0 % variable 

marketing, non-lab~r 

gold refinery charges 

100 % variable 

T 0 T A L 

80 

line 
COHFAR 

66 

70 

71 

73 

74 

75 

77 

production cost 
US-D per year 

1 • 716.000.00 

78,000.00 

66,000.00 

15,600.00 

90,000.00 

48,000.00 

90,000.00 

2,103,600.00 
Ill OICJ.VWJI 04 
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81 

PRODUCTION COSTS IN LOCAL CURRENCY 

SUMMARY SHEET 

Project component 

No. Description 

2 

3 

4 

5 

6 

7 

8 

Utilities 

power and water 
20 % variable 

energy 

fuel is included in mainte
nance costs for vehicles 

direct labor 

maintenance mechanic 
operating labor 
80 % variable 

maintenance 

discing and hauling tailings 
agglomerating and stacking 
ADR 
20 % variable 

factory overheads 

solid sample preparation, 
assay 
solution sample assay 
administr. overheads for 
total personnel 
80 % variable 

administration labor 

chemist 
secretary 
bookkeeper 
0 % variable 

administration, non-labor 

communication, liability in
surance and property tax, 
company vehicles, 
leagal and accounting servi
ce 
office supplies 
0 % .,,.~riable 

marketing, non-labor 

insurance ~harges for shipm. 
of bul.lion to foreign refinery 
100 % variable 

T o t a l 

line 
COMFAR 

98 

99 

100 

1 01 

103 

104 

105 

1'17 

production cost 
US-D per year 

102,300.00 

174,000.00 

278,280.00 

79,600.00 

48,000.00 

264,000.00 

90,000.00 

TN 0103 Oo&31 ,04 
(HW 3002/4) 

40000 12 II& 0 

1,036,180.00 



A 
KHO HUMBOLDT WEDAG AG 

12.4 Working Capital 

The net working capital aaounta to US-Dollar 1,254,310 
and is baaed on the following aain a••U11Ptiona: 

accounts receivable 
30 days at production costs ainua depreciation and 
interests 

inventory 
all required raw aateriala (other than TORCO 
tailings) will be kept in •tock for 90 daya 

work in progress 
the leaching tiae of the heaps aaounts to 90 days. 

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

cash in hand 
30 days 

accounts pay,ble 
30 days for raw materials and utilities 

12.5 Source of Finance 

I~ was agreed in the economic tripartite aeeting that 
the project should be financed by local loan only. 
This loan with an interest rate of 12 ' has to be 
repaid within the 10 year• 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 froa the taxable profit amount to 

10 ' within the first 5 years of production 
30 ' aa of the 6th year and all following years of 
production 
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12.7 

919 total ialtial iaw:ut&t•t ..-u.. tile eomtnctioa ..... ••mata te .... l.•2.1'10.00. 
!Id.a •a-t iael.._ 81-8 185,270.M • 12 watlla 
~ for a looal. 1- of W-D •.OtJ,900.00 _. 
Ul-D 50,000.00 fer a ~ ..--.r• . 
... 1••••••~ .,. ._ la lHJ hr all tile 116ile 
-----~ ... 1a1•'t to •-e l.UT,-.90. 
Ill 1"9. •t ...... of ... l•ltatl-..... ..ttag 
et1Pital •f W-D 1.IM,310.oe *ill 1te nc:onrea. 

!'otel proetaction C09t8 •D91lt to approxi•ately US-D 
4,000.000.00 in the firat year of production and 
r-ain alaoat conatant in the following yeara. 

As of the ••cond fear of production the apecif ic 
production coat• for gold bullion allOUDt to 6,760 US-D 
per kg, or 50 ' of the •••Wied •ale• Yalue. 

Tba 110at iapo1·tant production coat• refer to t.he other 
raw -t•rial• required for the leaching proceaa, for 
exuiple 

leach aoluti6n reagent• 
leach pada and ponda 
•tripping cheaical• and auppli· "l 

a .. lting auppli••· 

About 65 ' of total production coat• accrue in f oreion 
ciarreney and 42 ' of thea are variable. 

Depreciation .. ounta to about 16 ' of total production 
eoata. 

•early 50 ' of the net working capital i• neceasary to 
prefinance the production proc••• (work in progreaa) 
which lasta for about 90 da7s. About 36 ' ••rvea to 
f inanee the necessary •tock• of inventory and 
aateriala. 

It i• aaauaed that US-D 1,733,100.00 of local equity 
and a local loan of US-D 4,043,900.00 will be 
available in 1988, the fear of conatruetion. Thus, 
30 ' of total fund• will be financed bf equity. 

83 

rN OHl'.)fl<ll 04 
(HW :l(J()J,4) 

40000 I] 1M1 0 



l 

A 
KHO Hutm9CM DT WEDMI AG 

fte ~ •m .-iod of tM IJK'O:lect i• i- tMD 2 
,.._. ..s t1ae latecaaJ. aate er .. tvD • Yotal 
lla99~t •omta to H,52 • at a tiacoantiDcr rate of 
15 •• 

fte llet 11K•1 I~ MD•a a IW'l.r twa-onr of 
98-D l,IJl,IOO.GG .al .. el ~ .. c1al ,..r of 
tr~-U- a •t IC'Oflt d ...._t W-D J, .... -.OG. 

Since no diatribation of diri4end• i• aaawd, the 
cuaulate4 undiatribute4 net prof it at the end of the 
project a.cunt• to about US-D JC,100,000.00. 

The break even point of the project i• at 39 ' which 
indicate• a low econoaic riak. 

The aain paraaeter• influencing the profitability of 
the project are 

gold recovery 
gold price 
conauaption of chemicals. 

In the aen•itivity analy•e• the three parameter• were 
•crutinized and the re•ult• are •hown below • 

. , 
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&. 81fect of llecr••• of gold ~ on tbe na 

---------------------------------------------calculation 

15.0 

St.5 

13,500 

13.-

na 
• 

61.12 .... 
-----------------------------------~--------

a. it can.,. aeen fr- aaaly•i• & _.a. a al-. of 
tile 9014 price fr• 13.590 to I.DO Ul-D/kg bU tbe 
.... effect •• 4ecrea•ing the reco••EY fro• 85.0 to 
59.5 -· 

B. Sffect of deer•••• of gold price on the Ill 

calculation recoverr gold price 
- US-D/tg 

Ill 

----------------------------------------------
ba•i• aoc!el 

aenaitivitr 1 

85.0 

85.0 

13,500 

9,C50 

66.62 

C0.56 
---------------------------------------------

The ••n•itivitr analr•is c collbinea very peaaimiatic 
•••uaption• •• 

decrea•• of gold price 
low recovery 
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c. Sf feet of deer•••• of gold price on t.he ID at low 
recoYery 

calculation 

••naitirit7 1 

••naitivit~ 2 

••naitivit~ 3 

recovery gold price 
' vS-D/kg 

59.5 

59.5 

59.5 

13,500 

10.100 

9.C50 

Ill 

' 
C0.56 

23.CI 

14.38 

Since the eonauaption of ch .. icala i• an illportant 
factor in gold production, thi• par ... ter wa• checked 
in a wide range. 

D. Bffect of increa•• in eonaW1Ption of leacb aolution 
reagent• and other auppli•• on the Ill 

calculation re cove~ gold price eheaical eon- Ill 

' US-D/kg •uaption pro- ' jeeted • 100' 
------------------------------------------------------
ba•i• aodel 85.0 

••n•itiv. • 85.0 

aenaitiv. 5 85.0 

••n•itiv. 6 85.0 

aenaitiv. 7 15.0 

., 

13,500 100 

13,500 110 

13,500 130 

13,500 150 

13,500 200 

66.52 

63.71 

58.15 

52.66 

39,25 

IN 0103<\431 r\4 
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Tile aenaitiYitr ~i• A •bowa tbat th• risk of th• 
project is ••rr low. BY•n a deer•••• of 30 ' of the 
present gold price reducee th• Iaa Olllr froa 66 to 
co '. fti• percntage i• bowe•er still .an eztr-lr 
good retura on in•••blent. 

Proa the ••nsitiYitr analpis B re8Ulta tbat the 
project r-ins •till ecODOllical witla a ~ bad 
reco••rr rate of about 60 '· 

Tb• coabination of th• wont eYenta. i.e. low r•COY•~ 
and low gold price. i• shown in analr•i• c. b it can 
be ••en, th• ••~ unlit•lr combination of a gold price 
at 10,100 US-D/tg or 335 US-D per ounce and a bad 
reco••rr of 60 ' •till leads to an acceptable IRR of 
23 '· Onlr the cOllbination of coapletelr unrealistic 
conditions r••ult• in an IRR of lC '· 

Th• ••nsitiYitr analr•i• D •howa that the Iaa r ... ins 
on the •err high l•••l of 39 ' •••n if the consuaption 
of chellical• would amount to 200 ' of the projected 
conauaption. 

Because 
resulta, 
diately. 

of the low riak and the proaising econoaic 
the project abould be realized i .. e-

17 
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-------------------------------------------------------~------------ CQ!l'.Aft i.~ - lil'iili-j :?S !nvtst1tnt ~ra1ot1cn, ~ol04J~e -----

iQ~tu T~Ilill65 - litllD ElTRAtTIOti 
16.0l .1~87 
b•s1c Ytrsian 

l ~iris> of cll!lstrucuan. IO ~1rs of produttiDll 
currency conwtrsiDll r1tts: 

forti911 currtncy l uait = 
laul cwnncy l •it = 

1ccaunh119 curr!llCy: 115 I 1000 
----------------------------------

l.0000 lllits ICCD111ti19 Cllrf'tlty 

l.0000 units 1cc11111ti11~ c1rrt11cy 

Total initi•l inv••t••nt deri .. cmistActi11 ~ 

fi1H nHis: 
arr11t nsets: 
tttll Hiits: 

6262.27 
o.oo 

6262.27 

13.963 1 fartitn 
O.IOO 1 fartip 

13.9'3 1 fartip 

----------------------------------------
Sourc• af funds tluri" rastructi• '""' 

tqlli ty • 11n11ts~ 
farti91 Ions : 
lanl lNns : 
tahl f1n•s : 

17l3.l0 
o.oo 

4043.90 
5777.00 

0.000 l rarti•n 

0.000 1 f artitn 

----------------------------------------------------------------------------------------------------------------------------------
Cashflo• fra• 

Yt1r: 
DHnting costs: 
dtprtci 1ti on 
internt 
----------------
productiO'! costs 
t~r.to• fart1 gn 
total salts 

gross il'!Cat 

"ft Jft['"•lf 

tlt;!I ~ii lllCf 

'l~t Ci5hoio• 

op•rations 

l 
2784.10 
695.90 
485.27 

-----------
39o5.i.7 

61. 94 1 
6831.00 

2865.n 
2579.16 
l7H.Tl 
2664.56 

2 
3139.78 
695.90 
436.7~ 

------------
42i2.42 

6•.31 l 
8532.00 

4259.55 
3833.~2 

3966.58 
4807. 71 

3 
3139.78 
6~.90 

388.21 
------------

4223.e; 
65.05 1 

8532.00 

430ii. ll 
3677.29 
4168.BY 
001.•1 

litt Prtstl'!t Yalut •t: 15.00 1 = 
internal ~ate of ~tturn: 66.52 1 

15072,Qil 

~t~ur11 OP tq~l~;i: 
~tt~r~ on tqu1ty2: 

m.3o 1 
152.8~ l 

------------------------------------------------------------------------------------------------------------------------------------
Index of Schedul •• Draductd by COlf'Ali 

Tot•I init1•l inv1st11nt 
Total inv1st1111t d1rint production 
Tat1i prad1ct1on tPsts 
llorkin9 c.,ital r1~uirlllftts 

C.shflllll hblH 
PrPJtcttd lllifttl 
Ntt intDll st1tt11nt 
Soiree of fin11c1 

rN 0103 rJ431 0. 
(HWJOOM) 
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--------------------------------------------------------------~------- COllFAli ~.O - iJlll!IKi (PS lnvtst•t~t ~~01otio~ 1 ColOIJnt -----

Tat al Initial Investa•nt 1n us I 1000 

F11t~ 1nvestlf'lt costs 
Linc, sitt prt11111tio1 1 dtvtiop1t11t 
Blliidints 1nd civil woris •••• 
Auxili1ry 11d str'Yict f1eilitits • 
l~corporattd f i1ttl 1s5tts • • • • • 
Pl1nt 11c~intry 111d ~uiP8ftlt ••• 

Tot1l f11td in•tst1t11t costs • • •• 

Pr.-,rllftdi1111 c111itll np111•itarH. 
let mrbnt t1pit1l •••••••• 

T1t1l initi1l inYf5t11t11t costs ••• 

Of it fortitn, 111 1 ••.•..•• 

88 

65.00 
641.00 

li.i»O 
4112.00 
292.00 

m1.oo 

m.21 
o.oo 

13.9' 
------------------------------------------------~--------------~-~~---------~------------------------------------------

TORCD TAILill&S - 60l.D EITRACTJO!f ~- 26.01.1987 
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----------------------------------------------------------------------- CiMIFA~ i.v - JliilloJ iPS invrstPe~t ?roaotion, ~oioqn! -----

Total Current Investaent 111 il5 s 1000 

F11rd 1nvrst1ent costs 
Lind, site prrpar1t1on, devriopl!llt 
Baildinqs 1~d civil •ort~ . . . 
Aul1li1ry 1nd srrv1cr f1cilities 
Incor,or1t!d fi1r• 1ssets • • 
Pl1nt, liChinrry ID• eq1ip1r11t 

Tot1l f11ed invrst1tnt costs •• 

Preproduction c1pit1ls e1ptn•iturrs. 
llorhn9 upihl •••••••••• 

Tat1l current in.est1t11t costs • • • 

D• it fareig", 1 •••• 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
1095.76 

1095. 76 

74.64 

'IO 

0.00 
o.oo 
0.00 
o.oo 
o.oo 

0.00 

o.oo 
ISi.SS 

ISl.!5 . ... 

91-92 

0.00 
0.00 
o.oo 
0.00 
0.00 

o.oo 

o.oo 
0.00 

0.00 

0.00 

93 

o.oo 
0.00 
o.oo 

1240.00 
97.00 

1m.oo 

o.oo 
o.oo 

llfl.00 

100.00 

94-98 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

o.oo 
0.00 

0.00 

O.t~ 

(>.Ir.:· 
v.or 
0.0( 
o.o;: 
o.o< 

o.o~ 

0.00 
-1254.ll 

-1254.31 

iORCO TAILill65 - &OLD EITRACT!OM --- 26.01.19:7 

TN 0103 Ool31 04 
(HW 30021•) 

4'1000 n IMI 0 



.~ 

A 
KHO HUMBOLDT WEDAG AG 9'fo019'!~(f 

----------------------------------------------------------------------- COfFt..~ 1.0 - tllll!I i!IS in'l!Stlt'lt !'roeotiD'I, Co:llC}nt ----~ 

Total Production Casts 111 us$ 1000 

,,., . . . . . . . . ... . . 119 9() 

l of n~. c•p•c1ty ls1nglt product!. . ... ...... 
Rn littri•l l . . . . . . . . . . . 0.00 0.00 
Otlltt ra11 littnils . . .... . 14a.JI 1716.to 
UtilitiH . . . . . . . ...... w.n 102.JI 
Entrgy • • • • • • • • • • • • • . . 0.00 0.00 
LibOlf I di rfCt , , , , o , , , , , , nt.25 .... 
Rtp1ir, Nintt111Cf . . . . . . . . m.11 344.21 
SpirH . . . . . . . . . . . ... 0.00 0.00 
F1ctary D¥trllt1ds . . . . . . . . . '2.01 95.20 ------
flttarr casts . . . . . . . . . . . 2119.ft Zllt.11 
Allli1istr1ti" Dwwrll~s • • • • • • ••• ••• lndir. costs, Silts 111d distri•uti1111 144.U , .... 
Dirtct cDSts, Silts 111~ distributi1111 0.00 0.00 
Deprtci 1ti on • • • • • • • • • • .. "'·'° 695.90 
Fin1nci1l costs . . . . . . . ... 415.27 436.74 

---------- -------------
Tot•l production costs • .. . . 3'65.27 4272.42 

=--==== ===--=====-= 
Costs ptr 1111it l single product l . 7.14 6.76 
~f 1t fortign, 1 •••••• . . . 61.M 64.31 
Of it Yi'iiblt,1 •• . . .. . .. 36.02 41.76 
~at•I l•Dcur •• . . . ..... . 362.25 390.00 

91 92 93 

, •.. IM.• liO.M 
o.oo 0.0I) o.oo 

1716 •• 111•.• 1716.• 
112.JI IG.JI 112.• 

0.00 •.oo 0.00 

••• •• m.• 252. 
344.21 Mt.21 344.21 344. 

o.oo 0.00 o.oo 0. 
95.20 '5.21 95.2' 95. ..... .. .... 2'1t.11 • •• • •• ••• . .... 1•.• , •.. 
o.oo 0.00 0.00 

695.to "'·" 695.90 695.9C 
•.21 339.6' 2'1.16 242.6: 

------------ ---------- ---------- -----------
4223.19 4175.37 4126.14 

=======--== ===:---:= ====zz---= 
6.61 6.61 6.SJ 

65.05 65.IO 66.51 
42.24 42.73 43.23 

390.00 390.00 390.00 

TORCC TAILiii6S - 6CLD EITRACTJOfi --- 26.~i.!96 

TN 01'13 043". 04 
( H' •• ,. ;)l")C'." 1:: 

411 onrJ I? IMI 0 
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--------------------------------------------------~----~----~------- COftfAil 2.0 - lllIDO Ii'S lnvtSt1t11t Pra.otion, ColDl)llt -----

Total Production Costs in iJS 11000 

Yur •••••••••••••••• 

t D~ ~OI. CIJiClty ls1nglt prlllllict>. 
... Mttrlil l •••••••• • • • 
Otlltr r1w Mttri1ls •••••••• 
utilities •.•.••.•••..• 
&Jr'IJ ••••••••.••••.• 
LMw, firtct ••••••••••• 
i"lir, NlllttHllCt • • • • • • • • 
Sparts • • • • • • • • • • • • • • 
f1ctory ovtrHlds • • • • • • • • • 

flCtwy cnts ••••••••••• 
Mli1inntift IYlrlltlft •••••• 
luir. cnts, ules 11• fistri••ti• 
Direct tDSts, Silts 1nf fistri•1ticri 
"'rKiltillfl • . • . • • , • • • • . 
Fin11ci1l costs •••••••••• 

Tot1l prodaction costs . • • • • • . 

lOt.00 
0.00 

1716.00 
102.JO 

o.oo 
m.oo 
344.21 

o.oo 
'5.20 

mt.11 ... 
• ••• 0.00 
"5.to 
JM.II 

4029.79 

100.00 
o.oo 

1716.IO 
102.30 

0.00 
m.oo 
344.21 

0.00 
'5.20 

at.JI 

••• 1•.to 
o.oo 

6'5.90 
145.58 

3'81.2' 

97 

100.00 
0.00 

l716.IO 
102.JO 

0.00 
252.IO 
344.21 

o.oo 
'5.20 

mt.11 

• •• •••• o.oo 
"5.90 
97.15 

1m.n 

100.00 
0.00 

l1l6.IO 
102.JO 

0.00 
252.IO 
344.21 

o.oo 
'5.2t 

mt.71 

• •• . ..... 
o.to 

"5.to 
41.Sl 

•• 21 

99- 103 

0.00 
0.00 

-0.IO 
O.IO 
0.00 
0.00 .... 
0.00 
0.00 

.... 
0.00 
o.oo 
0.00 
0.00 
0.00 

O.IO 
========= ===s=----= -:a:-=s:::=: ==--=== ====== 

Casts ptr 111it ( sintlt product l • 
0' it foreign, 1 •.•.••.••. 
Of it nri1ble,I •••••••••• 
Toti: l•bour • • • • • • • • • • •• 

6.JI 
61.11 
44.27 

390.00 

6.30 
6'.01 
44.81 

3'0.00 

6.22 

"·" 45.36 
390.00 

6.15 
70.74 
45.91 

390.00 

0.00 
-1•2t1to.OO 

0.00 
-112.00 

~---------------------·-------------------------·-----------------------------------------------------------------------------------
TORCO TAlllliiiS - SOLD EITRACTIOtl --- 26.0!.:q;-

rn 0103 0431 04 
{><VI '.Yl0,,4) 
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----------------------------------------------------------------------- i:OllFAR 2.0 - UNllMi :~s iP.vKtlfflt Proeot1on, ColDIJP.! -----

Net MarkinQ Capital 11 US S lOOQ 

YHr . . . . . . . . . . . . . . . . . 89 90 91-98 9~ 100- l 

ton~a9• . . . . . . . . . lit uto 

Curr!ftt assets ' 
l.cc11111ts rtctiwablt ••• 30 12.0 m.t1 261.'5 261.'5 .... . ... 
lnYflltary 111d .. terials • 90 4.0 315.13 454.51 454.51 -o.oo ...... 
~""" . . . . . . . . . 0 0.00 0.00 o.oo o.oo o.oo 
S,trK . . . . . . . . . 0 o.oo o.oo 0.00 0.00 0.00 

llart iR ,r~fSS . . .. 90 4,0 547.50 '27.44 '21.44 .... . ... 
Fi1isltlll ,rodtatts 3 120.0 22.to 24.6' 24.6' .... . ... 

C.slt i• llUd . . . . . .. 30 12.t 91.62 '5.12 '5.12 .... . ... 
Total t11rr111t assets . . . . . . . . . 1211.2' ltU.46 1461.46 .... . ... 
CuP.'at liMilitiH 111111 
Acc111ts pay .. lt • • • . • . 30 12.0 112.50 209.15 at.15 .... ... 

------· -------- ------- ------ ------
lift wartintJ capital • • • • • • • • • • 1095.76 1254.31 1254.31 . ... . ... 
lncrflSf in 10rking capital • • • • • • 1095.76 151.55 0.00 -1254.31 0.00 

lift 1111rting capitai, local . . . . . . 217,90 295.13 295.83 205.91 215.91 
lltt irorking ca,ital, forti9n ' I e e e 117.16 951.41 951.41 -205.91 -215.91 

llot!: 1dc = 11n11U1 days of tovtr1ge ; coto = ~Dffficifflt of turnover • 
------------------------------------------------------------------------------------------------------------------------------------

TORCO TAIL1116S - 60LO EITRACTJOll -- 26.01.19~~ 

TN 0103 Ool31 04 
(HW :I00~,4) 

4()()'X),, 118 0 



A 
KHO HUMBOLDT WEDAG AG •

w:.::~~~~-·~ © 

Y.COMFAR 
20 l_IHIDO 

----------------------------------------------------------------------- CUllFAR 2.0 - tiMIDO iPS lnv~t1fnt Proeot10", CoiDIJ~f ---~ 

Source of Finance, construction in US f 1000 

YEir ............. . 

E~u1ty, ordiniry •• 
Equity, prf4!rfntf. 
Subsidies, gr1"ts • 

lDin A, for~ign • 
Loan B, forfign •• 
loin C, forfign • 
loin A, loc1l •••• 
lain B, lac1l •••• 
lDln t, lac1l •••• 

Tat1l t11111 •••••••• 

turrf!lt liabilities 
Bink averdr1ft •••• 

Toti! funds ••••••• 

E9 

1733.10 
0.00 
o.oo 

0.00 
0.00 
o.oo 

4041.90 
o.oo 
o.oo 

4043.90 

o.oo 
415.2i 

6262.27 

TORCO TAILIN&S - &OLD EITRACTION --- 26.01.1987 

1N 0"030431.04 
(HW J002/4) 

40000 12 1111 0. 
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KHO HUMBOLDT WEDAG AG 

-------------------------------------------------------------~-----~- i:OllFAii 2.0 - illliDil IFS I~vtst1!11t Pr090t11111 1 ColCMJ•e -~--i 
I 

Sourc• of Finance, production in us$ 1000 

Y1!11r •••••••••••••• 89 90 91-98 99 

Eau1tv, ord1~ary •• 0.00 o.oo o.oo 0.00 

Eou1ty, preference. 0.00 0.00 o.oo 0.00 

Subsidifs, ~rants • 0.00 0.00 o.oo o.oo 

Lain A, farl!iga • 0.00 0.00 0.00 o.oo 
LOlll I, foreign •• 0.00 o.oo o.oo 0.00 
LOlll C, foreign • o.oo o.oo o.oo o.oo 
Loan A, local •••• -404.39 -404.39 -414.39 0.00 
Loan I, local •••• o.oo 0.00 0.00 0.00 
Lo111 C, local •••• o.oo 0.00 o.oo 0.80 

------- ----- -
Total 10111 •••••••• -414.n -404.1' -4M.1' .... 
Currl!llt liabilities 112.50 26.65 0.00 -2".15 
link ovtrdr1ft •••• -415.27 0.00 o.oo o.oo 

---------- --------- ---------- ----------
Totai funds ••••••• -717.16 -S77.74 -404.39 -209.15 
----------------------------------------------------------------------------~--~------------------------~----------------

TURCO TAILll6S - &OLD EITRltCTION --- 26.01.1967 

TN 0103 °"3Ul4 
(HW 300?1•) 
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----------------------------~--------------~--~~-~------------~- LOf!FJ~ 2.~ - UllDO lPS i•'ffSttl!ftt Praeot1D!I, ColDIJr! -----

CashfloN Tables, const:ruct:lon in us s 1000 

'tl~ • • • • • • 

Tatil c•sh 1nfi1111 •• 

•1n•nc11l rtsavrcts • 
S.lrs, 111t of t11 •• 

Tot•l c:sh a.tfl1111 • • 

Tot1l •sstts • • •• 
llper1t11t costs ••• 
Cost of fililltt ••• ..,.,..t ..... 
Clrfar1tt tu 
Di villtlMls •Ii• . . . 

Sur•l•s I •rficit > • 
Cutulilfd CISft billDCf 

lnfla., loc1l •••• 
ilutfl1111, lotil •••• 
Surplus I •rficit > • 
lnfl1111, forrige ••• 
Out'l1111 1 forrit" ••• 
Surplus I dtf1cit I • 

lltt us!lfla. ••••• 
~tul•tee !let c1shf l1111 

B& 

5717.GO 
0.00 

w.21 

5717.IO 
o.oo 

•• 21 
t.IO 
t.IO 
O.IO 

-415.21 
-415.21 

5717.IO 
lM4.21 
4772.73 

0.00 
529.00 

-5251.00 

-5771.IO 
-5771.00 

T~CO TAILllii5 - liiilD ~~i~AC!iilli --- io.Ol.1=:-

rN 0103 0431 ()I 

(HW :KIO? 4) 
40000" llO 0 



A 
KHO HUMBOLDT WEDAG AG 
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,. ~ 2 •) llU I (I!:• 

----------------------------------~------------------------~--------- ill!IFlll 2.0 - iiliiKi j;S I~~t8"1t PrDIOt!Ofl, ~illl)llt -----

Cashf 101111 tabl ••, production 1• US I 1000 

Yt1r .•••••••• 

Fin1nci1i rts1111rcts • 
Silts, ntt Df tlJ •• 

lDtll Clsb 01tfJ1111 •• 

Totll HHtS •• , • 

n,tr1ti" costs ••• 
Cost of filllDtf • • • ..,,,..t ..... 
c.r,.1tt tu 
liwillllMls ,aid • • • 

!illrplus l deficit I • 
C..Ul1ttd Cisll bl)lftCf 

Jnfl1111, loul •..• 
Oatf low, loul • • • • 
5-rplus I dtf icit I • 
Jnfl1111, fortign • • • 
OuHlo., f1Yt1gn ••• 
Sur~lu~ I deficit ; 

ltt c1shfl1111 • • ••• 
~utul1ttd oet c1s~fl1111 

7113.50 

112.50 
6131.11 

ma.St 

1211.2' 
2JM.to 
&27 ..... 
a.57 

o.oo 

1»4.'1 
1219.64 

..... 
241'.21 

-2426.27 
"'4.49 
2763.32 
4201.18 

2664.56 
-3112.44 

90 

4592.17 

115.21 
JIB.JI 
436.74 ....,, -· 0.00 

1.M 
2J25.M 

-m1.21 
1554.IJ 
2267.tl 
6217.71 

. ... 
O.IO .. .. 
0.00 

JID.11 
a21 ... ,, 
a.11 

I.to 

4161.11 
M25.tl 

o.oo 
mt.5' 

-mt.St 
Im.to 
2103.60 
6421.ct 

4961.41 
6656.6' 

15S2.0I 

0.00 
15S2.lt 

Glt.52 

t.00 
JJD.11 .... 
411.3' .... .... 

4212.• 
IJW.51 

o.oo 
2215.'2 

-2215.'2 
1532.00 
2103.60 
6421.ct 

"56.56 
1161J.25 

93 

1532.to 

o.oo 
15S2.• 

5612.15 

lm.• 
Jllt.11 
291.16 ... ,, 
441.52 

t.00 

2'19.15 
165.66 

o.oo 
2172.25 

-2172.25 
1532.to 
3440.60 
5091.ct 

94 

1512.00 

0.00 

1532.• 

5122.91 

.... 
JtJl.JI 
Jl2.6J ... ,, 

lJa.11 .... .... 
1"'5.15 

0.00 
Jttt.31 

-:tt.31 
1532.IO 
2103.60 
6421.40 

4156.11 
1'214.07 

fl; OIOJ r\411 M 
(HW :W'.()' 4} 

411~1711110 
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------------------~~--~-~-------~-~~~~~---------~~--~--- COIFAi! 2.0 - IJli[;(j £FS i1wtst1er.t Proeot11111, Colaqnt -----

Cashflow tabl••• produc~ian l!I US 11800 

"11r ••••••••• 

Tgt1l Clsh 11fl1111 • , 

f11111ti1l rtsmrcts • 
Silts, nt of tu • . 

totll nwts • . • • 
9'1r1ti .. costs • • • 
C.t If filtMCt • • • 
~t ••••• 
Clrflr1t1tn ••• 
liYiMft ,Ud ••• 

s.r,111 ( ~icit ) • 
C.0.11t~ Clsh blllfttt 

Infl1111, loul •••• 
6.tfl•, lonl ..•. 
Slirplus I ~ficit > • 
Infl•, fwtip ••• 
Outfl•, forti9n • • • 
Surplus I dtficit > • 

•t usllf 11111 • • • • • 
Cueui1ted aet c1shfiCM1 

9S 

Im.II 

0.00 
Im.II 

O.IO 
JlJt.11 
IM.ll .... ..... 

t.IO 

J4Q.9' 
DM.11 

0.00 
2'15.J4 

-2'15.J4 
lm.IO 
2103.60 
6428.40 

O.IO .... 
•• fl 

O.IO 
JlJt.11 
145.SI ...,, 

IJ6S.2'Z .... 

0.00 
2'51.J7 

-2'51.J7 .. .. 
2113.60 
M28.M 

4127.IO 
m52.'2 

97 

Im.II 

O.IO 
Im.II .... 

.... 
JlJt.11 

97.IS .... 
Int.JI .... 
IHI.II 

JIN.13 

0.00 
2'17.41 

-2917.41 
Im.• 
2lts.60 
6421.40 

4112.44 
31365.06 

98 

Im.II 

0.00 
Im ... 

"'7.11 

.... 
JIJt.11 

&SS ... ,, 
IJM.JC 

t • .;u 

JSM.f7 

•••• 
0.00 

lmS.44 
-2E.44 
Im.It 
21ts.60 
6428.41 

m1.• 
l5362.'5 

0.00 

0.00 
0.00 

-1254 •• 

-14U.G ... .... 
M.IS . ... .... 

1254.Jt 
151t6.ll 

0.00 
625.13 

-625.11 
0.00 

-tm.33 
lln.33 

1254.lO 
36617.25 

100- I 

e.oo 

0.00 
t.00 . ... 
o.oo . ... . ... .... . ... .... 

-0.tt 
l5lt6.IO 

0.00 
714.M 

-714.M 
o.oo 

-714.94 
714.94 

-o.oo 
36617.25 

,,. 010)()431 ()t 

(HVI :100'.4) 
+100'l 1, 118 0 
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----------------------------------------------~--~--~------~~--~- \llllfAil 2.0 - illiii'IV !'S ~1west1111t Proeot10~, tai8'l'f -----

Cashflow t:ables, product:ion ;1 US 11000 

,,., • • • • • • • • • 107- J 

Toti! tish 1tfl1111 • • 0.00 

~lllllltill rfSOlrCts • 
Silts, let of tu .. 

Tot1l c1sll ..tfl• • • 

Totli assets • • •• 
llftr1tJ" c.ts ... 
c.t .. fillMtl ••• 
llf 11111t • • • • • 
C.,.ll1 ta 
lirimH l'Ai~ ••. 

s.r,1as t ~icit > • 
C.UlitM tlsll Hlaact 

llflD9, lDCll •••• 
illlt fl.. I Dul • • • • 
5-r•l.s I Clficit > • 
l•fl•, fortil" • • • 
Dlitfla., forti•• ••• 
SurpiH l nhcit l . 

.,t nsllflo. ••••. 
Cu111l1ttd lltt CISllf l Oii 

0.00 . ... 
••• 
t.IO 

• •• . ... 
••• . ... 
••• .. .• 

3519'.19 

o.oo 
714.M 

-714.M 
0.00 

-714.M 
714.M 

-t.IO 
36617.24 

iiiitil iAilll&S - 61'.J~D EITRACTIOti --- 26.~1.1;:-

TN 01030431 Of 
(HW 300~,4) 

lff.l0011•0 
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--~--------------------------------~-------~-~--~~~--~-------- Cil!IFAR i.~ - IJliilii iPS i1wtSteent Pr01Gt111, Coi:111a. -~--

CashfloM DiscountinQ& 

11 E1;uty ,.id YP-"Slls ~t 1M:Dlf fl•: 
ltt JrtSf!lt YliH ••• ••• .... •••• 15464.09 It 

h1ttrHi Qtt a• ~turii lilllW •• l~.lO l 
,, m.t lartll wtr5115 lltt Clst rttlrl: 

lltt ,rtst11t 11l1t •••••••••••••• 15475.13 1t 

I1tn1l Ritt of 1tt.. IIBDJ •• 152.15 l 
cl l1ttrul lilt Df bt.,.I • tatli ihfttltlt: 

lltt prtSat ill• • • • • • • • • • • • • • • 15172. '6 at 
I1t1n1I lilt If lttwa I I• I •• '6.52 1 

ltt llDrU = ~ty •Ii• •ln nstnn 

15.00 l 

15.IO l 

15 ... 1 

1.:11 TllLIE - RI EITMCTJ• -- 26.01.1'87 

,,. 0103 flCll flC 
(HVI :rlO' 4) 

4.1000 ,, .. 0 
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--------------------------~----~~--~--~~----------~--~~--- COl!FAR 2., - UlaiDil £Pi i1...st1ent PrDtatlllllt CDlllf.M! -----

Net: Inca•• St:at:•••nt: 11 liS s 100.) 

'".. . . . . . . . . . . . . . . . . . 
':'atil Si~ts. in~t. Hits ti~ ••.•• 
i.ns: uriilllt casts, 1P.d. wits t11. 

Vuiilllt llf'lll •••• • • ••• • • 
As 1 at tetli s.in . • • • • • • . • 

D,er1tiDMI urtta •••.•••••• 
Is l If telll wln .••.•.••. 

test of fi lill:t • • • • • • • • • • • 

irDSS ltftf i l . . . . . . . . . . . • • 
All~n •••••••••••••• 
T11uit 1trlfit •••••••••••• 
T11 • • • • • • • • • • • •••••• 

ltt ,rafit .....•.•..•... 

IJ yjfndS •IJd • • , , • • • • • • • • 
li!ld1str1~uted Jro'it .......•. 
'-cc~111i1t~ 1~01str1~~tee prDf1t ••• 

6rass 1tro•tt, 1 o~ tat1i silts ••.. 
-~ praf:t. 1 o: tGhi Hits •••• 
ROE, !let profit, l a• tt;~1ty ••••• 
ROi 1 Met ~rcr1t•1nttrest, : ~· ?ftYtst. 

llJl.M 
1421.36 .... 

n.19 .... 
mi.• .. ... 
e.u 

2165.JJ 
0.00 

2165.JJ 
2M.57 

2519.16 

0.00 
2519.16 
257t.16 

41.'5 
31.16 

141.12 
44.5' 

90 

15l2.M ..... 
6147 ... 

19.19 

2151 ... 

G.74 

mt.9 .... 
4259.9 
m.• 

o.oo 
lm.62 
'412.71 

4'.'2 
44.'3 

221.2t 
60.73 

91 

15l2.IO 
1114.M 

'141 ... 
1' ... ..... 

GI.II 
t.00 

GI.II 
at.II 

0.00 

3117.2' 
1'290.07 .... 

45.44 
22l.72 ..... 

91 

15J2.M 
1114.M 

6147.'6 
1'.19 

2151 ... 

.... 
45.63 .... 
45.63 
m.66 

3'21.'1 

0.00 
mt.'1 

14211.M 

51.16 
45.'6 

226.24 ..... 

9l 

Im.to 
1114.M 

6147 ... 
1'.19 

2151.M 

ltl.16 .... 
O.IO 

4415.16 
Mt.52 ..... 

o.oo 
l!M.M 

11115.61 

51.63 
46.47 

221.76 
50.16 

f~ 0103 0431 04 
[HW JOOi;4J 

40000". 0 



l 

A 
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--------------------------------------------~------------~---------- tOllFAil :.O - illi!IO r1>5 I1~stet11t Pr;J1Gt1ot1 1 C~l::l}ftf -----

Net Inca•• Stateaent. 111 il"S • 1000 

''" ................. . 
Tot•l Silts, incl. silts til ....• 
LHs: nriule costs. iKI. Silts tu. 

V•ialt urtn . . . . . . . .... 
ls l Df tohl SllfS . . . . . .... 

o,eriti .. l Mrti• • • • • • . • • • • 
ls l If totil Silts • • • • • •••• 

Clst .. fililCt • • • • • • • • • • • 

&ross ::--iriit ••••••••••••• 
~ii-...tts •.•••••••••••• 
T11nlt 11raht •••••••••••• 
111 • • • • • • • • • • • • • • ••• 

let profit •••••••••••••• 

Di ridnlls '•id • • • • • • • • • • •• 
ll!ldistrillutfd 11ri1h t ••••••••• 
AccU1U!1te~ i111distr1t1utrd profit ••• 

&ross ,rofit, 1 ~ total Silrs •••• 
lift ,roiit, 1 of tot1! s1lrs •••• 
ROE, ltt profit, % of f3uity ••••• 
ROI, let prof1t+inttrrst, 1 of 1nvrst. 

94 

am.to 
1114.M 

------
6147.ti 

1'." 
2151.64 

46'6.l2 
15.M 

ta.IS 

44Sl.6' 
o.to 

4453.6' 
1336.ll 

lll7.51 

0.00 
3117.51 

212".2' 

52.20 
3'.54 

17'.• 
40.IS 

95 

mz.• 
1114.M 

-----
'747.t6 

1'." 
2151.64 

lM.U 

451Z.21 
I.CO 

4512.21 
1351 ... 

llSl.55 

o.oo 
llSl.55 

24444.11 

52.77 
3'.'4 

111.14 
Jt.91 

96 

mz.oo 
1114.M 

-----
'747.t6 

1'." 
2151.64 

1a.• 
•• 74 

o.oo 
•• 74 
ll6S.22 

lllS.52 

o.oo 
3115.52 

27630.33 

SJ.34 
37.34 

lll.IO 
Jt.11 

97 

am.to 
1114.M 

-----
6747.t6 

1'.lt 

2151.64 

..... J2 .. .. 
'7.15 

mt.27 
o.oo 

mt.27 
1m.11 

3219.4' 

o.oo 
l2lt.4t 
••• 12 

SJ.ti 
n.n 

115.76 
3'.6S 

98 

ISS2.00 
1114.M 

------
'747.t6 

1'." 
2151.64 

""-J2 .... 
&SS 

4647.7' 
o.oo 

4647.1' 
IJM.34 

Jm.46 

o.oo 
Jm.46 

34103.27 

54.47 
31.ll 

117.72 
39.46 

--------------------------------------------------------------------~---------------------------------------------------------------

r~ 0103 ()431 DC 
(HW YJ01,4) 

40000 ,, 118 0 
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KHO HUMBOLDT WEDAG AG 

-------------- ----------------------------------·------------~------- tollfA'I 2.0 - tiMIDO illS invtstlf!lt ;...ot~t1an, ColOIJ~' -----

Net I nco•e St:at:•••nt: 1n US s 1000 

Ytl' ••••• , ••••••••••• 

Tatii Silts, i,cl. s1ies t11 ••••• 
less: v1rilbl1 costs, inti. s.les t11. 

V•iilllt urti• • • • • • • • • • •• 
As 1 of tolll wits • • • . • • . • • 

&,trlti•1l ... ,i. . . . . . . . . . . 
As 1 If tltli 511 ts • , • • • • , • . 

Cast ., f i a.ct • • • • • • • • • • • 

lr111 ,,. .. it • • • • • • • • • • . • . 
lll191Kts •••••••••••.•• 
tuul1 ,rofit •••••••••••• 
T11 • • • • • • • • • • • • • • • •• 

ltt ,rofi t • . • • • . • • • • • . •. 

Di ri •lllds ''i • . . . . . . . . . . . . 
l1Pd1stri•uttd 'rofit ••••••••• 
Accueul1t1d 111distrilltlte~ profit ••• 

liross ,rofit, 1 of tot1l s1l1S •••• 
lltt ,rofit, 1 of tot1i s1les • • •• 
RCE, .. t ,rofi!, 1 of ecu1ty ••••• 
ROi, !ltt ,rofit+1nt1r1st, 1 of 1nv1st. 

99- 100 

0.00 
o.oo 

o.oo 
O.IO 

.... 
..... 
o.eo . ... 

-0.IO 
o.oo .. ... 
0.00 

-o.oo 

o.oo .. . ., 
34103.27 

0.00 
0.00 .. ... 

-0.00 

101- 2 

c.oo 
0.00 

0.00 
0.00 . ... 

....... 
o.oo 

0.00 .... 
o.oo 
.. .• 
0.00 

-o.oo 

0.00 
-0.00 

34J03.2' 

0.00 
C.00 

-o.oo 
-0.00 

103 

0.00 
o.oo 

o.oo 
o.oo . ... .. ... 
••• . ... 
.. ... 
o.oo 

-0.00 
o.oo 

-o.oo 

o.oo 
-o.oo 

34103.25 

0.00 
0.00 

-0.00 
-0.00 

iORCC TAillN6S - SULD ~ITRACiluN --- 26.01.1~:-

IN OHXICl431 04 
(HW ;m,,4) 

40000 11. 0 
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------------------------------------------------------~------------~- CIJllFAR 2.0 - IJl!ii:N !PS i~vtstlfflt Fr01otion, Coloq~t -----

Proj,acted Balance Sheets, construction in US 11000 

ri1td 1sstts, ntt o' dtprtci1tion 
CotlstrtetJ Dll i 11 •r119rtss 
Currtnt Hstts • • • • • • • • • 
C.sh, •ink • • • • • • • • • • • 
C.511 Strpl1s1 fililCf IYlil .. lt • 
Loss urritd forurd 
lass • • • • • ••••••••• 

Total liMilitits •• 

Eqsity C&pit1l ••• 
R~rvtS, rtt1intd profit •••• 
~Dfit ••••••• • • • • 
lDllg ind 1tdie1 ttr1 dtbt •••• 
Currtnt lubilitits ••••••• 
Bink D'ftf'dr1ft, fi11nct rft!Uirtd. 

Tot1i dt~t • • •••••• 

EaQ1ty, z of i1ibilitits 

88 

6262.27 

o.oo 
6262.27 

0.00 
0.00 
o.oo 
o.oo 
o.oo 

1m.1• 
o.oo 
o.oo .... 
o.oo 

415.27 

4529.17 

27.68 
-------·----------------------------------------------------------------------------------------------------------------------------

TOR~D TAJLll6S - &ill.D EITRACTJOtl ~- 26.01.!;E~ 

IN 0103 o.131 Ool 
('4W J00,,4) 

411000" 118 0 
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KHO HUMBOLDT WEDAG AG 

----------------------------------------------------------~----------- COllFAil i.6 - iiliiuv i~S Inv~t1tnt PrOIOt:o,, C3i0Cj~t -----

Projected Balanc• Sh••t:•, Product:ion H US s 1000 

'fir • • • • • • • • • • • • • 

ict•I 1ssets . • • • • • •• 

f11td •ssets, net of dtprtci•tion 
Constriction in •rDIJrtss • • • • 
Currt11t 1ssets • • • • • • • • • 
Cisll, •111k • • • • • • • • • • • 
Cisll sarplus, fi1111ct IYiil1blt • 
Loss tll'ritd far .. rd •••••• 
lass • • • • • • • • • • • • • • 

Tot1l lilllilitits •••••••• 

Eq1ity tapit1l ••••••••• 
Reserves, ret1intd profit •••• 
~rofit •••••.••••••• 
LOGQ 1nd lttiiul ltrl dtbt • • • • 
Currfl!t li1bilitits ••••••• 
81n; overdr1ft, fin1ntt r~uirtii. 

fotll dtbt • • • • ••••• 

Ec~1ty, 1 of li1b1lit1es • • • 

89 

1134.27 

56.37 
o.oo 

lll6.64 
91.62 

1219.64 
0.00 
o.oo 

1134.27 

l7D.lt 
0.00 

2579.1' 
3639.51 
112.50 

o.oo 

3122.01 

21.ll 

90 

115'0.15 

4170.47 
0.00 

1361.D 
'5.12 

5256.22 
o.oo 
o.oo 

115'1.15 

lnl.lt 
2519.16 
3133.62 
ms.12 
219.15 

0.00 

3444.27 

14.95 

15863.05 

4174.57 
o.oo 

lM.JJ 
95.12 

tm.Ol 
0.00 
0.80 

lm.10 
6412.71 
3177.29 
2ll0.7l 
209.15 

o.oo 

u .• 

ll.51 

92 

3471.67 
0.00 

1361.JJ 
'5.12 

llm.50 
o.oo 
0.00 

1m.11 
lt290.t7 
3920.'7 
2426.34 
209.15 

0.00 

9.33 

93 

22139 •• 

2112.11 
1m.eo 
1361.D 

'5.12 
1'5.66 

o.oo 
o.oo 

2213' •• 

lm.10 
14211.M 
3964.'4 
2121.'5 
209.15 

'l.00 

ml.10 

7.83 

94 

24153.07 

3423.17 
o.oo 

1361.D 
'5.12 

19965.75 
0.00 
o.oo 

2415S.07 

1m.10 
11175.'8 
3117.58 
1617.56 
209.15 

0.00 

1126.71 

6.97 

TORCG TAILill&S - &OLD EITRACTION --- 26.~!.1~&7 

----------------------------------------------------------------------- COllFAil 2.0 - UtiilrJ i?S lr.vrstlff't Proaotion, Co!o~~! -----

Proj •ct:ed Balance Sh•et:s, Product:i on in US s 1000 

Yti~ • • • • • • • • • • 

•i-.tc IS!tts, !l!t ~' dt:irt:i•t•;ir 
~c~s~r~c~1:~ I~ '~o~rt!S •• 
r~,, !'\! &ssets. • • • • • • 
C•si:, hn, • • • 
c.~~ sur~ius, f1n•nct 1vaii1bit • 
~C!S car•!fCI '~r•i'~ • 
~C!~ • • • • • • • 

iot1l ii1~1i1t1t5 • • •• 

Equity c&p1t1l , , , • , , , •• 
Rtstrvtt, r1t11ntc! Drof1t • , • , 
Profit ••••••••••••• 
Lon; •~d 11t11ue ttrt dtllt • • • • 
Curr111t liibil1t1ts •• , •• , • 
link ovtrdr1ft, f 1n1Rtt rt~uirtd. 

Tot1l •nt .......... . 

EQu1ty, lo~ l11b1i1t1ts • , • 

95 

27600.23 

2727.97 

1368.33 
'5.12 

234tl.80 
O.Ov 

27600.23 

1m.10 
21291.26 
3151.55 
1213.17 
2".15 

0.00 

1422.32 

6.21 

96 

l0381.l6 

2032.07 
().()Cr 

1368.ll 
95.12 

26885.13 
0.00 
O.l)C 

lOlll.36 

lm.10 
24444.11 
3115.52 
•• 11 
2".15 

o.oo 

1011.n 

5.70 

97 

33196.45 

1336.17 

1368.Jl 
95.12 

l0l96.8l 
i).0& 
0.00 

33196.~5 

lm.10 
27630.D 
1219.4' 
404.3' 
201t.l5 

o.oo 

36045.52 

640.27 

1368.33 
95.12 

33941.79 
O.M 
f!.(10 

36045.52 

1m.to 
ltl49.12 
lm.4' 

-o.oo 
... 15 

o.oo 

4.11 

640.27 
O.iJv 

o.oo 
o.oo 

35196.10 
0.6t 
o.oo 

1'133.10 
34103.27 

o.oo 
-o.oo 
o.eo 
o.oo 

o.oo 

4.14 

Iii!- : 

l58l6.37 

640.27 
(l, ~'~:. 

o.oo 
o.oo 

35196.09 

o.oo 

l5836.37 

1m.10 
34103.27 

CJ.00 

-o.oo 
o.oo 
0.00 

TN 0103 0431 J•OO 
(HW :nl,_•) 

411000 11 lie 0 •.14 
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KHO HUMBOLDT WEDAG AG 

--------------------------------------------------------~----~------ COIF.AR 2.0 - iliI!Ki jPS invf5tlfllt P~a•~t1on, Coio~nt -----

Proj•cted Balanc• Sh••ts, Production in us s 1000 

'I!•.. • • • . 

T;;hi assets 

F'ntll Hstts, 11tt of d!preci1tioa 
t1111str1ction i11 progrtss 
Currtnt ustts • • • • • • • • • 
C.sh, •••k ...•....... 
C.sll SIT•l•s, filillCt IYiil••le • 
lass nrritd farNrd •• 
lass •••••••••••••• 

T1t1l linilitits • 

Eqtaily c111it1l •• 
Rtstrves, ret1i11td profit •• 
Prr.it •••••••• • • • 
LDlllJ aad ltdiu ten dtbt •• 
Currtnt linilitits ••••••• 
8111i DYtrdraft, fin1qce r~u1rtd. 

Toh! •t11t ••••••• 

10~ 

Mt.27 
0.00 . ... .... 

351'6.0t 
0.00 . ... 

1m.11 
34113.2' 

o.oo ..... 
0.11 
o.oo 

.... 
4.84 

------------------------------------------------------------------------------------------------------------------------------------
TDRCD TAILIN&S - &OLD EITR4CTIDN --- 26.0t.1ea~ 

TN 010304lf 04 
(H'll 300?'4) 

411000" 118 0 
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~~--;·~ COMFAR .·· ..... ---P ·;· ,-, !I~-· T ("-I -·... - '.I. -
------··------------------------------------------------------------~- CQ'IF'q Z.~ - i!Jii~ i:s i~vest11tnt "'"otot1un, Coioqne -----

-~;ca 7A!Llll6S - 61ilii Eli~Ac~:~~ 
2b.01 1m 
test ru.11 •lt~ 70% oroduchon of buis, sensitivity 1 

i ytarlsl cf construction, 1C ytirs of production 
currency convrrsion riles: 

forti9n currtncy l ~nit = 
loc•l carrl!ftcy l unit = 

accountin9 currncy: US s 1000 

1.0000 units 1tco1111tin9 carrency 
l.0000 1111its 1tc111111ting ctr."rencv 

------------------------------------------------------~~--------------------------------------------------------~-
Tat al i ni t:i al i nvest••nt durilf c111stractiD1 ,UH 

fiHd Hstts: 
cvre1t nStts: 
totil ISStb: 

6262.27 
0.00 

6262.27 

83.963 I fortitn 
0.000 I forti•n 

13.963 Z farei"' 

-----------------------------------------------------------------------
Saurc• af funds duri•Q construction ,use 

tquity ' grants: 1m.10 0.000 I fortig" 
forti9n lOins : 0.00 
local Ions : 4043.90 
to hi funds : 5n1.oo 0.000 I :oreign 

-----------------~------------------------------------------------------------------------------------------------------------------
Cashflow fr am 

Yur: 
optrating costs: 
drprteiation 
inttrrst 
----------------
productiO!l tosts 
t!ltt'to; foreigr. 
tohi salts 

gross inco1e 
ntt inco1e 
casr. bili"~E 
~Et cas~•!o• 

aperatians 

1 
2355.59 
695.90 
465.27 

---·---------
3~j6.76 

~~. 51 I 
4781. 7G 

im.9' 
1120.4.1 
507.2! 

2 
2604.SJ 
695.90 
436.74 

------------
3737.'.1 

bi.7E '.i. 

51172.4(1 

2235.19 
2011.&7 
2J;:.7(• 
3033.~J 

htt Prtsent Valut a:: 15.00 t = 7070. 41 
i~ttrnal Rate :• ~etu'~: 40.5b t 
:ie·:..:'":" Ci'l tcu;t; ,.: : 

~etu'~ on '~~·~v2: 

;us i 
6!. 5~ I 

j 

2604.57 
695.90 
lBa.21 

------------
36Be.1ie 

tz.s; '.i. 

SYn.40 

226:. 72 
2055.3• 
2!4b.E6 
3139. ·= 

----------·--------------------------~------------------------------------------------------------·---------------------------------
Inde>e af Sch•dul •• productd cy Cilllf'4P. 

Totai initial invtst1rnt 
Tot1l invt1t1t~t during product10~ 
Tot1l production costs 
Morkin9 Cipital r1qu1r11ents 

C1shf1Dlf Tablrs 
ProJtcttd liliRCt 
lltt inco1t statt1tnt 
Source of fin1ntt 

rN 01030431 04 
(HW '.)')()2,4) 

4/)C)')r) 17 1111 0 
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----------------------------------------------~----------------------- alftFAii ~.( - U~IDG i?S lnvtSt1tnt Pr01ot10~, CDlDtJnt -----

ruRCO i~~LiliGS - &OLD EITRACTID~ 
26.01.1987 
701 procl. illd only 8Gl of llisis Au-!)rice smsitivi.ty 2 , 

1 yeirlsl of construction, 10 yeirs of production 
curr!l'lcy conmsiDll rites: 

foreign currtncy l unit = 
loc•l currtncy l uait = 

l.~ anits 1cco1ntin9 csrrtncy 
1. OOOG ani ts 1cc11111ti lltJ nrnncy 

•ccoanting curr111ty: US ~ 1000 

Tat al i ni ti al i nv••t••nt during c111strtctioa ph111 

fi1td ISHb: 
cmnt tsstts: 
total ISHis: 

6262.27 
0.04' 

6262.27 

83.91.3 I tar1i1n 
0.000 I f1r1ip 

83.91.3 1 foreign 

Saurce af funds during construction phHt 

equity • gr11ts: 
forti91 l OillS : 

lonl lDiDS : 
totil funds : 

1733.16 
0.00 

4043.'tO 
sm.oo 

0.000 l fonign 

0.000 l foreign 

Cashflott fro• op•r•tions 

VHr: 
optr1ting costs: 
dtprKi 1tion 
il'tf~l!!.t 

----------------
orCM!uction costs 
t~treof fortig11 
tOtil Silts 

g,.oss i oco1e 
•.et 1 ntote 
as~ ~alirce 

rtt :a!~tiow 

l 
2355.59 
69~.YO 

~85.27 

---·--------
3536.70 

59.51 i 
3825.36 

288.60 
259.74 

-35!.50 
~3b. 16 

:rte•n1i Ritt of ~~tu,~: i3.4B 1 
42.08 i 
37.74 i 

Return on tqu1tyi: 
~tturn on tq~ity2: 

2 
2604. Si 
695,Q(I 
436.74 

------------
3737.a 

bJ.78 l 
47i'.92 

1040. 7! 
9311.04 

l\17.i7 
195a. 3<• 

i2SY.6l 

3 
2~04.57 

695.911 
388.21 

------------
3688.68 

62.5' l 
4777.9~ 

1089.24 
980.~l 

m:. 02 
2064.43 

Index of Bchedul1rs produud by COllFAll 

Tot1l initiii invtst1tnt 
Tot1l inv11t1tnt durin9 produ~tion 
Tot1i production costs 
Working Clpit•l r1quir11111ts 

Clshfll* TilllH 
Projtcttd 8'l1nc1 
Nit inco1t st1t111nt 
Sovc1 of h n1nct 

TN 0103 ().131 04 
(HW 300l/4) 

40000 I? IMS 0. 
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------------------------------------------------------------------~--- :lil!~Ail L.~ - u\ij)oj i~: ~rYtStl!'I! ~rctot10~. CoiQ;J~f -----

:o~cu i4I~ifl65 - SUL~ EITRAC!!Gh 
26.01.m; 
1'ii. P"Od. llld 011ly 7vl "' Dms Au-oriu • sensitivity 3 

1 yearlsl o' constructill!!, 10 years of productiDll 
currtncy convt,.sion rates: 

foreign currtncy I unit = 
local currtncy l unit = 

1.0000 anits 1ec11111ti1g c1rrrncy 
1.0000 111its 1ccD11Gting c11rr!llcy 

accounting currt11cy: US S 1000 

Tatal initial investaent •11ri•• constr•cti11 jJlllSf 

fi ltd ISstts: 
carrelt uRts: 
total assets: 

6262.27 
0.00 

6262.27 

13.963 1 fwei11 
t.ooo 1 fop 

83."3 1 fwtitt 

Sourc• of fu.nd• •uri111J canstructian phast 

equity • gr1nts: 1rn.10 0.000 1 foreign 
foreign lNns : o.oo 
loui iD1ns : 404l.90 
tohl finds : 5777.00 0.000 % forei1n 

Cashflo" from operatians 

Yur: 2 3 
D!Jerating costs: ~~s~.s~ 2Ml4.57 2604. 57 
depr ec i at i Ol'I 61S. 9(1 695.90 695.911 
1nterrst 4&S.2i 436.i4 388.21 
---------------- ------------ ------------ -----------
~r~duct1on costs 
tnrrl!o' ioreig' 
t:ital sa!es 

;·~ss HICClf 

ne~ 1"tt1•! 
ca~~ ~ii an'e 
r.et cashfic;• 

3S36.7c 
59.51 l 

33'7.!lj 

-m.s? 
-1e:;.~7 

-so:.E! 
86.eS 

3737.21 
61. 78 % 

'160.66 

4C.47 
~~.12 

57T.b~ 

!42v.iS 

~et ~rrsrnt Value at: 15.00 t s -162.29 
:•t!~~al Qate o; Kf!u•r: ;•,j6 ~ 
~tturr o~ equity!: 15.99 1 
Return o~ tQ~:tyi: lc.c;~ l 

I r.dex of Schedul •• produced by toffM 

Toti! initi1i inv1st11nt 
iota! invett11r.t during productJon 
Total prodMction costs 
!forking C1pital r1quir11tnts 

Cullf 1 1111 Tables 
ProJtcttd lll1nct 
Net incOll 1t1t111nt 
So1rc1 of firt1nc1 

31>BE.11a 
6Z.511 I 

4180.63 

492.00 
U2,8{• 
1:u1 

152b.9! 

TN 0103 0431 OC 
(HW~,•I 

41)000 fl'. 0 
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--------------------------~----------------------~~--~--------~~- COllFAR 2.0 - 1111~ IFS l•~tatr.t PrD10t1D11, Coloi;~e -----

!IACO TA!liNSS - iil'..D EITAACiIIJli 
2c.Gl.l987 
DiiSlt Yf!'SllJll + 10 % lat Et-• sensitivity 4 

l YHr l 'i > of constrach on, IO yHrs of produtti Ofl 

currtt1cy can¥trsicJ r1tts: 
fortit• currtncy 1 .. it = 
loci! C111'rtney 1 uait = 

l,0000 Ulits iCCOIRtilt ClfTtlCJ 
1.0000 1111its iCCOlllti•t carrtncy 

1ccountilt! carrncy: US I 1000 

Total initial inv•st••nt wi .. coestr1adiae•hist 

fi1td ISsHS: 

t1rrt1l Hstls: 
tDtil 155fts: 

6262.27 
0.00 

6262.27 

83.9#.3 1 fortip 
0.000 1 fertip 

83. 963 1 farti111 

Saurc• af funds •i•t construction ,i.nt 

equity • lfitls: 1m.10 0.000 1 farei9n 
foreign lN115 : 0.00 
Ion! l0in5 : 4043.90 
tlltii flllll5 : sm.oo 0.000 1 •orei9n 

Cashflaw fra• ap•ratians 

Yt1r: I 2 3 
oper1ting costs: 2928.33 3311.38 3l!l.38 
•eprtci1tion 695.90 695.90 695.90 
inttrtst 485.27 436.74 368.21 
---------------- ------------ ------------ ------------
~roductiOfl costs 
!hereof fare1gr 
total saie! 

;ros; incote 
net 1nco1e 
:n~ biii!lte 
ret cuhfi 011 

4109.SO 
63.27 I 

6831.00 

=121.so 
2449.35 
1571. 78 
2461.44 

4444.02 
65.6': I 

&S32.00 

4087.98 
3679.18 
3798.23 
'639.~ 

~!~ ~rese~t Viiur it: 15.00 1 = 
lnt!rn•I Ritt of Return: 63.71 1 
~e~~·n or. e~uityl: 

~!tu·~ ~~ !~~:t1~: 

168.(l~ : 
143.eE : 

Index af Sch•dul •• productd by COllFAR 

Toti! initi1i investttnt 
Toti! ir.vtst11~t during production 
Tot•! prod1ction costs 
Mort1n1 C.pit1J rt•uir11111ts 

C.shfl• hblts 
Projtcttd 8'i1nct 
lltt incDll st1tt1t11t 
Soarct of fin1•ct 

4395.49 
66.41 1 

8532.00 

4i36.51 
3722.B~ 

401~. 37 
&80t.~7 

TN 0103 0431 Ool 
(HW 3002/4) 

o!OOOO nee o 
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------------------------------------------------------------------- :Off"'° 2.0 - lilIDO IPS i1¥tSt1t!!t !ir01ct1;;n, Collll}"e ----· 

ilA~Q T-iL!ll6S - 6'1Lll EITRACTIOll 
26.01.?987 
~·~JC #!!SIDI! - r•• .. ttnil 301 IOrt, srnsiti.vi.ty 5 

1 yu• <sl o' cD11structiD1 1 JO ,.1rs of prlldactiaa 
currtncy c111versim r1lH: 

fore191 currtncy 1 11it = 
loc•l ClllTtlKY I 11it = 

1.0000 :mils iCtD111ti19 Cln'tlCJ 
1.0000 11its 1ecomti1t carrt1ey 

1tc111111ti19 cirracy: US • 1000 

Total initial inv••t••nt wi .. C11Htr1Cti• ,use 

fiHtl lSsftS: 
nrr11t nsrts: 
total nRts: 

----------------------------· 

6262.27 
o.oo 

6262.27 

13.963 1 f .. tip 
O.M01 f .. tip 

13. 961 1 ftrti .. 

Sourc• of funds wi19 cOll5tr1cti• Jtil5f 

tqaity I tr••ts: 
foreign lNIS : 

loul IDills : 
tot1l f111ds : 

1m.10 
o.oo 

4043.90 
5m.oo 

0.000 1 forei9n 

o.ooo 1 forti9" 

Cashflow fro• ap•ratians 

YHr: l 2 3 
operating costs: 3216.79 3654.58 1654.58 
depreti•tion 695.90 695.90 695.90 
i11brtst 48S.27 436.74 388.21 
---------------- ------------ ------------ ------------
orotiuLt1on costs 4397.96 4787.22 
thereof foreign 65.68 1 !ie.15 1 
tohl Hits 6831.00 8532.00 

qros! 1ncolf 2433.04 3744.78 
n!t IRCOll 21scr.13 3370.30 
~j§tl il1l ance 1165.53 3•~!.52 

net casMl11t1 2055.19 4302. 66 

lilt Present Y1lut it: 15.00 1 = 12725.97 
int!~~ai R1t1 of Return: 58.15 1 
~tturr c~ !qu1tyl: 153.42 1 
Return on 1qu1ty2: 126.44 1 

I nd•x of Sch•dul •• productd by COllFAR 

TGlil i11iti1l inv1st1111t 
Total inv1st1tnt d1ring production 
Tot•l prodwction costs 
lloriing C.pit•l r1quirtttnts 

C.sbflo. TiblH 
Projtcttd 8'l11c1 
ltt inco11 st1t11tat 
Sotarc1 of fin11c1 

4738.69 
68.85 1 

8532.00 

3793.31 
3413.9& 
3705.48 
4498.09 

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

TN 0103 ()431 ()4 
, .. w J0071•) 

40CXXJ 17 1111 0 
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-------------------------------------------------------------- CClflFllil 2.0 

TOR\.il TAlilll6S - 6ill.9 EITRACTllil 
26.Cl.19il7 
••sic ~siDD - r•• literi1l 501 1ort 

l yHr ls• of CO'lstractioa, 10 yHrs of praductioa • sensitivity 6 
currtncy Cl!l'~sioa riln: 

fortit• cvrrescy I .. it = 
loc•l tllf'r...cy l 19it = 

ucoantilll) currncy: US S 1000 

1.0000 111ils 1cco1nli•t cmrrncy 
1.0000 lllils lCCCllllti .. Clrr!ICJ 

----------------------------------------------------------------------
Total initial invest•ent ~wi119 constractia1 Jll•st 

fiud 1Sstts: 
c1rreat 1sstls: 
totil 1ssets: 

6262.27 
0.00 

6262.27 

83.963 I fonip 
0.000 I forei .. 

ll.963 I fonip 

Source of fund• l!ari•t coastrudillll pbist 

equity l grlllts: 
foreign le1ns : 
loul Jous : 
tot1l f un~s : 

1733.10 
0.00 

4043.'IO 
5n1.oo 

0.000 1 forti9n 

0.000 I forti•n 

Cashflo" fro• operations 

Yur: 
oper1ting costs: 
dtprtci1tion 
interest 
----------------
prot'uction costs 
thereof foreign 
tot1l SllH 

gross inco• 
ntt incae 
cull b1lann 
net cullflow 

l 
3505.26 
695.90 
485.27 

----------
4686.42 

67.79 I 
6631.00 

2144.58 
1930.12 
759.28 

1648.94 

2 
3997.78 
695.90 
436. 74 

•'-'---------
5130.42 

70.28 I 
8532.00 

3401.59 
3061.42 
3124.82 
3965.95 

lltt Prtsent Valut 1t: 15.00 I = 11101.11 
lnttrn1l Rite of Return: 52.66 I 
Return on rquityl: llB.89 I 
Return on equ1ty2: 109.76 I 

l 
3997.78 
695.90 
388.21 

---:---------
5081.i9 

70.95 1 
8532.00 

3450.11 
3105.0lj 
3396.66 
4189.21 

--------------------------------------------------·--------------------------------------------------------------------------------
Index of Schedul •• producrd br Uillflli 

Tot•l initial inv1st11nt 
Tot1l inv1st1rnt during prllduct1on 
Tot•l production costs 
llorking C1p1t1l r"'•ir11tnts 

CishfiDlf Tiblts 
Projtcttd 81l11cr 
lltt incote st1ltttt1t 
Sourer of fin•nct 

TN 0103 0'31 04 
(HVI JOC)7;4) 

40000 1119 0 
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t>.~1~~ ~-
~~~-·~! COMFAR. 
~~ 21) LIUI (11_; 

--------------------------------------------------------------------- t(iftrAR ~.O - lll[l!Q IPS i•wtstaeat Proaotioa, ColotDt -----

Tlil\Cc iAili~ - liOlD EITR~TIOti 
211.0l.Hn7 
hsic wers1oa - •itll ll01 tort rn 11lt. s:nsi.tivity 7 

l yHr Isl oi c1111str•cti1111 1 10 ff¥5 of produdiaa 
currtney COllftf'5lUll r 1tts: 

forl!'i" currl!'IKJ l uit = 
loul c•nncy I uait = 

1cclllfthll1J curnncy: US S 1000 

1.0000 units 1ccOllllti•t carrl!'llcy 
1.0000 1111its 1tcllllllti•t c1frt11cy 

------------------------------------------------- ---------------------------
Total i ni ti al i nvest•ent 1h1ri"' canstAth• pbHt 

fi11!'d HSl!'t5: 
urrnt HHh: 
total H5th: 

6262.27 
o.oo 

6262.27 

&3.9U t fortip 
o.ooo l fertit11 

8l.9•l t fortilJll 

Source of funds tluri•IJ constructioa ph1st 

tq•ity ' IJrilltS: 17ll.10 O.OCKI l forl!'i•n 
fonig• l0i115 : 0.00 
laul lOi115 : 404J.9i.I 
tohl f1111is : 5177.00 0.000 t forl!'1•11 

Cashflow from operations 

Yur: 
o:itr1ti11g cast;: 
dl!'prtci1hor. 
inttrtst 

----------------
production costs 
tiltrtof fortilJll 
tGhl Sil l!'S 

1JrD5S illtDlt 
ut incon 
CISh bi} llltt 
lltt Cl Sh fl Oii 

42211.41 
ll'i~.90 

495.27 
------------

5;01.~ 

72.09 I 
6i)l .00 

1423.42 
1281.09 
-256.34 
633.31 

., 
~ 

48~5.76 

1195.90 
·~.74 

------------
51f8P.42 

74.54 : 
8532.00 

254l.5B 
2289.22 
22Bl.Oll 
3124.19 

Ntt Prtstnt Vil ut •• · : ) • ·•··· : = 7249.117 
lnttrn•l Ritt of i.t~~·~: 

Rtturn an tquityl: 
Rtturn an tqu1tyi: 

:;.:5 ~ 
lii:.h:. 
:t.'!4 l 

3 
-1655. 7& 

1195. 'Kl 
388.21 

------------
5939.89 

75.15 t 
8532.00 

2592. ll 
2332.90 
2624.40 
3417.01 

------------------------------------------------------------------------------------------------------------------------------------
Index of Schadul •• praductd by CGlfAR 

Tat•l in1t1•! 1nvtst1tnt 
Tol•I invrst11tnt dur&n1 production 
Tat1l pradect1an costs 
Mcrk1n1J C1~1t1l rt•u1r,...,ts 

C.5"f11111 hblrs 
ProJtcttd &1l1nct 
lltt 1ncoft st1tr-.nt 
Sourct of f1n1ncr 

IN 010J0"31 Of 
(HW J007,•) 

41'l000 ,, • 0 
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1. Mining 
( 1 shift /d with 7h) 

1.03 

. .. . .. .. .... - . . .. .. .. .. . .. 
. , ... . - .. " 

. .. . - . .. . 
, . . 

, - • • I , .. • .,' I .. • • " •"' " • • • , • 

1.04 

ngs deRosit 
I SECTION.~2-

--- -· --- -~- - .. _ ----------

' n of evaporation total approx. 22 m3/h 

J 

6 

; 

/ 

2.16 
.-~. 

/,...-·. -----_;.., ~'-~ 



emergency 

stock pi le 

1.04 

I SECTION 3 
-------

2.16 2.14 2.15 2.14 2.13 
-· 

I 9 

sampler 
.~, 2.18 
.~ 

~~~~~~~-(~~~~ 



10 12 

2.03 

/ 
(Alternative 1 ) 

--·--·- - ·-·----

2. Preparation 
( 1 shiftld with 7h) 

2.13 2.12 

+ ~- + ~ +;i:::=::=:::=::---

2.11 

cemen 
silo 

2.04 



-ement 
- silo 

2.06 

-~r 
~ 

1 

--
14 

2.05 

'--~CT I 0-~---~------
_granulation 150 t/h 

2.10 



--i 14 1 I l~ I 

A 

B 

n.___ 2.05 
~ h 
~~ -t}--1,__ _ 

_ granulation 150 t/h I __ ~---s E_c Tl o N 6 t c ------- ....... . 

• --
D 

-
2.10 
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' 
heap1 

3_ cycle 

Gi 
3.01 

7 
Intermediate 
solution pond 

-----

-



/·· .. ·.~ .. · ... :·. -·~ 
y heap 2 

___ J 2.cycle 

3. Leaching 
( 3 shifts/d with Sh each) 

approx.48 m3/h 

4.01 

Pregnant 
solution pond 

2.16 2. 

~~ -/-:-._-. -_ -------.. · >;_~~ 
heap 3 

1. cycle 

3.02 2.07 

Barren 
solution pond 

r---------

r-----------------
l j SECTION 8 J 4. Recovery - -, ----·---- --

{ 3 shifts Id with Sh each) 

4 02 
j adsoq:~tion 



2.14 2.15 2.14 2.13 .. 
"' 

------------... --------------------------------· 

3.03 

process 
water 
pond 

f 

4j4 

carbon reg~ 

4.12 au 
t 

Bag filter iJ 4.15 

I s E c i-1· 0 N 9 
---- ---- ------------~ ........... ··- --

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



2.13 2.12 2.11 

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

regeneration 

fresh carbon 

,---
1 

4.10 

~--.-;;-

- _1 Dewatermg 
bin 

Regeneration kiln 

4.11 

Quench 
tank 

approx. 50 kg /day in average .. J 
- - - - --- ---- --- - -----i. 

2.08 

I -· s E c T I 0 N 1 0 -



2.10 

i u===============~::n :===============:::::!::D::D 

§§§ 
wetting 

agent 2.09 

§§§ 
cyanide 

--

I SECTION 11 
-...:.-....- .. 
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§§§ 

2.09 
cyanide 
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I 

4. Recovery 
{ 3 shifts /d with 8 h each) 

adsoq:~tion 

striRRing_ I 
~------- ---, I 

I 
I 

I I 
L_ .. 

-~ 

I : . r-
! I : 
I I I I 

HE 

I~--------',- - - - - - - ~- _ __j' 

I ·-------lllLCl--____ l ___ _ 
~ I 'r 
~------1---_J 

-----·-·--·-·-·-·4 4.07 ! : 
. <t-1 ~., 

~ -..&--·-·.J'tS-- -------~ 

Acid wash circuit 

SECl\ON 1~ -~ - - . - - - --

4 6 



Heat exchanger Heat exchanger 

• 
4.08 

Electrowinning cell 
4.06 

Electr. heater 

4.09 

F 

~ SECTION 15 ~ 
···-·"- ----------

7- -------r---------------r-----
1 9 



cell 

fresh water supply approx.JS m3/h in average of 24h 
(] 

Na OH 

4.05 

4.09 ~==i.... ____ l 
Gold production 

approx. 2. 2 kg/day 

FURNACE 

10---

Ea 
Dore 

bullion 

11 

I SECTION 16 
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------
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AKJOUJT I MAURI' 
...... Gold Heap Leach .... . 

for Torco Tailir 
............ , .......... 

Preliminar~ 

FLOW SHEi 

SECTION 17 
'2 Allernoli.c 'f 11.1 ... aa ........ .... ~·lllr .... ..... ' r-1;~.,.,i .. l..nj .... ,. - ·/. 

Aoiftr ... ·lllr --- 9-2121-5-

I 
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~--
..... ~ ... -...r- Dot ....... -· ~ .,_. ........... 
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DRAWING No 

Kappes, Cassiday & Associates 
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SECT\ON 18 

AKJOUJT I MAURITANIA 

Gold Heap Leach Plant 
t----&o...._----+--+--+----·· for Tor co Tailings 

Preliminar~ 

FLOW SHEET-

=:: =·.: 9-2121-5-0154 

··-... -·--p .......................... --.. ... . ........................................................ , .... .. 
............... .............. , ......................... c ..... 
... \of._ __ ......................... , .. ~· 
.-. ... c... ............................. ... 

.: .............. ~. ,_.. ....... ,, ............. .... .. . .......... .... -,,, .. ,_...." ....... . .. .......... ........... -........ , ~ .............. ,,.. . ............. .... ..-. ................... .,.... ~ ...... .... .................... .,._. •. _., .................. .. 

DRAWING No. 

Kappes, Casiiday & A.rsociates 
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