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Introduction

This ie a provisional report on a six-month energy resources
mission in Yugoslavia. S

The mission originated, so far as the writer s aware, in the
visit to Yugozlavia by Director Keonleyside in nid=1951. The scope
of the mission as outlined shortly thereafter s2s as follows:

*(1) To make a survey of snergy resorrcos in Yugoslaviag
(2) To advise the Governusnt of Yugoslavia ons

(a) the possibilities of exploitation on a
regionsl or national b 2z with respsct to each
form of energy; - S

(b) the priority in which the variocus forms of

energy should be developed;

¢) the economic implications of such develorment ;

asthods of development; :
methods of utilisation amd distribution of

energy produced with epacial reference to
axport possibilities; -' '

(3) To discuss steps already taken by the Yugoslay Govermment
. to d_cvqloppouornmcnamgosduntb Government
on the possible nature and extent of any further assis-
tance the United Nations could provide in this field.®

Because this was obviously more than ane expert could accomplish
- within the 90-day term of the origim‘ueimt, &nd was in fact of a

Yugoslavia was rich in energy resources but that they needod a competent
stateoent, in terms that are conaistent with intemational usage, as to the
character and extent of these rescurces, The Governmont ssked that we con-
sider all energy resources, methods of exploitation and national energy
requirements. FPrinoipal interest was olearly in hydre, however, and in
posaible hydro expurts to contral Burape. ‘ '

Thie was an aebitious program for the 1iaited time that was available,

~In an effort to zoccuplish as mich as possible, Govermment officials accep-
ted the responsibhility for aasesbling and organmising data with respect to
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known energy resources and with regard to needs for further inveatigation
and exploration. Arrangements for a Joint and coordinated approach to

- the problem having been made, the Government then Proposed that the
writer proceed to the Capitals of the several Republics which under the
present deceniralized operation of the. Goverament are centers of explorg-
tion and exploitation. Officials of the Republics and the various insti-
tutes and enterprises participated fully in the review of present know ledge
on energy resources and consideration of a yrogram of further explorati on,

Because of the continuous absence in Geneva of Mr. Stejepan Han,

director of the Institute to which I was as¢igned, and because of the
Government?s desire that I be present in Gensva during an ECE conference

' on energy exports, I returned %o that city in late November for a week of
confarences with Mr., Han and ECE shaff members. In this discussion the
Government's concept of the mission became more clearly defined. Its
interest was stated to be primarily in obtaining a thoroughly competent
inventory of its energy resourcss » With only such incidental reference to

- development and utilization as time permitted. Most specifically it was
agreed that: : '

(1) The mission is exploratory in nature » its primary
function being to lay the groundwork for a comprehen-
- 8ive series of studies to be undertaken over the next
several years. :

(2) The Government's primary interest is to complete
its inventory of energy resourcss as quickly, economi~
cally, and effectively as Possible, :

(3) The Govermment desires that technical assistance be
~ provided at this time with regard to:

(a) the method for campleting the inventory
in the most acceptable manner;

(b) advice as to the instruments s equipment
and organization of the work; and

(¢} actual provision of instruments, literature,
fellowships and foreign experta,

With this more manageable approach, the Government requested that .the
mission be extended for a eecond three months. Mr, Han also asked that a
preliminary report be available for discussion in February at a conference
in Belgrade on Yugoslav onergy resources, This conference was to be jo of T8
paratory in nature for an ECE~-sponsored meeting in Geneve in mid-February
on hydrepower exports,

Accordingly the writer returned to Belgrade to cencentrate on the
problems involved in completion of an ensrgy resources inventory, The essen—
tials of the approach to be taken could be stated in the followling simplified
terma: : ' :

(a) what data are now aveilable, 1.8, what is the

prosent state of Jmowledge with respect to
energy resourcesg
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(b) what further data are needed to complete
the inventory in acceptable terms;

(e¢) what program is required to complete the
. data including wark by Yugoslav officials,
engineers and scientists and foreign

asalstance,

' Decenbor and Jamiary wers utilized to hring together the material

which had been prepared by various officials and engineers in accordance

to the previous arrangements. Ae is always the case in such group efforts,
the data was of uneven quality, although much was of the highest quality

and adequacy. It became clear, however, that mechanical problems involved

in the assembly and translatior of materials prepared by others, and the

actual preparation of an integrated report on Yugoslav energy resourdes were
such that within the time limits available, it was not practicable to attempt
any systematic compilation of data. This mission must rather confine itself
to methods and plans by which others might undertake the work most offectively.

The three-day Energy Resources Conference held in Belgrade in
February was attended by leading engineers and scientists from all Republics.
it was apparently succesful in directing thiniking to problems of completing
and improving the ensrgy,resources inventory. The attached summary report
(see Appendix 1) indicates the action taken to organigze working groups of
Tugoslav scientists and engineers for the purpose, The use of working com-
mittees in a carefully prepared and coordinated program was proposed by the
writer as the most likely device to utilize the talents avai lable and to
achleve early and effective results. The success of this effort will depend
entirely on the extent to which continued direction and guldance can be

Pmﬁded °

Durlng January and February also, attertion was glven to the problem
of energy exports to central Furope in the preparation of the Yugoalav dele~
gation to the forthcoming meeting on ensrgy exports to be held in Geneva.
Both before and after the Geneva conference the writer advised in such mys
as he could with respsct to the analyses of potentisl hydro resources avail-
able for export and the engineering organization which should be set up to
‘direct the necessary studies, Thus the mlssion may have had some of the
practical value envisaged by Ur, Keenleyside,

The energy resources to which it has heen puseible to direct attention
during this short mission, includes only hydro-power and fossil fuels (eil
and gas, solid fuels and oil shales). It has not been possible to include
elther fuelwood or the minor energy resources. Fuslwood at wregent acoounts
for almost half the energy consumption of Yiugoslavis., It has recently, *
however, been the subject of a comprehensive study and report by the Govern-
mert, As to the minor energy resources, only wind energy seemed to be of
particular promise in Yugoslavia, and it could best be handled by a special
study, Nelther tidal power, zolar snergy, geothermal sources, or submarine
temperature differentials eppeared to offer immediate or aubs’gant.:lal proapacts
of exploitation although attention to them should not be continuously deferred.

This report will present-a summary of tha data now available on the

hydro and fossil fuel resources, point out the gaps in these data, and suggest
so far as possible the most likely steps to improve or camplete the inventory,
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Because of the limitations of the writerta experience the fossil fuels
are presented more tentatively than hydro, but with the aim of providing
others who are more competent in foseil fuels with more perspective to
enable them to undertake any further work which may be desired, with a
alnimum of waste motion, .

Amplifying materials are presented in the form of appendixes,
several of which are believed to contain materials which have not hitherto
been availlable. Others are included either for convenience of refarence,

or to indicate the current thinking of Yugoelav sngineers.

It is inpossible to make adequate acknowlsdgement to all the indi-
vidual ad the organizations wiv have participated in the work of the
mission and contributed to this report. The Yugoslav Government has at all
times made its records and its facilities fully availlable, Acimowledgement
must be particularly made to Mesars., Dular and Han of the Institute of
Planning of the National Governmsnt under whose sponsorship and auspices
the nisalon was formulated and conducted, and the Foreign Office for its
interest and cooperation. Acknowledgement must also be made to the many ofe
ficlals, engineers and scientiasts from the Governments of the six Republics,
the technical and scientific institutes, and the varlous enterprises for the

study and exploitation of energy resources.

The Technical Assistance Administration in New York and Geneve has
been most unierstanding and helpful throughout the course of the work.
The TAB Lialson Office in Belgrade has been invaluable in macing its facili-

ties and counsel available. '

~ Individual recognition must be given, however, to Dr. Ing. Viadimir
Slsbinger of the staff of the Institute for Technical and Economlc Research
who was assigned to the misslon for its entire duration, and whose exten-
sive knowledge of Yugoslavia and professional competence were invaluable.
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I. HYDROFOWER

A, Summary Perspectives
1. Physical base for Yugoslav hydxopower

The waters of Yugoslavia®s rugged terrain constitute perhaps its
most wluable energy resource - large in magnitude and non-depletable.

This power potential derdves from the huppy combination of high
mountains and heavy rainfall, The Julian Alps with their related struc-
turas rise to heights of 2800 msters. The Dinarie Alps extend down the
entire length of the Adriatio coast at heights of 1500 to 2500 meters,
From the ridges, the land drops quickly toward the Adriatic or the plains
of the Sava and the Danube, thus creating the stesp gradients which, toge-
ther with the large streanflow, establish conditions favourable for hydro-
power,

Warm soisture~laden winds from the Mediterranean sneep northward
over these Alpine mountains during much of the yoar, rising and cooling as
they pass, their moisture condensing in the form of rain or snow. The high~
est rainfall in Europe 1s to be found in the mountains of Montenegro
(more than 6000 em per year)., Having lost most of their moisture in the
mountains the winds are comparatively dry as they reach the interior plains.
The lowest rainfall in Yugoslavia (500 cm per year) is thus found in
Macedonia only 125 kilometers from the point of the highest rainfall on the
Continent. )

The climate of the northern plains and much of the interior of
Yugoslavia 1s continental and is characterised by smaller but more uniform
rainfall through the year, with frequent sumner storms. This inland ocli-
mate extends south to but does not include the upper slopes of the Dinaric
range, The oscasional summer showsrs are not sufficient to prevent summer
droughts.

The significant feature of the heavy precipitation on the mountainous
area is that it occurs for the most part in the winter months, This 48 the
so-called- "Mediterranean pattern?, a pattern which prevalls in the Appenine
peninsula,- in the southern Balkan Peninsula including the Adriatic coast of
Yugoslavia, on the southeast slopes of the Alps, sad in many of the other
lands bordering on the Mediterranean, - It 1s characteriaed by heavy precipi-
tation in the winter months and by long periods of low rainfall during the

sunmer,

Because most of the prescipitation along the Dinaric range is in the
form of rain, the streams rising on the slopes have what may be termed a
Mediterranean typs of run-cff, with their peak flows cver the winter months
and with comparatively low flows during the summer. Contrariwise, there is
a so-called Alpine type run-off from the higher mountsins of. the north which
is dominated by the high summer flows froz the melting snows and by low :
flows in the winter when run-off ies retarded by ice and anow Tormation,

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9
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2.  Prineipal hydrostresns

The consequence of these geographic factors is that there are three
or four concentrations of waterpower in Yugoslavia, each with its charasteris-
tic run-off pattem, -

First, there are rivers which rise in the southern and the highest
part of the Dinario range where the heaviest rainfall occurs. On these
streams the Drina, which flows inland to the Sava and the Danube, is the
largest, and in fact the number one power strsazm of Tugoslavia. It has fa-
vourable sites for storage reservoirs and power Plants, few of them developed.
It has a modified Mediterranean type of ruc-of{ with large spring flows, a
sunner minimum, and a small pesk in the fall. It is the easternmost of the
rivers to have this secondary fall peak, Ok the Adrlatic alope are the
Neretva, Trebienjica, Zeta, and Cetina, so-called karstic streams becawse of
the limestone formations through which they flow. They have much the same
run-off pattern as the Drina except for more pronounced winter peaks and sun-
mer lows,

The second concentration of power is the Drava, Sava and Soca, which
rise in the Jullan Alps in the extrems northwest part of Yugoslavia, The
Drava is the nation’s number two power streasi. It has the Alpine pattern of
run-off with large flows during the suamer and minimum flows in the winter.
The Sava and the Sooa have a mixed Pattern influenced both by the sumer snow
melt and the winter rains from the Mediterranean. Nearby karstic rivers in
the Planina add to the power potential of this area and to the potential

-winter energy production,

The Danube at the Iron Gates is the third concentration of hydropower
in Yugoslavia even after allowing for allocation of half the potential to
adjoining Rumania. Here the large and comparatively uniform flow of this
large river can be utilised through a head of about 36 meters.

The many other rivers offer smaller but important opportunities for
power development in almost all parts of Yugoslavia, Thers are the tribu-
taries of the Sava flowing inland from the Dinaric range, the Vardar and
its tributaries which drain Macedonis and flow to the Aeglan, ard the nume-
rous karstic rivers of the Adriatic coast.

Altogether the hydro potential of Yugoslavia is only 3% developedo
Although no reliable cost determinations have boen made, it is generally con-
cluded that the sites lend themnselves to comparatively economic exploitation.

3. International waters

A considerable part of Yugvslavia's hydro potential is on rivers or
lakes affected with an international interest. There are such boundary
streams, for example, as the Drava and the Danube, which presumably can be
exploited only by agreement with neighbouring Hungary and Rumania, The
same 1s true for Lake Ohrid and Lake Prespa on the Albanian boundary, which
offer economical storage for power sites downstreanm in Albania, but which
can be developed only by Joint arrangement between the two countries.
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There are also the so=called "consecutive rivers” whose headwaters
are in other countries (such as the Danube and the Drava) or which flow
from Yugoslavia into downstream countries (for exampls the Damube or the
Vardar). Any developmsnt which Yugoslavia may contemplate on these ri~
vers within its boundaries can be affected by, or can have an effect on,
the interests of the countries upstream or dometream, The total poten-
tial power of international streams can be maxlmised through interna-
tional agreement on the optimun development plan,

Following is a tabulation of the principal rivers of Yugoslavia
which are affected with an intermational intorest:

a) Boundary streams Border country Nature of inter-
‘ natlo 9
Lower Mura angary Power
Lower Drava Hungary FPower
Lower Danube Rumsnia FPower, navigation

flood control, ir-
rigation and water

supply
Bojana {lower Drim) Albania Navigation and
flood control
Lake Ohrid Albania Flood control and
: power
Skadar Lake Albania Flood control and
navigation
Lake Prespa Albania and FPower
Greece
b) “Consscutive rivers" rising in other countries.
River Upstream country oslavia®s
Drava ’ Austria Power:
Danube _ Hungary and Power, navigation,
: v other countries flood control,
water supply
Small streams in Ruwmania Water supply and
Banat flood control
Nisava Bulgaria Flood control
Tributary of Greene Flood control

Crna Reka
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e) "Consecutive rivers" flowing from Yugoslavia to other countries.

River Downstream ocountry Interest of down-
stream country

Danube Rumania, Bulgaria Fomer, flood control,
and USSR navigation ;

Vardar Greecs Power, flood control

Strumica Bulgaria Irrigation

Bozica Bulgaria Power and irrigation

Soca Italy Power, flood control

Black Drim Albania Power, flood control,

and Lake Ohrid water supply,

navigation
Lake Frsspa Albania and Grsece Power and flood control

4o Small waters

The smaller streams of Yugoaslavia, including many small tributariss
of the main rivers, are also the potential sources of a substantial amount
of energy, much of it economically usable. It is estimated that up to
2 million Kii of gross power exists in these amall. streams at sites which
would support an inastallation of up to 1,000 KW. Several hundred such sites
had been developed before the last war, for electric powsr production, another
500 had been exploited with turhines to provide mechaniocal power for the
operation of mills, and perhaps 30 thousand primitive water wheels had been
built to drive small village sawmills, flour mills and to provide motive
power for other purposes. >

Now, howsver, the amall hydro sites are comparatively neglected,
Some thinking has been given to the installation of porhaps a thousand such
small power plants with a total installed power of perhaps 600,000 KW, for
driving mills and providing a general slectricity supply to villages. Con-
sidering how few villages are electrified and the remotensss of most vile
lages from present or proposed power lines, it would seem feasible to pro-
vide at least an initial electric supply from many such local sources, In
many instances, the power plant could be a jJoint development with a Iresor-
voir for general water supply, erosion comntrol, flood prevention, or other

purposes,
5. Total er

The gross hydro potential of Yugoslavia has been estimated at about
125 billion kilowatt houre a year, and the net usable waterpower at about
J0 billion KWh a year, based on the mean annual stresmflow. This is about
10% of the Buropean total and tae same order of magnitude as the hydro poten~
tial of Sweden and Italy. It is exceeded in Furope only by Norway md Franocs,

The potentlisl hydro energy of Yugoslavia is also large with relation
to its population and its land ares.: If completely utilized, the potential
hydro would be equivalent to ahout 3,000 KWh a year per capita, a figure that
1s exceeded in Europe only by Scandinavia, Switzerland and Austria. A level
of consumption of 3,000 KWh per capita per year has already been attained in
Norway and is being approached in Sweden.
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Because only 3% of Yugoslavia®s hydro potential is now utiligzed
it would seem that the nation oould provide for its future growth largely
from its hydro resources for at least several decades, Ifts require~
ments were to double each ten ysars (to employ one conmon measure of load
growth) hydro ecould supply national requirements for four or five decades,
If as seoms more likely, industrial growth is more rapid, the period of
hydro sufficlency would of ocourae be shortened.

é o Ehu‘gz &n‘

To the nations-of Europe which ars already utilizing the best of
their hydro resources, the prospect of importing energy from Yugoslavia
appears attractive. This is particularly o because of the Mediterranean
pattern of Yugoslavia®s stresaflow, and ite ccnsequent abllity to supply
winter energy. Yugoslavia®s hydro pattern thus is complenentory to that of
the Alpine rivers of central Eurcpe, Consequent)y there would appear to
be good reason to think in termas of a substantial snorgy movement north-
ward for several decades or until such earlier time as Yugoslavia iteself
sould use its entire hydro production. It also seems likely that there will
always be an exchange of energy between Yugoslavia and central Europe to
take advantage of the diversities in their run-off pattern,

Because of the current intersst in this matter soms further details
may not be amiss, The attached diagram (Figure 1) illustrates the Alpine
wnd Mediterranean type of streamflows.

* The Alpine pattern affecting the streams of central Burope, the
Drava, and to soms extent the Soca and the Danube, is characterized by a
discharge of only one-third of the amnual mean flow durdng the winter
months, and peak flows from May through August,

In the Mediterranean pattern of streamflow, which in Yugoslavia ex~
tends from the Soca to the Vardar and into Greece, three=fourths of the
amnual mean flow occurs in the winter months from late October to early
April; with continued low flows during the summer and a sxall’ secondary
decline in January and February when precipitation occurs to some extent
in the form of snow,

The Alpine streams of Yugoslavia have a combined amnual potential of
about 10 billion Kith (source: ECE, Quarterly Economic Bulletin, Third
Quarter 1952, page 33) amd the non-Alpine streams of Yugoslavia a total
potentdal of about 48 billion KWh (deducting 2 billion from the nation’s
total for the Drava). There is thus a threse-to-one relation betwsen physi-

oal capadllity of the two stream regimens.

This neglects for the moment the difference in the run-off pattern
and in the oomparative value of the sumner and winter power. Winter power
in Europe is costly to produce, whether in thermal or hydro Plante. Any
expansion of hydro plants will only increase the summer energy surplus,
Expansion of thermal generation must be accampanied by heavy investment in
the collleries and by constantly higher fuel costs.

As the diagram shows, Yugoslavia has two seasons when water can be
stored to advantage. The first is in the lats spring, when water c¢an be
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stored for release during the long sumuer drought, and the second in
the autumn when water can again be stored, for release during the early
spring for the bonefit of central Europe.

Storage on the Alpine streams of centwal Europe will of course
occur during tie summer peak flows. Vhether it is economical to over—
install in the Alpine plants to utilize sumuer spills for return of ene
to Yugoslavia is a matter beyond the scope of this inquiry, as is aleo &
problem of achieving an economical balance betszzen storage, thermal genera-

tion and transmission.

The wide diversity betwecn the two water regimens suggests ths
obvious desirability of integrating the powsr systems which they each sup~-
port, Because central Europs is an energy-deficlent reglon it is more
likely that there will be a net movamsnt of energy north than of balanced

seasonal interchanges.

This chapter, like others in this report, will be directed P
toward pro involved in improving and oompleting the inventory of
resources, The present state of knowledge will be briefly reviewed in
order to determine what the needs are for further work, following which the
elements of a program for further exploration will bemme more evident,

In the cass of hydro, the potential resources are determined by the
systamatic assembling of daﬁa on atreamflows, precipitation, topography snd
geology. It 1s then possible to delineate overall plans for the utilize~-
tion of the rivers for various purposes including pover, and to formnlate
more specific plans for harnessing the falling water. fig shall consider
each of these steps in the pages which follow,
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Be Physical Data

1. Hydrology and Meteorology

These two elements of hydropower anslysis and engineering have
fortunately been the subject of other recent UN-TAA missions to Yugos-
lavia. Meteorology was the subject of the miesion of Mr., James M. Beall
in the spring of 1952 (see his "Final Report - Fact-finding survey of
the Hydrometsorological Service of the FPRY, 1 May 1952). The hydro-
logical work of the Federal Hydrological Service was the subject of a
mission by Mr, Max A, Kohler in early 1953, & report on which is in
course of preparation..

Reference can be made to these two sources for competent treatment
of meteorology and hydrology. What follows here reflects the special
interest of this mission in thewe of basic data for appraising the
extent and character of the nation's hydropower resources. Although
the matter has been discussed with Mr. Kohler he is of course in no way
responsible for the facts or the recomnendations which appear herein.
Attention will be given principally to hydrology although the importance
of meteorology and the relation between precipitation and streamflow
is not intended t6 be minimized.

As a genersal observation it seems clear that there are sufficient
data (when supplemented by data on precipitation) on streamflows, to
permit an appraisal of hydro resources, and the formulation of general
plans for their development. As in any country, there are gaps in
the desired data which cause difficulties, but these usually can be

- overcome by correlation and extrapolation. At the same time, here as
elsewhere, sufficient attention should be given to the improvement of
hydrologic and meteorological data to permit more accurate estimates
of energy resources and to facilitate and render more efficient the work
of planning, design and operation of projects for the exploitation of
this natural resource.

Much of the early data on Yugoslav rivers was for the general
purposes of water control and utilization. At present, the power
development program generally sets the pace for the hydrologic net-
works,

wWater power has been utilized in Yugoslavia for many centuries
through primitive water wheels used for wood cutting, grinding grain,
iron forging and other purposes. Toward the end of the last century
the first turbines were installed to provide motive power to paper mills
and textiles factories. About the beginning of this century small
hydroelectric plants were first built. The Tito hydroplant built on
the Cetina River about 1912 its installed capacity of 62,000 KW was
at the time one of the largest in Furope. Inasmuch as the early plants
utilised only continuous flows (available a1l the time) hydrologic
studies were often limited to the determination of minimum flows and
to topographic surveying of river beds.
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In Yugoslavia the meteorologic and hydrologlc services are now
united and centralised in the Federal Hydro-meteorologlc Service known
as SUHMS, This organisation tabulates and publishes weather and water
‘statistics among many other functlons, and maintains the national files
and archives for such material. It ie paralleled in each republic by
& similar organization., The Republics actually operate the networks
of stations and collect the data, copies of which are then sent to
SUHMS. Specisal networks of stations are operated by navigation, agri-
cultura} jrecreational, power or other interests either directly or
through contractual arrangements with the hydro-meteorologlcal services,

As might be expected, weather and stresm-gauging stations were
first established in the sectione of Yugoslavia which were parts of
old Austria-Hungary. There, as masy be seen from (Figure 3), many gaug-
ing stations on the Drava, the upper Sava, and the Danube were estab-
lished more than a century ago. Establishment of an cbservation net-
work in Bosnia, Hercegovina and Dalmatia followed the annexation to
Austria and grew espeocially rapidly after 1890. In Serbia the gauging
stations on the larger rivers in the northern plains ares about 100 years
old. South of the Sava, and in Montenegro and Macedonia, only scattered
.observations were made under the Ottoman Empire.

‘Following the formation of Yugoslavia, in the period from 1923
to 1928, a network of stations were established throughout the country
under the Water Board headed by the Russian engineer Bernacki working
together with the French specialist Vignerot. In this period regular
publication was made of rainfall and river stages. From time to time,
also, measurements were made of the volume of flow at selected stations,
so that by 1936-1938 it was possible to 1ssue two publications on the
duration and frequency of river stages with the corresponding discharge
curves.

During World War II there was a consideration gap in observa-
tions for some stations, espsclially those in the mountainous areas.
SUHMS has now lssued yearbooks on hydrology for the war period so that
the continuity of publications since 1923 is not interrupted. So far
as meteorological data sre concerned, however, the publications had
stopped with 1940. This year, however, publications of the meteoro-
logical data has been resumed.

The present hydrologlc network is shown in (Figure 4). A
number of new stations were established during the last few years,
many' of them on the smaller mountain tributaries. A revised and
expanded hydrologlc network has been recommended by SUHMS after con-
sultation with the power and other interests involved. Some of the
new stations have already been established, including many in the
karst regions. (Figure 5) shows the locations of the 105 new stations,
all of which are sald to have been carefully located where they can
contribute most to the network, and some of which will replace older
stations which were not so well located,
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Figure 6 shows the location of the stations for the measurement
of streamflows as contrasted to river stages. Present information on
streamflows, especially at high water levels, is inadequate.

It is beyond the capability of this mission to comment on
technical work of the hydrometeorclogical service. SUHMS and its asso-
clated organizations in the republice are awars of the present defi-
clencies, and are moving to overcome them, Suffice it to say that
power engineers have expressed the need both for more records and better
records. The present emphasie upon hydroenergy has naturally imposed
a heavy and perhaps unexpected demand for hydrologic and meteorologlic
data on the reporting networks. The importance and the value of
adequate data cannot be exaggerated. Constant adaptation to changlng
requirements will pay handsomely in more efficient and more productive
engineering work.

Basic needs sc far as power is concerned are for sufficient data
for the planning of river development schemea and the design of indi-
vidual power projects. At a later stage a somewhat different type of
data will be needed for operation of the power system, in conjunction,
of course, with other water uses. ‘

Following are several points for improvement of the hydrometeoro-
logical data which are presently mentioned by the power engineers and
vwhich may be worth considering:

. 1. Exp@nd the reporting network in accordance with the general
plan worked out by SUHMS, modified to reflect any change in conditions.

2. Improve the quality of the observation, particularly on
smaller streams that are subject to rapid fluctuations. This will
require additional recording gauges.

3, Obtain better measuremente of streamflow as contrasted to
river stages.

4. More weather statione may be needed, particularly in -
headwater areas and especially for use in forecasting run-off for
operating purposes. '

5. Further studies should be made of the relation between
precipitation and streamflow, both for planning and operating purposes.

6. The karst areas constitute a particular problem. Because
of the propoeed power developments in these areas the study and measure-
ment of streamflows deserves the attention it is being given. Among
the methods which can be used to advantage are geophysical and geological
studies of underground structures, and chemical and other means for tracing
the flow of water, including the use of radio-active isotopes.

7. Hydro engineers might find it desirable to review their plans
with the Hydrometeorologlical Service at frequent intervals, to ensure
that their most important needs may be considered and priorities estab-
lished for the improvement of data in areas of particular interest.
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The above proposals are advanced as an expression of the need
felt by power people in connection with the appralsal and the devel-
opment of hydro resources. They are subject to such specific views
as kir, Kohler may express on the conclusion of his work in Yugoslavia.
It may be noted, however, that similar views were expressed by a.
temporary aubcormnitt.ee on hydro power at the Energy Resources Con!'er-
ence in Belgrade on February 12, 1953. See Appendix 2.

2, Topographlc ms

3 Figure 7 shows the rivers where detailed topographic mapping

_has been undertsken, including establishment of river profiles and the
minimum, average, end maximum river elevations of record. The year of
mapping 1s also indicated.

The rivers basins of Slovenia and Croatia were surveyed by
Austria-Hungary through its Army Geographical Institute and the Central
Hydrologic Institute in Vienna. Yugoslavia undsrtook such surveys in
the eastern part of the country in the period between the two wars,
This waas the period when Bernacki was establishing a hydrologic new~
work. In Serbia he had to work with faulty to;ographic maps prepared
under the Turks., OSubssquent mapping has indicated that his watersheds
and river profiles were not tco accurately delinesated. The most recent
surveys have been made in connection with the l:rwapax'at:!.on of the water
use plans. :

Following World War II a number of river basins have been mapped
by photogrammatic methods, including the Drava, the Sava from Sisak to
Belgrade, about 100 kilometers of canyon sections of rivers which are
important from the view point of water power, and & number of shorter
sections which were significant for one purpose or ancther.

Despite this work over the last few decades, there is still a
need for further topographic mapping. The old Austro-Hungarian section
including the Sava, Drava and parts of Dalmatia should be in part
re-surveyed to insure the accuracy of the older maps and to bring them
down to date. In the eastern part of the country the work whichwas
started between the wars remains to be finished. Many of the smaller
streams and headwater tributaries were never well surveyed, including
the headwaters of such power sireams as the Drina, Zeta, Bama and Vrbas.

- Tne most important mapping is now being done by the Army
Geographic Institute. This organization is mapping the entire country
to a scale of 1:25,000 by photogrammatic methods combined with trian-

- gulation in accordance with international standards. The Geographic
Institute made topographic maps of Yugoslavia before the war to a
scale of 1:200,000 and 1:100,000,

More precise surveys needed in connection with river basin
planning are made for prescribed areas and sections of the rivers by
geodetic methods in combination with the photogrammatic surveys of
the Army. Such work is done by the enterprise known as Georad, in
Belgrade.
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_ In the case of both Georad and the Geographic Inatitute the needs
for their surveys are large and their work programs are heavy. Both
organizations are impeded by lack of instruments, equipment, and trained
personnel. Accordingly, it may be desirable to bring into proper pers-
pective the value of an augmented topographic program to the inventory-
ing and development of the nation's hydro resources.

3. Geolugic Mapping

- ALL of Yugoslavia is covered with geclogic maps to a scale of
1:100,000 or 1:75,000. These maps and the related survey data have
either been published or may be consulted in the archives of ths
National Geologic Institute. The mapping was done some years ago and
is of uneven quality. Although all sections are generally satisfactory,
others need to be improved. .

More detailed geologic surveys ars always made in connection with
the preparation of the general river basin plans (osnova), to determine
for example the suitability of the geologle structures for reservolrs,

. dams, tunnels or power plants. Still more detailed site explorations
.are of course needed at a later stage in connection with the preparation
of final plans and design for a project.

Continued geologlc inveatigations will be needed as the prepara-
tion of river basin studies progresses. Particular attention is being
glven to the karst areas in an effort to determine more exactly the
underground movement of water and the suitability of upland valleys
for storage basins. In this work many techniques are brought to bear
including geology, laboratory analyses of permeability, and geophysical
- exploration. The full importance of detailed geologlcal investigation
of proposed dam and reservoir sites has not been sufficiently recognized.
In this work as in some many other fields of activity, the shortage of
modern instruments and lack of proficiency in their use is a considerable
handicap. : :

Le General Water Cadaategs

The first step of SUHMS after VWorld War XI was to re-establish its
observation network and to resume the collection and publication of the
raw data. .

In Yugoslavia the next step toward the orderly assembly and analysis
of the data so far as concerns its eventual use in connection with power,
ls the preparation of what 1s known as a water cadaster, A cadaster,
ag the term 1is used in Yugoslavia, is & systematic compilation of data
for a particular purposs, The term le in such general use that it will be
convenient to retain it in this report.

Water cadasters are an assembly and organized presentation of
phyelcal data for individual river basine, including data on the drain-
age area, land forms, and on the water resources. The water cadasters
are thus the first organized study of a river basin. They stop short,
however, of propésing plans for the development of the water resources.
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The first water cadasters prepared by SUHMS after the liberation
went beyond the scope as described above to the actual determination
of the power resources of the river system. Based on this experience
the question of the desirable scope of a water cadaster was thoroughly
discussed in 1947 and 1948 by SUHMS, and the former Water Foonomics
Committee in conjunction with power, flood control, irrigation, agriculture,
water supply, civil worke and others concerned. Agreement was reached
that it was unworkable to include in one cadaster the basic studies with
" regard to all the above aspects. Accordingly SUHMS was henceforth to
confine its work to the preparation of water cadasters of the scope out-
lined above. Its water cadasters could then provide the foundation for
other more specialiged and supplemental cadasters.

A water cadaster for a particular river will thus include topography,
geology and other phyelcal features of the drainage area, together with
data on weather, precipitation, and streamflow. Other data on water
temperatures and turbidity is also often included. .

‘Sp.eaial and supplementary cadasters of river basins are: prepared
on the following aspecte of river basins: : - ' '

Power cadasters - prepared by the power enterprises: -
_ to convert head and streamflow into
the first approximations of hydropower.

Water supply cadasters - prepared by sanlitary authorities -
show the water supply and requirements for
industrial an?bt;her consumptive purposes

Cadasters of undérground water supply - prepared Ly water
authorities ‘

Flood control cadasters - prepared by water authorities
to show flood control needs and works

Irrigation cadastere - prepared by water suthorities and
agriculture departments jointly - to .
show irrigation needs, soils, crops and

_other related data

River regulation cadasters - prepared by water suthorities
' to show the bridges, highways, rallroads,
and other points and structures subject
to damage from high water

Navigation cadaster - prepared by the department
responaible for thils function

Pollution confrol cadaster - propared by the sanitary
authorities to show the pollution
and needs

Fish and wildlife cadaster ~ prepared by the agriculture
- department
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Figure 8 shows the »ivers for which general water cadasters have
been published. In preparing these cadasters it was necesasary to make
use of all available eource material, adjusted as nscessary for consist-
ency and uniformity. The deficlencies in the old Austrian data have
become particularly apparent, as for example their lack of observation
on averagé and maximum £lows,

The general water cadasters on the Denube, Sava and Tisa were
prepared by SUHMS under Pecinar's direction after 1948 when it was
decided to restrict the SUHMS work to the general water cadasters.

Now that the power analy#es are not made by SUHMS but by the _
several republics or by designsted institutes, it might agaln be desir-
able to review the form and content of the water cadasters to ensure
that they meet most effectively the needs of the rower people with the
minimum expenditure of time and money. Attention might be given
especially to the analyeis of varlations in discharge over time, the
records of extreme high and low flows, and of short-term fluctuations.

S, Power cadasters

Power cadasters are the firpt general studies of the power
potential of a stroam. The essential contribution is thus the multi-
plication of head and flow to determine the quantities of power and
thelr distribution in space and time. The water power is usually
shown for each section of the river, sometimes in unite as short as
one to five kilometers. -

The first such computation was made by Bernacki in 1922
(see Appsndix __ ). He uasd the continuoue streamflow, and stream-
flow avallable nine months of the year, but not mean flow.

At the second World Power Conference in 1936 a method was agreed
upon for estimating the gross water power available in nature and with~
out. consideration for the possibilities of economlcsl exploitation.
This method waes based upon the use of head and flow at 100% utilization
with computetions for power available 95% of the time, 50% of the time,
and mean powser available. , A _

In 1945 a detailed study of gross water power in Yugoslavia was
presented to the Planning Authority which showed a total gross water
power in Yugoslavia based on annugl mean flow of 125 billion Kilowatt
hours a year. A summary of this work is attached in Appendix 3 and
graphioally «hown in Figure 10. -

Following is a'1ist of the rivers for which power cadasters have
been completed: (see also Figure 9): S

'Power cadasters prépared by SUHMS (191;9—1950):

Main stem of Morava with tributaries
Western Norava with tributaries (Tbar)
Southern Morava with tributaries
Middle and lower Drina
Vardar '

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



Approved For Release 1999/09/10 : CLIA-@ESI?-00423R001200390007-9

Power cadasters prepared by Cerni Institute (since 1950):

Cetina
Vrbas
Bosna
Lim
Uvae
Neretva

Power cadasters in preparation by Cerni Institute:

Una
Vardar

Power cadasters prepared by power enterprises in connection
with thelr planning of hydro projects:

ovenia:

Drava River in Slovenia
Sava and main tributaries in Slovenia
Soca River and main tributaries

m Q_:;oat:_l,a:

Cetina
Dobra
Freznica
Korana
Krka
Lika

Rama
Dana
Vrbas
Neretva

Two general problems remain with regard to the scope and content
of the power cadasters. One problem is the avoldance of duplication as
between the water cadasters and the power cadasters. Either bscause the
preparation of general water cadasters has lagged behind the power cadasters,
as may be seen from the above lists of the cadasters made to date, or for
other reasons, many of the power cadasters have come to repeat the element-
ary physical data on the river basins which it had been intended to present
only in the general water cadasters.

v The second problem concerns the method of analysis of streamflow .
and hence of power potential, as used in some of the power cadasters now
being prepared. The Cerni Institute has developed what it terms a "mean
hydrograph" for presenting the variations in streamflow over time. By
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obaarvation the number of presumably typlcal peak flows in, say, a
month, and their most probable maximum value, 1s determined. From

@ach peak & recession curve is made based on the assumptior. that no
further precipitation will occur during the interval, Ry thie

device the Cerni Institute attempts to show the probable timlng of
fluctastions in river flows, their shuape, duration, and extrems

veluss. The usefulness of such an idealized hydrograph ha=z been +ne
subijsct of discussion among hydro engineers, most recently in the sneiyp.
Tasouvrces conference held in Belgrade in February of this year. Althousn
ne concivalons were reached at this conference it 18 expected hat Lhe
wioie guestion of the contents and usefulness of power cadsstsrs as

w propared will be further considered by the hydro engineers 'atsr
this ysar,

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



- 20 <
Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9

C., Inventory of usable hydropower

1.

The desirability of comprehensive devalopment of its river
basins for all their uses is clearly recognized and widely accepted
in Yugoslavia. It is reflected, for example, in the establishment
several years ago of the Water Authorities and of thelr associated
planning and design staffs., It is likewlse quite deeply ingrained
in the thinking of the power and other engineers who are working on
plans and projecte for the exploitation of the water resources of
this country.

Water Authorities were established by Parliament in 1948 at
the national level amd in each republic. Their function was to assume
the central responeibility for the planning and administration of the
water resources of the nation. Without going into detail, their work
involves the preparation or the general supervieion of plans for the
comprshensive development of water rescurces. A sscond function is
the administration of the various laws pertaining to the use of water
for consumptive, agricultural, industrial or other purposes. The water
authorities also have technical staffs which engage in the design,
operation and maintenance of drainage, flood control, irrigation or
other works either for their own account or for local agencies or farm
organigations,

In 1951 the water authorities were reorganized as part of the
decentralization move. The staff of the national water suthority was
disbanded, and most of its work transferred to the water authorities in
each of the republics. At the present time the essential work of the
water authorities is not adequately recognized. Means are not provided
to permit the performance of the broad responsibilities with which
these bodies have been charged. Whereas they are the only bodies capable
of assuming the broad function of guiding the broad development of the
nation's water resources owlng to adequate means at their disposal they
are confining their efforts more and more to smaller projects and to
administrative and operating duties.

Changes were made in the water authorities in 1953 but their
exact nature is unknown to the writer,

The preparation of comprehensive plans for the best and fullest
utilization of the nation's rivers is thus essentially the work of the
water authorities. The first general concepts with regard to the over
all utilization of the river are assembled in a report known as an
"osnova." The osnova were to be prepared either by the Water Authorities
or with their collaboration and approval. The federal water authority was
engaged in the preparation of a comprehensive survey of the Sava river
basin from 1948 to 1951, when the reorganization practically stopped its

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



2] -
Approved For Release 1999/09/10 : 'CIA-RDP83-00423R001200390007-9

work. The Sava river osnova is still in preparation. The Bosna River
osnova has been completed and given limited distribution. The following
osnova are also in course of preparation:

Zeta River
Cetina
White Drim
Vardar
Morava
Banat

The status of the preparation of these water use schemes is
shown in Figure 11,

Other osnova have been prepared by other organigations such as
the Cernl Institute. Among the osnova which the latter has published
are the Lower Drina in 1948,

The osnova prepared by the Cernli Institute on the lower Drina
in 1948 was more comprehensive than most. It included the basic data
pertaining so the water and land resources of the Drina River drainage,
a review of the principal problems and needs of the area as related to
agriculture, water supply, irrigation, drainage, erosion control, re-
forestation, sedimentation, navigation, industry and similar aspects,
and proposed a general plan for meeting these needs through the devel-
opment of the water and land resources of the basin. Cost estimate
were also provided, although plans were not prepared in detail.

The preparation of comprehensive development plane was initiated
on a systematic basis in 1949 with the establishment of the water autho-
rities. Their intention was that the osnova should be composed of two
parte: 1/ essential, physical, economic, cultural and other data and
2/ a general scheme for the development of the water and land for all
purposes. The development possibilities were to be cutlined in terme
of a long-term program in which the work could proceed by stages as the
means and opportunities permitted. Again, however, it should be recog-
nized that this general plan was for the purpose of providing perspec-
tive on the needs and opportunities for comprehensive development and
that it did not elaborate the plans for any particular feature.

The agencies responsible for hydropower recognize clearly that
their work can be done only againet the larger frame of referance provided
by the comprehensive development plans. Water development schemes must
be available for the determination of the best over-all uses of the rivers
and hence to indicate the amount of water available for power production.
Such plans likewlse indicate the possibility for the construction of
reservoirs which have a multi-purpose value for other aspects than power
as well as the possible confllict of power with other features.

All of thie requires a systemstic study of rivers and their drain-

age areas, for the purpose of formulating a comprehensive plan for the
integrated development of the waters for their maximum values. ‘
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, Because the water authorities have not been equipped to move
shead as rapidly as needed with the formulation of such over-all
plans of development, the power enterprises have been handi capped
in the preparation of their development plans. The problem was dis-
cussed at conference of power officials and water authorities at
Maribor in October 1952, There it was again sgrased how important
the water utiligzation schemes are to the work of the hydro engineers, .
& priority order was worked out for the praparation of osnova for
rivers for which no general development plans are yet available,
and an arrangemsnt waes mads wherehy the ponesr sgencies will prepare
the hydro portions of the csnova working in coopsration with the
water, authorities, and the lattor will thue be free to concentrate
on the non-power portions of the osnova. :

At the Belgrade energy roscurces conference in February 1953
the hydro people went fapther to recognize thst power plans could
only be prepared against a background of knowledge with respect to
the power needs of central Burope and the possibilities of energy
export.

- Until such time as the preparation of water utilization plans
can overtake and anticipate the plans for hydro development, the
latter must be prepared acocording to the best judgment of the hydro
pecple and then submitted for review and approval by the water autho-
ritles. The latter will be forced to act without having the studies
which can form an adequate basis of Judgment . ' P

_ So far as hydroenergy is concerned, then, it is important that
the water authorities exercise the coordination vested in them for
the most effective use of the nation's rivers. Fallure or delays in
working out comprehesnsive development schemes makes the work of hydro
development both more costly and less certain, The osnova obviously
oannot. be prepared for all streams at once, and indeed, it is undesir-
able that they be prepared any farther in advance than they will be
used, lence the need for consultation between all interests on the
relative order of priority for the various streams and the general

~ 8cope of the more essential problems, ' :

2;‘ Power dgvelogaht plans

During recent yeare the practice has been introduced of preparing,
upon completion of a water utilisation scheme s & preliminary plan for
8 power plant which will propose one or-more alternative solutions and
present the pertinent engineering and economlc data and analyses,

The preliminary plen (idejni projekt) includes estimates of cost
and feasibility. It is reviewed by competent authorities, and when
and if approved is turned over to the dasign staff of the power esnter-
prise for preparation of more detailed rlans and cost estimates, It
thus constitutes a propossl for development and serves as a basis fop
entering into contracts for supply of mejor equipment and for prelim-
inary discussions with construction companies. Upon approval of the
"idejni projekt"; work is started on the so~-called "main project" which
includes details for construction purposes,

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



Approved For Release 1999/09/10 : CIA-RDP$3-00423R001200390007-9

The above system thue provides for the following sequence of
work:

Water utilisation scheme ~ osnova
Preliminary power plan ~ idejni project
Detailed power plan - main project

The detailed power plan (main project) contains sufficient detail
to provide the basis for final authorisation to construct. From this
point forward the prepsration of any further details of design are
usuelly entrusted to the construction organisation. The fact that this
latter organisation does the building (without competetive bidding),
the supervision of construction and the preparation of the final details
of the design and cost estimates is, incidentally, one of the observed
weaknesses of the present system, The principle of competition should
be introduced as quickly as possible and the sponsoring organisation
should retain supervision over construction.

The following table shows the installed capacity and annual
production for power plants which have thus far been planned (including
those now in operation or under construction) for the utilisation of the
falling waters of Yugoslavia's streams, together with the status of wark
on each river as of Narch 1953.

The information contained in this table has been supplied by the
design organisations of the several republics, :

Most of these plans have been made since World War II. Although
changes will undoubtedly be made in individual plants shown in the table
as the planning work progresses, the total capability of these plants is
believed likely to remain within the general order of magnitude of the
flgures shown, plus perhaps 10% to 20% to reflect the more effective use
of waterpowers through more storage and integrated operation. Major
shifts in the economic relation between hydro, coal, or other energy
resources would of course change these conclusions.

The location of the potential developments is shown in Pigurel2,
From this map maey also be seen the rivers for which plans have not been
prepared.

Section 3 below will describe in sumnary fashion the work which
has been done in each republic on engineering plans for the development
of water power. As will be apparent, it has not always been possible
to follow the above ideal sequence of studies. On some rivers the power
plans have had to be made prior to the formulation of general water use
schemes,
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NET USABLE WATERPOWER OF YUGOSLAVIA

KEY - PS  Preliminary studies only

GP  General projeot - now superseded
by Osnova

0 Osnova, or general water use plan

I Idejni project, or preliminary plén
for a power plant

M Main project, or dsteiled construction
plan for a power plant

Installed Annual Status
capacity output
' /millions
of kWh/

SERBIA
Upper Drina /Buk Bijela/ 206.0 600 PS
Middle Drina 675.9 740 GP
Lower Drina 259.8 1,557 GP
Uvac 128.7 695 M

1 plant under constr.
Lim 366.7 2,414 0
Ljuma 120.0 287 0
Prizrenska and Blstrica 95.3 21 GP
Viasina 113.8 388 M

‘ 4 plants under constr.
Western Morava 13.3 a8y M ,
_ ' : 2 plants under constr.,.

Raska 6.0 29 M

1 plant under constr,
Timok 14.0 6‘.— M .o

1 plant in operation
Studenica 36.0 159 ¢}
Decanska Bistrica 32.0 196 GP

O in preparation
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Installed Annual Status
capacity output
/Mi/  /millions

, of kWh/
Pe&sk# Bistrica 2,4.0 149 GP
_ 0 in preparation
Danube /Iron Gates/ 800.0 5,350 M
Tt;tal Sertia 2,685.9 12,336
CROATIA |
Recina - 56,0 190 ‘ K
Vinodol system 8.0 200 M.
: ' 1 unit in operation
2 unite beilng i.m_:t.alled
‘Lika'. and Gacka 148.9‘ , aog ' 0
Ric‘ica,' Obsenica, etc. 85.0 345 I
Krka and tributaries 98.8 . 487 | 0
Cetina © 625,.5 3,221» : I
Ricica, Vrlika
Tiholjina, to the sea 47.0 250 P8
Treblgnjica © 250,0 800 ps*
Dobra, Mreanica, Korana 135.0 610 I, M
Kupa 80.0 400 ' PS
Una from 0 to 73 60,0 330 PS
Sava /ﬁaviéation channel/ 10.0 = &5 ’ 1
Semac /Vukovar canal/ 43.0 230 ' I
Drava and Murs in o | |
Croatia 150.0 900 Ps

. Total Croatia 1,877.2 8,859

xPreliminary estimate based on an #ustrian plan made in 1916; later plans
now in preparation which provide for storage reservoirs and full use of
water willl increase the installad capacity to 670 MW and annual. output to
2.6 million kWh, .
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Installed Annual Statue
capacity output -
/¥i/  /millions
_ of kwh/
SLOVENIA |
Drava to Croatia 864.1  4,070.5 M
Sava 9.5 3,182.0 ' 0
Soca 373;6 1,528.0 0
Smaller plants in the
drainage area of the
Sav& ' 10[&&14' 365«11 : 0
Smaller plants in the
drainsge area of the v ‘
Soca 7.5 29.1 4]
Cabranka #nd Kupa down
to Kostela 33.2 127.4 Gs
Reke /Timav/ 37.0  165.0 Gs
Total Slovenia 2,139;3 9,461.1 '
BOSNIA & HERCBEGOVINA
Raia 80.0 660 1
Ulog, Nerotva 60.0 490 M
Glavatiéevo, Neretva 110.0 365 I
Ljuta, Neretva 19.0 157 I
Jéblanica, Nerstva Y44 .0 T, , M
under construction
Prenj, Capljina, Neretva 280.0 1,710 | 0
Sipovo, Pliva ‘26,5 138 I
Jajce I, Pliva 42.0 264 M
under construction
‘Doljan, Vrbas 6.1 30.0 0
Doganovidi, Vrbss 12.8 78,0 (¢]
Han Skels, Vrbas 25.0 12 0
Jajce II, Vrbas 37.5 236 M

under tonstruction
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Bocac, Vrbas
Trn, Vrbas
Laktasi, Vrbas
Ugar

Vrbanja

Slatina, Sana
Kljue, Sana

Vrh Polje, Sana
Caplje, Sana
Bogatiéli, Zeljeznica
Mesiél, Praca
Upper Trebisnjica

/Bosna, Una, Spreca,
Krivaja eto./

Installed - Annusl Status
capacity output
N/ /millions

Total Bosnia & Hercego-

vina:
MACEDONIA
/No data availeble/
Approximate Total
NONTENEGRO
Bjelosevina
Glusje
Liveroviéi

Zeta
Musoviéa Rijeka

Approved For Release 1999/09/10 :

of kWh/

102.0 568 O
8.0 L6 0
8.0 48 0.

13.5 B0 0
17.0 107 0
2.0 7 0
60.0 239 Q
18.0 78 ‘ 0
13.0 68 )
8.0 52 M

2.8 20 M

/not_available/ pPs

1,113.2 6,366

180.0 700
3.6 6.2 M
2.5 11.3 M
8.0 28.6 M

Under construction

216.0 1,164.0 M

1.3 .y M

in operation
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Installed Annual S
capacity output tatus
/millions
of kWh/
Glava Zete 4.8 30.9 Y
' o under -
Slap Zete 1.5 5.6 Gon;truction

in operation

Tgtal Montenegro 237.7 1,254.3

RECAPITULATION

SERBIA . 2,685.9 12,3860
CROATIA 1,877.2  8,859.0
SLOVTNIA 2,139.3 9,467.7
B H ©1,113.2  6,366.0
MACEDONIA 180.0 700.0
MONTENYGRO 237.7  1,254.3
Other small streams - ; g
‘811 republics 600.0  1.800.0

Total 8,833.3  40,833.0
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storical review. A brief historical review may be helpful to
an understanding of the present status of hydro plans and projects.

Immediately after the liberation in 1945, the Ministry of
Economics organised the first hydro designing offices under its
Department of Power and Fnergy. These offices included Mlectro
Istok (alectro-east), and separate offices in each of the Republicse
of Slovenia, Croatia and Bosnia.

In 1947 all work was centralised (except the separate offices
in Slovenia and Croatia) in Electroprivreda (Electro-aconomica) in
Belgrade. Its planning and design staff, headed by Ing. Cerni, was
divided into working groups for the Drina, Neretva, Vlasine, Mavrovo,
Zvornik, and possibly other major streams. In 1948 Flektroprivreda
was given the status of a ministry.

In 1950-51 decentralisation resulted in the formation in each
republic of a council for power and energy to handle hydro, coal and
oil with a parallel council in the national government in Belgrade.
The Energoproject of Serbia was formed to take over the design and
planning work for this republic, and the Hydroelektroporjekt was
established in Hosnia. The design staffs of Slovenia and Croatia
continued as befora. It was not until 1952, however, that Macedonia
formed a hydro design staff, while in Montenegro there is still no
hydro engineering organisation, this republic continuing to contract
with Sertla and Slovenia for its project designs,

There is now some sentiment for a stronger measure of central
ccordination, possibly through the formation of an association of
the electric enterprises of the several republics. During the past
several years, project planning has been on an isolated and independ-
ent basis. The principal exception has been in Croatia and Slovenia
where a number of projects like the Cetina and Vinodol were planned
on the basis of integration with the Alpine-type run-off of the Drava.

Serbia: The Zvornik project with Drina River is under construc-
tion. Several projects designed by Energo-Project Serbla are going into
the final stages of design with & view toward early construction. These
include Kokin Brod (on the Lim River) and the Zeta Project in Montenegro.

The general studies made in 1947 for the Drina and the Lim may
now be completed by the Cerni Institute by the addition of the non-powser
aspects, This Institute will also prepare osnove for the upper Drina
and tributaries,

The cadasters for the non-power aspects of come of the smaller
rivers, and pirticularly the agricultural cadasters, are being com-
Pleted by the Waler Authority of Serbia for the Yhite Drim, the
Morava River and tributaries and certain othar streams.

Power studies remain to be wade for the Ibar River and the Morava
River and tributaries. The above studies will increase the total annual
production from the 12 billion kilowatt-hours a Year shown in the table
which is attached to about 17 billion.
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Farther work on plants for which preliminary designs are preparasd
will probably result in some changes in design, but not a great deal
of change in the total installed capacity. It has already been atated
that the work thus far done has been on the basis of isolated plant
operatlon without reference to the integrated operation of reservoirs
and plants. ' ' '

Comment. has been made that the Energoprojekt is so completely
occupied with final design for plants beirg prspared for construction
that its staff is unequal to the further tacsk of preparing prelimin-
ary power plans for rivers not yet studied.

Croatla: The planning and design staffe have proceeded on the
basis of obtalning a continuous annual production for the Crostian
power system as a whole. For this purpose it has been assumed that, .
some summer energy could be obtalned from the Drava River in Slovenia
to complement the winter production at Vinodol and the Cetina.

Now with the prospect of finding an export market for surplus:
winter energy, plant designs and power system plans should be reviewed
for the purpose of achieving a fuller utilization of winter stream- \,
flows. Both storage reservoirs and installed generating capacity ean
probably be increased to advantage. This may ralse the total output
from the 8.8 billion kwh a year shownin the table to perhaps 10 billion kwh.

As the table indicates, only preliminary studies have been made
for the Drava and the Sava in Croatia. .

Slovenia: Systematic studies have been in preparation since 1945
for hydro plans for Slovenlan streams. At least preliminary work has
been done on all the major rivers including the Drava, upper Sava and
the Soca. Until recently at least, the planning has been based on the
agsumption of achieving a balanced annual, energy production for an
independent Slovenian power system. This task is facilitated by the
considerable diversity between the principal streams. :

If the assumptions are to be changed and the Slovenian plante
operated as parts of a larger system, plans should be reviewed. As
‘in Croatia, storage could be increased and larger generator capacity.
installed. Winter energy can be obtained by advancing the development
of the Soca and other streams in the west. :

‘There 1s agreement between the plans of Croatia and Slovenia
with regard to the use of summer energy from the Drava to balance winter
output in other streams. It was on this basis that the 110 kv inter-
connection was built from Maribor to Varaedin,

Bosnia and Hercegovina: The design organization established
after the liberation worked on plans for such large projects as Jablanica
and Jajce which are nor in construction, and on preliminary water and
power schemes for the Neretva, Vrbas and Sana. The current status of
work 1s shown in Table above. Inclusive as this list is it does not

“Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



,. -3l - .
Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9

include the streams of the karst fields, the upper Trebisnjica,
karetfic tributaries of the Neretva, non-karstic tributaries of the
upper Neretva, some tributaries of the Drins, Bosna River and tri-
butaries the Una and the Unac. Power in these streams can increase
the total shown in the table by about 40% from 6.3 billion kwh to
perhaps 9 billion kwh per year. Bosnis proposes to complete at’

" least preliminary power plans for all its rivers within the next
several years, ' ‘ :

Most plans and designs for this republic, too, have proceeded
on the assumption of isolated operation &id without considering the
possibilities of integration with neighbwring systems. Recently con-
eideration has been given to redesign of scme plants for larger winter
production for the purpose of export. :

Magedonia: Some years ago a small engineering staff in Skopje
‘prepared plans for the Mavrovo project which is now in construction.
The figures contained in the table include only Mavrovo and a few
smaller projects. -

Lacking a planning end design staff of its own, Macedonla has
contracted with the Cerni Institute to prepare a water utilization
scheme for the Vardar River over the next three years, and with other
organizations to prepare plans for the Black Drim and parts of other
rivers.

~ Inasmuch as erosion control, flood control s and summer irrigation
are of primary importance in Macedonia,large storage reservoirs are
planned to carry water over into the summer season. Power production
is thus likely to be shifted into the spring and summer months. Inter-

connection with Serbia, Montenegro and Greece would permit advant.age
to be taken of sessonal diversity in streamflows.

Total usable hydro production, upon completion of the plans
for all the streams in Macedonia, 15 expected to reach 2 to 3 billion
kwhr a year. : ‘ ‘

‘Montenegro: Thle republic, like Macedonia as yet has no planning
etaff of its own. The Energoproject of Serbia has undertaken the res-
ponsibility for the design of the Zeta project. Designs for this
relatively large project are said to be completad as well as for the
other smaller projects included in the table. o A

Othe ssible developments on. the Morava, Gijevna and the
tributaries of the Drina /Lim, Tara and Piva/ are of considerable
magnitude. The Drina River tributaries however will probably be

planned by Energoproject of Serbla and have been included in the
17 villion kwhr potential production show for that Rep;b'l.ic.

Summary; Thus it sesms probable thst when plans have been com-
pleted the usable waterpower of Yugoslavia will total in the neighbor-
hood of the 50 billion kwhr figure that is generally quoted. This total
will depend on considerable amounts of storage and completely integrated
operation, : '
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The proportion of the nation's hydro potential whieh can be
economically developed may te maximiged through such means as the
following:

1/  integration of all hydro plants into a single nationéi
power network to take advantage of diversity in stream-
flow, diversity in loads, and other system factors;

2/  construction of additional storage ressrvoirs over those
' which had been originally planned on the basis of isolated
operation; ‘

3/ possible use of thermsl plents to Bupplement seasonal
storage and to firm up hydro during low-water years;

4/ export of winter and other surplus energy.

On the basis of the present knowledge it is not useful to attempt to
guess whether the 50 billion kwhr figure will bs appreciably changed
through operation of the above factors.

L. C nt on the and design of plants for the

atilization of the nation's water resources

Discussions with hydro engineers have revealed how uncertain is
the basis on which many of their plane and designs have been prepared.
Their engineering work has been sound in the sense that valid solutions
have been reached from the facts at their disposal. But they are now
faced with the task, in many instances, of reviewing their plans to
fit them into a different set of assumed conditions.

In a word, engineers cammot make good plans for an individual
plant unless they have at their disposal the general water utilization
scheme for the river, on the one hand, and a general power system plan,
on the other. Ingineers have often lacked data on power loads and on
the alternative possibilities of power production in thermal plants,
Accordingly they have been unable to reach valid conclusions with
regard to such matters as the economlcal size of reservoirs and
generator installations.

To be more specific, the following comments are ventured:

. 1 ~ Water use schemes should be expedited. Lacking the background
that such general plans can provide, power engineers are faced with deci-
slons (for example on the diversions of water from one dralnage area to
another, az in the case of the Lake Bohin] plan) without the possibllity
of competent guidance.

There may also be significant conflicts between power and non power -
interoste as in the case of the Belgrade Bsar rsilroad now under. construc~
tion which would run through the proposed reservoir eets on the upper
Drina. Priorities for completing the river basin studies should be
established, on & national basis, with a view towardmseting the nesde of
power, as well as other interests.

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



@33 =
Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9

2 ~ Agreement should be reached on the integrated operation
of a river system, i.e., on whether all river projecte (for power,
flood and erosion control, navigation, general water supply, irriga-
tion or other purposes) are to be operated for combined maximum ben-
efit, or whether each project is to be opersted on an individual
basis without relation to the water uses.

3 - Similarly, understanding should be reached as to whether
power facilities are to be operated as an interconnected and inter-
grated system;, and if the latter, the extent and the characteristics
of the system. There secers to be little doubt about the formation
of a power system within each republic, but there is apparently no
explicit agreement with regard to intepgration on a national basis,
It may also be only a matter of time until there will be one or more
interconnections between the Yugoslav network and the networks of
neighboring countries.

L - Means should also be found for the concurrent consideration,
so far as the electric system itself is concerned, of generation,
loads and transmission in order that the optimum engineering solution
may be reached. For this purpose there is needed what may be termed
a system engineering staff which can be charged with this task on a
national level.

5 - Thermal generation, based probably on the use of solid fuel
wastes, should also be brought into consideration. This vill require
Turther study of the availability and cost of solid fuels, which in
turn will hinge to & large extent on national policies with regard to
the conservation and exploitation of solid fuels.

6 - Economic analysis should be strengthened. Uwing to the
almost complete absence of competent cost estimates and records it
has been impossible, up to the present at least, to make analyses of
the comparative costs of various river projects or of alternative
engineering solutions. Similarly, it has been impossible to determine
within a reasonabls margin of accuracy, the magnitude of the invest-
ment which must be made to develop those resources. when a means has
been found for meking resacnable competent cost estimates it will also
be possible to make studies of the economic possibility of projects,
something lhat has not been possible up to the present,

7 - Means must be continuously available for providing guidance
end direction with regard to national policies and programs which have
2 bearing on water and power developments. e.g., policies with regard
to the conservation and development of resources, and polictes on
energy exports, progrems for economic and industrial develo: ment, a
timetable for development of water resources, programs affecting the
availability of manpower, equipment materials and investment funds;
national practices with regard to prices and costs, and defense con-
siderations to be followed in the pvlanning of water and power projects.
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D. gaemdatigg_ ,
Following are soms observations which may serve to summarize and
~ correlate the views expressed throughout the above sections on hydropower,

l. Comprrehensive pPlanning for the development and utilization of
the water and land resources of the nation’s river basins should be
strengthened. The principle that the rivers should be developed for all
their uses is generally recognized, Inveatigation and Planning for water
use must move forward similtaneously and in Proper sequence with the re-
lated land aspects. Only on this basis can the hydro engineers lmow how
much water they can utilize for power production, can oonsider the Joint
use of reservoirs and other atructures for miltiple purposes » and can oon-
alder such limiting factors as conflicts with communication and transporta-
tion lines or other improvements.

The priority in which the nationfs rivers should bhe considered for
river basin studies, and thedr general timing of these studies, should be
established and ocoasionally reviewsd. Such priorities should be based
on the relative needs for various uses of water and land res urces, the

status of the basic data, investigations, and the nationsal investment
program, '

Presumably this is the wark of the Water Authorities, both in the
republics and the national government. Fullest support should be given to
-the work of these bodies, and fullest recognition to the public policy which
guides their actionas, Any lag in their work as oompared with the amphasis
on energy resources development should be brought into balance,

and their counterparts in other countries who are ongaged in river basin
development. Any proposals for such interchanges should be glven high
priority, o

2, Hydrologic data are sufficient to pernit a genersl sppraisal of
onergy resources, but should be improved in several respects including (a)
expanaion ‘of the reporting network in agcordance with a carefully considered
set of priorities, (b) better quality of observations particularly on the
smaller streams, ?c) better measurenent of streamflows as contrasted to ri--
ver stages, and (d) with continuing special attention to the karst areas,

3:  Meteorologic data can be improved through such mesns aa ‘the -
establishment of more weather stations s ®8peclally in the higher elevatiaons,
and through further studies of rainfall run~off relations,

4ho To aphical surveve: Continued topographic - surveying and
mapping is needed both to complete areas not vet surveyed and to carrect
older surveys. Based on the information that this work is béing centralized
in the Geographia Institute of the Army, the work of this organization should
be supported, Geodetic surveylng is also needed both in oonjunction with
the photogrammatie work and for more detailed studies of certain areas where
water use projects are under study. More photogrammatic squipment and
trained personnel can probably be used to advantage,
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Preliminary water use Planning requires general explorations to determine
the suitability of sites for reservoirs dams, power plants and tunnels,
The use of geologic methods in explorat. the karst regions has already
been mentioned. Reference is mads to the forthcoming report of the mission
headed by Mr, Karpov with respect to the nsed for more detslled geologicnl
explorations of foundation conditions.

G, Hater cadasters: As already suggested, it may be desirable
to review the published hydrologic records to ensur. both that they are
aufficlently complete and that there is the propsr division between them
and the mo;% spacialized cadastors prepared by other agencies (e.g. the power
cadasters,

7o Power cadasters: It may be also desirable to review the purpose
and content of tie powar ¢ ters. The problem of avoiding duplication
between the water and power cadasters has been mentioned, as also the problem
of making tie power cadasters serve the most useful function. It may be pos=
sible at tae present atage to teleacope the work which was necessary at an
oarlier stage with a consequent saving in time, monoy and effort.

The whole problem of the method and scope of reports on hydro resour-
ceg is currently under consideration by a temporary committee ostablished by
the Energy Resources Conference which was held in Belgrade in February,

8.  Powsr development t The practice of arriving at final
development plans for EEE %m%mt in sequences, starting with the gene-
ral water use scheme and ending with the detailed project design in both
sound and in conformity with general practice elsewhere,

will be wndertaken and the wiedom of conscantrating the engineering aikille
and other means available on the aresas of greatest interest. -

Attention has been directed in the text above to same observations with
regard to possible inprovements in the work of power development planning,
These included:

(a) Frovision of a broader frame of reference to hydro engineers
to include such factors as obJjectives of development, the time-table of de- -
velopuent, the assumptions to be used with respect to the availability of men,
materials equipment and other means of canatructions, the asswaptions to be
used as to whether all river improvements will be operated as a single inte-
grated river system for maximum overall effsctivencss » sasumptions with re-
gard to the integrated operation of the nation®s power network, and the military
or other non-power considerations which should enter ihto the p. o

: (b) Better analysis of coste and other economic aspects. The
almost complete absence of good cost estimates and coat records for power plants
and hydro developments has been noted, as also the importance of cost analysis
as a tool for sngineers and administrators. Similarly, the economic benefits
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of proposed dmlopmdntn should be considered and a.nalyud more
. effectively in order to ensure that the most economiocally desirable solu-

tion is reached, . '

: (¢) There might well be established wiat would amount to a
central system engineering staff for the enterprises of Yugoslavia, possi-
bly under the sponsorship and general direction of an assoclation of
electric enterprises of the several republica. This staff oould consist
of several well-qualified engineers who would be churged with the review
of plans prepared by the several existing institutions and enterprises in
the light of conditions that would prevall in an interconnected and inte-
grated network, and the rendering of advice and guidance to the design
engineers in adapting their plans to system neels.

: This system enginesring staff would bring together most
effectively the situation wlth regard to power loads, power generation, and
tramsmission, including the operation of reservoirs and thermal plants. It
‘could likewise bring into consideration interconnestion with foreign syo-
tams to the extent appropriate. o : :

_An approach toward the above objective was made at ihe Energy
Resources Conference in Belgrade in 1953 in the recommendations that a
comnittes be eatablished to assemble estimates of energy requirements
and schedules of generation, and that another committes be established to
prepare plans and engineering standards for an integrated tranamlssion

network,

Such working committees oan be of great help in assembling data
and effecting interchanges of views, Neverthelsss it would also seen to be
necessary to form a small staff of engineers who would be charged with the
responsibility of guiding ihe development of a natlonal ' inter.ated power
network, Such a responsibility cannot bs assumed by a committes, although
canmittees can assist, as already, suggested, in the preparation of data, as
also in providing gemeral policy guidance. ' :

What 1s called for is consistently top-grade engineering
analysis of a complex series of plans ard designs for power plarks and lines
which must be considered against a oonstantly changing background of present
and estimated future conditions. It is submitted that work on thelydro po-
tentiality of Yugoslavia has progressed to the point that such a group of
working engineers ocan make a real contribution to the sound development of

hydro reascurces.:

With respsct to the preparation of plans for power developmenio,
it is always possible to gain from exchanges of views and expsrience with
professional and administrative personnel in other lands, Following are some
of the phasea of this work which suggest thenselves in this conm ctions

«~ Power system development; the broad aspgots of the preparation

of plans for the expansion of the power systems including hydro and thermal
generation, power utilisation, economic analysis and financing.
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=Fower system engineering: methods and technique used by power
system engineers in arriving at overall plans for power system developaent
and operation, including the cncurrent consideration of generation, Joads

and transmisaion,

~Power requirements: techniques of preparing load estimates
including source of data on future requirementa, degres of accuracy desirable
in longer-range forecasts, period to be covered. ‘

=Hydro gensration: methods and techniques for analysing the capa-
bility of hydro plants, for working out the capability of integrated systens
of hydro plants and reservoirs » 2nd of preparingz plans for the coordinated
operation of such a system under assumed condi tions of load,

=Transmission plaming, ind uding the analyeis of POwer movements
over an interconnected system and the solution of problems observed,

=-Bconomic analysis of power system construotion and opsration,
including cost determination estinatos of benefits, analysis of economic
r_eaqibility and possibly also problems of finanoing and repsyment.

It is likely that many, if not all of the above phases of power
aystem engineering and analysis, will enter into the Joint studies of power
exports from Yugoslavis to central Europe which are about to be umd ertaken
under ECE auspices, Acoordingly the desirable exchanges of views amd ex-
periences with foreign engineers and administrators can perhaps be provided
during the course of the ECE work. On the other hand, it may be found desiy-
able to amticipate or to supplement the foreign contacts made in this
coimection. In any event, any proposals advanced by Tugoslavia for foreign
contacts in the above or related phases of power systea development W11 be
deserving of prompt and sympathetic consideration,

It is poesible also that laboratory equipment and instrumants
and caloulating devices msy be useful or highly necessary in connection with
the above. If proposals are advanced for technical assistance in the

of such instruments and equipment,, including tralning of technicians in their
use, they can be considered on their merits at the tins,
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IX. FOSSIL FUELS

A, Sumnary Perspective

The fossil fuels < oil and gas, coal, and cil shales =
constitute the second great energy resourcoe of Yugodhvia. Based on
present imowledge, the fossil fuels are quite extensive although not
as predominant as in the industrial nations of Furope, The largest
deposits are the lignite which quite extensive are of such low calorific
value as not to be economically usable in thelr native state. Frogress
is being made by Yugoslav scientists in tschniques for their treatment

and processing,

Froduoticns of coal is low, about one-third of a metric ten per
capita per year, but is growing. 0il is not produced in sufficient
quantities to meet domestic needs, there is no substantial exploitation
of natural gas, and nons yet of of.l shales,

- Because the author ocan 0lalm no techniosl ocompetence in fossil
fuels, it has seemed best to restrioct the contents of this secuion to
an assembly of the most useful materials available with a view tonard
Froviding perspective on this energy resource and particularly on the
status of knowledge with regard to reserves. Only limited expressions
of Juigment are made as to the main problems which still remain for
attention and the moet likely avenues for further exploration and
investigation,

The need for further work on the inventory of rescurces is re-
flected in the report of the Commisaion for Fossll Fuels to the recent
Energy Resources Conference in Belgrade, a copy of which is attached
as Appendix 5. The problem of classification of fosail fuel reserves
wap discussed at this conference by Director Mikineic of the National

Geologic Institute. His statement is attached as Appendix 6.
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B, Geology of Fossil Fuels in Yugoslavia

Although complete information is not available, it is possible

. on the basis of present knowledge to present the main elements of the
geology of the fossil fuels in Yugoslavia, From this analysis there
will appear more clearly the further studies and explorations which
should be made to extend or to complete the sxisting knowledge

of these resowrces, It will be helpful if at the start we recollect
that coal and the primary bituminous shales ars of sedimentary fresh
water origin whereas oil and gas are the remains of marine algae
which grew in warm salt seas.

Apart from the small known deposits of hard coal of the Jurassic
and Cretaceous periods found in the Carpathia-Balkanic mountain arch,
all the coal deposits of Yugosiavia are of Tertisry origin., Most
Tertiary formations contain dbrownooals or lignites,

Coal appears in the Tertiary of the Dinaric Alps in three besis:
the northern or inland belt (Podravina, Posavina), the middle belt
along the mountain ranges (Trbovlje, Lasko, Bosna, Morava), and a coastal
belt (Rasa, Siveric, Mostar). The salinity of the coastal belt of
the Panonian shores disappeared during the formation of the Dinariec
ranges. That means. that the older Tertiary sitrata of the Panonian
Belt msy be found to be oil-bearing and should be explored,

During the older Tertiary period conditions existed in the shallow
waters of the shores of the Dinaric ranges along the Panonisn Sea
that favored the formation of oil-bearing deposits.

Later this area experienced conditions favorable to ccal formation.
Therefore it is believed that oil, gas, and secondary shales may be
found in the deeper marine sediments, and coal in the upper fresh
water deposits. This conclusion was apparently only recently reached.
Thus the Eocene fomations of Majevica are oil-bearing whereas
toward the west they are overlaid by the Miocene deposits which contain
the Kreka lignites. Methane, salt, and oil have been found in the
latest drillings below the lignites,

The great Tertlary basin on the Save plain from Vrbas to Banja
Luka and along the new railway to Doboj and the Kreka Basin and Zvornik,
originally was a sslt sea and therefore may contain oil below the coal-
bearing formations. This basin extends further to the Western Morawva
Valley from Cacak to Aleksinac where oil shales have been found.
Agécordingly it would ssem that the bituminous shales of the West Morava,
Kolubara, Trstenik and Aleksinac were originally part of the older
marine sedimentary oil-bearing strata.

The situation is clear in the older Tertiary formations of the
Sava and Drava plains in which numerous oil-bearing strata have been
found by geophysical means. Here only the erosian remnants of the
older formations are not oil-bearing. Geophysical explorations are
appropriate to these plain areas, by deep selamic methods for oil,
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and shallow seiamic methods for coal. The latter is indicated particu-

" larly for the coal deposits along the Drava, along the Sava at Brod and
to the south of Sava. The geophysical results can be confirmed at
suitable locations by drilling and analysis of the cores for physicsal,
chemical, and mieropaleontological properties. '

: The middle or mountain belt of the Dinaric ranges such as the Plevlje
Basin, Ivangrad, and others in the karst area, as well as Kosovo and
others in Macedonir, probably contain only fresh water sediments where
coal and primary bitumenous shales are to be found. These coal forma-
tions are of great laportance and deserve further exploration by topo-
graphic, seismic and other means. .

The geology of the innor or coastal belt along the Adratic shore
is entirely different. -Investigations carried out recently in Montenegro
indicate that the oll strata along-the coast are older than the Tertiary,
being marine deposits from the younger Paleozoic era. It is first
necessary to establish the exlstence of favorable structural conditions
for the storage of oil. It is known that the Dinaric mountains were
formed by the folding and the thrusting action with pressures firom the
Panonian basin toward the Adriatic. It seems unlikely that the structures
aould have remained sufficiently intact along the backbone of the Dinaric
mountains, Along the Adriatic coast where the folded Dinaric masses
overlie the older formations, eonditions favorable to the praservation
of the oil deposits are belisved possible. O0il found in Albania in ;
Tertisry strata is thought to have migrated from deeper Paleozoic forma-
tions, Similarly, asphaltic outeroppings in the limestones north of
Mostar and in the Dresnica Valley are the result of oxidation of ecrude
oil from the deeper and older structures. Also the bituminous shales -
near Sinj and at other locations are believed to be of secondary origing
the result of migration of oil from the adjacent Paleozoie formations,

011 explorations along the coast should first be carried out
where the older formations are overlaid with only a thin covering of the
younger Dinaric masses. This condition is found near Bar, Dubrownik,
Popovo Polje, Vrgovae, Sinj, and parts of the Velsbit and of Istria. .
Here is nearly impossible to apply geophysical methods of investi-
gation. Destailed geologlcal explorations are necessary, followed by
desp drilling. ‘ _ . :

In sumnary, current geological thinking is to the effect that _
geological explorations should be continued on a broad regional basis,
supported by geophysical explorations in the northern plains, and by
deep drilling in the middle and coastal belts of the Dinarie mountains,

Yugoslav geologists express the expectation that upon completion
of these explorations, known cosl reserves may be increased from 21 ,
billion to about 30 billion tons, and the 30 million tcns of petroleun
reserves may be trebled. The writer is not abls to express any Jjudgment
on this matter, ' ' . '
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C. 01l and Gas
l. [Preface

‘The purpose of this section, as indicated above, is to provide a
general perspective on the status of informsation on oil and gas resources,
for whatever guidance this may be to a petroleum specialist in determin-
ing the further steps to be taken to add to available knowledge of this
important energy resource. '

The bulk of the data which follows has Geen supplied by the oil
and gas enterprises of Serbia, Croatia and Slovenia. The geological and
geophysical institutes and the exploration companies have also provided
information within their respsctive spheres of astivity and interest,
as has also the Petroleum Institute at Zagrsb,

The production of petroleum is now in the hands of local state-
sponsored enterprises in each republic, as follows:

Naftagas, Zrenjanin (Serbia)
Naftaplin, Zagreb (Croatia)

Nafta Lendava Slovenia)
Nafta Tuzla Bosnia)
Nafta Uloinj (Montenegro)

The Institut za Naftu, Zagreb, performs engineering and chemieal
work for the oil industry on a consulting and contractual basis.

The several geological and geophysical institutes engage in consult-
ing and exploratory work by agreement with the oil and gas enterprises.

2, Historical perspective:

041 and gasare the youngest of Yugoslavia's energy resource industries.
Not until the second World War were oil and gas discovered in significant
quantities, Only in the post-war years has production attained any
significant volume. Small as present consumption of petroleum is in -
Yugoslavia, however, domestic production is able to supply only a minor
part, with principal reliance still being placed on imports. Hence the
interest in the discovery and exploitation of new wells » ad hence also
the atiention being given to possible alternative sources such as oil
shales and lignites." ~

At the beginning of the centwry traces of oil and gas wers discovered
near Tusla in Bosnia, and Peklenica in Slovenia. During World War I
gas wells were drilled in Slavonla. Gas was also found in the Banat
north of Belgrade. Production from these early discoveries was of no
importance except for a well at Bujeviea in Croatia where four million
cuble meters of gas were produced per year. Between the wars only a few
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local exploratiomswers undertaken, although geological studies were
continued on a more or less systematic basis. 01l production was only
& thousand tons per year and natural gas was exploited only for a few
local uses.

. - When the Germans occupied the country in World War II they conducted
geophysical explorations over large parts of the northern plains through
- their German firm Seismos of Hanover, Similar Cerman exploratiomswere

made of the Panonian Basin in adjoining areac of Austria, Hungary, and
Rumania. 'The attached map (Figure 13) shows the axtent of thess war-time
explorations, Copies of the German records and maps which remained in
the hands of the Yugoslavs after the war heve sorved as a basis for
the present drilling and exploratory operaticms,

The Germans were able to exploit the Slovenian and Croatimn fields
only to a limited extent, their total war-time production being estimated
at only 66 thousand tons. They wers preparing to drill their first wall
in the Banat when the war ended. o , .

After the liberation 4in 1945 the Yugoslavs continued with both
exploration and exploitation, using the German maps as a guide, Structuras
as indicated by the German mape were further checlked by geophysical means
and by drilling, and production was brought up to the present level of
about 160,000 tons per year. Lacking both experience and equipment,
however, the Yugoslav engineers and scientists have been greatly handicapped
in what to them was a new line of endeavor. : '

Recent structural drilling on the Adriatic coast of Montenegro
s said to have found favorsble indications for the oceurrence of oil
in the older Paleozoic structures along the entire coast ‘encourages
the view that large new oll-bearing aress may be found here.’. Whether this
view 1s correct or not, it indicates that the petroleum geology of -
Yugoslavia is young and that only the beginning has been made in syn-
tematie exploration. ' B

3 o EELON EiO!}g

Thus the traditional tools of petroleun exploration (geology and
- drilling) have besn supplemented in Yugoslavia by the modern geophy- -
sloal techniques. As already suggested, explorations have for the most
part been confined to the tertiary formations of the northern plains
bordering on the Panonian Basin, although interest is now extending to
the inter-Dinaric areas and the Paleozolc formations.of the Adriatic
coast, :

The geology of Yugoslavia so far as it relates to petroleun has
‘been described above. Further statements on explorations in Croatia
and Slovenia are attached as Appendixes 7 and 8, :
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&, Serbia - Geological mapping of Serbia has been undertaken
during many years by geologists such as Petkovie, Cvijic, Zujevie,
-Lukovie, Pavlovie and Laskarev, and by the Geological Institutes of
Yugoslavia and the several republics,

The extent of the geophysical explorations made by the Germans
during World War II is shown in Figure 13, As may be seen, these ex-
plorations covered part of the plains area north of Belgrade known as
the Banat and the Backa.. The German maps show about 30 anticlines in
the 600 square kilometer area which they explored. As already indicated,
the Germans drilled at Veliks Greda but wers forced to withdraw before
obtaining any results, ‘

. Explorations were resumed in 1949 b7 the former Company for
. 011 and Gas Exploration and Pruduction, and have been continued by its
. 8ucecessor company, Naftagas Zrenjsnin, and by the Ceophysical Institute
' of Serbia. Thirteen anticlines lwve been verified by geophysical
eans and five by structural drilling. Grawimetrie explorations are
being continued, with other vorifications in prospeet. Owing to the
. lack of seismic apparatus, only the gravimetric s and magnetometrie methods
are used. Recently, geophysical explorations have been extended to the
€foa south of the Sava itiver and including the Western Morava valley,
Some nine anticlines have been found here s one of vhich near Rankovicevo

has besn verified by structural drilling. '

An area of 13 square kilometsrs has beon covered by deep drille
ing in the Velika Greda gas field where reserves of an estimated 1,6
billion cubic meters of gas are said to have been established, The gas
contains 1.8% of hydrocarbons by wvolume.” Inasmuch as the boundaries
of the field have not been determined, the total resérves may be expectad
. to be increased as the drilling continues, Naftagas, Zrenjanin, has
supplied the following statement on this matter: . ' :

"Since the structure of Velika Greda is contimsous southward,
with two more anticlines at Jermenovei and Lokve which probably
form a single structure with the one at Velila Greda, the B and
C .reserves are probably more than 10 billion cubie meters of
gas. - This assuaption is confirmed by the fact that the first
well drilled at Jermenovei resulted in an oil-besring stratmm .
more than 100 meters thick, It must be mentioned that the well
was not completed owing to a lack of tubing and Christmas tree
equipment. If we eonsider the depth of the Velika Greda wells,
the above supposition that there is a connection between both
- structures is quite real. That means that the area which is
interesting from the econcmic standpoint do®s not cover only
13 souare kilomaters but about 70 square kilometers. This _
latter area has been taken into consideration in conputing the
reserves. B and C reserves of carbon dioxids have been esti--
mated at 5 billion cuble meters with a 10% methane contént. The
estimate is based on the desp drillings at Becej", a
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' Explorations should be extended, according to Naftagas Zrenjanin,
over the tertiary plain known as the Vojvodina (north of Belgrade),
most of the valley of the Morava River and its tributaries, the area
south of Belgrade, and other scattered areas such as Negotin on the
Danube in northeastern Serbia.

Naftagae' immediate program calls for geologic wapping in 1. the
vicinity of Negotin, 2. the area south of Belgrade, and 3. the area
near Vranje. The Negotin area on the Danube in eastern Serbia is
structurally connected with the Rumenian oil fields, Geophysical
work will be directed toward verifying the Germen maps of the Baeka .
‘and other areas north and east of Belgrade. Deep drilling will be con-
tinued at Velika Greda-Jermenovel and Lokve fsr the production of oil
and gas, at Zrenjsnin for gas, and at Renkoviceve for gas. '

. Deep drilling is being undortalcen in the £8 anticline in Backa
near Becej where three wells have been drilled,/carbon dioxide and meth-
ane have been found. Exploratory drilling at other locations ean be
undertaken only when the rigs can be spared from producing fields.

b, Croatia -~ The extent of the wartime geophysical explorations
by the German firm "Selsmos" is indicated in Figure 13. On the basis
of these explorations, together with geologlc studies and other pertinmt
data, the relative value of the several indicated structures was '
appraised and a program of drilling was determined.

As stated by‘Naﬂ.aplin Zagreb, the work done to date is as follows:

"Symecani Scehtral Kriz structure)

In the middle part of the Kris structure Bl wells have been drilled
to date. Of these, 65 were positive and 19 negative. For further
contouring of the field it will be necessary to drill more wells,

Bunjani (eastern Kriz structurs)

In the south-eastern part of the Kriz structure, the existence

of oll-bearing strata has been established by drilling in the .
same stratigraphic level as at Sumecani. The Field can be exploited
‘as has been proven experimentally, new exploitation wslls are being
drilled, and exploratory wells also to determine the boundaries
of the field, The quality of oil is not the game as at Sumecani,
haring much more light fractions and much more gas, tut also s
considereble amount of paraffin.

ostar {western Kris structure)
So far, the Kria structure has bsen opened for production in the

northwestern part (Sumecani) and southeastern part (Bunjani). In
the extraze nerthwestern. part of the structure near Ivanic Kloster,
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a well was drilled as early as 1905 on the site where, according
to old data, there had been gas eruptions.

Taking into consideration these phenomena, and on the basis of the
results obtalned at Bunjani, a well was drilled at Klostar this
year (1952) with positive results. In the rest of the structure
oil horizons are situated in the Miocene. Hers, howsver, the
presence of oil has been estab’ished in the Abichi deposits which
ars mors fully developed, and have good collsctors. Miocene

. bas not yet been explored in this ares bocause rigs with bigger
capacity will be needed. ‘

Mramor Brde:

Tho field was put in operation in 1949, 21 wells have been drilled
to date, of which 7 were negative. The other 1 wells are either
under exploitation or are being prepared for production. All the
wells produce eruptively. ' ,

Golle

The fleld is almost exhausted. Secondary methods are being applied
according to the instructions of Mr. D.B. Taliaferro in his report
to the United Nations of May 1952. Of the wells drilled in this
field, 53 are positive {43 oil and 10 gas) and 2/ negative,

On the southern flank beyond the syncline, folding has been
established. Therefore it is possible that a storage of oil
occurs which will eventually be reached by deep drilling".

Proposed future exploration as also described by Naftaplin
Zagreb are as follows: ' ‘

1, "Drilling plan for 1953 _
After the Liberation (1945), the following structures in
Croatia were explored by deep drilling: Kriz Sumecani, Bunjani

and Klostar), Mramor Brdo, Janja Lipa, Osekovo, Sedlarica and
‘Dubranu...

The Dubransc structure has been abondoned, being negatiiee

- The positive structures have been put in operation. 'Thoy are two:
‘Kriz and Mramor Brdo, .

Two structures (Sedlarica, Osekovo) are still under exploration,
while at one (Lepavina) drilling has been stopped until seiamic
measuring can be carried out.

At Janja Lipa four wells have been drilled to date, of which two
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were positive (gas) and the other two wers negative (one of the
latter will be further explored). Since larger quantities of
gas were established in the two wells, drilling is going on in
order to determine the resources and delimit the gas atratun,

- The 1953 plan includes the continued drilling of the structures.
which have been drilled during these years.

In addition we plan to drill the Prozorje (gas), Martinaks Ves
(041), and Komarica (gas) structures.,.

24 Geologic and @g@mu Hork

_ Geologic surveys will bs made in ths areas of Zagrebacka
Gora, Kalnik, Psunj), Moslovacka Gorae, Pozeska Gora and Papuk.
The structures which remain to be investigated and explored lie
between the above-mentioned mountains or on their slopes. ‘

Generally apeaking, only goophysical maps are available for the
above structures. The structures are soen as folds or monceline
folds, Some of them lean against older massives. It is possible
that such structures are alosed, if the flank influences of old
massives are excluded. :

In Slavonia geophysical measurements have been planned (Brzaja-
Topolovica-Grubisno Polje-DJnkovo-Levanjska-Varoa—ImriJmi-«-
‘Bragevol-Djakovo) with partisl eompletion of gravimetry as well
as geologic mapping. The structures ‘having besn treated geologi-
sally and geophysically will be prepared for deep exploration

drilling. These will be earried out on the basis of geophysical
work, beeause geologic mapping is unfeasible in that terrain., .
From the geophysical point of wiew these structures are adequately
shaped and are of a elosed type. ‘

Dalmatia is being surveyed geologically, following which extensive
geophysical observation should be carried out s the extent of which
-will depend upon the results of the geologlioc work. ‘

Many structures in Croatia thus remain to be explored. The main
tasks are as follows: ;

1. Opening and exploring of new oil deposits,
2, 'Ext"onding‘of o1l deposits already under exploitation, -

3+ Exploring of gas deposits to determine whethcr'ihey also
econtain oiln, , : '

.- . Slovenia - Part of the Petisovel structure near Lendava has
.been explored by drilling, and part-by geological, geophysical, and
other surface methods. deference is made to the table in section Le
below and to Appandix 8 for a view of the explorations which have
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been made in Slovenia and an indication of the work yet to be done.

4, - Known ressrves of oil and gas in Yugoslavia
a, Method of comput.ing reserves

Following is a statement, supplied by Nafta Lendava with
regard to the method used in Yugoslavia for computing reserves:

"In calculating oil reserves, we use this equation:

V& S:h. gauma. p. alpha
where 2

Ser” pilif r - 100 n - drainage radius

h = thicknesa of the stratum

gamma = specific gravity of oil (.83)

.j P = porosity coefficient (.1)

alpha = ol saturation coefficient (.5)
By A-1-a reserves we understand the reserves from the wells which
are actually in operation in an area where the strata have already
been drilled. These reserves are attained by calculation.

A-1-b reserves represent.' reserves in the strata of i'elll which
have already been drilled but not yet explored and are believed
to be oil-bearing. '

A-2 reserves are those which exist between the positive wells,

B reserves ars probable reserves which are believed to exist
in the vieinity of the positive wells,

C=l reserves are those which cannot yet be considered as industrial
reéserves although there are signs of their existence.

C-2 reserves Are those established by geologic methods.
Gas reserves may be calculated with the approximate formulas
V - Soho puP

where

S r2 Pi where r = drainage radius

h = thickness of the stratum

P = porosity
initial pressure
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The calculation is made in this way sinece we have no instruments
for measuring the subsurface pressure, temperature, and other
factors which are necessary for more exact calculations of the
reserves’,

The practical problems involved in the use of this classification,
and indeed the classification itself, are matters of contimuing interest
and discussion. The need for more precise and uniform measurements of
quantities and qualities is generally recognized.

b. Total reserves in Yugoslavia

Following is a tabular summary of known oil reserves based on
data supplied by the several oil and gas enterprises:

01l Reserves in Yugoslavia
as of Deeember 1952
(Millions of metrie tons)

A Band C Total
Serbia - - -
Cl‘o&tiﬂ an 1302 ' 1‘.92
Slovenia 2.6 35.7 38.3
Total 3.6 48.9 52.5

Gas reserves can be sunmarized as follows:

Gas Reserves in Yugoslavia
as of December 1952
{Millions of eubic meters)

A B and C Total
Serbia!:é " 1,600 15,000 16,600
Croati '265 5.100 5,365
Slovenia 1,318 8,666
Total 3,183 28,766 31,949

3/ Velika Greda and Jarmenovei
2/ Janja Lipa and Gojlo

The above reserves are all located in the northern plainas of
Yugoslavia bordering on the Panonian Bagin. The inter-Dinaric zone
. comprising the Vrbas, Kreka, westem Morava and Aleksinac areas has

not been sufficiently explored to allow any sound estimates to be made.
This is also true of the coastal area of Mont.enegxfo and Dalmatia.
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c. Serbla - Nafte Zrenjanin states that it has
reserves because the three wells which were drilled

pleted owing to lack of equipment .
to be 30 to 100 meters thick.

not computed oil
have not been com~
011 strata not yet reached are believed

The gas reserves have been computed adcording to the formula and
based on data obtained by deep drilling, The figures shown above do
not include the Becej field or other areas believed to be rich in

gas but not yet drilled.

d. Croatia - The following detail has been supplied by Naftaplin:

011 Reserves in Croatia
(Millions of metric tons)

A-2 C-1 C=2'
0165 - 700 hat
- 1 4 om -
- ln 500 fd

b - lOo 000

Total
.54
1,000
1,792
10,000

LRI

4-]
Sumecani - 546
Bunjani .019
Klostar -
Mramor Brdo 0292
Other structures -
Total oil -857

+165 3,200 10.000

Gas reserves in Croatia
(Millions of cubic meters)

A=l C-1 C-2
GoJlo 105 - -
Janja Lipa x 160 600 -
~ Other structures - - 4,500
Total gas 265 . 600 4,500

#Explored by geophysical meth

Gora; and in Slovenia,

e
'

v
-
-

14.222

Total
105
760

500

5,365

ods in Podravina, near Hoslovacke
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e, Slovenia - The following details have been supplied by Nafta
Lendava:

01l and Gas Reserves of' Slovenia

oi1 Captive gas*
(millions of -(‘iLll:lona of

Petisovei formation metric tons) ocubic meters)

A-l-a reserves 1.138 250,360
a‘l"‘b 00327 7109100 .
A=2 1.100 242,000
Total A reserves 2.56% 561,.300

* Captive gas is calculated on the basia that 1 ton of oil contains
220 meters of gas.

B 0.390 85.800.
c-1 2.815 619,300
Ce2 2,815 619,300
Total B and C 6,020 1923_43500
Total A,B and C 8.585 1,888,700
Jovasi Ratka series in Petisovel formation
lovasi - A reserves - 753.600
Ratka = C - 253,600
Total - - 1,507.200
Dolina (probably C-1) - 50.000
Other structures - C-1 reserves
Murski Gozd 0.220 48,400
" Dolina 0.060 13,200
Lendavske Gorice 1.200 261,.000
Kog 4,220 932,800
Selnica-Peiclenica 24,000 3.280.000
Total other structures 29.720 6.538.400
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Total al) structures

A (Lovasi) - 753,600
A-1-a 1.138 250,360
A-1-b 0.327 71.940
A—2' lolm 2 um
Total A 2,565 1,317,900
B 0.390 85.800
C-1 32,535 7,961.300
C-2 2,815 619,300
Total B and C 35.740 8,666,400
TOTAL all reserves 38,305 9,984,300

5. Production:

Production of crude oil in Yugoslavia has levslled off at about
150,000 tons a year, having reached this volume in 1951, Production
at the major fields is currently running about as follows:

Lendava - 50,000 tons per year
Sumecani 69,000 *» L
Mramor Brdo 22,000 " LA
GoJjla 10,000 # n

The followihg table shows the trends since the war. As stated
above, the pre-war production was negligible,

Production of erude oil in Yu slavia
‘ (in netric tons) ‘

Total

Yuposlavia Croatia Slovenia
199 22 g0 -
19, 28,835 22,335 3,500
1947 33,245 25,211 8,034
1948 36,498 25,187 11,311
1949 63,240 37.184 26,056
1950 111,287 53,898 57.389
1951 155,626 - 80,571 75,055
1982 : 151,538 101 888 : 49,650

y Including 324 tona produced in Bosnia and Hercegovina fx‘om
welle that are no longer in production.

Source: Indeks (Statistical Bulletin), Federal Statistical
Office. 1952 data from Naftaplin Zagreb, and Nafta Lendava.
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Inasmuch as production falls short of domestic needs, the problem
is to increase output through secondary recovery methods, by bringing

wells into production which are drilled but lack pipe or tubing, and
by drilling new wells. '

As to natural gas, statistics seem to be lacking on the amall
quantities which have been produced for commercial use,

Turning now to brief aceounts of production in each of the three
oil-producing republics:

Serbia: No oil has been produced as yet, Nafta Zrenjanin states
that aside from the lack of equipment it has the problem of a large
gas factor and high paraffin content. A start was made in production

of gas for local use at Velika Greda and for shipment in pressurse con-
tainers, . .

Croatia: Two thirds of the total Yugoslavia production is from
Croatian wells. Following is the trend in each of the Croatian producing

areas:
011 production in Crvatia

o Mramor
Goil Sumecani Brdo Total
Tons No.of Tona No.of Tons No.of
wells wells wells
19,1 2,158 2,158
1942 9,666 9,666
1943 21,460 21,460
194, 22 481 22 481
1945 25,866 25,866
1946 22,295 22,295
1947 25,211 25,211
1948 25,186 25,186
1949 22,202 6,255 10 3,725 1l 37,183
1950 23,657 22,717 20 6,580 2 52,955
1951 17,057 3 50,948 4y 7,742 3 75,747
1952 10,525 18 69,417 55 21,947 7 101,888

Source: Naftaplin, Zagreb,
Note the discrepancy between the total for Croatia as shown here

and in the preceding table, Naftaplin Zagreb states that the

table above is correct and should supersede the figures shown in
the preceding table,

The Gojlo field is on the decline. Only 18 wells are still in
operation out of the 77 which were drilled and the 53 which were put

in operation. Secondary methods are difficult to apply because of the
physical properties of the oil-bearing strata.
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The dranor Brdo field was put into production erruptively in 1949.
Fifteen wells have been drilled, of which six were negative and seven
are now in production. A de~-gasolinizing plant is ‘being built which
will permit the re-cycling of the dry gas back into the oil strata.

At Sumecani only the central part of the field has as yet been
brought into production with the drilling of some 84 wells most of which
are produecing.

- Slovenia: Nafta Lendava explains the drop in production as due to
two factors: (1) secondary recovery methods havs not been applied, and
(2) pressure is falling with the continued diecharge of gas into the
atmosphere.

6. Consumption

The present level of consumption is about 500,000 tons a year,
This 1s comparatively low for a nation of 16 million people and may be
oxpected to increase substantially with the mechanization of agriculture
and the growth of industry.

Refineries with a capacity of about 500,000 tons a year, located
at Rijeka, Brod and Sisak, will be expanded to about 800,000 tons a
year by 1955. The Rijeka refinery operates only on imported crudes,
but Brod and Sisak can handle either domestic or imported erudes.
The Sisak expansion will utilize residual paraffinic crude oils -
which must now be disposed of as bunker fuels, Additions to the
Rijeka refinery will make it possible to produce soms lubrieants
now imported. At the present time it is hecessary to import high test,
gasoline, lubricants, and some waxes because of the limitations of
refineries.

Naturel gas from the Gojlo field has been utilized in small quanti-
ties at Kutina for burning chalk, manufacturing lamp-black, and shipment
in pressure containers for illumination of railway cars and use as a
motor fuel. Here also, as at Lendava and Velika Greda, gas is consumed
in the near-by villages. There has been considerable study of gas
transportation by pipeline from (1) Lendava to Stirnisce and Jdaribor.
(2) from Mramor Brdo to Sisak and Zagreb, and from Velika Creda to
Belgrade, but nothing definite has yet come of the proposals.

7. Erogram for completion of the inventory of oil and gg..‘ 8

As has become apparent from the above account, only a small
part of Yugoslavia has yst besen explored for oil and gas., 1In the view
of Yugoslav scientists and petroleum engineers there are favorable
indications for the existence of petroleum in other parts of the
country. The area over which it is proposed to extend the explorations
has been shown in Figure 13. It has also been desoribed in the
section above on the geology of fossil fuels, and in the stataments of
the work being carried on by the several oil and gas enterprises.
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With these views the writer is neither in a position to agree
or to disagree because he is not qualified in the matter of oil explora-
tion. It is hoped however, that the information here presented will
provide a helpful perspective for others more competent.

In sumnary, the view is generally held in Yugoslavia that explora-
tions should be continued somewhat as follows: '

a. Continued exploration of the northern plains areas bordering
on the Panonian Basin, to complete and rouid out the work started
by the Germans during the war. ‘ ‘

b, Extension of the gecphysical explorations, followed by
structural drilling as appropriate, 1) to other maririe Tertiary
basins in the south side of the valley of the Sava toward the
foothills of the Dinariec mountains, and 2) to the tertiary belt
which parallels the Sava and the Dinaric range from the lower
Vrbaa through the Kreka coalfields to the Aleksinae coalfields
in the Morava River valley.

¢. Exploration of the Dinaric range, and the other structures
along the Adriatic coast, by geologic methods followed by deep
drilling and by geophysical work in local areas. Here the moun-

" tainous character of the terrain reduces greatly the usefulness
of geophysical methods,

The fundamental processes employed in petroleum exploration con-
tinue, of course, to be geology, the more modern geophysical techniques,
and structural drilling. The latter is accompanied by laboratory analysis
-of drill cores, and measurements of pressure, porosity, and other
underground conditions. Reserves can ther be computed according to
acespted formulas and classified according to the classification in
general use. Good cadastral and topographic surveys ars necessary for
the control of stratigraphic work. Economic appraisal should constantly
be made of probable production costs as compared with the probable
value of reserves. ‘ :

Whatever program of exploration is decided upon should of course
be selected with a view toward obtaining the maximum results from the
application of the limited manpower and technical equipment available-
Because the work of exploration and production is divided between a
number of enterprises and sclentific bodies in the several republics,
measures should continue to be taken to prevent the scattering of work
over too large an area, to concentrate efforts on a desired number of
top~grade projects or areas, and to establish priorities for explorations
on the basis of over-all national considerations.

Turning now briefly to the means at hand for ecarrying out a program
of exploration, it may first be observed that although much has been
accomplished with the equipment and the trsined men available, the
lack of facilities has often made it difficult or impossible to
achieve satisfactory results. This observation is applicable alike
to the geophysical, drilling, and related laboratory and other tech-
nical work,
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Nothing can be wentured here by way of comment on the problems
of geological research or the means that should be provided to facili-
tate this basic work. Suffice it to say that the necessity for continued
progress would seem to be unquestioned. Geology provides the basic know-
ledge of the physical structures from which the geophysical and drilling
operations can proceed,

As to geophysieal technicues, they are conparatively new and con-
stantly being improved. They have of course come to be an essential
tool without which exploration is.. both costly and uncertain. Never-
theless so far as petroleum explorations are concerned, the geophysical
facilities are inadequate to do the work which 18 expected of them.
Instruments and equipment are for the most part old and many are either
partially or wholly obsolete. They are not capable of the volume of
work or the precision which is desirable, Seismic apparatus, which
is particularly necessary for the deeper explorations, is almost
wholly if not completely lacking. The statement provided by the Insti-
tute for Geophysical Reeearch at Zagreb contained in Appendix 9 is
{1lustrative of this situation.

It must be emphasized that both equipment and trained operators
are needed. Equipment without the operators is only partially usable,

Drilling equirment is also somewhat lacking, particularly the deep
drilling rigs. Owing to a shortage of foreign exchange much of the equip-
ment is either prewar or rebuilt fram war salvage, :

Small fleld laboratories for the analysis of cores and other work
may be needed in greater numbers and with more complete equipment than
at present, Whether the most appropriate divieion of work has bsen
arranged as between fleld laboratories and the central research labora-
tories was not determined,

It may also be mentioned that the necessary instrumemts for under~
ground measurements are often lacking, thus making it difficult or im-
possible to achieve the required degree of accuracy in the computation

‘of reserves,

We have called attention frequently to the lack of trained and
experienced technicians and engineers. Although much experience has
been gained during the postwar years, it must be kept in mind that the
petroleum industry is new in Yugoslavia and that most engineers
and other oil field workers were thrown into the work without previous
experience., They were left to themselves when the Russians left in
1948 and have since proceeded as best they could, In faet, few Yugoslav
engineers have seen an oil well except. those which they have drilled in
thelr own country. Their obvious peed is for the maximum possible
contact with o1l people in other countries.

As to economic analysis of petroleum explorations and produetion
it is handicapped by the unstable price levels and price relations
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generally prevailing and the absence of accepted principles for the deter-
mination of costs and economic feasibility. Until economic analyses

¢an be made, the engineers operate somewhat blindly inlaying out their
exploration programs and appraising the worth of the resources discovered.

8. Foreign Assistances

The above brief review of the proposed plan of explorations
and the facilities available to carry it out should be suggestive of
the ways in which foreign aid could be applied to advantage. The in-
formal request made by one of the oil entorprises for foreign technical
. assistance may also be suggestive. This reguest included the following:

‘1. Foreign travel and training for Yugoslav engineers and tech~
niclans in each of ths following subjects:

01l geology

Geophysics

Deep drilling

Exploration, secondary recovery, and production
Compressor stations and pipelines.

2, Seismic oqui]iment for the geophysical institute.

3, Instruments and equipment for an oil laboratory and
for underground measuremerts.

4. Drilling rings and tools for both deep and shallow wells.

5. Foreign experts to come to Yugoslavia in each subject
listed in item (1) above.

6. Literature.

This statement would be more or less closely repeated by other
0il and gas enterprises.

Although so specific recommendations for UN Technical Assistance
will be made here it is urged that in view of the obvious benefit which
would acerue to Yugoslav engineers and technicians from experience
and contact with their counterparts in other lands, the most favorable
reception should be given to any requests which may be made along
the general lines mentioned above.

Several suggestions have been made that the first step would be
to send Yugoslav engineers and technicians to petroleun centres in
other countries. As regards foreign experts coming to Yugoslavia the
first step might be to petroleum engineers who could provide assistance
up to the limits of their abilities and who might propose the more
specialized assistance which should follow.

_ Through other channels a recommendation is being made that UN
supply & selected list of professional and trade literature for which
the need appears to be so obvious as to merit immediate attention.
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REFERENCES
O1l and gas enterprises
Naftaplin Zagreb (Croatia)
Nafta Lendava (Slovenia)
Naftagas Zrenjanin (Serbia)
Nafta Tuzla (Bosnia)
Nafta Ulcinj (Montenegro)

04l and gas institutes

Institut sa naftu, Zagred

Geological and geophyeical institutes
of the republics of Serbia, Crostia,
Slovenia, and Bosnia

Geological institutes of the Academies
of Science in Ljubljana, Zagreb and
Belgrade.,

Publications

Geoloski Vesnik Srbije
(Geoclogical Review of Serbia)
Geoloski casopls Hrwatske
(Geologic Magazine of Croatia)
Casopis "Nafta" (Magazine "Gas")
Bilten Akadenije Nauka svih republika
(Bulletin of Academy of Science of
all republics) '

List of oil sclentists and engineers

Prof. S. Lazie, Zagred

Prof. Ozegovic, Zagred

Prof. Mihajlovie, Beograd
Prof. Pavlovie, Beograd

Prof, Slokan, Ljubljana

Ing. Vuekovic, Zagreb

Ing. Paradjanin, Zrenjanin
Ing. Cerovac, Dol. Lendava
Ing. Lucie, Ulecinj

Ing. Kornelije Mirkov, Beograd
Ing. Dj. Dimitrijevic, Beograd
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. gea
1. mﬂ!gm

Solid fuels are a major energy resources in Yugoslavia, although
less important as compared with hydro thauy in the major mduatx'ial oouny-
tries qt Europe.

Iignite is the most important of the s014d fuels, The full ex~
tent of the lignite resources is only now beooming knowt, Recent discove-
ries in the Kosova Basin, for exanple, have led to the doubling of the
lmom reserves, Equally important is the fact that the large lignite
beds are well located with relation to the centers of population and to
transportation, and seams are sufficiently shallow to lend themselves to

economical oxpioitationo

Solid fuels have not as yet, however, played a
significant part in Yugoslav energy consumption, New demands are ooming,
it may be noted, from (1) the replacement of fusimood, which must be cone
served and diverted to higher uases, and (2) the expansion in total ;mergy .
uss which accompanies the countries industrialization, At the same time,
the advaneing technology promises to make soldd fuels, and especially
lignite, a source of raw material for agriciltural and industrial chemicals,
Lignites are not being utilized at present in proportion to their reserves
as compared with brom coal and hard coal, Official policy is to bring
the use of lignites into better proportion with their relative abundance,

4

The purpose of this chapter is to provide a ganeral perspective
on the solid fuel resources of Yugoslavia, particularly with respect to
their extent and quality, with a view toward facilitating ths detemminatim
of the further steps that should be taken to ocamplete and improve the

inventory.

. Principal sources of data .for sclid fuels have been the Econcmic
Couneil of the national govemment, Frofessor Samec of the Institute for
Fuels of the Academy of Science in Ljubljana, Ing., Boza Popovie of the
Institute for Research in Coal in Belgrade, and Vjekoslav Mikineie,
Director of the Federal Geologic Institute at Belgrade,

The coal industry was administered several years ago by coal ‘
mining directions established in each republic and in the national govern=
ment, - Production is now handled by a mining enterprise established in each
republic, with local management for the individual mines. Tim goverments
of the republics have offices for general plsnning of coal production and
for geologle and laboratory work needed. The larger aining enterprises each huve
their own geologist, surveying staff, drilling rigs for exploration, and
other major facilities, whoreas the smaller mines frequently resort to the
laboratory and other facilities afforded by the mining institutes. In ad-
dition, there are institutes for cdal research in the Academies of Science
of Serbia and Slovenia where basic scientific research is conducted in the

utilization of so0lid fuels,
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2. Methods for dotMt;on of reseryes

(a) - m_l_q_intioma Gaolog, mining, drilling, and more
recently geophyalos, are the tools of exploration for coal. These methods
are accompanied by laboratory analyses to detemmine the physical amd

clumi:eal properties,

A brief review of the geologic Investigations has been
glven above in the ssction on the geologr of the fosail fuels. Supple~-
menting this review, it may be said that at tis end of the 19th century
and during the early years of the 20th, Katzor, Beyschlag, Krusch, Waagen,
and other German and Auwstrisn geologists investigated the coals in the
areas shich were then part of Austria-Hungsry. Between the two World Wars
the Yugoslav geologists and mining people ocontinued the investigations,
particularly in Serbia, At present new investigations are being performed
for the most part by the geologlats attached to the individual coal. minea.
They send detalled geological mapa to thelr respactive republics and fede-
ral geological institutions. . Their exploratory equipment consists, how-
ever, of only a few drilling rigs., Geophysical methods ars now being
applied to a limited extent,

A summary of the geology of the Yugoslav coal deposits is
provided in "Geology for Miners" by B, Milovanovis, Belgrade, 1950, Pub-
lished works are few, although special studies are available in limited
quantitles through the varicus mining and scientific institutes. '

The lignite basins of Kreka, Velenje, Kolubara and Kostolac
have been rather well axplored, while the lignites of Kosovo, Flevlje (in
Montenegro), Oslonej (in Macedonla) and some sites in Bosnia have not yot
been adequately investigated. :

. As geologist Milkincic of the Pederal Geological Institute
has stated, although geologic investigatione were started in Yugoslavia at
a'time when 439 science was already well-developed elsewhore they were not
carried out systematically until the formation of the Re ¢, Only after
the end of VWorld War II were organized and systematic geologlio in-
vestigations undertaken. .

L (b) -Classification of re o Until World War II,
Yugoslavia used the so-~galled English ayniom ‘o? classification, It may
be generally said that except for the larger and more profitable coal pro-
perties, detailsd explorations were very limited, ard:in any event results
wers not published or reported to government bodies. The ‘quality of the
investigations and of the data on coal reserves was thus very uneven.

Good data were avallable on some deposits but not on othera,

With the nationalization of mines in 1945 the firet necoessity
was to bring all available data together on a unifom basis for all mines,
The English classification was thought to be too subjoctive and otherwise
unsuitable for a state-directed cconomy. The Russian clasaification was
adopted and all data were reorganized on this new basis, Under the direc-
tion of teams of englneers who travellsd from mine to mine, the available
data were re-worked into what is believed to be the most ussble inventory

yot avallable based on this new inventory. :
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Current thinking in Yugoslavia with regard to classifica-
tion is reflected in the statements contained in Appendixes and referred
to above, The Russlian method has not proven satisfactory. Efforts
are being made to find a system which 1s more objective thin the old -
English classification while not so rigld and costly to apply as the
Russian. An effort 1s also being made to introduce elements into the olas-
sification which provide some guldance to managamsnt as to the most desir-
able parts of the deposits to work from a cost view point. The new systen
must also be sufficiently simple that it can be applied by smaller mines.

Thus the task of improving and codifying the known data on
s0lid fuels oontinues. It is obvious that as and when agreement is reached
on new standards of exploration and classification, the data on each depo-

- 81t must neceasarily be reviewsd to bring them into conformity with the
new classification and to reveal the more serious deficiencies.

(o) %mi of coal. The basic current reference work on
the qual ity of Yugoslav co was complled in the years since World War IX

and published in 1951, - Although the particular purpose for which it was

prepared has now passed, namely the ecstablishment of a uniform price for

coal of each particular grade, it is of continuing usefulness as a refer-
ence on the properties of the coal of each mine or deposit.

The necesaity for analysis of the quality of its coals has
always been recognized by Yugoslav scientists. Their attention is now
being directed particularly at the low-grade lignites whose abundance has
already been referred to, many of which can bs produced cheaply by open-cast
methods. Recent experience has demonstrated that improved lignites with the
sams calorific value can bs produced more cheaply than the brown coal that
has been the principal solid fuel of the country,

Accordingly, the lignite of the Kolubara Basin has been
thoroughly explored both for quantity and quality, while the other large lig-
nite basins of Kosovo, FlevlJe,and others remain to be explored. The inves-
tigations include the suitability of the lignites for mining and the various
methods of washing, drying, coking or other foms of beneficiation. Followlrg
are the main propertles for which the lignites are tested:

(a) Froperty of washing for the removal
of dirts
(b) Heat content;
(¢) Drying properties; strength of the
dried coal} : .
(dg Content and the quality of wolatiless
. © {(e) Sulphur ocontent and posaibility of
removing it;
' (£} Coking properties;
o {g) Gasification properties;
- " (h) Chenifcsl analysis;
(1) )Moisture oontent,

Because the lignites within the same depogit have such different properties
at various points in the deposit, it is recognized that the best site for
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exploitation cannot be determined until extensive tests have been made
of the whole deposit., That 1s the stage at which the Kosovo Baain now
is.

The tests which require precise msthods and sxtensive
laboratory equipment are now made at the central laboratory in Belgrade
of Ing. Bozo Popovic and in Ljubljana at the institute directed by
Professor Dr. M. Sameo. Elementary testing of samples and cores is done
in small fleld laboratoriss at the sites of sxploration.

Ing. Fopovic 1s currently participating in the work of
the United Nations commissicn in Geneva on rulez and standards for the
classification of low-grade fusls for quality.

3 Reserves as now mown

(a) S% vieuo. The following table swommarizes the

solid fuel reserves in Yugo a as now knownt
TABLE I °
COAL RESERVES OF YUGOSLAVIA
(mdllions of metric tons)

A B C Total -
Hard Coal 6.1 606 38,0 50.7
Brown Coal 82.5 15203 1;5&791 1;?8109
Lignite a2 M a060 19,3583
Total | 169.8 790.0 20,2911 21,190.9

The location of the coal fields is shown in figure 1.

- Two aspects are apparent: First, the reserves of mineral coal
and brown coal are comparatively small, Second, only a small proportion of
the reserves have been fully explored. Thus the A and the B reserves are
lsss than 5% of the total knomn reserves. '

Compared with other Euvopean countries, Yugoslay hard coal
deposits are insignificant, totalling as they do only soms 50 million tons
out of a total for Europe of 63 billion tons. In brom coal and lignite,
however, Yugoslavia has about 20 billion tons as compared with a total of
Just under 100 billion tons for Europe as a whole. In fact, Yugoslavia®s
lignite deposits are larger than any other country in Burope except East
Germany, comparing with 18 billion tons in West Gemany and 12 billion tonsa
in Csechoslovakla (source: ECE Power Transfers p.79).
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(b) Hard coal., Hard coals arotoundmainlyinhtmlnd
eastern Serbia, These ve a thermal value of about 6500 keal/kg.
The Istrian coals have been utilized mailnly in Italy. Although the
coal is high in sulphur content the Italian plants and locomotives are
adopted to its use,

‘The principsl hard cosl deposits are shown in the follow-

ing table:
| o 'mam I
RESERVES OP HARD COAIL
(in millisus of tous)
A B ¢ Tota)

Istria Basin (Resa) 48 5. 2.8 38.0
Eastern Serbia ' @3 o2 6.8 7.3
Ibar River (Serbia) 1.0 o9 o5 2.4
Majevica (Bosnia)  _= 2050 30 . 30
ot 6.1 605 81 50,7

‘Source: Nat.:lnnal Ecommie cuuncn
{¢) 'Brown ooal. The principal deposits of brown coal are

found 1n the Sava Biver of Slovenia, the Bosna River Basin of Bosnla,
and in the Morava Valley of Serbia. They have a thermal value of from
3500 to 5000 keal/kg. Brown coal belongs exclusively to tertiary forma=

tions, the depoeits in Slovenia being badly faulted and folded, while the
stmcturos in Boonia are more simple. Tho depth of the dcpoaita is mode~
rate, and there is saxs possibility of opon«cm operations, u at Banovicl
in Bosnla and Trbovlje in Slovenia.

Table 3 lists the prineipal knovn brownt ooal deposits.

(a) L te. These low-grade fossil fuels, with a oalorific
‘value of from 200 to -koal/kg., are founiin three large depoaita, namey,
Kosovo in southern Serbla, Ereka in Bosnia, and Kolubapa in northern S

with a fourth deposit of considerable size and mportancu at Valen:o in
Slovenia, Tabls  lists the main: known deposits,

Iignits ie found m the- uppar t.ortim u.l at Kroku, or the
lower uioeem, as at Volénjo, Kolubara, Kostolac, and Kosowo, The doponit.a
are comparatively thick (from ten to one hundred moters) and unbrolen, . -
Lying closs to the surface as many of them do, the lignites offer possie
bilities for economical cpen-cast production.
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RESERVES OF BROWN COAL
{in md11ions of metric tons)

A B c Total
Aleksinac Basin | o o2 2601 267
SenJ - Resava | 25 .5 19.7 22,7
Despotovac o5 ob 1605 17.4
Janko®a Gorge e 5.8 343 40,1
Soko o3 4o 15.8 20.8
Mlava Basin o7 15.3 14004 15604
Vrdnik Basin 51 3.1 3.0 602
Jelasnica Basin o3 .2 3ok 3.9
Bogovina | - |
Arand jelovac ol o2 3.0 3.3
Banovici Basin h2.6 2704, 2680  338.0
Central- Bosnian Baein .
(chica, Kakanj, Brega) 13.8 L0.6 5.6 ° 700,0
Liwno - Duvno 8 21,7 - ' 2.5
Ugljevica Basin 1o 5.8 18.8 26,0
¥iljevina, Mostar Suhaca, |

Banja Luka 8.0 9.4 13,0 " 30.6
ZagorJe Yol 2.0 . 966 100.0
Troovlje '-. Hrastnik ' Lo8 2.6 2.8 28,2
Zabukovca Kanjizarica

Kocsvie, Liboj-, Smovo

St. Janez, Lasko hob .6 13,0 29.2

Golubovae = Siveric o2 ob 9.1 9.9

Sources Netional Ecomomic Council
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TABLE IV
RESERVES OF LIGNITE

(in millions of metric tons)

A’ B c Total

Kostolac Basin. 27 1.0 00,0 037

Kolubara Bazin ' . 5590 o 1,M5o° \ 1,5&00

Kosovo Badn 2.7 3.0 12,194.3 12,2000

Lubnica, Petrovac o5 o o8 B

and Leskovae Basins

Kreka Bas:!.n 120’0 3‘601 3’”305 _ l&.moo

Konjseina, Ratkovica

Ivanec, Mur. Srediste

Bolgl Basins 2.7 9.9 262-9 2755

Velenje Basin 49 450.0 295.1 750:0

Kicevo Basin (Oslonis)) o2 7.5 1200 127.7

Flevlje Basin - - 1568 156.8

Zivojno, Katlanove

Nerezi, Svilare Basins Py ) . S « N —33ad
Total 8.2 5M.1  18,706.0 19,358.3

e

Source: National Economic Council
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he Froduction of solid fuels

. Pre-war requirenents wers met by a domestic production of soms
7 million tons, together with the importation of % milifon tons of
hard coal. Present domestic production is about 12 million tons and ine-
ports are negligible. Neods by 1955 or 1956 are estimated at 18 million
tons, to meet which domestic capacity of Ds2 million tons is planned,
with an expected capacity utilization factor of 0%, _

As may be seen from Tables 5 and 6, the production of bromn
coal and lignite has doubled as compared with pre-war production.

Bosnla, with its brown coal and lignite mwines is the largest pro-
ducer of solid fuels, followed by Serbla and Slovenia.

Following the second war, Yugoslavia made a determined effort to
rationalize its coal mines and expand producticn. Old mines were put back
into production, capaoity was increased, and new mines wers opened, The
limiting factors have been the availability of lsbor and machinery. As
will be noticed from the tables, production has flattened out at 12 to
13 million tons since 1949. As hae been mentione d, further expansion to
about 20 million toris is scheduled by 1956, ‘

- Although the recent expansion has oocurred in both brown coal am
lignite, 1t is expected that lignite will henosforth show the largest and

the most persistent growth. This is because the lignite deposits are
larger and lend themselves to the more economical and highly mechanized
open~cast methods. With the opening of more lignite deposits-the margl-
nal brown coal mines may be abandoned. It must be emphasized, however,
that exploitation of lignite hinges on the success of methods for its bene-
ficiation, ineluding washing and-drying to make s good aolid fuel for homes
and industry, production of ooke, and other processes such as gasification,
diatillation and hydrogenation, -

5. Comsumption -
L (a) ? eipal consumin . Pollowing is a tabular
.. sumnary of the use of 50 princ consuming groups in 1950s

' (thousands of metric tons)

linins md-indultry-...n......-. 56‘(0
Trﬂnam;’oo"oopoao.oooo.o.ooooooo 3m
Powor generatitf.csescvcoscosssse 1200
Housshold cﬂn.‘mionbnocoocooito 120

llii.o.ollan.mu..o...n...‘g....uu 7&
Total . 12680

Sourve: Data supplied by Yugoalav government to
International Bank,
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TABLE V
PRODUCTION OF SOLID FUELS BY REPUBLICS

(thousands of mstric tons)

Year Total Serbia Croatia Slovenia Bosnia & JMace- lonte

| | H:g:go- donia HNegro
1939 6,973 1,693 1,663 1,852 1,765 - T
1946 6,804 1,693 1,268 2,00, 1,899 - -

1947 9,201 2,434 1;651; 2,436 2,767 - -

1948 10,74 2,999 1,757 2,562 3,406 .- =

1949 11,307 3,230 2,15 | 2,706 3,90 25 15

1950 12,866 3,41 2,056 2,830 W00 A 18

1951 12,043 2,999 1,817 2,652 ko525 33 15

1952 12,008 2,97 1,955 2,604 A9 16 17

Source: Index
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TABLE V1
COAL PRODUCTION IN YUGOSLAVIA

(thousands of tons)

Year Total Hard Coal Brown Coal Lignite
1939 6;973 1,351 4312 1,310
1946 6,804 757 3,823 2,22,
1947 9,292 1,062 5;325 2,504
1948 10,724, 913 6,331 3,420
1949 12,107 1,275 6,682 4,150
1950 12,866 1,154 7,204 1y 508
1951 12301.'2 992 6;916 :,;131.
1952 12,008 1,01 6,842 5,25
Source: Index
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(b) Per capita ocon o Jnasmich as the bulk of
the above solid fuels are the lowegrade tes and brown coals, the
thernal value is even less than the total would indicate, Consumption
compared with other Europeanountries is as follows for the Year 19491

Availability of wnprecessed solid fuels por
capita, 1949

(oquivalent metric ton)

United nmooaoootOouoeoooaonbe lpoOB
Meoooodoauaooaooto-oooéoob’é 2032
Poland Emeessencsuscoencoesacaisos 1.092
Belgium, Caechoslovakia

France and Nﬂhﬂrl&maéoo.coooooo 2,00
Rest of Mp.ooooooooooooooaoooo Jﬂ

Burops average 1.63
Tugoslavia 030

Source; HCE, Selscted Europsan Energy Statistics, Geneva,
May 1951, Yugoslav data based on Table 6 of this report
with the use of a factor of .33 to convert brown coal and
lignite to hard coal equivalent., This factor was employed
by ECE for the Southern Buropean countries. Use of a
~more appropriate faotor for Yugoalavia does not change the
result materially. '

: The low use of fuels in Yugoslavia may be attributed both
to the lack of industrialization and to the comparatively low produstivity
of labor in the coal mines.

(¢) %a 0ff-setting the growing energy requirements
in Yugoslavia is the toward greater effiolency of utilization, Thus
the present stoves used for spaceheating in homes and shops are not well
adapted to the use of dried lignite, This is also true of locomotive
boilers, The use of coal in industry is not rational at present because
of cbsolete bollers, overloading of equipment and deterioration of the

. : (d) Exports and rte. As to foreign sources for solid
fuels, although Yugos a is now aoxe bituminous coal and in-
dustrfal cokte, there are no nearby sources for solid fuels mhich offer an

sconomical and dependable supply. Most ocoal rroducing countries in
Western Europe are having diffioulty meeting their requiremeits, and more
distant sourves are no more promising,
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Exports of solid fuels from Yugoslavia, on the other
hand seem more likely to expand in some degree, Brown coal can posaibly
be marketed in Austria and Westemrn Germany, Istrian hard coals in Italy,
and improved lignites in Greece and the Middle East,

(e) Ade of reserves for future needs. No attempt
will be made here to s e the pro ™ ure of ooal
consumption, Suffice it to point out that the increase of amual con~
sumption to the Buropean average of 1.63 tans of hard ooal equivalent
per capita would involve a five-fold growth of sansumption to about 60
million tons per year, Measured against this standard, the projected in-
crcase of production to abowt 20 aillion tong per year by 1956 secems modest.

How adequate are Yugoelaviats s0lid fuel reserves? By
way of illustration the following figures may be set domns

Enown reserves of aclid fuels......20,000 =l1ion tons
Fossible realization factor........ - 708
Net realization solid fuels. ..o 00014,000 million tons
Annual requirements "
As fuels BBYosco0000c00s0scensssenca
For * miiton tons per year
of liqllid fuels at 10:1 rauoouoeoo 5
Other chemical WB888.05c000000000000 J

70 million tons

Reserves on this basis are thus equal to 200 years' requirements.

For the above figures can be substituted whatever assump-
tions or data one cares to uee, Conservation-minded individuale can find
in them the grounds for urging the most rational utilisation of the
nation’s energy resources, Others with a more sanguine turn of mind may
be inclined to let matters take their course. Resolution of these opposite
inclinations on the basis of a careful determination of all energy ressrves,
probable national requirements, and rational utilization, is needed to ar-
rive at a policy and program for energy resource exploitation and conservation,

6. Prooe of te

The processing of hard coal or brown coal poses no peculiar probe
lem to Yugoslavia. As regards lignites, however, the improvement of their
calorific ocontent is an essentisl step {n their utilizstion. Yugoslavia
has therefore done much work in adapting known processes to its own condi-
tions and in pioneering in the techniques of lignite procesaing.

In their native state, the lignites are so low in calorific value
and have such other properties that they are not economically ussble, Thus
owing to their Mgh molsture content and the large proportion of inert
material, the thermal value may be in the neighbourhood of 2,500 koal/kg, as
compared with perhaps 7,500 keal/kg. for hard coal. The lignite 42 not
only difficult to burn, but it will not stand the cost of transportation for
any appreciable distance. Lignite is also sasily fractured in handling and
transportation ad by exposure to air. :
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When put into their context of Yugoslav needs and oconditions,
these propertles of lignite poss the following specific problemss

(1) to produce an improved solid fuel for domestioc
and industrial uaeg

(2) to produce an industrial coke;
(3) to utilize the fines effectively;

(4) to develop processes for the rost effective
overall utilization of lignitus both for their
thernal value and as a raw material.

These problems are in a falr way toward solutiom, thanks to the work of
Yugoslav scientists. :

(a) roved solid fual., The first atep in the improve~
ment of lignite is w. and drying to produce a solid fue) suitable
for domestic, industrial and railroad use. Inert matter is removed by
washing in heavy medium (water mixed with quartz sand) following which
the lignite is dried in ateam or hot water under pressure. The product
is a fuel of from 20 to 100 mm in size and with a thermal valus of
4,000 koal/kg. (equivalent to about 7,200 Btu/lb.), 13% ash, and 18%
molsture, which can be transported and stored without substantial further
breakage and which will not again absorb moisture. It is, therefore,
suitable for the domestic, industrial and locomotive use for which good
fuels are now lacking.

As to the fines, which at the mine-mouth are from 15% to
25% of the tonnage produced, and are increased further by breakage as the
lignite is screened, washed and dried, it is bslieved that the technical
problema of their beneflciation and use have likowise been solved. Thaey
ean, of course, be burned in thermal powsr plants erected at the site,
either in their raw state or after drying to improve their thermal value.
This will probably be the first use to which the fines will be put. Ther-
mal plants will be bullt, for example, at Velenje, Kreka and Kolubars.Thermal
produstim can probébly ho concentrated in the summer months when hydro
production is at its seasonal low. The fines can also be dried for gasi-
fication, or washed and dried for ocoking or for use as an industrial
fuel. The washing is done in batteries of cyclons washers, and the
drying by floating in hot air or gases,

_Wb.ahi.ng and drying plants have been built at Kreks, and
will also be buik at Kolubara.

- (b) - Manufacture of coke, Lacicing a sultable aupply of
coking coal, Yugoslavia has encouraged its scientists in the pursult
of a method for the oarbonization of lignite. Recent studies of tie :
coking of lignite ard othor native coala which do not ooke with established
procssses have Justified the construction of the first plant for the
 making of coke Irom a nmdxtwrs of hard coal, brown ooal and lignite . The

. plant has just been pub into oporation at Iukavas in . ths Kraka basin,
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Further experiments are being directed to the artifi-
cial aging of young lignites to the grade of coal susceptible of
coking through the introduction of additional coal tar compounds ob-
tained from the coking process itself, It is confidently expected
that an all-lignite coke can be produced on a commercial basis in a

one-~stage process.

(o) Industria) complex based on lignite. This is not
the place to elaborate on the more EEEI":! Processes for the utili-
zation of lignite. Suffics it to say that Tugzoelay scientists believe
that thelr lignites will lend themselves to carbonization and gasifi-
cation, and through these processes will provide the basis for the
manufacture of agricultural and industrial chemicals starting perhaps
with fatty acids, paraffin and nitrogen compounds. 'i'ba gases with
higher calorific value (such as methane, ethane and pPropane) can be
separated for transportation by pipeline from the soal fields to near-
by industrial and population cenires for use as a fuel or raw material,

The emphasis will, of course, differ at each field
depending on the situation with respect to the characteristics of the
lignites, the availability of natural gas, higher grade coals, or other
fuels, the market requirements for fuels and- for rav materials based on
the hydrocarbons, and similar factors. Thus, the Velenje lignites are
regarded as appropriate for gasification because they are located in a
populated and industrialized area, By contrast, the Kolubara lignites
are expected to be used for preparation of inproved solid fuels, but
with the manufacture of limited quantities of gas for use as a raw
material and heat source for industries which would be located in the

immediate area,

An advancing technology, thus gives every promise of
making its lignite depoaits the nation's primary source both for fuels
and for raw materials for industrial and agricultural chemicals.

Y Program of exploration

' Much 1s imown about its coal depositas, there seams to be general
agreenent that further explorations are needed with respact to tie
quantities and the qualities of this important energy resource. Un-
doubtedly many deposits rermain to be discoversd, and it is certain that
knowt deposits are only partially explored. Hence the government is in-
terested in moving ahead with the improvement and the completion of its
inventory of solid fuels as rapidly as conditions will permit. Until
more is lmown, for example, about the lignites in the great Kosovo deposit,
it is impossible to select the most likely sites for initial exploitation
or to prepare a general plan for the entire bed,

(a) Methodolo saifica s As indicated in
Appendixes 5 and 6 re above, the first step appears to be to
review carefully the standards used for investigating and classifying re-
serves. This would involve agreement not only on the quantitative amd
qualitative aspects but also on the physical aspects of the deposits

so far as they affect the feasibility of production amd utilization. The
commission proposed at the Energy Resources Conference in February is
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presumably at work on this aspect of the problen, proceeding with tie
consideration of the situation in each republic and then aiming to
reach agreament on a unified approach for the country as a whole. The
prominent part taken by Ing. Popovic in the deliberations of the UN
commission on standards for classifying the quality of fuels is help-
ful in this connection.

{b) orations, Upon the basis of the agreed-upon
methodology and stan . next. step would presumably be to under-
take a thorough review of known data and the extension of explorations
to areas where data is deficisnt or completely lacking, _

Topographie surveying, supported by cadastral surveying,
is necessary in a nunber of areas, such as ia the Kosovo basin; to fa=
cilitate the correlation of geoioglic work and for other purposes,
Fhotogrammatic techniques will ba employed as a matter of speed and eco-
nomy to a great extent.

Geologle surveys should be continued in accordance with
the general approach discussed above.

Geophysical methods can bs used to great advantage in
conjunction with other methods. Here again the lack of modern equipment
(especially seismic devices) and trained technicians » i8 a limiting
factor,

: Drilling and mining continues of ocourse, to be used for
detalled explorations.

: (e) Proces of tes, Because the development
of processes for impro % y o Les and for converting
them into useful fuels and raw materlals for industry is the key to the
usefulness of these abundant resources, there is every reason far moving
ahead as rapidly as possible with the scientific ani applied research on
which Yugoslav scientists are so well advanced, This would include tech-
niquea for washihg and drying, coldng, gasifiocation and chemical utiliza-
tion for ammonia, fertilizers, and other products. Upon the results of
their work will hinge not only the unlocking of the very conaiderable
lignite reserves, but also the determination of a sound national policy
with regard to these and other energy resourcess, and indeed, industrial
development as a whole,

(d) Foreign assistance can undoubtedly be used to an
advantage in many aspects inc exchanges of visws and experiences
on the methodology and-standards for exploration and classification,
methods of exploration, and certain phases of the research in the proceas-
ing of coal. Hers, as in the case of other fossil fuels, the meed is
for instruments and equipment for geophysical and photogrammatic survey- _
ing, including the training of technicians. An opportunity is also desired
for Yugoslav chemists to go abroad to acquire laboratory experiences in

the washing, drying, and coking of lignitea,
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It may also be that the govermment will find it worth-
while to invite a generally competent coal expert to come to Yugoslavia
for several months to review the situation and for consultaton on the
main problems. While he would be expected to extend his attention to
all the solid fuels, he would undoubtedly devote himself particularly to
the exploration and exploitation of lignites., It is my unierstanding
that the technical assistance program for 1953 includes an expert on
coal production. It might be possible to combine in one person the de-
sired qualifications in both production and sxploration.
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E. 0il Shales

1. Introduction - Although one of its minor energy resources,
oll shales continue to attract interest and attention in Yugoslavia
because of their possible source for liquid fuels and other coal tar
derivatives. Several of the larger deposits were explored before
World War II, notably by the French in 1935. Durlng their occupation
of Yugoslavia the Germans engaged in exploration under their
Prof'. Dsyschlag.

Subsequently the Yugoslav geologicis and scientists have carried
their studies further, both with regard to the size of the reserves
and to their possible exploitstion. The crisis in oll supply created
in 1948 by the break with Russia stimulated efforts to extract oil
from shale as a domestlic source of supply. With the improvement in the
situation in 1949 these efforts were relaxed and the company which had
been organized for the purpose of exploiting the Serbian shales was
dissolved. Nevertheless, exploratory work is being continued on & small
scale under the auspices of the Ssrbian enterprise "Rudnik."” As yet,
however, there has been no commercial exploitation of oil shales in
Yugoslavia.

‘ 2, Reserve = The principal known reserves are shown in Figure 13
(map of oll and gas explorations). .

Aleksinac in eastern Serbia is the leading deposit, according
to present knowledge, with reserves estimated in the neighborhood of
several hundred million tons, of which a large part is sald to contain
more than 14% bitumen.

The second most prominent deposit is near Sinj on the Dalmatian
coast for which no reliable estimates are available but whose reserves
are variously estimated at from 20 to 200 million tons.

Other deposits are found at Kakanj in the Besna valley and
Zlotovo in Macedonia, but no figures are avallable on the size of
these reserves. There are smaller deposits at Vakup-Rankoviceve
and Trstenik on the Western Morava, Cicevac in the Morava Valley,
and Slovac-Kolubara, all in Serbtia.

Along the Dalmatian coast there are quantities of bituminous
limestones and shales of the Jurassic or Triassic are which are of
such low grade as not to be claseified, but which may have economic
importance if they can be burned undergrourd. '

The Aleksinac shales are described in some detail with report
prepared by Ing. Matié, director of undertaking "Rudnik" attached as
Appendix 10, They are found in conjunction with brown coal in seams of
considerable thickness but in inclined structures that make mining
difficult. Accordingly it seems clear that the cosl and the shales
should be mined together. Explorations have not been sufficiently
thorough or comprehensive to permit any reliable calculation of
reserves or to provide a basis for exploitation,
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A statement by Ing. Petrunié, Zsgreb, is attached in Appendix 11.

The Sinj shales are located some 25 miles from the sea in the
coastal limestone formations., These deposits have been studied by
Prof, Lukevié of Belgrade and Prof. Margetié of Zagreb, The latter's
report published in 1952 is the most useful source of information.
Only a small part of the area has besn systematically explored. The
bed is formed of several parallel deposits which contain thin strata
of bituminous shale and which lie at a staep angle and in some sections
at a considerable dapth. -

Tar content ranges up to 30% and is rich in paraffin, The richer
shales have a lower melting point than the Aleksinac shales, which adds
to the problem of retorting. Sulphur content is high.

Because of thelr limestone content, the recovery of the tars and
gases can be combined with the manufacture of cement. The same rotary
kilne used for making cement can probably be used for extracting the
tars, the tar-laden gases being exhausted from the upper end of the
retort and the clinkers belng used for the cement. Experiments con-
ducted during the summer of 1950 at the cement factory at Selin near
Split are sald to have yielded satisfactory results. According to
Dr. Aleksandar Petrunié of Zagreb, the processing of the Sinj shales is
economical only conjunction with the production of cement.

Apart from the method of retorting of the Sinj shales, there
is still the problem of further exploration to determine the sige of
the deposits and the percentage and characteristics of the bitumen
content,

3. Retorting of oil shales -~ A pilot plant built in Aleksinac
in 1948 achieved an overall efficiency of 80% in the recovery of tars
from the Aleksinac shales. This experiment is described in Appendix 10.
Tests then were made in & larger plant but an efficlency of only 45% was
obtained and the work was stopped. Inasmuch as the Aleksinac shales are
similar to those in Colorado (although the Yugoslav tars are richer in
the lighter fractions), there has been some effort to exchange informa-
tion and experience with the Bureau of Mines Laboratory at Rifle.

Distillation of the tars recovered from the shales poses further
problems for reeearch. Attention has been glven to deparaffing and %o
the use of a cracking process to recover the lighter fractions. The
addition of a cracking plant at the Sisak ofl refinery provides facilities
for the treatment of the shales tars. 4s yet Yugoslavia has no hydro~
genation plant in operation.

b Program of expleration and research -

a/ From the above it may be seen that a good start has
been made in explorations of the quantity and the quality of oil shales
in Yugoslavia. The Aleksinac and Sin} deposits have been given nost
attention, but not enough is known about them to permit the beginning of
exploitation, '
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Explorations will presumably be continued as man-power and
facilities permit. This will involve the use of geological, geo-
. physlcal, drilling and mining methods as in the case of coal and
the same problems of claesification of the reserves.

b/ Mining presents some problems, as at Aleksinac and Sinj.
Continued attention is being directed towsrd these problems. Mechan-
ization is being considered at Aleksinac for the simultaneous mining
of coal and shale, '

¢/ As to the retorting of shales, the Yugoslavs havé concluded
that the "gas combustion" method worked out by the Bureau of Mines at
its Rifle Colorado experiment station is the Lest adapted to their
conditions. Assuming that the experience gained at Rifle can be made
available to Yugoslavia, the problem remsins of adapting the USBM
process to the Yugoslav shales and then of developing a plant for
commercial exploitation.

) Economic studies should also be undertakesn from time to time
to reveal the comparative feasibility of using oil shales as a source
of 1iquid fuel. Such studies can reflect the most likely technical
processes available at the time and can thus put these scurces of fuel
in their proper perspective within the framework of the national econ-
omy and the national defense., The economic analysis would presumably
include a comparison between oil shale, petroleum and posaibly other
sources of liquid fuels both as regards the investment cost and the
cost of production. .

Appendix 10 lists the specific ways in which it is hoped the
Bureau of Mines can be of help to the Yugoslav scientists, including
advice in the mining and processing of shales, training of one or more
engineers and technicians, the supply of certain equipment, and the
provision of literature.

The needs outlined in the appendix and the plan of procédure

would seem to have merit and should be given such weight as the govern~
ment attaches to the investigation of its oil shale resources.
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Energy Resources Conference, Belgrade, February 9 to 11, 1953 -
Summary Report prepared by Ing. Slebinger

The Institute for Technical and Feconomic Research made arrange-
ments and convened the conference with the following agenda:

I Problems involved in inventorylng of energy resources
of Yugoslavia

II  Problems on the cost and economic feasibility of
electric energy :

III1 Possibility of export of electric energy from
Yugoslavia . -

The conference was held in the Serbian Acadenmy of Seience on
February 9th - 11lth, 1953 at 9-13 and 17-21.

In connection with item I of the agenda {attached hereto) the
conference was attended by directors of the electric syetems of all
Republics and their most competent experts on the above problems,
counsellors with the Institute of Planning, the director of the Geo-
logical Institute of Yugoslavia, experts with the Institute of Geophysics,
experts in geology of fossil fuels, experts for the investigation of qual~
ity of coal, experte on hydrology, and experts on vworking ocut of energy
resources records. In connection with items II and III the most com-
petent experts were present from the whole country from the correspond-
ing hydro-electric design offices and from the institutions and bureauns
for power development., The conference was also attended as guests hy
Mr. Warren H. Marple and Mr. A. V. Karpov, United Nations Technical
Assistance experts in Yugoslavia, :

For the confarence the following papers were prepared and
printed: '

I On the problem of inventorying of energy resources
of Yugoslavia:

1/ W, Marple: An Energy Resources Program
for Yugoslavia

2/ Ing. V. Mikineic: Brief Survey of the
Geology of Fossil Fuels of
Yugoslavia

-3/ Dr. Ing. V., Slebinger: Some Problems in

Inventorying "Gross" and "Net"
Hydrosnergy
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4/ Two large wall maps, one covering the geology of
fossll fuels and snother covering all hydro plants
in Yugoslavia that have besen designed to date.

II The problems of cost and economic feasibility were discussed
and treated by an ad hoc commission.

IIT On the problem of export of elactric energy the following
papers were propared and read: _

5/ Ing. A. V. Karpov: Export of Electric
.~ Energy from Yugoslavia

6/ 1Ing, J. Jerid: Possibilities of Fxport of
Electrie Fnergy from Yugoslavia
“to Italy

7/ Ing. V. Korosec: Flectric Activities of
Austris,

The director of the Institute of Technical and Economic Research,
Ing. Stjepan Han, opened the conference at 10.30 a.m. {on February 9th,
1953) and outlined the problems to deal with and the agenda.

In the morning the papers under (1) and (3) were read, in the
afternoon the paper under (5). Discussion followed and the following
commissions were formed to work out proposals on further work and its
organization: :

a/ Commliesion for inventorying of hydro power
resources ("gross" and "net" power)

b/ Commseion for inventorying of fomeil fuels

¢/ Commission for investments and economic
feasibility

(.(/ Commission for balancing of electric energy
in Yugoslavia and for the analysis of foreign
markets

e/ Commission for the transmission of electric
' energy

£/ Commission for inventorying of wind resources
in Yugoslavia.

These commissions held separate meetings on Pebruary 10th, 1953
in the afternoen and reported thelr conclusions at the morning eession
of February llth.

In the morning, February 11, 1953, Ing. J. Jerié read his

additional paper which was a supplement to that under (6). After-
wards, the export of electric energy was discussed.
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The discussion was led by Dr. Ing. V. Slebinger.

In the same morning of February 1lth, Ing. S. Han presided a
special conference attended by the directors of the Electro-systems.
The conference discussed the problem of the organization of a future
union of electric enterprises and institutions in the individual
Republies, Such a union should coordinate the work among the Republics,
determine general methods to be used in the establishment of economi.¢
feaslbility and tariffs, and should represent their members in foreign
countries and at international confersnces.

On the same day (11-I1-1953) in the afterncon the conclusions
of the commissions (a - e) were read and followed by a discussion. It
was proposed unanimously to form conmmissions of axperts who will work
out reports on the problems posed within an appointed time. Financial
funds and the composition of the commissions were also proposed.,

The plenary meeting entrusted Ing. Brelih to work out the statute
of the union of electric enterprises. The plenary meeting stressed that
the need for the formation of such a union had existed since the business
of electric enterprises had been decentralized. Since then the need had
appeared for the coordination of the common important problems, espacially
to form a body who could represent the electric branch of the national
economy in various international organizations.

The work of the conference was useful, because it outlined the
baele problems existing in the Yugoslav electrical economy of technical,

economic and organizational nature, and worked out proposals for future
work,

Belgrade, February 12, 1953.

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



Approved For Release 1999/09/10 : CIA-RDE$360423R001200390007-9

II.

III.

Iv.

AGEN ? A
of the conference to be held in Belgrade

on 9, 10 and 11 of February 1953

Inventorying of energy resources.

A.

B.

Water power.

1. Methods for inventorying of "gross" and
"net" watar power

2. Measuring of streamflows in the Karst
Fossil Fuels
1. Methods for inventorying of fuels reserves

2, - Programme of geological and geophysical
exploration work '

Methods for determination of cost of projected power plants

1. Selection of a general method for the
determination of investment needed for
the construction of power plants.

2. Selection of & general method for the
determlnation of economic feasibllity
of the projected power plants.

Possibilities for export of electric energy from Yugoslavia.

l. Production and consumption of electric
energy in Yugoslavia and future development .

2. Appraisal of future possibility of absorb-
tion of our electric energy abroad (Austria,
Ttaly, Germany, Greece).

3. Techn.~scon. problems involved in the trans-
mission to large quantities of el., energy to
longer distances.

Organization of the future work on some aspects of our power
development ,

1. Orgenization of the work on inventorying of
energy resources.

2, Organization of the workon formulating of a
general method for finding out of the econ.
feasibility of power plants,

Approved For Reléase 199&@@@§§§?&¥8§8§%M09€ 20039bpb7tgeatment of

sms on expert of electric energy from
Yugoslavia,



Approved For Release 1999/09/10 : CIA-RD__P&-O-(_)423R001200390007-9

APPENDTX 11

Proposala of the Committee on Hydro

1. It is proposed to form a Subcommission for hydropower which
will be part of the Commission for energy resources formed with the State
Department of National Economy. The task cf the Subcommission will be
to take care of the development of studics and utiliszation of water
power; at the same time the Subcommiseioin will make the proposals there-
upon to the State Administration. The Subcommission will consist of
experts in the fleld of water power utillization. They will meet at
definite time and beside that if necessary:

2. The inventorylng of water power should be done in tﬁb steps
(stages, parts): ,

. &/ Inventory of natural hydropower, i.e. of hydro-~
energetic potential.

b/ General plan of the utilization of available
hydropower. o

Enough work has-been done to dste on both inventories, particularly
on the inventorying of natural hydropower. This work should be carried
on eystematically. .The Hydroenargetic Institute "Jaroslav Cerny" is asked
to submit a report which will show the present status of thework on inven-
torylng of hydropower. The Institute will also propose the methods for
the study of our water power and the form in which our hydropower will
be presented. The Institute 1s asked to do that until May 15th. The
basic data which are necessary in the study of hydropower are hydrologlc
data, The hydrometecrologic service which collects and treats such data,
is not abreast of requirements, either with regard to the volume of the
work done or its quality. Therefore it is indispensable and urgent to
extend the hydrometeorologic service and to improve 1it.

It i»s recommended that the Fedeml Administration of the Hydro~
meteorologic Service should work out a program for strengthening and
improvement of its service in all respects, '

Belgrade, February 12, 1953,
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AFPENDIX JII

(From an wnpublished paper by Dr. Ing. Vlsdimir
Slebinger, Institute for Technical and
Econoad o Rmarch Be]gndc)

" lo  An estimate of the gggma neher power W

In order to astablish the gross water powsr avallable, regardleas
of its economic value or possibility of utiliaation, it is only mcunry
to have physical deta on 1ver profiles and discharge. Gross power is
defined as the totsl power available in a stresn sssuming 100% efficiency,
according to the formula P equills 9.8/HQ. Accordingly, with a minimum
of basic data, it is poesible to arrive at an upper limit of the hydro
resources of a country and their geographic dtstribubiono

The first tabulation of Yugoslav waterpower was oon;d.lod by :
Bernacky in 1922, lHis data were based mostly on tlie estimated river flows,
the exact data for which were unknown at the time.

Flows of the main rivers are now much better known and possible
errors are considerably smaller., The fillwming tabulation uses only arith-
metical mean flows, for which rather reliable information can be obtained.

GROSS WATER POWER OF YUQOSLAVIA

Ao

idliowatt~houre
per year

DANUBE

(2) The Dawbe within Yugoslavia {from
the poimt where it enters Yugoslavie
to basine where it beglna to form the
bowndary to Roumania) has a kinetic
energy of 4.9 billion kilowatt<hours
per yeoar, ho9

(b) The Danule which forme the border with
Rouaeris (inoluding the Iren Gate) has
energy of 17.9 million Kihs, of which
the Yugoslav chare would be half or
£.95 aillion KWhe, 8,95
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Billions of
kilowatt-hours
per year
DRAVA
(a) Prom the Austrian border noar
Dravograd to the Mura River,
Tugoalav part of the river. 7.55
(b) From the Mura River to the Danube,
Yugoslav pert of the river. 1.86
MURA
From Spilje to the mouth, Yugoslaw
pert of the river. L.A5
SAVA
Frox its sourcs to the Kupa River _
including tributaries, shout 2:,30
KUPA
With its tributaries Dobra, Nreaznica
and Kocrana 2,80
SAVA
From the mouth of the Kups River to the
Damube 2.63
UNA
{exclusive of its tributaries) 2.32
~ SANA
( » ] ] " ) 0,92
VRBAS
(» »»n = ) 2.4
PLIVA
( = * n L] ) 0018
BOSNA
( *® » “ " ) 3°56
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Tributaries of the BOSNA River
{main tributaries)

The Upper Drina (Tara) from its source to

Seepanopolje (Stephenfield)
(Exclusive of tributaries)

DRINA

From Seepanopolje to ¢hs Sava

River (Exolusive of tributariss)
LIK

{(exclusive of tributarics)
FPIVA

( L] " n )
CEOTINA

( " " » )
UVAC

( ) " ® )
THE BIG MORAVA |

grm Stalac to the Dambo)
THE SOUTHERM MORAVA

{exclusive of tributaries)
THE WESTERN MORAVA

( o " " )
IBAR

NISAVA

" Billions of
kilowatt~hours

per year

1.60

2:22

9,05
2,55
2,22
0.82

0,79

1.7
0099
0084
1033

1.37
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TINOK
(exclusive of tributaries)

Total Elack Sea Drainage Arsa
(8.22 million average kdlowatts)

Bo Drainage Area of the Adriatic Sea

SOCA and its nﬂn tributaries, (Yugnslav pert)

REXA (Timava), down to sea lowol with its under-
ground course

RIJECINA

LOKVARKA, LICANKA, KRIZ
POTOK, POTROS, (VINODOL)

using the iotd. drop to sea level
RUCICA, OTUCA, ete.
_using all the head to sea level

ZRMANJA
KRKA

inclusive of its tributaries
CETINA

" " . n in

the large Karst fields
NERETVA

(axslusive of its tributaries)
- ,

Tributaries of the Neretva and Rama
to ths Doljgnka

Tributeries of the Neretva from the
Karst reglon domstream of the
Doljenks about

007-9
Billions of
dlowmatt~houre

per year

Ooh?

2,68

O.kb
o ox

1oh9

1.23
0029

1,00

2030

4028
0,92

1.69

2,00
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Billions of
kilowatt~hours

per yoar
TREBISNICA

From Gatacke Field dowm to the
sea level 2.68

THE BOJANA RIVER

Drainage dralnage areas of
sm% (Lﬁ:c of thc;

Zeta ad Moraca Rivers) : 2,30
CRNI DRIM
From Prespanske Lake to the Radika
River ) OQw
RADIKA
inclusive of its tributardies 0.95
BELI DRIM
] ] " n
down to Vrbnics (border) a2,
Total Adrlatic Drainage ,
(3.5 =illion average kilo- 30.06.
watts)
e

Note: Only that energy of the Karst rivers has been included in the
;%o calculation which relates to the surfaca water; underground
tributaries which cannot be captured have been omitted,

C. Dra Area of the A
VARDAR

From its scurce down to the
Greek border, exclusive af its

tributaries 2:46
TRESKA

(exclusive of iis tributaries) 0.59
PCINJA

( » L " ) 0,21
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Billions of
kilowatt~houre
per year
BREGALNICA
(exclusive of its tributaries) 0.76
CRNA REXA |
( ll‘ " »n L] ) o °”
Major tributaries of the Verdar and Strumica
River (Lepenac, Markeva Reks, Teplica, Babuna
and Besava) | - 0,75
Total Aegean Drainage 5.1

Total of the Above
(12,3 million average kilo-

wmtts) , m

%ﬂt as thw Mlava, Pek, Perocke Reks and
Nora Rivers, ‘ utarieos of the Drava River, tributaries
of the Sava River downstream of the Kupa, tributaries of the Una, Sava,
Vrbas, Lim and Fiva Rivers, the Crni, Beli, Veliki-and Mall Razav, Jadar
and Kelubara Rivers, tributaries of the Ibar River, smalier rivers of

Serbia and Macedonia etc,) amount to about 2 million kwo, 1.e. to sbout

17.24 billion kw, per yearo

Summarizing, the totel kinstic energy of water in the streams in an
averags year in Yugoslavia amounts to about 125 billion Kihe, or in terns
of average power, 14,3 million kilowatts, This is the extreme upper limit
of hydropower, only a fraction of which oan be economically utilized.

20 Relation botween "gross® and “net® water puwer

In 1952, the total world output of elsctric energy reached in round
figures, 1,000 billion kwho' BEuropean production, which amounted to a
quarter of the world output, should be increassd by 100 billdon kwh by
1956, Such an increase will involve a tremendous expenditurs in the bullde
ing of hydro and thermal planta, The conclusicn may be reached on the
basis of present studies that Europe can attaln an ultimste "net® hydro
output of 509 billion kwh per year (Economic Bulletin for Europe, 2nd

qm.l' 1952) o

The ®grosa™ hydropower, i,e, the total energy of all running waters

of Europe, is estimated at 1,800 bdllicn kwh; so that the net utillaze-
tion amountsto 509:1800 or 28 per cent. '
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It is interesting how the onoept of the usableness of water
power has changed with the passage of time, In Switzerland, far
exazple, some time befors Werld War I, it was thought that only
430,000 idlowatts could be utilized economically. In 1914 they raised
this to about 1 million kilowatts, At rresent they estimate that 3.2
million kilowatts of mean powsr could be utilized. _

Italy ssaerts that it has droady devsloped aver 60 per cmt of
its usable water power, and that only the marc expensive plants remain
to be built,

Similarly, in the United Stateg the preportion of ite gross water
power which iv regarded as sconomicaily usablo 4ia continually being
ralsed, owing both to a rapid increase of dewsyd and to isprovement in
technology.

The overall efficiency (etatet), 1.e, the relstionship between
the "net® hydroemsrgy which can bs generated and the "groas" energy of
a river systea depends on:

(1) the proportion of available stream flow which
reaches the turbina - ota Q.

(2) the quantity of avallsble head which is utilized
by the turbine - eta H

(3) the efficiency of the turbins - eta T, the gene-
retor ete G and the transformer ~ ota Tr, and

(4) the efficiency of tranamdission - eta L

The following table gives several typical cases aml illustrates
the gradual development of the technology of water power utilization:

Typeof plant otaQ etaH otaT eotaG ecta?r eotal eota Total

® pPlmt 033 0.2 O 98
03 o o753 090 O, 0,90 '
Q = Q30 : 0018

river plant 0. 0.97 0. 0, o . S
QA =12qm o 89 0% 099 0,93 0,55

(c) The sams plant
ﬂm flow Qo oow 0039 Oo% 0. oo °
Q = 1,45 Qor. » » 0:66

(d) Storage plant
in an integra- )
ted system  0o%8 0.97 0,90 0.97 0.9 0% 0.5
QA = 1,79 Qsr .

and up




- 89 =
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After modern turidnes had been developed, no substmtial in-
creass of efficiency ocould be mxpected with rogard to intakes, el ectrical
machinery. axd transmission system. The total efficiency can be raised
only by reducing water losses through spills, That can be done if the
streanflow is regulated by storage and if extensive integration is pro-
vided in large electrical systeams, Multi-purpose water development
schemes permit the best utilization of available water both for the geno-
ration of power and for other purposes, If the headwaters are regulated
by storage reservoirs and if high flows are evened out, the lower reaches
of streams can also be utilised sconomically, capecially if navigation
comes into consideration. When everything is conaidered, we see that
the utiliszation of water pover gradually exiands over entire river syo=
tems from mountain brooks down to the mainstum, :

In Tugoslavia, hydroplents such as Tito, Doblar and Flave (with
no storage) shows an overall utilisation of 56 per cent, and those on
the Drava 60 per cent, also with no storage basins, A good illustra-
tion of plants with amall storage is provided by the Dobra-Mreani ca~Korana
River system, whore an overall efficiency of about 65 por cent is attained,
Mavrovo and Vinodol storage projects approach the highest percentage

sttainable, i.e. about 75 per cant.

An iosportant feature of Yugoslav rivers is that they are rich
in water in the winter mouths (October through March) contrary to the pat-
tern of Alpine and Scandinavian rivers. If transmission lines are bullt,
these winter water macses will represent valuable energy for integration.
Thus, winter overflows will be raduced to a minimum, That means that
larger installations will be made whers large quantities of winter water
otcur,: . ‘ . :

The producing capacity of Yugoelav hydroplants both projected and
under consideration smounts to sbout 42 billion kilowatt-hours, Many ri-
ver systems have not yet been studied. In the opinion of the Yugoslav
designers, the total net enargy that can-he attained 4n Yugoslavia within
the limits of sconomic feasibility, smounts to 50 billion kilowatt-hours,
The gross hydroenergy of all streams of Yugoslavis being about 125 billion
kilowatt~hours; the above quantity of 50 billiton would represent a total
utilisation of 40 per cent,
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APPENDIXIV

PARTIAL BIBLIOGRAPHY OF PUBLISHED AND UNPUBLISHED DATA ON

YUGOSLAV HYDROPOWER

No_.

Nishava (1924), Brina
(1926-1929), vardar
(1926), Ptehinya with
the Kumanovska River
(1927 and Drava (1930)

Publication Publisher and jear Content ‘Language
of publication o
A~ Inventory of Streams
1. Inventory of streams of Main Water Board, Inventory of streams
the Kingdom of Serbians, Belgrade, 1524 starting from those
Croates and Slovenians 10 km long and up and _
including all their Serbian
features (length, drain-
&ge area); a map and
longitudinal profiles
are attached
B- Mapping of Streams (published and unpublished)
2, Maps and profiles of Main Water Board, Technical report, a
the Great Morava, the Belgrade 1924-1927 map, longitudinal
Southern Morava, with proflles and cross | Serbian
Binacka, the Western sections geologic map
Morava, the Ibar and and typical profiles
the Danube Rivers
3. Longitudinal profile Budapest, 1905 Plan,
& cross sections of longitudinal profiles .
the Danube River & cross sectione of the Hungarian
Danube River
4. Longltudinal profile Budapest 1934 Plen,
' and cross sections of longitudinal profile ‘
the Tisa River (section & cross section of the Hungarian
Tisbetch-Segedin) Tisa River
- 5 Mapping of the rivers Unpublished Technical report, map

longitudinal profile
and cross sections, Serbian

‘detalled plans
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Publication

10,

Ne. Fublisher and year Content Language
of publication
6. Local plan with profiles Unpublished Suitability of Drina Serbian
: of the Drina River (1, for floating of timber
2, 3 and 4)
(e Mapping of small streams Unpublished Technical report, map,
’ in the drsinage area of profiles and detalled Serbian
the Great and Southern plans
Morava (47 streams), West- '
ern Morava (20 streams),
Ibar (12 streams) and
NMishava (9 streams)
C- Annual Reports
8. Reports. on precipita- Main Wster Board Daily osbservations
tion, water stages and with the Ministry mede at rain and stream
‘stream flows of Public Works, . gaging stations, data
Belgrade " on the measurement of Serblan
water quantity. Attached
ars a map showing rain-
fall, a map showing the
distribution of gaging
stations, and graphs of
water stages,
9. ‘Water stage observa- Zagreb, 1942 Daily observations of
tion in 1940 water stages, made at
gaging stations. A
map 1s attached showing
the distribution of Croatian
gaging stations. (Serbia, -
Montensgro, Macedonia
and Slovenis are not
included).
Documents pluvio- Main Water Board, Preface to the report

metriques et Hydro-

matriques du Royaume
des Serbes, Croates

et Slovenes

Belgrade, 1923

on water stages and French

rainfall in 1923
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No.

Publication

Publisher and year
of publication-l

Content Language

-11.

Hydrologic Yearhbocks
(from 1941 to 1950)
(Book VII) '

Federal Hydrometeor-

Daily observations at

ologic Service Admin- water stream gaging

istration,
Belgrade, 1947-1952

stations, observations

of ground water, water Serbian
temperature, Attached

are & map showing the

network of gaging sta- .

tions; and graphs of

water stagos,

12,

Water stages and preci-
tations (rainfall)
from 1838-1916)

Budapest, 1893-1917

Daily observations at

rain and stream g aging
stations with many

graphs. Included are:

the Danube from Bezdan

down to Orshava, the Hungarian
Drave from Donji Mihol jac
down to Usijek, the Sava
from Zagreb down to
Mitrovica, the Kupa from
Karlovats down to Sreditcka,
the Tisa from Yenta down

to Titel

13.

Observations of rain-
fall and water stages
in the Kingdoms of
Croatia and Slovenia
(from 1894-1913)

Civil engineering
Department of Croa-
tian and Slovenian
Kingdoms,

Zagreb, 1898-1914

Daily observations of
water stages and rain-
fall. Attached is a map
showing the location of
rain gaging and (stream)
geging stations. Covered
is the territory delimited
by the Drava down to Croatian
Osijek, by the Danube

down to the mouth of the
Sava, by the Sava down to
Jassnovats, by the Una

down to Srb, by the Zrmanja
down to sea level (Adriatic
Sea), farther the border .
goes along the sea coaat

up to Rijeka, crosses
Milanov vrh, follows up
the Kupa River to Virodin,
the Sutla upstream to Miljan
and farther up to the Drava
northwest from Ormoz.
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No.

Publication

Publisher and year
of publication

- Gontent N Lhnguage

14

Jahirbuch des K.u K.
hydrografischen Central-
Bureaus (1895, 1397-
1909, 1912, 1913)

of Austria,
1897-1917

. Hydrographic Service Dally observations of

water stages and rain-
fall, water temperature,
duration of water stages,
Attached is a map show~
ing average rainfall

end the'location of
hydrometeorologic sta-
tions. -The territory

treated as that whose

limit goes up from German
Adriatic, crosses Visot-
chitsa, turns eastwards
to Miinishte, then to
south - east across
Byelashnitsa, south-
wards to Triglav, then
to the south till Oryen
and down to sea near
Sutomer from where it
goes along the ssacoast
up to Visocica.

15.

‘Anriali idrologlcl
(1927, 1929, 1936)

Ministry of Public
Works, Rome 1930,
1939, 1941

Daily observations of
water stages and rain-
fall, water tempera-
ture, oceanography.
Includes data on the
measuremants of alluvion
Covers the territory
from the. source of the

Italian

‘Sotcha down to its mouth

then along the sea coast
to Rijeka, then across
Postojna up to the source
of the Dolinka River.

16.

Report on duration and
frequency ofwater sta-
ges and on streamflows
for large and minor
rivers of Yugoslavia

Minietry of Fublie

Works, Hydrotechni-

cal Department,
Belgrade, 1936~1933

Durations and frequencies
of water stages, stream
flow with corresponding
graphs for the following
large rivers: the Danube,
Drava, Tisa,Sava and
Morava, and for the fol-
lowing minor rivers:

Serbian
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No. Publication Publisher and year Content Language
. of publication
> the Kupa, Una, Vrbas, Bosna,
- Deina, Piva, Lim, Kolubara,
Souther Morava, Nisava, Western
Morava, Ibar, Mlava, Pek, Timok,
Tamls and Vardar
D~ General Stream Flow Records of Yugoslavia
17. General stream flow Federal Hydrometeor- Technical report, a map
records for the rivers: ologlc Service Admin- showing average pre-
Danube, Tisa and Sava istration, cipitation, tables co- Serbian
Belgrade, 1952 vering stream flows &
: grephical representa-
tion of hydrologic data
18. General stream flow Federal Hydrometeor- Technical report, a map
' records for the rivers: - ologlc Service Ad- ‘showing average pre-
Timok, Crni Timok, ministration, clpitation, tables in-
Veliki Timok, Mlava, "~ Belgrade, 1952 Cluding stream flows & Serblan
Pek, Drina graphi.cal representa-
tion of hydrologic data
19. Hydrologic data on Ministry of Publiec Hydrologic data on the
the Sava Dolinka Works, ~  Sava Dolinka inclusive
River Ljubljana, 1947 of graphical represent- Slovenian
" ation of Hfdrologic
data
20, Runoff of some major Hydrometeorologic Discharges of s ome
tributaries of the Sava Service Administra~- major tributaries of
from Radovljica down- tion, ' the Sava in the Ra-
gtream to Catiz Ljubl jana, 1947 dovljica-Catez reach Slovenian
4 ‘ (river section).
Hydrologic data are
graphically represented.
21. The Sava River from Hydrometsorologic Hydrologic data on
i Radovljica down to Service Adwdnistra- the Sava River from
Radece tion, ‘ Radovlijica down to
Ljubl jana, 1947 Radece. Graphical Slovenian
representationof
hydrologic data is
included

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



Approved For Release 1999/09/10 : CIA-RD%3:00423R001200390007-9

Kingdom of Serbians,
Croates and Slovenians

map of water powars

No. Publication Publisher and year Content Language
) of publication :
. 22, The Middle Drina Hydroslectro project Hydrologic report to
(hydrologic report) Belgrude, 1947 the basic plan of
water power develop-
ment, scheme of the Serbian
DPrina River including
numerical and graph-
ical data
23. A study of the stream Hydroelsctro project Technical report
flow of the Drina at Belgrade, 1952 inclusive of gra-
Zvornik phical representa- Serbian
tion of hydrologic
data
Uy, The Lim River Hydroelectro project Hydrologlie report
Belgrade, 1947 introducing the ba-
sic plan of power
development of the Serbian
Lim River and its
tributary Uvac,
Graphical represent-
ation of hydrologic
data is included.
25, Variations of stream Federal Hydrometeor- Technical report: a
flows in the rivers ologic Service Ad- map of the drainage
Western Morava, Rzav, ministration, . basin including ave-  Serbian
Lim, Uvae and Great Belgrade, 19438-1949 rage rain fall, hydro- .
Morava logic data (graphs)
are included.
E- Water Power Records
26. Preliminary inventory Main Water Board Technical report in-
of water power of the Belgrade, 1921 cluding graphs and a Serbian

27.

MmMedwnuﬁmr‘

of Yugoslavia in the
drainage basing of the

Western Morava, Southern
Morava, and Drina Rivers
inclusive of their tribu-
taries; of the Vardsr and

Federal Hydrometeor-
ologie Service Ad-
ministration
Belgrade, 19281950

Technical report: a
table showlng stream

flows and graphs thereof;

prefiles ineluding
water power of the
individual streams

IreshpprbvedsRonBetease 1999/09/10 : CIA-RDP83-00423R001200390007-9

power records of the
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tion in Central and
Eastern Turope

No. Publication Publisher and year Coﬁtent Language
. ‘ of publication
28. Water power of the rivers Hydroenergetic Insti- Technical report
> Catina (inclusive of the tute "Jaroslav Tcherny" including all
karst fields), Neretva, Belgrade, 1951-1952 numerical and gra- Serbian
Rama, Una, with the Unac phical data and g
and Boana map of water nowera
F=- Periodicals and Studies
29, Hydrometeorological Federal Hydrometeoro-
courier logic Service Admin- Serbian
istration, Belgrade
30. The Courier Federal Hydrometeoro-
logic Service Admin-
istration,
Belgrade, 1952
31. ‘Navigation map of the Nain Water Board
Iron Gates (Djerdap) Belgrade Serbian
on the Danube River
32, Caverns in the vicinity Geologic Institute of
of Osijek, Velika Yugoslavia, Serbian
Paklenica and Zamet Belgrade, 1938
33. Work on the study of a Main Water Board 8 volumes of tech~
general regulation of Belgrade, 1924 nical reperts on the Serbian
the Denubian sector regulation of the
"Djerdap" (Iron Gate) Iron Gates
34.  Statistics and consider- Main Water Board
ations on the traffic in Belgrade, 1924 Serbian
the "Djerdap" sector
“35, The Danube, its econo- Vienna, 1932
v . mic and culturel func- German
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Language

. 36

-39,

(Report on the study of
the 1926 high water on
the Bezdan-Bukin section)

; ' 23R001.200390007-9
Approved For REE456 199970910 —CiA-RPP83-004

No. Publication Publisher and year Content
- of publication
Etude sur le Régime des Rome, 1934 French
glaces du Damube (A Study
on the regimen of ice on
the Danube)
37. Zur Hydrographic des Belgrade, 1934 German
Cerknisko Polje (Hydro-
graphy of the Cerknisko
Field) -
38, The traffic on the wa- Main Water Bosrd Serbian
. terways in 1923, 192 Belgrade, 1934
and 1925
Report on the reglment Minletry of Public Serbian
of ice on the Yugoslav Works,
section of the Damybe Belgrade, 1934
in the 1928-1929 winter
40. Report on the distri- Ministry of Public ' Serbi
butionaf the precipita-  Works, erbian
tion by quarters and on Belgrade, 1937
the rainfall depth in the
vegétation period in the
Kingdom of Yugoslavia
41. -Code for geodetic works Main Water Board _
Belgrads, 1929 Serblan
42, Report on the activities Main Water Board Serbi
of the Main Water Board Belgrade, 1921 erblan
43. A list of the works of Main Water Board Serbi
: the Main Water Board Belgrade, 1928 erblan
by Technical directions for Main Waber Board Serbi.
the investigation of the Belgrade, 1924 erbian
Morave River '
45, Compte-rendu de 1'étude  Main Water Board
) de 1a crue de 1926 dans Belgrade, 1928
le secteur Bezdan-Bukin French
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APPENDIX ¥
Cocmission fop Fossi

Report to t.hn Energy Rescurces Confsrence, Belgrade,
February 11, 1953

The task of this commission is to propoze a general methodology
for the computation of the resarves of foesll Luels.

considormg' -t‘tie defictsncles and volda in the present regulations
which relate to the manner of computing reserves, it is necessary to
make a new general methodology whlch ehould, in the first instance, cover

the following items:

1. The computation should include not only quantitative data on
the size of reserves, but also data on the quality ef the useful matter
as well as information on the speclal distribution of the different kinds
with regard to their techmological properties. Further, the computation
should include data on the geologic conditions of eccurrence of useful
matter and on other natural factors which detemmine the conditions cone

nectad with the work of mining and production.

2. Standarda for the olassification of reserves should be as
specific as possible to reduce as much as possible the influence of the
subjective slementa. But the standards should not be so extensive as to
render the exploration work too expensive or time-consuming. At ths sane
time the standards should not be 20 general as to lessen the accuracy of
the computations.

3. Sowoalled "Out~of-balance"” on untotalled reserves should be
required to be computed. Limits detarmining such reserves with regard to
~ the'depth of the vseful matter, the minimum thickness of the mineral depo-
sit, the minimun content of the useful matter, etc., should be specifically
presented,

The commission should also classify tho deposits of fossil fuels on
the basis of the geologic oconditions which characterized the individual de-
posits. It should also work out detalled regulations and requests which
govomttim classification of the reserves for each category of deposits
separatelyi. '

During. their work, the commission showld make a oriticsl study and
~comparison of the present standarde for the classification of reserves
elsewhere in the world, and evaluate their deficiemcies ami advantages.

Organization of the work of the comrdssion

The work on methodology will be orgenized in such a way that groups
of experts should be formed by each republiec.. These groups, guided by the
sbove-mentioned tasks, will make their own plans for proceeding with the
above-mentioned tasks, anl will diascuas them later at the joint meeting where
a gemeral proposal will be made,
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The gxoupu fomd by the » ca ahould develop and complete
their proposals in three months which will atart fram the day when this
proposal is accepted by the plenary conference. The final proposal for
methodology will be worked out in a time which will be determined later
at a plenary meeting of the commission.

Cost of the uox'k of the commisolon

The salar:l.es for ths work of the mexh=is of the canmiselon will
amount to about 1.700.000 dinszrs. The comni::zion consists of 1, mesberss
if :lho republican groups are imolwded, then th:irs are 23 menbers in
total,

Explanation of the coats:
| Tl’&?ﬂlnng QXPEIZBeanesscboascosevan Din. 690.000,«
Daily allowances, 22 « 700 Ginicscoco *  154:000.~

Honoraria %o the collaborators,
socrstaries and other axpenses..... 1 856,000,

D’.lhl?m-mo‘

Members of the commission

Belgrads:

(1) Xng. Pojwdc Boza

gz " Ing. Blasslt Aleks=ndar

3) Ing. Mirkov Kornelije

(4) Professcr Pavlovic Wlos

Ing. Vukanovie Branke '
(6) Professor Proson Dragutin
(7) Geologist Mildncio Viskoslavw
bs

51; Profeesor Ogulinac Jogip

2) Professor Rubinic Antun .

(3) Ing. Kisic Petar
Sarajevo: .

. ('1} Ing. Vragolov Niko -

(2) Ing. Grujic Nenad

Liubljapss

ilg Ing. Stelken Karie
_ ng-. Jaglie
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Ing. Popovic Boga was proposed to assume the work on the
sclentific classification of coal with regard to its technological

properties.

Ing. Mikinecic Viekoslav was proposed to organize the whole work
of the commission.

In inventorying fossil fuels it will he indispensable to carry
out as soon as possible the necessary geologic and geophysical explora-—
tions. Before the work starts, our instituies siwuld be supplied with
some additicnal geophysical instruments mmd cur geologic and geophysical
ataff should be improved by sending some of then abroad to specialize
and train. In that regard the assistance of the UNO should bs very

dseful..
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APPENDIX VI

Problems of Classification of Fosail Fusl Reserves

Statement by Ing. Vjekeslov Mikincic, Director of
the National Geologic Institute, befors the Energy
Rescurces Conference in Belgrade, Februsry 11, 1953

The results which have huon achieved to date, though incomplete,
are of great scientifie and economic significsnco snd point the way
to be followed in our further work., It is necessary, however, that the
results achleved be of use to the sowmtry in its further and proper
economic developmsnt. Therefore, they must be sxpressed in terms of
reserves of our minersl raw materisls, Such a computation of reserves
should provide the basis for establishing the extent of owr mineral sup-
plies which in turn will serve as the basls of cur future esconcmic

developrmant,

If we ars awere of the importance of the mineral wealth than it
is quite obviocus that the problem of the exact canputation of reserves
and the problem of the methods used in the caleculation are of primary ,
significance, It appears, however, that this problem has been definitely
solved either in our country or in other countries., For this reason,
we believe that the problem of the methods which should be adopted in
the computation of reserves, and in their classification, should be ’
posed and some solution reached. _

What does thie prn;blu cdmiu'b o7

As far a= we khow, there are, broadly Speaking, two classifice~-
tions of mineral rem materials. Acoording to the first clasaification,
mineral deposits are divided into “visible" Trsserves, 'probable” re-
serves and "poasible® ressrves. This classification, with a number of
subdivisions, 1s usod by most countries in the world,

Acoording to the second claseification, which is used in ths
Soviet Union, minersl reserves are divided intc Al, A2, B, C1, ard C2
categories, .

If we compars these two basic classifications, ws shall find that
Al and A2 categaries correspond to "wisible" reserves, the B category
to *probable® ressrves, and Cl and C2 categories to “possible™ ressrves.
What then is the difference betwesa the two classifications? Substan-
tially, thare is no differsnce in the classification itself, The
difference appears in the criteris according to which given reserves
are classified. In fact, ths criteris determines the way in which :
reserves are computed, i.e, the mathods used in thelr computetion. Thew-
fore it ia not oaamti&l what we shall call the reserves., What is of
essential significence is the conditions on whish the clegsification ia
based, 1,0, what elemonts mmst exist to allow us to clasgify & given
ressrve into one or snother catagory. Thie is the qQuastion that has
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to be solved, because the criteria used in the determination of
categories is neither generally acoepted nor precise, and this fact
often gives ocecasion to everyone concerned with the computation of re-
serves to act subjectively when he has to decide into which category to
include individual mineral deposits; Bectuse of that, there is often -
no agreement in the appraisal of reserves as bestwaen different engineers,
and this fact certainly renders the exactness of the estimates themselves
rather doubtful.,

_In our opinion, which is based on exrorisuncs gained to date, both
the above-mentioned classifications ere defizizzt as to the criteria :
adopted for the determination of mineral b o R T TN

The main deficiency of ths firat clasalflcation, which could be
referred to as the English classification (1ts besic principles were
detemined by the Institute of Mining and Metallurgy in London in 1902
and 1912, and later were asseptcd snd completed by specialized scientific
institutes in Germany, the United States and other countries) is that the
necessary elements governing the inclusion of a particular reserve into
a given category are not Precisely snough determined., This is particularly
true for the "probeble” and "possibls! reserves, These two categories
are concelved in a much too genersl apd indefinite way. They are aleo
lacking in concrste conditions which should specify the criterion for clas-
sification more exactly, This fact, in its turn, creates broad posalbilities
of acting subjectivaly in the computation of the reserves, walch it turn
often leads to considerable differences in the reserves computed for the
sanms mineral bed by different estimators,

Another deficiency of this oluuiﬁcution, 80 far as our conditions
are concerned, is that the classification doss not provide for a special
category of reserves for these rasources which as a practical matter
sannot be exploited for one reason or amther (depth of useful ore, very
thin deposit, very low content of useful binerals, eto.)s This is why
there ars considerable differences in the computation of reserves, especially
of these of lower categories. v

The Russian classification does not Possess thase basic deficten-
cles. It provides for precise conditions which govern the asalgment of
& deposit to a particular category. This classificetion also comprises a
special category, the submarginal or so called witotalled reserves which
include these mineral »eserves that under present conditions cannot as a
practical matter be utilized, It is obvious that this cleesification is
more corplete, which is why we adopted it in ita entirety.

o It has deficlencles, however, which reflect in the first instance
in too rigorous demsids impossd in the classification process. This is
particularly true of the categuries of kigher renk. This classification
demands for each type of minepsl depoalt, spocial conditions which permit
the classification. Thess demands for higher rank categories are often .
8o demanding that the sxpsnditure Zor the raslization of conditions im-
posed generally exsesds the valus of the depozits themselves, Apart- from
that, the preliminary investigations called for by these regulations,
demand so long a perdod of time that actual exploration is retarded.
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These are the basic deficlencies of the presant classifications
of the mineral reserves, with regard to the methods used in the computa-
tion. There are also other deficienclies which are not of essential
oignificance and which can be easily remedied by appropriate instructions.

As to our own heeds, it 1s necessary 1o adopt a single general
claasificatlion with clearly defined conditions for the categorization of
reserves. The conditlons should be so providsd for,thet the influence of
the subjective slenents in the computation of rescrves counld be reduced
as to a minimum. Suoh conditions should not be 50 extensive as to inoresse
appreclably the cost or to retard the explorstion work. '

The computation of the reserves should inciude not only quantitative
data onthe deposits, but alao data on the geclcglcal position of the ore,
its quality, the distribution of the differant typus of the same mineral .
ore on its physical and chemical rroperties, snd other aspects which affect
the conditions of mining and exploitation., Thai weans that the sdneral re-
serves should be not only a gevlogic ooncept but also & mining and technical
concept. The classification itsslf should be banod on a universal principle
of computation, The classification must provide fozr definite rules and
eonditions which will define how ressrves are to bs computed with regard to
the practiocal possibility for their exploitation, snd will state what ne-
thods have to be usad for the deterrinution of esch category, such as minirg
oxplgragory works, deep drilling, geophysical investigations or geological
conclusions,
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APPENDIX VII

Geo. of in Croatia

by
Haftaplin Zagreb

The northern part of Yugoslevia la chiiefly covered by younger
sedimentary deposits from all pericds of the Cencaoclc era, Such de-
posits over a large part of Tugoslavia sxtending fram Slovenia on the
west acroass Croatis and Vojwodina on the oast, including the northern
slopes of the hills of Bosnia and Sumadija. At certain places the se-
dimentary rocks form very thick beds, so that geologic formations
somgstimes excesds the thickness of several hundred metres, There are
many geologic structures there, same of them larger, other smaller.
They all represent potential piwu for the accuanlation of oll and
gas, This possibility is indicsted by the geologic fomm, stratigraphic
composition, or existence of sand and sandstones, most of which struc-
tures are -collectors,

In this area, the sources of oil and gas are conmscted chiefly
with strata betwesn the Magosole and Cenozoic, 1.6, chlefly with
lidoceane and Pliccene, and to & amaller extent with Eoceno, The oid
and gas in exploitation at Gojlo, Lendava, Mramor Brdo, end Sumecani
originate from theseo geologic formations, i.e. from their Torton and
Abichi layers. .

In addition to these younger geclogic areas in the northern part
ol Yugoslavia, there are older sedimentary rocks - from the Paleozolc
and Messozoic era, which cover the whole southern snd coastal belt,
comprising parts of Montenegro, Hercegovina, Boanie and the whele of
Dalmatia, the Croatien Littoral and Istria. In these aress deposits
mors sbundant and richer than those in northern Yugoslavia msy be found
owing to the naturs and geneais of the deposite, namely, a large open
ocean in the geologic past, extensive and desp accimentary depcsits
and favourable conditions for oll accumulaticn, This contrastas with
the large closed soa, but smaller structurss which are revealed in the

goology of northern Tugoslavia,
_ Extensive explorstion work is now being carried out in the

Montenegrin littoral. Depending on results achlsved, the inveatigation
nay be extended to Dalzatia, the Crostisn Littoral and Istris.
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APPENDIX 8

EXFLANATION OF THE GEOPHYSICAL MAP
OF OBMURJE '

Statement by Nafta Lendave /Slovenija/
A

Obmurje, which is presented on our geophysical map, geographically
belongs to the southeastern part of the Slovenske Gorice. The Slovenske
Gorice lie on the southwestern half of the map, stretching towards the
Mura River Valley in low hilla.

Geologically, this region belongs to the Grag Gulf which is one
of the numerous gulfs of the Panonian Sea. This 18 a young Tertiary
basin, delimited on the south by the Sava folds, on the west and north
by the central Alps, on the east it opens into the Panonic Lowland.

The Graz Gulf contains Miocens, Pliocene and Holocene sediments,
The sediments have been affected by some Pliocene folds. From our point
of view, the most important was the Post-dacian folding. The origin of
. the so-called Selnice-Peklenica anticlins and our oil deposits at
Petisovel near Lendava can be connected with that folding,

On the extreme western edge of the map, Torton and Sarmat strata
occur on the surface. The strata sink gradually in the eastern and southe
eastern direction under the Panonlan sediments,

Geologist Dr. Moos determined the following regional boundaries of
the formations in the Graz Gulf: the line Graz-Spilja separates the
older Miocene strata from the Sarmat strata. On the west of this line,
there are older Miocene strata with coal -content., Silt also occurs there.
On the east of the above line are the horizontal Sarmat strata,

The Sarmatic strata sink under the Panorian sediments near the
Lendava Valley, somewhat east from the boundary between Yugoslavia and
Auetria and south from the Mura River, in the region east from Radgona.

Exploration and exploitation of oil wells have shown how the
thickness of the Pliocens sediments grows in the eastern and southeastern
qirections.

The wells were drilled near Mureka Sobota. The western well met
bedrock at 800 metres; the eastern well met bedrock at 1100 metres.
Thay were both drilled through the Fanon. Sarmat and Torton are not
mentioned in the reporta.

The reports say that the bedrocks are made of gneiss,
The Lendava well is drilled through the Panon at a depth of about
1800 metres. The Lendava Panon Will probably be followed by the Sarmat

about 200 metres thick, below which Torton is likely. This was estab-
lished by drilling a well to the depth of 2500 metres,
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In Hungany; the Panon is 2000 metres ﬁﬁick.

. In the aﬁtached geoph&aical maﬁ we carn see several anticlinal
structures. Golng from the northesst to the southeast, we can see the
Radgona anticline first, ‘at Strukovci. : ©

The Sobota anticline follows. Its axis has a SW-NE direction.
It stretches from the Videm village to Sebeborci. At this anticline,
one of the above-mentioned wells /near Murska Sobeta/ was drilled and
it reached bedrock at a depth of 800 metra=.

Northeast from Murska Sobots lies the Bogonja anticline. On its
southeastern flank the second wsll /near Murska Sobota, at Raklcane/
was drilledt: it reached bedrock at 1100 metres. One the eastern and
southeastern flanks of this anticline, Panon strata are supposed to
be thicker. But these regions have not yet been investigated, though
they are likely to contain some oil. _

The Sobota and Bojine anticlines embrace the large Ljutomer
syncline which lies between Ljutomer and Beltinci,

Very instructive for the whole area, particularly for the Lendava
oll field, in the anticline which goes from Ormoz to northeast and turns
southwest from Strigova and Selnica and Peklenica. The axis of the
anticline einke towards the east., Between Peklenlea and Ormoz, straight
along the crest of the anticline, low hills extend which enable the
geologists to observe its structure. As the axis of the anticline goes
down in the northeast and east direction, the oldest strata which form
the anticline, f.e., its core between Ormoz and Strigove, become visible
owing to the denudation phenomenon. Younger sediments follow in the
eastern direction until they get covered over by Holocene alluvium, in
the plain, east from Peklenica. o

Torton appéars on the surface in the ares between Ormoz and Strigovo,
‘followed by Sarmat in the northeastern direction and further east Panon
overlies the Sarmat formation. - : )

The exploratory deep well at Kog showed that Torton was about
800 metres thick and that probably Helvet was beneath it, but Helvet
Was not proven as no fossils were found. The well falled in the alleged
Helvet after it had been drilled for about 700 metres,

Torton is formed of sandy marls and sandy clays, which contain .
layers a few centimetres thick of Leita limestone and calcarecus sand-
stones. These sandstones are very hard. The marls contain nany macro -
and microfossils. :

Helvet 1s formed of dark, hard sandy marle, which are badly f#ulted.
This tectonic fracturing of the structure makes drilling very difficult,

Sarmat, 200 metres thick, overlays the Torton, and Panon is above
the Sarmat. On the crest of the Selnice-Peklenica anticline, are old
oll fields /near Selnlca and Peklenica/. O0il was obtained there from
the Upper and Lower Panons., Fanon lies in thess areas rather shallow.
The welle are 50 to 200 metres deep. Fanon is formed of sandy loose
marls and sandy elay with thinner horizons of fiint sands and flint
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At Selnica, the Lower Panon in its Abichi stratum is oil bearing;
at Feklenica, the Upper Panon in its Rhomboidea strata is also oil -
bearing.

At Selnica, in the Abichi stratum, there aretwo oil horizons lying
at depths of 0-200 metres. The strata are five to six metres thick.
From the end of the past century up to the present, about 130 shallow
and 14 deep wells have been drilled there. Shallow wells, in most cases,
do not excesd a depth of 200 metres, while deep wells go from 200 metres
to 1100 metrea. Thus, deep wells reach the Torton. . So far, only one
well is believed to give oil from the Torton. Most deep wells failed
owing to poor and inadequate equipment. Now that more modern methods
and more experience in drilling are at our disposal, we should investi-
gate the deeper layers, because the Panon has already been explored
there and rather exhausted. Perhaps it would pay to investigate the’
Panon on the southern flank of the anticline, where little has been
drilled so far. | ;

At Peklenica, the oil bearing sandy horizcn 1ies in the Rhomboidea
stratum. A hundred years ago, people began to exploit oil from this
stratum which is about three metres thick. Altogether, about
70 shallow wells and 2 deep welle were drilled. The deep ones were
negative., - ‘

The area east from Peklenica, towards the Hungarian border was
explored by drilling four deep wells. No well gave positive results.
Probably the wells failed because of technical deficiencies with the
equi pment '° ‘ ’

More exactly and systematically were explored the Panon strata on
the northern flank of the Selnica-Peklenica anticline. There, the strata
formed & kind of terrace. On this terrace, the Petisovci /near Lendava/
01l Field was developed. .

In the Petisovel oil field the Panon 13 subdivided a&s follows:

Ujper Panon « Rhomboidea strata
Liower Panon = Abichi strata
: Pre-Valentian strata

In the-Loﬁér Panon'ocpur marls, marl sandstonéé and light grey,
course praln sized and comparatively loosely bound flint sandstones
which are oil collectors at Petisovei.

The strata of flint sandstones occur in series. The series are
searated by thicker strata of marl, The series of sandstones have their
particular names. The lowest of the Pre-Valentian strata are called the
Petisovci strata. In the past, we distinguished five horizons. At
present, we have established that only the first and, eventually, the
second appear continually across the whole field; all the others occcur
more or less lens-shaped, therefore they are developed in each part of
the field, sometimes even in each well, in a different way.

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



w108 -
Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9

Our chief oil resources lie in the Petisovci strata, at a depth
between 1600 and 1750 metres. The single sandy strats are six to ten
metres thick.

Over the Petisovel strata, there is a 20 to 30 metres thick strata
of marl, that we call Lendava marl. A sandy series called Lovasi
series 1ies over it. The Lovasi series which has been investigated
incompletely, containe chiefly gas and only infrsquently oil. The
series reaches from 1610 metres to 1525 metres.

The Petisovel strata and the Lovasi seriss belong to the
Pre-Valetian strata.

Three series called Ratka series belong to the Abichi strata. They
contaln gas, especially in the northeast part of the Petisovei area
and at Dolina. Thelr depth ranges from 1550 to 1230 metres.

- The Lenti marl separates the Lovasi series from the Ratka.

The Paka ssries lies over the Ratka. It also belongs to the
Abichl strata, The Paka cortains gas at Dolina., In the Pestisovei
area there is probably no more gas. The Paka lies at a depth of from
1000 to 1100 metres. . '

Single sand strata at Lovasi, Ratka and Paka are five to fifteen
metres thick, sometimes even twenty metres.

- The Rhomboidea strata which are developed predominantly from fresh -
water sediments. are not interesting for our oil as they have no suit--
able collectors. There are chiefly sands and sandy clays there saparated
by imppevious marls as in the lower strata, The Rhomboidea strata are
800 to 900 metres thick, A 30 metre thick Holocene alluvion lies over
them, : K : 4

Thus, we get oll and gas only from the Lower Panon. It would be
very interesting to investigate Sarmat and Torton tharoughly and perhaps
the strata below Torton, which are quite unknown to us at Petisovel.
Such investigations are very expensive owing to great depths, and at the
same time, we lack drilling rigs. This is because Miocane lies at a
depth of more than 1800 metres. - o

As glready known, the quality of oil is the better the lower are the
strata from which it derives. That can be applied to our oll fields, too.
From the young Rhomboldea strata at Peklenica we extract heavy asphalt
o0il (0,93), from the Abichi strata at Selnica and from the Pre-Valentian
strata at Petisovcl. Good paraffin oil is obtained (0,83). We expect a

still better oil-.from the Miocens, provided that we discover it.

Geclogist PLANICAR
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APPENDIX IX

Statement on Technical Asalstance
b’ .
Institute for Geophysical Reasarch, Zegred
Needs for geophyeical equipment with regard to

~ the plan of development of o0il production in
Croatia 1953-1960

Extensive research work in tite field of geophysiocal investigations
and structural drilling has to be dona in respect to the future produce
tion of oil in Croatia in the 1953-1960 perlod. -

We think that it will be necessary to increase tlm existing capa-
cities of equipment for the above period, and particularly for 1953, if
we take into consideration the plan of investigations md explorations
made by the geologists of "Naftaplin® Zagreb. Thus, geophysical research
work will be carried out om schedule and in proper sequence with other
work.

The following instruments and devices which would hasten the geo-
. physieal work, are vory necessary and wanted:

1 "Wordea" gravimster :

1 portsble selamic spparatus, complete with spare
parts o ' ‘

2 porteble drilling rigs especially built for
drilling seismic wells, mounted cn a truck
(e.gc Willys or Jeep piokaup)

2 porteble motor drilling rigs

3 seimwographs for measuring the specd at which the
waves propagate in a well '

2 drilling rigs for drimng up to 600 m, (Failing type
for structural drilling -

1 drilling rig for drilling up to 1200-1500 m., of
Falling type for drilling structwral wells and
those where ths apeed of seicmic waves will be
registered,

With respect to the above requirements, we give the following
explanation: ’ '

' Our institute has 3 gravimetera, but all throe, bdng less exact
in measuring, have a considerebly smaller efficiency too. In a month's
work, with ocur instruments, we achieve 600 points in the best case, while
with "Worden" 750 points ean bo stiained, Besides that, the metering
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acouracy of "Worden" belng 0.01 mgal, structures cannot bs acourately
established. These structures are sometimes of great significance in
oll~beaiing areas. In addition to all that, if we had an accurate ine
strunent we should be able to start solving particular tectonic rela-

~tions by gravimetric methods, The accuracy of our instruments is only
0.05 to 0.15 mgals per point,

: At present, seimmic investigations reprsasent the most efficlent
and widespread method of geophysical exploration of oil-bearing areas.
This method has been comparatively little ucsed so far, partly becauss
it did not give usable data and partly becauss it was very expensive.
But in 1952 the situation changed, as the sciemic methods gave better
results, so that we expeoct that during the noxt years with some improve-
ment we shall apply the ssismic methods in larze measures.: We want to
approach the degree of American gsophysicsl investigations, therefore,
it would be necesssry to get cne mors seisnic spparatus, because the
two apparatus we have (ons of thom ia rather heavy for our terrains),
will not be able to correspond t¢ all tasks imposed on them, :

We experienced difficulty this year, as we had no selsmvgraph
for registering the speed of the waves in the wolls, Thus we were nct
able to determine exactly how desp tho reflexes were which influenced
our interpretations by making them somwswhat uncertain., This is why we
need 3 seismographs for deep wells,

We attalned little efficlency in measuring, The daily capacity
of 0.5 km, againat 5.5, sq. km. in the United States cannot satisfy us
on the one hand because the investigations becoms rather expsnsive, and
on the other because they take too long. The small capacity can be at~
tributed to the faot that we have no suitable drilling rig for drilling
selsmic wells, In ths best case, we can drill 3 to 4 wells 10 to 12 m.
deep in a day, instead of 8 to 12 that we should drill, We Plan two
drilling rigs mounted on Willys Jeep or Pick-up Jeep and two portable
motor drilling rigs mounted on sedan~chair for our three seiomic tesms.

. We do not think that we exaggerate, as a rig is NeCessary as reserve,

In ow opinion, we need two drilling rigs for dellling up to
- 600 m, and one for drilling to 1200-1500 m, (altogether 3 Pailing rigs).
They will be used for structursl drilling as well as for drllling wells
where we could study the apeed of propagation of the seismic waves. ,

It is true that the acquisition of the instrumcnts ani equipment
is very important, but it 45 also trus that it is important to have an
experienced staff to handle the instruments, Therefore, we thinic that it
would be useful if some of our younger englnesrz wsnt to the U.S, to study
the modern methods there and get familmr with tham., For the time being,
we propose three men to go abroads two of them would study the seimmic
probleme in cannsction with the exploration of oil fields; and the third
(an electrieal commmication enginesr) would go to a factory for selsmic
instruments,

Boridar Zalokar
Chief Engineer
Institute for Gsopliyslcal Research
Sogreob
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APPENDIX X
Re the 011 eg of Se
by

Ing. Dimitrije Matic
Divector of Stats Undertaking "Rudnik"
(Burean for mining, engineering and rasearch)

Intreduction

I the FR of Serbia, oil mhales ocour at sevaral sites, chiefly:
at Aleksinao, Podvia, Bela Palanke (Uiromvec), Trstonik, Veljevo, Raca,
Kolubara, etc, The most importsnt reserves, howsver, are those in the
basin of Alekeinac, both as to the quantity and qualityg I£ we consider
the fact, first, that hers the shale dsposits go parallal with the brown
coal seaus, the exploitation of which tends to bscome mare and moare 6x-
pensive becanse tho seam ainks down © bigger and bigger depths; second,
that by mining of the coal only, larger quantities of shales are wasted
or future expbitation of the adjacent strata of oil shales become impog-
sibls or at least less possible, it is obvious that we sre immediately
interosted in the oll shaled of Aleksinac, aspecially if we take into
consideration that it would be possible to mine both coal and shales to- -
gether (or at least partially together and partlally oil shales separately),
because the ratio of coal to shale is at least 1:30. If this ratio is
computed in calorifis values, it will be 13115 in favour of oll shales.

Nevertheleas, :I.nvuﬁ,gnt:.on work and explorstion of the Aleksinac
basin have not been made in such a way and degree to permit the injitis- )
tion of exploitation. . ‘ S

As to the geologic and rmining explorstion works and mining
exploitation we could be able to carry out the work outselves since owr
people have many years of experience in ndning. Nevertheless, same tech-
nical assistance would be desirable, On the other hand, we neod mores
technical assistance, as will be seen below in this report, for technical
investigations as woil as for the processing (retorting) itaelf of oil ‘
shales and crude oil. , :

Geologic and adning exploration works

The most comprehansive snd detalled infarmation smong all geologic
and mining reports om oil shales of the Aleksinac basin 4s undoubtedly
- that supplied by the Gemman consulting engineer Dr. Beyscllag and by our
geologiste Dr. Lukowic ant Pavlovic, All other reports gensrally rely on
these studiea, Therefore, it will be of some interest to outline briefly
the results of these studiea, According to Dr. Beyschlag, whose work was
done during World War II, the deposits of Alekslnac belong to the Oligocens
period., A crosa-section of the deposits shows the following pioture,
from bottom to top: . :
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50 meters orystalline schists
50 ® . pred (ferruginous) sandstones
50 » Yellow sandstonos

40-=50 = lower zome of oil shales

1 astera brown coal

160 = marlstones

26 » brown coal
W5 » second sohe of ol). shales

75 meters maristones snd sandstcnos
b6 ooel doposit
5081 » thivd sone of oil shelss

9 meters upper sons of marl

520-570 meters total thicknoess

According to the anslysss given by Prof. Beyschlag, the crude
o0il content of ths tested samples amounts to 18% to 20%, ‘fhh cannot
be considered as the average, however, because Prof. Beyschlag made no
teat drill or exploring gllery thro all oil ehale deposits.

The depceits of coal and shale lie at angles of from 30 to &0
degress. '

According to the geologlsts, Dr. Lukovie and M. Pavlovic, the
strata of the Aleksinee Tertiary above the orystalline schists look as
follows, from bottom to tops

250=300 meters reod sandstones and conglomerates
30=-150 @ aicaceous sandstones, clays, etc,
200 " alay, clay slates less or more
bituninous
3=6 " brown ooal
50100 ® oil shales

150 msters marls, sarl slates with sand apd
- some oil. shale

In 1947, Dr, Lukovic made seven s to a depth of 200
petors in the vicinity of Subotinac Village Just at the point where oll
shale deposits outcrop and whore open~cass mining operations started
later with the purpose of exploiting the 0i) shales. On the basis of
thess drillings, open mining operatlons which go through the shales,
and geological information, the reserves in the Aleksinac basin may be
conputed as follaowes
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011 Shale Reservee the Aleks:

Average oil Millions
content of tons

A Reserves 22 tg%m %
' L to 5% 8

Total A Ressrves 11

B Reser 12 to W% 289
Total B Reserves 847

¢ Regerves ' 12 to L% 300

4 to 5% ___m -
Total C Reserves 1,192 _

Total Aleksineo 2,09

During 1951 and 1952 four more shallow drillings were made in the -
area mentioned which was Myndod for the exploitation of oil shales by

opm-cast mining.

vesco Attached are Tables A to E showing the cross-sections of these
wells with the corresponding’ chemical anglyses.

" A nusber of deep drillings were made with the purposs of exploring
the coal bsds, Unfortwunately, cores have nct been anslyzed. Only the
shale from well No, 38 was analysed {@ce Table E) but it is regarded as
tmc‘lo ' '

The former Enterprise for Exploitation of Oil Shales of Alekelnat -
also mads a pupber of exploration works by means of galleries in that sec~
tion of the area where it was intended to produce shales later on. In
Table D 4s shown the oil content of a test shaft cut through a part of the
shale deposit from the so-called old pit. During the exploitation of coal

a nuaber of galleries had aleo been opened through the shale deposits.

As may be seen from tis above, no aystematic exploretion has been
made of oil shales in the basin of Aleksinac which could be used for an
accurate determination of the reserves and thelr content of organic matter.
Systematic investigations muat be made if one wants to start exploiting
the reserves with certalnty. . '

, For this reason it is intended to formulste in 1953 s preliminary
plan of study of the Alekslnac basin, The plan will inolude both the
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necessary geological and mining exploration worke, ami data for working
out more final plans for the perallel exploitation of coal and oil
shales, :

To carry out these works and to make the plans, thers are wmough
conpetent emginesrs in Serbia. Technical assistance could be used, how-
ever, for the introduction of heavy mechanization. It has been planned.
that foreign sxperts might be consulted towards the end of the year 1953.
We expect. that up to that date we shall prepars material for discusslon.

Chemjcal and technological works
(Ses also the short statement on tar processing in Appendix XI).

A large nwmber of chemicsl and technologlcal experiments have bea
made on oil shales of the Alekainuc basin, Tho worke, however, have not
been carried out far enough to allow us to decide on & method of proces-
sing these oil shales,

'We are going to give hore a brief survey of all important chemical
and technological work, and at the end we will indicate in which stage the
works are at presert and what should be the tachnical assistance from the

United Nations,

Below is givan the chemical analysis of s sample of the Aleicainao
o0il shals which can be cansidered as an aversge shals in this bed accord-
ing to the anlysis which have been made of cores and open aining opers~
tions to date. .

s102 48.35%
Fe203 plus AL203 32.68%
Cad 140762
g0 ~2:25%
91.96%
Analysis of gas
Quantity of gas per 100 :
grs of shale 3.6 o3
coz 28,0 £
H2S 10.2 %
Butane . 1609 %
Ethylene ‘ - 1.4 %
co 3ok £
H2 0. %
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CHi plus 3.2%
H2 6.3

npé ‘ '
Elsaentary analysis
c H I s
18.5% 2,713% 0.8% 1,73%

The oil shales of Alelssinas have been ovaluated ssveral times
abroad, As an illustrstion, reference may be masde to tne following two
exanples: ' ‘

1. In 1935 the French company ®*La Grande Paroisse®™ processed
about ten tons of the Alsksinec oil shale in thelr pilot plant of the
"Grande Paroisse" type. The shiles selected were those having 11% crude
oll content according to Fischer. The report shows the rate of output
with this experiment. It is known that with plants of such type recovery

of more than 95% of crude 0il can bs obtained, The recovered crude ajl
had the following ocontent: '

gasoline wp to 200° ¢ 15.5%
‘petroleus from 200-220° C 3.0%
gas oil from 220-3500 C 2008

38.5%
The residus after the primary distillation was ccaposed as follows:
paraffin 15 %
lubricating olils 25 %
residue
50 %

The report does nat include information on the quality of these products .

2 In 1949, the German oompany Lurgl A. G., Frankfurt, carried
out a much more detailed anslysis of the Aleksinsc oil shales in their
pilot plant ILargi-Schwelser. They cbtained an efficlency whichegooxrding
to Fiecher amounted to 85.4% in the most favouralle test, out of a gross
oil content of 15%. Such a low output excluded this type of plant from
further consideration., The result was as follows:

gesoline up to 2000 33.1%

gas oil from 200=300° C 42.7%
coke for elecirudes :

5.0%
The quality ef these products were satiafactory,
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In our country, no technologioal experiments have been made
using recent principles of oil shale processing. Some fwrther re-
search was undertakenm by students but results will not be considered
here, '

Retorting

_ In 1948 experiments were made with an experimental kiln ix

- meters long, 1 meter-wide, about 1 meter high. The kiln was very
primitive, Actually, it was only a chamber with three walls, filled
with crushed shales, and sovered with impervious olay. A fire was
bullt at one end, and at the cther openings were mads through which
gases were drawn off and went into a primitive condenser passing
across a fan, An overall efficiency of up to 70% was attained in this
experimented plant (i.e. 70% of the snalysis acoording to Fischer).

: ~ The above results encouraged the exploitation in larger kilns
(8 x 2 x 20 m), - The shale was mined from underground works apd about
300 tons per day were treated. The output of oll, however, was only
30 per cent of the output obtained in the laboratory tests, according
to Fischer, Only recently after scme re-designing was it possible to
obtain an efficiency as high as 458, : _ S

: Such low efficliency, of courss, ralsed the unit cost sc much
that all work was discontimmed, It was decided that further systenatic
geologie, mining ad technological investigations should be carried out
‘before deciding whether to atteapt exploitation on a larger scals.

R - of tare

' . It would probably be of same intereat to mention hers the re-
sults achieved in a Yugoslav refinery and those obtained by the Germmn

. company Lurgl Ltd,, Frankfurt-on-lain, Germany, in the refining of .
orude oil obtained from the Aleksinac oil shales, Crude oil resulted fra
fram the Yugoslav kilns, o

Method I Method IT Method I Method II
Gasoline 9.09% 25.5% .58  3.:8%
Motor kerosene . R.7 17.3 - -
Gas and Diesel oil 39.3 23.3 26:) 420
Tractor oll - - 30.0 -
Paraffin 1.8 e 1.l -
Fuel oll and coke 1208 1600 151:3 1000

Waste and gas 10.8 17.7 - 297 6.2

The method I used in a Yugoslav refinery consisted of the
and vacuun distillations, and extrastion of paraffin from the last die-
tillate, The residue was then cracked, With Method II, all crude odl
was thermally cracked, : ’

When Lu:f:l 1td,, used the Methad I, they obtained gasocline up to
2000 C and Diesal oil from 200-3000 G, Wifh normal distillation, they
obtained tractor oil from 300=4500 C, From the lstter they extracted
paraffin inclusive of organiec solventa, With Method II » they first extrac-
ted light fractions, then they expoeed the residu zgul oracking .
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So far a9 the quality of fipal products is concerned, it may
be said here that the light fractions (gasclins) showed always rather
a big percentage of viscous matter and sulphur, &nd relatively large
waste when refined mith the usual acid processes, while its suscepti-
bility to tetrasthyl lead treatment was quite stendard; Heavy frac-
tions (kerosene, gas oil and diesel oil) correspond to the standanrds
Lor m$ products; thwy could be marketed without enocountering great
difficulty. .- o .

" From the above, 1t nmay be concluded that mare rmuéibh results
could be axpected from the crude shale oil 1f it was produced with a
better process., The kilm process used in Yugoslavia was very prinitive.

Current progrem of work

Below is described the work which Yugoslav englneers are now
engaged in order to arrive at the best methods for processing the
Algksinac oil shales. Technical asslstance needed from the United
Nations is then outlined. S

: In the first place, as already mentiomed, systematlc explora-
tion work, i:e. geologic¢ and mining wotks, should be carried out, For
this purpose, & preliminary plan will be worked cut which w1l embrace
all geological and mining works for the Alelainac basin.

(a) etorting of oil « All research work elsewhers in
the world conce: he process of oil shales has baen looked overo
Reference may be mads to the following sources whici proved most usefuls

sSecond 611 Shale and Canel Coal Confersnce
Glasgow, July 1950%; :

"The 011 Shale Industry of Europe", by Boyd
Guthrie and Simon Klosky, 1951, US Burean
of Mines}

sSynthetic Iiquid Fuels®, US Burean of Mines,
Annual Report February 1951;

ngynthetic Liquid Fuels", US Buresu of Mines,
Annual Repert July 1952, :

0il shales have been most thoroughly investigated in the Unitad States
by the Burean of Mines, Yugeslav engineers should aim to sdopt the
Anerican methods. Yor one reason, the Yugoslav oll shales, especially
those fram Aleksinac, are very similat to those from Colorado with
regard to the content of mineral and orgmic matter,

. That is why Yugoslaw decided that they will build as their first
pilot installation a “gas cambustion® retort, having a capacity of 6 to
7 tons of shale per day. The retort will be almost the same as that
which was tosted by the Buresu of Mines and with which very good resulta
were achieved.
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The Yugoslav plant will be divided into two sections: the
retort itself and the devices for the extraction of oil from gases which
carry the oll-uist produced in the retort. The design of the retort is
completed and the equipment is being manufactured.

Thers is, however, a detail in the construstion on which
there is no rellable information awvailabls, though in one of thelr re-
ports the Bureau of Mines supplied some de The question relates to
the gas air mixer in the gas combtistion procoss (mixing of recycled gas
and alr), This problem has not been solved yet in Yugoslavid,

. As to the problems concerning the second psrt of the plant,
i.0, devices for the extraction of oll from gases, Yugoslavs are in cwon-
tact through Petroleun Machinery Corporstioss New York, with Mr. Boyd
Guthrie of the Bureau of Mines, Judging frox a letter from Mr. Guthrie
to the Company, it would seam that po definite solution has yet beon found
with regard to the choice of an epperatus for the extraction of oil from
gases produced in the retort. In Yugoalavia, for the time being, two al=
ternatives have been adopheds the first alternative ia the same a8 the
one described by the Burean of Mines in its Annual Repart dated July, 1952,
The second alternative refiresents a modified proposal of a German Company
which deals with primary distillation of ocosl. o

If the fimt altmtin is to be realized, eloser coopoere~
tion is deaired with the Bureau of Mines and also saxistmoe from its
experts.

niea.
the United Nations:

(1) Designs and sketches for the construction
of the gas—air mixer of the Bureau of Minee
gas ocmbustion retort;

(2) Emipment: 2 centrifugal scparators, 1 gas
blower ard devices for extrection of ol) from
gases in the same way in which the Buresu of
Mines does it. Dally capacity: 6<7 tons of
shale;

(3) Corresponding measuring mtmmts;_

(4) Techmical description of the process, the
squipment, and apparatusj

(5) Visit of one of our experts for a 2=3 months
- period at Rifle, Colorado to get acquainted
with tecimical prucessess

(6) After ths Yugoslav pillot plant has been assen-
bled and put in operation, an expert of the
Bureas of Minas szhould came to Belgrade and
Alekainac for a stay of one or two monthas.
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Here it can be montioned that the Bureau of Mimscs agr«d
(as reported by the Yugpslav technlecal adviser with the Yugoslav Embassy
in Washington, Mr. Gruden who was in contact with the Burean of Mimss)
that a !‘npahv expart be sent to Rifle, Colorado, with the purpose of
getting familiar with the t.clmologiul pmccnuo The Yugoslav Technical
Assistance Administration engaged englneer Grudem to take all the noces-
sary steps to acocaplish the formalities required; Meammhle, Mr, Gruden
was appointed to a new d.uty. :n. appears that further steps wm_thm-.

upon suspanded,

N (b) Refining . »Smthbmbubmdmmdm
sxperience has bean goi 6 ng of cruds oll extracted from
Aleksinac oll shale through thp mn rrocess.  Here, too, we wish we could
benefit by Burean of Mines exporionces. This, of oouru, oould be con=
sidered only aftar we have procuced our first quantitiu of orude oil in
the future pilot plant for processing of oil shales. We should be very
grateful if we had suggeations thercupon from ths Burcau of Minss experts
who were engaged on this problsm, Since the orude oil from Aleksinac shale
has high paraffin content, we are intercated in the technological process
which would render it possible to cbtain that valuable raw msterial.

' m in connection with processing of crude
oil should e the items: .
(1) What recozmendations do Bureau of Mines
experts have as to how or crude oil should
be proceassed and transformed into final
produots? What processes should be used?}

(2) Our msthod of processing crude oil would be
thermal cracking, catalytic reforming and
acid treating; for thia purpose we need com-
Plete laboratory equipment.j

(3) One er two fellowships for our psople who
should work with the Buxreau of Mines Depart—
ment for processing of crude oil from shalesg

{4) We should appreciate the judgment of British
experta (Socottish Oils Ltd,, and others) as
well as that of German experts, on the moat
officient method for the sxtraction of
paraffin,

Serbir “already sta h thls brl Teport, 5 our need
for technical —mmce rx'on tho UN with Tegard to oi) shales could be
summarized as follows:

Gecloglc works

(1) Por investigation works 1 medern drilling
rig for drilling from pit up to 100 mp
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(2) For exploitation:

(a) Advioce of foreign mine experts in
the field of heavier meshanization
which would be utilized in the .
parallel =mining of coal nd ol
shale (probebly at the emd of 1953
or in the first half of 1%54.);

(b) PFellowship for cne of ouwr mine gl
nesrs who should study the applica-
tion of heavisr mechanization
(undarground) 1n 19544

(o) literature dsaling with this aspect
of mining worik;

Frocesaing plents

(1) Por inwvestigation work in the retorting of oil
shales:

(a) Information on the oconatruction of
the air-ges mixer of the Buresu of
¥ines gas combustion ratort;

(b) 2 centrifugal separators for the
separation of crude oil from gases in
the gas combustion retort or technical
data an their constructiong _

(o) Description of the technical process
and operation of the individual parts
of the plant;

(d) Instrumente for msasuring temperature
axd gas quantity in this Plmt; ~

(e) Pellowship for a technologist for the

. petorting of oil shales at Rifle,
Colorado in the second half of 1953;
srg Literature;
g ﬂd.totnBunauotlﬂmouportin
the niddle of 195,

(2) For refining of crude oll:

(a) Complete laboratory equipment for

thermal eracking catalytic reforming
and aald treatiné;

(b) PFellowship st the beginning of 195,
with the Bureau of Mines at Laranie, Wyoos
(.’ Literature,

(3) Problems of laboratory analysia:

(a) Special laboratory squipment for the
investigation of oi) shales and erude
odl;

(b) Literaturs;

(¢) Fellowship with the Bureau of Mines,
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(4) Miptmum program of vechmioal aseistaoe for 1953

(1)

(2)

3

Information from the Bureau of Mines on
the comstruction of the air-gas mixer of the
gas coambustion retort;

Information from the Bureau of Mines on the
construstion or purchase of tim centrifugal
separators for the gas combuation retort.
The capacity should be 6-8 tons per day of
Alekainac oil shaless

Followiship for a technologist with the
Bureaw of Minses for the retorting of oil
shales, sccond half of 1953. The Bureau of
Mines hzs already agreed,

Ingo Do Matie
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Depth Tar Water Gas and Semi~cokte

(in meters) (in %) (in %) Waste (4n %)
(in %)

115.2 - 119.5 16.6 3.2 5.2 73.0
11995 had 12005 1293 65‘. koo ?608
120°§ - 123,0 17'02 502 708 6908
moo - moo Boa Snz lool‘ 70@6
127°0 bd 128-.78 27 08 358 702 &n?-
128.8 = 129.5 33.5 4o Tk o9
129.5 = 130.5 24,7 - 600 6.1 6352
130.5 = 131.0 1ok 4.0 4.0 7.6
13100 = mo’t 1902 506 Soll- 6908
mol‘ b m06 803 790 205 8202
.6 = 149.0 12.8 hoB 2.8 79.6
149.4 = 154.0 904 6.6 301 0.1
154.0 =~ 155.0 2.6 6.0 2.4 . 89,0
155.0 = 156.0 5.7 7.0 3.3 84,0
15690 - 15700 296 808 202 “o‘)
157 uo Lo 16208 "002 602 103 88;,1;
162.8 ~ 165.1 16,0 5.6 holy Tho0
16300 e 16500 9-10 602 209 8105
165.5 = 166:0 2.h 7.6 2.0 83,0
166.0 - 168.8 13.9 Soh 3.7 ?6.8
168.8 = 170.5 6.6 6ole 2 83.8
170.5 = 174.7 9.8 6.2 3.2 80.8
175:0 = 179.0 ul»ba 60’6 4O 75»4
18200 had 18307 1000 5o0 302 8108
18500 a= lwoo ‘096 8»0 2.:0 8506

Source: Ing. Dimitrije Matic, Belgrade, 1951

Approved For Release 1999/09/10 : CIA-RDP83-00423R001200390007-9



Approved For Release 1999/09/10 : GIAZPR83-00423R001200390007-9

TABLE B
s of Well 6 an W -
Well 6
Depth Thickness Bituaon
{in meters) (in vaters) Content

(4n %)

3‘»3 o 350’0 m°6 12@50
35:4 - h2.3 609 7.75
42,3 = 52,5 0.2 3.85
5205 - 5691 3_06 8075
5601 - 59.5 3.h 2,50
59.5 = 6895 9.0 8,80
6895 - ?200 305 0070
?200 - 85@0 noo 56”
85,0 = 89,0 O 12,80

Well 7

19.0 = 43.8 2.8 6,00
43,8 = T9.7T 35.9 14060
7967 - moo 803 20“
8&,0 o mOS MOa sgw
104,.3 « 107.0 2.7 6060
107.0 - 117.2 10,2 450
117.2 = 119.7 2.5 10,95
11907 hd 120o7 1,0 60’00

Source: Prof. N.L. mc, 19"7
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TABLE C
s of 6 =

Depth Tar Water Gas and Senit=
(in meters)  (n %)  (in ) gy =
{in %)

55,2 = 66,0 4.7 o .
8.0 ~ 67.0 17.2 5 38 Lo
6700"" 7000 1903 505 495 ”{’o;
70.0 = 72.0 13,9 5.9 2,9 6.3

720 = 740 2.8 5.8 ot .
P40 = T4 17.6 5.5 b2 L
b = 75.5 15.3 5,0 ol Lo
7505 = moo ]207 700 306 7607
100.0 - 102.0 3.2 7.0 102 88.5

m.2 - 12,5 97 509 2.9 |,
116.,0 = ].1905 1291 06 209 7801’
1195 - 120.0 - 10,7 3.0 2.8 g
120G = 1244, 11.0 5.7 3.0 8003
125.0 ~ 129.6 10,8 hot 2.8 a2
1_32.:5 - ]3505 5.0 592 2.0 87 8
139.4 - 24804 61 6o8 1.9 85.2
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« 128 =

& 1la-150¢%

2R = 10,5 %
3m=15.5%
hm-180 %
Sl-ioaol
6m~250%
Tm=26.5%
8n-00%
9m=14.5%
I0m~20%
11-'-1&90‘
12a-15.0%
13m=133.0%
i m=23.5%
i5m=27.0 %
Ybm-2.0¢
T m=260%

at 18 m = 18,5%

9a~-200%
08 -20%
Aa-205%
2a~-1U0%
Ba- &0 %
2% n- 50%
An- 0%
bm- 45%
AT R =5 %
B n=25%
Y n-250%
PVa~-1.5%
Aa-=-235%
32n-~19.5 %
Brn-19.5%

Sowrcer Ing. Dimitrije Matic, Belgrade, 1953
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o 12 =

TABLE E

of We. - 80

Map ocordinstes

x=4 8271 7139
y=17 55 255

Elevation above sea lavel 258,50 a

Elevation ahove sea level o1 Wskor Coke Gas and

(in neters) (ing) (0% (in %) waste

(in %)
399,00 = 40400 1.2 bho2 80,9 3.7
404,00 = 408,00 9.7 5.0 8ok 3.9
408,00 = mom 3.1 5.0 67.8 hod
422,20 = 28,60 15.2 hob 76.8 3.6
wo‘o *h”om 7-03 '0‘!6 M 392
”509 - mom 9.0 ) 206 “Oll 2.0
mo” mom ' 1091 58 ?900 l.-ol
457.60 = 465,10 10.4 50 82,0 2,6
465.10 = 475.00 7.2 6.0 83,2 3.6
k?’om ’083 015 1205 600 ?8 01 3 0“
488,15 = 492.00 12.7 5.2 79.3 2.8
498,20 = 501,20 2.1 5.2 68.6 540
501,20 - 507.50 19.1 Le2 - TO g.g

522,00 = 528,00 10.4 beok a.4
§35.00 - 537,90 .

Source:s Ing. Dimitrije Matioc, Belgrade, 1953
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APPENDIX XX
THE OIL SHALES OF YUGOSLAVIA

Possibilities of E‘J:ploi.fba.tion_

.

Dr. Ing. ALEKSANDAR PETRUSIC
Director of enterprlse "Metan®
Katina Croatin

I. Processing the Aleksinsc tars

«.oThe tar should (1) be treated at the site only for separation of
the basic groups (separation of paraffin). (2) Then it should be
processed either in epscial rofineries, whers lower fractions should
be recovered (the most important of them is for manufacture of motor
fuel or cracking), or (3) it should be treated in special plants for the
processing of tars. (4) The eolid residue can then undergo hydrogena-
tion, 1.e., the crude paraffin should be refined and softened.

There 18 no recovery of lubricating oll from higher quality t ars.

It 18 true that special derivatives, such as light gasoline and so
on, could be recovered from the tars, but it would not be reasonable to
start such productionbscause these sources are too expensive and the
output too small. On the other hand, the high-quality paraffin is a
valuable material that cante used as mot.or fuel.

Reeldual gas: A valuable source of thermal energy is represented
by the residual gas which forms after the primary distillation. The
residual gas has a chemical composition similar to that of a good quality
producer gas. There is information thereupon-in the report of the German
company Lurgi to which reference may be made for more detailed data, In-
any case 1t can be said that from a medium quality shale at least 1 cublc
meter of gas can be recovered per kilogram, having & heat content .of at
least 1,000 kilogram-calories.

The residual gas can be utilized by the mining works in the firet
place, but also by power plants, chemical plants and metallurgical )
works in a word by all plants which use thermal energy.

Mineral residue: The mlneral residue 1s of no particular value.
It is true that experiments have been made with remsrkable success,
speclally from the economic standpoint.

-

II. 3in ales

»

At the foot of the Kamesnice Mountein in the northesstern part of
the Sinjako Polje (Sinj Field), a small basin is located through which
the Huda River flows, This small basin represents the Sinj synoline where
bituminous shales occur. The bed is 17 km from “inJ by roed and less by
airlinev
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Most useful and detailed information on the bed can be found in
Prof. Margetié's report which was published in 1952, Parts of the report
were also published in the Geological Courier, 1952, . :

The bed 1s formed of several parallel deposits and thin strata of
bituminous shales. The shales are oily, black and shiny in colour. The
mineral residue is made of cretaceous marl. The tar content ranges from
& few percentage to above 30 per cent with high paraffin content. Accord-
ing to the statement of Prof, Margetié, the deepsr deposits of oll shale
become thicker, and what is most interesting, the water does not penetrate
into them because of the pervious character of the karst ground. This
latter property is very important when deeper horlgons are exploited.

Reserves: Only a smell part of the area has been explored system-
atically. The whole area should be systematically drilled first in
order to obtaln a real ploture of the total ressrves., The reserves are
estimated for the time being to be 10 million tons, the nrobably reserves
belng at least double. '

Exploitation is possible only with desp underground worklngs.

Character of oil shales: There are several varieties of oll shale
in the Sin] Field. Nevertheless, all of them have a common feature, i.e.
richer shales are subject to melting during the primary distillation,
which is not the case with the Aleksinac shales. Therefore the prcblem
of their proceesing is not so simple as at Alecksinac. This aspect
indicates the need for caution in the selection of the processing method.

Large quantities of rich gss are recovered during the primary
distillation.

The Sinj shale is characterised by high sulphur content. The
mlneral residue is of marl character. All analyses of the different
parts show that the deposits have a composition of & relatively good
clinker cement.

Experiment g: I did not do any aemi—induetrial experiments
with these shales but attended industrial distillation in large kilns.
The process goes quite normally in such plants. 7The melting of ash does
not take place at all, because the temperatures are too low; nor are the
phenomena of the melting of the organic matter of essential significance
because the average percentage was about 15% of the tar content.

In the cement factory Majdan at Solin (near Split) experiments
were made in the summer of 1950 in order to get the clinker from the
shale and then to produce cement. The final result was highly satisfactory.
Normal construction cement of the type of 400 kg cm“ was obtained by ad-
ding 12 per cent of clay which occurs in Eufficient quantity in the vicin-
ity of the shale bed.

The oil tar recovered has the melting point about 30°C; separates
slowly from the water, and also processes slowly.

The residual gas can be considered asﬂgood producer guas.
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The mineral residue contains from 15 to 20% of fixed carbon, which
is very important in the manufacture of cement.

Exploitation and processing: - After the First World War the bituminous
shale of Sinj was used in a small scale as locomotive fuel instead of coal.
Furthermore, large part of those materials were considered as coal, although
they have no coal content at all, On this basis the mine was opened and
enlarged. The material happened to be so tough that the mine needed no
timbering. This was concluded from the corridors which lasted for several
decades without any change. According to that it may be expected that in
the future, too, such mining work will be poesible, though with more
timbering because the work will be carried cut at considerable depth.

The mechanieation of transportation from the pit bottom to the surface
1s possible due to the cheap supply of hydrepower.,

Though the shale of Sinj is among the best in Europe, I think that
exploitation and processing for the recovery of t ars alone would not be
economlcally Justifiable, because mining and processing costs would be too
high.

Un the other hand, the processing itself would be rather simple.

The primary distillation could be done with direct combustion of the fixed
carbon, and also with the indirect, which would be possibly more favour-
able in the case of Sinj, In the case of indirect combustion, gas of at
least 4,000 to 5,000 kilogram calories per cublc meter could be recovered.
The condensation of tars would aleo be simpler. Consequently, the primary
distillation could be solved without any difficulty and normal systems can
be used, :

As a matter of fact, the processing of tars depends upon the possibility
of manufacturing of cement and utilisation of the residual gas.

In connection with this it must be stressed that all necessary raw
materials are available at Sinj and in its vicinity: clay used in the .
processing of oil shales, lignite used in the burning of the mass prepared
with clay. There are several lignite deposits in the Sinjako Polje;
deposits are accessible to open cast mining methods. By combining of
bituminous shales, clay and iignite, clinker cement, tar and gas can be
produced without any waste immediately after the primary distillation or
even during the distillation. ' If such a happy combination is taken into
consideration, one can see that the Hudo bed of oil shales is of first
importanca.

Manufacture of cement: Accordingly, it is obvious that the ‘
production of cement is of first conaideration, the recovery of tars being
of secondary significunce. The reason is that cheap raw material can be
supplied for the manufuacture of cement, i.e. the mineral residue after
the primary distillation which already contains the fuel necessary for
baking the cement clinkers. :

The location of the bed is also favourable. It lies in a reglon
which 18 connected with the western part of Bosnia where the supply of
cement is rather difficult. If production of cement started at Sinj,
large quantities of cement from the coastal factories could be released
and elther exported or used in the building of large works where better
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Residual £ap_and its use: As Prof. Margetié reports, a large
deposit of high-quality gypsum in large quantities occurs in the same

geographi.cal area, The deposit lies on the road between the shale bed
- and Sinj, near the Glaviem site. This gypsum is designed in the first

place for exports owing to its quality and its vicinity to the coastal
L seaports. , : : _ :

Dalmatia is nowadays a large exporter of gypsum, but baked gypsum
L 18 not exported in such quantities as it coulsl be, If the residual gas
i3 used for baking of gypsum, the manufacture of it will be cheaper.
At the same time the processing of oil shale will be less costly.
Zaéreb,
22 Jamaary 1953
4
&
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Attachment fo

"Energy Resources of Yugoslavia"
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