With regard to Somisa Port, three berths of 300 m length out of 980 m of wharfage
can be used for this project. However, once the iron foundry is in operation, there is no room
for ore transports to use these berths. In case of Rosario Port, vessels would have to navigate
up the Parana River for mor¢ than 320 km from Buenos Aires. Besides tllsrc are several other
difficutties in the use of this port such this, the size of vessels cannot be specified until exporting
countries and navigation schedules are determined. Other than the three domestic ports, it
might be possible to use Copiapd Port in Chile, yet there are several problems with this; (a) the
Paso San Francisco pass which would be the main transport route in this case freezes during the
winter, making use of this route possible for only five months, a year belween November and
March, and (b) security is not necessarily guaranteed for this route over the long term due to
political problems with Chile. Upon considering the poinis described about, the transportation
plan of this project is formulated on the assumption that the Port of Buenos Aires, which has

relatively fewer constraints, is used.

Daily charges for use of the Port of Buenos Aires are estimated to be aboutl 230
pesos/ton-day.  Although use largely depends on the operating schedule of the mine, it is neces-
sary to derive costs for pilot boats and tugboats, which are estimated to be 1,140 pesos/ton.
Therefore, the total cost for this port which will be used in the succeeding analysis is estimated
to be 1,370 pesos/day. Economic costs for use of the port are calculated by deducting 10% of
the financial costs as the portion corresponding to intemnal transfers such as taxes, and the foreign
portion of economic costs is assumed to be 30% of the financial costs. '

2. Formulation of Alternative Transportation Plans

2-1. Estimation of Generated Transportation Demand

Average daily traffic for the movement of persons and goods between the mining
site and Los Sarmientos, a candidate site for the mining town, is estimated to be about 100
vehicles/day including passenger cars, large and small trucks, buses, etc. Also, as mentioned
in Chapter 5, this project assumes development of a mining town at Los Sarmientos, with wor-
kers af the mining site move between the mine and the town on Friday and Monday when they
are likely to spend their weekends in Los Sarmientos. Assuming that they use 50 passenger
buses. weekend traffic between the two locations is estimated to be about 200 vehicles. Trans-
portation costs for this movement of workers are included in general management expenses
of the mining company.

Transport demand is also generated in order to bring in construction materials of
fotaling 100,000 tons in the case of am operating capacity is 30,000 tons/day during the first
three years of the construction phase starting in 1983. These construction materials will be
brought in from Buenos Aires, the procurement point. Contents during the first three years
are shown tn Table 6-2.
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Table 6-1.  Generated Transportation Demands (Refined Copper and Molybdenite,

Electro-Copper and Matcr‘ia]si

Operating Scale (tons{day)
Contents — 30,000 20,000
“Cnls 1o be . . N e e N A

Transported Transportation Section tonsfday | tonsfyear | tonsfday | tonsfyen

Relined Copper Dressing Plant-» Delivery Point 200 59,000 1360 39,000
Smelting Plant
Electro-Copper Smelting Plant » Delivery Point 37 H 0G0 24 7,200
Refined Dressing Plant —+ Delivery Point 2 8,100 18 5,400
Molybdenite
Construction Procurement Point— Mining Site 200 60,000 134 40,600
Materials
Noles: o Amounts of mining of unrefined ore are (1) 9,000,000 tons/year in case of 30000

[ ]

0

&

tons/day operating capacity, and (b) 6,000,000 wonsfyen in case of 20,000 1ons/day
operating capacity.

Grades of unrefined ore are assumed ta be (1) 0.17% of copper and () 0 H604% of
molybdenite.

Recovery rate of ore dressing is assumed Lo he 70% for copper and molybdenite,

Grade of refined ore is assumed to be 20% ol Cu and 85% of MoS,.

Refined ore to be transported is assumed to include 8% water as compared 10 dry ore
of copper and molybdeniie.

Construction materials include spare parts, machinery and couipment, reagems, et
for mining and dressing. The procurement point is assuned to be Buenos Aires.
Operaing days per year are assumed fo be 300 days.
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Table 6-2. Generated Transportation Demands
(Construction Materials)

(Unit: ton) '

Operating Scale :
— 30,000 tonsfday 20,000 tons/day
Year T
First year 30,000 21,000
Second year 40,000 28,000
Third year 30,000 21,000
Total 100,000 70,000

2-2.  Alternate Transportation Routes and Means of Transportation

{1)  Alternate Transportation Routes

Three alternate transportation routes will be examined in this section, each of which
corresponds to the transportation demands mentioned in the previous section.

a)  Case I (Direct Transportation to Buenos Aires). This case assumes transport of refined
copper and molybdenum from the mining site to Buenos Aires, the delivery point,

b}  Case I (Transportation Route via Andalgald):
In this case refined copper is transported from the mining site to La Alumbrera
where the copper ore is electrically smelted. It is then transported to Buenos

Aires.

¢)  Case III (Transportation Route via Barreal):
In this case, refined copper js transported from the mining site to Barrcal where the
copper ore is electrically smelted. It is then transported to Buenos Aires.

Refined molybdenum is assumed to be transported directly from the mining site to
Buenos Aires in Case I and Case TIL. Also, regardless of the case, materials necessary f{or opera-
tion as well as construction materials and eguipment required for the first stages of construction
are assumed to be transported directly from Buenos Aires to the mining site. These three alter-
nate cases are shown in Figure 6-3 with a road map.

(2) Alternate Means of Transportation

In addition to the three alternate (ransportation routes mentioned above, the
means of transportation for each alternative, i.e., railway or road, is taken into consideration
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as follows:

As indicated in the previous section, road transportation by 20 ton capacity semi-
teailers will be used as for transport between the mining site and Chilecito in all alternatives.
The Los Corrales route is sclected as the optimal route for this section (for detailed explanation,
refer to the next section). Distances and road conditions following construction are shown in
item (1) of Table 6-3. ‘Regardless of the transportation route or means after Chileciio, move-
ment of people and goods must be via road between the mining site and Chilecito. Note)

After passing Chilecito, there remain alternate means of transportation railway and
road. ltem (2) of Table 6-3 indicates distances and road conditions of each alternate route.
By combining item (1) of Table 6-3 to each route in item (2) of the same table, distances and
roads conditions of each alternate route from the mining site to Buenos Aires can be derived.
The results are indicated in item (3) of Table 6-3. These three cases of road transportation, i.e.,
the direct route to Buenos Aires, the route via Andalgald and the route via Barreal, are called,
hereafter, Case C-1, Case C-11 and Case C-II, respectively. As against these three cases, another
three alternate transport routes using the railway after Chilecito are called, hereafter, F-1, FAI
and F-II1, respectively. Since the station on the G. Belgrano Line closest to the mining site is
Chilecito Station, allernate routes are determined to be the minimum distance of each one of
the following altcrnate routes: (a) transport of refined ore from Chilecito to the Port of Buenos
Aires, (b) transport of refined ore to the Andalagald smelting plant and, then, transport of
electro-copper from Andalgald to Buenos Aires, and {c) transport of refined ore to San Juan
Station in order to bring in refined ore to the Barreal Smelting Plant nad then transport of
elecito-copper from Mendoza to Buenos Aires.

The first route goes from Chilecito to Retiro in Buenos Aires via Patoquia, Cordoba
and Rosario. The distance totals 1,269 km.

The second route transports refined ore from Chilecito to Andalgald via Patoquia
and Cebollar over 433 km, and transports electfically smelted copper from Andalgald to Retio
in Buenos Aires via Cebollar, Patquia, Cordoba and Rosario over 1,446.3 km.

The third route transports refined ore from Chilecito to San Juan via Patquia and
Serrezuela over 651 km, and then transports electrically smelted copper from Mendoza to Retio
by San Martin Line over 1,049 km (Refer to Fig. 6-4 on P. 172).

3. Transportation Facilities Improvement Plan
3-1. Road Construction, Improvement and Maintenance Plan

(1) Plant for Road Construction between Mining Site and Los Corrales

Selection of Appropriate Route: There are ihree alternate road routes which

Note: However, in the case of road transportation via Andalgald only, trucks go north, away from Chilecito
on Route 40 after Famatina.
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Table 6-3. Distances and'!{oud Conditions of Alternate Road Transportation Routes

(1) Mining Site — Chilecito {Common to all cases)

\\ Road Conditionis

(Unit; km)

Gravel Dirt Road

_ Total Paved |
Transportation Sections Distance Road Flat Arca Mountenous Area |
Mining Site — Chilecito @2 | 35 | N
Wﬁiﬁ%ﬁftmﬁs Corrales 30 3(5)‘“” 1% %8
Los Corrales — Famatina 17 0 17 0
Famatina — Chilecito a5 35 0 0
(2) Chilecito — Buenos Aires )
S _ —
metmns Total Paved Gravel Dirt Road -
_Transportation Sections - Distance Road | Flat Area Mountenous Area
= Direct Route to Buenos Aires 1,217 1217 i
Al Chilecito - Cordoba 508 508 8 %
Ol Cordoba — Buenos Aires 709 709 0 0
Route Via Andalgal:i 1,592 1,358 234 0
»~ Transportation Distance of Refined Copper 303 175 128 0
"o Transportation Distance of Eleciro-Copper 1,289 1,183 106 0
@ [Chileciio — Andalgald 303 175 128 0
© ! Andalgald — Cordoba. 580 474 106 0
Cordoba — Buenos Aires 709 09 0 0
Route Via 'Barr_eal 1,974 1,974 B 0 0
= Transportation Distance of Relined Copper 673 673 0 0
"% Transportation Distance of Electro-Copper 1,301 1301 0 0
4lChilecito — Barreal 673 673 0 0
L Barreal — San Luis 519 519 0 0
San Luis — Buenos Aires N 782 782 ¥ 0
(3) Mining Site — Buenos Aires
\ " , .
Road Conditions Total Paved Gravel Dirt Road |
‘Transportation Sections Distance Road Flat Area Mountenous Area
"% Direct Route to Buenos Aires 1,299 1.252 17 30
< 'Mining Site — Cordoba 590 543 17 30
QlCordoba — Buenos Aires 709 709 0 0
Route Via Andalgalé 1,604 1,323 251 30
= Transporiation Distance of Refined Copper 315 140 145 30
¢ Transportation Distance of Electro-Copper 1.289 1,183 106 0
3 Miniz:lg Site — Andalgald 315 140 145 30
Anda %alsi — Cordoba 580 474 166 0
Cordoba — Buenos Aires 709 709 0 0
Route Via Barreal 2,056 2,009 17 30
A Transportation Distance of Refined Copper 755 708 17 30
=i \Transportation Distance of Electro-Copper 1,301 1,301 0 0
4
& [Mining Site — Barreal 755 708 17 30
Barreal - San Luis 519 519 0 0
San Luis — Buenos Aires 782 782 0 0
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Fig, 6-4. Railway Transportation Rotites

Andalgala

Chilecito Serrezuela Cordoba Rogr\u'io /cho
o . o O —ri
T
San Juan
/l
7
o Barreal
\\
~
by
Mendoza

connect the mining site to the present road network. These routes have a starting point at
Cueva de Pérez where the dressing plant will be located, and are indicated in Figure 6-5. In
this section, consideration will be given to the conditions of each route with respect to fopo-
graphy, field surveys and cross section, as shown in Figure 6-6.

a) Cueva de Norofia Route: This route connects Cueva de Pérez to the existing provin-
cial road via Cueva de Norofia and Los Corrales, and the total length to be const-
ructed is 30 km. A temporary road has been constructed over this route for pros-
pecting. The slope of the route are relatively gentle and the route has favorable
geological conditions. With regard to slopes, the first 78 km from Cueva de
Pérez has gradients of 6 to 10% with several sections of nearly 15%, and the re-
maining 22 fo 23 km section has gradients of only 4 to 7% with 10% local gradients,
From the geological point of view, about 3 km section south of Cueva de Norofia
consists of 90% rock (crystalline rock), therefore, construction of the road in that
section requires blasting work. On the other hand, an 11 km section further south
of this route consists of 80% pudding stone and a 17 km section to the north con-
sists of 90% pudding stone. Construction of these sections appears to be possible
only by using bulldozers.

b) Los Bayitos Route: This route goes to Los Corrales via Los Bayitos and is laid
down some westward. An attempt was made to develop a temporary road for
prospecting, however, this was abandoned because the road is more than 60 kin
and there are several sections with slopes of 20%. This route is not very appro-
priate for road construction.
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Fig. 6-5. Alternate Routes for Road Construction
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¢) - Las Placetas Route: The third route travels in a south-east direction from Cucva
de Perez via Las Placetas {o a point 6 km north-west of Guanchin and links up with

-the existing provincial road there This ronte was investigated by the Direccion

- Provincial de Vialidad in 1979, Although the length to be constructed is 37 km,
there are several problems with respect 1o slope gradient and geology. First, there

are three sections between Cucva de Pere and Las Placetas where the slope is more

than 15% over several kilometers. Sccond, the beginning and ending sections of

this route may have to be developed by bulldozers since 80% of these sections
consists of puddmg stone, but the intermediate section of 8 km between Qucbrada

del Tigre and Mina del Oro is rock and, therctore, blasting work will be required.

'Ihe Los Bayitos route is considered out of question. The following points become
clcal when the Cueva 'de Norofia route and Las Placetas route are compared. First, the total
length of the Cueva de: Norofia route is 82 km between Cueva de Pérez and Chilecito, while the
total length of the Las Piacv.,tds route is only 61 k. However, there exists a difference of 2,800
m is altitude between the highest point and the lowest point on the Las Placetas route, which
would require a considerable amount of detouring in road alignment even if the allowable maxi-
mum gradient is taken to be 10%.. As a result, the superiority of the shorter distance of the
Las Placetas route over Cueva de Norofia route is weakened. Furthermore, if (i) geological
conditions, (ii) total length of sections needing to be newly built and (iii) the availability of
existing temporary roads, are taken into consideration, it becomes clear that the Cueva de Noro-
fia route is more appropriate for road construction.

Construction Costs: The traffic volume between Cueva de Pérez and Los Corrales
is broken down into: (i) average weekday traffic of 100 vehicles and weekend traffic of 200
vehicles; (ii) about 20 semi-trailgrs of 20 ton capacity for transporting refined ore, materials
and equipment, and (iii) other auxiliary traffic generated by visitors, salesman, efc. The total
traffic volume is estimated to be less than 200 vehicles per day. This traffic volume is not suffici-
ent to justify construction of paved roads (see Annex | of titis chapter). Construction of gravel
roads is considered economically more efficient. Therefore, 30 km of gravel road with a 4.5 km
lane width and 1.0 m shoulder width will be construcied between Cueva de Pérez and Los Cor-
rales. Costs are estimated as follows, given that the entire route is laid through a mountainous
region and that a 23.6 km section of the route consists of pudding stone while the remaining
6.4 km consists of rock sections,

Construction costs of gravel road are estimated to be 124 million pesosfkm in
pudding stone section and 220 million pesos/km in rock sections because of the additional
roadbed work required by the latter. By adapting these unit construction costs to this route,
the lotal construction costs become 4,332 million pesos. Further, in the case the military (Batal-
I6n de Ingenieros de Construcciones) cooperates in construction of road, consiruction costs are
estimated to be 40% of normal costs, ie., 2,483 million pesos, as charges only for the use of
military machinery and materials and without labor costs.

~In addilion, some concrete works will be required for construction of retaining
walls and at river-beds in the crossing of dry rivers. Although estimation of miscellaneous costs
is difficult until horizontal alignment of the road is determined, these are assumed to be 750
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tion cost is estimated to be 5,082

million pesos for the entire route. Therefore, the total construe
If the military undertakes

mitlion pesos in the case of construction by private contractors.
construction, the total cost will be 2,483 million pesos, since the military does not have suffi-
cient skill in concrete works and these must be undertaken by private contractors. Furthermore,
it is highly probable in the design of actual road alignment that the construction length will
become longer than 30 km because of constraints on allowable gradient, aind that some extra
works will be required if widening of curved sections for 20 ton semi-frailers or waiting lanes
become necessary. Therefore, 15% of the total construction cost is added as contingency.

As a result, the cost of road construction between the mining site and Los Corrales

amounts to 5,845 million pesos in case of private construction and 2,854 million pesos in case
of execution of the work by the military. These are the financial costs of the mining company,
while the cconomic costs become 5,551 million pesos after deducting 5% of the total cost re-
quired by private contractors as internal transfers such as taxes. The expense for machinery is
35% of the economic costs, 85% of which is foreign currency, that is, 30% of the economic costs

are assumed to be foreign currency.

Maintenance Costs: The annual maintenance costs of the road between the mining
site and Los Corrales are roughly estimated at 5.94 million pesosfkm considering the geographical
conditions. Thercfore, the financial costs of maintaining the 30 km section are 178 million
pesos/year. Furthermore, the economic costs for maintenance are assumed to be 169 million
pesosfyear after deducting 5% of the financial cost as the internal transfer portion. The foreign
portion of the economic costs of maintenance is assumed to be 10%.

“The construction and maintenance costs for the road between the mining site and
Los Corrales are summarized in Table 6-4.

(2) Road Improvement Plan between 10s Corrales and Famatina

Road Construction Costs: Improvement works inclusive of widening will be re-
quired for 12 km of gravel road section, that is 70% of a 17 km provincial road between Los
Corrales and Famatina. The present traffic volume over this section seems to be less than 20
vehicles/day. Traffie volume after completion of this project is estimated to be less than 200
vehicles/day. Since the average daily traffic which justifies an investment for paving should
be at least 375 vehicles/day (see Annex 1 of this chapter), and since it is not probabie that
traffic volume will reach this volume unless there are major changes in the development of the
surrounding areas, improvement works in this section should be undertaken on the basis of

gravel road work only.

The finanical costs of road improvement are estimated at 103 million pesos/km
based on the design standards of 4.5 m lane width, 1.0 m shoulder width, and conditions of the
area characterized by pudding stone and flat surface. Total construction costs become 1,424
million pesos with 12 km of improvement pius and 15% for contingencies. These financial
costs will be borne by the province and, therefore, are not included in financial analysis of this
project. The economic cost becomes 1,353 million pesos by deducting internal transfers such as
taxes which make up 5% of the financial cost. As examined in section 1, 80% of the total eco-
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Table 6-4. Costs of New Construction, Improvement and Maintenance of Roads

(Unit: Million peso)

Road Construction

Road Improvement

between Mining Site  between Los Correlas Total
| and Los Correlas and Famatina
Financial Costs | Construction Cost 5,844 —r o ‘Sg;:lk
in Case of Private Constractors ,
Construction Cost 2,855 2,854
in Case of Military ,
Yearly Maintenance Cost 178 - 178
Economic Costs | Construction | Domestic portion 3,886 7;;_ 47;44 )
Cost '
Foreign portion 1,665 325 1,990
Total 5,551 1,082 6,034
Yearly Domestic portion 152 58 210
Maintenance
Expenses Foreign portion 17 6 23
Total 169 64 233

Note: Financial cost of road improvement between Los Correlas and Famatina is bome by La Rioja

Province and is not included in the financial analysis of the mining company.

nomic cost is regarded as being borne by this project, therefore, the economic cost of the project
becomes 1,082 million pesos. In addition, the proportion of foreign currency in the economic
costs is assumed to be 30% of the tolal economic costs, used for road construction between the
mining site and Los Corrales.

Maintenance Cost: Annual maintenance expenses for the road between Los Corrales
and Famatina are estimated to be 4,95 million pesos/km taking account of topographical condi-
tions. Therefore, the financial costs for maintaining 17 km section become 84.15 million pesos/
year. These linancial costs are not included in financial analysis of the project since they will be
borne by the Province. Lconomic costs beecome 79 40 million pesos/year by deducting 5% of the
total financial costs as the internal transfer portion. Since 80% of the economic cost is regarded
as being borne by the project as done before, annual maintenance expenses which become an
input to economic analysis of the project become 63.95 million pesos. Further, it is assumed
that the proportion of foreign currency will be 10% of the economic costs just as for costs of
road consiruction between the mining site and Los Corrales.

Construction and maintenance costs for the road between Los Corrales and Fama-
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tina are summatized in Table 6-4. Furthermore, maintenance expenses aré reqmred annually
during the entire project life, while 100% of the construction costs are invested in the first year
of construciion because the road is the basis of all development of this project. Also, the salvage

valuc of the improved road after the project life is assumed to be zero.

3-2.  Railway Improvement Plan

it is not necessary to improve major railway infrastructure such as railroad tracks
and bridges of the G. Belgrano Line and the San Martin Line for an assumed mine operation
scale of 30,000 tons/day. Figure 6-6 shows the track load ca pacity, including roadbed, bridges
and track of the G Belgrano Line which may be used to transport refined ore. Since the weakest
portion can stiil bear loads of 13.2 tons per axle and a freight car has four axles, it has a total
load capacity of 52.8 tons per freight car. Assuming that a freight car carries 40 tons of ore and
the dead weight is 10 tons per freight car, a total load of 50 tons per freight car is within the
load capacity. Therefore, no investment will be required to strengthen and improve the track
equipment. Chilecito station needs some improvement for loading of refined ore, shippping and
discharging of materials and equipments, etc. These improvement costs, however, will be smail
if the present equipment is utilized at full scale and so thus will be ignored.

Fig. 6-7. The Track Load Capacity of G. Belgrano Line
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4, Estimation of Transportation Costs

4-1, Financial Costs of Road Transportation

Table 6-5 is an cxcerpt of truck tariffs of the Cordoba Auto- -cargo Transportation
Federation (FECOTAC —~ La Federacién Cordobesa del Transporte Automotor de Cargas)
which can be used as representalive tariffs for truck cargo transportation charges. This tariff
schedule has been approved by the Directorate of Transportation as well as the Department of
Justice (El Departamento Juridico). However, distortion of transportation charges is often
observed in actual contracts. Discounting of transportation charges can be expected in this
project since (1) transportation demand will be generated regulatly over a long period of time,
and (2) two-way long distance transportation demand will be generated by this project.

After examining data on transportation charges in contracts collected by the Mining
Department of La Rioja Provincial Government (Secretarfa de Estado de Minerfa), charges for
truck transportation are assumed as follows:

(13 The taniff schedule of FECOTAC is taken as the basis in the following analysis.
(2 In addition, the following two items are assumed:

a) In the case of dirt or gravel roads, and extra charge of 24.25 pesosfton.km
witl be added, and

b) In the case of mountainous areas an extra charge of 48.27 pesos/ton.km will
be added.

(3)  Based on charges derived from the assumptions in (1) and (2), transportation charges
on a confract basis are derived as follows:

a) For areas in the direction of Buenos Aires, that is the south-eastern parts of
Cordoba or San Luis, transportation charges are assumed to be 85% of the
charges derived from assumptions (1) and (2}, and

b) For areas in the porth-western part of Cordoba or San Luis, 50% of the
charges derived from assumptions (1) and (2) will be charged. Although
long distance transportation uses the route via Cordoba, distances are measured
from Cordoba in each direction, and adjustments will be made based on (a)
and (b) above. Total transportation charges for each route are derived by
adding charges in both directions and this will be used as the input for financial
analysis,

Financial costs of each alternative road transportation plan are computed on the
basis of transportation charges mentioned above. These are summarized in Table 6-6. Generated
transportation demands arc listed in Tables 6-1 and 6-2, and transportation distances and road

condilions are listed in Table 6-3.
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Table 6-5. Truck Tariffs

Distance Tariff Distance Tariff Distance Tariff Distance l Tariff
(km) (peso) (km) (peso) {km) (peso) (km) {peso)
5 4 460 205 24 436 405 41,125 605 54,859
10 5,215 210 24,881 410 41,492 610 55,181
15 5970 215 25,326 415 41,860 615 55,504
20 6,725 220 25,771 420 42,227 620 55,821
25 7,480 225 26,216 425 42,594 625 56,150
30 8,235 230 26,661 430 42961 630 56,472
35 8,990 235 27,106 435 43,328 635 56,795
40 9,745 240 27,551 440 43,696 640 57,118
45 10,190 245 27 996 445 44 063 645 57,440
5G 10,635 250 28,443 450 44,430 650 57,763
55 11,080 255 28,883 455 44,781 655 58,086
60 11,525 260 29,333 460 45,133 660 58,408
65 11,970 265 29,778 465 45484 665 58,731
70 12415 270 30,223 470 45,835 670 59,054
75 12,860 275 30,668 475 46,187 675 59,377
80 13,305 © 280 31,113 480 46,538 680 59,699
85 13,750 285 31,558 485 46,889 685 60,022
90 14,195 290 32,003 490 47 240 690 60,345
a5 14,640 295 32448 495 47,592 695 60,667
100 15,085 300 32,895 500 - 47943 700 60,990
105 15,530 305 33,295 505 48,280 . 705 61,313
110 15975 310 33,695 510 48,616 710 61,635
1t5 16,420 315 34,095 515 48,953 715 61,958
120 16,865 320 34,495 520 49,289 720 62,281
125 17,310 325 34,895 525 49,626 725 62,604
130 17,755 330 35,296 530 49963 730 62,926
135 18,200 335 35,701 535 50,299 735 63,249
140 18,645 340 36,106 540 50,636 740 63,572
145 19,090 345 36,511 545 50,972 745 63,894
150 19,539 350 36916 550 51,309 750 64,217
155 19584 355 37,301 555 51,632 755 64,540
160 20,429 360 37,686 560 51,954 760 64,862
165 20,874 365 38,071 565 52,277 765 65,185
170 21,319 370 38,456 570 52,600 770 65,508
175 21,764 375 38,841 575 52,923 715 65,831
180 22,209 380 39,226 580 53,245 780 66,153
185 22,654 385 39611 585 53,568 785 66,476
190 23,099 390 39996 590 53,891 790 66,799
195 23,544 395 40,378 595 54,213 795 67,121
200 23991 400 40,758 600 54,536 800 67,444
Source: [La Federacién Cordebesa del Transporte Automotor de Cargas
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Table 6-6. Financial Costs of Road Transportation

Case C-I: Divect transport of refined copper as well as molybdenite to Buenos Aires

Case C-I1: Dircot transport of refined molybdenite to Buenos Aires, while refined copper is trang-
ported, first to Andaogala and then electro-copper is transported to Buenos Aires.

Case C-11: Direct transport of refined molybdenite to Buenos Aires, while relined copper is trans-

ported, first to Barreal, and then electro-copper is transported to Buenos Aires.

In many cases construction equipment and operating materials are assumed to be transported directiy
from Buenos Aires to the mining site,

Operal_iun Constiuction Equipment R;;;-;)re E ‘ ‘Reﬁncd Ore T:
Alternates (1(313:;3:::) First year Second year | Third year Electm-copper}ﬁ (l,og:)a;f;ijym) l:-]c;{t;::g;};ncr]é
(i,OOO pesos) | (1,000 pesos) | (1,000 pesos) {1,000 pesos/ycar) (1,000 pesos/year)
Case C- 30,000 2,417,220 3,223,000 7 2,417,250 5,406,580 4,834,500 10,241,080
20,000 1,692,080 2,256,100 1,692,080 3,571,530 3,223,000 6,800,530
Case C-1 30,000 2,417,250 3,223,000 2,417,250 2,709,080 4,834,500 7,543,580
20,000 1,692,080 2,256,100 1,692,080 1,788,730 3,223,600 5,011,730
Case C-151 30,000 2,411,250 3,223,000 2,417,250 3,523,460 4,834,500 8,357,960
20,000 1,692,080 2,256,100 1,692,080 2,327,000 3,223,000 5,550,000

company instead of consigning fo a transportation company.

Further, it is possible to create a transportation department within the mining

In this case, profits which are

included in the charges of a transportation company are obviously exciuded from the financial
costs to the mining company. On the contrary, however, operational efficiency of trucks within
the mining company becomes lower than that of a transport company. In addition, if other
factors such as road conditions are taken into account, expenses for transportation from the
transportation department of the mining company may become similar to the transportation
charges of a {ransport company.

4-2. Economic Costs of Road Transportation

Economic costs for the use of 20 ton semi-trailers are computed for each factor

as {ollows:
Equivalent costs of equipment cxpenses per traveling hour

(N

4,992 (basic value of truck) x 1.29 (adjustment for semi-trailer)
= 6,400 pesosfhour

C =
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(2)  General management expenses

3,082 (basic value of truck) x 1.27 (adjustment for semi-trailer)
3,900 pesos/hour

—
il

I

(3) Maintenance costs for the distance covered (inclusive of tire consumption)

O = (66 x 2.51 + 94 x 1.26 ) X T
basic value  adjustment for  basic value of adjustment for  adjustment for
of truck semi-trailer truck semi-trailer kind of road
o . - — - ——
costs for tire consumption other maintenance costs

At

{ 280 pesos/km for paved road
310 pesos/km for dirt/gravel road

(4)  Fuet costs

0.296 (unit cost of fuel) x (g + 989.7 x-1 + 156.7x? x 105)
pesos/km

P

it

where x indicates speed (km/hour) and a, is calculated from the formula:

ao = 277 {(basic value of truck) + 201 (adjustment for semi-trailer) + a (ad-
justment for kind of road)

and takes the values as shown in the following table.

Dirt road Grave! road Paved road
Flat area 478.0 467.2 425.6
Mountainous area 5478 537.0 : 575.6
(5) Labor costs for drivers
g = 4917 pesos/hour

Fconomic costs can be derived by adding cost items (1) to (5) using the travel
distance or the travel hours (computed from the average speed). Basic assumptions made in the
use of these Formulae are as follows:

(a) Loading ratio is assumed to be approx. 100%.

(b) Cenditions of trucks and maintenance of roads are assumed to be good.

(¢) Actual expenses are regarded as crude estimates of economic costs.

(d) Research results of transportation cosis carried out by the Ministry of Public
Works of the Argentinian Government are used as the basis for cost computa-
tion.

(e) One-way transportation does not take place in this project.

() Average speeds of 20 fon semi-trajlers used in this project are assumed as fol-

lows:
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Region North-western

South-eastern
region of Cordoba region of Cordoba
Kind of road or San Luis or San Luis

Paved road

Flat area

60 km/hour 30 km/hour
Dirt/Gravet road
Flat arca 40 km/hour
Mountainous area 10 km/hour

Based on these assumptions, economic costs for traveling D km by 20 ton semi-
trailer are computed as Tollows:

{1}  Paved road in flat area of north-western region of Cordoba or San Luis:
C=107D,f = 65D, 0 = 280D, P = 133D,
(Fap, = 4256, x = 60) £ = 82D,
LCH+f+0+ P+ Q= 667D.

(2)

Paved road in flat area of south-castern region of Cordoba or San Luis:
C = 213D, f = l'fOD, O = 280D, P = 136D,
(Fap, = 4256, x = 30) R = 164D,

SCH PO+ P+ 2 =923D,

(3)  Gravel (dirt) road in {lat area:

C = 160D, = 98D, O 310D, P = 150D,

(fa, = 478.0, x = 40) £ = 123D,

LCH+H T+ O+ P+ 0= 841D.
(4)  Gravel (dirt) road in mountainous area:

C = 640D, F = 390D, O = 310D, P = 191D,

(Fag = 547.8,x = 10) £ = 492D,
SCHI+O+P R = 20230
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Economic costs derived in this manner are summarized in the following table.

\\ Region North-western South-castern
region of Cordoba region of Cordoba
Kind of Road or San Luis or San Luis

Paved road
Flat area 667 pesofkm 993 pesofkm

Dirt/gravel road

Flat area 841 —
Mountainous area 2,023 -

Economic costs of each alternative transportation plan are computed on the basis
of the formulae given above, and the results are listed in Table 6-7. Generated transportation
demands are listed in Table 6-1 and 6-2, and transportation distance and road conditions arc
tisted in Table 6-3. The economic costs in Table 6-7 represent about 70% of the financial costs
in Table 6-6. The difference between the financial costs and the ¢conomic costs is regarded as
corresponding fo taxes, profits of the transportation company, etc. In addition, it is assumed
that there is no foreigh currency portion in the economic costs of road transportation.

4-3. Financial Costs of Railway Transportation

The official railway rates used by Argentine Mational Railway are adapted as the
financial costs of railway transportation, assuming that refined ore as well as electrically smelted
copper are transported by block-trains consisting of open cars of 40 ton capacity. However,
the rates can be discounted 5% to 10% in reality. These are summarized in Table 6-8. Charges

for open-air storage at Retiro are estimated to be 3,100 pesos/m? x 2,000 m? = 6.2 million
pesos/year.

4-4. Economic Costs of Railway Transporfation

Tarff revenues of the Argentine National Railway do not c_ovér total operation
costs; that is, it is a deficit operation. In the formula (tariff revenue + delicit}) = total costs,
it is the total costs that are relevant to economic analysis. Since the economic costs are the
costs which are substantially spent for transportation, they can be derived by deducting depre-
ciation, taxes, interest, etc. form the total costs. Therefore, the total costs are allocated propor-
tionally to the length of G. Belgrano Line and the length of San Martine Line by using the data
in Table 6-6.

Non-operational costs (General management expenses)

G. Belgrano Line: 23200 millionpesos. ... ... ... . ..., o n
San Martin Line: 9,900 millionpesos ... ... ... . ... ... e {(2)
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Case C-1:

Case C-11:

Case C-11I:

Direct transport of refined copper as well as molybdenite to Buenos Aires

Direct transport of refined molybdenite to Buenos Alres, while refined copper is trins-
ported, first to Andaogala and then electro-copper is transported to Buenos Aires.

Dimct transport of refined molybdenite to Buenos Aires, while refined copper is trans-
ported, first to Barreal, and then electro-copper is transported to Buenos Aires.

In many cases construction cquipment and operating materials are assumed to be transported directly
from Buenos Aires to the mining site.

Construction Equi
Operation nstruction Bquipment - Refined Ore Y
Alternates | Capacity ] 1Reﬁnc(i Ore }‘g’ Materisls Electro-Coppery @
. (tons/day) Firstyear | Secondyear | Thirdyear | BECUO-COPRCUR (f ogp posaslyean) Matcrials )T
1 i (1,000 pesos) | (1,000 pesos)y | (1,000 pesos) {1,000 pesos/year) (1,000 pesosfyeary
WCase C-I 30,000 1,637,340 2,183,120 1,637,340 3,662,180 3,274,680 6,936,860
20,000 1,146,140 1,528,190 1,146,140 2,423,260 2,183,120 4,606,380
Case C-II 30,000 1,637,340 2,183,120 1,637,340 1,839,180 3,274 680 5,113,860
20,000 1,146,140 1,528,190 1,146,140 1,214,450 2,183,120 3,397,570
(Case C-IT1 30,600 1,637,340 2,183,120 1,637,340 2,643,760 3,274,680 5,918,440
20,000 1,146,140 1,528,190 1,846,140 1,746,270 2,183,120 3,929,390
Table 6-8. Railway Transportation Tariffs
ey
. Office Rate 5% Discount 10% Discoumt
Sf?.ctmn . Export {tems
(Distance) pesofton pesofton pesofton pesofton pesofton pesofton
Chilecito-Retiro 102,300 80.61 97,185 76.58 92,070 712.55 Refined Ore
(1,269 km)
Chilecito- 47,500 109.70 45,125 104.22 42,750 98.73 Relined Ore
Andalgala (433 km)
Andalgala-Retiro 114,300 79.03 108,585 75.08 102,870 71.13 Electro-
(1,446 km) Copper
Chilecito-San Juan 60,400 2,78 57,380 88.14 54,360 §3.50 Refined Ore
(651 km)
Mendosa-Retiro 86,500 8246 82,175 78.34 717,850 74,21 Electro-
(1,049 km) Copper
Source: Los Verrocarnles en 1979
Note: Charges lor open-air siorage at Retiro are estimated to be 3,100 peso/m? x 2,000 m* = 6.2 millien

pesofycar.
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Operational costs

G. Belgrano Line: 13,100 million pesos......... e e e (3)
San Martin Line: 5,500 miliion pesos....... R (4)

Operational costs for Branch Lines

G. Belgrano Line: 136,200 million pesos .. ..o vvvvv i (5)
San Martin Line: 66,200 million pesos. v oo cvvii i iirin e {6)

Total costs

G. Belgrano Line: (1) +(3)+(5) = 172,500 million PESOS v eeeee e (7
San Martin Line: (2) + () +(6) = 81,600 million pesos. .. ... ... coovnvenn (8)

(Refer to Table 6-9 on P. 187 and Table 6-10on p. 188).

However, the costs determined in this way include costs for freight, passengers,
mail, etc.  Therefore, it is necessary to substract a portion of the costs attributable to cargo.
Costs of cargo transportation are derived by (1) using revenues of cargo, passengers, mail and
storage as indicated in Table 6-11, and (2) assuming the raito of revenues is similar to that of
costs. First, the following values can be derived from Table 6-11.

G. Belgrano Line San Martin Line
Revenue (peso) Ratio Revenue (peso) Ratio
Cargo 40.9 bitlion 67% 38.9 billion 64%
Passengers 15.1 billion 25% 19.3 billion %
Mail & storage 2.1 tillion 3% 2.2 billion 3%
Others 2.9 billion 5% 0.6 billion 1%
Total 61.0 billion 61.0 biltion -

By multipling the ratio of cargo revenues derived above, ie., 67% and 64%, to the
total costs (7} and (8), respectively, costs for cargo transporiation become as follows:

G. Belgrano Line: 115,600 million peso
San Martin Line: 52,100 million peso

Actual economic costs of cargo transportation can be calculated by dividing the figures derived
above by the cargo transportation volume of each line.

G. Belgrano Line: 34.30 peso/ton-km
San Martin Line: 15.86 pesofton-km

Since the values derived in this manner are those for 1978, they must be inflated by multiplying
the inflation rate of 150% for the year 1979 as well as the inflation rate of 80% from January,
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Table 6-9. Comparative Table of the Achievements Corresponding to

the Fiscal Year Ended 31 /Dec. /| 977_(11151 3.! {Dec./1978

1971

Detail SR N
10° $ %
Service Income
Results of Operational Activitics 111.8
Special Bonuses of Freights, Passengers, | A0 _§__ 1152 76
“elc.
Service Costs
Qpcrati011a] Expenses 1927
_ Depreciation 13.3 2060 142
Operational Losses 94.8" B 05
Non Operational Expenses
Service Free of Charge or Under-Paid 3.5
Branch Lines Censidered Anti-Economic 03
Financial Expenses ld.l 139 10
Results of Ordinary Operations 108.7 —Wﬁ";'Sm 1
Other Expenses 3 266 18 5
Other Incomes 58 6
Net Loss. éflhe Fiscal Year -1 1;67.;77 a 87
Brought Forward fram the Preceeding 19.0 13
Year T T
Final Account of the Losses 145.5 160
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1978
10° %
306.1
/\3§ | 3036
496.3
7717 574.0
2704
9.0
4.7
262 | 399
3103
345
| 2.3
316.5

‘%t

96

181

55

100



Table 6-10. Operational Expenses per Line and Central Organization — 1978 (per Sector)

(Unit: 10° §)

Lines Central ,
Classification 1 = Organizatlon Total
Roca |Mitre | San Martfn | Sarmiento | Urquiza Belgrano
Maintenance of the Track 109 15! 123 6.8 70 28.1 - 80.2
and Works
Maintenance of the Trains | 153 1178 | 123 72 65 | 246 - 837
and Rolling Stock
Requirement and Runningor | 16.5 {15.5 12.6 6.5 5.8 27.2 - 84.1
Trains and Rolling Stock
Trafic Services 364 {3006 220 14.7 14.6 44.6 - 162.9
Fruvial Services - - - — 24 — - 24
Administration 4.3 57 52 39 35 g.1 421 738
Procﬁrement 12 18 18 09 09 2.6 - 92
Total Operational Expenses 84.6 | 865 66.2 40.0 40.7 136.2 42.1 4963
Source: Los Ferrocarriles en 1979
Table 6-11. Operational Revenues Per Line — 1978 (Net Profit)
(Unit: 1,000 million pesos)
B !
Passengers i
. Mail and N
Line r Urbam and ] Total Carga Storage Others Total
General
Suburban Passengers
} 2 3=2+1 4 5 6 7=344+546
Roca 13.8 174 31.2 24.5 2.0 0.8 58.5
Mitre 13.8 16.7 30.5 3.6 1.8 1.5 65.4
San Martin 114 79 19.3 389 2.2 0.6 61.0
Sarmiento 21.6 1.7 23,3 3.5 1.2 0.3 333
Urquila 3.3 49 8.7 14.4 0.8 0.5 24.4
Belgrano 8.1 7.0 15.1 40.9 2.1 2.9 61.0
Total 72.5 5356 i28.1 158.8 10.1 6.6 303.6

Source: Los Ferrocarriles en 1979
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1980 to October, 1980, Adjusted values as of November, 1980 become as follows:

G. Belgrano Line: 154.35 pesos/ton-km
San Martin Line: 73.37 pesos/ton-km

These values are used as the economic costs of railway transporlation for this project.

Table 6-12.  Annual Financial Costs of Railway Transportation

(Unit: Million peso)

e -
e — - .
e—— Operation Capacity of 30,000 tonsfday {Operation Capacity of 20,000 tons/day
[ Refined
cfined ore or . Refined ore or .

Section Electro-copper Materials Electro-copper Materials
Chilccito-Retiro (1,269 km) 6,0357 6,138.0 39897 4,092.0
Chilecito-Andalgala {433 km) 2,802.5 - 1,852.5 -
Andalgala-Retiro (1,446 km) 1,2573 - 8230
Chilecito-San Juan (651 km) 3,563.6 — 2.355.6
Mendoza-Retiro (1,049 km) 951.5 — 6228 -

Annual Economic Losts of Railway Transportation

(Unit: Million pesos)

‘\

Operation Capacity of 30,000 tons/day

Qperation Capacity of 20,000 tons/day

T Refined ore or Material Refined ore or Material
Section Electro-copper Materials Electro-copper ateniajs

Chilecito-Retiro {1,269 km) 11,556.3 11.752.2 7.6389 78348
Chilecito-Andalgala {433 km) 39432 - 2,606.5 —
Andalgala-Retiro (1,446 km) 2,455.1 - 1,607.0
Chilecito-San Juan (651 km) 59284 - 391838 -
Mendoza-Retiro (1,049 ki) 823.5 - 5390
S, Formulation of Optimal Transportation Plan

5.1. Selection of Optimal Trausportation Alternative

The remaining task for selection of the optimal transportation alternative is the
choice between road and railway transportation after Chilecito.

In order to compare the costs of each, firstly, costs associated with road trans-

portation are summarized in Table _ _ ‘
maintenance mentioned in Section 3 are associated with transporlahon
site and Chilecito, and, thercfore, are not relevant to a comparison of alternate plans.

associated with railway transportation are summarized in Table 6-14.
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Table 6-13. Annual Road Transportation Costs (Refined Ore, Electro-Copper,

Materials) after Chilecito

Altern: QOuperation Capacity Financial Costs Econone Costs
ternates {tonsfday) (million peso) (million: peso)
Case C-1 ' 30,000 9,220 6,312
(Direct Route to Buenos Aires) 20,000 6,122 4,191

Case C-11 30,000 6,522 4,489
(Route via Andalgala) 20,000 4,333 2,983
Case C-1il 30,000 7,337 5,293
{Route via Barreal) 20,000 4,872 3,514

Note: Transportation costs between the mining site and chilecito are deducted from the

total cost of each route, since figures in this table indicate transportation costs after

Chilecito.

Table 6-14. Annual Railway Transportation Costs (Refined Ore, Electro-Copper,

Materials) after Chilecifo

Operation Capacity Financial Costs Economic Cosls
Alternates
(tons/day) {1,000 peso) {1 000 peso)
Case F-1 30,000 12,174 23,309
(Direct Route to Buenos Aires) 20,000 8,082 15474
Case FIT | 30,000 10,198 18,151
(Route via Andaigala) 20,000 6,768 12,048 .
Case F-IH1 30,000 10,653 18,504
{Route via Barreal) 20,000 7070 12,293
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It Decomes clear from a comparison of these costs that road transportation is su-
perior to railway transportation with respect to the financial costs of management of the mining
company as well as with-respect to economic costs which relate to economic eflficieny for the
country. In case of railway transportation, additional costs other than the costs listed in Table
6-14 may be required such as those involved in transfer from the railway to trucks al each sta-
tion. Therefore, road transportation is selected as the optimal means of transport in this project.
However, it must be mentioned that when a targe discounting of the railway tariff is available
or when the economic costs are significantly reduced duc to changes in demand for other goods,
a new analysis should be undertaken.

§-2. Summary of Costs Associated with Transportation Plan

‘Costs associated with the transportation plan under the selected optimal {ransporta-
tion alternative are summarized in Table 6-15. These costs become inputs for financial and
economic analyses of this project and, further, will be used as input data for determining alter-
natives of operation scale of the mine in the comprehensive evaluation of the project. As to the
alternate transportation routes, they will also be used as inputs for formulation of a utilization
plan for the'smelting plants.
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Anmnex, Traffic Volume Justifying Investments in Road Pavement Works
In order to determine the minimum traffic volume which justifies investment for
pavement works for dirt/gravel roads, an average daily traffic volume which makes the benefit-
cost ratio 1.0, is examined for road pavement projects, as shown in Figure 6-8. Table 6-16
shows the results. The following assumptions are used for this purpose and computation was
undertaken by the Ministry of Public Works.
(1)  The traffic consists of 40% trucks, 5% buses and $5% passenger cars.
(2) An averag'c annuai growth rate of traffic volume is 4%.
(3) The discount rate for computation of the present value is 10%.
4y  The project life is 20 years, and
(5)  Savings in travel expenses such as fuel costs and labor costs as well as time savings
arc counted as benefits, while construction costs, normal maintenance expenses

for large scale repair works are included in cost calculation.

Fig. 6-8. The Minimum Traffic Volume Which Justifies Investment for
Pavement Works for Sand/Gravel Roads

Sand Road

/ / Gravel Road
T

°

B/Ctt

|
|
I
I
I
I
|

Average Daily ¥_9 }%

Tratfic Volume
The Minimum Traffic Volume Which Fustifies
Investment Tor Pavement Works for Sand/Gravel
Roads
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Table 6-16. Traffic Volume for the Justification of Investments for
Pavement Works of Roads

Existing Conditions _
_ Mipinuun Traffic Volume for Pavement Works
Kinds of Roads Conditions '

B Sand Road Bad 250
Normal 280
Good 375
Gravel Road Bad 300
Normal 350

Good .500 N
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B Chapter 7.







CHAPTER 7. OVERALL EVALUATION

1. Overall Evaluation Technigues

Economic Evaluation: For development of the Famatina Mine, it is necessary to
determine approximately what the total cost will really be as well as the total profits (or benefiis)
that will actually be derived from development. Further, it must be demonstrated that the net
benefit of this project is sufficiently high to justify implementation. Only by means of such
analysis is it possible to achieve optimum allocation of all necessary domestic resources, Such
analysis is usually termed “economic analysis.”

Internal Rate of Economic Return: With this project, both costs and bencfits will
accrue over a full 25-year period from 1981 to 2006. By the year 2000, a miilion pesos at 1981
prices might not be worth more than a hundred thousand pesos, hence the need to discount both
future costs and benefits at a particular discount rate in order to determine their values in terms
of 1981 prices and then to determine which is greater. By trying out different discount rate
values, one should be able to determine a discount rate which makes the present value of the
costs discounted to 1981 equal to the present value of the benefits. This rate is called the
gconomic internal rate of return and, depending on what the percentage is, one can draw conclu-
sions as to whether or not the Famatina Mine project should be implemented.

Here we shall assume_ that the internal economic rate of return should be approxi-
mately 10% in order to justify implementation of the Famatina Mine Project. It is extremely
difficult to judge whether 10% is the best figure or a lower figure such as 7% or a higher figure
such as 15% should be used. Most international agencies usually use values in the range of
8--12% as the standard for granting project loans. In the case of the Famatina Mine project,
the figure of 10% has been adopted an the basis of various considerations. Accordingly, the
figure of 10% for the internal economic rate of return provides the threshold for whether or not
the project can be implemented. It should be noted that this economic evaluation is to serve as
4 standard for determination of whether or not the Famatina Mine profect should be carried out
in preference to a variety of other projects that could be implemented in Argentina (the 10% is
sometimes referred to as the opportunity cost of capital}.

Economic Price: In calculating the internai economic rate of return, a comparison
is made between the real cost (economic cost) and the real benefits (real return or real economic
benefits). The point here is what “real” means. This survey was carried out in October, 1980
and the cost and benefits are therefore expressed in terms of prices prevailing at that time.
In other words, they are expressed in terms of general market prices. In order to determine the
real prices, we must first subtract taxes from the market prices. This is because taxes are assessed
ex post ‘and thus constitutc a transfer item in the national economy and no consumpfion of
resources is-involved. In other words, faxes have nothing to do with resources that are actually
used in inu)[erhenting the project. Secondly, interest should be excluded. Although interest
accrues from use of the capital necessary to carry out the project, it merely represents a transfer
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within the national economy in the same manner as taxes. ‘Accordingly, in economic evaluation,
interest is not considered as a cost element. Thirdly, a portion of the costs and benefits in the
form of foreign exchange must be adjusted to actual exchange rates. Imports of mining equip-
ment purchased on international markets and’ the international price of copper are usually
expressed in U.S. dollars, but in order to compare the costs and benefits of niining development,
they must be cxpressed consistently in pesos, and this involves evaluation of real prices (how this.
is done is explained later). Besides these threc considerations, there are many other special
considerations involved in economic evaluation, including the concept of salvage value and the
question of the scope of costs and benefits which should be considered. These are explained

later as actual computation is carried out,

Financial Evaluation: Income and expenditures are compared in terms of ordinary
prices, i.e., market prices, but there arc some differences compared to tlie calculation methods
employed by private enterprise. Tn a manner similar to that for calculation of the internal
economic rate of return in economic analysis, a discount rate is adopted that muakes the present
value of income cqual to the present value of expenditures over a period of 25 years, both
being expressed in market prices. This is called the internal finavcial rate of return, For instance,
if the internal financial rate of retum is calculated as 5%, this means that income and expendi-
tures will be equal if an interest rate of 5% is applied. In other words, if the project is imple-
menled on the basis of funds borrowed at 3% interest, there would be a profit rate of 2% (5% —

3%).

Project Selection Criteria: As we have seen, there is considerable difference between
economic evaluation and financial evaluation. It is desirable in evaluation of the project that
both be favorable. What happens; then, if one is favorable and the other is not? Generally
speaking, in project selection, economic evaluation is of primary importance; financial evaluation
assuming importance at the stage when a decision must be made as to wheiher or not to imple-
ment individual projects that have been selected as candidates. Accordingly, no matter how
favorable the financial evaluation, the project cannot be selected if the internal economic rate
of retum determined in the economic evaluation is below 10%. Conversely, if the economic
evaluation is favorable but the financial evaluation is not, it is still possible to attempt to redesign
the project with the aid of national or local governments, which could, for instance, shoulder
some portion of the project costs (see Fig. 7-1 on next page).

2. Analysis of Overall Costs
2-1. Calculation of Financial Costs

The estimated financial costs are given in Table 7-1, the total investment cost being
approximately 590,000 million pesos and the annual operating costs 127,000 million pesos. Of
the investment costs, 92% are accounted for by the mine itself (68%) and the mining town (24%).
All of these financial costs have been calculated on the basis of market prices as of October,
1980. The calculation criteria and the breakdown for different sectors are as follows (Refer to
Table 7-1 on p. 200).
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Fig. 7-1. Synthesis of Evaluation on the Basis of Economic
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Ei%??fﬁ?!‘gfj’ﬁﬂ The prospecting costs prior to 1981 (see Table 7-2) were con-
verted to 1981 prices and future capital costs have been discounted to represent current prices on
the basis of a capital opportunity cost of 10% per annum, the total amount of this item coming
to 8,842 million pesos (1981 prices). Prior prospecting costs could be exciuded from financial
costs, but in this project they have been included in the basic case. The variation in the financial
rate of return that would result from exclusion is to be determined on the basis of a sensitivity

analysis of the initial investment oultlays, i.c., reduction in initial investiment in this case.

Mine: The initial expenses lor the mine would be 390,000 million pesos in the case
of a crude ore treatment capacity of 30,000 tons/day and 292,500 million pesos in the case of
20,000 tons/day. These cxpenses constitute 66% and 65% of the total initial investment for the
respective mining scales. Of the initial expenses for the mine, 40% is for mine operation itself
and 60% for ore dressing. Another breakdown of initial expenses for the mine by item shows
that machinery and cquipment and for civil engincering and construction works account for 67%
and 17% respectively. Operating cosls of the mine constitute 72.4% of the total operation costs,
of which 62.7% is accounted for by personnel costs (personnel costs account for 45 4% of total

opetating costs).
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Table 7-1. Analysis of Financial Costs {Costs of Different Secfors)

30,000 tons/day (Financial Costs)

(Unit: Million pesos)

- - .
Investment Salvage Value Annual Operating Costs
(%) (%)
Prospecting 13669 (2.3} _
Mine 390,000 (66.0) 92,138 (724)
Electricity 2060 (0.5) D 24530 (192
Water 31318 (5.3) 1816 60 . (0.1)
Mining Town 138494  (23.5) 46,570 :
Transport 14,257 24) 10,511 (8.3)
Total 590,698 (100.0) 50,386 127239 (100.0)
20,000 tons/day (Financial Costs)
{Unit: Million pesos)
Investment Salvage Value - Annual Operating Costs
(%} (%)
Prospecting 13,669 (3.0
Mine 292500  (64.8) 70,785 (74.8)
Electricity 2960  (0.7) 1} 16800  (17.7)
Water 30930 (68) 3816 60 (0.1)
Mining Town 99860 (22.1) 22,084
Transport 11840  (2.6) 7,040 (7.4)
Total 451,759 (100.0) 25900 94,685  (100.0)

MNote:

1) Including the cost of electric energy of water resources
(17,400 million pesos).

-198-



Table 7-2. Prospecting Costs lo Date

Prospecti
Prﬁ;:)nel::ing I)Titgl:l ?31(; to E;a‘te !i?}glga{:t?[ Discount Rate 1.’ms‘pcc.ting Costs
Expenditures 1960 : 100 'Ierm§ 10% " (‘;rf(ft\!-l e
. 1980 Prices flos
1973 508 2,1034 294,126 2,141 629,724
1974 1,324 2,524.5 638,710 1,949 1,244 846
1975 3933 7,3840 648,670 1,773 1,150,092
1976 11,472 442337 315,847 1,610 508,514
1977 55430 110,338 611,802 1,464 895,678
1978 318,125 2710792 1,429,200 1,332 1,903,094
1979 . 735,080 67657197 1,323,144 12 1,602,327
1980 §24,922 1,217,843 .41} 824,922 1,100 907414
1981 ' 1,000
Total 1950794 6,086,421 5 842,289
, .

Note: 1) Projected.

Personnel and General Management Costs:  Personnel and general management costs
are included in operating costs. The total for direct personnel costs is given in Table 7-3, The
monthly payments per person include not only basic salaries but also various allowances and
soclal security benefits. Taking the following considerations into account, the level of wages
was set slightly higher than the level currently prevailing: (1) labor conditions are unfavorable
because most of the work is at high altitudes; (2) a large number ol technicians and workers
have to be recruited from a wide area; {3) since most mines (particularly nonferrous mines) in
Argentina and particularly those in La Rioja Province arc of smali scate and have only a small
number of workers, the labor market for quality technicians and workers may become tight in
future (Table 7-3). As for management class personnel expenses, ali personnel of the manage-
ment level are included.

General Managemeni Costs:  General management costs are normally about 1 to
1.5 dollars per ton of crude ore. In this report they have been caleulated at 1.25 dollars (2,437.5
pesas) per ton.

Electricity: Since it is assumed as the basic case of power development that power is
fo be purchaé&j the initial investment includes only 2,960 million pesos for a power transmission
line between the mine and Chilecito. The operating costs come to 24,530 million pesos per year,
or 19% of total operating costs. The unit cost for purchased electricity (101 pesosfkWh) used as

the finsncial cost was caleulated from electricity rate schedules. The clectric power cost involved
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in bringing water {o the mine is also included,

Water:  The initial investment for water is 31,318 million pesos, the breakdown
being 84% for dam construction, 13% for water conveyanco construction works, and 3% for

underground water works. As for oporating costs relating to water, these will maialy be person-
nel costs for maintenance and repairs.

Mining Town: The investment for the mining town is 138,494 million pesos in the
case of a crude ore treatment capacity of 30,000 tons/day and 99,860 million pesos in the case
of a capacity of 20,000 tons/day, corresponding to as high as 23.5% and 22.1% of {he total
investments for the respective mining scales. If the salvage value is subtracted, however, this
percentage will be only 16%. Salvage value is explained in the section on economic cost. Ap-
proximately 19% of the investment for the mining city is accounted for by the cost of construct-
ing accommodation facilities. In the casc of financial costs, only those directly connected with
the mining company have been considered, and not those to be borne by locai government.

Transportation:  Transportation constitutes only 2.4% of total investment. The
reason why this figure is so low is that it has been assumed that a transport company will handle
the mine’s transportation needs for the most part. Approximately 38% of the initial investment
for transportation, or 5,844 million pesos, represents road construction costs, the remaining
being the cost of transport of construction materials, etc. If road construction is carried out by
the military, the initial investment will be reduced by 2,989 million pesos. Later we shall
attempt sensitivity analysis with respect to this point.

Table 7-4 gives yearly totals for the costs by sector that we have considered above,
the figures for 19811985 representing investment costs and those for 1986 and subsequent
years representing operating costs. For the years of additional investment (1996 in the case of
operating scale of 30,000 tons/day and 1996 and 2000 in the case of 20,000 tons/day) the
figures represent the total for investment and operating costs. (Refer to Table 7-4-(1), (2) on
pp. 204, 205).

Calculation of the economic cost is as per Table 7-5 in the case of an operating
scale of 30,000 tonsfday. The overall economic cost comes to approximately 643,950 million
pesos, and the annual operating costs come to 129,860 million pesos, the breakdown being 70%
for the mine itself and 20% for the mining town. The economic cost exceeds the total invest-
ment for the financial cost of 590,000 million by 53.9 million pesos, the reason and breakdown
being as Table 7-5 on p. 206.

22. Economic Costs

and cconomic analysis lies in how benefits and costs are assessed. 1n each case economic analysis
is necessary to identily the real costs thal are to be borne by the country. Accordingly, items
such as taxes, which only represent a transfer within the country, must be excluded from the
economic costs. Since capital goods to be imported for implementation of the present project
are exempted from customs duties, taxes are included only in the costs of equipment or materials
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Table 7-4-(1) Comprehensive Table of Financial Costs by Sector and Year

{Opeyration Scale:

30,000 tons/day)

{Unit: Billion pesos)

Prospecting Mine Electricity | Water | Mining Town | Transport Total
| Year T
1981 1125 - - - - - 11.25
1982 241 - ~ - - - 2.41
1983 - 93.60 237 935 938 8.26 122.96
1984 - 124 80 0.59 1061 68.11 3.40 207.51
1985 - 93.60 - 11.36 61.00 2.60 168.56
1986 - 92.14 24.53 0.06 - 10.51 12724
1987 - 92.14 24.53 0.06 - 10.51 12724
1988 - 92.14 24.53 0.06 - 1051 127.24
1989 - 92.14 24.53 0.06 . 10.51 12724
1990 - 9214 24.53 0.06 - 1051 | 12724
1991 - 92,14 24.53 0.06 - 10.51 127.24
1992 - ‘9214 24.53 0.06 . 10.51 127.24
1993 - 92.14 24.53 0.06 - 10.51 127.24
1994 - 92.14 2453 0.06 - 10.51 127.24
1995 - 92.14 24.53 0.06 - 10.51 127.24
1996 - 170.14 24.53 0.06 - 10.51 205 .24
1997 - 92.14 2453 0.06 - 10.51 127.24
1998 - 92.14 24.53 0.06 - 10.51 127.24
1999 - 92.14 24.53 0.06 - 10.51 127.24
2000 - 92.14 24.53 0.06 - 1051 12724
2001 - 92.14 24.53 0.06 - 10.51 127.24
2002 - 92.14 24.53 0.06 - 10.51 127.24
2003 - 92.14 24.53 0.06 - 10.51 127.24
2004 - 92.14 2453 0.06 - 10.51 12724
2005 - 97.14 24.53 0.06 - 10.51 127.24
2006 - 92.14 24.53 0.06 - 10.51 127.24
2007 - 92.14 24.53 0.06 - 1051 127.24
Salvage Value 3.82 46.57 50.39
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Table 7-4(2) Comprchensive Table of Fi mancial Costs by Sector and Year
(Operation Scale:

Salvage Value

Prospecting Mine
FYcar

1981 L11.25 -

1982 241 -

1983 - 70.20
1984 - 93.60
1985 - 70.20
1986 - 70.79
1987 - 7079
1988 — 09
1989 - 70.79
1990 - 70.79
1996 - 100.04
1997 - 70.79
2006 - 100.04
3007 - 70,79
2018 - 70.79

Electricity

—— e

237
0.59

16.80
1680
16 .80
1680
16 80

16.80
16.80

16.80
16.80

16.80

20,000 tom/day)

Water

0.06
0.06

006
0.06
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(Unit:

Mining Town

Transport

7.54
243
1.87
7.04
7.04
7.04
7.04
7.04

7.04
704

7.04
7.04

Biltion pesos)

11.25
2.41
96.39
155.85
127.35
94.69
94 .69
94 69
94.69
94.69

12394
9469

123.94
94,69

94 69

2590




Table 7-5. Economic Costs

(30,000 tons/day)

{Unit:  Million pesos)
Investment
S Salvage Value Operating Costs
Portion
_— .
‘kortlon ‘ m‘ Total (%)
in pesos Foreign
currency
Prospecting 12,302 0 12,302 (1.9
Mine 147420 | 301,525 | 448,945 (69.7) 77,399, 8,183, 85,582 (65.9)
Electricity 933 2,563 3496 0.5) ' 22,657, 14,295, 36,952 (28.5)
Water 15818 20,294 316,112 (5.6) 3576, 3,711, 1,287 54, 0, 54 ()
Mining Town 113,109 16,753 | 129,862 (20.2) 47,161, 6,984, 54,145
Transportation 10,521 2,714 13,235 (2.1) i 7,205, 65, 7,270 {5.6)
Total 300,103 | 343849 | 643,952  (100.0) 50,737, 10,695, 61,432 | 107,315,22,543, 129,858 (100.0)
(20,000 tons/day)
{Unit:  Million pesos)
Investnient
Salvage Value Operating Costs
Portion
_Pomon n Total (%)
in pesos | Foreign
cugrency
Prospecting 12,302 12,302 (2.5)
Mine 110,564 | 226,143 | 336,707 68.1) 58,298, 8,010,66,308 (68.8)
Flectricity 433 2,563 34906 (0.7 15,420, 9,724,25,144 {26.1)
Water 15,728 £7,956 33,684 (6.8} 3576,3,7111, 7,287 54, - 54 ()
Mining Town 84,176 12,468 96 644 (19.0) 23338, 3.456,26,7%4
Transportation 8,885 2,714 11,599 2.3) 4,855, 53, 4,908 {5.1})
Total 232,588 | 261.844 (494432 (100.0) 26,914, 7,167, 34 081 78,627, 17,787, 96,414  (100.0)
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purchase in local currency. Although we do not know the exact tax rates unposcd on different
products, a tax rate of 5--10% has been assumed, based on a study of the Al’gcntit;c tax struct!:n'.
and this percentage has been deducted from the differont sectors. Table 7-4 fivc; 1{10 fi vurr%’
ri_}S’;l‘lti“g from this caleulation of the internal-transfer portion of the financial (;0513 consijcr:::
earlier.

tunity cost ig applied in the econonic cvaluation of labor. With regard to skilled labor, it can be
assumed that the market mechanism functions and thercfore the wages that are actuzll,ly p:;E(I in
the market can be used. In the case of unskilled labor, however, some adjustment will be neces-
sary if a surplus exists. That is, even if workers are taken away from their present jobs, this m{;y
not represent any substantial consumption of human resources from a national vicwpoin,t because
of their very marginal productivity. This being the case, the cconomic cost of unskilled labor is
genetally considered to be very small. In Argentina, however, the unemployment raic is so lovif
(1.9% in October, 1979) thal practically full employment may be assumcd. There is also a
minimum wage law, which makes it possible to consider the market wage tates of unskilled
workers as well to be an approximate representation of opportunity costs. Accoridngly, in the
cco;lorlnic costs the same figures have been adopted as for personnel costs in fignancial cost
analysis.

Labor Costs: Asin the case of evaluation of other resources, the principie of oppor-

Mining Town: In estimating the economic costs, all cost clements relating to this
project must be taken into account, regardless of who must bear them. Accordingly, the portion
of the cost of the mining town _that is to be borne by local government has also been included
(Table 5-15). However, a part of the cost of constructing the new mining town, relating mainly
to public facilities, is treated in a different manner based on considerations given below concern-
ing the national economy. When péople gather fogether to form a town or city, it becomes
necessary to build public facilitics. The larger the cily becomes, the greater the scale of public
facilities required. Accoridngly, if the people working for the mine were to live in other towns in
the country rather than in {he mining town, additional investment in public facilities would be
necessary in those towns. However, construction costs would be somewhat lower in this case,
since only marginal investment would be necessary in those existing towns, whereas in the case
of the mining town, new public facilitics must be provided. For this reason, it would not be
appropriafe to consider the eutire amount given in Table 5-15 as the cost of the present project,
nor would it be right to consider that the portion relating mainly to public facilities should be
assessed as a zero economic cost. Based on this reasoning, we have taken the cconomic cost of
the mining town to be two-thirds of the figure given in Table 5-15 and the salvage value has also
been calculated as two-thirds of the figure given in the table.

 Water: The economic costs {or water were also calculated for the different items,
Since the dam can be converted to irrigation use after completion of the project, the salvage value
of the dam has been caleulated and included in the benefits starting from the year following the
final year of the project. First, net benefits derived from conversion of the dam to irrigation use
were calculated. Since in gencral the capital opportunity cost is about 10%, an internal rate of
return of about 107% was assumed and an initial investment of 6,360 million pesos was calculated
as the amount necessary in order to derive the amount of net benefits calculated. In other words,
since the dam is cconomically feasible even with that amount of investment, at the end of the
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project life the salvage valuc of the dam is assessed as 6,360 million pesos. As for the salvage
value in terms of financial analysis, it has been set at 60% of that for cconomic analysis, or 3,816
miltion pesos. This financial salvage value is the price at which the enterprise would be able to
sell the dam. Since the dam would be used for public purposes, it would be sold to the local
government. It is clear that the financial salvage value would be less than the economic salvage
value, but just what price it could be sold for depends on negotiations with the buyer. Here we
have assumed that it could be sold for 60% of the economic salvage value.

Electricify: The cost of purchase of electricity is 101 pesos per kWh in terms of
financial cost and 151 pesos per kWh in terms of economic cost. The financial cost of the
electricity is a kind of policy rate taken from the schedule of electricity rates, whereas the
economic cost of electricity is obtained by dividing the actual costs of the power company by
the number of kWh sold. '

Calculation (using shadow exchange rate) of Economic Cost of Equipment and
Materials Procured with Foreign Exchange: The official éxchange rate was 1,950 pesos to the
dollar as of but it is said the actual exchange rate is more like 5,000 or even 7,000 pesos to the
dollar. This difference is the result of the fact that whereas inflation has been 100150 percent
per annum, the peso has been devalued against the dollar by only 10--20% per year; that is,
adjustments of the official exchange rate have not kept step with the inflation rate. Should, for
instance, a generator that cost 5 million doliars be considered to cost 5 million x 1,950 pesos
= 9,750 million pesos or 5 million x 5,000 pesos = 25,000 million pesos? The cost of the mine
would, of course, vary considerably depending on the answer to this question. For the purpose
of economic analysis, therefore, it is necessary to use a real exchange rate {sliadow exchange rate)
rather than the official exchange rate in order to obtain the real prices of imported goods so as
to be able to compare the costs and benefits.

Generally, the following formula is used to catculate real prices in pesos:

R = fx(1-S)R + mM (1+T)R
- X + mM

Exports

Imports

Export taxes

Import taxes

Official exchange rate

Exchange rate elasticity of foreign exchange supply
Price elasticity of domestic demand for imported goods

3R ANE X

Since, it is difficult to calculate the price elasticity of demand and supply, however,
price elasticity is generally ignored (assumed to be 1), and the following simplified formula is
used.

(M+T) + (Xul.))
M+X

R =
Using this formula, the shadow exchange rate (SER) for 1979 is calculated as follows:
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Official exchange rate

1978. 12. 31. 1US$ = 1,003.50 pesos
1979, 12. 31. LUS§ = 1,618.50 pesos
Average 1USS = 1311  pesos

Bxports: X = 1,311 x 7,746 million $ = 10,155,000 million pesos

Import; M = 1,311 x 6,300 million $ = 8,259,300 milfion pesos

Import Taxes: T = 1,294,600 million pesos

it

Export Taxes: D = 42 100 miilion pesos

(8,259,300 + 1,294,600) + (10,155,000 - 42,100)
10,155,000 + 8259300

= 106.8

In other words, the peso is overvaluated by 6.8%.

Since, however, Argentina’s import duties in 1979 were extremely high (Table 7-6),
there is a strong possibility that the price elasticity of demand is quite high. The simplified
formula above is effective when duties are low enough to allow for ignoring the elasticity. When
duties are extremely high, however, as is the case of Argentina, the use of this simplified formula
cannoi be justified (Refer to Table 7-6 on p. 210).

In this analysis, we have used a method based on evaluation of purchasing power to
determine the SER in Argentina. Selecting a timie in the past when both trade and the domestic
economy were in a state of equilibrium and assuming that the exchange rates, too, were at an
equilibrium at that time, the real exchange rales at any other time can be determined by measur-
ing the amount of change since the time when the price levels in both countries were at an
equilibeium. First of all, Argentina’s trade is divided into exports and imports. The wholesale
price indices of Argentina’s trade partners are weiglited according to the amount of trade and
averaged out in order to calculate the average wholesale price index for these countries. 1f this
index is compared with Argentina’s domestic wholesale price index, it is possible to surmise the
real exchange rate. The World Bank also uses this method in defermining the real exchange

rale.
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Table 7-6. Import Tax Rate and Items

Import Tax Rate (%) As of Jan,, 1979 Tmport Tax Rate (%) As of Jan., 1979
85 15 29 7
80 - 27 -
75 | 5 25 155
70 - 24 -
65 46 23 -
60 24 21 79
35 3 20 164
50 183 18 -
48 670 17 -
46 187 15 -
45 24 14 -
44 679 12 -
42 129 10 -
40 224 5 -
39 254 0 ~
36 463 Total Number of Items 8,285
35 167 Average Tax Rate (%) 255
30 99

Source: JETRO, “Trade Information”, Feb. 15, 1979.
Note: In spite of the fact that, judging from the duty schedule, many import items have an import tax

rate of 30-50%, the average tax rate is only 25.5%. What this means is that a high import tax is
imposed on only a few import items.
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Table 7-7 gives the figures obtained by deflating the nominal exchange rate with
the rates of increase in prices in Argentina and also in international prices. By using this method
it is estimated that as of the end of 1979 the Argentine peso was evatuated about 2006 higher
than the real exchange ratc. Assuming that the peso was overvaluated by 20% in 1979 1!hu
present SER can be calculated roughly as follows: ‘

End of December 1979:
Official rate (apgainst US$): 1,615 pesos

End of October 1980:

Official rate (against US$): 1,949 pesos
. Rate of wholesale price increase,
January—Qctober, 1980: 8%

Rate of increase in wholesale prices
of main trading countries: 20--304%

Decline in official exchange rate between
end of December, 1979 and October,
1980: Approximately 21%

Difference befween Argentine’s and
trade partners’ rates of mcrease in whole-
sale prices: 50-60%

As of October, 1980 it would appear that the official exchange rate was overvalu-
ated by 30—-40% in comparison to the real exchange rate, although the data available is not really
sufficiently complete to draw a definite conclusion.

On the basis of the above considerations, a real exchange rate of 2,600 pesos o the
US dollar (a 33.3% lowerevaluation of the peso than the official rate of 1,950 pesos to the dollar)
was assumed as the basic value for use in economic analysis. Furthermore, a sensifivity analysis
was made by varying the SER between 1,950 pesos to the US dollar and 3,250 pesos to the US
doliar.

Breakdown into Foreign and Domestic Currencies: Before applying the shadow ex-

change rate to foreign currency components ol the costs, the cosls are divided first into domestic
currency (domestic products) and foreign currency {imported goods) bused on estimated finan-

cial costs,
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Table 7-7. Argentine Foreign Exchange Rate, 19761980

Nominal

Real Exchange Rate (Dec., 1969 = 10)

Adjusted by US Wholesale

Exchange Rate Export Weightedl) Import Weighted D Prices with Argentine
Weightsz)
1976 Average 2243 1108 107.1 1252

June 189.3 1163 108.8 1315

Sept. 2162 108.5 102.4 1197

Deec. 267.6 110.7 1148 124.5

1977 Average 4178 106.1 1094 1255

Mar. 336.5 108.6 1126 1326

June 3905 1086 1121 127.1

Sept. 4735 103.5 106.1 1209

Dec. 5975 110.6 1126 121.5

1978 Average 79538 102.8 103.1 1054

Mar. 721.0 1134 1128 121.1

June 788.5 1029 103.6 110.8

Sept. 8493 9638 97.6 98.4

Dec. 978.6 91.3 91.6 91.4

1979  Average 1,317.0 786 778 334

Mar, 1,136.7 24.9 84.5 90.2

June 1,292.0 772 76.7 84.7

Sept. 1,449.8 71.0 699 768

Dec. 1,596.9 75.1 735 81.7

[1980 Mar. 1,724 7 755 739 824

Source: World Bank, Econontic Memorandom on Argentina,

Notes: 1) Calculation of the real exchange rate on the basis of importfexport weighting was done by
deflating the nominal exchange rate by the Argentine wholesale price index and further
adjustment on the basis of wholesale prices of Argentina’s trading partners in accordance
with the relative weight of Argentine imports from the exporis to them,.

2) " Deflated exchange adjusted by USS wholesale prices weighted according (o Argentine

wholesale price index.
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(1

(3)

(4

&)

(6)

(N

Prospecting costs:
Since prior prospecting costs were estimated only in terms of direct expenses

mining site, this item involves only pesos. The same assuimpiion has been m
future prospecting costs.

at the
ade for

Mine:

Since sophisticated equipment and machinery will be needed in initial investment
relating to start up of the mine, it has been assumed that only 40% of the cost of
this item will be in pesos in the initial stage. Consideting, however, the development

of Argentina’s domestic industry, this percentage is assumed to rise to 50% with
respect to additional investment made in future,

Electricity:
Domestic currency components of plant and equipment investment for power
generation and transformation arc taken to be 30%, and for transmission lines 35%.

As for operating costs, 70% is taken to be domestic, considering the high percentage
of personnel and fuel costs.

Water:

The portion in pesos for initial investment relating to water resources and the main
dam works has been set at between 60% to 70% for the different items involved.
Overall, it has been set at slightly under 60%.

Mining town:
Most of the costs of the mining town will be in pesos but, considering the fact that
some imported machinery will be used, the portion in pesos has been set at 90%.

'I‘ranspor'tation: :

For road construction costs, the portion in pesos has been set at 70%. Since the cost
of road maintenance and transporiation of construction materials consists almost
entirely of personnel costs, this cost element is assumed to be 1005 domestic.

Operating costs:

Considering the fact that there will be some foreign personnel invelved in manage-
ment and technical aspecis of operation, the peso portion of personanel costs of the
mine operaling costs has been set at 98%. For the remainder of the operating cosfs,
the portton in pesos has been set at 30%.

Domeslic and foreign currency components were estimated as described above,

and the latter was multiplied by the shadow exchange rate of 2,600 pesos {0 one US dollar,
Table 7.7 gives the total cconomic costs estimated, with adjustments for internal transfer items
such as taxes. The table shows that approximately 56% of the total investment costs and about
14% of the operating costs are foreign currency components. The sectorwise costs estimated for
each year are summarized in Table 7-8. The format of the table is comparable to the table {or

financial costs given before,
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Table 7-8-(1) Comprehensive Table of Economic Costs by Sector and Year

(Operation Scale:

30,000 tons/day)

(Unit: Billion pesos)

Prospecting Minc Electricity Water Mining Towa | Transportation Total

Al g2 | oA B | A B | A B | A B | A B | A B
1981 10.13 - - - - - - - - - - 10.13 —
1982 2174 - - - - - - - - - - 217 -
1983 - - 3370 | 74.86 | 0.75 2.08 5191 4.77] 10,63 1.57 628 2.65; 56.55| 85.90
1984 - - 4492 | 9982 | 0.18 ] 0.51 5.55 190 ] 54,107 8.01 239 0.03[107.14(116.27
1985 - - 3370 M.86 0 — - 5.08 76214838 ] 117 1.85 | 0.03] 89.01) 89.68
1986 - - 7740 8.18 | 22.66 { 1430 [ 005 - — - 7.21 0.071107.32| 22.55
1987 - - 7140 | 818132266 L 1430 | 005 - - - 7.21 0.071107.321 22.55
1988 - - 77.40 8.18 172266 | 1430 | 0.05 - - - 721 0.07 107,32 22.55
1989 - - 7740 8.18 { 2266 | 14.30 | 0.05 — - — 7.21 0.07 107,32} 22.55
1990 - - 77401 8.181 22.66 | 14.30 | 0.0 - - 7.21 0.07. 107.321 22.55
1991 - - 71401 8.18 1} 2266 | 1430 | 0.05 - - - 7.21 0.07]107.32] 22.55
1992 - - 77401 8.18 1 2266 | 1430 | 0.05 - - - 7.21 0.07]107.321 22.55
1993 - - 7740 8.18 | 2266 | 1430 | 0.05 - - - 7.21 0.07107.327 22.55
1994 - — 7740 8.18 1 22.66 | 1430 | 0.05 - - - 7.21 0.07 [ 107.32 [ 22.55
1995 - - 7740 | 8.18 | 2266 | 14.30 | 0.05 - - 7.21 0.07 (10732 22.55
1996 - - 112,50 1 60.17 | 22.66 | 14.30 | 0.05 - - - 1.21 0.07]14242] 74.54
1997 ~ - 77400 8.8 | 2266 | 14.30 | 0.05 - - — 7.21 0.07|107.32| 22.55
1998 - - 7740 8.8 | 2266 | 1430 | 0.05 - - - 7.21 0.07 10732 22.55
1999 - - 7740 | 8.18 [ 2266 | 1430 | 0.05 - - - 7.21 0.07[107.32| 22.55
2000 - - 7140 8.8 | 2266 | 1430 | 005 - - - .21 0.07}1107.32| 22.55
2001 - - 77.4h -8.18 | 22.66 | 1430 | 0.05 — - - 7.21 0.07}1107.32} 22.55
2002 - - 77404 8.18 | 2266 | 1430 | 005 - - - 7.21 0.071107.32| 22.55
2003 - - 77401 8.18 | 22066 | 1430 | 0.05 - - 1.21 0.07}107.32| 22.55
2004 - - 7740 | B8.18 | 22.66 ] 14.30 | 0.05 - - - 7.21 0.07 1107.32| 22.55
2005 - - 7740 818 | 2266 | 1430 | 0.05 - - - 121 007110732 2255
2006 - - 7740 ¢ B.18 ) 22.66 ] 1430 § D05 - - - T.2% 0.07 110732} 22.55
2007 - - 774G | 8.18 ] 2266 | 1430 [ 0.05 - - - 721 0.07 {10732 22.55
Salvage
Value 358 371 (4716 698 50.74 | 10.69
Notes: 1) A is Portion in pesos.

2) B is Portion in Foreign Currency.
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Table 7-842) Comprehiensive Table of Economic Costs by Sector

{Operation Scale: 20,000 tons/day)

and Year

(Unit:  Billion pesos)
T T T T e e T e T _ .
Prospecting Mine Electricity Water Mining Town | Transpertation Latal
AD | gD oA B A B A B | A B A B | A 1t

1981 10.13 - - - - - - - - - _ 10.13

1982 2.17 - - - - - - — - - - 237 )
1983 - — 25.27 | 56.15 0.3 2.05 5.19 4.77 3.02 1,19 5.79 265| 4502 66.81
1984 — — 33.70 | 74.86 0.19 051 546 556 ] 40.19 395 1.74 (.031 8281 86.91
1985 -~ 25.27 1 56.15 - - 5.08 7.62 1 3597 533 1.36 0.03) 67681 69.13
1986 -~ - 5830 8011|1542 | 972 | 0os ¢ - ' . - 4.86 | 0.05| 78631 17.78
1987 - - {58301 8011542 | 972 { 005 | - - 486 | 005 78631 17.78
1988 - - 5830 8011542 972 | 005 - 486 0.05] 7863 17.78
1989 — - 58.30 BO1 | 1542 9.72 0.05 — - 4.86 0.05{ 7863} 17.78
1990 - - 58301 8.01]1542 1 972 | 0.05 | - - 4861 0.05] 78631 17.78
1996 ~ - 7146 | 2751} 1542 | 972 | 005 | — - . 486 | 093] 91791 37.28
1997 - ~ 58.30 8.01 | 15.42 9.72 0.05 — — 4 .86 005 78631 1778
2006 - - T146 [ 2751 15.42 9.72 0.05 - - 4.86 .05 91.79{ 37.28
2007 - - 58.30 8.01 | 15.42 9.72 0.05 - — - 4.86 005; 1863 1178
2018 - — 58.30 8.01 1 15.42 9.72 0.05 - — 4.86 0.05F 78631 17.78
S ! » 0

alvage 358 1 370 | 2334 | 346 2692 7.17
Value
I . ; | ]

Notes: 1)  Ais Portion in pesos.

2)

B is Portion in Foreign Exchange.
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3. Aunalysis of Revenues and Benefits
3-1.  Estimation of Supply and Demand, Price and Revenues with Respeet to Copper

Copper Prices and Supply/l)emand Situation: Copper being a typical market
commodity, the price fluctuates over a very wide range. Looking back at the price of copper
over the past twenty years, in terms of 1979 prices the highest price per ton was 4,845 dollars,
and the lowest price 1,547 dollars, the average being 2,968 dollars (Fig. 7—2) In order to osti-
mate future transitions of copper prices, it is necessary that we take a look at the world supply'
and demand stiuation with respect to copper over the medium to a long term. Demand for
copper is showing a tendency to increase gradually. It should increase at an annual rate of about
3% in the 1980’s, judging from World Bank reports and world-wide trends with respect to supply
of and demand for copper. Assuming this to be the case, the estimated demand of 7.5 million
tons in 1979 will increase to 9.9 million tons by 1990.

Such increase in the supply of copper will be due to such factoss as increase in
the supply of recycled copper, rises in the operating rates of existing copper mines, and develop-
ment of new copper resources. In the medium fo long term, however, the development of new
copper mines will have the greatest effect on supply. Considering new mining investments in
Argentina, Chile, Mexico, Panama, Peru, Brazil and other countries, one can expect the supply to
increase at about the same rate as demand; i.e., increase to. 7.7 million tons by 1985 and to 9
million tons by 1990, Accordingly, over the medium to long term the estimated costs of new
copper mines provide a fairly good basis for estimating future prices of copper. The average cost
of mine development in the 1980°s should be about 2,000 dollars per ton in terms of 1977 prices.
By the end of the 1980’s the cost of mine development should still be about 2,100 dollars per
ton at 1977 prices, even if gold, silver and other by-products are taken into account, Considering
these circumstances, it appears that copper prices will rise very gradually over the long term.

Outlook for Copper Supply and Demand in Argentina: Per-capita copper consump-
tion in Argentina is stitl extremely low. As industrialization progresses in the 1980's, demand for
copper is expected to exhibit a strong trend, with increases at a rate of 6—7% per year (se¢ Table
79 and 7-10 on p.218). As for supply, 6,665 tons of copper concentrate’ were produccd in
Argentina in 1978, and 34,172 tons imported (total for electrolytic copper, crude copper, scrap
copper, copper wire, copper rods, plate copper, copper alloys, etc.). In other words, at the
present stage there is almost complete reliance on imporis to meet copper needs. Looking at
the development plans of existing large-scale disseminated type copper deposits, one sees that in
addition to the present project there are plans for supply of 100,000 tons and 60,000 tons per
year, respectively, of clectrolytic copper at Pachon and at La Alumbrera. If these projects are
implemented as planned, an oversupply of copper will result in Argentina, but considering the
fact that copper is an international market commodity, it is unlikely that the domestic supply
and demand situation will push the price down in Argentina,

Estimated Revenues from Copper: Although the international price of copper is
expected to exhibit a strong tone over ‘the long term, as already noted, copper is a typical market
commodity and as such the price can fluctuate widely in the short term due to various factors.
Thus uncertainties are involved in forecasting price transitions over the long term on the basis
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Table 7-9, Per Capita Consumption of Copper in Selected Countries

Nation Annual per Capita Consumption of Copper
F.R.R. 120 kg
Switzerland 11.0
Japan 03
Canada 9.3
North America 83
Australia 8.0
France 6.9
Ttaly 56
Chile 4.6
Argentina 2.1

Source: SEM Brochure based on Panorama Minero

Table 7-10. Demand Projections for Copper in Argentina

Fiscal Year Total Annual Demand
1977 54 800 tons
1978 58,100
1979 61,600
1980 65,300
1985 87,300
1990 116,900
1995 156,400

Source: Panorama Minero (SEM)
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of the apparcnt outlook, and it is almost meaningless to do so. Accordingly
the present project, we have adopted as the standard price for copper the
in 1980 of 100 cents (1,930 pesos) and have carried out sensitivity

for the purpose of
average price per pound
analysis on price changes.

The Market Price of Copper Concentrate and Revenues The final product of the
present project, copper concentrate, is calculated as follows,

In order to manufacture clectrolytic copper it is necessary 1o smeit the copper con-
centrate. Smelting costs are usually around 15 cents (293 pesos) per pound of concentrate.
Furthermore, the actual yield from such smelting is approximately 19% when the grade of the
copper concentrate is 20% (in order words, 1% is lost in smelting). In 1980 the average market
price of electrolytic copper was 100 cents per pound, the price per ton of copper concentrate
coming to 356 dollars on the basis of the following caiculation: (100 cents — 15 cents) x
2,204.6 x 0.19 = 356 dollars

Smelting cost Lbs. ton: Smelting vield rate

The price per ton of copper to be used in financial evaluation comes to 694,000
pesos at an exchange rate of 1,950 pesos to the US dollar.

Since the annual production of copper concentrate will be 55,000 tons in the case
of an operating scale of 30,000 tons/day and 36,000 tons in the case of an operating scale of
20,000 tons/day, the annual income from copper for the purpose of financial evaluation will be
as follows:

In the case of an Operatiﬁg scale of 30,000 tons/day
694,000 pesos x 55,000 tons = 38,170 million pesos
In the case of an operating scale of 20,000 tons/day
694,000 pesos x 36,000 tons = 24,980 million pesos
3-2. Estimation of Supply and Demand, Price and Revenues with Respect to Molybdenum

Molybdenum has a wide range ol metallurgical uses, particularly in stee] ailoys.
Considering that a substitute is not likely to be found and also considering the future outlook for
steel demand, demand for molybdenum is expected to be rather sirong over the medium lo long
ternmi. Furthermore, owing to excessive market demand for molybdenum in recent years, the
price rose from an average of 2.02 dollars a pound in 1974 to an average of 7.93 dollars a pound
in 1979, and the average price in 1980 was about 10 dollars a pound (Reler to Fig. 7-3 onp. 220}

According lo a World Bank forecast, demand for molybdenum will increase al an
annual rate of approximately 4.8% up to the end of the century. Since the supply Trom existing
mines is not sufficient to meet such an increase, if will be necessary {o undertake new prospect-
ing. Such prospecting for molybdenum deposits is presently underway but one cannot expecet
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production from new mines during the first half of the 198¢’
look with respect to supply and demand will depend 1
keep pace with the increase in demand.

s. The medium to long term out-
argely on the extent to which supply can

Outlook for Molybdenum Supply and Demand in Argentina: At the present time
there is hardly any production of molybdcnum in Argentina and v; virtually no imports cither.
Since molybdenum is mainly used for steel, domestic demand could very well increase in future
if Argentina’s steel indusiry develops, but for the time being, the catire amount produced will

be exported.

Estimate of Revenues from Molybdenum: As already mentioned, owing o cxcessive
demand for molybdenum over the past ten years or so, the price level has been pushed upward
considerably. Furthermore, since it is very likely that demand will be fair ly strong in comparison
to supply in international markets over the medium to long term, the price, too, can be expecied
to remain al a high level. Nevertheless, as in the case of copper prices, uncertaintics arc involved
in forecasting price trends over the long term on the basis of the outlook af a particular point
in time. Accordingly, we have again taken the average price of molybdenum in 1980 (10 doilars
per pound) as the standard price and have undertaken sensitivity analysis as well.

Price of and Revenue from Molybdenum Concentrate: The price quoted by the

American Climax Company in the US. (FOB) serves as the basis for the price of molybdenum

ore. This price is quoted per pound with respect to 1% Mo with a standard MoS, grade of 95%.

ccordingly, the price per ton (FOB) of 85%MoS, ore at the Climax price of 10 dollars per ton
is as follows:

I0OUSS x 22046 x 51% = 11,243.46 USS
1,950 pesos x 11,243.46 USS = 21,925,000 pesos

The figure of 519% was used in the above calculation because ore with a MoS, con-
tent of 85% has an Mo content of 51%. Furthermore, there are 2,204.6 pounds to a fon.

Since the annual amount of production of molybdenum concentrate will be 7,500
tons in the case of an operating scale of 30,000 tons/day and 5,000 tons in the case of 20,000

tons/day operation, the annual income from molybdenum for the purpose of {inancial analysis
will be as follows:

In the case of an operating rate of 30,000 tons/day
21,925,000 pesos x 7,500 tons = 164,440 million pesos
In the case of an operating rate of 20,000 tons/day

21,925,000 pesos x 5,000 tons = 109,630 million pesos
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Operating Scale (tonsfday)
30,000 20,000

‘Total Revenues: The above results arc given in Table 7-11.

(Unit: 107 pesos)

liens \\

Copper Revenues 38.17 24 .98

Moiybdenum Revenues 164.44 109.63
202.61 134.61

Total Revenues

3-3  Calculation of Benefits

Argentina will receive a number of benefits through development of the mine. Such

benetits are summoarized in terms of the following tep iems:

6.

Development of mineral resources and their conversion to usable form.
Provision of mineral resources for international markets.

Improvement of national budget and provincial government {inances and confribu-
tion to international balance of payments and liability redemption capacity through

foreign exchange earnings.
Conversion of mineral resources to economically valuable goods.
Promotion of development of La Rioja Province through mine development.

Development of technology in the field of mining through development ol mineral

Iresources.

Higher income through the employment and labor absorption cffects of mine
development and stunulation of consumption and investment.

Promotion of related sectors, including industries supplying materials and cquip-
ment, through indirect effects of mine development,
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9. Benefits to inhabitants of the region; sccondary benefits such as hospitals, sports

grounds and other welfare facilities, water supply facilitics, roads and railways
“y
cte. :

10. Income distribution effect.

In addition to these positive benefits, there are potential negative benefits such as
contaminated drainage water, noise, etc., but in this case there are no such probiems.

Of the various benefits listed above, those that can be quantitatively evaluated will
be taken into account, and of them, over 90% are accounted for by copper and molybdenum
production. In addition, for instance, after completion of the life of the mine, the water supply
dam can be used for irrigation water supply. This, too, is therefore a benefit deriving from
development of the mine, and it is therefore to be taken into account in terms of the salvage
value of the dam the year after termination of the project. The main benefits of the project,
however, are derived {rom copper and molybdenum production.

Renefits Derived from Copper and Molybdenum Production: Since the products are
international conumoditics, the prices at which they are normally traded on international markets
have been taken as the standard. Since the calculated shadow exchange rate represents a 33.3%
reduction in the value of the peso from the official exchange rate, the benefits that the nationat
economy receives through the export ol copper and molybdenum (at international prices) is
33.3% higher than the income calculated for the purpose of financial evaluation.

In the case of an operating scale of 30,000 tonsfday

{38,170 million pesos + 164,440 million pesos) x 1.333
Copper income Molybdenum income

= 270,000 million pesos
In the case of an operating scale of 20,000 tons/day

(24,980 million pesos + 109,630 million pesos) x 1.333
Copper income Molybdenum income

= 179,440 nmillion pesos

The annual benefits derived from the export of the ores therefore comes to 270,080
million pesos in th case of an operating scale of 30,000 tons/day and 197,440 million pesos in

the case of 20,000 tonsfday.

Salvage Value: The total of the salvage values of the mining town and the water

resource Tacilities will be as follows.
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— -
Operating Scale
(tons/day) 30,000 20,000
. N ~ F . )
ftems Domestic | Foreign Total Domestic | Foreign Total
Currency | Currency Currency | Currency
- -
Mining Town 47,161 6,985 54,146 23,338 3456 26,794
Water Resources Facilities 3,576 3,711 7,287 - 3,576 37101 7,287
Total 50,737 10,696 61433 26,914 7,167 34,081
4. Calculation of Internal Rate of Return

In this section financial and economic evaluations are carried out on the basis of the
revenues, benefits and costs calculated in sections 2 and 3. The evaluation criteria are the inter-
nal rates of return as catculated on the basis of the discount flow method.

The calculations are carried out for the two scales of operétion of 30,000 tons/day
and 20,000 tons/day, using the revenues, benefits and costs calculated for the different sectors.
Sensitivity analyses are then carried out for the revenue and cost items.

4-1. Calculation of Internal Financial Rate of Return

Method of Calculation: As already stated, the internal financial rate of return is the
discount rate that makes the total of annual net inflow (amount of net inflow = amount of in-
flow — amount of outflow) zero. Let us first determine the amounts of inflow and outfiow. If
investment is excluded from the revenue and cost figures in Table 7-13, the following formula

generally holds:

Revenues - Operational costs (General operational costs + Depreciation)
— Interest — Taxes = Amount of inflow,

and if investment is included,
General operational costs + Taxes + Investment = Amount of outflow.

Since depreciation is a cost that does not involve outflow, it is not considered as
a part of the outflow. Furthermore, interest is not included in the amount of outflow because
of the definition of the internal financial rate of return. Whereas the internal economic rate of
return is for comparison with capital opportunity costs, the internal financial rate of return is
for comparison with market interest rates. This means that if the internal rate of financial return
is 11.0% and the funds needed for the project can be procured at an average interest rate of
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11.0%, income and expenditures will be exactly balanced throughout the period of the project.
Therefore, if funds can be procured at interest rates below the internal rate of financial return,
there will be a profit, and if they can ouly be procured at interest rates above the internal finan-
cial rate of return, there will be a cumulative deficil. Accordingly, a comparison is made between
the results obtained after cxcludmg interest from the outflow (internal financial rate of return)
~and the market rate of interest. Since in the calculation of the internal financial rate of return
the amount of tax varics according to depreciation and intercst rates, an effort h
to assume a depreciation method, interest rate for procured funds, t
close to reality as possible.

as been made
axes and other faclors as

Premises: The premises for calculation have been set as follows:

(a)  Project life: 1981 has been set as the base year for the project, the first two years
being the period of investigation and the next two years being the period of invest-
ment, Operations are to start in 1986, and it has been assumed that they will termi-

nate in the year 2007 in the case of an operation scale of 30,000 Lons{day (period of

operation being 22 years) and in 2018 (period of operation being 33 years) in the
case of 20,000 tons/day.

(b)  Amount of investment per year: The prospecting costs for 1981 and 1982 and the
amounts of investment for 1983, 1984 and 1985 are iotals of the annual investment
figures for each of the sectors. As already stated, the prospecting costs for 1980 and
preceding years (see Table 2-2) have been converted 1o 1981 prices and to present
values as of 1981 on the basis of an annual capital opportunity cost of 10%. The
calculated figures were added to the prospecting costs for 1981 and then shown as
the total amount of investment for that yvear. In addition to the initial investment,
further investment of 78,000 million pesos will be necessary in the 11th year of
operation in the case of an operation rate of 30,000 tons/day and a further invest-
ment of 29,250 mijllion pesos will be necessary in each of the 11th and 21st years of
operation in the case of 20,000 tons/day.

{¢}  Operating costs: The operating costs were determined by adding the variable costs,
general management costs and depreciation for each of the sectors to the basic
operating costs.

(d) Depreciation: The period of depreciation has been set as the project hife in the case
of the dam and fifteen years in the case of all other facilities, the method of depreci-
ation being the fixed-amount method.

{c) Salvage values: The salvage values resulting in the different sectors were totaled
and entered as income for the year following the final year of operation, the salvage
vilue of equipment and machinery being set as zero.

Capital Raising Plans: Capital raising plans have been set as follows:

{(a)  Amount required:  The amount of capital required for execution of the project is
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(b

(d)

(e}

(0

(&)

the sum of the construction costs and the operating expenses, The operating ex-
penses include general management costs during the construction peried {approxi-
mately 10% of construction cosls) and marginal expenses accounting for sales
credits, p;oduct inventories, raw material inventories and others (each assumed as
representing about one month’s worth of sales). Including alt of these, the necessary
operating expenses have been set at 20% the construction costs. :

Breakdown of capital raising:  Capital raising is to be on the basis of external capital
{borrwoing) and the project’s intemal_capital (equity), the debt/equity ratio having
been sct at 70:30 as (he generally valid ratio for international projects at the present

time.

Breakdown of equity: It has been assumed that the project’s equity will be based on
a 51% contribution by domestic Argentine capital and a 49% contribution by
foreign capital. ‘In case of the amount provided by Argentine capitai, past prospect-
ing costs and mining righis have been assumed to replace aclual cash contributions.

Demand for capital in different years: It has been assumed that the demand for
capital will occur in proportion to the annual amount of plant and equipment invest-
ment for the years 1983, 1984 and 1985.

Amount of money to be borrowed each year: It has been assumed that the equily
will be paid in 1983. Accordingly, the equity paid in at that time is first to be used
for plant and equipment investment in 1983, the remaining amount to be borrowed.
In 1984 and 1985 the amounts borrowed will depend on the amount of plant and
equipiment investiment.

Breakdown of amounts borrowed and interest: It has been assumed that 20% of the
amount to be borrowed will be borrowed from the Development Bank of Argentina
at an annual interest rate of 3% and that the rest will be borrowed in U.S. dotllars
at an annual interest rate of 10%. Accordingly, the average intercst rate per annum
has been set at 8.6%.

Plan for payment of interest and repayment of principal: Tt has been assumed that
both payment of interest and repayment of principal will commence in 19806, the
year when operations begin. Accordingly, the intercst for 19831985 has becn
assumed to be compound interest. The amount of external capital at the end of
1985 has been assumed to be the initial amount borrowed plus this interest. This
amount has been set as the final amount borrowed for the project, which is to be
paid back evenly over the entire life of the project. It has been assumed that the
interest will be 8.6% per vear on the balance of the amount borrowed as of the end
of the preceding year.

Taxes: In calculating taxes, tax breaks are provided for by the Mining Promotion

Law, promulgaied October 26, 1979,
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(a) Incom(': t_.ax:_ The t‘z}x rafe applicabk;: fo taxable income is 33%. In this connection,
the Mining Promotion Law rccognizes declining income tax deductions of from
100% to 10% over a maximum period of 15 years (Table 7-12). In this project tax
deductions have been made accordingly.

Table 7-12. Tax Reduction Schedule for Income Taxes

Year Percentage Reduction

100
100
100
100
100
100
100
80
70
60
50
40
30
20
10

—_— —
— O ND O =) N W B WD =

— s e e
o WD

(b)  Import customs duties and import fees:  As a speciat preferential measure stipulated
by the Mining Promotion Law, the capital goods, sccessories and spare parts that are
needed for implementation of the project and have been approved for import will be
exempted from import customs duties and import fees. Accordingly, no import
custom dufies or import fees have been taken into accouni with respect to the
imports related to this project.

(¢)  Valwe-added tax: There is no value-added tax on exports. Since all of the produc-
tion of the present project is fo be exported, there will be no valuc-added tax
involved.

()  Other preferential measures: It has also been assumed that all other taxes (stamp
duties, net property faxes, ete.) will be exempted. No other preferential measures,
however, have been taken into account.

4-2,  Calculation of Internal Economic Rate of Return

Basically, the method of caleulation is the same as for the internal financial rate ot
" relurn. Since, as stated in section 1, interest and taxes are not included as costs in the calculation
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ol the economic rate of returm, they have been exciuded from the economic flow chart. Further-
more, although depreciation has been included in operating costs in the financial flow chart, it
has been excluded in the economic flow chart. The portion in pesos and the portion in foreign
currency have been indicated separately in the flow charts involved in calculation of the econo-

mic rate of return.

4-3. Results of Calculation (Operating Scale: 30,000 tons/day)

Financial Evaluation: As indicated in Table 7-13, in the basic case the internal

financial rate of return comes to 11.0%. This is the discount rate at which the total present value
of income and expenditures as discounted on the basis of a computer program, comes to zero.
From this financial flow chart the following points are evident.

{a)

(b)

(c)

(D

(e}

(f

Net inflow: The net inflow will be negative up to the fifth year, when the invest-
ment period will end, but once operafions begin, net inflow will be positive {or all
years except those in which additional investment is made.

Operational profit: There will be a positive operating profit starting from the year
that operations begin, such operating profit being 21.1% of sales for the first year

of operation.

Current profit: Current profit, which is the operating profit minus interest, will be
negative to the amount of 10,110 million pesos in the first year, and will not be-
come positive until the sixth year of operation.

Taxes: Since current profits will not be positive until the sixth year of operation,
income tax will not be levied until that year. Actually, however, because of exemp-
tions allowed by the Mining Promotion Law, it will not be untii the eight year of
operation that any income taxes are actually levied. Furthermore,; because of the
gradually declining percentage of exemption, it will not be until the sixteenth year
of operation that the entire amount of the current profit is subject to income tax.

Profit after taxes: Totaling the profit after taxes each year, it is apparent that there
will be a surplus over the entire period of the project.

Cost per ton: The cost per tan for concentrate (Cu 55,000 tons, MoS, 7,500 tons)
will be as follows, the cost of copper and molybdenum having been divided in the
ratio of their respective incomes,

(Unit: 1,000 pesos)

Cost per ton, depreciation included Cost per ton, depreciation excluded
Copper 623 : 496

Molybdenum 16,740 13,326
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Table 7-13. Calculation of Internal Financial Rate of Return in the C

Scale of 30,000 tons/day

ase of an Operating

(Unit: Billion pesos)

Invest- | Reve- Operat- Depre- ove Net Dis-

Year ient s Copper Molyb-| Ing ciation Interest | Taxes .n;“is Inflow | count | Present

denum | Costs :“'“" ba(cd) Rate Value

. b © d e £ fes (115)
b-c-e-f
1981 11.25 -~ - - - - - - -1L251 1.000 -11.25
1982 241 - - - - - - -2411 0.90) ~2.17
1983 1 122.96 - - - - - — |-12296| 0.812] -99.84
1984 1 207511 - - - - - - - - |-20751) 0731 -151.69
1985 | 168.36) - - - - - - - - |-168.56] 0659 | -111.08
_1936 - 202611 (38.17) (164.44) 15984 (32.60)] 352.838 - -10.11 15371 0.593 44.69
1987 — 202611 (3B.17) (164.44) 15984 | (32.60)1 S047 - -1.7 75371 0.535 40,32
1988 20261 (38.1 71 (164.44) 159841 (32.60) 48.07 -5.3 13371 0482 36.33
1989 - ] 20261 3817 (16d.44) 15984 | 260y 45671 - 229 | 75371 04341 327
1990 - 202611 (38.17) (164.44) 15984 (3260)] 4326 -~ -0.49 75,371 0.391 2947
1991 — | 20261| (38173 (164.44) 159.84 | (3260} 4086 | - 191 75371 03527 2653
1992 - 20261 (38.17% (16444) 159.84 1 (32.600] 38.46 - 4.31 75371 0.317 23.89
1993 - 202,611 (3847 (164.44) 159.84 | (32.600 36.05 0.4 6.28 74931 (.286 2143
1994 - 202.61 (38..17) (16444} 159.84 | (32.60)] 3365 0.90 8.22 74471 0.258 19.21
1995 - 20261 (33.17 (164 .44) 15.9.84 {32600 31.25 1.52 10.00 73851 0.232 17.13
1996 78.00( 20261 (38.17) (164.44) 165.04 37.80 28.84 1.44 7.29 -4.07{ 0.209 -0.85
1997 — 202611 (38.17) (164.44) 165.04 37.80 2644 2.20 893 73.17) 0.188 13,76
1998 - 20261F (3B.17) (164.44) 165.04 37.80 24.03 313 1041 7224 0.170 12.28
1999 - 202.61 (38.17) (led.44)y 165.04 37.80 21.63 421 £1.73 71.16| 0.133 10.89
2000 - 202.61F (3847 (164.44) 165.04 37.80 19.23 545 12.89 6992 0.138 9.65
2001 - 202611 (3817 (164.44) 13386 6.63 16.82 17.14 34.79 58.24) 0.1 7.22
2002 - 20261 (38.17)y (164.44) 133.86 6.62 14.42 17.93 3640 57444 0112 6.43
2003 - 202,615 {38.17) (l64.44) 133.86 6.62 1202 18.72 38.01 56654 0.101 5.72
2004 - 202,617 (38.17) (164.44) 13386 6.62 361 i9.51 39.03 55861 0.091 5.08
2005 - 202.61] (38.17) (lod.44) 133.86 6.62 7.21 20.31 41.23 5506 0.082 4.32
2006 20261 (38.47) (led.d4) 133.86 6.62 4.81 21.40 42.84 5427 0.0M 4.04
2007 202.61 (3817 (164 .44) 133.86 06.62 240 21.89 44 .45 53481 0.066 3.57
2008 - 50.39 - - - - 16.63 33.76 33767 0.060 2.03
590.69{4,507.80| 839.74 [3.617.68 [3.360.62 | S61.35 | 608.08 | 17252 36659 | 945.33




Economic_Eyaluation: As indicated in Table 7-17, the internal economic rate of

return is a relatively high 20.0%. Since the capital opportunity cost is 10%, this project can be
considered one of rather high priority from the standpoint of the national economy.

(a)  Benefits: The benefits are almost entirely those derived from the sale of copper and
molybdenum. Since it has been assumed that all of the copper and molybdenum
produced in this project is to be exported, the calculated benefits are higher if the
real exchange rate rather than the official exchange rale is applied.

(b) Costs: The costs are as calculated in Section 2. The ratio of annual costs to annual
benefits is approximately 48%. '

(¢) Netinflow: The economic cost during the investment period is somewhat greater
than the financial cost. However, as a result of the higher benefits, the net inflow

during the period of operations is nearly twice the net inflow in the financial evalua-
tion (Refer fo Table 7-14 on p. 231).

44, Results of Calculation (Operating Scale: 20,000 tons/day)

Financial Evaluation: The internal financial rate of return for the basic case comes

to 7.9%.

(a)  Current profit:  The operational profit will be a positive figure starting from the
first year of operations, but the current profit will be -24,480 million pesos in the
first year of and will not become positive until the sixteenth year of operations.

(b)  Profit after taxes: Totaling the profits after taxes for each of the years, it is evident
that there will be a surplus over the entire period of the project.

{c) Cost perton: The cost per ton of concentrate (Cu 36,000 tons, MoS, 5,000 tons)
is calculated by allocating the total costs, the cost of copper and molybdenum in
proportion to the revenues derived from each, '

(Unit: 1,000 pesos)

Cost per ton, including depreciation Cost per ton, excluding depreciation

Copper 698 534
Molybdennm 18,743 14932

(d} Comparison with the case in which the rate of operation is 30,000 tons/day: Since
scale economy is not realized to the same degrec in this case as in the casc of 30,000
tons/day operations, the efficiency is extremely low. Assigning an index number of
100 for 30,000 tons/day operations, the following comparison can be made,
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Table 7-14. Calculation of Internal Economic Rate of Return in the Case of an Operating

Scale of 30,000 tons/day

‘x’e.;ul' Invest- | - I}cne— Copper Molyb- i?llg)cra[.
ment | fits denite \
Costs
1981 10.13 - - " -
1982 2.17 — — - -
1983 142.46 - — - -
1984 . | 22343 - - ~ _
1985 178 68 - - . -
1986 - 270.08| 5088 219201 12986
1987 - 270.08| 5088 21920} 12986
1988 - 270.08{ 50.88| 219200 129.86
1989 - 270081 S088| 219.20| 129.86
1990 - 270081 5088| 21920 12986
1991 - 27008} 5088| 219.20| 12986
1992 - 270.08] 50.88] 21920| 12936
1993 - 27008 50.88] 21920] 12986
1994 - 27008 5088 219200 12986
1995 270.08] 5088 21920] 12986
1996 87.09| 270.08! 5088 219.20] 12986
1997 - 270081 5088| 219.20| 12986
1998 - 270081 5088 219.20( 129386
1999 - 270.08| 5088| 21920 12986
2000 - 27008 5088 21920 12986
2001 . 270.08] 5088 21920 12986
2002 - 270.08| 5088 219.20| 12986
2003 - 270.08| 50.88| 219.20{ 12986
2004 - 270.08| 5088| 21920] 12986
2005 - 270.08] S088| 219.20] 12986
2006 - 270,08] S088| 219.20( 12986
2007 - 270.08| S0.88| 21920 12986
2008 - 61.43 - - -
643.96 |6,003.19|1,119.36 [4.822.4 {2,856.92

$,941.76

(Unit: Billion pesos)

FDis-
Ouiflow Net connt Present
Inflow Value
Rale

1013} -10013 | 1000 | -1013
2071 2174 0.833 -1.81
14246 | ~14246 | 0694 | -9887
22343 | 223431 0.579 | -129.36
17868 | -178.68 | 0482 | 8612
12986 | 14022 0402 56.37
12986 | 14022 | 0335 46.97
12986 | 140221 0279 39.12
12986 | 14022 ! 0.233 3267
12986 | 14022 | 0.194 27.20
12986 | 140221 0.162 2272
120861 14022| 0.135 ! 1893
12986 | 140221 0112 1 1571
12986 ¢ 140221 0.093 13.04
12986 | 14022 | 0078 10.94
216957 5313 0.065 345
12986 | 14022 0.054 7.57
12986 | 14022 1 0.045 6.31
12986 § 14022 0038 5.33
12986 | 14022 0031 4,35
12986 | 14022 0.026 365
12986 | 140221 0.022 3.09
12986 | 140221 0018 2.52
129.86 | 140221 0.015 2.10
12986 | 140227 0013 182
129.86 | 14022 0.010 1.40
12986 1 140.22 | 0.009 1.26
- 61.43 | 0.007 0.43

3,500.88 [2,502.31
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Operating SCule of 30,000 tons/day Operating Scale of 20,000 tonsfday

76.7

Initial investment 100.0
Income 100.0 66,4
Operational costs 1000 74.4

Although income is only 66.4% of what is realized in the case of 30,000 tons/day
operations, the initial investment and the operating costs are 76.7% and 74 4%, yespectively, of

what they are in that case.

Econowic Evaluation: The internal economic rate of retum is 16.1%. Since the
capital opportunity cost is 10%, even in this case the project is very [easible from the viewpoint
of the national economy. Assigning an index number of 100 in the case of a rate of operation of
30,000 tons/day, the following comparison can be made. '

Operating Scale of 30,000 tons/day Operatihg Scale of 20,000 tons/day

fnitial investment 100.0 774

Anm-ml benefits d-u;ing 100.0 : 66.4
period of operation
izl cost ing

Annual costs during 100.0 749

period of operation

4-5. Sensitivity Analysis

The income and costs used in calculation of the internal rate of return in the preced-
ing section were carcfully estimated. Nevertheless, since there are unicertain clements with res-
pect to the accuracy and future changes in the cost and price data used in calculating revenues
and costs, it is quite possible that these figures will change when the present project reaches the
stage of implementation. Furthermore, it is necessary 1o identify key variables that significantly
affect the internal rate of return of the present project in order to enhance the reliability of the
plan. Accordingly, in the present section a sensitivity analysis will be made with respect to the
main variables (prices of copper and molybdenum, amount of investment, operating costs, and
SER). This sensitivity analysis is made with respect to both the financial evaluation and the
economic evaluation,

Financial Evaluation: The basic case is as follows.

Rate of operation:

30,000 tons/day
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casc:

(a)

(b)

Annual production of copper concentrate:

Cu 55,000 tons

Annual production of molybdenum coneentrate:

MoS, 7,500 tons
Pricc of copper:

694,000 pesos per ton of concentrate (cquivatent to 100 cents/pound of
electrolytic copper)

Price of molybdenum:

21,925,000 pesos per ton of concentrate MoS, grade 85%, 10 doitars/pound)
General operating costs (excluding depreciation):

127,239 miilion pesos
{nitial investment (1983 —-1985);

499 029 million pesos

In sensitivity analysis calculations, only one variable at a time is changed in the basic

Variation in total revenues:  As indicated in Table 7-15 and Fig. 7-14{1), variation
in total revenues has the greatest cffect on the internal financial rate of return. What
Is meant by total revenues is the tolal income from copper and from molybhdenum.
[rrespective of the individual prices of copper and molybdenum, a 20% increase in
total revenues (i.e. an increase from 202,610 million to 243, 130 million pesos) will
resulf in a 6.5% increase in the internal tinancial rate of retum to 17.5% (Refer to
Table 7-15 on p. 234, and Fig. 7-4{1) on P. 235).

Variation in the price of copper concentrate:  Since in the basic case the percenlage
of total revenues represented by copper is only about 21%, variations in the price
of ¢copper will not have much effect on the financial internal rate of return. A 40%
increase in the price of copper would result in only a 2.5% increase in the financial
internal rate of return. This 40% increase represents an increase from 6,944 pesos
to 9,724 pesos per ton of concentrate. This is the variation in the price of copper
concentrate. As for variation in the price of electrolylic copper, it would be as
follows.
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ig. 7-4-(1) Sensitivity Analysis for Changes in Revenues

(Financial Analysis in the Case of an Operaﬁng
Scale of 30,000 tons/day)

%
30
——  Tota] Revenues
—~— -~ Malybdenum Price
—-~—- Copper Price
20
10
Q i | | L —
A40 A20 Standard 20 0 %
Case

Changes in Total
Revenues and Prices
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-40 Standard .price +40 Unit %

Price of Concentrate 416,000 694,000 972,000 pesosfton

Price of Electrolytic Copper 66 100 119 cenis{pound

In other words, a 40% decrease in the price of copper concentrate would mean a

34% decrease in the price of electrolytic copper, and a 40% increase in the price of copper con-
centrate would mean a 19% increase in the price of electrolytic copper.

()

(d)

(t)

Variations in the price of molybdenum concentrate: Since in the basic case the
percentage of total income represented by molybdenum is the very high figure of
approximately 81%, variations in the price would have a considerable effect on the
financial internal rate of return. - A 20% increase in the price of molybdenum would
reslt in a 5.4% increase in the financial internal rate of return, a 20% increase in
the price of molybdenum meaning an increase from 21,925,000 pesos per ton of
concentrate to 26,310,000 pesos per ton.

Variations in operating cost: Variations in operating costs would also have a con-
siderable influence on the internal financial rate of return. A 20% decrease in
operating costs would result in a 4.2% increase in the internal tinancial rate of retumn
10 15.2%, and a 20% increase would result in a 5% decrease in the interpal financial
rate of retuin to 6% (Refer to Fig. 7-4-(2) on p. 237).

Variations in capital costs: Effects of variations in capital costs are not as great as
effecis from price changes. A 10% decrease in capital costs would result in a 1.4%
increase in the internal financial raie of return, and a 109 increase would result in a
1.2% decrease. In other words, if capital costs (excluding prospecting cosis) of
577,000 million pesos were to decrease by 55,700 million pesos, the internal finan-
cial rate of return would increase to 12.4%, and likewise, il there were to be an in-
crease of 57,700 million pesos in capital costs, the financial internal raie of return
would decline to 9.8%.

Effects of different variables: The degree of influence on the internal financial rate
of return of variations in the different variables are as follows. . Assigning an index
number of 100 to variations in the internal financial rate of return resulting from a
20% variation in total income, the variation in the internal financial rate of return
resulting from a 20% variation in cach of the other variables is indicated as an index
number, the 20% variation being a 20% increase in the case of income and a 20%
decrease in the case of costs. The degree of influence of the variables on the internal
financial rate of return is as follows.
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Fig. 74-(2) Sensntwaty Analysns for Lhanges n Costs

(Financial Analysis in the Case g of an Operat-
ing Scale of 30,000 tons/day)

Internal
Financial Rate
of Return

%
30—
———  Operating Custs
————— luitial nvestoent
20
10
0 1 FE I . —
A20 Standard +20 o Changes in Costs
o (ase
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{(a}

Total income Price of copper Price of molybdenum

Operational costs

100 38 83

65

Economic Evaluation: The basic case is as { ollows:
Rate of operation;
30,000 tons/day
Annual production of ¢copper concentrafe:
Cu 55,000 tons
Annual production of molybdenum concentrate: |
MoS, 7,500 tons
Price of copper {per fon of crude ore):
925,000 pesos
Price of molybdenum (per ton of crude ore):
29,226,000 pesos
Annual personnel expenses:
58,122 million pcsos
Operating costs:
129,860 million pesos
Initial investment:

544 570 million pesos

As indicated in Table 7-16 and Fig. 7-5, variations in total benefils would have the
greatest effect on the internal economic rate of return. A 20% variation in {otal
benefits would result in a 6--7% variation in the internal economic rate of return.
Since in the basic case the internal economic rate of return is high, it would be
possible to achieve an internal economic rate of return of higher than 10%, which is

the capital opportunity cost, even with an increase of 20% in total benefits.
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(b)

()

(d)

(e)

Variation in the price of copper: The price of copper does not have a very great
bearing on the internal economic rate of returmn. Even with a 40% decrease in ﬂ;c
price of copper, the internal cconomic rate of return would be 17.3%.

Variation in the price of molybdenum: Since the percentage of total benefits for
cach year represented by molybdenum is a high 81% or so, variations in the price of
molybdenum would have a substantial influence on the internal cconomic rate of
return. A 20% decrease in the price, for instance, would result in a 6. 1% decrease in
the internal economic rate of return to 13.9%.

Variation in operaling costs: Operating costs also have a considerable bearing on the
internal economic rate of return, A 20% variation in operating costs would result in
a 4—-5% variation in the internal cconomic raie of return, It costs were to increase
by 20%, the internal economic rate of retwrn would decline to 14.5%.

Variation of SER: Almost all benefits evaluated in the cconomic analysis of the
project come from the export of concentrates. Accordingly, an increase in the SER
(provided that the Argentine peso has a lower value at the SER than at the official
exchange rate) would result in an increase in the internal economic rate of return.
If the variation in the SER were approximately 33%, the variation in the infernal
economic rate of return would be approximately 5-7% (Refer to Table 7-16 on
p. 240, Fig. 7-5(1), (2), (3) on p. 241,242, 243).

ing scale of 20,000 tons/day are summarized in Tables 7-17 and 7-18 and Fig. 7-6 and 7-7
(Refer to Table 7-17, on p. 244, Fig. 7-6{1), (2) on p. 245, 246, and Table 7-18 on p. 247, and
Fig. 7-7(1),(2), (3) on p. 248, 249, 250).

3. Overall Evaluation

5-1.  Adequacy of Investment in Mine Development

From the preceding analysis, the following conclusions is drawn concerning how

the Famatina mine project sirould be handled hereafler.

(a)

(b)

The internal financial rate of return of 11% is not very high, but the internal econo-
mic rate of return of 20% is sufficiently high encugh to justify proceeding toward
development of the 200 million lon copper-molybdenum resowrees.

A strong point of this investigation is in its comprehensive analysis not only of the
mine itself but all other aspects of mine development including roads, water re-
sources, power supply and the mining town, although the analysis was based on a
very limited number of borings, insufficient hydrologic and other data and very
rough estimates of project costs. This is not the usual feasibility study which defer-
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Fig. 7-5-(1) Sensitivity Analysis for Changes in Benefits
(Economic Analysis in the Case of an Operat-
ing Scale of 30,000 tons/day)
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Fig. 7-5-(2) Sensitivity Analysis for Changes in Operating Costs
(Economic Analysis in the Case of an Oporating
Scale of 30,000 tons/day)
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Fig, 7-5- L3) Sexmpvnty Analysis for Changes in the Shadow Exchange Rate

{(Lconomic Amlysm in the Case of an Openahng Scale of
30,000 tons/day)
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Fig. 7-6-(1) St_:nqttmty A!]1IY§I? for Changeq in Revenues

{Financial Analysls in the Case of an ()pentmg
Scale of 20,000 tons/day)
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Fig. 7-6-(2) Sensitivity Analysis for Changes in Costs

{Financial Analysis in the Case of an Operat-
ing Scale of 20,000 tons/day)
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[nternat

Fig. 7-7-(1) Sensitivity Analysis for Changes in Benefits
(Economic Analysis in the Case of an Operat-
ing Scale of 20,000 tons/day)
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Table 7-7-(2) Sensitivity Analym for Clnngcs it Operating Costs

(Economic Analysm i the Case of an Opemtmg'Scwle
of 20,000 tons{day)
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Fig. 7-7-(3) Sensitivity Analysis for Changes in the Shadow Exchange Rate
{(Economic Amiysw in the Case of an Operating Scale of 20 000
tons/day)
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(c)

(d)

(e)

(f

(g)

mines adequacy of investment into mine development. The positive conclusions of
this investigation imply only that the next of devclopment step should definitely be
taken, including further investment in prospecling boring, expenses for tesis to
evaluate the ore quality and preparations for international tender,

Among various factors to be considered in preparation for development, an im-
portant consideration in the case where the development is carried out under joint
management of private enlerprises is that the government should assist in raising low
interest capital or in conslructing infrastructures, in consideration of the moderate
internal financial rate of return of 11%. Such an action will be the first step in
materialization of the project. Economic analysis revealing a high internal economic
rate of return made clear that government aid is certainly justified.

Effects of government aids on the infrastructure, however, do not in fact appear to
be so substantial. Possible government grant projects are construction of the 30 km
road, the dam, or the mining lown. The effects of reduced initial investment ex-
penses on the internal financial rate of return, however, are not very significant as
shown by the sensitivily analysis. More important would be application of a low
electricity rate for mine uses or assistence in capital raising by provision of a Jow
interest rate.

The Famatina mine is a molybdenum mine rather than a copper mine. About 80%
of the total revenues would be derived from the molybdenum, which constitutes
one-scventh of the product by quantity. In this sense, the potential for development
is higher for this mine than for other copper mines. This is a favorable factor for
private enterprises, which partly compensates the moderate internal financial raie
of return of 11%.

The large difference befween the internal, economic and financial rates of return is
primarily attributable to different evaluations of the foreign currency portion. That
is, in financial analysis a rate of 1,950 pesos to the dollar was used, while 2,600 pesos
to the dollar was used in the economic analysis. While the foreign currency portion
of the project costs is only half of the totai, benefits fall almost entirely in the
foreign corrency portion. This certainly works in favor of the project in economic
analysis. 1t implies that as the nominal foreign exchange rate approaches the rate
that reflects the true value of the peso, the intemal financial rate of retum will also
improve.

Famatina mine development is not simply the development of the mine itself, but
intrinsicatly has significantly greater impact on the region. 1f the population of
Chilecito at the foot of the mountains increases to 35,000 from the present level of
24,000, related industries, commercial activities, agricultural production in the
surrounding arca and cultural levels will be substantially affected. Unfortunately,
no methodology hias been established (o quantity these cffects, and thus they are
not included in computations of the internal economic and financial rates of refurn.
These aspects, however, should not be neglected in formulating nationat develop-
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ment policies. It is clear at this moment, however, that the project would have wide-
spread positive effects,

The various cosis and revenues reported herein are all estimates based on the ficld
investigation period, i.e., November, 1980. -Possibilitics exis{ that actual values will
depart considerably as a.result of increases in commodity prices. This will not
change the essential results of the investigation, which uses the internal rate of
return as judgement criteria, unless same [undamental changes occur in future,

5-2. Comprehensive Measures and Recommendations

The following measures should be taken to insure. well-balanced fulfillinent of

sector-wise plans for development of the mine.

(n

3

(4

(3)

(6)

(7)

The development scale of the mine should be 33,000 tons per day handling of crude
ore. This assures better use of scale economy than 20,000 tons/day operations.

Non-availability of a suitable site for settling about 1,900 mine workers preciudes
their daily commutation to the mine. Lodging facilitics should thercfore be pro-
vided near the mine site.

The possibility of making use of the army for the construction of the 30 km moun-
tain road to the mine should be pursued, since this would result in a saving in
personnel costs and thus reduce construction costs to 2,850 million pesos as com-
pared with the 5,840 million pesos that would otherwise be necessary.

It would be more economical to tap groundwater resources near the concentration
plant than to utilize surface water by constructing a dam. As a next step, therefore,
systematic exploration of grandwater resources should be performed in parallel
with further prospecting activities to determine reserves more accurately.

The estimated dam construction cost of 25,900 million pesos was assumed in this
analysis to be borne by private enterprises, but the salvage value of 3,800 million
pesos will accrue at the end of the 22 year project lifc. This is because water in the
reservoir can be diverled for agricultural development. Thus the water supply
reservoir has some public function in addition to mine scrvice to the mine. It is
therefore desirable that government aid be provided for dam construction.

The viltage of Famatina was at first considered promising as a site for the mining
town, but eventually the site near Chilecito, 82 km from the mine, was chosen. This
distance is too greal for daily commutation, and thus provision of lodging facilities
near the mine was recommended. The idea of traveling 82 km once a week to and
from the mine is still not very attractive but it is an economically efficient solution.

The total costs associated with .the mining town were estimated to be 251,300
million pesos, of which about a half or 138,500 million pesos would be borne by the
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(8)

(%)

(10

(1D

(12}

mining company. Subfracted from this are 26,100 million pesos corresponding to
the cost of todging facilitics, to obtain the costs of the mining town near Chilecito
as 112,400 million pesos. Of this, housing construction costs are 97,000 million
pesos, equivalent to about 90% of the total. There is much to be done concerning,
financing and management of this housing construction work.

It is judged that power purchase is the least costly method of obtaining clectricity.
1t is difficult, however, to estimate the real unit costs per kWh of obtaining electri-
city from the central system. This study recommends power purchase based on the
assumption that low rates would be applied considering the nature of public uiility
works. There remain, however, uncertain factors related to whether the connection
to the central system can be ensured.

Technical problems in the next phase include determination of the exact route for
the 35 km mainlain road to the mine, selection of a dam site for the wator supply
reservoir and the route for the water transportation pipeline, selection of power
transmission line routes and better evaluation of groundwater reserves. [t is almost
impossible to cover the entire area between 2,000 m and 4,300 m altitude by field
surveys, but technology is available to examine the area by using aerial photography
or information obtained by satellite.

It was expected at the beginning of the field investigation that the existing cableway
of 34 km might be revitalized for this project. This facility, however, is already too
old to operate for another 20 years or more for the transportation of concentrates,
amounting to about 220 tons/day. Even if it could be uscd for the concentrates,
another road would be required to transport 200 tons of materials and equipment to
the mine. This idea, therefore, was abanduned.

For transportation between Chilecito and Cordoba, the use of trucks was deter
mined to be superior to railway use, since the total amual transportation demand
related to the mine is only 60,000 tons or less than one-tenth of the quantity that
would economically justify the use of railways. Whether this part of the railway
system should be abandoned must be examined from other points of view,

Whether the product is to be exporled as copper concendrate or electro-copper after
smelting depends on the quantities transported and the smelting costs. No investi-
gation was made af this time conceming smelting costs, but if world-average smelting
costs of 15 cents per pound can be realized in Argentina, it would be more economi-
cal to smelt the copper concentrate domestically rather than export it without
smelting.
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NOTE: Question of Whether Copper should be exported as Concentrate
or as Electrolytic Copper

Smelting is necessary in order to convert concentrate to electrolytic copper. _Con—
sidering the amount of concentrate that is to be produced in the present project (55,000 tons
per year), it would be extremely inefficient to baild a smetter solely for this purpose. According-
ly, the method of transporting concentrate to another smelter for stuelting should be adopted.
There arc two possibititics; one is the smelter planned for the La Alumbrera Mine at Andalgala;
and the other is the one planned for the El Pachon Mine at Barreal. Let us compare these (wo
alternatives with the alternative of exporiing the copper as a concenlrate.

Comparison of transportation costs: Transportation cost comparison of the three
alternatives is as follows {sce Chapler 6 for details concerning calculation of individual transporia-
tion costs).

Annual total cost of transportation

Mine concentrate Buenos Aires 10,511 M pesos
T * (Electrolytic copper)

Mine concenirate Andalgala smelter Buenos Aires 7,814 M pesos
L : (Electrolytic copper)
Mine concentrate Barreal smelter Buenos Aires 8,628 M pesos
_——

If the concentrale is smelted at Andalgada or at Barreal, there will be a savings of
2,697 million pesos or 1,883 million pesos a year in transportation costs respectively.

The reduced transportation costs will be as follows per ton of electrolytic copper.

Annual production of electrolytic copper at & mine scale allowing

for an operating scale of 30,000 tons/day

Annual production of concentrate: 55,000 tons

Copper concentrate grade: 20%

Yield rate for copper smelting: 20% ~ 1% = 19% (concentrate grade)
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Electrolytic copper production:

55,000 tons x 0,19 = 10450 tons
22,046 x 10,450 = 23,040,000 pounds

Cost reduction in terms of electrolytic copper:

2,697 million pesos/23,040,000 pounds = 117 pesos/pound
1,883 million pesosf23,040,000 pounds

1

81 pesos/pound

Accordingly, if the concentrafe is smelted at the Andalgala smelter instead of being
transported to Buenos Aires as concentrate, there witl be a reduction in cost of 117 pesos/pound
of clectrolytic copper. The reduction in the case of smelting at the Barreal smelter will be 82
pesos/pound.

In general, the cost of smcliing prevailing in the world is 293 pesos (15 cents) per
pound, Accordingly, in international markets the price of electrolytic copper is 1,950 pesos
(100 cents) per pound, and that of concentrate, as claculated in terms of electrolytic copper,
comes to 1,657 pesos (1,950 — 293) per pound. Since the transportation costs will be lower via
a sinelter than for direct export as concentrate, it will still be economical to smelt the concent-
rate even if the cost of smelting at the smelter rises above the general cost of smelting of 293
pesos/pound but not by more than the amount of reduction in transportation costs. In other
words, the peruissible smelting costs per pound are as follows:

Andaigala smeltery:
293 pesos + 117 pesos = 410 pesos

i

Barreal smeltery:
293 pesos + 82 pesos = 375 pesos

§

These permissible sinelting costs per pound are respectively 40% and 28% higher
than the international level of smelting costs. 1f the concenirate can be smelied at a cost of less
that these figures, it will be more economical to export the copper as clectroly tic copper than as
concentrate. If the smelting cost is greater than these figures, it will be more cconomical to
export the concentrate without smelting. So far, we have assumed that all production of ihe
mine will be cxported, but what about the possibility of partial domestic consumption? Even
in the case of domestic consumption, the above considerations with respect to transportation
costs and smelting costs are applicable since the tnain consumption area is in the vicinity of
Buenos Aires. Accordingly, if the cost of smeiting at the Andalgala and Barreal smelters is more
than 410 pesos or 375 pesos, respectively, per pound, it will be more economical to export the
copper as concentrate and inport clectrolytic copper separately. If the smelting cost is below
those figures, it will be possible to convert the concentrate to electrolytic copper for domeslic
supply and export the surplus, The basic criterion for determining whether the copper should be
exporled as concentrate or smelted is as described above. Since this question has only been
considered here purely in terms of economic effect, it would, of course, be an entirely different
question if the smelters were necessary from the standpoint of state policy. In any case, i con-
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sideration is to be given to smelting, it will be necessary to undertake a separate detailed fea-
sibility study.
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