AD No&?éz 2

AST A fILE copy

P
?a

IRON ORE PRODUCTION AT KIRKENES, NORWAY

Trevor Lloyd
Professor of Geography
Dartmouth College



THIS REPORT HAS BFEN DELIMITED
AND CLEARED FCR PUBLIC RELEASE
UNDER bep DIRECTIVE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED UPON
ITS USE AND DISCLGSURE,

DISTRIBUTION STATEMENT A

~PPROVED FOR PUBL 1C RELEASE;

DISTRIBUVION UNLIMITED,




TRON ORE PRODGCTION AT KIRKENES, NORWAY

Trevor Lloyd
Professor of Geography
Dartmouth Cecllege

Field work during July-August, 1949 and March-April, 1951, was

made possible by a grant from the Arctic Institute of Nortn America
and the Cernegie Corporation. Preparation of the final repcrt was

sided by support from the U.S. Office of Naval Research.

Maps were drafted by Don C. Foote, Chiao-min Hsieh and J.T. Tan-
german with the authort?s guidance. The assistance of officials of
A/S Sydvaranger at O0slo and Kirkenes is gratefully acknowledged.

Technical Report. ONR-03-02, June, 1954.



Department of Geography,
Dartmouth College,
Hanovor, N.H., U.S.A.

June, 1954 .

Part of this paper in preliminary form was read before & Joint
Session of Section E, the American Association for the Advancement
of Scilencse snd the New England Division of the Assoclation of
American Geographers, held in Boston, Mass., December 30, 1953,

-
ae



TABLE O CONTENTS

List of Maps und Diagrams iv
List of Photographs v
Abstract vi

I. Locational factors

[

II. Location and occurrence of iron ore deposits 2
ITI, Historical cutline of mining near Kirkenes 3
IV, Postwar reconstimction and expansion L
V. Processing the ore 7
VI. Provision of electric power 9
VII. Production and shipping of concentrate 10
VII1l. Conclusion 11

Appendices
A. Summsry of climate data for Kirkenes,
Norway.

B. Production and export of iron ore, Kirkenes,
Nerway. 1910-1939.

C. Production and export of iron ore,6 Kirkenes,
Norway. 19,4,0-1953.

D. Selected references.

Footnotes are placed at the end of the paper beginning on
page 13.



1.
2.
3.
b.
5.
6.
7.
8.
9.

iy

LIST OF MAPS AND DIAGRAMS

Norway, showing location of Kirkenes.

Settlements in Kirkenes area.

Location of iron ore fields in relation to Kirkenes.,

Mine at Bjgrnevatn.

Production and export of iron ore from Kirkenes, 1910-1939.
Diggram showing movement of ore from mine to ship.

Production and export of iron ore from Kirkenes, 1940-1953.
Plan of Kirkenes.

Electricity generating stations in Kirkenes area.

Notes

These maps appear on pp. 23=-31, following Appendix D,
"Selected References,



v | w0

2,
3.
bo
Se
6.
7.
8.
9.
10.
11,
W2
13,
1.
15.
16.

@ =

LIST OF PHOTOGRAPHS

(Photographs listed below are on pp. 32=39.)

Typical section of east pit at Bjegrnevatn,

Primary crusher building in north pit,

Electric shovel loading broken ore into truck.

Ore being dumped from truck into primary crusher.
Blast-holes made by 9" churn drills,

Bjornevatn village during reconstruction.

Ore plant at Kirkenes during reconstruction.
Kirkenes ore plant and conveyors seen from the sea.
Magnetic separation and filtering equipment.

Ore wharf at Kirkenes.

Concentrate loading quay, Kirkenes.

Public quay at Kirkenes 6 seen from ore plant.
Kirkenes, new housing, looking northeast.

Kirkenes, looking toward town center,

Kirkenes, temporary barrack with new building behind.

Kirkenes, birches in park, photographed in March.,.

Note:

Photographs are by the author except where indicated
as followss

§ Reproduced by courtesy of Editor, Mining World.

g Photographs by Mittet, Oslo.



-y~
ABSTRACT

Location.

Kirkenes is a seaport on Varanger Fjord, North Norway, a few
kilometres from the Soviet Boundary. Despite its high latitude
(69°44' N.) shipping continues throughout the year. The port was
built in 1906 for exporting iron ore from the mine at Bjernevatn,
about 10 km. inland.

Significance and early development.

The Kirkenes iron ore, a taconite with a metallic content of
abont 30%, can be marketed profitably because it is mined economical-
ly by open-cast methods, is close to the seaport and can be shipped
direct to overseas markets in Europe where there is a steady demand.
The ore itself is not easy to mine or process., Tt occurs as meta-
morphosed sediments, with magnetite and quartz forming an extremeliy
hard banded taconite, underlain and overlaln by gneiss. Deposits
cover a large area surrounding the main deposit at Bjgrnevatne.

Production began in 1910 following about four years construction
work. Early in World War I exports had reached about 550,000 me
tons of concentrates and briquettes a year. In 1937, shortly before
the Second World War, the rate had reached 700,000 m. tonse. About
1600 men were employed in the work and Kirkenes had grown to be a
town of 500 people with another 1500 .t Bjgrnevatn.

This growth is remarkable when 1t is recalled that the mine was
a ploneer undertaking in every way. The location was remote and al-
most unpopulated, and the technical problems of processing extremely

hard taconite with a low metal content had not then been solved
elsewhere.

Destruction and rebuilding.

During 1942-U4l; Kirkenes was almost obliterated by bombing during
its occupation by Nazi forces. When the invaders were finally driven
out, they systematically devastated what remained of the mine work-
ings, the concentrator snd the towns. Following the war the Company
determined to modernize the cperation completely with the ald of the
Norweglan government which provided about two-thirds of the necessary"
capital. New mining methods were devised snd a comple tely new con-
centrating plant and new shipping facilities were bullt., Dollars were

provided from Marshall Funds for purchase of some equipment in the
United States.

The new plant is designed to process about 2.3 million tons of ore

a year, equivalent to about 1 million tons of concentrate containing
about éb% metal.

Qperations.

Ore 1is mined by drilling vertical holes and blasting out the rock
in "benches."™ About 0.5 tons of waste is removed for each ton of
ore. After preliminary crushing at the mine, the cre is conveyed by
an electric railway almost 10 km. to the concentrator near the sea-
coast at Kirkenes. Following a complex process of crushing, grinding,



sorting, filteri and drying. a very fine black powder results.
Eventuvally up ton% of this will be formed into pellets but at pre-
sent it is shnipped in powder form. From a storage silo holding
70,000 tons, this finished product is carried underground by conveyor
belts to the quay where it is loaded directly into vessels by convey-
or belts hauling about 1,000 tons per hour. Vessels of up to 15,000
tons can be berthed at the quays.

The mine recpened in April, 1952, and ore was first shipped the
following mor.th. By the end of 1952 a little over 400,000 tons of
concentrate had been produced, almost all of which was shipped at
once. The total export for 1953 was about 830,000 tons. As in pre-
wer years, most of the ore is shipped to West Germany, with other
shipments going to the United Kingdom and Belgium.

Power sources.

The most convenient source of electricity for mine and concen-
trator, would be waterfalls on the Pasvik River. As this forms the
boundary with USSR the water power camnot at present be developed.
Several small hydro plants have been erected on other streams, but
the majority of the power used is provided by a steum plant at Kir-
kenes using Svalbard coal. Salt water for washing and fresh water
for steam are readily avallable.

Significance to Norway.

The Kirkenes plant i3 important for several reasons:
(1) It provides foreign exchange from export of iron ore.

(2) The economy of northern Norway, otherwise largely dependent on
fish, is strengthened.

(3) Norwegian mining and other equipment designed for use with Kir-
kenes taconite can secure a foreign market.



I, Locational fsctors.

Kirkenes 1s a Norwegian iron ore pcrt on the southern side of
Varanger Fjord close %o the Norweglan-Soviet border. Its latitude,
699411 'N, 18 roughly eauivalent to that cf Disko Bay, Greenland or
Point Hope, Alaska, and 'ts longitude, 30°03'E, places it due north
of Alexandria, Egypt. Kirkenes lies about 220 miles north of the
Arctic Circle and 130 miles farther north than the better known
mining town of Kiruna in Sweden. Dlstances to Kirkenes by sea are
a significant factor since practically all its freight and passen-
ger traffic moves by ship. Typlcal distances are:

Kirkenes to: 0slo, Norway 1,450 miles
Newcastle, England 1,500 miles
Hamburg, Germany 1,600 miles

Boston, Mass., U.S.A. 4,150 miles

The sole justification for Kirkenes &s a well-equipped seaport
and settlement of about 3,800 people is the occurrence a few miles
inland of largxe iron ore deposits.

The northerly location of Kirkenes may give a misleading im-
pression of the severity of the local climate and the harshness of
conditions under which mining, shipping and living goes on. In fact,
the Kirkenes climate 1s surprisingly mild. A statistical summary
appears as Appendix A, The main characteristics of the climate are:-
me an monthlg temperatures which range from about 11°F. in February
to about 53°F, in August. Extreme temperatures range from an average
low of -25°F. to a high of 78°F. On an average the dally mean rises
above 320F. on May 1 and sinks again below it on October 17. Precip-
itation 18 comparatively light, the annual total being about 16.2
in. with a summer maximum, Snow covers the ground on an average of
180 days in the year, the area usually being snow-free from early
May through September. The mean depth of snow, in January through
March, when it is greatest, is about 16 in. The climate at Kir-
kenes 18 of course influenced by its locatlion on Varanger F jord.
Statlons even a few miles inland have more severe conditions -- with
the warmer summers and cooler winters typlical of less maritime con-
ditions.

Length of daylight, an important factor in mining and shipping
operations, has a direct effect on the seasonal demand for electri-
cal power and influences the daily lives of local residents. The
long winter night in such latitudes 1s, however, not as great a fac-
tor as 13 often supposed. Thus, although the sun does not rise at
Kirkenes from the last day of November to January llyth, the period
when there 1s complete darkness for the twentx-four hours 1s of
course much shorter than this. Thus "twilight" never falls below
four hours a day even 1n mid-winter, and the sun does not set from
mid-May to July 2Zit. There are—}n all about 108 days with at least
twilight throughout the night.l

Although navigation is open throughout the winter at Kirkenes,
this is made possible by e use of a small ice-breaker. While the
open sea does not freeze2/ the fresher water near the head of fjords
and other inlets would do so if left undisturbed. The miping com-
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pany at present uses a converted whale-catchor, about 130 ft. long
as combined ice-h-gaker and local pilot boat. This vessel is to
be replaced by a properly designed ice-breaker, of about the same
slze. Vesssls using the harbour need not be constructed to navigate
ice. Freshwater lakes in the neighbourhood freeze as does the Pas-
vik River. The fact that seawater temperatures are relatively low
in summer and close to freezing in winter 1s an asset since the
water is used in steam condensers in the Kirkenes electrical power
plant.

Kirkenes 1is remote from large centres of population and commerce.
It 18 not connected tc the European rail network, and in winter
the gravel highway which links it to southern Norway (Route 50) 1is
blocked by snow at several points. The sole all-year connection with
the outer world is therefore by sea, and the town and the iron ore
mine must depend on the sea for all thelr needs, apart from small
amounta of food ar:d lumber produced locally. Commercial airlin§7
1ink Kirkenes with southern Norway from about April to Octcber.

II. Location and occurrence of iror ore deposits.

The iron ore exported from Kirkenes occurs on & peninsula be-
tween a 2ong narrow arm of the sea (Langfjord} on the west and the
valley of the Pasvik River on the east, and from 100 to 170 metress
above see level. (See Fig. 3.)] The area of the whold field is
eabout 7 miles by 3 miles, and includes several distinct sites. Pre-
sent workings are in a limited area about 5 miles south of Kirkenes,
near a lake, Bjgrnevatn (Bear Lake) which gives its name to the
nearby mining settlement. .

The mining company holds title to an area about 13 miles by 3
miles, which includes the ore fields, B jgrnevatn (the mining settle-
ment) and most of the Kirkenes townsite. -

The mipe, 13 within sight of Soviet territory about 2 miles to
the east. When standing on a hill not far from the mine, it is
possible to see, fifteen miles to the south, the tall chimney of
the Soviet nickel smelter at Nikkeli, and the lights of the two
mining settlements can readily be seen from each other in winter.
It wa2 while 2earching for an extension of the Bjsrnevatn iron cre
fields across the international border in what was then Finland,
that the nickel deposits were discovered in the early 1920's.

The Bjgrnevatn ore occurs®/ as metamorphosed sediments of middle
Precambrian (Karelian formation) age in an area which has been in-
tensely folded. The ore itself 1s overlain and underlain by
gneisseas. The series is bounded in some directions by faults and
elsewhere by granite. The ore now being worked is in a steeply dip-
ping fold cut by faulting and intruded by dykes. It forms a rough
V-shape, pointing northward. As the map shows (Fig. 4t), the width
of ore varies greatly. The area exposed by the present open pit
covers 3/l4 miles by 1/2 mile. An intensive nrogram og geological sx-
ploration is centinuing in an effort to outline accurately the ex-
tent of the various depo;}ts, as a preliminary to planning long-.
range mining operations.

The Bjsrnevatn ore now being mined 18 extremely hard magnetite
inter-laminated with quartz with a relatively low iron content and
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resembles closely the Minnesota taconites.l/ A typical specimen
shows from 3&-37% of total iron. About 30-32% 1is magnetite and
about quartze The sulphur and phosphorus content is extremely
low. When compared with the Minnesota taconites, the ore is slight-
1y richer in magnetite and somewhat more crystalline. However, the
two are so similar that experience gsined in operating the Norwegian
field can be applied directly to the besnefit of taconite mining in
the United States.

From a preduction viewpoint, the chief problems to be faced in
mining and processing the Bjgrnevatn ore for export are:

l. Drilling the ore and the surrounding rock preparatory to blast-
ing it. The ore is extremely hard and the nihe inch diameter
holes can only be driven about five feet into the ore before the
bit needs to be replaced.Q/ In making a hole ready for blasting,
only about 15 feet can be drilled in a typical 8 hour shift.

2. There is difficulty in breaking the large ore blocks blasted
loose into sizes that can be handled by the primary crusher
which needs to be exceptionally heavy to crush the ore.

3. In concentrating the ore to increase the content of iron and re-
move as much waste as possible, the problem i3 to extract the
fine particles of magnetite from among the quartz. This re-
quires a complex process of crushing, grinding, separating, wash-
ing, drying and so on.

ITII. Historical outline of mininz near Kirkenes.

When one considers the many technical problems to be faced in
producing a marketable product from the Kirkenes taconites, it is
remarkable to recall that the operation began almost 50 years ago.
Nowhere else in the world have such apparently unprepossessing ores
been worked with such success over a long period of years.

The mining company "Aktieselskabet Sydvaranger" (named from the
local term for the land south of Varanger Fjord) was founded in 1906
to work ores which had first been located in the late 60's of the
previous century. The initiative and most of the early capital came
from Sweden, but the head office was in Usio and ths company has al-
ways been Norwegian. The building of harbour works, the concentrator
and other plant began at Kirkenes in 1907, but it was nct untll 1910
that the first fine black powder -- or Mslig" as it is termed in
Norwegian -- was produced. There were many technical difficulties
in the early years, particularly with the equipment used to blast,
crush and grind the hard ore, and the product, a fine powder mixed
with a certain amount of water, proved a difficult cargo to ship.lQ/

Additional finances were provided for the company by Hamburg
bankers in 1908 and there has been a close contact with Germany ever
since. Today much of the concentrate is shipped to West German
blast furnaces. The First World War brought financial troubles to
the company due to the Allied blockade of German ports, and the
post-war years were also difficult, but by the late 1930's Sydvar-
anger had again achieved a strong position, and in 1939, at the end
of the first era of Kirkenes mining, an impressive record hiad been
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achieved. A stock-teking at that time would have revesled some-
thing like the following:

About 25 million tons of ore had been mined, and shipped in the
form of 10.l4 million tons of concentrates (averaging 66-67% iron,
7% silica, .009% phosphorus, .008% sulphur). Of this total about
half (5.3 million tons) had been exported in the form of briquettes
conitalning about 65¢ iron. The rest had been shipped as powder.
The briquettes had gone mainly to Britain and the powdered concen-
trate to western European countries, mainly Germany. The annual
rate of production had in 1939 exceedzd 800,000 tons of concentrate,
representing about 1,900,000 tons of ore mined. In all Kr.215 mil-
lion had been received for the product. This impressive record was
set up, it needs to be recalled, in an extremely remote and undevel-
oped locality previously occupied by a few Lapp and Norweglan fisher-
men. By 1939, the company had about 1,700 employees, and Kirkenes

and Bjgrnevatn were zz}l-built and prosperous communities totalling
about 7,000 persons.lil

The Second World War led not only to disruption of mining and
ore shipments, but eventually brought about the almost complete de=~
struction of the mining and processing equipment. The town of Kir-
kenes and all other settlements in the area were almost obliterated
by 1945. The occupying Nazl forces converted Kirkenes into a strong-
hold, heavily manned and armed, a bade for naval operations and
starting point for air attacks on north Russian convoys. As a con-
sequence, 1t was very heavily bombed by the Allles, and in the
early winter of 194l what remained was aléiiy completely destroyed
by 4azi armies as they retreated westward. 2

When the war ended, the mining company was confronted with an
industry that had in effect been wiped out. To operate again, it
would need complete reconstruction. Settlements at Kirkenes and
B jernevatn, rallroads, docks and all the complex plant built up
since the company's founding would have to be rebuilt. If, on the
other hand, the undertaking was of doubtful econcmi: worth under
modern conditions, Its destruction provided an opportunity to with-
draw from the area for goocd. One valuable asset the company had: the
experience and skill accumulated by its technical staff in the pre-
vious forty years. Sydvaranger had unique knowledge of how to mine
and process taconites and to do so In a remote and somewhat unfriend-
1y physical environment. Any decision about the economic feasibility
of the undertaking would hinge mainly on the long term export market
for the product, since Norway at the time had no iron smelting indus-
try needing such large tonnages of ore.

IV. Postwar reconstruction and expansicn.

The future of Kirkenes mining obviously depended on securing a
market for the product. Fortunately this was not difficult. Cus-~
tomers, both in Britain and on the continent, were ready to purchase
the whole output of concentrate, immediately after the war. Thanks
to direct ocean transport from concentrator almost to consumer, and
the negligible rail transport from mine to shipping point, the Kir-
kenes product could reach Buropean industrial markets at competitive
and even premium prices. To meet the requirements o. ore users,
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however, a prcportion of the Sydvar er product would need to be
exported as briquettes or pellets.1§5

Any plans for the future would of course depend on the extent of
good quality ore reserves, their accessibility and the cost of ex-
trection and processing. Assuming adequa“s reserves, the technical
problems of mining and processing would still remain to be solved.
The original mining and concentrating equipment installed in 1910
had been ultra-modern, and had been _;radually modified as new tech-
niques were devised. But this existing plant, or rather what was
left of it in 1945, would need replacement. Finally there was the
question of finance. To erect a plant capable of reaching even the

re-war output would require an estimated Kr. 125 million (about
§25,000,000 , & very large sum in Norway at a time when other de-
vastated areas farther south also needed reconstruction.

This last problem was eventually solved by a happy compromise be-
tween private and public finarcing under W the government sub-
scribed about 60% of the ncsessary capital, while leaving the ac-
tual operatlion of the undertaking to a semi-independent board of di-
rectors. The dollar currency needed to secure special equipment
from the United States, was made avallable through Marshall Aid of
$5,000,000.l Some other factors needing consideration were more
problematical. Labour had always been something of a difficulty;
in fact the output from the plant in pre-war years had been roughly
in proportion to the labour supply avallable. Th: industry employed
about 1,300 menr in 1939 but the labour force had largely dispersed
when operations ceased during the war, and less than 200 remained in
194y, There were few reasons why a new group of skilled workers
Should accept jobs Mat the far end of the country,"lé/ at the end of
an expensive traansportation route and where living conditions might
be less attractive than in the south. Any plans for reopening the
plant should, if possible, use a reduced labour force, provide at-
tractive living conditions, and do everything possible to re-estab-
lish a sound community of well-qualified and contented people.

Systematic exploration of the ore fields begun in 1946, confirmed
the existence of ample reserves, and still more ore has been dis-
covered since. Following work done in the 1953 summer, it was
statedl that about 44,000 additional metres of test drilling at the
Bjgrnevatn mine had outlined more than 50,000,000 tons of ore and
the work was continuing. Apart from this ore occurrence, there are
others in the viclnity which can be opened up when nseded.

When work at the mine recommenced in 1950, a new operation plan
was used, based on continuing use of open-pit methods, instead of
changing to underground mining as had originally been intended. Under
the new plan, open-pit working will continue for about the next fif-
teen yeara. In the following ten years underground workings will
gradually be introduced so that probably by 1975 mining will be com=-
pPletely underground. The reasons behind this change in technique
are interesting. The present bottom of the open pit is on an aver-
age about 82 metres above sea level, although at one point it is
only €6 metres above sea level. At the southern end of the pit
is a lake (Bjgrnevatn), whose surface is about 81 metres above sea
level. (See Fig. 4) This is to be drained through a 2.5 km. long
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tunnel driven in from Langfjord.ié/ Oraining the lake will expose
additional ore for open-pit mining, will provide space for dumping
waste rock and will prevent seepage into underground workings. The
open plt will eventually be carried down to 30 metres below sea
level, at which time underground mining wiil become necessary, as
mentioned above. Economic consliderations lie behind these plans.
It is estimated that about 45 million tons of ore can be extracted
with removal of about 20 million tons of waste rock. Open mining
will cease when the ratio between the two becomes 1 : 1, i1.e. when
a ton of waste must be removed for every ton of ore. Open mining
is preferred for nany reasons. It requires only 2/3 of the labour
force, permits greater and more flexible use of machinery, and plan-
ning and operation of the work is simpler. At first sight an ap-
parent objection to it 1s the winter climate. This has not proved
a serious handicap in the past. Temperatures are less extreme than
those in the Minnesota iron-mining area, although the winter is
longer. Snowfall is relatively light and has proved to be an ad-
vantage as snow and ice provide and excellent surface for the heavy
haulage vehlicles, reducing wear and tear on the tires. Working
lights are needed for 24 hours a day in winter but the long period
of daylight in summer offers some compensation.

An additional factor in favour of open-plt mining has been the
development, largely in the United States, of very heavy ore-moving
equipment such as shovels and trucks. Electric shovels now in use
can load 43 cubic years of ore at a time, into 35 ton carriers.l
These and other vehicles are able to operate over mine roads of
about 8% grade, which i1s much steepersthan was possible with the
locomotives employed in the old mine. Hence the open pit can be car-
ried to a far greater depth.

Certain considerations of a political-economic sort alse favoured
reopening of the Sydvaranger mine after the war. Finnmark, the
northernmost county in Norway has long been a "distress area." Sea-
sonal unemployment in fishing and farming has been chronic. Economic
backwardness at a distance from the centre of government in 0slo has
tended to encourage radical political beliefs based on supposed neg-
lect. The rise in power of the Soviet Union, whose territory is
adjacent to Finnmark made this problem even more acute. Furthermore
the area is clearly not unimportant in North Atlantic defence stcrat-
egy. In the lmmedliate post-war years the Norwegian government was
for these and other reasons determined to expand the ¢conomy of
North Norway. The alm was to provide a broader economic base by en-
couraging mining and other industries in order to provide a market
for local products and to maintain more reguiar employment. While
some of 38 projects which formed a part of a coordinated North Nor-
way Plan__j could only mature over a long period of years, Sydvar-
anger mining could probably revive the derelict local economy rela-
tively quickly. This explains in part the readiness of the govern-
ment to provide capital for the company and a high priority in se-
curing new equipment.

When the declsion to proceed with reconstruction was made in
1946, plans were laid out for complelely new mine and processing
plants. These new plans called for the use of more mechanical power,
a reduction in man-power, and some lncrease in output.



)

V. Processing the ore.

The processes needed to mine Bjgrnevatn ore and convert 1t into
a finished product resdy for shipment are, in outline, these:

The ore must be blasted out from the open pit, and larger blocks
broken by further blasting. The ore has then to be broken down in
a crusher to a size suitable for transfer by railroad to Kirkenes.
There it needs further crushing and grinding to a fine powder, the
magnetite must be separated from waste rock, the product dried and
formed into briquettes or pellets and loaded into the vessel for
shipment. At various stages conveyors are neadzd to transfer mater-
ial from one point to another, as well as storage bins of varions
sizes, classifiers to sort the products and so on. The waste rock
must also be disposed of,

a, The original plant,

The original plant was elaborate and ingenious, but as a pioneer
undertaking, it proved after 30 years to te less efficlient than it
could be. There were for example thirty-two separate sets of units
operating side by side at the concentrator -- in effect thirty-two
separate plants, all of small capacity.gl/ They needed close super-
vision by a large staff of workmen, and maintenance was expensive.
The so-called briquettes® which formed about half of the end=-product,
were in fact massive conical blocks of concentrate, each weighing
i}y pounds (20 kilos). These too needed individual attention. The
final product was excellent, as less than 3% of the magnetite found
in the original ore was lost. The concentrate when ready for ship-
ment consisted of 91.5% magnetite, 6% quartz and 2.5% other materials.
To this was added 5- water when it was shipped as powder.

In additicn to supplies of ore, the plant needed electricity for
its many operations, water in large amounts, steel balls and rock
pebbles for the mills as well as countless other supplies. In con-
verting each 2.3 tons of ore into a ton of concentrate, about 5 kWh
of electricity were used. The source of most of this was a steam
plant at Kirkenes, using coal imported from Britain, Poland and Ger-
meny. Furthermore, each ton of ore needed L4 .18 of seawater while
beling processed. 'in addition fresh water was . -=1ed for steam making,
etc. For securing water the plant was well-loc: i+ " between the sea
on the north and a string of three small lakes oi c¢he south.

be The new plant.

In outline, the modern processing of the ore is as follows:

Holes, nine inches in di=mmeter are drilled vertically into the
ore, and a carefully calculated charge of powder 1s placed in them.
The ore is then blasted out in “benches" about lli feet high. The ore
blocks are loaded by electrically-powered trecked shovels into the
large trucks already mentioned, and carried to the crusher. Bull-
dozers clean up the smaller pieces of ore, and a grader works full
time maintaining good road surfaces. As it 1s cheaper to crush large
blocks of ore thar to drlll and blast them into pleces, one of the

. ‘.‘“‘
o X
b X ey S GeE
® 38 e oy af

""4{"' q‘,’\ e
Py P Al R TR

9 & el o g
el AT 5 - e



-8-

world's heaviest ore crushers, designed to A/S Sydvaranger!s speci-
fications but built by Nordberg in Milwaukee, Wisconsin, has been
installed at the Bjgrnevatn mine. Weighing about 508_}ons it is
able to take blocks of ore up o 54 in.. 1n size -, 22/ and can
handle up to 2,000 tons of ore each hour. To withstand the enormous
stresses involved in crushing the very hard ore to a size no larger
than 6 in., the main shaft of the rotary crusher was made 50 ins.
in diameter and weighs 100 tons. A constant problem with such an
enormous crusher is to dispose of the heat generated. About 100
gallons of o1l per minute circulate in this machine serving both as
lubricant and cooling agent. Incidentally, the cold winter climate
is in this case an advantage, since the 01l cools naturally. When
the crusher is idle in winter some heating 1s needed.

FProm the crusher the ore drops into a bin from which it is dis-
charged on to a conveyor belt. This underground conveyor, 42 inches
wide, runs for about gSO feet at an angle of 15%° rising about 225
feet to the top of a 10,000 ton ore bin excavated in the solid rock.23
Standard guage railroad tracks run under this main storage bin.

Trains of about 12, ljO0-ton cars, hauled by an electric locomotive
carry the ore the 5% miles to Kirkenes. In this way about 200,000
tons a month are transported year-round. As 1s to be expected there
is some trouble from ore freezing into the cars in winter.

Subsequent treatment of the ore at Kirkenes is not complex in
principle, although it is difficult to carry out in practice. The
ore must be crushed to smaller sizs, and then transferred to a ball
mill where it 1s ground with about 80 tons of 5 inches diameter
steel balls. These balls are of course gradually worn away, but in
the process the ore is ground to particles of about 1/20 mm. in size.
It is at this stage that large amounts of seawater are added re-
quiring a flow of up to 30 cu. metres a minute. The finer particles
of ore are separated from the larger by screening, and the heavy
pulp of ore and water is passed over a series of rubber-coated mag-
netite drums which attract the magnetite but allow the waste rock
to escape. This waste is carried, still mixed with water, through a
tunnel to be dumped in Langf jord. Powerful vacuum filters then ex-
tract most of the water from the concentrated magnetite, which 1is
finally dried in heated kilns until it contains 5-7% water.

In the pre-war plant Rart of the final product was made into
large briquettes by the "filter-briquetting™ method developed by the
company. At present (1954) the whole product of the new mill is
sold as powder. However, work has started on a series of furnaces
to be used in making pellets -~ small balls of cocncentrate about
10 mm. = 30 mm. in diasmeter, which are indurated by heating. Tests
have shown that these are excellent for blast furnace use, since
they withstand crushing. Pellet production should commence at Kir-
kenes in 1955, Initial production is to be 100,000 - 150,000 tons

a gear.2 with capacity expanding to an estimated 500,000 tons a
year.,

The concentrate ready for export is carried by conveyors to a
storage big olding 70,000 tons, excavated in the cliff near the ex-
port quay. 6/ Additional storage space 13 to be excavated so uas to
double that now avallable. The ore is carried to the ship's hold



on conveyor belts, as required, at a rate exceeding 1,000 tons an
hour.2]/ Vessels drawing 30 feet, and up to 15,000 tons can be ac-

commodated ag ha wharves, but typical ore carriers are of about
10,000 tons.

VI. Provision of electric power.

Electric power sufficient to handle the heavy demands of the
mine, raillroad and concentrator, as well as the lighting and power
needs of various communities, has not been easy to provide.Z Al-
though Norway has a justifie& reputation for belng a leader in hy-
dro-electric development, the Kirkenes area is not pmrticularly
well endowed., The best nearby hydro power sites are waterfalls on
the Pasvik River a few miles east of Kirkenes, but as the river
forms the boundary between Norway and th SR there seems no imme-
diate possibility of it being harnessed. 0

Beginning in 1920,21/ a small hydro plant was built at Térnet
about 15 miles northeast of Kirkenes where a 260 foot head of water
is carried through a wooden-stave flume tc generate about 1,000 kVA.
(This old plant is shortly to be modernized.) A decade later, a
second hydro plant was built at Kobholm on the seacoast 25 miles
northeast of Kirkenes and only three miles from- -the international
border. There a head of about 375 feet 1s carried through rock-cut
tunnels to develop about 2,400 XWA. This latter plant can at pre-
sent only be reached from Kirkenes by sea.

Since the Second World War, a third hydro electric plant has been
built at Gandvik about [0 miles northwest of Kirkenes, by a publicly
owned company. Of about 5,200 kVA capacity, this plant.is primarily
intended to serve local communities, but it also contracts to pro-
vide the mining company with 1,000 kVA., The Gandvik plant 1s linked
to another publicly-owned plant at XKongsfjord. A third publicly-
-owned hydro plant is planned for Neiden 20 mile s wast of Kirkenes.,
To be of 7,500 kVA, it may provide some power for use by the mining
company .

As has been the case since the mine opened i1 1910, the main sup-
ply of electricity needed is generated at a steam turbine plant at
Kirkenes itself. The present plant was opened in 1 g « It has two
generators which together produce about 18,750 kVA. Thie 12 a
completely modern and highly efficient installation. It has been
found that Svalbard coal, despite its 10% ash content serves excel-
lently. Because of the short shipping season, a 25,000 ton stock-
pile of coal is accumulated at Kirkenes in summer. Cooling of the
steam condensers is done by pumping seawater which is always at a
low temperature. The cooling water, now heated 1s pumped to the
concentrator to be used in the ore concentrating processing.

In addition to supply the mining company, the two .hydro plants
and one steam plant also help to reduce the risk that communities in
the area will be without power in case of a breakdown. The Company
rlants are inter-connected with the public system. Such a precau-
tion is pariicularly necessary because of the long, dark winters and
the 1solation of the area from other sources of power.ii/
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It should be emphasized that, not only in the supply of power,
but in many other ways, the isolated Kirkenes region needs to be as
self-sufficient as possible. The mining company maintains excep-
tionally large stores of spare parts, its repair shops ars unusually
well equipped and its workmen nmust be highly skilled and adaptable.
Electrical equipment, mining machinery, locomotives and so on must
be overhauied locally because of the delay and expense involved in
shipping them the long distance to South Norway. There are, for
example, local facilities for retreading ths huge cre-truck tires,
and for the manufacture of oxygen for welding.

VIiI. Production and shipping of concentrate.

The capacity of the Sydvaranger plant is about 2.3 million tons
of ore per annum, equivalent to 1 million tons of the final product.
Following remarkably speedy reconstruction, the first ore was shipped
from the mine to Kirkenes in March, 1952, and the first concentrate
left the port in mid-May en route to Barrow=-in-Furness, England. By
the end of 1952, exports totalled 397,843 of the 413,554 tons of
concentrate produced. In December of that year 90,000 tons were ex-
ported, indicating a rate of about 1 million tons a year *  That
year's shipment brought to Norway the equivalent of Kr. 36 million
(about $5.1 million) all in much-needed "hard" currencies, mainly fron
West Germany and Britaln, and a profit on the .year?s working of about
l.4 million kroner.157 Rssets of the company then totalled about
Kr. 180 million. At this time the company employed 1,021 persons of
whom 831 were workmen at Kirkenes and Bjgrnevatn. This did not in-
clude temporary labour employed by construction companies. This
promising beginning was maintained in 1953 when sbout 1,750,000 tons
of ore were mined to produce very close to the 830,000 tons of con-
centrate planned. Gross income from selling the product abroad was
about Kr. 55 million. Owing to lack of sufficient accommodation to
stockpile concentrate in West-Germany, only 645,921 tons were ac-
tually shipped during Z e year, although the whole praduction had
been sold in advance. It was bacause of this delay in shipment
that emergency stockpiles had to be made in the open air at Kirkenes.
The 1953 export was shipped in 85 vessels going to 13 importers in
Germany, Great Britain and Belgium. A small shipment of about 1,800
tons was sold in Norway.

Although the new plant has not yet reached its full planned produc-
tion, it is clear from the production data (Appendix B) that a fair-
ly large quantity of concentrate remains on hand at Kirkenes. The
main reason for this-(apart from the fall in steel production in
West-Germany) is that the European market is not able to absorb 1
million tons of the very finely ground type of concentrate Kirkenes
produces. Until 1940 a considerable part of the concentrate exported
was in the form of briquettesll/ which were sold very largely to the
United Kingdom. When the new Kirkenes pellet-making plant is in
operation, beginning in 1955, this difficulty should be overcome,
and 1t is expected that when 500,000 .tébns of peIlets can be produced
annually there will be no difficulty in disposing of the full 1

million tons of concentrate which the plant was designed to produce
each gyear,

It is expected that about 800,000 tons of concentrate will be
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produced in 1954 and that 700,000 tons will he exporbed.l§/ In fact
the company had contracted in advance to supply this amount to for-
elgn purchasers.

A single shipment of 7,000 tons of concentrate was sent to the
United States in August, 1952. Regular shipments to the United States
would of course be particularly desirable since they would bring Nor-
way dollars. Two reasons iimit large regular shipments to the United
Stutes. One i3 the lack of surplus sintering capacity to handle the
ore. This may be overcome when the pelletizing plant at Kirkenes is
operating. The other reason is that ore prices, including freight,
are somewhat lower in the Uniied States than in Europe. Before 19,0
some concentrate went to Poland and Czechoslovakia, but none had
been shipped from the new plant.

VIII. Conclusion.

The reconstructed Sydvaranger eunterprise -~ which literally erose
from the ashes -- has elready brought new life to a region extend-
ing south from Kirkenes into the Pasvik Valley and east and west
along the southern shore of Varanger Fjord. Before the war Kirkenes
itself had a population of about L ,500 with another 1,500 people liv-
ing at Bjigrnevatn, and a total of about 10,000 in the arss as a
whole, more or less dependent >n the rine. In 194l the economic
basis of the region had all but disappeared -~ and with it many of
the people. There was very real hesitation as to whether recon-
struction of the plant and rebuilding of these various communities
could economically be justified.

Today, egrly in 1954, Kirkenes is approaching complete recon-
struction227 and other settlements in the neighbourhood are well on
the way to being rebuilt. There seems good reason to believe that
the mining industry will prosper and may well expand its capacity.
Kirkenes mining company mekes a handsome contribution to the Norwe-
gian economy, since it represents at present about 1/6 of the coun-
try's mining production, and accounts for perhaps 80% of Norway's '
iron ore exports, and more than 50% of the value of minerals from
North Norway's three provinces. Kirkenes furthermore provides an
important terminal point on the express shipping route linking
ports along the coast of Norway with 0slo. It attracts very many
tourists every year, and is strategically important vis-a-vis the
Soviet Union and the Barents Sea.

While there is a natural desire at present. to export as much
Sydvaranger concentrate as possible so as to secure foreign exchange,
shipments will be diverted to supply maeterial for the new nationally
owned iron and steel plant at Mo i1 Rana some distance to the south,

which&j}ll start operation in 1955, until the local mines are opera-
ting, 0

Among the nany aspects of Sydvaranger iron ore production that
are of 1lnterest to the student of natural resources utilization, on~
is outstanding. 1In that comparatively remote spot, a combination of
Norwegian, Swedish and German enterprise has during almost half a cen-
tury bullt vp an efficient system for producing and marketing iron
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ore concentrates frcm »ne of the most intractable ores known. In
doing so, ploneer work in mining and processing has produced tech-
niques and equipment likely to prove very useful in other areas
where taconites are about to be utilized.
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FOOTNOTES

For details see Den Norske Los (Norwegian Pilot), Hefte X, Oslo.
An interesting study of the affects of winter darkness on living
conditions at Tromsg, Norway (Lat. 69°391N,), is Kleitman, Nath-
aniel and Hortense, "The Sleep-wakefulness Pattern in the Arctic,"
Scientific Monthly, Vol. LXXVII, No. 3, Sept., 1953. But see also
the important note added by William G. Metcalf to emphasize the
importance of twilight at this latitude.

Mean annual temperature of the sea at this point is }4°C., monthly
means vary from 20C. in January to 8°C. in August. Frogner, E.,
"Means and Extremes of Sea Temperature near the Norweglan Coast,"

Geofys. Publik,, Vol. XV, No. 3, Oslo, 1948,

A subsequent report in this series is to deal with transportation
in Finnmerk.

The political geography of the internatior.al boundary is discussed
in Lloyd, Trevor‘ "The Norwegian-Soviet Boundary, a Study in Poli-
tical Geography," Hanover, N.H., 1954.

The most recent geological studies of the area are by Dr. Jens
Bugge. His main conclusions are summarized in Johanssen, J.
Kraft, "Aktieselskabet Sydvaranger," Tids. for Kjemi, Bergvesen
og Metallurgl, Nr. 26, March, 1950, .pp. 1-10.

An interim report on work in 1953 appears in an interview with
J. Kraft Johanssen in Sgr-Varanger Avis, Jan. 23, 1954.

For a comparative analysis of three Minnesota taconites with that
from Kirkenes, see Bugge, Jens A.W., "Sydvaranger Geology," Mining
World, Vol. 15, No. 11, Qct., 1953, pp. 52-53. }
For recent reports of progress toward mining U.S. taconites see:-
Data sheets on Pilotac and Extaca, Oliver Mining Division, U.S.
Steel Corp. Mimso. 1953.

"New industry grows from Taconite," Monthly Review, Federal Re-
serve Bank of Minneapolis, Feb., 1953, 1L Pp-

®Messabi's answer to the iron ore shortage," Iron Age, Vol. 171,
March 12, 1953, pp. 127-3L4. ;

"More iron from Minnesota's lean ores," Eng. and Min. Jour.,

Vol. 154, Oct., 1953‘ pp. 88-90. )
“Repor; on Taconite," Steelways, Vol. 9, No. 5, Oct., 1953,

Pe l-5, -

PTaconite processing - E.W. Davis works at East Beaver Bay,"
Construction Bulletin, Dec. 3, 1253, 7 pp. 3
"Erie ready to start work on big taconite project,"™ Eng. and Min,
Jour., Vol. 155, Jan., 1954, pp. 78-79.
Knowles, C.R., "Minnescta Taconite Developments™ in Facts sbout
Minnesota Mining, Iron Mining Industry of Minnesota, Duluth, Minn.,
Jan.,'1951|..

Bits are sharpsned as many as 80 times before being discarded.
There is a specially equipped shop for this work at the mine.,
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A useful summary of the earlX history is: Lundh, Carl, "“Sel-
skapets Stiftelse og Fgrste Ar," Sgr-Varanger Avis, No. 28,
April 9, 1952, p. 9. .

A vessel leaving Kirkenes with the first shipment in 1910 found-
ered somewhere near the North Cape, apparently due to the cargo
shifting, and causing it to turn turtle.

Data from discussions and correspondence with officials.
Johanssen, op, ¢it,, p. 1, provides a short historical summary.

The Nazi in charge, General Lothar Rendulic, has published a
full account of his activities in the area, under the title
of "GekBmpft - Gesiegt - Geschldgen," published at Wiesbaden,
Germany in 1953,

Norweglana who suffered from the Nazi occupation and final
"scorched earth™ policy have published a record of those years
ast Hellesnes, B.R. (Ed.), Finnmark i Flammer, 2 vols., Kragerg
And Trondheim, 1949 and 1950.

This is a somewhat technical but important consideration. Before
the late war, Sydvaranger could sell an average of 750,000 tons

a year by agglomerating some of the finely-ground concentrate,

to make 1t suitaeble for direct use in blast furnaces. The pow-
dered concentrate has to be "sintered™ by the importer before

it can be used in the blast furnace. .It so happens that West
Germany has larger sintering capacity in relation to its ore
consumption than has Britain, and so is able to process a larger
part of the fine Sydvaranger concentrate locally, hence markets
for Sydvaranger concentrate are governed by the importer's sin-
tering capacity, unless the product can be formed into briquettes
or pellets at Kirkenes., This problem also faces taconite produ-
cers in the United States and explains the efforts being made to de-
vise a suitable pelletizing process.

Before World War II, 43% of the capital of A/S Sydvaranger had
been German-owned. This capital automatically became Norwegian
government property at the warts end.

Details of the company's financing are given in Arsberetning
(Annual Report), A/S Sydvaranger, 1952, Oslo, 1953.

The Journey from Oslo to Kirkenes is equivalent in distance to
that from Oslo to Albania, or from Boston, Mass. to Ungava Bay,
Canada.

Tromsg, Jan. 27, 1954. For details of the drilling program and
a summary of results, see Bugge, Jens A.W., op.cit., 1953,
ppo 52-53 °

Press interview with J. Kraft Johenssen in 3gr-Varanger Avis,
Jm 23’ 195’4’5

In 1953 the mine used 20 trucks of 22-35 ton capacity. Some mines
elsewhere now usc shovels with buckets of 6 cu. yard capacity and
some engineers favour 73 yard buckets on big jobs.
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For a compiete description of the plan see St. meld. ar. 85
(1951), Utbyggingsprogrammet for Nord-Norge (Deve” ,pment program
for North Norway.)

The economic outlook for iron-ore exporters in Europe was un-
certain in 1946. Private capital would have hesitated to em=-
bark on a large-scale enterprise such as reconstructin A/S
Sydvaranger's plant required. In the light of this, govern-
ment action became very important.

See Fig, 2. "Flowsheet for the o0ld crushing and concentrating
plants,® in Johanssen, J. Kraft, "Iron Ore Concentration at
Szdvaranger, Norway, Journal of the Iron and Steel Institute, Vol.
1 2, 19’.].9, P u.o

The building which houses the crusher has been made large enough
to take a second machine should this prove necessary.

This ﬁnd other aspects of the mine at Bjgrnevatn are shown in
Fig . .

The new plant has greatly simplified the concentrating process by
reducing the number of machines employed. For a recent discussion
of this and other types of equipment used in processing taconite
ores see DeVaney, Fred D., "Iron ore beneficiation; New taconite
projects now assured," Eng..and Min. Jour., Vol. 155, No. 2, Feb.,
195’"” Ppo 123"5. 3

Sgr-Varanger Avis, Jan. 23, 1954.

When export of ore to Germany was temporarily delayed during
the 1953-54 winter an additional 200,000 tons was stored in the
open air at Kirkenes.

Five men control equipment which has handled 1,140 tons and hour,
so that ships arriving in the morning are loaded ready to sall in
the afternoon.

A/S Sydvaranger operates only one ore carrier, a vessel of 7,800
tons, registered at Kirkenes. German importers provide their own
tonnege, but Britain and Belgium do not.

Power shortages have been common in eastern Finnmark in recent
years and rationing of the available supply has been necessarye.
See for example Finnmark Tidende, July 11, 1953.

For details of delimitation ‘and demarcation of the boundary see
Lloyd, Trevor, op.cit., 1954.

This and other power plants referred to are owned by Sydvaranger
Kraftaktieselskap, a wholly owned subsidiary of A/S Sydvaranger.

Technical details are ﬁiven in Borsting, Asbjern, "The Sydvaranger
Storz: Electric Power," Mining World, Voi. 15, No. 11, Oct., 1953,
pp. 09-72.
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33/ In spite of this precaution eastern Finnmark suffered serious
shortage in 1953. The main transformer at the publicly-owned
Gandvik plant broke down and about two months were needed to
repalr 1t. Meanwhlile one of the two Kongsf jord generators was
out of service. The mining company could not make up all the
deficiency of power.

3t/ There is no constant relationship between the amount of concen-
trate produced each month, and that shipped. A summary of pro-
duction statistics is given in Appendices B and C.

35/ Financial details are provided in the company's Annual Reports
e.g+ Arsberetning for 1952, Osio, 1953 and Arsberetning for 1953,
Oslo, 1954.

36/ Steel production in West Germany during 1953 was less than had
been anticipated when the ore was contracted for in 1952.

37/ Data in Appendices B and C.

8/ During the first 3 months of 1954, 188,500 tons of concentrate
g ’
were produced, 164,450 tons being exported. Harstad Tidende,

April 7, 195h.

39/ Fig. 8 shows the progress of reconstruction of the town and its
relationship to the Sydvaranger plant.

4O/ There is some question about the wisdom of using the premiun priced
Sydvaranger product for this purpose if cheaper ores are avallable
elsewhere. See Bgckman, K.C., "Bergverksdriften i Nord-Norge,"
Studieselskapet for Nord-Norsk Neringsliv, Skrift Nr. 5, Bodg,
1949, especlally p. L.

This point was also raised in the local Kirkenes press. See
Sgr-Varanger Avis, April 1L, 1954.




APPENDIX A.

Summary of Climete Data for Kirkenes, Norway.l/

(Height above sea level, 5n.)

Tamperature.

Mean temperature 1874-1933 ©C,

J F M A M J J A S 0] N D Year
-10.1 -1006 -705 “200 300 8.0 1109 1008 6.7 003 -S°Ll> "808 “003
((There has been a small but appreciable change in these figures in

the present century. The annual mean for 19Q1-1930 was 0.0°C.,

and that for 1916-1935 was still higher (1.1°C.) due largely to an
increase in summer temperature.))

Mean maximum 25.7°C.

Mean minimum  -31.6°C.

Av. date on which mean dally temp. first exceeds 09Ceesee..May 1.
Av. date on which mean daily temp. first falls below 00C...Oct. 17.

Precipltation,

Mean precipitation 1901-30 in mn. of water.

J F M A ® J J A S O N D Total
19 20 20 16 20 34 L8 35 39 36 32 29 348 4%/
Mean monthly depth of snow in mm.

37 L4 44 23 2 & - - - 1 13 18

No. of days with snow cover: -  180.

1}/ Temperatures from:

Geofysiske Publikasjoner, 0slo, Birkeland, B.J., "Mittel und Ex-
treme der Lutttemperature,"™ 1936.

Hesselberg, Th. und Birkeland, B.J., "SBkulare schwankungen des
Klimas von Norwegen," 19,0.

Precipitation from:

Nedbgren 1 Norge, 1895-19i3, Det Norske Meteorologiske Institutt,
Oslo, 1949.

£/ Equlvelent to 13.65 in.
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Appendix D.
SELECTED REFERENCES

The following publications were used in preparation of the re-
port. Press clippings from local Norweglian newspapers proved a
valuable source of recent information.

A/S Sydvaranger, Arsberetninger (Annual Reports), 1952, 1953, Oslo,
1953, 1954. Provide financial data on company operations and brief
statement of production and export of ors, conatruction and future
plans.

Birkeland, B.J., "Mittel und Extreme der Lufttemperatur,” Geofys.
Publik., Oslo, 1936. Air temperature date for many Norwegian stations,
with maps and commentary.

Borgen, Axel, "Sgr-Varanger og A/S Sydvaranger," Sgr-Varangsr Avis,
April 9, 1952, pp. 17,8?5, 23, s 25+ Historical account of growth
of the Kirkenes cormmunity and parallel development of iron miniag,
by a local resident.

Borsting, Asbjgrn, "The Sydvaranger Story: Electric Power," Mining
World, Vol. 15, No..1l1l, Oct., 1953, pp. 29-72. Technical account of
electric generation and distribution in mine and mill, by the Chief
Electrical Engineer.

Bugge, Jens A.W., "Sydvaranger Geology,"™ Mining World, Vol. 15, No.
11, Oct., 1953, pp..52-53. Summary of present knowledge, based on
recent exrloration, by company geologliat,

Bgckman, K. ., "Bergverksdriften i1 No»¢--Norge," Studieselskapet for
Nord-Norsk Neringsliv, Skrift Nr. 5, Bods«, 1949.” Summary of impor-
tant mining operatIons in North Norway, with some reference to Syd-
varanger.

DeVaney, Fred D., "Iron ore beneficiation; New taconite projects
now assured," Eng..and Min. Jour., Vol. 155, No. 2, Feb., 1954,
pp. 123-5. American techniques for processing iron ore concentrate.

Digre, Marcus, "The Sydvaranger Story: Milling,™ Mining World, Vol. =,
No. 11, Oct., 1953, pp. 60-62. Technical account of concentration ¢
Bj#srnevatn ore at Kirkenes.

Finnmark Tidende, Vadsg, Norway. (Twice weekly newspaper.) Various
1ssues, 1951~54. -

Frogner, E., "Means and Extremes of Sea Temperatures near the Nor-
weglian Coast," Geofys. Publik., Vol. XV, No. 3, Oslo, 1948. Statis-
tics and some maps, accompanied by commentary.

Ha;stgﬁ Tidende, Harstad, Norway. (Daily newspaper.) Various issues,
1951 -5},

Hellesnes, B.R. (Ed.), Finnmark { Flammer, 2 vols., Kragerg and Trond-
heim, 1949 and 1950. Account by local residents of Nazil destruction
in northern Norway and the 194Li-liS evacuation.

Hesselberg, Th. and Birkeland, B.J., "SRkxulare schwankungen des Klimas
von Norwegen," Geofys. Publik., Oslo, 1940. Ststistics with commen-
tary. .
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Johanssen, J. Kraft, "Iron Ore Concentration at Sydvaranger, Nor-
way," Journal of the Iron and Steel Institute, Vol. 162, No. 11,
pe 4, etc., London, 19,9. Comprehensive summary of the pre-war
plant with description of plans for reconstruction.

Johanssen, J. Kraft, "Aktieselskabet Sydvaranger," Tids. for Kjemi,
Bergvesen og Metallurgi, Nr. 26, pp. 1-10, Oslo, March, 2950. Sim-
ilar to the above but with slightly more recent data.

Lloyd, Trevor, "The Norwegian-Soviet Boundary, A Study in Political
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and Kirkenes Concentrator

12.

———
Taitings

Ore Flow Diagram Bjornevatn Open Pit Mine

of A/S Sydvaranger

Biornevatn

Churn driii, Bucyrus-Erie 42 T
Eiectric Shovels, Bucyrus-Erie 120-B,
42 yard dippers

Haulage, 40-ton Tournarockers and
22-ton Euclids

Gyratory crusher, 54-inch Nordberg
100 ton ore bin

Ross chain feeder, 60-inch

Conveyor belt, 42-inch by 910-ieei
Merrick Weightometer

10,000 ton crushed ore bin

. 40-ton bottosi dump raliroad cars

Kirkenes

5,000 ton primary ore bin
Ross 60-inch chain feeder (2 units in
piant)

. Seven-foot standard Symons cone

crashker (2)

. Symons Rod Deck screen with 34 inch

openings (2)

. Symons shorthead cone crushers. Set at

3% inch (4)

Conveyor belt, 42-inch by 600-feet
Conveyor belt, 42-inch by 112-feet
Conveyor beit, 42-inch by 250-feet
Conveyor beit, 42-inch by 430-feet
10,000 ton fine ore storage bin
Hardinge constant weight feeders (24)
Conveyor beita, 42-inch

Baii mili feed conveyors, 24-inch
Merrick Weightometers (2)

Nordberg baii miils 10-foot 8-inch by
17-feet. Two primary and two secondary
Akins 78-inch Dupiex Spiral classifiers

(2)

Puip distributors (4)

Magnetic sepxzators, Sydvaranger de-
sign, Buil. by Thune. (30)
Four-inch Vacseal pumps (2)
Magnetic separators (24) .
Four-inch Vacseai pumps (Z;

Qiiver drum fiiters 8 by 16 foot (5)
Concentrate conveyor, 24-inch
Ruggies-Cofe dryer, 12.6 by 70 feet
Conveyor heit, 42-inch by 100-feet
Conveyor beit, 24-inch by 1,100-feet
Conveyor beit, 24-inch (2)

10,000 ton concentrate storage bin
Moveable apron feeder (2)
Conveyor beit, 42-inch

Shattie conveyor beit, 42-inch

Ship foading conveyor, 42-inch
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ELECTRICITY GENERATING STATIONS,

EAST FINNMARK

Vadsd

1

™

_ Verongerfjorq

< 20,000 kvA

10000 xva

5.000 VA

UC)_— 1,000 kVA

. HYDRO-ELECTRIC STATIONS OPERATING

i? : 3
STATIONS IN OPgRﬂTION
1954
TARNET 1000 kva

KOBHOLM 2400 kVA
KONGSFJORD 4800 kVA
GANDV!X 5200 kVA
KIRKENES 18750 kva

NEW DEVELOPMENTS PLANNED

KONGSFJORD 0,500 kVA

o — —

 NEIDEN 7500 kv
Q o 20
' k] hifomaeters :
\t. i
13 Varas

™70

LEGEND

O HYDRO-ELECTRIC STATIONS PLANNED
@ STEAM -ELECTRIC STATIONS

= TRANSMISSION LINES IN USE

— == TRANSMISSION LINES PLANNED

|
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1. Typical section of east pit. The tunnel in the center leads to
the north pit.

e :

2. Primary crusher building in north pit



3. Electric shovel (4 1/2 cu. yd. cap.) loading broken ore into

35 ton truck.

d from truck into 56" primary crusher.

4. Ore being dumpe



6.

- 34

5. Blast-holes being made bv 9" churn drills, using nickel alloy
steel bits.

Bjgnevatn village, located near open pit, during reconstruction.

J
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7. Kirkenes ore plant during construction. Repair shops at left,
concentrator at right.

sed conveyors seen from public
was excavated within h'll at right.

wharf. Storage bin
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9. Magnetic separation (18, 3-drum units) at left, with drum
filters at right.

10. Kirkenes ore wharf on Langfjord seem from public quay.
Pump house at left.
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11.

Kirkenes concentrate-loading quay, showing conveyor (raised)
leading from storage bins to vessel.

12. Kirkenes public quay on Langfjord seen from ore plant.
Channel to open sea is at left background.
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13. Kirkenes, New houses rebuilt following wartime destruction.
(looking northeast).

14. Kirkenes. View northwest to town center and Langfjord.
Power house is prominent in left background.
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15. Kirkenes. Temporary barrack (used as fire station) with '
new building in rear.

16. Kirkenes. Birches in small park (photo taken in late March.)
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