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Preface 

AIM OF OEVELOP~lEtlT 

The direct aim of development is the creation of the ~ongoli2n 

perlite industry. Making the first significant step 

towards this aim \'oill be the settinq-up a mine at 

Zamin-Ulan perlite deposit - geologically already well­

developed -, by the extension of this mine, equipping it by 

the required machines, ensuring the transportation roads 

and mean~ and railway transloading points, constructing a 

modern perlite preparation and expansion plant and installa­

tion of processing equipment /technological units for 

manufacturing heat-insulating mortar and plaster, and 

gypsu~-perlite partiton-wali elements/. 

The above technological equipment may be considered as 

experimental ones becaus~ of the followings: 

- Accordin~ to our point of view they are adequate to 

expana the ~onnolian perlite-rock s~itable for expansion; 

In case of succesful utilization and on the basis of 

prnctical experiencE nained during the execution and 

operation furtner perl i te-processinr1 equipment can tir. 

inst:illec! in other <HeJs of r-~on!")olia nP.ar ttu: sites of 

utilization; 

- Te c tin a l c ri i e ~; ci e ~ c ti: t· c cl in t tl e s t 11 c1 y an c1 prod u c t ~ 

manuf<tr:turf!Cl on U1c t;;isis of them er.ilble the Monqoli;in 

ex;icrts to qain local experience in perlite proccssinn 

anr1 utilization, on the tJasis of wtlicl1 nc·..1 utilization 

in e t tlO cl s an r! pr a !l u c ts a r1 e qua t e to the Mon ri o 1 i il n con rl i tons 

con tie elatioratr:cl. 
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l.) 

OACKGROUNO INFOR~ATION 

On the initiative taken by the Government of Mongolia 

and Ull:JP Resident Off ice in Ulan-Bator tenders have been 

invited by UNT.uO for the elaboration of a feasibility 

study for the establishment of a perlite expanding 

kiln with a capacity of 87 thousand m3 and related 

preparatory and further processing technologies. 

Products manufactured hereby are to be utilized in the 

following areas: 

- building industry /heat insulation, additives, mortar, 
plaster work/ 

- agriculture /plant growing and soil improvement/ 

- food industry /filter-aid material/. 

After the bids submitted for the tender invited by 

UHIOU had been evaluated, TESCO/SZIKKTI received the 

assi!]nment of ur1100 for tt":e implementation of tbe 
project on the basis of the subject contract concluded 
in liovemtJer, 1909. 
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2. ) 

CONSLUS IOUS AMO RECOM~IDIOA TI OMS 

On the basis of the experience of the expert's teaw. obtained 

on the site in Mongolia and the examinations carried out in 

laboratories of SZIKKTI in Budapest the following 

conslusions can be drawn: 

- ~ore significarat perlite reserves have been fc~nd in the 

area of Zamin-Ulan and Eiligen Bulak among perl11Edeposits 

explored in Mongolia. From these two deposits Zamin Ulan has 

more homogenic raw material and also grants sufficient 

quantity fa~ a long period. Category "O" 2,274 T m3/, the 

perlite and tuff in Eiligen-Bulak are mixed to such an 

extent that their industrial separation is not advisable. 

rerlite resources available are more insignificant /Category 

"8'' 532 T m3/, hardly explored. Thus it would be advisable 

to base further works on the perlite deposit of Zamin Ulan. 
(see pa~es 20-25) 

- Perlites met in Mongolia are elder according to their 

geological age, their structure is more bounded which 
~akes expansion more difficult at a higher temperature but 

they are less likely to be milled and have more com~ressive 

strength than tne European ones. 
(sea pages 29-3t. and Annzx 7.) 

- Tests have proved that perlite suitable for building 

industry, agriculture, filter-aid purnosez can be exrandec1 

foam these raw materials - even if quality parameters 

aimed cannot be completely fulfilled - and there is no 

technical obstacle to utilize these mineral resource~. 

(sec pages 29-34 and Annex 7.) 
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- Bounded water content of perlites found in Zarnin-Ulan 

is high. Adequate low density could only be reached by 

pre-treatment in most of them. 

(see pages 29., 31 and Annex 7.) 

- There is no ener~y supply at the deposit of Zamin-Lllan. In 

Mongolia no oil resource is availaole, the only 

domestic energy resource is coal, which is ayailab~e but no 

perli~~expanding kiln can be run by coal. Thus importing 

of energy has to be tak~n into consideration in the course 

of perlite expansion. 

(see pages 11., 12., 35.} 

- Regarding utilization possibilities and fields of application 
the Mongolian counterpart has no related comprehensive in­

formation,so there are or could be fields of application 

which they consider to be solved using other materials 
/e.g. Ministry of Agriculture regards filter-aid works 

being solved by activated coal altough it is 10 times more 
expensive - considering the Hungarian prices - than the 

filter-aid perlite/. 
/see pages 11., 16-17.) 

- Basic problem of the industrialization in Mongolia is how 
to transfer the population of the country, running still 

today nomad shepherding in majority, in industry. Shortage 

of qualified labour causes problems in every field of life. 
( see page 11.} 

- The location determined for the establishment of the perli te 
expanding plant /between town of Nalajh and one coal-mine/ 
should be ragarded the most suitable from all the locations 

surveyed: there are roads, railway, electric transmission­

line at disposal nearly on the frontier of the plot and 

water pipeline is available wihtin 1.5-2.0 km. 
(see page 1., 36., 37.} 
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- T~e application of technological line developed by the 

Hungarian Ore and Mineral Mines for mining and grading 

of perlites and technology of the Austrian Perlite nsterreich 

Gmbtl for the expansion may be considered. Both technological 

suppliers wish to test perlite of 1 truckload quantity 

on their own machine~ before starting the design work. 
(see pages 37-61.) 

On the basis of the above conclusions the following recommenda~ 

t1ons are to be made: 

Based on Cagan Delger deposit one perlite mine should be 

opened up in Zamin-Ulan. Mining technology must be 
elaborated in a way, that for a whole year operation of 

the processing plant the required quantity and output of 

selected raw materials could be provided within a short period 

of time /7 months/ due to the prevailing climatic 

cond i ti ans. 
(sea pages 35., 37-41.) 

- Characters of Mongol!an rerlite differing from the European 
on~s make it impossible to reach product features determined 

in the Annexes of the Contract, however, materials 

suitable for building industry, aqriculture, filter-aid 
purpo~es can be produced from them. (see page~ 26-3~.~nn.7.) 

The higher compressive strength is advantageous both for 
building industrial and agricultural prodLlcts. In the techno­

logy prior to the expansion dehydration at 200-300 c0 

temperature pre-heating aJaquate to the given type or 

perlite has to be fulfilled. 
(see pages 30.,32. and Annex 7.) 

- It is proposed to mine raw material in the deposit of Zamin­
Ulan only. To provide required electric power a diesel 

generator should be run. All other 
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processing phases must be carried out in the ~reparatory 

~arks built in tns expanding plant /Nalajh/. Products 

are to be delivered on road by truck /65 km/ and by rail­

way /cc.200 kw/. Suitable transshipping station must be 

constructed on the railway station of Choir. 
(see pages 35-37.) 

- In order to provide ex~ertise 1 longer training period would be required 

and training _of t~ key personnel on the site of the suppliers 

of technologies is advisable. Proposal is rr.ade hereby 

toward the Go·1ern1:ient of Mongolia that in case of delegating 

their experts to Hungary on their own expenses, TESCO/SZIKKTI 

are prepared to organize their professional programmes with 

the Hungarian factories and institutions. 

(see page 7.) 

- Prior to investment the necessary infrastructure /transport, 
water, energy/ must be provided by the Mongolian Go11ernment 

extending to the border of the plant to be establishP.d. 

Inside the plot frontier all public utilities, construction 

of road and railway network could be begun as part of the 

investment. 
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l~ple~entation of the projeGt is expected to be fulfilled 

under specific conjitions. 

Under climatic conditions mentioned above a relatively short 

period - about 7 months - is available for the project 

implementation. This fact requires starting the works not 

later than in the first days of April, execution of construction 

accorcing to a pre-determined sctedule, ensuring the necessary 

equipment, materials and auxiliary materials, and making 

government and other authority decisions in due time.(µa9e 11.) 

During starting implementation of site works energy, road, 

railway, potable water, telephone and machines, equipment and 

vehicles ~ecessary for the const:uction are required. 

Decisions of the goverr.ment, UfWP ..,,.,rt other authorities in 

connection with the project are to be made in due time in 

order that site measurements, staking out, etc. necessary 

for preparation of the detailed drawings can be performed 

before unfavourable clir.iatic condi tions/t!ovember/. In this 

case drawings can be prepared durinq the previous winter 

period /frorr December to March/. 

Perlite industry is unknown in Monqolia. f\ccorrlinn t,.. nur 
point of view there is no ~dequa~ely qualified 

personnel available. Thus it is requirej that thP. key 

personnel and workersbe trained in ttunrJarian and 

Austrian factories before the start-up. Personnel may be 

selected by qualification only. 

The Government of Mongolia has to decide on the financing of 

the project and ensuring research and development funrts, hence 
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this decision can form the base of the other ones. 
For this purpose the Government has to prepare calculation 
of the price of perlite on the basis of our present report, 

by which local utilization and expQrt capacity can be 

estimated. 

An effective market research is required to determine export 

volume of perlite. 
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::; . ) 

ECO~oµy Of MONGOLIA 

Mongolia lies in the middle of fast-Asia, its territory is 

1,565 thousand km 2• The country in Uorth ~nd West ls bordered 

by the Soviet Union, in South and East by China. On its 

Western part the mountains of 2000-4000 m height surround 

sanded, stepped, marshy and outletless basins. In the East 

plateaus of 1000-200Q m height with sandstone and clay 
deserts can be found. On the Southern - South-Western part 

of the country lies the Gobi desert. 

Popul~tion of Mongolia was 1.25 miliion in 1970, 1.66 million 
in 1980, 2.03 million in 1987, anJ in the future 20 years 

it is expected to double. 

In 1906 the industry employed 96,000 person~, the con5truction 

industry 31,000 and the industry of transportation and 

telecommunication employed 42,900 persons. 
The main field of subsistence is agriculture for tre 
majority o! the population /i.e. for the nomad herdsmen.'. 

Export turnover of t-!ongoli l was 4 J6 mi 11 ion USO in 1986. The main 

items of export are as follow: mineral raw materials, mining 

products, meat, leather, cotton, fur, livestock, food. 
Import turnover of the country reached 655 million USO in 
1906, consisting mainly of machines and equipment, vehicles, 
manufactured goods, pharmaceutical products and food. 
80% of exports and 91\ of Imports is .... alised with the Soviet 

Union. 
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Capital of Mongolia is Ulan-Bator with 480,000 inhabitants. 
lne illain cities are: Oarhan /65000 inhabitants/ and Erdenet 

/40 000 inhabitants/. 

The currency of the country is tugrik /1 USO = cca. 6 tougriks/. 
GNP in 1984 reached 2.0 billion USO /1,000 USO/person/. 

The infrastructure necessary for the aevelop~ent of industry 
is exceptionally unfavourable: length of railways is 1,423 
km /the Mongolian part of the Irkutsk-Ulan Bator-Peking rail-

way line/, paved road network is of 1,500 km /data 
of year 190~/ and the number ~f telephone sets is 44,600 

/1983/. 
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3.1.) 

SITUATION OF ECOHOMY OF MO~GOLIA FROM THE VIEW OF PERLITE 

UTILIZATION 

Economic situation of Mongolia is basicly characterised by 
underdevelopment of the ind~try and infrastructure. 
The majority of population is subsisting on the nomad 
shepherding accustomed to during centuries, they ride on 
tlJrse-back and their life is unambiguously linked to sheep­

farming. Production of industrial factories, standard of equipment is 
relatively insignificant compared to the requirements 
of developed countries. Natural conditions of the country 
/great fluctuation of temperature - minimum winter temperature 
in Jar ~ary and February sometimes is 40°C below zero, 
while maximum summer temperature reaches plus 40 c0

, although 

during the warm summer time night frost is not infrequent -
unfavourable soil condition and small vglume and un~qual 

distribution of precipitation 
agriculture - particularly for 

are disadvantageous for 
plant cultivaton. Plant 

cultivation is characterized by growing wheat, oat, barley 
and potatoes, a sm~ll quantity of vegetable and melon is 

raised in the Khovd area, in the valleys of mountains in 

ttest-Mongolia rich in water resources. 

The food industry and its ancillary industry - where perlite 

can be used as filter-aid material - is in close connection 
with the agricultural cultivation. /According to information 
obtained from the Mongolian Ministry of Agriculture and 
Food activated coal is used tor this pur~ose, which taking 
into consideration the Hungarian price ratios is ten times more 
expensive than filter-perlite./ Effluent treatment in 
the food industry - particularly in the meat industry -

is an unsolved problem. 
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Construction of flats can be characterized by domination 

of panel method, and the same method is follcwed in the 
outlook of the buildings in the case of brickwork as well. 
Recently one third of settled urban population ~ living 

in yurtas /e.g. in Ulan-Bator/. /People prefer yurtas, 
they consider them more ·bealthy type of housing. Yurtas are 

manufactured in small factories, but the future - according 

to our opinion - will be the prevalence of dwelling-houses./ 

Construction of flats is exclusively in the hand of the 

government, role of privateflat construction can be neglected. 
Mongolia has substantial mineral resources but its energy 

base is one-sided. Coal of excellent quality, i.e. of 

29,000-35,000 kJ/kg /7,000-8,500 kcal/kg/ calorific value 
can be found in the country, from which 400,000 tons are lifted 

to the surface amually. There is neither oil field, oil processing 
work, nor gas layer. Oil supply of Mongolia depends on 

the supply of the Soviet Union, some oil industrial 
products, oil-products are transported in 

tank vehicles from the Soviet Union. Due to the total 
economic bandinage with the Soviet Union the overall decrease 
in the Soviet oil exports will probably have disadvantageous 
effect on Mongolia. 

By products of the perlite expansion 
plant to be established, substantial energy saving and 

improvement of cultivation capacity of agriculture can be 
reached. However, for the manufacturing imported oil-products 
/heating materials and fuel/ are required, while energy 

saving will be observed in case of coal of indigenous 

origin. 
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3. 2. ) 

PiJSSHHLITIES Of PERLITE UTILIZATIOtl IN MQUGOLIA 

BUILDING IHOUSTRY 

In ~ongolia every kind of development is hindered by the 

lack of infrastructure. In respect of transport there is no 

possibility for ship transportation, there is one railway 

line only /on the routeof Moskow-Irkutsk-Ulan Bator- Peking/, 
roads with high-set pavement can be found for 30-50 km round 

the major towns and their is air service between the settle­

ments and the capital of the country. 

Tne following figure No.l. demons!rates a characteristical 

Mongolian road structure Essential condi ton of development 
and industrialization of every kind is the basic improvement 

of transport and telecommunication. 

Fiaure Uo. l.: _Characteristical road structure for Mongolia 

·- .-

- - -
"'- .. •_., 4a'k--
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An other essential condition of industrial development is 
settling the nomad population which results in fundamental 
change in style of living requiring reformation of aknowledge­

ment of the quality of live from the side of the polulation 
on one side and imposing hard task of construction - including 
flat constructions - on the state among the recent conditions 

of ownership and managemert system on the other. In Mongolia 

at present 200 Tm3 keramz~t and 60 Tm3 rock filter a&e 
manufactured per year as insulation materials. The Mongolian 

Ministtyof Construction denominated the perlite demand of 
150 Tm3/year, however an utilization of this volume can be 
realized after runniny-in during several years and recogn~tion 
of characteristics of the material, its opportunities and 
methods of. utilization. The present quantity of demand is 
estimated by the Ministry of Construction as to the f 1llowing: 

Perlite-concrete ?5 Tm 3/year 

Insulation mortar and plaster 25 Tm3/year 

Partition walls 5 Tm3/year 

Utilization of acoustical purpose 5 Tm 3/year 

Other 5 Tm 3/year 

TOTAL: 65 Tm 3/year 

for meetinr, the above demann the perlite kiln recommended 
is suitable itself. Taking into consideration thut 

other types of equipment satisfy a higher capacity 
than the above stipulated I there is no equipment of 

smaller capacity or if there is, then the utilization will 
be disproportionately expensive projected on a unit of 
quantity/ there is possibility for increlsing the capacity 
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by including one more kiln into the technological phase 

ii there is higher demand for the product. In the case of 

further increase in utilization - because of the relative 

high costs - in relation to the price - and unfavourable 

conditons of transportation - it is sugpested to 
further equipment of perli'Eexpansion near the site of 
utilization and transporting the prepared raw periite to tne 

same. By using perlite as constructing material - including 

for flat construction purposes - besides of increase in 
the insulation effect energy saving of 5-~0 per cent can be 

reached. The inexpensive and easy to .handle ~e~lite-mat 

may get an important role in the insulation of ceilings. 

AGRICULTURE 

There are substantial p1ospects for the utilization of perlite 
in agriculture of Mongolia. Climate of the country is dominated 

by drought - with periodical he~~. rains -, the water 
balance of the soil can be greatly improved by the water in-take 

and storage ability of perlite which means that the water 
stored leaks slowly. According to the European experience 
the expanded perlite improves the temperature, air and water 
balance of soil, enhances roo~ing of plants, makes possible 
faster growing and passes the necessary microelements to 

the roof of plants. The Mongolian perlite - being elder 

according to its geological age and w1th more thick an~ 
stronger cell-walls - is adequate for this purpuse, because 

tests proved that the stronger arenoses resist better 
the pounding effect of soil. In Mongolia of 1,565 Tkm

2 

territory thece is cultivable area of 13,000 km
2

• 
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Growing samplings in perliteous circumstances can play 

substantial role in increasing cultivable area and development 
of agriculture. By pricking them i~ the soil can b~ ameliorated 

and further areas can be enroached upon the steppe. 

Development of green-house cultivation is also a significant 
field of utilization, by which occures possibility for spreading 
the hydroponic method of fruit and vegetable cultivation, 
growing of certain kinds of fruit /strawberry, wilde straw­
berry/ and vegetables icucu~ber, paprika, tomato/ in green­
houses - from rooting and plant growing to cultivation phase -

A further opportunity is represented by cultivation 
papilionaceous plant improving nitrogen supply of the soil, 
making possible perfection of cultivation conditions by using 

expanded perlite. In Mongolia there is a lack of ornamental 
plants, thus by using perlit~ pinks and roses can be grown. 

The pre-condition of all the above developments is the vigorous 
progress of the Mongolian agriculture and food industry, 
switdl-over from animal keeping to agriculture in respect of 

a part of the population. 

FOOD INDUSTRY 

In present structure of the food industry perlite can play 
an important role if transformation from activated c 0 a1 _ used 

as filter-aid material - to filter-aid perlite will be perform­
ed.in manufacturing 9 million .litre beer and 20 million litre 
spirit· per year. This quantity supports the filter-aid 
perlite demand of 2,000 m3/year projected by the Mongolian 
experts. 
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By developing the industry this Gu~ntity can be increased. 

ThP ~ossibility of utilization will be further extended 

by u~~ng t~is ~ineral in su~ar industry, where ~00 m3/year 

Quantity of f1lter-3id perlite would be esed for processing 
40 Tt sugar, and in milk industry as well. 

In food industry treatment of wash water and waste water 
resulting from processing 200 Tt meat per year has an 

environment~ protectional impor~ance. Wash water containing 
meat particles causes serious demages by penetrating to 

the soil /i.e. sodification, alkalescency, bacterium cultures 

and polluting water will result in significant increase 

of KOI and KOI 5 values, perishing of fish, expanding of marsh­
lands/ hence multi-phase treatment of waste water and . 

removing.micro- and. macro-wastes ace of essential importance. 

In the first phase filter-aid perlite of great filter 
~ 

capacity - e.g. K-115 - can be used for removing waste of 

several microns size - for e~ample meat particles - /this 

means utilization of further 200 m3/year of perlite/, 
anc in the following phases biological treatment - removing 
micro-waste - by pushing micro-orGanisms onto the perlite 
can be performed. 

Among the objectives :nf the.Government of Mongolia exporting 

of expanded perlite and perlite products has been determined. 
This is not impossible but substantial obstacles have to be 
considered. Perlite - being a very inexpensive mass product -
highly depends on the costs of transportation, so transportation 

to great distances is uneconomical. There is no certain 

information·on the perlite industry of China, but it is 
possible that there will be demand for perlite in N~rth~ 
China which is near the Mongolian border and e~porting from 
Mongolia may be cheaper than transporting perlite to this 

" K-115 filter-aid perlite: density: 80-140 kg/m3 

flow-time: moore than 50 sec 
percentage of floating parts: 0% 
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part of the country from the inner side of China. 

The Soviet Union has a developed perlite industry with 

centres in Ukraina, Armenia and in the environs of Hoskow. 
It is conceivable that South-East Siberian part of the 
country can be a market for the Mongolian perlite. For 
projecting export opportunities ~-mainly in respect of the 

above areas - a valuable market research has to be conducted. 

To make decision on the practical implementation of the project 
is the task of the Government of Mongolia. 
The investment - because of the relative low level of national 
income - will greatly burden the national economy of the 
country, but resulting substantia~ achievments in the 
energy utilization, agriculture and food industry, may effect 

the transformation of national economy of Mongolia - including 
flat construction, tran;formation of ·agricultural activities 
and spreading plant cultivation. Thus - according to our 
point of view - support of interntational organizations like 

UNIDO and UHOP is required. 
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In Mongolia prior to the present work the utilization of 
the perlite resources of the co~ntry was intensively investigat­

ed between 1964 and 1978 with the assistance of Soviet and 

Czechoslovakian institutions. The following repptts have 

been made /which are known for UNIOO/ in that period: 

1/ Report of VNIISTROM, USSR, Kraskov /1964/ 
2/ Report of Central Scientific Laboratory, Mongolia, Ulan-

Bator /1965/ 
3/ Report of Crgtestroi, USSR, Irkutsk /1967/ 
4/ Report of NIISMI, USSR, Kiev /1970/ 
5/ Report of rechn oexport Foreign Trade Co., USSR, Kiev 

/1973/ 
6/ Report of Keramicke Z~vody, CSSR, Mihalovce /1974/ 

7/ Report of Scientific Institute of Building Materials, 

Mongolia, Ulan Bator /1976/ 

8/ Report of Scientific Institute of Building Materials, 

Mongolia /1977 / 
9/ Report of Geological Minstry of the Mongolian People,s 

Republic, Eiligen-Bulak deposit, Ulan Bator /1977/ 
10/ Report of Scientific Institutie of Building Materials, 

Mongolia, Ulan Bator /1978/ 
11/ Report at Geological Ministry of the Mongolian People's 

Republic, Zamin-Ulan deposit, Ulan Bator /1970/ 

The ttungarian team leader had studied all the reports provided 

/i., 3., 4., 5., 7., 9. and 11/ in the period of 31st January -
14th February, 1990 in Ulan Bator, prepared works of the 
Hungarian experts' team in Mongolia and in the course of 
survey on site made together with the Mongolian counter~art, 
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a proposal has been elaborated for the most suitable site from 
those investigated. Cold weather in winter time /15-Jo 0 c 
below zero/ made it impossible to c2rry out any field work 
/sample collection/ which was indicated by the Mongolian 

partner by the first week of April. 

The team of experts /Ede SOBOR, team leader, technologist; 
J~nos LINGAUER, geologist; J~nos PAP, expert of applied 

technologies and economics/ carried out the necessary sample 
collection on the sites, determined the adhesive humidity 
of each sample, conducted negotiations with the organizations 

concerned and collected all data reouired for economic 
calculations. 

Brief introduction of the geological situation of perlite 
deposits in Mongolia 

In the middle are3s of Mongolia, County of Middle-Gobi 
respectively vast vulcanic effusive formations can be found 
in different areas originating from the Jurrassic and 
Cretaceous periods, among them various types of vulcanic 
glasses can be met connected with vulcanits with acid 
composition. 

These are perlite, vitrificated tuff with perlite and vitroclas­
ted tuff. Their expansions and thisness are varying to a great 
extent from some decimetre to ~ome 10 metres. 

Survey and investigation of possible utilization of perlite 
formations has been started in the mid 1960-ies. Upon some 
affirmative results the geological surveys became more 
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intensive in the 70-ies and in the mid 70-ies thoroughful 
geological investigation of twq deposits was performed. 

These are deposits in Zamin-Ulan and Eligan Bulak. 

Perlite.deposit jn Elig~n Bulak 

In widest surrundings of this depos~t geological surveys 
with the aim to explore perlite formations had been executed 
since 1964. In this area the low Ozunbain effusive rocks 
of Cretaceous period /lyparite, andesite, andesito-basalt 
and basalt/ are wide-spr~ad. 

The ·vulcanic rocks deposited on about 240 km2 are almost of 

horizontal arrangement, their greatest thickness is of 
100-300 m. 50-60 per cent of the .Yulcanic complex consists of 
lyparite. Among the lyparites vitorclasted tuff was found 
in several places. This raw material had been examined and 
qulaif ied according to different aspects of utilization in 

several Soviet research institutions for 10 years. 

Different reports evidence that various problems occured during 
the endurance test of the.samples examinded, often samples 
of uncertain origin and inadequate quantity were ~ested. 
The main purpose of geo!ogical survey performed in Eligen 
Bulak deposit in 1975 was the following: 

- sample collection of adaquate quantity for the purpose of 

tests in industry; and 

- determination of quantity of mineral resource. 
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Ouring the works 7 drillings had been deepened in total depth 

of 139.3 rm /the depth of drillings variej from 15.9 to 24.0 m/. 

Industrial sample of 2 t had been obtained by aggregating 

drilling core samples. 

On the basis of drilling survey the formerly problematic 

stock calculation have been revaluated. 

The raw material stock in this deposit - in respect of cate­

gories "B" and ~c 1 " - totals 736 Tm 3- from which category "B" 

bulks up to 532 Tm3• 

This deposit can be found on 155 km from Ulan Bator and about 

10 km far from the railway line. This deposit is well situated 

according to transportation aspects, but it is not worth 

f ~rther examining because of the mixed structure of raw ma­

terial /vitroclasted tuff mixed with perlite/ it is not 

suitable for manufacturing perlite products determined among 
objectives. 

Perlite deposit in Zamin-Ulan 

The deposit is located in t~e county of Middle-Gobi, 260-km 
south-east of Ulan Bator, 65 west of the railway station of 
Csoir. The nearest habitation to the deposit is the village 
of Cagan Delger in 9 km. 

In this region a large area is covered by formations of middle­
upper sedimentary, effusive complexes originating from the 

Jurrassic period, among those perlite rocks can be explored 
related to vulcanits with acid composition. 

In this deposit a detailed geological survey was carried out 

between 1975-77 in the course of which a large quantity of 

perlite resources has been discovered with extremely huge 
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research facilities and geological mapping of vast area. 
Raw materials examined involve the following 3 types: 

- perlite 
- vitrificated tuff with perlite and 
- vitrificated tuff. 

This research resulted- mineral resources shown herebelow 

as follows: 

In category "B+C1" perlite and vitrificated tuff together: 
5,636 ·Tm3 from which category "B" 2,274 Im3, category "C" 

an additional B,455 Tm3 was determined. 

The most perspective part of this deposit is a cc. 50-70 meter 

wide zone extending in south-west direction in the middle of 
this area where pure perlite can be met. 
South of this zone vu!canic lyparite can be found while nortt1 

of it vitrificated tuff with perlite and more north pure 

vitrificated tuff occur. 

Raw material of this zone is dependably determined by survey 
facilities /prospect-shaft, graben, drilling/ the total 
volume of the mineral resource is 1,106 Tm 3 in category "B 

including 

- perlite 920 thousand m3 

- vitroclasted tuf f 
with perlite 127 thousand m3 

- tuf f 51 thousand m3. 
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The lowest limit of the stock calculation is the water level of 

the soil which depth is ranging from 22,2 to JJ,2 m. 

Thickness crossed by drilling of the useful naw material is 

around 11.5-J0.4 m, in average 22 m. 
The 1.7-meter average thickness of the covering loose sediment 

is insignificant /ranging from 0.2 to J.O m/. 
In case of a possible mine opening in the future there will 

be no obstacle against mining. 

Accordiny to the present conceptions mineral resource determined 

in the central zone could meet requirements of raw materials 
for production of expanded perlite for 70 years. 

Raw material explored in the most perspective central zone 

of the deposit was sampled in details in order to provide 
rock material required for examination partly on site but 

majorily in Hungary. A total number of 16 pieces was 
collected dependably representing types of raw materials 
occuring in this area /see site drawing of sample collection 

and sample list/. 

Fioure No. J.demonstrates perspective view of the deposit 

from North. 
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rijur..; ;-Jo. 2.: Sili]cn-3ulak deposit 

Fiaure No.3.: Zaoin-Ulan d~posit 
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4.) 

ELABORATION Of TECHNOLOGY FOR THF PRODUCTION OF THE 
OETERMINEO PRODUCT ASSORTIHENT 

Previous examinations 

Previous technological experiments described in reports 
provided were aimed at production of so-called perlite gravel 
with big graine size, big mass density do•esticated in the 

Soviet Union. 
This work has a great significance in producing of goods 
sub~ituting keramzit, however, it considerable differs 
both in its technology and character of the product from the 
one aimed to realize. The Article C of Terms of References, 

i.e. "Technology" of contract no. 49/149 which is the basis 
of present work summarizes requirements as follows: 

APPLICATION 

Losse insulation 
Cement-bound perlite 
Masonry mortar 
Rendering mortar 
Partition walls 
Acoustic uni ts 
Pipe-line thermal insulation 
Amelioration of soil 
Filter-aid material 

OEtlSI TY 
k-/ J 9 m 

60-80 

80-120 

80-100 

60-100 

00-120 

80-120 
60-100 

80-130 

35-50 

MAX.GRAltl 
mm 

1.5 

2.0 

2.0 

2.0 

2.0 

2.0 
2.0 

5.0 

O.J 

SIZE 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-27-

Among the most valuable for this purpose /largest quantity, 
repecti~ely homogenic/ deposit of Zamin-Ulan /Report 
of Geological Ministry of the Mongolian People's Republic, 
Zamin-Ulan deposit, Ulan Bator 1978/ materials collected as 
samples were expanded with and without pre-heat treatment 
at 15-60 sec intervals of expansion and density between 

540-1480 kg/m3 was determined. Expanding equipment used in 
the laboratory did not meet the principle of equipment 
used in industry for similar purposes. Obviously, we had 
to_start from basis completely different from the previous 

surveys declaring those as being correct and proper ones, 
however, those surveys were done with consideration of 
other aims. 

Examinations covered by present report 

According to the described above and also thoroughness of 
the sorvey we concentratedths activity on the deposit of 

Zamin-Ulan. For our examinations we have collected samples 
/except ZM 14/ from those research fields /grabens, drillings/ 
where samples of previous examinations had originated /see 
Sample List as Annex 3/. 

Adhesive moisture content of the samples, jointly collected 
with the Mongolian counterpart /Oorshsuren chief geologist, 
Scientific Institute of Building Materials, Ulan Bator/ 
from !~cations stipulated in Sample List, was determined 
directly upon sample collection in the laboratories of 

Scientific Institute of Building Materials, Ulan Bator. 
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Each sample was divided into two parts and tha smaller parts 

were delivered to the laboratories of AL-MEO-SZIKKTI in 

Budapest, where the following parameters have ~een tested: 

raw perlite 

- chemical composition 

- thermal analysis 
- adhesive and bound moisture content 
- granulometric composition after grinding 

- density 
- milling, specific surface 
- moisture content after pre-heatment 

expanded Ferlite 

- granulometric composition 

- density 

- milling 
ineffective content /proportion of grains not expanded/ 

- compressive strength 

Examinations have been made on the basis of Hungarian Standards, 
i.e. MSZ no 18298/2 - 79, 

MSZ no 16011 - 87 

MSZ no 16015 - 1988 
and also those of COMECON i.e. ST no 5066. 
Results of the tests are summarized on the page 34. 
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Survey evaluation of perlite samples and fields of application 

Expansion tests made in the expanding kiln of the laboratory 

of the Department for Heavy Clay and Insulating Materials 
of SZIKKTI have unambigously shown that perlite samples 
collected from the deposit of Zamin-Ulan are expandable, 

the optimum expansion can be reached in case of water content 

of 3.5-4.5 per cent. 
In 5 cases samples are classified in the category of "Light 

raw perlite". These are: 

Zu-4 

Zu-9 

Zu-10 

ZU-15 
Zu-16. 

Parameters gained during the examinations of these samples are 

promising /average value/: 

Bounded water content after drying 5.3% 

Specific output 11.l m3/t 

Grain size distribution 0-1 mm 53.5% 

1-4 mm 46.5% 

Compressive strenght at 40\ compression 5.54 daN 

/as to Microbrouk/ 

According to data the expanded product made of this perlite 

rock can be used for building purposes. 
Fine fraction /0-1 mm/ derivable from the total stock 
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comprises nearly the half of the whole production that can 

be utilized for purposes as follows: 

a/ production of cement-based heat insulating mortars._ln 
Mongolia with the exception of perlite all the components 

for this are at disposal /cement, blust, chemical 

additives for super plastisizer purposes/. 

finess of the fraction facilitate both manual and mechanical 
applying of wall insulation. 

b/ for loose filling-up insulation /core insulating/ for_ 

double-layer brick wall structure. /In this case fine 
fraction should be hydrofobized wiht silicon oil./ 

c/ produ~tion of clay-bounded heat insul1tion moulds of medium 

heat resistance /450-700 °ct. 

d/ production of partition wall board units. 

el floor insulation of heat insulating perlite mat. 

The rougher fraction /l-4 mm} can be applied for the 
following purposes: 

a/ production of perlite concrete for light floor insulation, 

manufacturing of heat-resistant insulating concrete blocks 
with snecial cements. 

b/ production of water-glass or plastic bounded acoustic 

sound insulation units for false ceiling on wall covLriny. 
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In 9 cases samples could be classified in the category of 
"Heavy raw perlite ore". These are: 

Zu-1 

Zu-2 
Zu-5 

Zu-6 
Zu-7 
Zu-0 

Zu-11 

Zu-12 
Zu-14. 

Since specific weight and 
1
dead content of samples Zu-12 and 

Zu-14 were shown so high, we took them into consideration to a 

limited extent during evaluation. /They can be used 

only mixed with Zu-5 after a pre-heatment at JGn°c./. 

Parameters listed above regarding these samples are formed 
as follows /average/: 

Bounded water content after drying 
Specific output 
Grain size distribution 0-1 mm 

1-4 mm 
Compressive strength at 40% compression 

~.6% 

JS.2% 

10.0 daN 

As these data show these properties are more disadvantageous 

from the point of view of expandib~lity as those in case 

of the previous 5 drilling samples. 
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These parameters could represent advantage for utilization of 

perlite in the field of agriculture. Considering its geological 

age perlite resources are £lder than those in Europe which 

means a disadvantage from technological aspects, as it 
requires higher flame temperature and consequently higher 

specific energy consumption, but it is advantageous if 

applied in agriculture owing to favourable values of three 

important parameters such as: 

- specific weight 
- grain size distributio~ 
- compressive strength. 

Electronmicroscopic tests have shown also the thick cell-walls 

thus being also an advantage. 

These characteristics prove both long lifetime and mechanical 
resistance of the expanded perlite that could be adopted 

for those fields of application and climatic and soil 
circumstances of Mongolia. The average specific surface of 
product based on BET nytrogen adsorption method is 

2 = 0.43 - 0.5C m /kg. 

It also corresponds to European perlites and thus compared 
to specific mass unit it show~ moisture adsorption character 

or 3-5 kO adsorbed water/kg of expanded perlite. By this 

it is able to improve water balance of soil significantly. 

Re~ults of chemical analysis /oxide analysis/ show 
that samples contain a large quantity of magnesium-oxide, 
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potassium-oxide, calcium-oxide, titan-oxide and ferrous/III/­
oxide components to the detriment of their Al 2o3 content. 

Proportion of elements listed above is higher than those 

in European perlites. These features give a preference to 
utilization for agricultural purposes, calcium and magnesium­
oxide /CaO and MgO/ have good effect - within certain limits -
for plant structure. Potassium-oxide improves sap content 
of plant, while titan-dioxide advantageously influences 
the immune system of plants. Of course, it is generally 
specific for perlite that these elements are able to be 
solved out from expanded perlite grains slowly, in directed 

way, continuously and to be absorbed in the plants' root 
after releasing. By the improvement of moisture balance 
these features could result accelerating of plant development 

and improvement of average yield. 

Filter-aid perlite can be gained from further grinding fine 

fraction of expanded perlite. This procedure is protected 
by know-how supplied by the manufacturer of the perlite 
expanding kiln. Final products must ~ave given grain distri­
bution and specific surface. Fine fraction usually occurs 
as a waste material of the production so processing of it 
could improve rentability of the production. 

Samples of Zu-3 and Zu-13 were not expanded. This fact has 
no importance from the point of view of the mine since 
Zu-13 coincidences with the line of limitation and Zu-3 falls 

outside. 



--------------------
SUMMARY TEST REPOR~~ 

R a w p e r 1 i t e E x p a n d e d p e r 1 i t e 

Sign of I IWater content lrempera ture \~'a ter content Specific Dead Measurement Measurement1 Evaluation 
samole after dryi~g of dehydra- after dehyd- ~eight Content on expansion on breakage of raw 

· at temperatl'- ~ion ration perlite ore 
by Hungariari re of 105 C 
Standards 

m % oc m % g/l m % 

ZU-1 4.63 200 3.45 126 5.0 10.87 8.2i heavy r.p. 
ZU-2 9.60 250 4.11 173 15.5 6.86 4.26 heavy r.p. 
ZU-3 18.12 300 4.71 not expanded 
Zu-4 5.64 200 3.87 89 2.5 15.35 6.48 light r.p. I 
zu-5 l.3.44 300 4.44 165 6.2 4.90 5.72 heavy r.p. v. 

~ ZU-6 7.51 ~30 3.75 142 6.0 9.10 4.73 heavy r.p. I 
ZU-7 10. 27 250 3.81 202 39.0 5.87 2.44 heavy r.p. 
ZU-8 5.59 200 3.66 128 6.5 10. 26 10.17 heavy r.p. 
ZU-9 5.74 200 4.20 98 6.0 13.96 4194 light r.p. 
ZU-10 4,92 200 3.85 81 4 .o 16.48 24.05 light r.p. 
ZU-11 5.17 200 3.56 131 4 .o 10.44 4.32 heavy r.p. 
ZU-12 11.60 280 3.67 230 38.0 5.07 4.12 heav'/ r.p. 
ZU-13 16.43 300 3.80 not e> panded 
ZU-14 13.32 300 3. 67 365 54.S 3 .09 2.97 heavy r.p. 
ZU-15 5.59 200 3.66 102 4.0 13.35 14.15 light r.p. 
ZU-16 4.87 150 3.99 89 4.0 16.53 12.51 light r.p. 
EB-1 4.18 105 4.18 164 44.50 7.28 4.70 heav~· r.p. 
EB-2 3.47 105 3.47 305 67.0 4.41 4. 71 !heavy r.p. I 
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Remarks to tha Table "~ummary Test Repc~t· on the 

page 34. 

r.p. = raw perlite 

!~~e~~~!~~~-~!-~~e~~~!~~: flarae temperature: 1240 °c 
"1all 1CJ60 °c • temperature: 

Summ~ry 

The final results of experimental expansion show that 
from the aspects of utilization methods the stock meets 

the raw material requirements. The results of derivatog~aphic 
tests indicate that water-pass necessary for expansion 

proceeds at 250-400 °c temperature range. !his supp~rts 
the results of expansion as the mass-loss diagrammes 
show an intensive water-pass from 25o0 c temperature range 
which gives driving force to expansion. 

The results of tests demonstrate reasonable parameters both 
for purpose? of building industry, agriculture and food 

industry. Since - demonstrated by the results - the quantity 
of exranded perlite suitable for agricultural purposes probably 
exceens the projected quantity, it is worth considering 
this field for agricultural utilization. 

In practice some less advantageous results may be antici­

pated compared ~ith the ones reached in laboratory tests. 

Ho~ever, this difference does not influence significantly 

the proper and adequate use of tested perlites for speci­

fic purposes. 
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4.1.) 

TECHNOLOGIES RECOMMENOEO 

In elaboration of technologies main features of the site, 
labour available and climatic conditions have to be taken 

into consideration. 

In the environs of the Zamin-Ulan deposit the nearest settle­
ment is in about 9-10 km far which is called Cagan-Delger. 
Because of the poor energy supply of the settlement and 

of great distance from the deposit the costs of construction 

would be high, so it can not be taken into consideration. 
Cagan-Delger can be a communication and catering basis only. 
Thus en~r~demand of the mine has~to be minimised. This means 
that constructing the preparation works here will be not 
practical. The only mine and a transitional storage facility 
are to be constructed at this place and energy demand will 

be met by using diesel generator. As to our cpinion climatic 
conditions make possible production during 7 and half months 
/from the middle of March to the end of October/, thus 
machines, vehicles have to be used for other purposes in 
winter time, or the required maintenance works, repairs 
followed by special storage have to be arranged. 

Trans loading 

For transloading the mining prod~cts from trucks into rail­
way wagoons a transloading facility is to be constructed 
at the Choir station which at the same time will serve as 
storage facility and will equalize the different rate 
of truck and railway transportation. 
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Preparat1cr. plant 

The preparation plant would be constructea connected to the 

expansion plant to be set up on the site demonstrated on 

figures no. 4 and 5 belo~. 

Fioure tlo.4:_ The site of preparation and expansion plants 

at Halaik 
/from mine-side/ 

Fiaure tlo.5:The .site of perlite expansion and preparation 

plant at Halaik 
/from the road- and railway-side/ 
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At this site energy, public utilities, road of transportation, 

railway and labo~r force can be ensured. Taking into 
consideration the climatic conditions we do not plan operation 
of the preparation plant from the middle of December till 
the end of February. For the sake of ensuring continuous 
operation of the expansion plant storage facility for the 
quantity proportionate to the temporary closing down is to be 

secured. 

The annual capacity of the mine, transloading facility and 
preparation plant is 20,000 t, which enables increase of 
the capacity of the expansion plant - now determined in 
07.000 m3/year. 

The expansion plant and the auxiliary equipment will be 
located in a work-shop, heating of which can be solved thus 
ensuring operation all the year. 

Surf ace mining plant 

1. Production technology and selection of machines 

Main aspects of selection are as follows: 

- initial data determined in article 2. 
- required capacity, distance of transpo~tation, reliability, 
- mobile machine system, 
- development characteristics of upper bed and the caw 

material. 
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2. Production quantity and capacity of the mining plant 

The parameters are as follows: 

Mining product required for the 
preparation plant 

Factors effecting the raw material 

production are: 
- moisture content: initial data 

data of the 

end-product 

- production, storage, transportation 

loss /on the basis of data from 

the literature/ 
- dust-shield loss for the complete 

technology 

Description of mining technology 

20,000 t/year 

max. 6\ 

max. 0.4% 

max. .21\ 

J\. 

Mining is performed .at two levels. At levels designed for 
mining rock-chopped breaking will be arranged depending on 

the hardness of rock. 

The following levels are to be designed in the mine: 

Level 

0 

I 

~eight /m/ 

5-7 
1. 5-J 
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Slump angle of mine-wall will be 70° o~- 90~ in case of 

waugh perlit development. 

In case of unfavourable rock conditions the slump angle will 
be decreased to an extent stipulated by the the chief 

~echnical manager-in-charge. 

During planned •ining perlite development can be performed 
at one level and dead rock removal at the other. Both types 
of breaking areperformed by explosion and rock chopping 
depending on the hardness of the rock. 

Formulating of drill~holes·can be executed by drilling 
machine of· type BOHLER. The BOHLER type drilling machine 

is erected onto a light steel structure with 3 tyres, and 

is operated by compressed air. The drilling machine requires 
a mobile compressor of 550 m3/hour capacity and p=6 bar 

pressure. 

Drilling in the us~ful material is performed downwards •. 
Dead bands are exploded separetly by using explosion holes 
drilled downwards or in horizontal level. 

For explosion paxyte-catridge of 100 and 1000 g and bulk 
ando or in 1000 g package is used. 

Starting the explosion material is performed by using equipment 
of RY.G type or electric cap type PAG. 
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The exploded useful or dead material is loaded on truck of 

type KAMAZ by excavator type BP.YOT X42. Then useful material 

is transported to a transitional storage facility /on west of 

the mine/ while dead material is delivered to tne eastern 

part of the mine. 

Height of the refuse dump is 12-15 m. Around the dump warning 

sign-boards have to be set up. 

Rock-chopped breaking is expected to be J0~40\ of total 

production. 

Type of machine is KOMATSU 0 155 A-1. 

Working by the machine on an area slope-angle of which exceeds 

25° or incline angle of which is more than 35° is forbidden. 
The maximum an9le of cross-inclination can be 15°. 

The edge of the site bordering the mine-yard and the ramp of 

dump is to be marked out by a barrier of lm heiQht and 2 m 

width. 
The machine pushes the material already loosened by explosion 

or rock-chopping by its push-plate to the constructed 

barrier thus gettinn through the mine-wall and forming an 

other barrier there. 

At tne bottom of mine-wall within the territory of the. mine 

loadinn and other handlinn activities are allowed to be 
performed on 10 m distance from the normal projection of the 

machine at mine-yrR~ 3r··on distance equal ~o the height of 

the mine-wall. 
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Safety reQuirements of mining 

Mining may be executed on the basis of actual technical 

development plan. 
The supervisor engineer has to ensure that ail the technological 

stipulations and safety requirements be met. 

The technical development plan - •apart from the main 
parameters of production - has to contain the following 

data: 

1. Maps 

2. Production losses 
3. Occured mining demages during the planned mining activity 

4. Porar content 
5. Mouldering danger 

6. Orainage 

7. Communication and lighting 
B. Other health care provisions 

9. Labour-safety tc~ining. 

Machines required for the operation of mine 

Excavator: 
Drilling machine: 

Compressor: 

Truck: 

Rock-chopping machine: 

BROYT X42 EL /Norwegian origin/ l pc 

BtlOL(R TKO 2/35 /Austrian orinin/ 
l pc· 

OK-660 /Czech and Slovak urigin/l pc 

KAMAZ of 10 t capacity /fr~m USSR/ 

3 pcs 
KOMATSU 0 155 /Japanese origin/ 1 pc 
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PERLITE PREPARATION PLANT 

TECHttOLOGICAL OESCRIPTIOtt 

Crushing, middling, drying. 

Raw perlite of 0-600 mm grain size is delivered to +he covered 

loading mill by truck type KAMAZ. The loading mill is 

equipped with a 280 mesh breaking grid thus rock of greater 

grain size has to be bumpered. Loaded perlite is put through 

a feeding vibrator screen from the loading mill to the 
jaw-breaker then crushed into 0-60 mm grain size to the conve­

yor. Material separated by the vibrator screen passing round 

the jaw-breaker is getting to the conveyor as well. 

Perlite fracture on the conveyor is put through the switch-shute 
to one of the feeding tanks and .through one of the feeding 
vibrators to one of the breakers executing post-breaking. 
From the gravity chute perlite broken to 0-5 mm size is put 
on the conveyor then through the throw-off end to the 
cylin~rical drier. Dried perlite will get to the vibrator. 

riffle. located under. the discharge work of the cylindrical 
drier, then is put to the transloading conveyor.Thro~nh the 
throw-off end of the conveyor the material is put onto the 
elevator then delivered to the bumping table. 

Taking into consideration the strict ~egulations of environment 

protection, technology considers requirements of both the 

flue gases and dust control at the work-site. for this 2-phased 
intensive dedusting system, cyclon .• plant for dedusting 

and heat-resistant sack dust filter have been installed for 

dedusting of flue nases, from which filtered flue gases 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 44 -

are exhausted throughventillators to a chimney of 36 m height 

and then pushed to the air. 

Post-breaking and bumping plant 

Material broken into 0-5 mm size is conveyed to bumper on the 
top level of the work-shop. The bumper is of double-section, 
and is equipped with steel screens of 2.5 and 1.6 mm 
f2.5.mm grain set of the bumper is put onto 2 pieces of 
cylindrical breaker operating as a continuous post-breaking 

system. The closed circule of grinding and bumping is 

supplemented by the conveyor and the elevator passing the 

broken material back onto the screen of 2.5 mm. 
The product of 2.5-1.6 mm size of the screening equipment-is 

an end-product which is direct:y put to the storage bin. 
The lower product pushes the material to the loading mill 

of the second bumper through the conveyor. The second bumper 

is equipped with screens of 1.0 and 0.5 mm size. 
Both the middle product .ar.d ~creeni"flgs are put to the storage bin 
no. III and IV as end-products. 

General dedustin!J of work-places and delivery points is ensured 
by 1 piece of intensive sack dust-filter of JET type, through 

which filtered air is transmitted to the air throu!Jh the 
chimney on the top level by ventillators. 

A horizontal long conveyor will be built-in under the storaQ~ 

bins delivering tne ke~n.bumpeted nerlite to the first 

vessel of the perlite expansion plant throunh a slant conveyor. 
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Location of architectural facilities 

Location of facilities is to be arranged according to the 

drawings. 

Hain technical data of facilities 

Building for raw material passing 

- internal arra: 

- basic area: 
- cubic space: 

- number of levels: 

- building height: 
- web height: 

7.50 x 5.50:::m 

30.25 m2 

444.6 cm 

2 /+2.20; +6.30/ 

+11.60 m 

+14.70 m 

B~ilding for middle breaking 

- internal area: 
- basic area: 
- cubic space: 
- number of levels: 
- building height: 

· web height: 

Building for electric 

- internal area: 

- l.Jasic area: 

- cubic space: 

- roof height: 

7.50 x 5.50 m 
41.25 m2 

509.0 cm 
3 /+4.50; +7.65; +9.75/ 

+12.50 m 

+14.30 m 

switch-gears 

4 x 0.27 m 

33.0 m2 

70.0 cm 

4.5 - 3.1 m 
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Environment protection 

Technological planning meets the requirements of provisions 

of environment protection and air pollution in force. 
There was no reason for deviation from the provisions. 

After technolo~ical installation there will be 1 dust emission 

source at 30-50 m height./for flue gases/. Permissible 

dust emission of limit value of category is as follows: 

Technical data of dust emission source 

Height: 
Diameter: 
Quantity of exhaust air: 

Air velocity: 
Dust load expected: 

Oedusting efficiency: 
Permitted exhaust dust concentration: 

Calculated dust concentration: 

Separator: 

Surface: 
Manufacturer: 
Material of filter sack: 

H= 35.8 m 
e 1280 m/m 
2 x 12,000 m3/h = 

3 = 6.6 m /sec 
5.18 m/sec 
26~0 kg/h = 110 g/m3 

99.9\ 

C= 2330 mg/m3 

C= 125 mg/m3 

2 pieces of IF-JC 50/3-2 
type INTENSIVE FILTER 

2 x 175 m2 

VENTIFILT Hajdun~n~s 
NOMEX N~-RA-V 600 H+S 
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The most up to date dedusting PQuipment available at present 

guarantees dedusting to appropriate extent. 

Material delivery points are connected to the technological 
dedusting system, cross section of pipes and air quantity 

of which are adequatly calibrated. 
In case of maintenance services or break-down dust protection 

of the workers is to be ensured. 
for this purpose the dust filter respirator is to be used •. 
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PERLITE EXPA~SION PLANT 

Perlite expansion plant joins the raw oerlite preparation 

plant at a level of +S.40 m after leaving the mixing conveyoc 

located under the storage bins containing 4 different 
fractions of the prepared raw perlite. Raw p~rlite.mixed in 

reasonable manner for perlite to be produced during expansion 
' is passed to th~ prebeatment drum where reguired:adjustment 

of the bounded water content of perlite is executed. 

Dehydrated raw material passes to the furnace area through 
a feeding hole located on the side-wall of the shaft kiln, 
where expansion is performed from downwards by the help of 

heat transmitted by an oil burner. The expanded material 

is put to the separation cyclone, where it is cistributed 

according to different sizes, then is delivered to the 

storage bin of er.d-products from where it g;ts to the sack­
feeding equipment. 

Sacks full of perlite are then loaded on pallets, forming 

bulks and the bulks are delivered to the store-house by 

electric-driven hand-car. 

A perlite grinding mill can be installed bet~een the 

cyclone and the storage-bin of the end-product for produ­

cing filter-aid perlite. However, it is not necessary 
since 2000 m3 filter-aid perlite per year can be extracted 

from the dust-separator. 

The complete technology of the Austrian Perl Mineralstoff 
Gm~H, St. Polten have been chosen, which meets the required 
capacity. This is the most energy saving system among the 
known types ot ~quipment, its separation accuracy is good, 

and c~n ensure operation at higher temperature than that of 
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the routineprocedure. 

Basic data of technological eQuipment 

Type of equipment is PEA -650 HP. 
The parts of the equipment are as follows: 

Shaft-kiln for perlitE expans!on: /Type PEA-650 HP/ 

Expansion capacity: about 0-30 m3/h depending on the quality 
and grain size of perlite. 

Expansion temperature: maximum 1200 °c. 

fuel demand: 

Maximum hourly oil 

demand: 

Built-in electric 
capacity: 

10-25 l/m3 of e~tra light fuel oi~ 
calorific value of which is 10,200 kcla/kg. 

250 l/h. 

50 k'rJ /27'1/JflO V., 50 Hz/ 

Inclined tubea preheatment kiln: /SRV 450 type/ 

Perme(jbili ty: 

Temperature: 
Specific eneroy 

demand: 

cc. 2t/h raw perlite 

200-350°C 

cc. 25 kg/h extra light fuel oil 
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Fuel equipment: /type PEA-650 HP/ for the expansion kiln 

Pressure: 
Energy demand: 

Viscosity of fuel at 
the burner : 

Pressure demand of 

air mixing: 

2-3 bar with constant calibration 

see Shaft-kiln for perlite expansion 

plant 

b cc. 1. 5 E 

3 cc. 0.3-0.4 Nm /kg. 

Radial ventillator of air necessary to burning 

Delivery capacity: 

Total pressure 
difference: 
Operating motor: 

capacity: 
revolution: 
voltage: 

cc. 76 Nm 3.lmin. 

20 mbar 

5.5 kW 
2800 r/min 
220/380 v 

frequency: 50 Hz 
form of set up:B 3 

method of 
protection: IP 44 

Electric switch-box 

Built-in equipment are as follows: 
- self-control system, 220 V 

automatic contrcl equipment, switching is performed 

according to · DIN 4787/80, 220 V 
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- electric wire-system unit with signal instruments 

and operating elements 

Separator of high-capacity /type PEA-650 ZY/ 

Main dimensions: 1090 mm x 5280 mm 

Cooler·of free fall /type PEA-650 MK/ 

Main dimensions: 600 x 600 x 1100 mm 

Ventillator for cooling air /Iype PEA -650-AXU/ 

Free-exhaust ventillator 

Air capacity: 

Motor capacity: 

Revolution: 

Voltage: 

cc. 4200 m3/h 

0.55 kW 

1400 r/min 

220/JOO V 

Cellular cut-off unit /Type PEA-65U-ZS/ 

Operating motor: 2.2 kW - chain driven type 

Ventillator for cooling air /Type PEA-650 AXU/ 

Free-exhaust axial ventillator 

Air capacity: cc. 4200 m3/h 

Motor capacity: 0.55 .kW 

Revolution: 1400 r/min 

Voltage: 220/300 V 
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References of the outlined perlLte expansion equipment 

are as fallows: 

1. Perlite GmbH, St. Polten, Austria 

2. Dational Ore and Mineral Co., Hungary 

3. Wittersdorffer und Pegauer Zementwecke 
Peg au 
Wittersdorf 

4. Steierische Montanwerke A.G. 
Leoben 

Bad Aussee 

5. Schmidt und Co. Wopfinger Kalkwerke 

6. Saudi Suspended Ceiling Col. Ltd., 
Saudi Arabia 

/further 9 kilns are in the phase of order./ 

Pieces 

4 

l 

2 

2 

l 

l 

l 

l 



• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 53 -

PLANT FOR MORTAR AttO PLASTER ~AttUFACTURittG 

TECtWOLUGICAL OESCR IPT IOU 

Basic materials are delivered to the site by tankers and .are 

put into storage tank by using pneumatic ~ethod. 

Chemical additives are transported to the site in sacks and 

lifted to the level of chemical tank by the help of elevator. 

Determination of characteristical data of both the basic 

materials and chemicals is performed by electronic measuring 

devices. The determined materials are homogenized by mixer, 

and are distributed into sacks by sack-filling equipment. 

The szcks are put onto pallets and are delivered to the store-
house by manual fork-lift. The plant is operated 

auto~atically by process-controll. The coordinator of processes 

monitors the manufacturing process from the centre by 

the help of signal and controll units located on the controll­

~oatd. The plant is ec,uipped with devices for technological 

end environment dedusting thus being totally dust-free. 
Cap3city: 25.coo t/year 

Condi ti ans to be ensured 

1. Electric connection: 

2. Compressed air supply: 

/without re-feeding/ 

Voltane: 
Capacity: 

Pressure: 

Capacity: 

fluality: 

300 V/50 ttz 

400 KVi\ 

6 bars 
200 flm

3/h 

oil-free 

3. Delivery of basic material is executed by tanker suitable 
for pneumatic method of delivery. 
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PLANT FOR PARTITIOH WALL ~AHUFACTURl"G 

Parameters of olaster-perlite partition wall-par:el 

It can be u~e~ for separ2ting living-areas and constructing 

partition walls /see Annex/. 

The main parameters are as follows: 

Basic material: plaster, perlite and water 
Dimensions: JJJ + 2 mm x 500 + 2 mm x OO+lmm 

Weight: 15-18 kg/~anel 

Bending strength: 1.5 MPa 

Fire-resistance limit: T.V 1.5 hour 

Parameters of basic materials 

- Technical parameters of plaster have to meet the neQuirements 

of standard OHi 16100. 

- Technical oarameters of perlite /type Pl/ are as follows: 

Loose a~rnlomeration: 00-120 kg/m3 

Nominal grain-size: 0.5-2.0 mm 

Rate of fractions under 
0.32 mm < 20 mass per cent 

Rate ot tractions between 

1.0-2.U mm > 15 mass per cent 
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Dead material content: 

Temperature of application: 

Imflamable 

~5 mass per cent 

aoo0 c 

Technological description and data 

Dimensions of work-shop necessary for the installation of 

manufacturing line are54 x 9 m, minimum inside height is 

3.4 m with minimum 1 piece of door of 2.5 x 3.0 m size on one 

of the longitudinal frontages. 

The end-product storage-house equipped with drainage system, 

is covered with concrete. Its dimensions are 50x75 meters 
for storing bulks - loaded on pallets of type EUR /size 

800xl200 mm/ covered with sintered folie - during the 14 days 

of post-solidification. 

Transportation of basic materials can be executed by road or 

railway tankers. In case of railway transportation extraction 

is performed by extracting bridge and fluidization transpor­
tation device. 

Oasic materials will be stored in metal silos of 94 m3 volume 

in case of perlite. Powders are put to the measuring and 

mixing unit by the help of screw conveyors. Material mixed 

with water is forwarded to the mouldinr, system through a 
homogenizator where 2 pieces of impression beam operatin9 
facing each other and equipped with profiled impression 

sheets apqlomerate the filled-in mixture into partition-wall 

units. The just agglomerated units have to be kept in 
ageing equipment for J hours, requiring no artificial dryin~ 
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/energy consumption/. 
Transloading of walling elements onto pallets of EUR type 

followed by packing into sintered folie will be performed 

in the collecting and packing unit. 
The manufacturing line is controlled by a free-programmable 

electronic system. 
Bulks packed onto pallets are delivered to the store-house 

and transportation vehicles by manual fork-lifts. 

In order to re-utilize the waste ~aterials and defected panels 

resulting from the manufacturing of the partition-wall panels 

they will be crushed intc grain-size easy to handle and will 

be stored in metal silos. According to practical experience 

the Quantity of these materials i~ cc. J-5 mass per cent. 

Energy demand 

The main parameters are as follows: 

forced draft network: 

Electric capacity demand: 
Industrial water supply: 

LP-Has demano: 

Labourf orce Oemand 

0.9 ~Pa pressure 

9 ~m 3 /h 
120 kW 

70 l/min 

J.6 kn/shift 

6 persons-manual worker plus 

2 persons ~upervisors are required per shift. 
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Manufacturing capacity 

The moulding equipment mouldes 19 pieces of partition-wall 

panel in every J minutes. 
Operating in 2 shifts and calculating 870 minut~s of effective 

working period the capacity will be as follows: 

/070 min/J min/ x lB pieces x 0.5 m x O.JJJ m = 069 m2
/ 2 shifts 

Capacity of the manufacturing equipment in case of 2 shifts 

is 869 m2/day. 
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Figure tlo. 6: Partition-wall panel 
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t-:ANUFACTURHIG JOINT AtlO CHl[NTHIG MORTAR 

for the erection of partition-wall panels into walls 

joint and cementing mortar made of special gypsum-mix is used. 

Producing this special powder-mix is performed according 

to the following: 

a. Basic materials 

The mixture consists of the same gypsum as that used 

during manufact~ring partition-wall panels. 

Mo5e·than 90% of this mixture consists of gypsum. 

Proportion of other additives is so insignificant that 

it not necessary to construct a separate storage device for 

it. 

b. Technological data 

for the installation of the mixino plant a building of 

60 m2 basic area and 16 m inside heinht is requiredr 
and shall consists of 2 levels. 

The nynsum is stored in a metal silo of 2~U m3 • 

It is delivered to the measuring unit by a screw-conveyor 

than to a powder-mixing equipment throu~h a ch11 te. 

The other additives are delivered here by manual manipula~ 

tion. The mixed powder will be passed to the measuring 

packinn unit where distribution into sacks is performed. 

c. Energy demand 

Compresscrt n i r network: o.? MPa 
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Electric capacity demand: 12 kW 

d. Labourforce demand 

3 persons-manual workers plus 

1 person s1.,.perv1sors 

e. Manufacturina capacity 

The capacity of the plant is 10 t/shift. 
/This capacity is enough for twice as much quantity of 

partition-wall as offered for the partition-wall panel 

manufacturing machine./ 
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Description of buildino structures 

Earthwork: 

Foundation: 

Steel structure: 

Roof: 

Trench excavated to the load level. 

Made of monolithic bulkhead and unit pier 

according to the foundation drawings. 

Supporting structure manufactured according 

to unit drawings, situated on angle frames 

in each level, struted by wind-brace in 

each level and of hot-rolled section 

ensuring support of the technolqgical 

equipment at the same time. 

Rolled section steel beam covered with 

corrugated iron. 

Roof covering: Aluminum trapezoical corrugated plate. 

Outer coating: Aluminum trapezoidal corrugated plate. 

Doors and windows: Doors - made of steel plate. 

Ventillation: 

Windows - with double glass, of belt-system 

settin~ in, fixed to the steel structure. 

In a routine way, using balance-windows. 
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5. ) 

IMPLEMEtHATiml SCHEDULE 

1. Raw, gravel m1n1ng product 
The followinn activies are required for the out-put: 

1.1. Creation of the mine, designing the mine­

si te 
Company responsible: 

Consultant-engineers 

1.2. Procurement of mining, transporting 

and service equipment 

Company responsible: 

Contructor 

1.3. Set-up, arrangement an0 putting 
into operation of the site buildings 

Company responsible: 

Contractor 
The expert of UNIDO 

Consultant-engineers 

1.4. Construction of the transportation road 

an~ railway transloading point 
Company and persons responsible: 

Cons tractor 

The expert of UllIOO 

Consutlant-engineers 

3 months 

6 months 

2 months 

4 wccl:s 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2. 

- 63 -

1. 5. Ensuring railwy transportation 

Cumpany and person responsible: 

Contractor 

Mongolian Railways Co. 

Customer 

Raw perlite prepared for expansion 

The following activites are required 

2.1. Technological designinn 

Company responsible: 

Consultant-engineers 

2 weeks 

for the out-put: 

3 months 

2.2. Manufa~turing steel structure in Mongolia 

and supervising the designers and key-

personnel 2.5 months 

Company and persons responsible: 

Contractor 

2.3. Procurement of machines 6 months 

Company responsible: 

Contractor 

2.4. Implementation of construction works 6 months 

Company and persons responsible: 

Contractor 
Consultant-en~ineers 

Experts of UNIOO 
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2.5. Erection of technological equipment for 

receiving raw material, drying and preparation 3 months 

Company and persons responsible: 

Contractor-
Designers, technology 

Experts of Utl!DO 

2.6. Trial run 

suppliers 

Company and persons responsible: 

Contractor 
Designers 
Technology ~uppliers 

Experts of UNIOO 

3. Expanded bulk perlite 

2 weeks 

The following activities are required for the out-put: 

3.1. Technological designing 
Company responsible: 

Technol~py supplier 

3.2. Manufacturing steel structures in Mongolia 
and supervisin~ the designer and key­

mounters 
Company and persons responsible: 
Contractor 

2 months 

) Ii!Ollths 
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3.3. Procurement of machines 

Co~pany responsible: 

Contractor 

3.4. Implementation of construction 

works 
Company and persons responsible: 

Contractor 

Experts of UtHOO 

3.5. Erection of perlite expansion plant 
Company and person~ responsible: 

Contractor· 

Technology supplier 

Experts of UtHOO 

3 .. 6. Trial run 
Company and persons responsible: 

Contractor 

Technoloqy supplier 

Experts of UHIOO 

6 months 

6 months 

5 months 

2 weeks 
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4. Gypsum-perlite partition-wall units 

The following activities are required for the out-put: 

4.1. Technological designing 

Company responsible: 

Consultant-engineers 

4.2. Procurement of machines 

Company responsible: 
Contractor 

4.3. Implementation of construction works 
Company and persons responsible: 

Contractor · 

Experts of UNIDO 

4.4. Erection of partition-wall and cementing 

material manufacturing plant 
Company and persons responsible: 

Contractor 

Technology supplier 

Experts of WIIOO 

4.5. Trial run and training 
Company and persons responsible: 

Contractor 

Technology supplier 

Consultant-ennineers 
Experts of UMIOO 

6 weeks 

6 months 

6 months 

4 months 

2 weeks 
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5. Pre-manufactured, perlite-base, dry mortar and 

plaster mixture 
The following activities are required for the out-put: 

5.1. Technological designing 
Company and persons responsible: 
Consultant-engineers 

5.2. Procurement of machires 
Company responsible: 

Con tractor 

5.3. Implementation of construction works 
r.ompany and persons responsible: 

Con tractor 

Experts of UNIOO 

5.4. Manufacturing steel structures 
Company responsible: 

Contractor 

5.5. Erection of technological equipment 
Company and persons responsible: 

Contractor 

Technology supplier 

Consultant-en~ineErs 

Experts of UNIOO 

2 months 

6 months 

6 months 

2,5 months 

6 months 
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5.6. Trial run and training 
Company and persons responsible: 

Contractor 

Experts of UtHOO 

2 weeks 
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A N N E X E 5 
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EXPLANATION OF EXPRESSIOMS ANO PHRASES 

adhesive water content 

annealing loss 

bound water content 

cell wall 

dehydration 

dead material content 

rate of expansion 

floating part proportion 

flow time 

grain size distribution 

gross dry mass 

gross wet mass 

chemically not bound water to be found 

in perlite rocks ( mine l"K.Jmidity , 

roisture etc. ) 

loss of mass of perlite rocks due to 

loss of bound water when heating up 

to annealing temperature 

che~ically bound water in perlite 

rocks 
solid frame between the pores of 
expanded perlite 

decrease of bound water content of 

raw perlite 
portion of not expanded perlite 

rate of multiplication of volume of 

perlite grairs in the course of 

expansior. 
proportion of filtering aid materials 

floating during filtering 
period uncer which 100 ml water ( in 
13.3222 Pa vacuum, through a sieve of 
40fcm holes ) overpasses a suspension 

of 70 ml filtering aid material 
number of pieces a raw perlite grain 
spl~ts into during expansion 
total weight of fully expanded perlite 

and the pattern together ( dry perlite) 
total weight of wet raw perlite and 

the pattern 
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heavy expanded perlite 

r.eavy raw perlite 

light expanded perlite 

light ra\·1 per lite 

loose ~nsity 

rredium expanded perlite 

net dry mass 

pre-heatment drum 

specific surf ace 

solid density 
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expanded perlite with density over 
150 kg/m3 

r;:. .. , per lite from which exp::nded perl i te 

with density over 100 kg/~3 can be 

reached under specific conditions 

expanded perlite with density under 

100 kg/m3 

raw perlite from which expanded perlite 
with density under 100 kg/m3 can be 

reached under specific conditions 

density of not expanded perlite 

expanded perlite with density between 

100 - 150 kg/m3 

fully dried raw perlite witout pattern 

equipment to decrease or eliminate the 

adhesive and bound water content of raw 

perlite 
normal surface of unit weight of 

material 
density of perlite reached by vibration 
or shaking , i.e. corapacting till 
constant volume 
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SAMPLE LIST 

Segment Location of Sample 
Collaction 

II. Graben, North of Drilling 
6. 

II. Graben, North of Drilling 
49. 

II. Graben, from the side of 
shaft 76. 

III. From South end of Graben 
30 m North 

III. From North end of Graben 
10 m Sout:1 

III. Drilling 46. 

III. Drilling 2. 
Drilling 5. 

III. Dril!"1g 5. 

XI. Drilling 44. 

VI. Drilling 32. 

VI. Drilling 32. 

VI. Drilling 38. 

VI. Drilling so. 

VI. Marmot-ho la, 60 m East-
North-East of Drilling 50. 

x. Drilling 39. 

x. Drilling 37. 

From the deposit explored 

II 

.Annex 4. 

Type of the Rock 

Perlite (black) 

Tuff with perlite 

Tuff 

Per lite 

Tuff with perlite 

Tuff with perlite 

Tuff with perlite 

Perlite (grey, a bit 
globular) 
Perlite (dark greenis 
grey-black) 
Perlite (dark areenis 
grey, partly globular 
Perlite Credd~sh1 

Tuff with perlite 

Tuff 

Tuff 

Perlite (black, stron 
ly globular) 
Perlite (black) 

Tuff with perlite 

Pieces of perlite 
taken out 
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Annex 5. 

I Adhesive water content of ~erlite saroeles 

collected in Mongolia 

I 
I Gross Gross Net Deso:-ption Adhesive 

Sample Tdra wet dry dry water water 

I m:iss mass mass content 
g (Y' g cs ll ' c ,J 

I ZU- 1 630 2052 2052 1372 0 0 

ZU- 2 686 2052 2030 1344 22 l,G 

I ZU- 3 682 1090 1850 1168 40 3,4 

I 
ZU- 4 508 1910 1910 14U2 0 u 

7.U- 5 518 1515 1478 960 37 3,05 

I ZU- 6 GGG 2115 2100 1434 15 1,05 

:;u- 1 722 2175 2142 1420 33 2,32 

I ZU- 0 497 1440 1440 943 0 0 

I 
ZU- 9 435 1910 1910 1425 0 0 

ZU-10 J90 2026 2026 1436 0 0 

I ZU-11 603 1660 1658 1055 0 0 

ZU-12 GlS 1600 1580 962 20 2,08 

I ZU-13 608 1766 1725 1117 41 3,67 

I 
ZU-14 460 1201 1180 720 21 2,92 

ZU-15 6~.2 2041 2041 1399 0 0 

I ZU-lG 177 1213 121) 10)6 0 0 

I 
Im- 1 357 1222 1212 855 10 1,17 

ED- 2 650 2295 2295 1645 0 0 

I 
I 
I 
I 
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Chamicct ono~ysis ci the mon<Jc:icn per!ite 

ZU-1 zu-2 ZU-3 ZU-4 ZU-5 ZU-6 ZU-7 ZU-8 zu-s ZU-10 ZU-11 

Na 20 3,24 2, 10 0,31 3,03 l,41 2,67 2,39 3,C9 3,30 3,34 3,27 

~;O 0,25 0,67 l, 12 0,30 0,88 0,49 0,47 0,29 C,25 0,25 0,26 

Al203 13,29 12,68 ll,64 13,09 12,46 12,92 12,65 13,25 13,20 13,19 13,24 

Si02 71, 19 69,47 65,05 70,45 65,37 69,35 67,39 70,65 7C,49 71, ll 70,97 

so3 
( 0, 10 •0,10 <0, 10 <0,10 ~ 0' 10 <O, 10 <0, 10 <0, 10 <0, 10 <0,10 ( 0, 10 

K20 4,89 3,89 l,85 4,73 3,12 4,58 4,28 4,61 4,63 4,87 4,80 

CaC 0,96 l,62 2,97 l,15 2,72 1,12 1,17 0,89 0,90 0,92 0,92 

T102 0, 18 0, 19 0, 16 0, 18 0,17 0, 19 0, 15 0,19 0, 16 0,19 0, 18 

Fe 2o 3 l, ll l,07 0,65 1,05 l,15 1,12 0,86 l,02 l, ll 1, 17 l,13 

l~ss or. 4,Sa 9,34 16,27 5 ,9 l 12,75 7,60 10,62 5,0.! 5,96 5,31 5,24 
lg!"l•:ion 

\ 

- - - - - - - -

ZU-12 ZU-13 Zu-14 ZU-15 

l,85 0,83 1,69 3,44 

o,el 1,15 0,00 0,26 

12,54 ll,62 12,33 13,04 

67,05 65,83 66,03 70,73 

co, 10 < C, lC 10, 10 <o, lo 

3,50 2,52 3,34 4,53 

l,66 2,03 l, 57 l,07 

0, 13 o, 15 0,17 o, le 

l,17 0, 72 1,10 l,14 

11, 26 lS, 15 12,90 5,62 

ZU-16 E8- l 

3,31 2,99 

0,22 0,2'3 

13, 31 12,27 

71, 17 73,55 

co, 10 '0, 10 

4,76 4,54 

0,87 0,60 

0, 19 0, 11 

1,06 1,00 

5. 14 4,65 

E0-2 

2 ,c;,9 

0, 13 

11,93 

74,Sa 

. 0, 10 

4,92 

0,52 

c, 11 

1,0 l 

3,82 

•> 
I ;:I 
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specific \·tei[h ~ . 1 
e:·:.p:_!nr:~!!. 

.After dehydration After e:(pansion 'fe1:~pe- ~, -, ... 
u---· gas 

m~) g/l 1'2. t u:~e p1-:~:; ~ure 

~ ,... ..... 
.Lv) oC 250 oC QC 105 oc 250 QC oc c.c p2. pa 

9.60 4.11 238 l "'"> I..> 1240 2·v, _,,v 8G 

properties of expanded products I 
Grain size distribution 

-
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Grain size distribution 
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After dehydration 
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13.44 
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specific v!eight 

After e:;;:pansion 

0 c 105 °c 
4.10 
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oc )CO 

165 

properties of expanded products 

Grain size distribution 
Signe 
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1240 

Speci­
fie 

wei[Iht 

pa pa 

230 80 

rr.:e~sure-­

de2.cl r:,ent 0:11 

,, .1 O:cc:a~~o.-c on c en· 
r;e 

m "'' C• ~,-(n,. I ,· ........ ~~~ .·. 0 ?r.; b ,...~ ~ ,.. 0 i:: 1 1 A r: /1 ., 
1--_L-Q-)-Ol;--,-~'-;-~~-~-i_t __ ,- ,_, •')-V'2_ -~O~--~-r-- __ c ___ -_ - "TZ • i 
---~~ _____________ 

1 

________ L ____ 

1
, ____ J __ ~-----}------~ 

:,-,." 11 q F ,, -, ;:" 1 I J. ;' ] : :· r.. -:: I 
300 c .t,r.:·~-- ---~- -----~.:.: __ .n_~_..:._

1 
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~ate~ content specific weich~ p~ra~ete~2 of 2~p~~s~a! 

·'_ ... :_A_' 
:~.L ... _.:. e.7-pmrnion 'i:c~::i12- c:.ir f:C!.S 

[._/l l""C ~ :.12":! p!.·e ::tu.:-~ 

·-
105 oc 230 oc oc 105 oc 230 oc oc oc P2- pa 

7.51 3.75 205 142 1240 230 so 

properties of expanded products 

~; ,...,.,:""\ 
1..i-~_:- .. ··-

... ·- •··· ·- .. ---···-·· -1 
'. ·'. . 
'•··. 
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~ .. 'f"::~. ~"'t·t" ·:·~~ ----------

After cehydratio~1 

g/l 

l05 °c 250 °c 0 c 105 °c 250 °c 

10.27 J.81 322 202 

o,., 
v 

o,., 
v 

1240 

pa 

2):) eo 

properties of e:::::panded products 

Speci- ·. easure 
Grain size distribution dead r:i!ent on 

s:.;:ne f ic 
con,_ on i breo.I:o. -1 r.a \';eight •• v --- r;e 

;~ ECS1..;rin..; I 
1 r , .,)-U, 25 'r c s 1·1 s i i -C.. g/l ·~, .. .: - ,.... 

unit _., -:>- l u, -- - . ,, .... ) ;:l. s .J • 

- .. ~1 

--- __ _]___ ---1-~ ,,,_., 
105 °c 

t f'.:~ 

-250~tt --------- ~-- E-------, ----
r ( (', r: -.r ,. r,-,/ ""''' " ' 

_ , • 4 -~L:._ __ ~_:_4 __ _;~_l_:__"_ ----"-:::::____J_:'.:'.:."J , _,1 J 
J ,.,,,..' ______ _J_ ___ J_ .. ________ _J ___ L __ __L __ :,, .l,J 

t..-- -- ------ -

1----- ------- -----·-- ------- ----------- ------·-----------·-------------
10? c -·--- ---·-·-- --------- ---·-------- -·------------ --------------------------' 
?.50 c r. 11" J. _,I i l. 'i (, H~(:vy re-.•·./pt?rli~e orr~ 
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0 c 105 °c 200 °cl oc pa 

j.66 203 128 I 1240 238 80 

properties of expanded products I 
size distrib~tio~ 
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-. . . 
i·c::::_~ .. ~ 

- -:-1 
':;::-~t::-:.· co:1-=:2n-t specific weigi1t pa~'"22~ t e!'S of e:·:?~!!lS :11 

A:ter dehydration After e~:pan::;ion ifc;:1pe- ai::..- gas I 
ti'~ g/l ratw.·e p:-c~ ,sure 

105 oc Q QC 105 oc 200 oC QC cc 200 c pa pa 

5. 74 4.2 156 98 121io 230 80 
_j 

properties of expanded products 

Grain size distribution 

mm 

Speci­ rmeasure-
de8.cl 'ffien t on f ic . . 

0rc""+ 1;:£l.­\-1eight content - , __ 
r:p 
c.;-

~ J-0,25 J,25-0,5 0,5-1 1-'l· ~ g/l I nt; I m.sz. I 
io s c \~ I t f:?~ r----------------- - _J 
·-- ~---i----- ---·~··---r -----

?o,.: c r[!:i;; ____ --~i. r; __ ~-!!-. 1 i-!_f!. 'f __ )_~_:-~_ r--7-·.~------·---- r. ·!l_I '.. ~' I 
____ ---·~~~~-- _______ L _________ L ________________ l ________ l ____ L __ 
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-· i ··· . ~;- ,_. 

·: .. :.. t e :.: content specific \·;eight I '"'·1P2~e"i-o'~"' !"''- ... -··· ""'-..L" of ~ ••l""\-V''I ("'·=rt < •• ·,~·.C! '•-' -'~ 

/._ft er dehydration .A.ftej: e.:-.;:p:::.l1s:on ·~c:::pe- ~11· gas 

105 oc 

4.92 

.. g/l r.!~.J 

200 oc 0,.. 
\J 105 oc 200 oc 

).85 90 91 

properties of expanded products 

size distribution 

o,, 
Iv 

rature 

oc 

1240 

Speci­
fic 

\'/eight 

p1·e1u.:-e 

pa pa 

230 60 

measure._ 
dead tr."!ent on 

content b.!.··eal~a­
ge 

:::ecu-~~~.gL)-0,25 P,25-0,5 0,5-1 1-1~ rr/l m):i n.sz. 
, .!t.L.t.. ·r __ ..__ ____ ._ ____ j..._c:: ___ --1---·- ----+ 

----·-----i--------- -----·-----. 
~;l~~ 

105 °c .~---' ;· -~.·.' 
~---L-:'~-- -· ---- ------ ------. ·-

~(_)\._) _c _g;,~]-___ -__ ~_ i~_L _ i g. 5_J_2_6..:_ o-----=~-~~_= 1-=-.-:-J..:.==L~_o_t:. 05 
---··-···-·r :~~~-~ :;-.~:.~1~----:·:~~;r~-.1~;.~;,1·· --- . ;;~~:-~~;:,~ ;~~:~ ---~.~.:.·1 ~LI~'·.:·:-~~:-~:;:~~--;~~--------

:-Jj.::_:nc . . , If ,. 
!~10:! t o!f :; i.t1 lci o.t' ·1c· " '- - '-·l.- · '·' l, 

r~i: ::an~; J p!·odur. ~ :; Lrcn;r i:11 • ". 

'J 

nr·.1 It 20 ~~ ·10 ~~ 
~---- ·- -- --- - -- . ----- - ---- ---· ·-----· ---- ...... --------··----------- ------

105 c 
2~0 · ~~~ ::!~~~~;- ~-1~;~~-_c;·~~-r-_i~:·~-~--~ ---~_-?_:._i.?.~~J-~~~~~~:'_~~~~-~-~-~!~1~.-~--~re·:-__ 
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- • • • : ~ • ". • • • : I~ .._ • ------------·--

Z:;- 11 

I '\""'~'1'1~-"·l rr: 2[.- 2C-·----~-;-- ,. •-'·• --, ---~ 
<. •• ,,,_._, •. _t "'_) ) • L.' - j )''··· - _J 

I - c;. ., - _, ' '• • ' 

. ----- --~ 

I ~ . , .,, "',.,, -. -~ -. " C' ;.J·--- C.-~~-':.. UC- ~_; 

!-------------~-------------:--

f._~t e1 ... deivclrc. t ion .!.ft er e;.:pansion 
,, 

g/l !:!;.) 

105 oc 200 cc o,,.. 105 oc 200 oc \., 

5.17 J.56 203 131 

properties of expanded products 

Grain size distribution 

m:n 

'i'c::rne-
l""a -i.: :..u.· e 

ocl oc 

1240 

Speci-
f ic 

neight 

ai:r gas 
p:!:C:::: iS u:::.-e 

pa po.. 

230 80 

fffie3.SU!'e:L 
dead rrr.en t on 

cont er-. i orealco..­
e.e 

~.:'..r:;: .... rr I [ j --
U!1i.t -u-U,/J ),?.5-0,5 0,5-1 1-4 c;/J. n6 E!.SZ. 1-----'--I -:l~-~-·-- - i-- I . --I I 

105 °c [-------------f------------·--------1···---· ---1 I 
; r··:' I 1 

------ ---~~-.:... _____ ------------ --------· -------. ---· ------ ------~ 

200 c 1_~,~- _ --~'.~- -~" - 1J-2~:;> --~~i_: 1 
__ 1-~~~--~-.'.1~ 4. 32 I 

---·- ____ [ ... :;. ~: -·-· -·--· .. -··--· ______ j _ --·· ----· ·- -----__ J ____ j_ __________ L ___ _ 
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. l~ . t.:- .:".'. 
--------- ------- ---------------------------------

Los:; Speci-
on f.k 

·::.::.Leh'~ 

c· . ·-..;,pee::.--
L:c 

G.r2~\. I 
-'--.------.----.--------"T------,-----·r----- ___ J 

')01
.1 °c u-u,12;.i,l~5-0?5 U,25-t:,5 0,5-0,SU,8-l,O 1-2 ell c.::i~~lr~ I 
:::~'. J 

JG. 5 i 1, f,c ~ '· 7.0 11.9 21.) 15. 7 ' . 
£::pri-~~ciecl 25 25 25 i 25 

r1a ter content specific weight 

After dehydration Afte1· expansion 

m~~ g/l 

105 oc 280 °c oc 105 oc 280 oc 

11.60 J.67 336 2)0 

properties of expanded products 

Grain size distribution 

ii ITT 

P,25-0,5 o, 5-1 1-1} 

oc 

purameters of 

'rempe-
rature 

oc 

1240 

Speci­
fic 

weight 

g/l 

air gc.s 
pres sure 

pa pa 

230 80 

rmeasure'­
dead rmen t on 

br·e"' ,,,,, _ 
conteni - u.-•u. 

ge 

m% m.sz. 

n% 
105 OC 1-----~----~---~----t----t----r---

J. ~,, .. 
ld./J 

?. 
) ,, I ::-.~., 1 L 2 2 6 • 4 

.LO l, L--:---->- I J6.9 25.5 1~ y) I =r ___ [_-1 1 '.;f/, _ 
'-------- --· ~------- -------· ---

-·------ -- .. T--------- ····- -----····- ----- ---------- ~-

r,~c:;~'.:u~·c - :.:_J):!r~ i. r !.c: C'Jt!!prr:~;s L .. Evnluation by the :::..--:nL or y:i.c!ld of vc 
[):Lf'.rLC! · 

i..::·~lX!.n:;1. proJui:t ~;Lre:1rth !LS. 
on <ln/d 

4.12 

----- ~j /~---·- - 20 /~-- ---------- ·----------··-------
40 % 

l----~-~~~-~ -5 :;-.!-- 4·-.--l=-o-2---1--4-.-0-l-t--=:~-t=-Y -rn~·-1 _p_e_r_l_1 ~~=-.-_ 
-----· ·--·- ··--·--------·- --------- -·- ---- ------- -------------- -----.. --... .,_ 
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,__ ___ _ 

specific v;ei;~ht 

After de~ydration After expansion 'J:er:ipe­
re. ture 

air gas 
g/l pre:::,su:;:e 

105 °c JOO QC 0 c 105 QC )CO 0 c oc oc pc. pa 

16.43 J.80 no.exp. 804 1240 230 so 

properties of expanded products 

Grain size distribu+,ion Speci-
dead tr:i.ent on 

.--."IL" c. .. n-f~o· I 
''

1 u!=;it'-'"J-0,25 J,25-0,5 0,5-1 1-·~ g/l i":1;; . 1 n.sz. 
~-~-i;---- ------1-----1----~ 

Ga 1 

ios 0 c ,____--._--.<',--; --- --------t-------

1
---- ----- ______ JI 

VJ.,IJ 

---.-. -- ---~-----T------- ---···--·· ·-·----1---r--·----

L'~--- )'~}:~=L-~= ~=-=J=~=:~-~=:-=J=-=l-=i ___ j 

,___ _____ - ·-- --·-----· ----··----- ·------- ----------- ----------------------------
105 c 

300 c Dcr1d pcrli t.c orr: 
'---··--··· - . ... ·-·--· - ----· --·---·- ... ---···-·-···· - ···-··----·. ----· ·--- --·--·---· --- ··- -··· ··--······--·-··--·-·· -----·-
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Zi1- l .; 

• 

0 

-·-------i,-e··-0-1·-~e--1--L_i._c_::; __ o_f_1_·~r-.--; --p--.... -_ r_l_i_t_· c-o-r--c-----,::c i-
- f ic (!>"nin si:.:\~ dis~::ibut.io~1 ··to 

t ~.~_,·,1·~··.·.!_·1-.'. ._,,_ " .• , 
_!.• _ ·.-.-e1.~~1~ 

I 
r• • 

ull~C:l.-1 
l !.C 

~:.::. .. ~'1 J 

---,---~---------,----'~---t---....;• 

l}.)2 ,,. r 
r."':. f' 6.8 

25 

\"later content 

\ ..... i-_r 1.er dehydration 

nt-.; 

11.5 10.7 

25 25 25 

specific :;:eight 

After expansion 

g/l 

105 oc 3'J0°c oc 105 oc JOO oc 

1).)2 J.67 - - 365 

properties of expanded products 

Gr~in size distribution 
Signe mrn 

m~~~{ 
0-0 ,25 ),25-0,5 0,5-1 1-4 t.Ulit -

-=~-;~ 

105 00 
_[-_ -v 

tf~; 

oc 

I .. , ... ,~ 13.4 ?S.~ I 11.9 17.9 
JOO C l~r,:;- --·---- ,-- -

L __ J ___ . . 

l-2 [:/]. 
~ I 

c:1 /t; I 
4~.o 

1130 I 

paraE.ete:::. .. s of . I 
e··-o"n~·-., ... _ ~ - _.l.! 

'ferape- air I f;.C:.S 
ratm .. e pre~.su=e 

oc pa pa 

1240 2)0 80 

Speci- rmeasure ... 
dead 1rr:ent on f ic breaka.-weight cont en~ ge 

rr/1 c r.1~~ m. sz. 

365 54.5 2.97. 
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·:'.::~ :. :"-~ :'} .... ~ --------·--

.. :~::;.' o.r r.e:·li >:· ~·-~:::plc: ;:t:- 1:: 

t-------.-----!.·_1·0 p~ r ~ i cs of rar: r;;].Ti.-;-~~------·------, 
Loz~ 

0 ,. .. ..:. .:.·.; 
G~nin si~e <listribu~ion ~~ · ir:ni ti< :1 ·· .. , -.. , •• -.-.."' 

,. i~0.1.; o, .. ·). ,, ~ ..... - -~-.-•. -~.....,-1.--.--. -2-•. -.-. -_)_-... iJ--C:-,.-.)--.----1-··-r--l---.. ) ___ 1c_.-_ ~· i I -~~~- :~. I 
)\.- v \,.;-,. 1 !.. .. ~:} ·,..!.;_:J-l.~) U 1 _T-.J1 ,_J-V:W "'1•J- ,u - r:I .... --..- ..• J ,_ 

J1>T--= 11·n1 ~----'----+----+----·t------t----.---~'--~- . 
....__ __ .::_::_p_c::~_a_d_e_d_~_2_s _ __. __ 2_5 __ • __ 2_5_~ __ 2_5_~---~'-1 J52 I _-__ 

0
.- r.. . ~ ·;. 3 12.5 21.5 14.5 

\"!I~ i~h t 
l 

r1ate! .. c;j11tent spe~if ic pa!"2.r:!€'. t '2 l."' ~ 01 e·-p···1"'i!:f .... C.-' -..I 

i After dehydration Afte:;..· e:-:pansion Te!.!:,Je- air gc.s ,, 
l'a;J g/l ratur-= p::-e !: ~u.:-e 

105 oc 200°c QC 105 QC 200 oc oc oc pa p~ 

5.59 ).66 137 102 1240 230 80 

properties of expa~ded products 

Gr air.. size distribution 

!"~ff.; }-0, 2') l,25-0,5 J, 5-1 1-·~ Gfl J er.; J '"· SZ_:__,

1

1 

CT.) I 
'0:; Of"' -------1--·- I 

~- "i ''.;; --L· ]-.--) u ) I 0-5-- n o ~1 ":. _ _11'--··-. -" J--___j 
2 'JC C l C.o__ ''..:.!_, ___ _:_:_J~- __ ' __ · -f_".,' ______ __'.',:~~ l' • F I 
~-- -~-r~~_L _______ 1.._ ______ L_______ _ L _______ l_ ___ j_ ______ _J 
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fl-~ 
:·1·ope:?:tic;.; cf r~n pcrliti:; ore -----------, 

-----~~~--~~~-~-----~-------r-:---:----r-=------=-~· 
~i[J•:'·~_;_- ~)pc•:.:.-1 JV ,.J .. 1 

011. 

l- r'"' i .:.. l.- t , .. . c• .. -:.., u. 

.l. ;.~ i ~-C 
·:! r~ j_. -;: ~ ~~:·~~:. 

'."1ate1· content specif ii:: \·:eight pa?:<:.:12\;'-):.."'S of . ! 
e;-:p~:n:.:-1~! 

! 

' ~. dehydra ti O!l Afte1· ex:pansion Te2pe- air .l'-! i:er gas 
m;~ g/l ratu'~:! p1·e.s {Su.:~e 

105 QC 150 QC o,, 
\, 105 oc 150 oc oc oc pa. pc. 

4.87 J.99 113 89 1240 2)0 80 
I 

properties of eApanded p~oducts 

Signe 
Speci-Grain size distribution 

i'ic 
weight 

="'1 "'" .... ~in·~l ,, 
.------+-··-~_·--:_i'°_t·-~- ... ~=--=G_'_,=2=5~~.t-b-.,~2_5 ___ -_.?_:_5::0~,~5~-~1~:1~-1---~4--+,..-./ 1 - _r't_,~____ 1.1. s z . 

10'; 0 c .. ,;: --r -
t ~;; I . 
1:-15~ __ 1_0_._e_. -+_1 __ 5_. ~_l j 2 7 .-~-, __ ----1.-_ 5-.-s---L __ ~ -~~ ~-- ~-. o J~ ;! • ~;l 

L~~ _c 1 t ~~~-- __ _ ____ L ____ J________ ------ __ I ___ ---- _j 

------ !.'.~~~~lJ-;.-~ ~--;,~:~c i-~ ;~r- co:::p~r~~~~- :--·----~ - -1· ---:~-- - _-- -- ~--- --- . - ---
r.l"'.., · or , ·. ,11 of ., ;,·1~1 L::t .. 2.0~1 i;:i ,,;!·: 

.-:· i r. " • .. •• .,, . y i c_ - (, .. v e 
'-'--,_n_ .~:·:rnn:n pr0du~ t. s ~1~-~nrt~1 !Ls. 

0!1 E d;1/,f ____ ')________ -- ------------------- _______ ..... 
m-' It. 20 '.·~ 110 ~~ 

----- ·-·----- ----- --------· ··------ ... ·-------~ - ------------
10') c 
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Eb- 1 

F
----------- :•1·o•J0~·~ 1· p~ ---------------- -----------, 

of ran P'"'l -i tP o'·e I L ! - .- .., .. - • J 

----~------

.() .; :; 

('!~ .. . Gr~in ~i=~ 
• :t..f-;1: :. i. .i. c n 

._... -- ' '7--ri---·-- -1 
0j:·~·~i- :>!:£:.:: '.-1 

d'i,._L • ...,"b ti l . ~ :.,,: i~C 
_., 1.i. ]_ ~l .0.1 m,,• ···r i .:. : .. ---.. , I 

r.~~ .l ,.._ . 
<)•._l(i 

0c v-0,J.2:5 \Pj-0~':25 U,25-iJ,5 0,5-G,3 1,f3-l 1 0I 
I ,. . i ·· ,. 
-r • - I ~J. 3 15.5 27.~ ., I! 

I • ;-

25 25 

~·1ater content specific ~·;ei;:ht 

ldter dehydration After e.:cpansion 

r.t~ g/l 

105 oc oc oC 105 oc oc oc 

4.18 - - 164 - -

propertie~ of expanded products 

Grain size distribut:on 

.. --'-''. ~ I '·· -' -,. I 
--~---,----·_j 

1 ') I~ • :.: I I 
- ' - f j l "'~':: : • • I 

-~ _.:__~: __ !.... ..... .. . . ! 

33. ·: 
I 

I' 1' ~ , ~(:_ 1' 
.L. .J - . -• 

l l ~~i-1-==i 

pc.11·E!r:~~ t e::.' s of 

'.fcrape- "'•i -,,-<->-• 
rature p1 .. e::; 

oC p2. 

1240 230 

clc.?..cl 

. I 
E: ::.p~!.TLS 1(1 

gas 
.:; u:. .. e 

pa 

80 

r:neasure~ 

rr::en t 011 

·-------- - - -- ------- ··--·-------------···· --· ·-·i-.. ~-00.;l~;;r·-;; pi:~;,:i··-~ ~~- c 0;:1 pre r; ~;.I. 
~-·:, .. , r:-.0:it or y.i.eld of vc 
.., • .,.11!. ". r·,..nn J. • ,. d ,.. ~ , '·re11" •·'1 

· ~--·~·"· 11~0 u,.,, ""-···s·"' 
on da/l'f 

105 ~ -:~. Y~--~;~~:{~ ~~ ~~~~:.,~--;~~;-:~;:_0!_ ~;,~--
H.:.i. 

___ --··--~· . ···-- - -- ·--· --·-- -· --··------1. - - ·-·-------· ·--·--·----··----- . --- .... -- ...... •· ··-
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o ... ') I 9CO 0-~}' 12) J,12)-0,2J u,~2'.)-:_:, 5 v' 5-!.:·' 2 J,0-1,C· ) _·j 0·1 e•·1'·/<· v - ..... ··-· t' ! 
).47 ).5 

,.. - 1 ~; .1 24.2 15.ri y:;.o <~·• o~ I -- " - ·--V • _, t': I 

-
e;:p[!.naed ~5 25 25 25 - 1J4lr -

nater content spectfic r1eight pa1:ameters of . 1 
e:-:p<:ms:u:n 

After dehydration Af te1~ expm1sion 

g/l 

105 °c _ 0 c 0 c 105 °c oc oC 

J.47 305 

properties of expanded products 

Grain size distribution 
Sit;ne 

),25-0,5 0' 5-1 1-4 
,.,, O'> c-. 1""1T\~ 

·"~it":: 0-0 J 25 

'fewpe- c..ir ge.S 
ratUl·e pre.s isure 

I 

oC pa pa 

1240 230 80 

measure ..... Speci­
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DER I VATQGR.\PlflCAL HSTS 

Samples collected from the Elinen-9ulak deposit ate 

interesting from the ooint of derivatographical tests. 

In case of sample EB-1 no serious exothermal and endothermal 
reactions have been notice~ when heated. 

In case of sample EB-2 about 50° and JOOC\:the derivato~raph 
shows substantial decrease in the mass of the sample, which 

is probably in·connection with the water discharge. A slight 
exothermal peak can be noticed around the temperature of 

650-75c:Pc connected with the oxidation reaction of ferrite. 

A practical ~onnection can be observed between the deriva­

to~ramme and the expansion capacity. Crystalline bound wat:r­
content of the expar.ded perlite escapes between a temperature 

range of 180-3509:, showing a sutstantial endothermal /heat­
absorbing/ peak in the derivatogramme. 
This can be extremly monitorej in the case of the following 

samples: 

ZU-1 320°c 

llJ-4 310°C 

Zll-6 J2o't 
ZU-7 JOO°i: I a small quantity of natural crystal water/ 

ZU-0 310't 

ZU-9 Jil'l<t 

ZU-10 32o<t 

ZU-11 310° c 
ZU-15 3009: 

ZU-16 3109: 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 97 -

This evaluation of samples is in conformity with the results 

of the expansion tests and indicates that vitroclasted 

tuffs from samples ZU-2, ZU-3, ZU-13 and ZU-14 - showing no 

expansion during the laboratorial expansion tests -

loose their minimal bound adhesive-water content on the 

surface only and the bound water escaping on low temperature 

will give insufficient power to the expansion. 

In the diagramms of derivatograph in case of all the samples 

a slight exothermal peak can be monitored between the 
temperature range of 600-750~ being in connection with the 

oxidation reaction of feO /ferri1e II oxide/ of the sample, 

i.e.: 

which confirms feO content found during oxidation analysis. 

Results of the laboratorial expansion tests are confirmed 
by the derivatographical tests as well. 
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ELECTRONMICROSCOPE TESTS 

The following conclusion can be drawn from the eEctronmicroscope 

tests /see photos /: 

a/ The presumption that expanded perlitc-graines of large 

specific surface, middle aggregation density and high 

strength are developing during expansion have been proved 

again. On the pictures magnified_ thirty three times, 

the grain-sizes·are of 1-3 mm. This · is a characteristi-

cal size for the perlite for agricultural use. 

b/ On pictures magnified three hundred and th~rty times 

it is well noticable that the grains are well-expanded and 

unbroken, that is they have not been explod~j and their 

round shape almost everywhere is noticable. On the surf aces 

those fractures, clefts can be seen where water vapour 
escaped. 

cl Thus it can be stated as well that a closed-cellular 

perlite can be produced by an adequate dehydration and 

expansion method for which expansion equipment of PERLITE 

GmbH of Austria is suitable,howP.ver, technological tests 
are required. 

d/ On pictures magnified eleven thousand times the th1ckness 

of ~ells /walls/ can be seen, which is cc. 0.8-1,3/Um in 
I 

every case. This also certifies the excellP.nt µossibility 

of agricultural utilization, as tne "';~;,;o. .. <11 is high­
resistant to direct mechanical cf fects. 
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/Compared to perlite deposits in Europe where thickness 

of cell~walls is O.l-0.5;um./ 

el By proper grinding perlite suitable for filtering can be 
produced, as cells will.break in a way where cavernulous 
and spi~y particles occur to ensure the required filtering 

effect. 
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ECONOMIC E\ALUATION 

The COMFAR software was run with the available data provided 

by the Mongolian counter-part, However, as the attached dat~ 

sheets show the programme run is not evaluable as the Mongo-

1 ian economy - the taxation,investment, credit etc. system -

is not a market-oriented one, thus COMFAR is based on market 

conditions. No firm terms and conditions prevale on amortiz­

ation, value of land, taxation, inflation etc. Therefore the 

results of programme show ur.real terms and conditions. 

Oue to the above reasons economic e•aluation was prepared 

with the available data, estimates, international comparative 

prices. In some cases the Hungarian experience and practice 

of investment in the same field was taken into consideration. 

The transportation costs were not calculated as the ones via 

the Sowjetunion are unpredictable due to some expected 

increase in prices and changes in rates of exchange. 

When preparing the calculations the following rates of exchane 

were taken into consideration: 1 USO = 64,36 HUF 

l USO = 10,50 ATS 

l USO = 6,00 MHT 

The capacity of the mine and the preparation plant is much 

higher than the on of the expanding plant. Should a second kiln 

be erected and operated, the capacity of the expanding plant 

could be doubled which would lead to a considerable decrease 

in specific investment costs. In case of installing one kiln 

only, the raw prepared raw perlite can be subject of export. 

As a conclusion it may be drawn that the most important field 

of perlite utilization would be the agrilculture, first of all 

green-houses, producing vegetables and fruits. 
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When setting up a plan of implementation it is proposed to 

put the agrilutural field on the top of priority as perlite 

can be directly used without investment of further processing. 

Further processtng units are also not needed for the production 

of the most required perlites for the building industry. 

The detailed economic calculations can be find in the following 

pages. As a final conclusion it is to be stated that expanded 

perlite can be manufactured under the world market price in 

Mongolia. 
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Summary of investment costs 

1.) Mine and preparation plant 5.209.660 USO 

2.) Perlite expanding plant 980.650 USO 
3.) Partition wall prod. unit 687.542 USO 
4.) Glue mat. unit 92.736 USO 
5.) Mortar - plaster prod. unit 1. 666. 784 USO 

Total: 8.637.372 USO 
----------------------------
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Item 

1.) 

1.1. 

1. 2. 

1. 3. 

1. 4. 

1. 5. 

1.6. 

1. 7. 

1. 8. 

1. 9. 

1.10. 

2.) 

2 .1. 

2. 2. 

2. 3. 

2. 4. 

2. 5. 

2. 6. 

2. 7. 

2. 8. 
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I. Prposed investment costs of the project 

Denomination . 

Mine equipment 

Transp. equip. 

Prep.olant equip. 

Energy suppl_, 

Erection 

Building, road, 

Engineering 

Training 

Miscelanneous 

Reserve ( 12 % ) 

~~~!!!~-~~e~~9!~9 
e!~~! 

Expanding equipm. 

Energy supply 

Erection 

Building, road 

Engineering 

Training 

Miscellaneous 

Reserve ( 12 % ) 

Invest.costs 

5.209.660 

1.245.900 

295.200 

2.205.000 

178.400 

77i.600 

34.960 

83.600 

32.600 

27.900 

334.500 

980.650 -------

454.580 

80.000 

141.000 

150.000 

20.000 

20.000 

10.000 

105.070 

in US Dollar 

Amortization 

%/y costs/year 

399.681 

8 99.672 

8 23.672 

8 l"/6.400 

8 14.272 

8 61. 728 

2 700 

2 1. 6 72 

8 2.608 

8 2.232 

5 16.725 

65.104 ------

8 36.370 

8 6.400 

8 11. 280 

2 3.000 

2 400 

8 1.600 

8 800 

5 5.254 
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in US Dollar 

I Amortization 

Item Denomination Invest.cost %/y_ cost/y_ear 

I 3.) Partition wall 687.542 50.694 
e~§~~=~6I~---- ------- ------

I 3 .1. Part. wall equipm. 432.930 8 34.634 
3.2. Energy supply 30.000 8 2.400 

I 3. 3. Erection 42.000 8 3.360 
3. 4. Building, road 10.000 2 200 

I 3.5. Engineering 25.000 2 500 
3.6. Training 14.800 8 1.120 

I 3.7. Miscelanneous 60.000 8 4.800 
(know-how) 

3.8. Reserve ( 12 % ) 73 .612 5 3.680 

I 
I 4.) Glue mat. unit 92.736 7 .163 

!§=e~£!!!!96=~~!! ------ -----

I 4 .1. Glue. mat. equipm. 61.770 8 4.980 

I 4. 2. Erection 6.180 8 495 
4 3. Training 4.850 8 388 
4. 4. Miscellaneous 10.000 B BOO I (know-how) 
4. 5. Reserve ( 12% ) 9.936 5 500 

I 
I 5 . ) Mortar-plaster prod. 1.666.784 47.933 unit ________________ --------- ------

I 5 .1. Mortar-plaster equip. 650.000 8 5.200 
5. 2. Energy supply 130.000 8 10.400 

I 5. 3. Erection, training 90.000 8 7.200 
5. 4. Building, road 497.200 2 9.944 

I 5. 5. Engineering 66.000 2 1. 320 
5. 6. Miscellaneous 55.000 8 4.400 

(know-how) 

I 5. 7. Reserve (12%) 178.584 5 8.929 

I 
I 
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I 1. P :-tiiJ('l:,ed o !2 '~ r a ti on cost:s of the project 

in us Dollar 

] . labour costs Costs of salary/year 

Item Prod. unit Shift No. of empl. per person Pc?:' year 

1.) Mine 1 11 1. 200 13.200 
2.) Transport 1 5 1.200 6.000 
3.) Preparation 2 44 1.200 52.ROO 
4 . ) Expanding pl. 2 15 1.200 18.000 
5.) Partition wall 2 16 1.200 19.200 
6.) Glue mat. unit 1 4 1.200 4.800 
7.) Mortar & plasterl ~ 1. 200 7.200 

Total labour costs: 101 1. 200 121.200 

2. Energy costs 

Oil 

Item ·p1ant unit costs 

1.) Mine, prep. 8,5kg/t 20.000 

2.) Transport 

3.) Expanding 12kg/m3 144.000 

4.) Partit.wall 0,5kg/h 3.840 

5.) Glue mat. 

6.) Mort.&plast. 
7. ) Internal trans. 

Total energy costs: 167.840 
--------------

Prices: oil 0,80 MNT/kg 
elec 0,20 MNT/kWh 
petr.1,00 MNT/liter 

======= 

Petrol Electricity 

unit costs unit costs 

701/t 4.770 45kWh/t 30.000 

801/t 5.450 lkWh/t 667 

80kWh/h 12.960 

120kWh/h 19.440 

12kWh/h I. 944 

400kWh/h 64.800 

1. 000 

11. 220 129.811 
====== ::::"'::: 
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3. Materials. additives and auxiliary materials 

Raw material : 

Additives 

Spare parts 

cca. 100.000 USO per year 

( this figure may not be defined more 

precisely because the receipts were not 

provided by the owners of the know-hows) 

cca. 

cca. 

70.000 USO per year 

180.000 USO per year 
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III. Proposed production parameters 

IV. 

2. ) 

Mine; six months 

Prepar. plant: eight months 

Expanding plant: 300 working days 

Partition wall pl.: 300 " 

Glue mat. plant 

Mortar & plaster 
plant 

~~~~~~!!~~-~~e~~!!~= 

MinP. and prep. plant 

Expanding plant 

Partition wall plant 

Glue mat. unit 

300 

300 

Mortar and plaster plant 

" 

" 

Manufacturing costs of expanded perlite 

20.000 t/y 

90.000 m3/y 

26.000 m2/y 

3.000 t/y 

18.000 m3/y 

( without taking into consideration the further processing 

costs related to mortar and plasters, partition wall etc.) 

Amortization: 464.785 USO 

Salaries and wages: 90.000 USO 

Energy: 218.327 USO 

Additives: 25.000 USO 

Spare parts: 100.000 USO 

Total: 898.112 USO per year 
===================== 

Prod~ction of expanded perlite: 90.000 m)/year 
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Specific production costs: 898.112 

90.000 

Average taxatfon 30 % 

Profit 5 % 

Ex works price of expanded per::lite: 

USO/year 
USO/m 3 

m3/year:: 
= 9,98 

3,00 USO/m 3 

0,50 USO/m 3 

13.48 USO/m 3 

============ 

I For comparison the expected price level of different kind 

of per::lites in Hungary in 1991 are herebelow: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

p 1 type expanded 

p 2 type expanded 

p 3 type expanded 

Filter-aid perlite 

Agro - perlite 

per::lite 18, 00 USO/m 3 

per::li te 11, 70 USO/m 3 

per: lite 13 '30 USO/m 3 

46,00 USO/m 3 

22,00 USD/m 3 
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18 Sound obsorDtion cover 
17 Muffler 
16 Silencer 
15 Suction blower 

" Centrifuoal reuulotor 
13 Dust screw 
12 Double door valve 
11 Dusi filter 
10 Savt:fy valve 
9 Sil err er 
8 Suoolement air valve 
7 Exaust air cooler 
6 Due tin a 
5 Rotary cistributor 

' Rotarv valve 
3 Produkt cooler 
2 Cyclon 
1 Produkl line SECT ION .2, 

Pos O.sianaliOll 

PERL/TE EXPANDING umr PEr.LfrE 
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PEA 650 AUSTRIA 
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10 COMBUSTION AIR BLOWER 
9 IGNITION DEVICE 

0 COMBUSTION MIXING CONTROLL 

7 SAFETY CONTROLL INSTALLATION 
6 BURNER 

S COOLING AIR TUBE 

' EXPANDING FURNACE 
3 VERT. TUBING WITH AIR MIXING 

2 COMPENSATOR 

I MATERIA;;..L _T.;;.;UB;;...l_NG;.__ ____ -+--'-+------1 
POS DESIGNATION PCE 

PERL !TE EXPANDING UNIT 
PEA 650 

PERL/TE 
IGES.M.BH 
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PRELIMINARY SURVEYS 

PREFEASIBIUTY STUDIES 

FEASIBILITY STUDIES 

TENDER DOCUMENTATION 

TENDER APPRAISAL 

BID NEGOTIATIONS 

PLANNING AND DESIGN 

SURVEYING 

LANDSCAPING 

PLANNING 

TECHNICAL DESIGNS 

REALIZATION OF PROJECTS 

INVESTIGATION OF BUILDING SITES 

ARCHITECTURE 

INFRASTRUCTURAL WORKS 

ERECTION OF BUILDINGS 

MECHANICAL AND ELECTRICAL INSTALLATIONS 

SPECIAL ISOLATION 

CORROSION CONTROL 

SUPERVISION OF WORKS 

COMMISSIONING 

MANAGEMENT 

ASSIGNEMENT OF QUALIFIED STAFF FOR PROJECl 
PERFORMANCE 

CONSUL TING SERVICES 

SUPERVISING OF PRODUCTION PROCESSES 

TESTING 

RESEARCH AND DEVELOPMENT 
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OPTIMALIZATION OF PRODUCTION ECONOMIES 

COST CONTROL 
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COHFAR -SOFTWARE 

(part of the Final Report) 

UNIDO PROC1ECT No.: DP/MON/88/004 

DUTY STATION: ULAN-BATOR. MONGOLIA 

Prepared by TESCO - SZIKKTI 

Budapeat - Hungary 
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ECONOMIC EVALUATION 

The C~MFAR software was run with the available data provided 

by tne Mongolian counter-part, However, as the ~tt~ched data 

sheets show the programme run is not evaluable as the Monyo-

1 ian economy - the taxation,investment, credit etc. system -

is not a market-oriented one, thus COMFAR is based on market 

conditions. No firm terms and conditions prevale on amortiz­

ation, value of land, taxation, inflation etc. Therefore the 

results of programme show unreal terms and conditions. 
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0.010 
28C>.M 
m.OM 
JSC..01)0 
m.OM 
20~.000 

250.~00 

I68I.M 
891.Mil 
m.ouv 
400.~0~ 

O.O•i•) 

2m.0110 
0.01)0 

zm.ooo 
881.000 
60MOO 
U.OM 

Uu-> 
uoo 

~~Z .. 0-H 
225.~1j1) 

315.!)(~ 

1so.evo 
200.Ci~ 
25:l.Wu 

IS92.9~0 

m.900 
llO.ll'JO 
400.000 

o.ooo 

2322.900 

2498.5-00 
0.0-~·l 

2498.5-lu 
m.9CO 
565.000 
17~.MO 

Yur:IO 

1.0ilO 
O.IY.•O 

2ao.ovo 
25•).00? 
jSO. 0.)0 
m.ooo 
2M.00•) 
250.~(•il 

1681.MO 
sa1 .6ti·l 
m.voo 
M.060 

O.OiJ(I 

74! I. O{JO 

2475.000 
o.ooo 

2m.ooo 
881.000 
600.COO 
64.000 

1.(•}j 
o.~o~ 

2&9 .. 1i-)U 
25-l.C'\.'V 
m.o-~~ 
l50.Wu 
2\)rj.~{10 

251).cJ.j•j 

1~81.0<JO 

aet.~M 

JJU•i~ 
M.~.o 

O.C-OQ 

:i5B&.600 
0.000 

2Sa&.M 
esr .C•iO 
6•j0.(•00 
17S.61)1! 

hu:l! 

J.C<lt! 
o.ooo 

256.00ii 
iso. ooo 
35v.~·:i1 
l~0.000 

i:!i?.OW 
~56.0t:•O 

B91.0\·~ 

m.ooo 
3:;0.oo·i 
C·j~.O•)o) 

o.ooo 

24!1.000 

2m.ooo 
o.o~v 

ms.ooo 
881.0CIO 
600.000 
64.l)OO 

4eU.C·•.· 1~ 
~~U.ilti:: 

:m.wu 
3~~-·;1)~ 

:·:~. ~-i: .. ; 
~5i.i.~)·} 

1621.000 
a~t.%·) 

llll.Wti 
400.09~ 

o.~'11! 

2411.~CO 

2sao.~o-; 

@31.~00 

oti•i.o~o 

m.6·:,1 

Yur:(2 

I.Vii•) 
v.~oo 

2EO.O•i•J 
m.Olili 
350.00~ 
150.00~ 

Zu~.~·i0 

25'>.•)1.J 

168 I. ~(ro) 
eeur.,i 
J:;.j. O~'.• 
4(•0.•)il•) 

o.,·io 

2411.~M 

2427.000 
o.ooo 

2427. Of•O 
881.000 
6·)0.0~6 

16.000 
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I 
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tat!! pr:dact i or. cast ............... 2411.0•}Q 2411.to(•o) 24!1.M th!rr<;i r.;riib!r ........................ ee!.oo,; ea1.0% Bal.{•i•) 
tctt! !J~·:t!~ !ef tot. prod. c~~~ ~ 60~.ouv 6')0.0-00 6M.0% 
~E~;t;;;:1on ~~rnt br :ir:c!1i~t ...... O.C•JV 0.')Uo) 0.@6~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 5 -

t~,, 0 

~~1/CCMFAR 
~~~ ~.I IJM!(11.1 

--·-- ----------------------------;---------------------------------- C!J'.m 2. ! - rmo CO!i~~L iiS5 :SS!SEER!!IU i:il., 8U9ArE;r ----­
F" rod u ct ion costs for pr oducte:pof~!r, laul 
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r•• ·~~'!ra: ~i~r:ti ................... . 
re• :J!::-a! £::~~::-> ............... .. 

en'2'r·~·r .................................... .. 
hl~c~ .......................... .. 
1.ii!lt2:tir.C! ................................ . 

!:Ji(fi .......................................... .. 

f~:ttr1 CYtrhe1~s ..................... . 
--------·--------- ... ------- .. ----- .. --
!c?atot.d fictar1 cc;!~s .............. .. 

thtr!Qr r.ui•~lt ·-·-···---·-·· ... 
•d1inistr•ti:in .................. .. 
urletin1 1 ~istrib~tian indirect .. 
th!r~; u~ii!llr ................ .. -- .. ·----------------· ...... --------...... 

........................ __ ... ___ ,..,..,.. ____ ,.. ____ ... __ .. ___ ,.. 

ta!•! before i~t!res~s .......... .. 
int!re~ts ....................... .. 
-------- ·------------ ...................... -·----
tctil Gn~ucti.:n co;t ............ . 
t!lerecf ra:":i:lt ................. . 
t:ts! 1•~0 1.:t lo~ tat. :~::id .. ~o~~; 
der.;::1'.:~c :crr.r ~. ;ir~d"ct ..... 

r•• 1e:<'i1! <firstl ............ .. 
r•• ••t!r:i! iot~erl ............. . 
uti!:tilS ........................ . 
tn!r~1 ••••..••.••..•.•.••••••••••• 

li!:l1~~ ..................•......... 

ldi!'lti':l~~! ····•••••· ...•••.••.... 

!;l!""E-i •••••••••.••.•••••.••••••.•• 

h.:tO't oo;er~cids ·····••n••······ 
-·-·------- ... ------- ..................................... ... 
!u~t,~1! iict:i!' .. , cost~ ........... . 
thtrt·:ii "·c.ru:lt ................. . 
i~"l!'•i!!r•~;cn ................... . 

tsriet:~~. d:s~r1!l~t1a~ indirect .. 
tnr•tci v1r1&:lr ................. . 
.......................... ----................ --- --- ....... ---

........ ------....... ---- .................... --- .... -......... ... 

tGt•l ~rforr intrruts .......... .. 
interrsts ....................... .. 
--- .. -- .. -......... -......... -............................... -.. 
tot•! ;iro~uction cost ........... .. 
thtrrof Yiru~lr ................ .. 
totll l•~a,r <of tot. prod. costl 
dr;irrcut;cn bornr by product , .... 

rur: I 

1l.O\ii.l 
O.·:~o 

9~.0.i') 

105.o)CiJ 
m.oooJ 
39».C•)I} 
l(,v.r.u» 
H0.00~ 

m:.~'1.l 

m.*5 
E~.OOu 

750.000 
G.~"l 

ms.oo~ 

2s.;a.c•J•J 
0.C-00 

me.coo 
m.&~'> 
7C.O•JO 

.J.'l•JO 

Yur: i 

O.Oolu 
0.000 
O.olliO 
o.uoo 
0.0-00 

3so.w·l 
100.r:~o 

34U\i0 

lv~O.M 

0.0\JO 
m.o'lo 
151).0'J•i 

O.M 

mo.rn 
0.0~0 

2200.000 
0.0(10 

m.ooo 
0.000 

Yr~:; 

0.00~ 

0.000 
m.d<JO 
290.000 
4ua.ooo 
3:!ti.C'llQ 
3('0.0.,Jo) 

340.00•) 

me.ooo 
92&.000 
4l0.Q06 
759.000 

0.000 

3129.C-OO 

lli9.~0 

o.ooo 

me.oo~ 

928.G-uO 
913.G·iO 

o.ooo 

Y!.;r; 8 

0.000 
U·)O 
0.000 
0.01)1) 
O."CO 

lllo.ooo 
JliO.IY.IG 
m.O•iO 

1m.000 
O.O'JO 

410.000 
1so. c~o 

O.O•JO 

2200.0~0 

2206.0UO 
0.000 

noo.ooo 
0.000 

590.000 
0.000 

Yu•: l 

0.6'.lO 
O.IX~ 

~O.li{"i 

3S.•itJO 
51.0\10 

J8Q.OQI) 
Jl)O.OoiO 
340.~i) 

lll6.IJOO 
116.f!-OO 
430.0IJO 
7SO.GOO 

uoo 

2316.000 

2m.ooo 
0.000 

2316.0VO 
116.0IJG 
641.000 

0.000 

Yeir: 9 

0.000 
o.ooo 
0.000 
0.000 
0.0•)0 

380.()(IO 
100.0% 
m.wo 

1020.0UO 
0.000 

430.0-00 
750.000 

0.000 

2200.000 

2200.000 
0.000 

2200.000 
0.000 

m.ooo 
o.ooo 

O.l\<:~ 

O.Otn 
O.'i90 
v.OVO 
o.~•)O 

Jli~.1}1)0 

3-00.001) 
m.•>% 

1020.0·!~ 

0. Qt!~ 
430.000 
75MOO 

o.o~o 

2m.ooo 

2200.0l)O 
0.000 

2200.000 
0.00() 

59G.~M 

0.1)C·J 

Ye•r: 10 

o.oov 
0.000 
o.ovo 
0.01.iO 
O.OliG 

!SV.Ul)o) 
300 M 
340.li(rO 

IOiO.OvO 
O.OOG 

m..ouo 
1so.~·;o 

O.liuO 

220U•l0 

2700.000 
o.ooo 

2200. 000 
0.000 

590.000 
0.000 

lur: 5 

G.C-00 
0.%0 
O.C•)u 
O.Oi:<v 
o.e.(:9 

lBO.O'~O 
~00.G/'l) 

.mi.~!) 

l'i2UC~ 

uoo 
m.ooo 
7SO.OOO 

0.000 

220G.Gll0 

220v.OO~ 

0.UO•i 

1z1:0.v~,, 

0.uOO 
:i1u.OM 
o.~o 

0.000 
0.0•)0 
0.000 
0.'j00 
v.6Qu 

39ii.O•J·) 
3oJ0.(/l)I) 
l41i.00il 

1070.0M 
li.OCO 

C0.00:•0 
m.0<;·) 

0.000 

mv.ooo 

2'00.000 
0.000 

220UOO 
0.000 

S90.000 
G.OQ•) 

fur: 6 

o.ooo 
li.\h;u 
o.or,o 
o.~·Jv 

o.oov 
m.Gt>o 
JOIJ.OM 
3•o.&:·o 

1o:u.0iJ~ 

0.0l)O 
U0.000 
75U·l0 

o.ooo 

2400.000 

mo.~oo 
o.ooo 

2200.000 
0.000 

S~0.000 

0.000 

Yur:I? 

O.GO~ 

0.00·) 
o.~io 

0.000 
0.0•)0 

38'1.vr:ru 
Jor,.li'··o 
m.ouo 

10~0.000 

v.OliO 
m.ooo 
m.Olili 

UCO 

2200.000 
0.000 

2200.0IJO 
0.000 

~90.000 

o.ooo 
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-- -- --- ----------- ----- -.. ·----------·---- ------·------------------------------· ............................ -----·-------·-·----·-·---------·-------·-

r•• :.:ter:.! 1.:!!'.:rJ ............... . 

\i ~ ~ i ; t ~ ::: ............................... . 

!~!r;1 ................................. .. 

li~G~~ ••••••••.••••••••••••••••••• 

a•t~t!:'l•.·.:! ............................. . 
S~iffS ............................... .. 

li:to~r :•;;r~!!;; ................ . 
---------- ------ ------ -- -- --- - -----
s~bt::i~1I fi:t.: .. f ~osti ............ . 
ther!oi ucu:::: .............•.•.. 
id21~!str.i:::m ...................... . 
ll!"i!t:r:~, dtstn~:itiar. ~~~irec: .. 
t~f:"e:i Vi,""!it!:? •••n••••••B••-.• 

----..... _ .. -------............. ---------------
---------... ----------------- --------
tctl! ~!f;;re i~t~rests .•.•...••... 
inter!st> ......................... . 
---- ........... -------- ·-------------- ...... -
toti! ?fel~cti~ cost •••.•..••••.. 
thcre~f •.irii!Jle ................. . 
t•ta! h;aur !•' \;t. prcd. cos~) 
l!!;retiit1::m ber:'!e by pr:d•J::t ..... 

~.G<;v 

G.~•N 

O.O•j" 
O.Q.;0 
C;.~(11) 

l61l. ~~·j 
~~'·;. C--J~ 

3~0.0CO 

IOiO.O•i~ 

0.0i)I) 

~31).U~O 

m.%•J 
O.O•iQ 

22uv.voo 

mo.ooo 
0.000 

2100.000 
MOO 

590.000 
O.OOQ 

6.\/00 
O •. JOO 
O.Oiiv 

m.oi:·» 
30'1.C•!O 
34-J.M 

10<~.CO•J 

O.M 
m.,~o 

m.GO·i 
0.001) 

2M.OO~ 

2:100.~•)Q 

0.000 

2200.00~ 

0.000 
5'i0.~0 

0.0•)' 

0.0.~v 

O.C-:·O 
O.N") 
6.~·lU 

O.OflO 
J20.0ll0 
3•H.~•ju 

m.c•Jv 

Ili2~.6~H 

0.00~ 

m.c-oo 
750.00~ 

0.000 

22'.10.000 

2200.000 
o. 0()0 

2200.000 
0.000 

5~·>.000 

0.000 
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Production costs for product~rad:~qp!a~t, for~iqn 
-- -----------. -----. --... -... ----------- - -----------·----------· ·-- ... ----------- ..... --------------·---------·--·----- ----... -------.............. ----

ri• :it!riil lhrstr ............. . 
r•• U~i!rial 1otiterl .•.•.•...•.•.. 
utilities ........................ . 
ll!'n!~~r ............................ . 
!!bcur ........................... . 
aunt!nince ..................... .. 
spare; ........................... . 
hctcry ov.r~uds ................ . 

sub~ltil hctcr·t C:l'its ........... . 
ther;;of nriah!e ................ .. 
ad1iaistrati~~ .................. .. 
1o1rletin~, di st~ibutio~ in~irect •• 
thrreni uria~l! ................. . 

totil befor! depr. ind interests .. 

total before interests ........... . 
i~terests ........................ . 

totil prod•d1an cost ........... .. 
there~f urio1ble ................. . 
totil labcur lol tot. pro~. cost! 
de~reciaticn borne by prad•ct ..... 

ra• Hterial lfirstl ............ .. 
ra• uteri al lothi!rl ............ .. 
uti!it~es ........................ . 
rnerqy .......................... .. 
!a~~.r ........................... . 
1ei nt!r.~:i~t ..................•.•.• 
sp•rts ........................... . 
hctcry ovrrhti~! ............... .. 

su~totil hct:r·1 ca1:s .......... .. 
thural •Jru~ir ................ .. 
a~•ini;tr•tion ................... . 
urrtt1nq, d:str1b.t1~n 1n~:rect .. 
t~err~f ·1aru~!t .............. .. 

tat•I bt!crt 1ntrrr;ts ........ .. 
1ntrrHts ........................ . 

tal•I product ion cost ........... .. 
thtrrol urublt ................. . 
tat•! l'baur !ol tot. ''ad. colt) 
de~rrc1•tion bornr by product ..... 

Yeir: 1 

o.o~o 

v.·"-lu 
0.000 
O.Olh) 
G.Wu 
O.C-U& 
O.O~u 

0.0-00 

0.01j1) 
0.0~1) 

0.000 
0.000 
0.00') 

C.000 

m.600 
O.O'JO 

102.600 
G.GOO 
0.000 

102.61)1) 

Yur: 7 

0.000 
0.000 
0.000 
0.060 
o.vo~ 

O.NO 
0.6')0 
u.OilO 

0.0~(1 

l>.0(10 
0.·);)0 
UCu 
0.000 

0.600 

15.360 
O.Vl!O 

l~.J60 

0.000 
0.00~ 

15.3'0 

Year: 2 

0.'i()•) 

0.0•)0 
o.~i~ 

o.o~o 

o.~•lo 

o.wo 
c.GvO 
0.000 

O.O•JO 
O.!m 
O.OOG 
O.ViiO 
0.000 

o.ooo 

102.600 
~.ooo 

102.61)0 
0.000 
0.0\iO 

IOUOO 

Yur: 8 

0.VOQ 
0.0(•0 
0.0•)0 
o.c~o 

G.uOO 
0.C-(10 
O.OiiO 
o.v.io 

o.~cv 

O.O~v 

O.~M 

O.'luO 
.;_•lliO 

0.000 

7 .680 
0.000 

7.680 
0.000 
o.ooo 
1.m 

hu: l 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.'l-00 
0.000 

0.000 
0.000 
o.oog 
0.000 
0.000 

0.000 

89.400 
0.000 

89.400 
0.000 
0.000 

BUO·) 

fur: 9 

0.000 
o.oo~ 

o.ooo 
0.00'' 
~.000 

o.ooa 
O.OO·j 
-0.0UO 

0.0~0 

0.000 
O.M 
0.000 
0.0(•0 

0.01)0 

0.000 
0.000 

0.000 
0.000 
o.ooo 
0.000 

Yur: 4 

0.00~ 

0.%~ 

O.Wv 
0.000 
0.000 
0.000 
0.0-JO 
0.000 

0.000 
o.ooo 
0.000 
UJO 
0.000 

0.000 

76.201) 
0.000 

76.200 
0.000 
0.00) 

76. zoo 

Yur:lO 

0.00( 
O.OOt 
l.!100 
·1.0-.· 
0.00~ 

o.o~o 

0.000 
o.~o~ 

O.OvO 
0.(-0~ 

O.~·)O 

0.000 
0.0\iO 

0.000 

0.000 
0.000 

o.ooo 
0.000 
0.000 
o.ooo 

0.00') 
O.V.-1~ 

6.0QO 
O.li-JO 
0.%0 
0.00.> 
0.00~ 

O.C"io) 

0.00~ 

MOO 
O.ON 
0.000 
O.OiJO 

o.m 

76.2•)0 
0.000 

7~.200 

O.'i-)0 
0.010 

7;. ~0C· 

Yur:ll 

0.000 
0.0~1) 

O.Ovt 
0.000 
O.Ov? 
0.600 
O.V.i~ 

0.(1(•0 

O.v•)O 
o.vo; 
0.'100 
~.it") 

o. :.(.!) 

~.OvC 

0.000 
0.000 

0. 
o .. 
o.ooe 

iHr: ii 

O.•ilJ•l 
O.OO·i 
O.M 
O.OM 
MOv 
0.00~ 

0.096 
J.~o 

0.0% 
0.000 
a.Go.> 
0.000 
0.000 

o.ooo 

1~.300 

o.ooo 

IS.m 
0.0Ni 
0.000 
l~.:'60 

0.000 

uoo 
O.OO•i 
0.000 
O.O•iO 
O.OtlC• 
0.01)~ 

0,Co(J·i 

o.or:~ 

U•)'.i 

o.oov 
o.~·!O 

!U% 

0.000 
0.00(1 
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Prod uc. ti on costs for product~r•1•~; ~!•~t, for~i~n 
. ············· .. ···-····· ....... ···-····· .. ····· ······ ............. ····-···-........ ······ ·······-····· ·········-···----·-· ····-···· 

r•• 1it~r;il (Gthe:"'! .............. . 
uti!:tle; ........................ . 
f~!r;7 .................................. . 

Ii~~" ............ ······ ......... . 
Mir.tf:ti'tC! .......................... . 

S;t•tfi .............................. . 

lie torr l•t'~!•ds ................ . 
--------·----------· ------------ ... --
!u~t~!•! hctary c~s!s ........... . 
thrrr~I uri1b!r ................. . 
i11:autr1tio~ ................... . 
urirtin1, ~1strib•tia~ incir;;:t .. 
th!!'fof uri1b!;; ................. . 
------------------- -- -------------
------------..... -------- ----- ..... -- ..... 
t:t.i ••forr intrrests .•.........• 
intrr1sh ........................ . 
-------------· ---------------- ......... 
tot•! praductic~ c:st ........... .. 
thereof urub!! ................. . 
tc!al l•bour !cl tat. ~ro:I. c~~!! 
de~rtci•ticn b"r~e by pratJoct ..... 

Yeu: IJ 

o.~o-J 

v.ooo 
o.-0v~ 

O.Ou~ 

O.ll-lO 
0.0IJI) 
0.001) 
o.~ 

0.000 
0.001) 
0.001) 
o.ooo 
0.000 

0.000 
0.000 

o.~o 

o.ooo 
MOO 
o.ooo 

O.•J-:•J 
0 IN~ 
tl.011j 
l),01)Q 

o.~1)rj 

MOil 
a.ave 
0.000 

0.00~ 

0.0-00 
uao 
0.00-J 
0.0-)1) 

O.OtJO 

O.OoJO 
o.cvo 

M-00 
uo~ 

0.0-)0 
0.0•JO 

v.o·:r~ 

0.0•!') 
O.!r.iO 
l>.1)<10 
o.o\1v 
o.o.:o 
0.000 
o.o~·o 

O.Ot)O 
O.C'\10 
O.OliO 
o.o~o 

UM 

o.~o 

o.ooo 
o.~o 

o.oo~ 
o.~oo 
0.0(10 
0.GM 
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---------------------------:---------------------------------------- m1m 2.1 - TES!:O Cllt;S':J'_Tm •~m~:~!~S CD., 8'JliA?£S! ----­
Proc!uc ti on costs for productgr•ding ph~t, !on! 

r•w e.!~C?·~cl {itr~~ ! ................ . 

r•~ !l!.:rlll !c~·~r i ............ .. 

ctl l i ~:t: ......................... . 
iilC!":if .............................. . 

li~O~' ............•....•........ -• 
••int~~•:-,~e ...................... . 
~p•res .•..•..•....•..•••.•..•••••• 
fict:ry :vf,~Uj'> ••••••••••••••••• 

suHot•! factory ccsts •...••...•.• 
tb·•re~i Virtib!r ••.•••••...•.••••• 
•rl1:~i~:r•t1:~ .•.••••••••••••.••.. 
acrl.!tlnq, ~:s~nbuti.in in~irrct •• 
th~reo! uriibl! •..•.........•.... 

toti: b~l~r~ dfpr. ind inter~sts •• 

totil :eforr ir.t~rf~t• ••...•.•.•.• 
intere!ti ......................... . 

tot~! P'cfo:ticn cos: •••.••••••••• 
t~fr:;! urub!r ................ . 
tot;,: la~~ur Col t~t. ;rad. ccstl 
depr<c:it1cn bof.~e bi ~rodu:t ..... 

r•• ut~riil li1rs:l ............. . 
raw u:~ru! LHl:erl ............. . 
~tilit:!s ........................ . 
tnt.org·; ............................ . 
li~Ct.~ .•••.....•.•..••••••••.••••• 

••II~ t i!~.JnC f ...................... . 

!;artt ........................... . 
lict.irv 0·1erhei:ts ............... .. 

~ubtc·t 1i lie torr cost! ........... . 
tn~rfO; Yil:"U~lt ................. . 

~·!•in1!;tr1~1t'n ...•....•...•••..••• 

t0rkrttn;, d1 ;t~1~ut10, 1r.1irect .. 
thrrtol ,.,u~!e ................. . 

tat•! brforr 1ntrrrsts ........... . 
inttrt!tS ....................... .. 

tot•! p•G~•1ct1on cost ........... .. 
thtrrol uru~lr ................ .. 
tot•I hbo•• fol tot. prod. cost> 
~rprm•t1cn ~ornr by prcduct ..... 

O.J•~·l 

O.M 
@4.0~ 

75.Wll 
10~.ii-)·j 

~:W.C·l'l 

2~0.G~~ 

~~.000 

1064. !.00 
2~4.lilO 

~v.~v 

400.000 
0.000 

1m.Jeo 

IM.9QO 
0.00~ 

1969.9~ 

m.lOO 
m.o~o 

175.tOO 

Y~•r: 7 

1.000 
(i.000 

280.GOO 
25(1.0·lO 
3~0. coo 
l5U00 
Z•lO.O~O 

m.c-9v 

l6el.OOO 
ea1.0110 
m.ooo 
(·\O, 000 

o.oo<· 

2411.000 

2586.MO 
0.000 

2~86.600 

881. 000 
600. GOO 
17~. bOO 

Yur: 2 

o.suo 
O.•)IH 

H0.000 
m.oo.> 
m.oM 
J~o.wo 

201).~jo) 

250.GolO 

1240.51.lO 
H~.~O 

330.000 
400.l!OO 

0.000 

1970.500 

2146.100 
0.000 

2146.100 
440.5')0 
m.~oo 

m.&Qo 

Yur: 8 

0.000 
0.000 
0.000 
0.000 
0.000 

350.00'l 
21JO.OOO 
m.ooo 

S00.000 
0.000 

rn.ouo 
400. O~•l 

0.000 

153M01) 

1649.800 
0.000 

1649.B•lO 
0.000 

250.C~~ 

119.90~ 

Yur: l 

O.NO 
o.•:!O·) 

m.~'llil 

17S.Q•J<i 
245.l}Q·) 

350.0•iu 
290.000 
2SO.OQG 

1416.NO 
6!6. 700 
130.000 
%0.000 

0.000 

2146.M 

2322.JO!l 
0.000 

2122.JC~ 

616.700 
415.000 
17S.6M 

Yur: 9 

0.000 
O.•)M 
0.000 
u~o 

0.0~.) 

350.0•)0 
200.000 
m.OoJ•l 

80~.0•)0 

O.Ot1~ 

m.0110 
M. M 

0.000 

15lu.OM 

1594.000 
0.000 

1594.000 
o.ooo 

250.000 
64.000 

Yur: 4 

U(~ 

O.C·••u 
2~~.0·iJ 

225.00•i 
llS.OllO 
351>. 000 
~0.000 
251).GOO 

1m.9oo 
BZ.M 
l.W.O•H 
400.~'I}) 

v.011v 

2522. ~00 

me.s~·: 
0.000 

me.5oo 
792.900 
S65.000 
175.6•l0 

Yur:lO 

0.01)1) 
0.000 
0.•)•10 
O.OO•j 
6.00•J 

350.?~0 

2v0. O~il 
250. 00•) 

liOO.M 
ci.00? 

m.ooo 
4•i(·.O•l0 

6.COO 

1510.00•) 

1594.000 
uoo 

1m.ooo 
o.ooo 

250.000 
64.000 

Yur: 5 

1.000 
O.OM 

290.~i~ 

25u.O•N 
m.a.Jo 
lS'l.0-iil 
M.OO·l 
2~0.0•jO 

1691.0t!? 
&a1 ... ltl 
J~J.0•)0 

400.000 
o.cco 

2S66.6•l0 
O.OvO 

2m.1ioo 
ea1.~·Jo 

600.~tiO 

PS.6')0 

Ye1r: ll 

O.M 
0.0'J0 
O.V<iO 
0.000 
O.OOa 

351.0•jO 
~00.00•) 

25•i.OciO 

8oi·l.01J•) 

O.ci(IO 
m.oo~ 

40·). vtiO 
v.oc10 

ISlO.O•iO 

1594.000 
o.ooo 

1m.oc 
o.ooo 

m.ooo 
64.000 

Yur: 6 

1.0\toj 
O.C•iO 

2S•J.hl•J 
i~·>~G(:~ 

3~~.%£1 

~50. Qt}•) 

2~·).000 

~li.V.:10 

USl.000 
ee1 .c~o 
m.-)jju 
400.•J•)(i 

0.0•)~ 

muoo 
O.O•iO 

25eo.ii?O 
86!.00~ 

6')0.000 
175. 1100 

Yu,:12 

C.!J(") 
O.•M 
O.':•ill 
O.OilO 
o.~•i» 

35Uli;, 

2·i~.~(•0 

250.•)(10 

&~·).%') 

v.ov·) 
3~·).•i•:··j 

411~. •)1j(• 

O.OllO 

15U.OOO 
O.v~O 

1m.ooo 
0.000 

2~UOO 

16.000 
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-------------------------------------------------------------------- CGl!f'~R 2.1 - m~o C!lllSlUINS r.11;1xm:s co •• auoil•m ----­
Production costs for produc:t1ridtni ~lo111t, lcul 
-----... -... --.. ·----... ------- -- - - ... --...... ----------.. ----------- .............. ------------------· ... ------ ............ --------------- ......... ---·-------------------

r•• a.te·u! !firsti ............. . 
ro• ut:~ i •i Cct!ter I ............. . 

~ti!!ti!; ··•·•·•·•··••·•·••····••• 
e~ergy ••.•...•••...•.•...••.••.... 
I•~~:::- .............................. . 
Jiir~!:!'C.i:'i:~ ........................ . 
~~ir!-: ............................... . 

i•~tcry c·1!r~e•ds ................. . 
................................................................................. -----
s~btotd f1:tcry costs .....•.•.•.• 
th;;reil! •&r:!b!e .••.••••.••••.••.• 
o1~1inistr ltic~ ................... . 
lorkehn;, distd~~tion rncirect .. 
t~m:~r Yir!i~I~ ................. . 
-----------·--------- ......... ---------- ...... 
tot ii •••~re ~epr. ind int!rests .. 
--------------------------------·--
t~t.;! briar~ interest! ........... . 
intrte;;ts ........................ . 
---------------------------------· 
to!il pro~~di:~ co!t ............ . 
t~!rraf ••tiible .•...•.•.•........ 
totJ! !1baur {of tct. prcd. costi 
depreci•ti~~ bcr~~ by proj·1ct .•••• 

o.~v~ 

O.O•J~ 

0.0·)~ 

UO·> 
~s~.c~o 

200.G•:o 
250.00~ 

Sc~.000 

0.000 
3~0.0CO 

400.00~ 

O.*Q 

!~30.0tJO 

1530.00IJ 
O.OOIJ 

1m.ooo 
O.O!lO 

m.oco 
0.000 

O.e<!IJ 
U<J!l 
o.~;JIJ 

U% 
o.oco 

lSO.WO 
200.C.iO 
250.09~ 

SvO.O•)v 
0.000 

330.000 
400.0\i(i 

0.000 

1530.000 

1530.090 
o.ooo 

mo.ooo 
a.coo 

2SO.OOIJ 
0.000 

e.c~·: 

0.11'}0 
0.00~ 

~.090 

0.00(i 
J5o.i:uo 
200.0tiO 
25Y.OriO 

E~~-~00 
o.ooo 

m.oM 
400.oulJ 

0.001) 

mo.ooo 

1530.QC(i 
0.000 

ISlO.MO 
0.000 

250.000 
0.(itJ(i 
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-------------------------------------------------------------------- ca~Foll! ?. I - TESCO CONSUlTitiG E!iiii!IE~lilll& co •• 8U~~ST ----­
Pr- oduc ti on casts for productu~~~~tr, Iced 

fl• Citl'":ti Hirit! .............. . 

r•• litt?~ui kt~!r! ·······u••··· 
ut1 ii tl!:. ......•...•....•..•...••. 

r~<qf •········•·••··•·••··•·••••• 
!:~our .•..••.•.•.••••••••••••••••• 
llint!1iCC!' ........................ . 

~~i!"!S •••••••••••••••••••••••••••• 

h:!::.ry ovr~nri~s •.•...•....•....• 

!o~tot1! hdoq costs ........... . 
tt:r!~! nri1!1lr ••••..•••••••.•••• 
i1.d1i:ti:.tr•~ion ......................... . 
urk!~:n;. distri~~ticn ir.~irrct •• 
t~eaJf uri1b!l ................. . 

tot!l h'for! interest! ••••••.••••• 
tr.teres.ts ......................... . 

t·J!1! pro~uctiC!1 co!t ........... .. 
th~r;J! varub!e ••••.•••.••••••••• 
tot1; lo~J"r lof tot. prcd. cost) 
e:;:2':tlt!:ri ~~:"n! 'tr prod\!Ct ••••• 

r;. ~~t~ri:! (iirst I ·············· r•• U~H:il (~:l\tr I .............. 
i:~; l ! t: cs .••.........••.•..••..••• 
t~~rH ............................ 
la~o:.i.r ............................. 
~J:n~e~.i~~! ······················· 
i~!re; ···························· 
h.:~~r1 U•er:1'U~! ................. 
.... -............. --- -- ---- -- -------------
s.~t~:1! fi:~cq ccst; ············ 
!h!'t~f v.ir: J~lf ·················· 
i~Jlr.:~:rj~:.:::i .................... 
urit~ ::-.;, d~;tr:l\:~~-:·1 1 r.~~ ~ ~= t .. 
thrrtc~ 1.?r:1:l1! .................. 
-------·-· ....................... -· .. --- -- ·- -
t::•I eef~rf ~e~r. ·~j tnter!>itS .. 
.................................. ---- -......... ----- .. 
t,t.1 ~rfo~r 1ntrrrsts ............ 
inttrrsts •.•••••••••.......•..•••• 
...... ------- .............................................. 
tot•! prac!uctun cos! ............. 
thrrrof urublr .................. 
tot•I I •bour lof tot. ~rod. co~tl 

dr~rro•tion borot ~Y produ~t ..... 

Yeu: I 

0.000 
0.ij00 

15<'.0tH 
liS.~"N 
m.C•N 
3:·:.ooo 
l\la.OU-l 
m.M~ 

160-l.OOO 
sao.OO•) 
4~0.000 

750.00~ 

0.000 

mo.OM 

2780.G'lO 
u.ooo 

279~.~U-l 

S3MQO 
8~5.~•)9 

0.000 

·1u~: 1 

O.Ctli 
0.000 

lOO.lil:O 
356.000 
SI0.000 
380.0liO 
30li.OOO 
:•o.ooo 

21eu,.J~ 

U~Q.•)•)') 

~:: •• 1,1j1) 

7~·).~1]1) 

O.%v 

mo.coo 

mo.&~> 

o.coo 

3360.000 
1160.000 
1100.000 

0.000 

Yr..-: 2 

0.000 
0.%0 

m.&JO 
280.0UO 
~il8.0o.l0 

le~.°')O 
lli9.0C•O 
m.9oo 

me.~o 

928.009 
410.000 
m.ooo 

0.000 

3128.0CO 

3128.000 
0.000 

m0.ooo 
m.ooo 
9?8.0Q~ 

0.000 

Yur: B 

0.0".0 
O.O•jO 
0.000 
0.000 
O.li•lO 

380.C·)O 
JOO.WO 
m.ooo 

li120.0•:0 
O.G!•O 

n•).~v~ 

n&.O•JO 
0.0(•0 

noo.coo 

2200.000 
O.OOv 

2200.000 
0.000 

590.000 
0.000 

Yru: l 

O.MO 
0.000 

300.(1(\Q 
m.o-i~ 

510.0t.lO 
lS0.0.)0 
300.COG 
340.00o) 

2180.~ 

1160.000 
430.000 
750.000 

o.ooa 

J.U0.0-00 

muoo 
0.000 

mo.~o{I~ 

116.J.000 
1100.000 

o.~oo 

Yur: 9 

O.&QO 
O.O(•o) 
0.0•)0 
O.OOJ 
0.0•)0 

3eo.o•Jo 
ltlv.OfJO 
m.ooo 

1020.0·~0 

0.0?0 
co.or,•) 
750.000 

0.01iO 

2200.000 

2200.~iJO 

uoo 

2200. 090 
0.000 

590.0~0 

0.0<\0 

Yrl!': 4 

O.'lN 
O.V.:>l 

30UO~ 

35U•J•) 
m.c-o:: 
38~.w~ 

300.<!•)0 
l40.0~·j 

2190.0.lO 
116UOO 
m.eoo 
750.0lrl 
o.~ 

l.UO.O~O 

1100.oou 
0.000 

rnu·jo 
ll~Uv•J 

llOO.~'Ju 

O.O'iV 

Yur:!·) 

O.OuO 
o.u•!O 
fl '·1)'.) 

,•;(/') 

10=0.c.Jo 
o.~"O 

4Jt).1.'1) 

750.0·:00 
o).000 

2~00.~·';V 

22(10.0(1•) 
0.0•)0 

22on.uoo 
0.000 

590.0f•O 
o.oo' 

(i.000 
o.~._..; 

3(.0.li<i~ 

350.Co<JO 
m.~'llJ 

!aO.OOG 
l00.006 
m.c-oo 

2180.0* 
mo.coo 
U~.GOO 

759.li')O 
0.000 

3.U~.il'lO 

rno.ooo 
0.000 

ma.Oil~ 

ll~U.C-UO 

I !i;•i.O•ju 
o.~)9 

Y~:r: l I 

0.0.:.) 
0.000 
O.vM 
0.000 
o.wo 

m.~v~ 

!(•O.Oi11i 
!~O.MO 

IG2~.0·jo) 

UilO 
rn .vO-l 
TSO.r;r;o 

•).~··0 

~2')0.•)00 

n~i;.ooo 

0.000 

lZ00.000 
O.M 

m.G<IO 
0.000 

lur: 6 

O.<!N 
O.•itJO 

:;Q.J.·j(l(1 

35u.!!tiv 
510.M 
~·).i)ljl) 

::0-J.~•i·) 

l4il .V.:·~ 

m~.oou 

mo.ocv 
4JO.Oolu 
750.000 

o. 0-)0 

3300.000 

3300.0tJ•j 
0.0(10 

3!60.000 
1160.c(") 
1100. 0•)0 

~.O<·G 

Ye•~:t2 

0.61·~ 

O.OvO 
G.WO 
o.~·;i; 

O.O!lO 
~av.li·J~ 

w1.~·:0 0 

:Hv.oo: .. : 

1c.~o.ooo 

0.010 
m.~uo 

750. ~·lO 
o.o•.\v 

mo. coo 

==oo. 0110 
0.0•)0 

mo.oo~ 

9.00.) 
~~u~o 

0.006 
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.- " 2.1 Utll(11) 
-------------------------------------------------------------------- COl!rAA 2.1 - TESCO CCllSl.Ulli& E!ia!!t~Eitl!i'G co •• '4.ID!lrm ----­
Production costs for producter~•n~~. la~•! 
...... ---- ---- -----.. ------... -----.. -- ------- .. --- ----·· ..... -··------------- .. --- ...... -- --------- ---- -------· ......... -..... -------------........ ---- ---- ----...... 

Ytu: !3 Yur:l4 lHr:IS 

, .. &I!~~: ii {!trsti . .............. @.(\o)tJ ~.C•J<J 0.0<·0 
,. .. lil!rui l;t~e~l . ............... @.OI!~ il.C'\\.l O.•:ill6 
1~:!itifS ............................ o.~l)O 0.000 0.0-)tJ 
r.l!~fl .................................. ~.Oo}I) ~-000 0.04)0 
h~iN~ .............................. O.QOO 0.09~ o.ooe 
uiat!nal~~ ........................... 39•).6<.'I.) 3aO.O'JO 3Sd.C<lu 
5;l'1i:"f~ ................................... 3•jir.~W 31~1~.006 30-J.V<j•) 
f ·~tU.-) Q\'?r:t:!di .................... m.o-:o m.ll'l~ m.ooo 
--------------· --------------------
su~tct JI i!:tor1 costs ···-········ 10Zli.6'JO mo.OorJ lil~U.OM 
ln!reci uri1~l! ·················· O.OtH 0.Ql)t.) O.OC•O 
•~1:~1!:!"•~ic.n ·····-·············· m.wo rn.GOO C0.00~ 
tir~r~ ~r.;. ~:;;trib~ti~~ in~Iri!Ct .. 750.0011 m.ow JS0.00& 
tb!aJf .;ri&~le .................... o.m o.~o O.OtJG 
--------·----- ---------------------
tot~i ~!fore de?'. ~n4 :nttrests .. 2200.~ 2:00.000 2200.000 
...... ---------------- ........ --------· ....... -
tat.1! ~Ei :r! in~er::sts ............... 2ZOO.l!C-O 2200.0<lO 2200.~ti 
t!ltlrr;ts ............................. UGO 0.000 0. 000 
------·---------------------------
tot JI proi:!ttc~i an cost ............... 220~.~ou 220C.Oll0 mo.Geo 
thereof 'iiriiO!! ..................... o.co~ C.000 O.C•)O 
to hi li:a:ff' (:f tot. prod. co;tl 590.0•j~ S9~.C•N m.OM 
dt?rtci1t:ol ~o:r.e ~I prod~ct ...... a.00u G.000 O.!!-Ou 
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~~-'.::::;--~,~ 
~· .... ~ --•. ~~ © 

~~£ __ :if COMFAR 
~~ 2.1 Utl I (11) 

----- ------------------------ ---- ----------------------------------- Cm!ft\R 2.1 - TESCO CGll5Ul.Tl:IS Elt~INEEl!!KS CO •• iUDAF£ST -----

Total Initial Investment in tt.au~•ajUSdQll•rs 

Y!i"' ........... . 

l1r.~. ~!t! ~r"C?::a~1t::l~. ::!htrc;~at 

5.::!d?~iS i:i~ i:n:l •:f~i .... 
~:.ti;!l9!'"i l~~ 'ii!'1:c~ ie.:1Itttes . 
[c.:i:r~:!'"i:i! fi:!~ •s:!ts ..... 
fh:t sJc~:'e~v ••d e.,.:~~ilt .. 

Fa-prc~ccti~~ c.;;: t•I UJe~di tur!s. 
Net r~ri:r.~ CJ?itJI ••••••• 

Of it fcret~~. in I •••••••• 

H.•}oj(; 

S<:'ll.9<)G 
0.0~~ 

4:W.M 
550.~l 

2~0.0~0 

G.000 

2m.oo~ 

1&.m 

199[ 

0.0-l•l 
5'l3.•i00 

0.(h)ol 
12.000 

:na.~911 

858.000 

176.900 
0.0..'0 

1034.000 

19.7~ 

------------------------------------------·--------------------------------------------·---------------------------·--------
l!anqolian perlite --- is Jane 19~0 
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ft~).~~ CD 
~~·-~--·~~·.~l" c 0 MFA~ ~~-.;;.? n ... 
~~ 2.1 L1t1 r (11) 

-------------------------------------------------------------------- C~l'.F~~ Z.l - lESCO ms:.1.ms ENmE:m:: Ctl •• SU!!ltfEST -----

Total Current Investment u thau!nd US dcllus 

I :if ••. 

l!~~. ~:tr ~!'t~a:-at::n, ~'!'.,t!e~~nt 

i:Jtith.n~~ l:!j C!'fd 1:::-ii •••• 

~u:!lti!'y i~:f ~~rrici f2oi1t1e~ . 
foi::rpa:-cte:i he!~ i5:~tis. ••• 

Pl•~~. u~bir.!l"y •~d tq~:~~nt 

fotil Ii :~d in•est•~~t costs •• 

Pre~rafo~ttoa c,;pi t.il s ""nd1 lures. 
iorki!t·f ca~1td 

Toe.it ca:-re:;t i~·1t:.~~=:it c:csts. 

Of it fcrri~r., t ........ . 

1m :m 

o.~:i1< 0.009 0.000 
o.wc o.v-~ O.Gllv 
o.cuo uw 9.GllO 
0.11'~~ O.Ol)j O.i!'iG 
0.000 0.•>00 0.000 

--------------- --------------- ----------·---
O.O•iG 0.,-0-J 0.000 

~-i!W 0.000 0.009 
i.l!.151 ~o.m 39.m 

---·----------- ------- -------- ----------·--
0!7.lB! Sl).m 39.339 

0.000 0.000 0.009 

1996 

o.o,;.> ~.·: .. )1j 

ii.Ii(•) 0.0,:.0 
o.o~..; ~.(!tlo) 

0.60 u.~jO 

0.06-J O.CI.•~ 

--------------- ---------------
o.ow ~.Oli-l 

O.OliO 0.000 
17.m 8.6ll 

-----···------- --------------
11.m 8.6ll 

o.ow 0.00& 

lloaqol i •n per 1 i tt --- 25 Jene m~ 

----------------------------------------------- ------------------- Clll!fliR 2.1 - TESCO CllHSUl WIG ESS!SEERiMo ca.' !Ul!APESi -----

Total Current Investment in thousand US do!hrs 

F:r:~ irr,:~t•~~t cG:.ts 
L•11!, s1tt pre~ir!ttcn, ~e-.:ll:Ot;1e:i.~ 

S.Hijt;.;~ .i~~ c1·:d 11~"'L; •••• 

1h:ilil~f l~~ 5e'<iC2 ft:iltti~! 

I~:cr:;:rit:?C fu!:f 1;;~ts. ... 

r;j!'::, 11chi~~r., li11 l!Qili~ted 

~ff~'a!~ct ion 0~1 t1ls r:~endt tur!s. 
ilc,l:i; c.;it.il .••.•••. 

T;,.td cu~re:it invz!.t1ent cost; . 

I 99Ma 1999 

U0l O.OO·J 
0.-·••0 0.000 
O.o~O 0.000 
u.u(11l o.c•w 
o.~vo u.000 

o.cc~ o.o~o 

O.OoJO o.o~o 

O.OOli -m.m 
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t•COMFA!f 
.- ' 2.1 IJlll[l(1 -------··---·-------·-··--------·---·---------------·--···--·-----·- CQl!FA3 2.1 - TESCO CO~SL'!..TlrlO ENa:~mNG CD., BUl!MPESi --··· 

Total Production Costs i• th~s.ind us toll•r~ 
ffl!' .................. . 

: :r r.c1. CiOIC: t;-
I •.• ,_ 

lst~gl! ~rJducti. O.%u o.ooo li.O~li fr.( .. j;j 
ho li~erii! I 

e.w:> 0.3~ti 0.50-) O.iG•i 0.M l.Ol)C 
fiB!r raw •~t.:r!a! 5 o.cuu O.OC•i o.~·r: 0.0~•j U~v 
Uh!1t~e: 

m.0-00 380.000 m.~\t-0 m.ow ~v.llOO 
Eier;, 

•~.oco 405.0UO 525.0ci1 575.•)t'-) 6C').C~O 
libc:ir. ~ire~~ 

!Oli.ii(•O m.ow m.w~ ElS.OC·i ebo.~oo 
l!r;J•:r, a.inti!nanct 

73C.WO 730.000 no.Orio 1~·i.ci~j m.O•iti 
Spcre-s 

~1U.IJ1 501).QOI) ~fv.OQO 5W.O•lli ~i~.iiliG 
f.i;:tcry onrhe•1> 

5iO.llliu 5~0.0G•j 591i.GCO 590.t}OO 5~&.etio --------------- --------------- -------------· - -------------- ----------·---Factuy cash 
26.\4.!UO l!BS.5<)0 m~.100 !Jn.90-0 m1.uoo 

Ad•i~i str at: Vi! OVi!fhi!i~S 
7ci0.000 761).QOu 7ou.oo·J 760.000 m.ooo 

fnjir. co; ts, sa!ri ar.~ di str i ~ut1 er. 115«>.0-~0 1150.000 llSO.OO!I mo.ooo 1150.00') 
&irKt costs, s•les ind ~istribution 0.M O.OC'll o.ow o.w.; 0.0C-0 
Ct~rcci•tiOl'I 

2i9.200 278.200 m.ooo 251.900 m.eoo 
Fina;i•I costs 

0.0-00 o.ooo 6.GOO O.•JW o.oco -------------- ----·------- ------------ -------------- --------·----fatal ~r~~~;:tian ccsts 
4652.500 5!76.700 S771.7CO sm.100 6022.BOO =============== ====:========== =============== =======•======= =============== 

Costs per ~nit I sin~!! product l o.ooo o.ooo o.ooo O.tlc-.J 0.000 
GI it forrii;,, ! 

2.114 :.908 1.549 1.284 1.m 
Cf it varia~Ie,! 

17.399 25.~5~ :M. 78J J1. 9~o l!.eee 
iota! !.1C:::a:r 

1200.0tiO 1m.ooo 1m.eou tm.(IC..J 11ov.·~oo 

·-.. " -.. ··--.. -· --·-... ---·-· -...... --·--·---·--... ··--· .. -------··. -----··· ----·-·· --..... ··--· --·----.... --···-.... ---·---. -- ... --
!!onqolil' perlit! ·-· 25 June 199v 

I 
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I 
I Total Production Costs i-. th~uu,~USdai!us 

Im 

I 

I 

: al r.:!. ~J:l·:~ ~·1 l;u~le pr~fa•tl. V.t;f. 0.C•)I) ~ .. ;.,o o.voo 0.9r.O ;i .. &C'.l':l[ ! 1.wu u.OO.i O.•jGu O.Ow O.'li!u n'!~ r• .. ~•t~~t1!s 0.l)CQ 0.9-N O.Od 0.l)IY., 0.!J'j·) Ut:iit:E 58( .. 001) O.CC•j o.~li·i O.lil.'U l).~(o Er.i!r.r; 
6~(1.~·j~ U8.i li.~b 0.1}1J·i Ii.we l1~c..:r, :;:-e:t m.c·co 0.00(1 6.C.JO G.\l<j·) O.ON ft:;ai:"". ••inte~i:::l 730.•J(·~ 7JU.6ov nv.~o~ no • .ivu n11.001 S~i:"!! 51:11).C,.jU S·:-i.O~ 501i.·~0 sw.ow ~-~·i1 Fi:t~~1 C'fi~~H.:~ 5'1~.0-jl) 5•~-~01) m.~o; 590.0~1) 5'11).000 --------·------ --------- ... ----... --------------- -------------- ----·---------... ;: J: tcry ~::s~: mLir:.J IS:l).O~O 1s:u.ll•n IS~0.000 1s~~.coo ~=.a:ni~~ritt•f C't:r~!!di 7CO.C~O i60.U.:lli 766.~~ 700.~0·J 76~.0N ha:r. c~~~;. ~.i!!! i;id di!tn~~ti:n llSO.~·:i mu.u&o 115V.GOI! !ISO.OW l!Sl>.liOO ~:rlct costs. H!iS •~1 ~i stri b:;ti :Jr. 0.Cu~ 0.000 O.Ooli o.ovo o.aoo ~fj:'!:i.it10.i 190.fo!i 127.4&0 64. O.JO 16.01)9 G.liOv f ::t&~C~il cc~ts O.OC•li o.oou o.wo O.OOli O.OOG -------------- ------------- -·---------- ----·--·----- -----·---------Tc!Jl pr..:uctioJ cost; 5901.100 3i!S7.4SG 3794.wG 3746.000 ~13C.OOO =============== =============== =============== =============== =========~~==== C:;a p•· ~Ji t r sin;It prodact I O.OliO 0.000 o.ouo 0.000 a.coo ·' 

Cl : t /.Jr•i~~. t O.Z5d o.m 0.000 o.oov o.ouo QI it v:ria~le, ! l.;~i.H O.OllO 0.000 o.uw 0.000 fo~•I il~C!!:" liCv.li•H m.00-0 B4o.cr,o m.OOol B~O.CliO 

I 
I 
I 

I 
I --------.. ------......... ------------ -- -- ........... -- --- ..... -.... -- -----·----------------- ......... ----- ........ - ----·--------- ..... ----............................... ------ ... ------

naa~oii1n i;ulitt --- ~Jun~ l\'N 
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I 
I 

t<=~:~ 
tv,f~1~ @ 

~~~~;1g COMFAR 
~~ 2.1 Liii I 00 

------------------------------------------------------------------- tOftHR 2.1 - rmo CONSUi.TiN& EMGlllEER!!iG to •• MlGAFm -----

Net Working Capital i• tbouund US dallus 

''"' . .. . . ..... . . . . . . m~ 1m 1m m5 mb I 
C·:;;c,.:;l . . .. . . 1dc CQtO 

i:u!'rf'.';t ess~:.i ~ 

;.:cc.~t: rcc.;1 · •• ~!e . <i> 19.a m.m 28l.251l ll>S.929 m.m 3W.61! 
I 

lnveitcry a~! ae~eri•Is • !S 24.0 9.7G7 15.861 2(1.71)6 n.m 24.222 
E:"iet~~ ...... .. . .. .. 0 0.001) 0.000 ll.OO•i 0.000 0.00& 
S~are; ... . . . . 191) 2.0 25~.6~·) i50.00G 25-0.000 250.00'l 250.0\itj 
V~r• in ~~~~HS ~ 12.0 222.u:s 26S.7oia 299.725 314.408 m.m 

I 
Finished procucts l•J j~.o 95.119 109.661 121.019 m.m 128.lbl 

I [i;.:i in bir.j .. . . 1 31.G.O 8.157 B.786 9.264 9.m 9.SSo 
Total Ctrrtnt asse~s . . . ........ m.2011 m.286 100&.m 1o:;a.m 1054.SV<i 
c~rrent li•~•lit:es and 
AccQan~s pa-,1~lt • .. lO 12.0 222.&45 265.7QB 299.m l14.40B lil.7Sll -------------- -------------- ------------- -------------- -------------
N!t 1ariin1 t•?ital •••• . . . . . . 617.IBI 667.m 70Ul7 m.m 732.750 
lncre;m in ·~~tin~ ta?ital ....... 617.191 so.m 39.:m 11.m 8.61! I 
Net 1arii~9 c•pital, lccal .. . . 617.19l 667.57e 706.917 m.m m.no 
llet •:r'.ir.9 Ci?ita!, icrei~n .... O.ON 0.000 0.000 O.O-Ou O.OOu I 

I Sot!: a~c = 1:Ji~u1 dais of caveraqe ; cato = coefficient of turno~er • 
-.. ---------- ------· --------... ---- ----·-----------·------------------------- ......................... ---------------................. -------------------·--·- ... .. 

r.ongolian perlitt --- 25 june 1990 

I ------------··------------------------------------------------------ CCMF'~R 2.1 - r:;co C0'1SUL mG mrmms co.' BU&llPcST -----

Net Working Capital in thousandUSdollars 

I Ytir ••••••••••••••••• 1999 2000- 6 

[overs·;! • . • • • • • • • sdc coto 

I Current issets • 
~ccc1J:its rtc:ti tib!t • 20 18.0 lZ<i. ()!! 2<17.m 407 .222 
ln•e~t~rr 1nd uterul s • IS H.O i•.m O.OliO o.ooo 
Entr ;v 0 0.(•1)1j 0.000 O.MO 

I S;ire; 180 2.G 2~·l.O·:U 250.000 250.~~li 
W~rl. in pro~r ess 30 12.0 rn.m 151.W m.667 
F1n1s~tl! prcd~ct; ·10 16.0 m.;ei 71.~67 71.667 

C~s~ ; n t.11;1~ 36~.o 9.~56 7.107 7 .167 
iota! currtnt 1ssets IOS4.S00 697. 722 m.n~ 
C•Jrrt~t li1~ihties i~~ 

~ccounts 'l'(J~le • 30 12.0 311.iS·l 151.667 151.m I 
-------------·· ............................ _ ................................. 

Net •Orlint c•pittl m.m 5!6.056 m.~~6 

lncru~e in •orkin9 c•;1 !al .. o.ooa -196.m 0.000 I 
Nrt •Orlin9 C•p1t•I, local . m.m 536.0~6 536.0~6 

I 
Nrt wcrlln9 CJpi t•I, lorri9n ... 0.000 0.000 o.oao 

I 
Nott; •~: • 1ini1u1 d•JI al com191 ; cola• cotflicirnt of turnover , 
..... -- .......................... ----...... -- ............. -........... -............. -............................. -- .................... -- ----------............................... --- .. -........................................ ----- -- -.. -....... -..... ... 

I 
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..,. --~~"J..--:·,_ ,. 
j':"~---~·.'.J1 
w~ .. ,..: '}1~~ (!::] 

~=-~--:-··t C 0 MFA R ~# :·: 1 LIM I DO 
-------------------------------------------------------------------- Clil!FA~ 2.1 - rma mSUt.JlliS E:ilimm~s co •• PUQ~PEST -----

Source of Finance, construction in thot~•~~USdolhr! 

!!l~ ·············· 
E~u:~y. rr~t!Ury .. 
E~:.u t·1. ;Irti1?re~1c~. 

!!J~~: ~l!~, c~a:t~ 

Lean -. f::!'ei~il 

L~a~ -· br~t;~ .. 
lea-: c. f:reqr, 
l:&n ~. !~:;: .... 
le•~ ~. 1::1! .... 
~:u:i c. lc••l •..• 

Tot•! fo;n ········ 
Curre~t iuJilibe> 
oink O•<rdrift •.•• 

Totll fund; ....... 

mo mt 

2%,. ~00 1034.01)0 
(1.(1~·) o.~o~ 
O.•);ei 0.00<> 

(1.(11: .. j 0.0•]0 
O.•iCV O.OOQ 
L\'i(·~ o.ouo 
v.i•e1J O.Q1~9 

U.\:~1j 0.000 
O.tl·)I) O.OliQ 

--- ------------ ·--------------
~.tj•]l) O.G~•j 

o.oou 0.006 
~.•iCv O.OvO 

-·---· -------------------------------------·---·----------------·----------·------------------·--------------------------·-·----
fton901ian p!riit! --- 25 Junr 1990 
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.COMFA~J 
~ 2.1 lltlIDO 

----------------------------------------·-·-·-----·····-·--------··· COllF~ii 2.1 - TESCO CUS51JlTIS5 E!ISIIITTWIG CD •• 1Ut'1\PEST -----

Source of Fi nan"ce • production in thl!U!•~d liS ~olhrs 

lEir ·············· 1m 1•~t 1m 1m 1m mMa 
:q'JI ty, ~~ilit?i:!"y .. li.(0•) G.wG O.Q•~i 0.•)•)0 O.•ill~ O.C--OG EJ:i:t;·, ~~2fer~.~=~· ~.(.).} G.OolJ 0.•:1Q1j O.O~v O.lili<J 6.·J-0~ S1;~11:h!~, g~i:'!t~ O.•J~·J 0.')~0 'l.0(•) 0 li•i•J O.'iVU O.•itN 

lCir\ il. fore:~~ 0.1::·~~· O.Oliu o.~•ioJ 0.001) O.C•C-J O.vli.J loan ~, fa!!q~ .. o.(:c··) 0.C-Ju o.~cu 0.091i O.li·)iJ O.liO~ lain C, forei~n Ii.lie·; 0.000 o.o.;.; 0.000 0.001) o.ovo le•~ A, local. .•• O.·~·H O.•JOG 0.000 O.!»l 0.000 o.ovo Lu~ ii, loc•l. ..• O.O•iv O.OtJO O.OliO 0.000 0.900 0.00I) L:i.r. C, l~"•I ...• o.o.;v 0.001) 0.000 O.CllO 0.000 o.ovo ---------·-·-- ·-------·------ ------------- --------------- --------·----- ---------·----Tat ii! lca.1 ········ 0.0~·j o.~oo o.ooo 0.000 0.0·~ 0.001) 

CurrEnt lii~1iitits m.m 4l.6Bl l4.0!7 14.69l 1.:m O.Ou~ hna averdrait .... o.o~o o.ooo 0.000 D.000 O.OiJO 0.000 -----·--------- ------------- -------------- ............................................ ·----·-------- ---------------Tat<i funjs ....... 222.025 4l.68l l4.017 14.683 1.m O.Ou:i -----·----------------------·---------·----------- -----------------------------------------·---------------·-·----------------
ftan~oli•n ptrlitr --- 25 Ju~e 1990 

·----------·------. --·----------------------··----·--------------- mm 2.1 - TESCO CONSUL HM& EliGl!lEER!NG co., &UDAfESr -----

Source of Finance, production ia t~ous•ndUSdolhrs 

Yur ............. . 

Eqt1:h, ar:!ir.ary •• 
Eq!l!b, ~refer:.;i:c. 
Su~sidtes, ;rant; . 

Le•~ A, fcre:~:i . 
loii a, l~rli~~ .. 
Leen C, f;rei·;n • 
L~·~ ~. !OCil .. .. 
LJl1 e. !=ell .. .. 
Lain C, lO(J( .. .. 

fot1! lo~~ ........ 

C"rreit 1:1b1l1he; 
Ei!"., ~~e:"":r.alt .... 

fat•l ~;,;r.~s .••..•. 

!999 

0.00•) 
O.OliO 
0.0li~ 

0.000 
0.1)~~ 

0.000 
0.•)00 
0.000 
0.0~0 

0.000 

·11~.m 

o.r1v~ 

--- ........ --- .... -- ........... -----.... -------- ............. ---- ..... -............. __ -· --........ ---· ---·--- .. ---- -----....... ______ .., ... __ .. ·--------· ....... -- -- -- ·----------.. ----
Hcn9oli1n prrlitt ··- 25 June !H\I 
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I 
I --------. --··-· ----------------------------------------------------- C"ul!ia 2.1 

I 
CashfloH Table_s, construction u t~c-~! .. ,~USdali.rs 

Ito:' ••••••••• 

Ta:1! cc:.~ 1itla• =·-'~]. u.:..: 10~~-°'·j 

I - .. -..... -----··- --------··--·--
f1~ .. ic11! :'i'!Car,!; =~::! .~:::; lii~4.')\,) 

S•l !:i. t!t ~i tix ~.i;t)~ 0.0\.'V 

Teti: ce~ c~tflc• . 2*7.000 11);4.0C-l 
--------·----- ---------------

fo~1: •!~ft;. . 20&?.G* muw I 
lr.frJtu.; ::;:t; • . Mw O.OC•J 
[cit of fi~it:Cf 0.000 uoo 
l!f!:iil!!t &.000 O.IK-0 
Carpari~f tu O.wv o.ow I 
Dail!t~s FJ:1 E.'JOG 0.0('6 

S.r,!us I d1fici t I 0.000 0.000 
Cca!u~ ::nll hlucr 9.GllO o.oov I 
laflc•, Ici:::•I . . 1m.oov ~-000 
lill~f!c•, Iced . . . 1m.~ llO.CliO 
~arpln I ~!fici t I o.oco o.ooo 
l!1f111t1, fcni9n 340.M-J 204.0ff 

I 
llutflo.,, f:irti4n . 340.000 2'14.91'.iO 
Sllrp!as I dtHcit I 0.000 O.OGO 

le~ cnt.ib• -Z~T.000 -IO~UOO 
C.1~:1~f1 n1: c.~flc• -N~7.00-l -:iliil.000 

I 
I --------------------------·------------------·------------·---------------·-----------------·----------------------·------

I 
I 
I 
I 

I 
I 
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I t.::::~r.~~ 
~~(H~ © 
~~---tlF COMFAR 
-. .. .__ .::.1 Lltl ( [11) 

----·····--------------------------------------------------------· cc.·r~a 2.1 - TCSUI C~"Sl.tH!lii EliG!~~H!~ :0., llliCAl'EST ·----
I 
I 

Ca?:.hflow tabl'es • produ:tion II t~llsua~ CS t~l I.in 

fur [;;-a Im 1m ms 1~'6 1191 
TGti: ~a!l i!tH:• 5:1!i:.~~ 9illoHi.1V-~ 111NIU .. ~ llYwlS.•JN lh•i,•i!'.M l~.IJ@.•iOti ·-------------- ----------- .. -- - ·----------·-- ---·---------- --·------------ ---------------F1~c.::1! ~fi:.lf:!i: ~z.o:s 4!.U! Rm 14.~s:; 7.~2 0.0..'U S!i!!. :'t!t : ~ :i1 5~~·~!~.~I! 9~.W.ON 111vOChi.eG-) ll9M~o0.m 12C•lNO.~.i'j l~A"O.UC-i 
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" 2.1 IJNl[)l1 
-- ----------------------------------------------------------- CIM!i.ii 2.1 - TESCC Cli!S!ll.T!llli E~r~mlllb 1:9 •• IUCAPESi -----

Ca~hflow Discqunting: 
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litt ~rf~nt ulu ......•...•.•. H!~~~i.U-! •t 
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l!t ~rt!fllt Hllf •.•••••••••••• 43J3~RGti •t 
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11.0~ I 
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-·------------------------------------------------------------------------------·-----------------
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Net Income Statement in tbC111~a•d US ~alhn 
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Projected BalanLe Sheets. construction i~ th~us.;ij US fol!.ir; 
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I -------------------------------------------------------------------- Cil'IF.11! 2.1 - r:s:a CC.,SJlmS Pi5!\mi!~~ CL !'Ji:il?E; -----
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F·rojcc:ted E<alar'lce Sheets, r·roduc:tion io t~a-,~or.'.LS~oll;r~ 

I 
~=·~ :: =~ :!: : 5iS~iU.51J:i 15·}~l~ .. ;::r~ 2~m·:-v.r:~li ~ast;:v.r.·.:·:. ~-H:~~-l.C1:(1 ------·-------- -------·------- ·---·-------- ·- --------------- ·--------- -- ---... -~- .s.::.:. :.. "::: .. di?~!"a:!cti~:; =~22 .. ~~·) z~.;.i .. :1:-v ~:i9 .e~·i 2m.&!·J H!>.i>~· 
{::;iit:~::: :" ~"':;r::: 1j .. ("~::• ~ .. (~-·~ e .. ~'iV Ii.~~·: J.,1j~(T 
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