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REPORT 0 N LORKEN COPP ER MINE, NOR7-AY

Compilaidfollowinga visit by J. H. Shillabor betteentuguipt3rd and
se 26 1
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Tha writoris happyto reoordhisgratituaafor thsinterostaså

hospitalityshownhis duringhis stayat LåkkanMine. Hø wouldalso

likato thanktheIAMTK Organisationtbrarrangingthevialt.

J. H. Shillabser,Ootobar,1964



All datais gdmonin astrlounitsand thsfollosingaonversions
asy be of uss:-

1 e. . 3.281 ft.
1s2 ot 10.765ft2

1 ka m 0.622milim

1 kg • 2.205lb.

1 tono m 0.985longtons

1 n3/Oln• 35.25o.f.n,

Norwsgianourrenoyis in Krossrand nro whisro100Ors u 1 Kronar.

Ths ratsof exchangsis slightlylassthan20 Kronorto the Poond

Stsrling.
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IN7RODUCTION

-
The LOkkenMineie ownedandoperatedby theOrklaGrube-

Aktiebolag(OrklakiningCompanyLimited),a largeundwell•stablished
Norwegianminingand finanoshoues. From1931until1962,thieminabad
beenengagedin the produotionof a coarselumpors rangingin aise
from2" to 5"for thsmsnufaotureof sulkhurandoopper matte in
the smeltorsoperatedby theCompanyat ThemshavennAs a resultof the
discoveryof thePrenchnaturalgaa depoeits,a new rawmaterialfor
aulphurioaoidwas found,thuaoausinga sharpdeolinein thaprio•
of sulphur.Hence,sinoe1962,theminebas produceda bulkconcentrate
of cooperstaphides,all of whiohis now exportsdto NorthornCermany.•
The aulphuresuatershavenowbeenoloseddownand replacødby plant
produoingferrosiliconn

Proman initialpeakproduotionof about100,000tonesannually
in the early1920's,produotionroseto the reoordof 562,C00tonesin
1957.LfterdifficultiesduringtheSeoondTorld 'ar,production
remainedsteadyat around500,000tomesperyearduringthe1950's,
and at thattime,the averagepriosof theproductwas 250Kronerpor
tonå. TodAy,productionhaa beengreatlyreducedandis now steady
at sround230,000tonsaannuallywhilstheprioeof theconcentratehas
fallento ondy95Kronerper tone.

InaLL28
LOkkanMinais aituatednearthø RiverOrklain tha southern

Trondelag,somø70 km. aouthof Trondheim.(Figure1.). In connection
withitsmininginterestsat LOkkan,theCompanyhasconstructialand
operatesits ownhydro-eleotrioaohamoand 25 km. electriorailway-
tha Arat to be builtin Norwavn Theorm is transportedby ruilto
Thamahavenon the Trondheimafjordfromwheroit is experisdto Germany.
T“ere art alsoroadconneotionato :itamshavan,Trondheimand to tha south.
Lirportfuoilitieuar, ailablsat Trondhels.

( 0 ) aums
be weatherin theSouthirondelagmay be comparedwiththat

of North LcotlandwThe ovcralltopocraphyis somewhateimilar

and whilatheareaexperionoosthe bensfitof theGulfStream,a hsavy
annualpriwipitationariaesfromthe depreasionswhiohoontinually
amp inlandfromths Northbtlantion

Ths totalaverageannualprecipitationla 926mnainand
mostof thisfallsaa snowfrommid Octoberto Marah or Apriln Titt
absolutemaximumdepthof saaw in thevalleyat thistimeof theyearis

0
about1.5m., and theannualavoragetemperatureat 8.00 anakis r2,65o.



Temperaturesoanhowever,rangebetwoon+2700and -30poin onsyear.

(d) t Bao

It ia not recordedwhenthe depositwas diaoovored,but-Frowsian-

immigrantninerswereprobstAythe firstto warkthed4positat Vokkon.

The firetlicenooto minewasgranted Juns 24th1655to theL6kken


Copper2ineCompany. Thisoccepanyoporatodthedepositas a coppermine

for some200yearewithvariedsuooess;it had ana amoltorat Svorkoo

7 kms.to thenorthand anothorat Crutsaster,somo15 kos.to the south

east. In 1777fl‘oliagcausedworkto bo abandonedin the lowerlevele,

but borkwas continuedin the upperpartoof themineuntil1845whenall

cossedsnd thsminebecamefilledwithwater. At thattime

floodingprovedto be an insolubleproblem. It wasnot until1904when

theprosentoompanywas formodwith"Zorwegianani Swedlshoapitalthat

dewateringwasbegunandpowerplantanda railwayoonstructs4 this

worklastsd18 months. A now ahaftoas sunkduringtho first7:orld1.7ar.

The inoresain„demandfor sulphurioaoldat thattimoanduntilrecontl,y,

madopyritesthsmoreimportantpartof tha orsvaluos.

It willbe appreciatodthatLokkenVerkia a olosedyknitrural

oommunitywitha vory etrongminingtradition.However,thisregionhas

no historyof militantunioniomborntout of povertywhiohis to be found

in oortainindustriesin CroatBritain.Is'orivarsat Lakkanhavealwaya

beenwellpaidby Norwegionstandards,and it wouldappearthatthooompany

haa alwayspersuoda highlybenevolentpolioytowardsits workers. It is

intematingto notethatin 1962,whenthe fallin theinternationalprioe

of sulphurforooda radloalprogrammeof rationalisationupontheoompany,

the reduotionin labourforoewas aohievedwiththeminimumof dimord and

the maximuoot ooroperation.

Theoompanyownsmuchof the landin theLikkenareaand almost

all thehousingacoommodation- whiohis providodat an exoeptionallylow

rontal. It has alsoprovideda ohuroh oinoma-olubandholidayrimortand
41,si- 7amongstitsmanyothoraotivitios tos the looalbus oompagy.This

aspeotof ths reportis disoussedfurthorundor"weltars".
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(a)astel
ihe Caledonianorogenyia somothingmorethan300 yearaold,it

bøingmostlyocmposedof Cembre-:ilurianacidimoltsand voloanioawithaome

partathe ramnentaof olderrookai.e.the granatone.The mountaina
obtainedtheiratruotursat thø end of theSilurian- and duringthe

- svonianagee,theywereprobablyof a atmilarala.to thaAlpaaa we know

the todaybut in tbs intervsningtimohavsbeønhighlydenudødandnow

onlythsveryoldørtpartareain.

The LOkkenterritory(inthewidersengo)is at themiddleof

the wholeigeologioalkratemwhiohis knownaa theTrondhsinrsgion.

A tableia glvenshowinga sobematioreprementationof the auoosasion

in thsLikkenrooke.

LowerOrdovioianvoloaniogreenatonsdominatsatheTrondhsim

regionandit liøsconformablyoverthsItSroakwooession. Thsorogsnio

foldingwhiohbeganlater- thsTrondheimorogeny- oauseda broakin

the suoosasiom.Muobøvidonoeof sarthmovemontoan be asentodayin

oonglomeratesandbreooiaformatioma- liovinggruppen(middleand uppør

Or4ovioian),Silurianatrataarenot observodin thsthken area.

:uringthomountainformingprocosa,theoriginalrookabcoame

exposedto ohangeain etreaaand temperatureandwereradioallyaltend.

The arsanow forma• typioalsynolinewiththsyoungestpart,Hovinggruppen,

at thomitileof thebasin. Ths rookaare oftsnstronglyfoldedwiththe

axesrunningeast-weat,plunginggenty to theeaatin the weatørnparte

and gentlywestaroundLakken. Thereis a oulsinationa ahortdiatanos

eastfromL6aSanand frorthøreit fallaagainto thseastin thesaatern

part. Tba Limbof ths mynolinedipageneraltysteeplyor modøratølyao

to thenorth. The greatfaultat heiafjell(7km.)in the "gebbro-

sasalf"musteapecially sentioned.Thruatagreaterthanthaone at


flsisfjøllare notoftenfcuadin Norway.

La atatsdpreviously,thogreonstonsmassdominatsatheregion

moatlyformingthsheighøstmountainAtheHovinggrupponalatea,phyllitea,

and altorodlimestonsaformtholowlandawithroundedbilleot porphyry.
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The greenstoneis remarkablyapread in the Caledenian,both in

tha lower and middle Ordovician. In the LOkken regionthe greenstoneis

the dominatingpart of the Lower 0rdovicianByearkeggruppenand also the

ore bearing formation.

(b) Looal 0ao o - T kken Area

12he LOkken rogion in the wider eanse ocoupiesan area of aomething

lika 250 •quaremiles inte west of the Trondheimsystem. In Lbkken is

found the largeet cf the many woursnoes of cupriferouspyrite exieting

in the Trondbeimregion. The area ualer disoussionhere is the Lokken

area a reetriotedsense,i.e. the imeediateeurroundingst, the mine.


Bere the rooks belongto the Stbrøn sub-divisionof Bymarksgruppenand

mostly compriseandesitioto basaltiogreenstonse,remarkalgypoor in aoid

pyrite, and metamorphosedin the greensohistor lower epidots facties.

The greenetonesare artly sohistoseand partlymassive: the latter

type metyoften be observedta pillow lavas. Althoughthe more massive

and oompaot types of greenatenemsy be oonsideredas metemorphosedlavas,

the gresnstonesohistaprobablyrepresentsedimentsand tuffs which ave

often rioh in aoid pyrite.

It is probablyquite oertain that the greenstoneis of subearine

origin beoauseof the exietanoeof pillow laves in all but the lowest

horisons,and beoausethey 000ur with other rook typos of subaarineorigin

suoh as altered limestone,jasper and quartsites. The pillow lawa themselves

are almost always of greenstoneoomposition.

The aolour of the greenstonewaries from light grey through6reen

to blsok (the most altøredtypes).

Alterntionof the greenatonehaa takenplaoe espeoiallynsar

the ore, the moet oommon feature beIngoarbonisationby 002 bearing

solutionseepeciallyresultingin theleaching of oalaium. Close to the

ore bodies can be found e.i.denoeof more oomplete metaacaatioaotion

involvingtho additionof other subetanooa: neareetthe oro the rocks

contain large amoentsof quartz,chloritsand zome sorioite. A ohange

in the .roportionsof these three mineraletakes place prograssingaway

from the oreboAy - in the aiddle sone sericiteand ohloriteare together

ths ohief oomponeits,while in the outør sone serioiteis the main

ninsral. Always quartais present in large quantities. It has been

oonoluded tbat mstasomatiaminvolvedthe additionof Si02, 1(20and H20.

naay of tbe alteredrooke are isprebnatedwith sulphidesin some degres -

dominantlypyrite with some sino blende.

In additionto the jasper,metalimestoneand quartzites

mentionsdabove, other sedimentaryrooks in the Bteren group oomprise

seuimentarypyrits (laseals",aes below) and arkoaio quartzitea;

quantitativelyall these types are of minor significanos.



Therears twotypeeof intrusiveroOkin the LoSkenarea:

the gabbrosasses,and thequartnkeratophyres.The gabbroexistein

threelargebodieswhlohshowgreatalmilarity,theyars allcoarae-

grainedand areueuallyoomposedof basioplagioclase(epidote),and

alteredpyroxene(oolourlesshornulende).

Whe dominanttectonlofeatureof theLokkenarsais thefolding

whichhae takenplacealongan axisatrikingwestnorthwest.

(0)

The Lokkenoreaocouras concordantbodiesin thegreenstone

whichalaocontainslayeraof aelimentarypyrite("Vasakin",whiohhas

verylittleoopper).

A olaygougeaome20 - 25 om. in thiokneaswasdimoveredin

themine sometimeago and thisnaa boenidentifiedaa a thrustplanø

dippingat some2C° tc theaest-northwest(etriklngperpendloularlyto

thetectonicfoldingaxis). At th aurface,theoutoropof the thrust

planeoan be treoedforelomeiistanos(asenap)and it probablymarkathe

_upthrustingof the blookof groundto the •ast-southeastwhiohlleaabove

the ore.

The fullyknownors bodiesare belosthethrustplaneat sone

diatanmein the saaternpartsof themine,whilein the westtheypoter

out into"tails"againstthegouge. e:"hilethe originof theoreaia

the aubjeotof oonaiderableoontroverayat themoment,it wouldaegmthat

theirpositionwas oloaelycontrolledby tectoniooonditiona.It resms

reasonableto supposethata soneof weakneaswaaoreatedin thebend

in the,t;reenetonesln whiohtheyocour(theoulmination)by a layerof

"Vaeskia"alreadythere,and thatthe thrustplanewouldproducean

aroaof streasreliefin whiohtheore bearingfluldamightgather. Parts

of thedepositarenear overlyini,gabbro(seeeection,figure4,,

but thisia now thought u not ircmtlycionmectedwithiteorigin.

::yngenetio"Vaaskis"ia not minedtcday. The eplgenetio

depositaareolgarahapedlensea,theirmajoraxisars alwaysparallel

to the folddireetionin thscountryreak. At Lokken,threeorebodies

havebeenworked,theyareoalledHovedgrubben(thømainsine,Indien

(theIndia),andBakinlien(Bohindthe India). -allrooksgenerally

dip 45° to thenorth,whiletheors-bodiøshavoan east-weatatrikewith

northerlydipand thelongaxesplungeat about9°. Novedgrubenis by

far thelargeat. Bakiniienie the scallest:the sissratiobeing

In theeaatneartho orizinalouterop,theore-bodiesare

parallelto eachothertut theyconvergewestwards.Hovedgrubsnhasa

lengthof about2j km. Theothertuoore-bodiesgraduallyconvergeto

ths west,but Bakindiendisappearaabout1130metresfromthe outorop.



Indien too petera out, at aome 1700 metres from the outcrop,befOre it

can join irovedgruben.

The minoralogioaloompositionof the three ore bodiøs is not

the samo, and in Hovedgrubentoo therfeis a oonviderablerandomvarlation

in both hardnessand chnical compositlon. Towarda the tootwallthe

ort iv uoually extra hard with sore quartz and lesa ooppar than usual

thile the richeatparts seem to bø st the oentre of the croaa section.

In crushedparts whioh nay be found near faults the oopper oontentis

chifeciallylow, but usuallyvery rioh oopper oro exists nearby, thus

poseiblyin1icatingthe presenoeof sulphur baoteriain the past. Bornito

sts woll aochalcopyritemaybe founa in those areaa.

Cagnetitebearing sonea havo been found sailtand weat of

';allenbergshaft (crossfloction3,figurs4) and these are impregnated

with Lypite. Thelr •xaot origin is an unvolvedprobIsm.

To the et:, 1n the hanging wall of Hovadgrubenis a breocia

body having a atrike longthin exceas of 200 matra and thiokneasof

sone 1(.0netres (see oroas-seotion1, Plguro 4.) The brenciala noetlir

fracturedgreenstoneouxentedwith copper bearing pyrite (approx4ÇLCu.) 12-

'2hiahas been minød sinoe the earlieattimea and the workingsconatitute

somethingof a speotaoletoday.

An analyalatable of the ore ia given intigun 14.

Along the footwallis found a band of "Vaaskis"which ia

large in area but thin - it is usuallya fow oentimetresto about 1 metre

in thickness,seldomnore. The aulphurcontontia frma 20 to theit,and

thøre is little or no coppar and sino, traos elenentslike solaniumwhich

are tound in the ore an notably absont from the "Vaaakis"also.

Interboodedwith this sedimentarypyrite are thin layeraof Jaspør,

,Iiloriteand grophiteaohista,and uagnotitebearingobloriterock.

Obviouskyany hypotheaeson the origin ot the ore at Lkk.‘n

will ba nocessarilycomplux,however,reoent horkers think they have

identifiad offillowlavas in tho ore ehlobmay point to


roplacenentof the greenatonsby notasonatiouctionin the sone ot

roduced presaurementionidearlier.

Betwesn1906 and 1920 an extenaivedismonddrillingprovramme

was carried out and this definedthe maln featuresof the ore-bodies.

In a11, soms 78 holos wors drilledwith a total length of 14,850m.

Sinoe thia pm!riodwork haa been confinødto explorationfor now ore-bodies

in the immediatearsa• Duringthe laat 29 ywars, geophysicalmethoda

have been sppliedand sumw 150 km2 have been studied.



- 7 -

It would at firat appear that tho goologyof ths LOakan aroa

sould be articularlyamenableto the various olectricalmothods avallable

aince tho Loaken ore haa a resistivitydown to 0.01ohmentwhilo tha

surroundingrooks havm a reelativity ick.is muoh higaur (10=-107

Ais overburdenia both thin and seakl, „duoting. Intsrpstrationof

the anomaliesobtainedis howovercomplioatodbecauseof •xtensive

occurenoesof "iasakis"and graphite achlatswhich both havs low reaistivity

and give sarked eleotromagnstioindicationa. Diamonddrillingauat bo

rosortedto in oruur to aid tho work of interpetrationand oorrolation

ospooiallyln coonectionwith iniicationsat depth,

iectromagneticmethods havisosen largelyused,alternating

current is rod into the rooks both induotivelyand oonductivelyby soans

of lorge loop oables and earthedorblea with slectrodoseparationsof

up to 1u ka. It has baen found thaS ths siso of the primarylayout and

its orientationtowardethe masa of rook to be investigatedaro of

•xtremoimportanoe,especiallywhen surveyingat depth. Deop indioations

obaervedon one layoutasy be totailyabsent in others.

-leotromagnetiosurvsyingfrom aircrafthao been oarried out,

using largo earthedoables for both airborneinduotivsenergisingand

current au.ply, Indiostionsfros the "Vesskis"and graphite schlatawore

definedbut the sothod is not thought to be readily applicableto ancken

requirements.

Uectromaphetio moasurementshave also been made in diamond

drill borsholeaVrom tbe lower levela in tbe west of ths eins. Thia

hae boen of use in giving indicationsof conduotingores on either eide

and in oontinuetionof the boreholea. Irregularand displacedorea

nay bost be etudiedby this reank. !Fromboreholøsin the mineelectrical

seaeuresentsh-fs boen found useful in providingcorrelat'on

data betweeninterallotionain variousholee and obtaininginformationon

the extemt of the interseotiona. In reoentyears, gravitymsasuresenta

have bson saue to sami extent from exploratoryworkingsin tho sine end

these too heve proved useful. Sose positiveancsolissin gravity

measumments have been oonneotedwith high epidoteconoentrationsin tbe

Ereenetonenearby.

present,exploratorywork is being oarriedout from(surfacne)

diamonddrill boreholes,emee 5 - 6 km to the north-west. The geophysioal
proapootingwork oarrleaout in the mine aree prisdiatodthe ocourence

of the new ora body but oould give few oertain indioationaof its extent;

diamonddrillinghas also proved ita presence. '7orkis now conoentratod

on oompletionof the now aub-levelshaft in order that driftsmay also

provide furtherexploratoryintorsation.



It la thewritørsopinionthatmelmelogmopbystoalmithods

nighthave foundsomousafulapplioationin thsLokkenarmabmoaussthe

gromnatons,graphitesohistaandore allhavenarkeddifferanosain

bothdansityandhardnmaa. Ishaa learnt,however,thatthsasmothods


arm not maployedin NOrmayat all.

•

•



•

•
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(a) T 1.4142• Sho

Thiaportionof the aurfaceplantis aituatedin the "new

blook"togothørwiththsoffices,and atorea. flere1a thomainpart

of the aervicefaoilitiosat LökkenVerkand togotherwiththe separate

machineahopat theore drøssingplanta polioyof a largodegreeof

independenoerromoutsidøsuppliereis parsued,thiabeinglargelyas

a reaultof hightransportooats. Someof the machinetoolanow ut the

tallenborgahaftaitewerereosntlymovedfromoldermaohineshops

noar",.:;ammelajaktenheadframeto formthenew oentralisedservioø

and repairinatallation.thilethissouldsoemto te an •ntiroly

aatiefaotorymove,sinoefewmaohinesarenow in operationin Gammelgruben,

the writerfeelsthatthereoouldbo moreoo-opørationbstweenthe

dreasingplantand themineon thisaapoot- it wouldprobablyleadto

a moreeoonomioaldiviaionof labour.

At 7allenbergthereis no divisionin acoomodationfor

repairlagnnd maohining.Thersare threelargeahopa,all aituatedon

thegroundfloorof thenew blook: the eleotrioalahop,maohiningand

fittingahop,and tho forgingand weldingshop. The buildingia of

imoollentqualityandveryaelldesigned- thø ahopsallpresenta

pleasantlightand airyaapeot(verylittløartifioialilluminationis

requiredduringdaylighthours)..Unlikaaimilarplantthatthe writer

haa experiencedin England,heatingandventilationhavebeenwell

thoughtoutandyet adequateapoøaahas beenpreservod.

Pew of themaohinøtoolato be foundat the",allenbergoentro

ar. partioularlymodernor highlyaophiaticated,but it is feltauoh

typøswouldbø auperfluouewhenthelargevarietyof workthatis normally

undortakenia oonaldsred.All maohinosappearto be wellmaintainedand

adequately

listof theohilifmachinetoolaat Tallenbergis givenbolow.

Promhia littleexperienoeof thesubjeot,thewriterwouldfeelthatwhile

all themachima are adoquatølyusød,perhapstwo of theolderandmaller
capaoitylatheacouldbe desposødof andbe replacedby a moderntype

of awivelheadmillingmachina- thiscouldbe juatifiedin terasof the

groaterdegrøøof flexibilityavailablewiththeaemaohines.

Theohiefmaohinetoolaat "allønbergaervioøoentroare:-

uantity


1 Varnamo(Swedon)
1 anderer(Germany)

5:iffunA, flottl BrodeneSimdt(Sweden)

1 Himktena(Sweden)
1 TaylorUngland)


SY2! Puroose Carsoitw

Planingand eimpleav1114vgamall
Simplemilling medium

1,512 Lathe (semi-auto) 2m between
oentres

CA50 Tathe(old,no auto) c.1.7a
5 ft•" "
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A510 Lathis(fairZymodern,
not automatio)

AS4 Lathe(old,emaller
diameter)

L295 Crinding,(sodern,
conventionalchuok,
notveryflexible)

310 rxinding,(hydraulio
feed)

Faceturninglathe
(old)

Radiusarm drilling

Stamping,outtind,
drillsharpening

handforge
airpress

- Stampouttør

1 JamesShipman(rngland)

1 Landis(U.S.A.)

1 bequith(Fmgland)

2 IngersollRand

2 Coaifiredcompressedair,
1 Nasell(U.S.A.)Compreemed
1 Pleddinghaus(Germany)

1 Hoftman(Denmark)eleotricalrollingmachine
1 Nibbler(Sweden sheetmetaloutter
4 Norio(Norway) ::TA450 aro welding(hand)


Misoellansousgas welding(hand)
1 Norvarn (German)gas weldingandoutting(remotelasmi.

Uediumcapsoity

finework

0. r diameter
2m. radius,
max.diamoter

45 diamoter
roundsootion
50 m. squarem.s.
2 astre
8 Offil.M.S.

auto)new

;uantitr 1418.
Brodenekoldt(Slidien))

fl st ft

Norton

Caoacit,

c. 1.7 between
centres

e•

A totalof 34men areemployedin themaohiningandfittingdepartments.
Themajorityof surfacteand undergroundfittersworkon the day shiftwith
all the sachinetooloperators.Thereare eightelectrioiansemployedat
theaine,theeeare all employedon the day ahift. A amallskeletonstaff
of fittersis maintainedon ths two baokshiftsand if required,furthør
workersare oalledup by telephoneto asaistthes,mostworkhowever,is
heldoveruntilthe followingday shift.

(b) Offices,

All theofficesat -allenbergare situatedin the newblockas
mentionedpreviously.All thshigherengineersandofficialsof theoompany
haveseparateoffice.acoommodationin theheadoffioeblookwhiohis in
LOkkentowniteelf. At Tallenberg,thereareoftiossforthe mineoaptain,
shiftbosses,tinekeeperandstoresupervisors.Thoeeare all adequateln
sineand again,appearto be welldesignedwithgoodventilationandheating.
It may be mentionedthattogetherwiththe offioøsare providødshower
facilitiøsandchangingroonsfor themineofiicials,viaitors,and alao
the fittingstaff. Thereis alao• verypleasantdiningroomavailablefor
the surfaceworkersand alsofor any entertainingthatmay be requiredto
be done.

(o) Stores


Sixmen areemployedin the storesoffioeand theirresponalbilithe
inoludeboththeissuingand theorderingof equipment.Thoreare alao
threeatoremenandone transportworkerattaohedto thisdepartment.Beoause
of theisolatednatureofthe minefromits suppliers,a verylargestook
is oarriedat alltimes,indeedthemajorityof thø eurfacebuildingsare



dovotedto storage. The surfacelayout plan (Figure5) indioatesthe

dittributionof the varioua atoragefaoilitiøsat ths mine, and in partioular,

the covered storage epace availablø. It ahouldbe noted that ths ssall

parts and spares store in the new blook is on two floors.

(d) LampBouss,

This is situatedbetweøntheioldør windinghouse and the new

blook at the entranoeaddit to -allenbergshaft. This is an old building

of woodenoonstruotionthat is suffiolentin siss for todays requirements.

Unliks lamp oabine in vngland,the minere are not responsiblefor making

sure that their own lamps are reohargedand so there is no need to oatør for

large numbers of people paseingthrough ths house in • ahort space of time.

The cabin staff maintainlamps, issue and reoeive them daily and operato

the rechargingsystem. .4tchman has two lamps issued to him whioh he ustie

on altertatedays, thus ensuringthat saoh battery is tully oharged when

taken out. The total capacityof the oabin is 405 lamps and it is staffød

by one man.• (e) TheSaw¥111

Althoughlittle or no timber is requiredfor supportpurposes

at Låkkenmino, ooneiderablequantitissare consumedevery day for a

multitudøof purposese.g. two or thrve fully grown pine tresa evory d‘y

for "bombingstioks", Other large consumeraincludetransportof heavy

equipmontunderground,loadingbox repairs,ladderwaysand hoist runnersin

raises eto. The new shaft is being lined and equippedcompletelywith looal

timber. It will thus be seen that there is & considerabledaily conaumption

of timber and to provide for thls, a ftal sised saw mill ia provided- this

ie sited to ths south east of the "new blook". The writer is not familiar

with the method adopted to desoribesaw mill oapacityand thus it must suffioe

to selythat it ia the biggest he has soen anywhereand wculd be oapable of

handlingthe largest sissa of timber availablelooally. In tho same building

there are also two other amallerrotary sass and a planingmachire. Two

men are normallyemployedhers. Po provide for the timber requirementsof

thø mine and waeheryplant, the companyowns much of the surroundIngforest

lend. Some 1,000 oubio metres of timber are oonsumedannually.

(f) 7:004Prese ation

Situatedto the Itestof the tallenbargsite is tho wood preserving

kiln, here soms 75,of the totel timbersonaumedis ispregnatedwith

"BolidatEalt" (an arseniooompound). After paoking with sawn timber, the

prossureis reducedand thon a solutionof "BolidenSalt" ia introduood.

under prosture. The totel time for the operationis approximatolylj hours
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end whon oompleted,the timberis stackedin tha openair to dry. TO

ainimiserialusenoountoredfromhandling ths preservingmedium,operatore

are providedwithspecialrubberisedprotectiveclothingand separate

waahingfacilities.

(g) Com ased

Comixessedgir rorconaumptionbelowgroundla ouppliedfroa

oompreszorsto the-allenberghoisthouseandalsofromcompressorsat

Fearnleysharttop. It wouldseemthatthaoompagyintendsa gradualrun

downof comprossorsat r'sarnleyahaftwhilsinstallingnew plantat thø

tallenbergsite.

Themaincompreessdair linesfrom,allenbørgare of 12"and 10"

diameter,weldedsteelconstruction,whilefor tha eaallerbranchor servicø

linea,P.V.C.tubesat Larges(Norway)manufacture arsussdto a great

extent. The twooompreeziorplantsareoonnectedby a 6" mainunderground.

A listof theoompresaorsinsta-lødis givenbelow.OtY:allenberg

shatt:-

411 1 InE^rsollRandtypeXLE

2 Homar

1 flottaaa

1 AtlastypeAR7

1 Sullivan

1 AtlastypeER6

delivering58m5/min,

75m3/min,

25m3/mia,

49•31m3/ain,

12a/ain,

30.493/min.

rated350h.p.

" 560h.p.

100h.p.

" 350h.o.

80 h.p.

215k.p.

At ?earnleyShaft:-

2 IngøreollRanddelivering 30m3/min.ratod200hap.

1 " (1907vintags)" 15m3/1in • 100h.p.

1 Plottman • 25m3/min "

N.B. riliverypreseuroim 7 kg/om2.

The authoris of theopinionthatexoessiveuseis madeot compreased

air in themine,admitedlyfor soweainingoperations,coapressodairis

indispensable,but it is feltthatin somecases,e.g.forsesuastically

operatedrailwgyjunctions,poeumatioscraporwinohos,pneumatioralso

hoistsandventilationventurisetc.,its usecouldbe avoidedand a more

economicalsouroeof poworused,e.g.electricity.Alsoon prinolplø,

the writøris notin favourof statioocapressorswiththeailesof large

diamøtørmainlineathattheynecessarilyrequireand thsirinherantwater

condensationprobloasandso,it is to be hopedthatdevelopmentin thenow

ore bodywillbe accompaniødby theapplicationof mobilsor segi-mobile

compressors.



AFFENDIXII 


Dowslo

ThaNewShaftand tha devslopontworkto be assooiatardwithit

haveprovidødopportunitiøsfor theatudyandusø of somanewerdepertures

in mechanisedminingengineoring.I% is possiblethatthe timingof this

operationcouldhavebsenbottøradjustedto thelifeof tho oldarparts

of th.mine. For somsyears,theneworebo417hasbeenknownto exist

and therewereno rsaaonsto preventths devølopmentbeginningearlier;

had thisbeentheoasø,muohof the necoasarycapitalinvoatmentrequirod

couldhavsbeenmoreeasilyabsorbodaad setoff againsttheloweirmining

oostsof stoping(asagainstpillarextraotion).Today,thorilia no

longerany stopingwork.

Beforsstartingexclavation,workwas oarriedout to definethe

planesof prinoipleatressand to obtainDOMO forooastof therockproasures

to be encountered.Fromtheseinvestigations,it waa posaibleto designand

orientatsthe shattto givethobestresistanosto stress,minimiassoaling

of the aidea,andaidblantingto someextent. The originaldimenalons

werean eilipseof majoraxis4.30m. andminoraxis2.76a. thishas

now increamadto 4.90m. x 2.90m. by scalingand reaoheds atableoondition.

The crosssectionalareala now approxiaately12 m.2

A simplø,singlastagoainkingplatformwas designedandbullt

at Lakken. Thiswss primarilyfor drillingpurposesandhad drilling

machinessuspendiedby theirair logsfrom• periphsralringbelowit. Ths

aisoof thering,lengthof alrlegsand theroundof holøswerøso dosigned

thatin positioningeachdrill,thecorreotanglewasobtainedautomatically.

Thegreenstoneproveddifficultto blastconvoniontlyusingthe

generallyacceptedoonetypesof sinkingroundand theseworesoonabandoned

in favourof s "Vannkut".Thiswasbasioally• double sLIP,N(21Rc,ot,Lb

the shaftbottombeingdividedintotwohalvos,onehalfbeingblasted

and cleanedoutbeforedrillingon the aecondcommenoed.The average

pullperroundwas 1.60m. It wouldimeato be thetendencyot the

greenstoneto clingtogethsr,evenwhenbrokøn(veryusefulin other

ciroumstancsawherenaturalarohingcan bø accownodated),thatoaused

the diffioultiesin blastingandmucking. Thiswas expectedto occur

fromexparianoselsewherein themina,oonaøquently,muchconsiderationwas

givonto themuckingteohniqueto be emplond. Aftergaininginformation

fromtbøminesin manypartsof the world,theCrydermanaachinewas soleotad

as beingmostsuitabls.Thisprovidedtheverynecessarydiggingaction

and was eufficientZymanoeuvorableto oopewiththeunovenprotileof the

shaftbottom.

A temporaryhoistwas designodandconstructedat LOkkenfor the

sinkingoperation.Thisia a doubledrumhoist,witha maxlmumunbalancød

loadof 7,250kg. It in drivenby a 220h.p.D.C.elsotriomotorandis

manuallycontrolled.Druadiametersare 2.2m.



11r.S .:n n

I :e n

Lir

oeurin,-;

t's sre

failure

je.

1

rt h _Li•a ,

;;c:

1 orna 2, 1..t. imeorporat,u:o Lhe •.opoo ::. 50

auto-4t'eed ' hy•tn: tzeLtLi± 01.2 (212i:

e• ...,L ite L• 1).'t 1

a-13.9 e n;,

harlit :

rot.cr, -1.eches.

;•:,r ctA. .

ary, n:m

nochinev. tken.neiver pieces et

machinery et, nom t•no.:k. 5.6  ••nr..

 ur ' •a' &-1 illirw

-...Uhlhi.r; ,'! ç.i in• , 1.'th t,c

ltnucthaV 74t3 tn Hri*ac..1 nhe ti.,

y.1.12 un Mr Letms. ""hen., 11c,iner

time ocmtro:I.: 1.1.oe cycie.

	

(.1113: t H. or r
• tri111n.: . ;:reeents :soryiethin

eC • .ollictr..a tunne: len".ncr ort. & 2::e

lon; er.

leant ol;eneoro ky, t2c criet,;ru.;•;.:;on cf ":elt'Ltr.

r:ro:f.er t.( ,:t he SC fl-:1)13

a'nr2. y _ ot. iciU

t:be .j ullyr

0rr C`, ikrodin

ia

i t r. Ce actn•nl- L.:.--.1.)unt., •

"linrrtn.: r.".1-1.11.1nvf

2t3 yvor :c."

.n3.1 the 1-10 lnctrilotiene;

18 L:21

iru]e o nc);. ; tJ.

ley.ken rime. erever, by

irojece. iiica In eVE;L: -;.73.115 the LiiQflti ineeefinE

.



ACESIPIX-ra

flbliosnt

Minssln SouthandCentralNorway- F.M. Vokoa,Oslo1960

Goology of Nerway- 0.Holtodahl(.4.)osi.1960

5. IåkkenVarkPyritesMine-J. MoCafferty(NineandQuarryIngleenise,
Marob1956)

14kkenfoltstetegoologi- 0. W. Oaratene;1951 NorekGool.Tidaskr.

låkkenVark,on NorakGrube ajennou3001r,1554OrklaGrubeA/13

•



It my ue nute, however, thht t_e heat tran.,:eki'Å.omthe coa.,,..2t,c..ta

at te au ti.eientto provi3e al: the :.eatin trr ia necessery

in hc hrth :fltt th;-:).0iv tLe r.

(1.) Hrth cusez 


-re rce tchh unct hh ruc_thelr -cLiticr hill

be n, tr ! rren the -u.z-facelayeut c.an ( iLuIv

not nh .ern hnd ao F.hrhenathis may exylain re not cxt. stenlard

one !“:3,2cHe LLnity;they ere ie ur.sthuhe.er.

totql nticn t'cr 3:C t1, !.'secrijintL .t.ea

IYUB :'rotribly to hnuee ennh rhirt ul,-», 1t 0,J1but thi:

no Len r triivo tmdty. er= tt, t tlitioa .re not ;rovi .e, nith

" " - " ntym ti c Lut n .n in ; for c nan.

Ithchc-h hot :ntcr is thv .1:ntif,i, the •nil _

on t 'titttee 	 - h - nt

aLo:..er.s.7er fliecKi.u. 1LO nen. LITthe.e ih .he lab-Jur:oroa

1r , ,rments e not „rieLisary.

•

•



•

(a

reicen, rjnti is no* concentratnd upon crk in

orn bodj. in den is no?; ,;(1

1n .tineien, ere fe‘  piliar to oc ..n1 robably

V.,:rke 1 at seme future aate.

1n evLrf rt Ice rl ne, erc anti i0Ch ia D.Z.tflask"

t cr• in u0-,..•

ei •!'„ “^:U/1/4.• 11

db7 tHne:. -f; 1 the

cr-s: r-turci Frches, `1.1.1 rce or_zhaing

-,ted ti• tr.t, • me.:1,ers


t1.e

	

re-ol enee n 1904., FLLI:))jil: becn øysnrinitage

!"!l/P to bc to the con.itions. tmains

to be done in ntcucts f;:‘(;:.:  ?1, oft tee te.-2Icn cru, mont sktrnction

i t t.ib tiit, most tu:›rk en t(.4.tructing

piiiuzå te weet of allenberbr..t •td thin u: rre. by lonfr,

itule Olantinc. Joeii ni-ltaneously

tne I t :n bc,m ' tr; _ • • rrentage•

ext.ret:u..on hnt nibed


laLt3r.

u no. t: empty

tstopt., ; • 1-, (

lake this War• .ione te

,•r• .'e, s i b it

rre 


- D• • r". . rre.

Ll

.:•tt yent -1.',er" • eb:ritience and the

oe iteen at the

;•eured

"" • "" r.t 1,:nd hi:ve metres. has caused little Inconvenience

(.5 i.h.e ••nk-J- cf nteen . • il alte- e the

orebody tne àuLJblj. e ;:asOCCbLiDell.

ort. ro,..esces a very acid minc water, UP to

,eco:er.entton of dit Urbt.ets oce put this

ib 'atILHil it rio e. .3., or Lso


:nts in

;t tc cc::trul tsc at.• minc ere uite

,i•ust r IlA ttr nn co .er e.. yhe nn...;:ned

req.irer.ca...s bccau5e o r "•• f,•! ror
)-

L1,‘` control, caret'ul ic nccssaary and mining 1s not Lflj,siflÙ.L tj just a

;.-uces.



- 15 -

(b) ut nd D0V0 0 t

Threeshaftshavebeenusedup to thepresentin orderto develop

the deposit:-

Gammelshaikten(TheOld Shaft)is verticalandonZy235metresdeep. It
remainsfromUs earlybistoryof thsmineandwas sunkin the ore; for

partof its lengthlt passesthroughold openstopes. Today,it is und for

vInlingmen andmaterialsto thefew workingplaces(e.g.pumpstations)in

the old partof themine.

LiSarnleyahaftla situatedneartheold shaftin theeastand is an inoline

ahaftat 45° to thevortical.Drivenfromthoore dreszingplantnsarthe

outcrop,it intersectsthe ors at about250metrøsandcontimes to 320

setres. It is equippedwith3 ton skipstor oreboistingendis maintained
regularly,but seldomusedtodoky.

nallenbergisthe main shaftthroughehiohallthe oreandaostot the mon

andmaterialsare wound. It is situatedsome1,100metresto thswestof

the outoropandabout100m. in thefootwallof Hovedgruben.Begunin 1914,

sinkingwassoonheldup for • timeby labourdisputesandlookoutsuntil•

oontraotforainkingwesobtainodby tho AmørloalLongyearCompanyof•	 kinneapolls,their man teambeganworkin August1915and had sunkto the


580 m. horisonin 16 months. -7a1lenbergis now480metresdeep,is km.

x 6 m. and is timborlined. ?herearefivecompartmentsin the shaft,two

beingfor5-tonecapacityskipa,twofbroagescarryingmen andmateriala(double

deok,capaoity28 men),and one forpipes,cables,ladderwayeto. 411runnørs

arenecessarilyof timberbecauseof theeffeotsof minewatercorrosion.

Skipsore of the eidotippingtypeandarlioperatedin halanoe,

rflmaryorushingle doneundergroundand?igure6 illustratesths

arrangementstor ore handlingandstorage.Thersarepooketsforbothcrushod

and unorushedors,oapacities500m3 and 700m3 r{:speotively.Theoreis


rushedto a 4200m.m.product by two 36"x 42" Bachananjawbreakers,

the feedto th•semachinesbeingcontrolloaby compressedair operatedchutes.

In all,eightlevelshavebeendrivenat vertioalintørvelsof 40
or 50s. but todaymostof theproductioncomesfromtho430m.

The layouthillbe readilyunderstoodfromFigure28.laufullcarhaulage
was drivenatabout7 m. froathe depositwhiletheOmptyoarroadwsy
was drivenin or belowtheoretc thenorth. Thesetwomaindriftsaro

oonnectedby oross-cutsat 13.5m. intervals.Productionfromthewestern

developmentis broughtdirectlyto theshaftalonganotherdriftwhichwas

drivento reduceconLeation.Thesedriftsareot 2.80k .65m. dimensions.

(o) nto Prearatio

It shouldbe notudt.hathhileno new stopeshsvebeendevelopel
tor thølastyearor two,thisdesoriptionof stopøpreparationin theHovedgrubøn

ors bodywilllargelyapplyto thatwhiohwillbø usadin thenew ormbody

in the fUture,shouldconditionspormit. At presentmoetof the production

oomesfrompillarextraotion4



In proliminarylevelopment,the ore body ie nplit into units of

27 metr•s klong ths major axis, eaoh unit containin one stope (19 metree wide)

and one pillar of 8 metres. 2topes•xtandthe full wiith of the ore body.

rhen extraotionwas begun betweenthe 360 and 430 metre horizons,it wel

believedthat the increasedrook pressureeat the westernend of the ore body

demandeda greater degreeof supportand ao for u tima, stopeswers modifled

to 16metres and pillareto 11 metres. This was not to be neoessary

and later stopes were Liade19 metres wide.

?rom the loadingorose-cutson the 430 metrs levelwhich are

approximately x 2.8motres, raises (2 x 2 metres) sre drivenst about


45° towardethe base of the ore body where the footwallof the ore body is

lesa than about 15metres from the main oross auts, these drawholeraisee

are driven in pairs from specialloadingplatformsat 8 metre intervalsin

the cross outs. nbout 8 metres below the footwall,the drewholesare opened

out into oones with sides at approximately45°. The loadingplatformsare a

typs of rigidlybuilt "ChinamanChute" and a soraperis normallyinstalledon

each platformto asdst loadinginto the wagons.

,here the orosa outs are more than 15 metrea from the base of the

411,ore, raizeaure eAcavatedsome 15 to 25 aetres apart und liwse are driven to


ebout 8 metres below the base of the ore. here they are connectedby paire

of croae cuta whioh are 13.5 metres apart wad 2 aetrea squaro. 'achraize

le enlargede wnøre neaessary,to provide a capacityequal to that of two

loewingshifts (about /L0 tonnes). 'very crona cut is drivonparallelto

the base of the ore aa4 is equippedwith eleotricallyoporatedscrapers

manufacturedby Norsk Mek. Vorksted,5oda or nollean'sand or 15 to 50 12.1‘

T.hereverposaible,tho acrapingdistanceis kept down to about 40 metres and

the levelsalope down in tho directionof scraping. In early development,

theue levels were grizzley levele,but this has been abandonedin the interests

of efficienoyand safety. Prom esoh scraperoross out draw holoa are put

up at 8 metre intervalsto the bass of tha ore and are opened out to leave

oones with side angles of about 45°.

Ilfr spending on the width of the ore body at that point, one or two

ralaes for vontilationand travellingairedriven in every seoondpillar at

ubout 500. 'Atchraize is approximately1.6 metre square und is equipped

with a compronsedair winch.

7.honall preparationhas been oompletedup to t.tiepoint, a alioe

3 metros thick is removedfrom the base of the etops over its ehole area.

t this stage onZy about one oubio metre of ore is extractedpor metre drilled

since a emall lump size is required- for this the men are peyed at a .iut

rate per metre Lrifled. Only enougbore is drawn off at thie stege to provide

an adequateworkingheight i.e. about 1.5 to 2 metres. -hen this has beein

completed,normal •xtractionmey oommenoe.



- 17 -

Unfortunately,it is not poseibleto give examplesof the design

of roundsueed in atope preparation. If an analyadscould be eade, this would

undoubtadlyprove more than intereatingbut tho subjectin itself would demand

a great deal ot study. Å few generalobservationsmust suffioe. Becauee of

the variablen...tureof the ground and partly due to the experienoeof the

inors, no set drillingpatternaare laid down. Thir eare to be entirely


reasonableto the author,but what is difficultto unieraLsndistho uso of

low power ammoniumnitrate explosivedomandingtilarge amount of

Even takinginto acoount the very hard nature of the ground, it is diffioult

to believethat, for example,in an and 2.0 x 1.6 metres pulling1.3 metres

ss maoy as 25 holos are neoaaaary, with 10 or 11 holes in the centre out.

Surely tho use of a normal 605.,dynamite,in spite of ite elightlyhighør

coet, nouldproducea nett saving? The officialreasonfor the use of this

ammoniumnitrate explosive(3eomit)ia Chat it is safer, apparently•,orkers

are in the habit of drillinginto - or near - unwashelsockets: leomit does
i not romainactive after blasting. Why the usual safetyprooedures,following


the use of a dynamiteexplosiveaa used in other mining fields oan not bo

ap‘liedwith some measure of supervision,remainsa mystery.

(d) t Pr t 8

Å flat back is carriod ut all tinøs in the atope; a doublo

overhandbenohingtech-dqueis employed,the benoh thickneasbeing limited

to 1.5 metres to preventlarge pieoes of broken ore being lost and later

jammingthe drawholes. DM11 holes are 4 metres long and thus 4 - 5 cublo

metros ot ore are broken pør metre irilled. The drihlingpattern is again

left to the initiativeof the individualsworking,in the stope who are

paid on the basis of the number of oublo metres broken per month. This is

about 2,000 oubio metres/lonth/2man teeak ;"aohman is req...iredto undertaks

some seconderyblastingand an allowanoeis paid for this. Stopingmachines

are the :tlas 3opoo Bb212.31(high frequency(4,8C0b.p.m.) type and these are

411 air leg mounted (See appendix1 for desoription). -very drill hole is fully


oharged over its entire length with ;eomit vxplosivm(:entionedearlier),this

is an ammoniumnitrate-nitrogtyoerine(14) - trinolexplosivein powdered

forra. Initiationis by safety fuse and standarddetonators; the resulting

explosivefactor is betweon 25 and 30 g1m./tonnemined.

te in any normal shrinkagemethod, some 35:.of the broken ore is

drawn off while breakingground in order to provide an adequateworkingheight.

Stopingis continuedupwards to within 8 metres of the next main level whers

a oappingpillar is left. Shouldthe height of the stops become exoessive,

then extra supportiø gained by leaving• oroøs pillar (1,e. parallelto the

major axis of the ore body) whioh ia later extraoted.

keferenoeahouldbe made to Figures7 cle8 for typical stopelmyout

diagrams.
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(ø) -to b Lo HoleBlast

ThsHoved.grubenore bodyhas• projectionextendingsome24 metres

belowthe430metrelevel,it is some2C0metreslongwitha maximumwidth

of 16 metresat itsupp•rend. Sincethsorehereis extrahardwitha

largerproportionof quarts,it was posaibleto use openstopinge1-11ar

to the Norandamothodof longholemining. Today,thispartof theorebody

is no longerminedand loadingot ore froapillarsis nowtha onlyactivity

there; themethodwashoweverhighlysucoessfulandmaybe employedagain

in the futursshouldconditionsin thenew oriebodydemand. Somek to 5 years

ago,whenthisorewas beingmined,Creeliusoospressødair liamonddrilling

maohineswith46 mm,diemetercoringbitswereused.

Theore wasworkedbetweentwo levelsat 430 and456metres,the

latterbeingconnectedto thøaalnhaulageroadby an inolinedireotrope

haulage.Ths two levelswersconneotedat eachstopeby a scraperdrift

parallelto thebaseof the ore deliveringto • "ChInamanChute"in the456m.

level. Boxholechuteswersdrivenfromthe scrapørdrifttothe basoof the

ore and a raisedrivenfromonøof thesoobutesup thesoentreof thestopeto

the hangingwallandconneotingwitha driftat theupperlevelwhere

the drillingmaohinewas situated.Thisraisitwas thenwidenedby slabbingfrma

its sidesto forma slot3 metreewidesztendingthe fulllengthof ths stope

alongthefootwall.fldeningwasthencontinuedalongthisslotby meansof

vortioalfan patterndrillholes.

Figure9 givesa diagremofthe method.

Longholeblastingin thesestopeswas foundto giveinoreasod

produotivityandgroatersafety(keepingthemen work(ngin undiaturbed

groundall the tims). Overalloostswereaboutthe sameas conventional

drillingmethodsi an averageof 32 tonnoswer,brokenpermetreidrilled

withan ezplosivefaotorof about25 tonnes/kgof explosivs.Blasting

yieldødabout5,000tonnesfromeaohsideofthe alot. Brokenor,

• was loadedstraightawayto keepa freefaceforfurtherblasting.

(r) Ext ti ti Me

Pillarextraotionby thlsmeansis not undertakenuntilall work

in the adjoiningstopesis complete,the stopesremainfullof brokenore

in orderto afforda measureof supportand thushelpavoidany serious

bursting.A sub-levelmethodof extraotionis employed,tho levolinterval

being6 to 8 metresdepondingon conditionsanda raise1.6m. scprareia

drivennearthefootwallto oonnsotthese. aoh sub-levelis driven2.0z 1.6

metrøsthefulllengthofthe pillarand a ohamberis excavatedbetwoenthe

raiseand thefootwallto accommodstethe scraperunitsinstalledthere.
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Broken ore from the tunnellingand other •xoavationsis scrapedinto the

raise and so passed to the loadingchutea in the main level beloe. When all

the sub-leveloross cuts are complete,then extractionmay oommenoex

In the top sub-level,a room is excavatednear the ønd of the subm.

level of auch a sise that some 2 metres of aolidore are left on the top and

at eaoh sids. From this room holes with a maximum length of 4 metres are

drilledin all direotionsand talinfired simultaneously. 2he broken ore is

theinallowedto reaainwhile retreating8 metres a/on,the sub-levelehere

a nen room is exoevatied,the proceasis then repeatedalong sach sub-level

in turn until the ehols pillar is broken. See figure 10.

Pillar extraotionin this manneryields some 2,000 tonnes/month

when loadingby soraper.

(8) F rao

Pillar extraotionby long hole blastingcontributeaa signifioant

proportionto the output of the minex here ai.24121,the kaillarsare attacked

by a sub-levelmethod, but in this case, the kdjoiningstopea are emptied

of broken ore beforeblasting- to provide the neoesaaryfree faos. Figure

11 illustratuathe long holo blastineiethodo

from a raise near the footwallsub-level,oross cuta are driven

at a verticalintervalof approximately16 metres; these levels are equippled

sith sorapersin the same mannor as with the conventionaldrillingprocedurs.

nere the pillar sise allows, sub-levelorosa outs250 netren squareat 16

metre vorticalintervalsare driven the full width of the pillar at right

aneles to the sub-levels. In eaoh of these short oross tunnels,the lrilling

mechine is set up in three positionsin order to drill a verticalfan pattern

of hole•. Atlas copoo BBC 45 machinesare ueed to bore holes of 2" diameter,

10 to 12 holes in each set up, with of the length drilledupwards and ;

downwards.

The entirspillar is normallyblasted in one operation- a

recent blastyielded approximately70,000 tonnes of ore. At presenta ninw

Norsegianblastineagent named CFL is being atudiedfor use with automatio

ohargingmaebines.

(h) i 1 t cketo - Gene.a P

As etatedproviously,most pillar extractionis beingcarriedout

to the neat of V.allenbergshafts. By workinein both easterlyand seste4y

directionstowards two low grade lillars,which ultimstely ill probably

be left, it is hoped to obtain n high overall degroe of extraction.

Long hole blastingmet:iodoare beine utilisedto an ever increasing

extent and thia techniqueoffere advantagesboth in economyand controlof

rock rressoreon the pillare. Because of the £reat tendency of the ore to

form strongnatural arches,it is normal practiseto release any etress,

and tendenoyto crush, on the pillar to be worked by removinea large

horisontalalioe from ita top by lone hole blaetingmethods befort 'ork commencea.



Tho removalof thisalicebas tho effeotof throwingthestreasontoadjoining

pillarsby thearohingeffoot. It ahouldbe riememberedthatat leastono

of the adjoiningstopesmustbø emptyto providoa froofaosfor laterblasting.

As morepillarsare extraotedin thispartof thomine,thoinoroasingrook

pressurosinadvanoe of extractionhavsdemandødthatnowtwo pillarsbe do-

stressodsimultansoualyto throwtheprossureswollin frontof theworking

placos.

(l) u t

All the explosivesUbstanoesamployedat LOkkenaremanufactured

by tho NorskeSprongstoffFabrikCompanynearOsloandths transportregulations

enforoodin Norwaymayhavesomeinfluenoson theirohoios. Ths regulations

oonoerningamnomlumnitratoexplosivoscontainingløssthan1094dynsmitoaro

far lessdemanding.

For wbombine,"bulldotheiandotheraeoondaryblasting,a

straightdynamitemustof coursebe used; thisis oalled"Gummidynamit"

andia a typecontaining32,n,nitro-glyoerine.

Formostotherblntiuj purposes"Ceomit",a 10% dynamito,• ammoniumnitratebasodexploalveis used. In longholeblastingand where

electrdodetonatorsareused,":tornDynamit",a 60$ straightdynamiteis

alsoemployedas an initiator.

Thechoiceof Geomit,whichhas beenusodat Lakkonsinoøbeforø

the SecondWorldWar,has beenoritioisedin an earlierseotion.A nuneary

of theoblefpropertiosof tLeexplosivesusedis listedbolos:-




St affiat størnDynamit




Composition 1c5;dynasite
ammonivanitrate

trinol

34,.nitroglyoarine60)'nitroglyoerine

Rateof detonation 5,700a/wea. 6,300 m/s.O. 7,500 Wsec.

Gas Evolved 8651/kg 850 1/kg. 805 Vka.
,t.orkfaotor(probablo
øxplosivsoffsot) 450 toaa/kg. 495 tonikt. 550ton/Wkg.

To-day,thøreis a tondenoyto increasstbø amountor blasting

initiatedby eleotriodetonating,especiallywithmillis000nddelaya. In

experinntalworkwiththe new tunnollingrig (se.appondixI/),millissoond

doleyshavebeenfoundespeoiallysuooessful,oomewbatsurprisingly,in

oonnootionwith "burn"typøoutsi.e.Coromantandoylinderauts. Their

uao ham ahowngroatadvantagesoverhalfseconddelaydetonatorsin overooming

naturalbreaksin the stratalikepillowlava,faultaanddykes- thedepth

of cutbeingusually

(J)SuppesS
The oonditionof theore and tbøwallrookis suchthatvorylittlo

artificialsupportis requiredanywhors.Verylittletimberis usedfor this

purpose;rookboltsbavebelanusedoonsidørablyformanyysars,theseareboth

typesvist1"diamotorampansionahollandwodgetype.It shouldbe madoolsar



thattheaeformonly000ssionslsupportand arsnotusualZyintroduoød

in any astpattern,thoy are usodbothwithand withoutsootionaof st•el

mesh. Boltaars normallytensionødto about12 tonstension,usingdrilling

asohineadaptors.

It wouldappearthatby oarefuldeatgaof the workinglayoutat

Lbkken,it is possIbleto transfernearlyallof theresultingstressesto

the stratauni so hererookboltsareonlyussdfor the purposeof prevonting

saallpiscesof loossfrosfalling whertstbeyare useidtherwls no aignof

apymajorbreakain the rook. Rookburstsdo not preant a probla at Lbkluine,



- 22 -

HAULAGE


a eme

-osiewhatinevitablyeith the rather diffusamothod of mining

employedowing to the neceseityfor carefulfiradooontrol,it bas not boan

poemibloto make any usetulmethod study of the oro transportsystme.

for ths uamo reason,all of the ore tranaportia oarriodout with locomotive

haulags. In genoral,it can be atatod that empty car traina pass along tho

main haulage roads on the hanging wall aido of the ors boAy and full traino

return to allenbargahaft along the footwallhaulagsroads.

Trains ars loaded from the "Chinamen"nhutes or oompreasedair

operatedloading boxes in the cross outa and dischargedinto main grizslsys

on ascu lovel noar 'allenbergshaft. In soms plaoss, loadingis by overahot

loadørstrow draw points - ..g. sill pillarmining oporations.




Sido tipping Granby eagonsof 1175 m3 (about5 tona) oapaoityare

used in seta of eight or sixteen wagonsunderground. All wagons were

constructedin ths mino workahops. In the author'sopinion,the statsot

wagons and trains ars soll suitod to requirements- larger units oan not be

usefuliyemployedwithouta more concentratedform of mining and muoh widming

of oxistinghaulags roads.

Whero possibls,tracsahave baen graded to giv• the idsal gradiost,

but bankingot trackaon bends waa not apparent.

15 Locomotivssof the batteryand oombinodbattery- pantograph

types are used underground,of these eight wors nonatructodin the mino

aorkahops. Of these, six locomotivesare of 17 ka. and the remainingof

25 kw. rating, the reight- inoludiuk, - for both typos is approximatsZy


6 ton. The romaininglocomotivosare ot braun-Bonverior biemensnanufauture

and sre of 25 ks. rating. Speod undergroundie limitedto 6 xm/h.

On the surface,rail ay connecting headfraasand the ore

dressingplant, two astral. veri (2 x 16 kw motors eaoh) and ons Siemons


(2 x 7.7 kw aotors) pantographtype l000motivesaro in operationa Daoh

has been isu4fie& so that it may bø loadød from thres loadingboss4

simultansouslyand by remotsradio control. Thus only ons man instoauof the

originalcrew of two per train is no. rsq-ind. Ono kuston Buoyros diesel

l000motiveia also employedon genoral dutiøs on the ''allenbergalto.
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2222£51
Onlythshoistewhioharein ute,or whiohwillbe usedin the

futurenillbe described.

Todayall theore andmostof the transportof men andmateriale

is through-,11enbergshaft. Fearnleyshaftle etIllfullymaintained,

ilthoughrarelyused,whileCommelsjaktenie usedforwindinga fewmen

andmeterialsto theold workingse.g.to the pumpetationandreservoirthers.

The new hoistbeinginstalledin the new shaftwillbe lescribed.

In Norway,thecontrolof windingpractise1s lefttc•the

diecretionof themineinspeotors- few regulationsbeinglaiddown.

However,boththe Tawed1ahand 7,ermanahaftwindingreiultionsare applied

in moetcases.

wallenbe n an materialsho st

Thieis a doubleolutcheddrumwinderoperatingon the Ilgner

tard.4.rnoiruir4system. It wasmanufacturedby the YTMACompanyof plwAinand

was installedin 1956; at thattimeit was notclearif the rhaftwouldnøsd

to be deepenedin the futureanl so thehoistwas designedto operateto

depthof 550m. insteadof the present480m. Specialprovisionhaabeen

madeto allowboththe skipeto be woundup to a depthof 100m. and stored

thorewhonnotbeingumed(onthenightehlft)in orderthatcorrosionof

the cagesby the extremelyacidwaterin the deeperpartof thethartmey be

minlmised.Thebrakesareof themechanicalandcompreseedairtype. Two

setsare providedfor eaohdrum- amanoeuvering"and eafetybrakes- with

bothbsekesin operat1on,the ropetr-tIonis lim1te1to 19,500kg. The

olutohemployedie oompressedairop ratedendis of theecoentriegoartype

mountedon themain shaftinsidethe drums. Votivepower 'orivedfram

a 400 kw. ”.C.electriomotor.

Otherdatas..

Rrumdiameter- 4.0m.

4umberof persone1n oags 28 on two deeks

Maximumunbalanoedload- 4,800kg.

Yeximumloadpossible(withcounter-balanoing)- 6,000kg.

Ropediameter- 96 mm.,114 strands,recolar(25

Breakinastrtin- 67,200kg.

Ropeweight- 4.5kg./i.

Maxlmumspeeds 6 ifemo.
!!aximus acceleration 0.6m/~2.



(0) .: Or st

This maohins is essentiallythe sane as when originalZyinstallød

by the A.8.5.4.Company of Swedanin 1916. It was however,completeZyre-

built in 1555 and at that time, was fittedwith a nodern Siøsensair and

moohanioalbraking gysten. It is afriaja-drun hoist sinding on ths Ilgner

halgt -
1:ard-Leonardsystee bøtweenths 680 n. level and surfacsonZy. Skipe are

of 5 ton oapacityand of the side tippingtype. The drive is taken froa twe

350h.p. eleotricnotors.

Other uteful data ia given bolow:-

Maxinun speed - 763 Rillso.

Y.eightof skip - 4 tons

Load - 6 tona/skip

lininuaacableration- 0.8 is/~2

Laxinaarotardation- 1 ok/soo2

-fruiaaleacter- 4.6 a.

:,opediameter- 46 ma. (6/19/1)rogulaz..:,y

jlaft oapacity- approx. 40 skips/aniftor 1,500 tons (per shift)

(3) The Ne

Thia is a saall drictionhoist eindingonZy one countør balanoså

saip, nith a double deok cags above, and has been supplisdby the A.5'..E.A.

ompany. Duringthe ariter'svialt, tais maohinewes in the prooess of

being installed the vhole operationberingexpeotedto take between3 and

4 weoks.

Liks many frictionhoista today, this is to bø fulZy autoontio

when used for hoistingore and to havs push-buttonaøleotionfor nan ridiag

and materials transport.

Unfortunately,the writer did not have the opportunityto naka •

close inapaotionof this hoist and 80 littleaore than perforaanoedeta oan

be givena-

1)epthof wind - 630 a. to start, 930 a. oapaoity- hoistingto surfaes

Capacity- 150 ton/hour, 110 tons/ hour

Load - 11 tona/akip

7eight of akip and oage - 15.5tons

Counter weight load - 18 Lons

iwun diaweter- 2.75n.
'4opøs- 4, 34,em. (6719/1)warm galvanised,regular lay.


of ropøs - 11 tona nain, 11 tons tail ropee

Safetyfaotor - 7.2

Maximun spuød - 6.2m/aøo.

2axinumsooeløration- 0.6 n/se02

Irumbearing stress- 20 kg/as2 (asx)

Motor - 6006.p.4.C. with 1..3.braking,suppliedby A.S.7.A.
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( )

All ropes snd shaftssre ±..spooteddaily and this tnoludsashisavos

and winding druma too. Mowt ef the Coist safetydevioosare opøratedat loast

onoo per week, the remainderonoe per monta. No regelar prograsseia oarried

out ro: rope oapping - thts is merely done ehen requirodi.e. •very three te

fclarmonthet Routineelootriemlan1 nechanicalmaintenanceof hoietinggear

ia usually oarriudout on swery Seturdayafternconahlft.

Both eleotricalan: muchaniaaimaintenanoelhooe.:ureeat allenberg

and on the new ahaftnoist nave been facilitstedby iittingsleotricalfault

finaing indleators. Those on the Yatlenbersholets are not large but never-

theleaseSperionoense shown them to be o. oonsiderablevalus. This syetem

is of much ume in the wesklymaintenanosof safetydevica as sach uait is

intsrlookedwith a oornespoadinginsioaterlight on the holet control

oonsole and the heist oan not be op4reteduntil the light is extinguinuel

by correotionof ths fault or safetyseohanien.

(r)
The mine inspeotormregtirethnt for all the importantmeohnntoal

parta o. ore and tronsporthoiets, titoeafetyfaotore shouldbe betweem5

and 10; rope safety ftotorears or the order of 7. The maximum denelleratiom

is regulatedin oomparisonwith tho astimom statio load - thla haa the efinot

of determininkths mlnimusalloxablebrako sise. -hen retardationir groator

L.an4 m/sec. then it is forbi.Idsnfor the rops tensionto exweed three tines

the maxisum atatio load, and w4en less than 4 m/aeo. the limit is telos the

maximum statio loade With friotion_hoistgear, the maximum aooelerationor

retardationia llaitedto 1.9a/sillot

It is rts..uiredtnat in Normay, all hotst brakes shouldbe air ond

msohsnioalZyoperatedpost typi,snl of oourse, fail-saftin speration.

Two onaplotessta of brakes•ust be providedfor each hoist, ons set fOr

everydatyuse awl one met as emorgenoybrakes. The writer ie not neceseeiriZy

convinoedthat the choics of the air and aeoetnicalsystsa is the best

411 oertain advantagesmay be gained from use of the hydraulinand spring ayeten


such as the •licinationof "grabbing"dus to the ir.:tt!.aof the teightsin

the pout typs; thia tay be or vitolIs.portrtneothøre Yoapa einders are

ored. 7he emettenoybzlikeaocoatitutsthe ram iint of cvfancein the ovent

of n noistingemergenoya•; it is ponibla thitttoo muoh rellanoeis put

upon this aspeot whon other deviosaurs svtilablee.,. in the event of over-

windimgthore is no provisionfor automatioallydoteohingthe rope(s)

from the skip or osge acd tbue.Lue brLkosars the only menne of psoventing

such an nocident. drop in thu pressureof tho owspreestdair supply,the


getarbox oil pressurs,a loas of roplitension,overspoodot*more than 24,

or en over-run,all serws to aotuato the emorEenoybrakes automatioally. It

shouldbe noted that thie hts the effilotof only increasingthe brake area

and doliemot increassthe rope tonsionabove the maximum permissable.



Solenoldsareplacedin theshaftat the requiredpositionato ensursthat

aooelerationand retardationbeginaat theoorreotpointsand alailardevioes

are fittedto theneohanioalpositionindioatorto proventover winding.
Taeotronicrecordingof all shaftsignalsis alsousedas an addedsaffly

measure.

In additionto the safstydevieesnotedabove,theusualpreoautions

assoolatedwithfriotionwinderaareto bo fittedto thonew ahafthoiste.g,

automotioropeoroepconpenimation,autosattotreadwoarindloators,tailrope,

tripwir.sto.

Sanplesof allholatingropesare snalysedtor strossoontrol

aftereverysecondropeoappingoperatIonin theoaaeof drunhoists.

•

•
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(4)...2GE8E81
On tbe aubjeotof ventilationit provedparticularlydifficultto

obtainanyusefuldetailedinformation.It is the ariter'ssincereopinion r

thatinsufficientattentionis paidto thiaaepectof themineand thatsome ,

oarefulstudywouldproducea not inoonsid-rablefinancialsaving.

Lecielationin Norwaydoesnot requirethe takingof periodicventiletion

measurementsand theoverallcontrolof •nvironmentaloonditionsis leftto

the initiativsof the GovernmentInapuotor.However,thewritermustpoint

out thatventilationis adequateand•ffeotivwthroughcutthemine- it is

merelythemethodof ventilationandit'saparent oostwhichleave•something

to be desind.

Por thereasonsgivenaboveonly,a ceneralandnon-detalled

apprecif.tion nystencnnbc civenas neitherventilationsurvey


nor eooncmiodatawereavailabls.

(b)EMA
Snecifioationsof thm varime fanaemployedarsinoluded

The twomainfanaare situatedat thetorof thedowncastventilation

raissat thewesternend of the orebody. Thesefansworkin parallelandOaoh

deliver72,400m5/1)(42,200ofn.) Bothfanaereidentioalandweremanufaotured

by the SwedishSvenskeFektFabrikenCompanyin 1958; theyaretwo etags

axialflowfanadrivenby 40 h.p.(160Å at 220v.) electriomotorsat 1,450

r.p.m. Theuesfulwaterguageris 120m.m.

flov t/boosterextractionfaa of 36,000m3/1›(20,950ofm.)oapacityis

installedin the-allenbergheadframs. Thisia drivenby an 11 Kw (38A

at 220v.) electriomotorat 1,450r.p.m.andhaa a ussfulwaterguageof

22 m.m. It is a einglestageexialflowtypefan.

A oonsiderablenumberof rauxilliaryfanaare usedunderground;

--duringthe lastwar it beoamenacessaryto oonatructauohfansin thenine

workshopaund thispraotisehas beencontinualeverainoe. A few radialflow

typefanahav‘beenmadebut themajorityare of theaxialflowtype. The

411 mostreott batchof 16wasmadsin 1957and theyhavethefollowing

speoifloationi-
‘,3oo

Capacity180m3/min (11J5ofm.),diameter0.5m., speed3,000r.p.m.,

Uotor5 h.p.220v. eleotric.

All mainfanearefullyautomated,andreceiveroutinemaintenance

onceeveryweek.

(o)Ven

Throughoutthemine,it is rolioyto ventilatethe workingswith

frashairpassingalongthefootwallsideand returnair alongthehanging

wall. Manycross-outaandraiaeshaveauxilliaryfansto assiatthe oiroulation
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ereshairia broughtdownthe ventilationshaftat the weaternend

of thedepositand thenpassesalongthe380a. and430m. levels. AirOn

the380m. leveleis splitupwardeand downwardsfromstopes23 and 24 and

thuais usedto ventilatethe 340m. leveland the subseguentstopesand

pillarworkingstowardsWallenbergshaft. Air fromthemeleveleis then

drawnupwardsthrough-allenbergahaft.

Some.kirih takenfrom"allenbergahattintothe stopesimmediate],y

to the oastof theshaftsandis thenreturnedto "allenbergaloncthe3L0 m

level. Bohover,mostof theair ventilatingtheareato the eastef Wallenberg

is drewnfrasFearnleyahaft. It is peLsedalengthe300m. levtl_ndthe

upwardsthroughthostopesof Gommelgrubenand thencereturnsto Gommelsjakten

wherea amallboosterfan ie situatedin orderto aosiatventilation.Soms

air frowthe 300m. levelia passeddownwardsalonga emallinelinereiseinto

stope19 and thenalongthe34Cm. levelfora hhortdistaneebeforegoing

downthe380m. level. nereit is aentto"allenbergshaftand thenuseg ir

to ventilatetheerusherroombeforejoiningtheupeastair. The remaining

returnair in the easternsidefraaboth tallenbergand:earnleyohafteis drawn

out to tho surfaceby a emallfan at thotop of an old orepasssystemsome1-1

150m. te the eastof FagerlivanLake.

Theventilationoircuitis ehownen tl Ine section(Figure28) to

be foundin thefolderat the rearof thisreport.

(d)aliffla
(i)Thevontilationof theminein the pieosal amnnerdeaoribedabovs,

is to be deplored.By uaingtwo formingfansin parallel(attheweatørnend

ii„ofthedeposit),insuffiolentusefulwaterguege la developedto ventilate

eventhswesternmeiof theorebodywithouttheadditIonalextraotingfan

at vtallenbergahaft. The dutleaof thetwomalnfording,amd therallenberg

fansarsall quiteamallmnd thuait wouldappearthata moreeffimient

solutionto theproblemwouldbe to employtwosllghtiylargerfansin ariss.

(/i)it wouldat firatseembetterto ventilatewiththemajorityof the

air passingdown"flillenbergahattand thensplitit sastandwest. Thlsoan

not be easiZydonebeosuaeof freesingonmplimationsandthefornationof

icioløsin the shaft. It wouldprobabZybe more sultablehowever,to sitethe

mainventilationunitat allenbargshafttop (thiswouldneedlittl•under-

groundoonstruotionwork),employingtwo alightZylargeroapaoityfansworking

in series,Thuaallothersurfamefaneoouldbe dispensedwith.

(111)Theohangementionedin ($.1)aboveeouldrequirethefittingof e

severalregulatorswhiohprerentsao greatproblem.At prosentthereis onZy

one ventilationregulatorin the wholesine. Regulatorewouldbe reguiredat

thsbottomof the westerninolineventilatiosshaftto giwssuitableproportions

of air alongthe380 to 430 levelaånd for splittingsameairfremthe 380m

to 340e* level. Theorusherroomwouldbe ventilategwithairfromthe430

m. level to thewestand thiswouldrequirea doorneartfts430m. shaft

stationto preventair fromgoingdirsotly up theohart.



'

•

•
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DRÅINÅGS

- n al and t

The subjeotof drainagepresentasomespoolalproblemeat Llikken,

due rgelyto theoonsiderableacidity(pHapprox.2.4)ot the ainewater.

Thishas nc.cessitatedtheoonatruotionof a specialwoodenpipelinssome30

km. longin orderto diaposeof the aunualsurplueof minewaterintothe asa

nearThamshaven.An undergroundreservoirof about40,000m3 capacityhas

beenmadeby damingoff an old oponstopingarsanearGommelsjakten.This

providearoaerveoapaoityto meettho winterdemandsfromtha washoryand to

keepthepipelinefreeof ios duringooldweathør;waterfromthemine

reservoirremainsat a constanttemperatureof 10.100throughouttheyear and

thuais partioularlyusefulfor thesepurposes.Furtherwaterstorageoapmoity

is providedby severalsmalllakessituatedarømtdthemine.

Corrosion


The acidityof the minewaterremainsat itshighlevelthroughout

most partsof the minewherewateria foundin any quantity.However,some

seasonalvariationin thspH valueshaa beennotedandthimeffectis found
411 partioularlyin partsof ths mineneartheolaygougs. It has beenobservså

thatthe aoldityreachesa maximumin latoSpringwhenthe quantityof water

passingthroughthe mineis at ita greatestand is a minimumwhonthe water
quantitiesare least. It is supposedsomeformof sulphurbaoteriapresent

in the overburåenare responsible.

Obviouakyanti-oorrosionpreoautionsmustbe takenin themine whon

dealingwiththissoidwater. Undergrounddrainagepipeaaremadeof an almost

corrosionfree•taelof oomposition19f•Cr, 10):Ni and 1.5- 2.5$Mo. Å

similarmotalis usedon allpumpoemponents,valvesetc,in oontaotwith

the water. Corrosionby abrasiondoesnot pr,senta aeriousproblem.

Sometroublehas beenexperienoedin reosntyearswith thewooden

pipelineto theseaas a reaultof aorrosion.The pipelinswas onkyconstructed

11,
at the beginningof the lastdecads,aftermanydevelopmenttrialsanå served


wellfor a time. However,duringdevslopmenttesting,accountwasnot taken

of the inoreasedstressin the steelrestraininghoopscausedby swellingof

the timberas it becamesaturatedwithwatør. Thesesteelhoopswerscovered

witha thiokprotectivelsysrof bitumenbeforebeingput in placebut thiswas

equashedaaidaby theinoreasedstress. In the lestfewyears,mapythousanda

of hoopshavehad to be replacedat greatexpense- thesenew oneshavebeen
'T C-----furtherproteotedby ooveringwithpolythenesheets\knadditionto bitumen.

Duringhis stay,thewriterdidsuggestthatplastko bondedstoelmighthave

providøda possibkycheapøralternativebut thiahad notbesninverstigated.

Polythenesheetingis alsousedto protectsuchthingsas railwaylinesand

loadingboxsawhichmustremainunusedfora whileafterinstallation.

For sometime,in particularlywet places,it has beenfoundchtaper

to use expendablerailwgytrackin veryaoidsituationsratherthantrack

oonstruotedof corrosionfreesteelalloys.

•




19sL
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Pumpstationsare looatedon ths430,450.430 and300m.

-mter fromthomostweaterndistricteof the mineis oolleotedby gravity

at ths.;&,.Ampstationon the480m levelandthon pumpedup to the430 m. level.

Here it flowsby gravityin oponditohasin themainfootwalltransportdrivw

to the-7allenbergahaftpumpstations.7aterdrainingthroughmostof thoore

bodyto Uas asetof 7.allenbergla ooll•ctedin tho orossouteand •outhtransport

drive,on the450 and430 104,levelaandrunsin ditchosto ths .allønbørg

ahaftpumpstations.Fumpsat th•450s. levelraisethe watørto tho 11600m3

pumpaumpat the430 at levol,thareis a reserveoapaoltyof 2,040a3

at thispoint. Fromthe430 m. levolpumpstation,thewateris raisedup an

inolinaralsoto the300m. lovslby a totalof fivepumps; 2 De LavalprL

1445,4 tot—w oentrifugalpumpsrated2,000l/minagainsta maximumheadof

162m. at 2,950r.p.m.for 103netth.p.and3 De Lsvalrrx24A4oentrifugal

pumparsted900l/minagainsta maximumkmadof 157m. at 2,950r.p.m.fora

netth.p.of 54. Thiswaterpasseaeastwardsalongthe 300m. lamelin

openditohes,wherefurtherwateris oolleotedfromthehighorlovelsto the
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300m. pumpstationnoar thobottomof Fearnly ehaft. At thisstationthere


is a totalsumpoapaoltyof 1,700n3 in two sumpsof 730 and 970im3.oapacity.

Trateria pumpedto themainreservoirat the200m. levelfromhereandthe

reservoirovertloala alsoallowedto draindownto th.300at levelthrouah

Fearnleyshaft. Fromtho sum pumpstation,wateris pumpedto the120m.

levolandthen pasemsout to the surfacmalongan additnearthewashory- there

beinga further3,000m3 storagocapaoltyon thislevol.

At th.300at lovelpumpstationthersarie2 ge LavalPPL14A5 pumpe

and 3 ot the smallerPPK 24A4pumpa. At otherinstallationsin thsminds,pumps

of maayvarietisaare employed,however,all are of approximately600l/min

(,1 caimmityand are oentrifugaltype.,eitherconstruotedat LOkkenor rebuiltaa

combinationaof oldertypes. The pumpsat saohstationareoohnootodin

p-ralls1and a largereserveoapaoityexistsat eaohpoint. All pulapsaaw

full)'automated.

Whilethe pumpingaystemas a wholswas obearvedby theauthorto be

•xtremelyeffeotivo,the anomoloussituationat the300at levelmustbe noted.

Havingespendedsomeconsiderabloposerin relaingapproximately35,00m 3

peryear to the21,0in.reservoir,it seemsaomewhatpointleasto oolleotwater

k.(4 (3.300m3/year)fromthialetageabout100at belowin orderto pumpit to tha
'r, surfacm.The quantityinvolvedis quiteamallbut ahouldhave beet takeninto

rpmaconut at the designstage.

	

‘45.1 The mainundergroundreservoirrepreaentssomasix weeksoapaoity

at abaolutemaximumdaanti. Dailyreadingaofthm waterlevelsin thelakas

on the surface,in thomainrsaervoir,and of the aaterflowingalongthe 430m.

level. Amon4stotherthings,theaeareuaedto keepa caretulstudyofthe rate

of drainage/fromthelakesintothsaine.1



- 32 -

Ta diapaitionof thspuspatationsin indioaad on ta aSni aotion
plan(Figure28) in thopooketat ta baokof tha nport and a quantity
tlowdiagra (Figua 12)la ainoinoludøds

•

•
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LIGHTING,




In oommonwithsomeotheraspectsof miningin Normay,no minimum

standardsof illumInatIonarimdeftnedIn themistingrogulationa;tbiais

leftto thedisoretionof thelooalInspeotorof minsa.

At LAkkon,a varietyof typesof lampareemployed,theseinolude

normalinoandesoontfilamentfloursiment,and sodiumtypes;incandesoont

filamenttypesof lamp,usualZy150w., aregradualZybeingrepland and

now foraonZya miatorpartof the 11IuminatIon.Sodlumlampsare situatod

at one pointonZyln themini1.o.tho entranosadditto shaft.


Here theyare eastantlalto oombatthehighdensitymistformedby the slow

movIngupaaatairmeetingtheoutsidsatmosphore.The inherantdisadvantags

of rodiuis,wmpourlamparegarding theirlongwarmup period,doesnotappZy

horebeoausetheyars ranly switohedoff. Themajorityof pormanentlighting

is fromFhillipa40 w. floureacenttubelightswidsohappearto be oquippiml

withfleme-proofohokes. Wharotbistypeof lamp has booninstallud,tbe

generalstandardof lightingls vory good,butperhapsthkyoouldbe used

	

• moreextenalvely.Flourewaantlightsare onZylnatalledIn theunderground


offlau,workahose,røstLtL , k;:uabarrooms,and shaftstations;thelulter

feelathattheyoouldalsobe usefullyemployedin suohplaossaa main

	

\ railwayjunotionsnenkrthe ahaft and at thetlypInggrissleya.

2ffikahll
Thørø ls a totalof 445 oap lampsat LbkkonKino. 180 of thessars

of theM.S.A. K1 FRX type(batteryoapaolty13 amphoursat 4.85v. and 1.0A),

and therels a stmllarnumborof M.S.A. typeF5E lempe(11amphoursat 1.1A

and 3.85w.). The remalndorof the lamps(45)are of theEdlsonR4 type.

•
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POT,Ii21SUPIM

(a) ro and t t

The availabilityof inexponsiveeleotrioalpowerfromhydro-eleotrio

poweretntionsin Norwayis exømplifiedby the sourcesfromwhiobelootrioitg

for LSkkenis drawn.

Orkla(IrubeA/B ownstwo maallhydro-elutrioitypowerstationsto

the northof Lbkkenat Sagbergand Skjuald nearThamshavenandmostof the

powerconsumedis drawnfromthese. Additionalfacilitiesare providedby tho

new governmentownødpowerplantat Auraon the westooast. Powør,at

nationalgridvoltages,is reoeivedat themaintraneformorstationat Thamshavn

and fromthereis tranamittedat 28 kv. to LhkkenMine. Thereis a second

powerlineoonneetingdirectlywithSkjenaldat a tensionof 16 kv. The

maintrprzEmifsionlineto th,washeryfromthø transformerstationat themins

iø at i tensionof 21 kv. andie thenredued to 22)v. beforeuse. High

voltrtzetrannissionat thewallenbergsurfacesiteandundergroundis at a

tonsionof 14.5kv.,it beingtransformedto 220voltsbeforooonsumptione

Tho sourossof eleotrioalpoweraro summarindin ?igure13.

• (b) Isitt
As mightbe •xpeoted,eleotrioalpowerin Norwayis rudily

avallabløandoheap. LåkkonMinepaysforthe poweroonaumedat a flatrats

of 3.2#re/kwh. All poweris boughtdirootlyfremthe eupplydepartmontof Orkla

exubøA/Bwho thanarrangeseparatelyforpaymentto tbegovertentfor any
powerreoeivedfromthes. The overallratsof 3.2#ro/kwbis madeup am

followas

2.7#re/kwhfor transmiE.sionandmanufacture

0.3Aire/kefor profit

0.2pirs/kshfortax

Total 3:7411/kwh

111')
/t Shouldbe notedthatuither ohargesformaximumdmmusdnor

loadfeotorarefoundneussary in Norway.
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(a) 0

Prom thøore dataaheøt(Pigure14),it willbe asenthatpyrites,

chaloopyrite,aphaløriteand guartsaro theohieflyocauringminsrala.

Magnetiteandboruiteare foundmostlyin looalconcontrationain theore

body,in thorua of ninsore themagnetit•proportionia not expectødto riso

aboveabout Theors ia extromelyfinegrainedandhomogemouawitha grain


aiseof 0.01- 0.1 am.,it beingbolisvedthatthisia at leastpartZydueto

ths faotthatmeLamorphimaof thølagionwaaonZyslightand henoelittlerø-

crystsliaationoouldocour.

Thisfinegrainednaturoand tho guartscontentreaultin an extreuely

hardore (thoughtto be thehardestninød.snywherein theworldtodu),

shlohhas alwayspreasnt•ddiffioultiesin orushing.It ia onZyreoentlythat

auitablooruabarahaveboonmad•available1n ordørto producoa fineaised

concontrateeconomioalZy- espeoiallyimportanttodaythatthe amelting

plantis no longeravailabløund• .4 m.m.produotis demandødfor oxport.

The onZyothørapeoialdifficulty,a minoronø,found1n dreasIng

thoorø,ia whenunusualconcentrationeof chloriteoocurin theRun of Mine;

thiatondato destroythemediumin the sink-float;dant.

It is regmiredthattolay'sexportpro<:uotshouldbe a bulkconclintrate

of approximatgy41 Sulphurand oopperwitha partioleain of losathan

4 ada.

(Figure14)

MineralogioalAnalysin:-

Pyrites
Chaloopyrite
Sphalerite
Gold
Silver
Insoluble
Magnetito

70 -

0.2 gr/tonno
16 Mitonne
10 -
o - 5,4

AversgeCoapoaltionof the Product:-

41.5r S. 0405/..As.
38;.Pe. 0.00.VLPb.
13).insoluble 0.01? .Cd.
2.0r.Cu. 0.05v,Co.
1.8$721• 16gr/tonneAa.

0.2gr/tenneAu.

ChemicalAnaZysia(Averagefor YearindadDocenber1963)

Maini.wcLuot 41^ 3. gr‘Ca
P,O.V.ore 30g S.
Handplokedproduot 40.4SS.
21nk-float " 41.‘ S.
Jig • 38.S S.
notation • 45.448.
MagnetiteFlotation

	

Product 44.9;:-S.
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2he designedoapscityof theplantis 40 t/h,but theunitoanbø worksd
suooessfullyat t feedrateof somm50 t/hif required.As willbø seen
fromtheflowdiagram,therearetwo sink-floattroughsin parall•l,the

firstwaa installedin 1955andthe smoondin 1956,withoutinterruption
in produotion.

Proma orudeorebin of 50 tonnoscapaolty,thematerialis pessard
via a vibratingfeedør,manutaoturodby JeffreyTaylor,andof ths
(180x 60")50 - 100 tonnes/houroapaoltytype,to a preparingeoren.
Thissoreenis aa AllisChelmoralowheadvibratingsorsen(3'z 8'),
gearedto 945r.p.m.and drivenby a 6.3kr. at 1,430r.p.m.motor.
'(;aabwaterfor thisunitis obtainødfromthe overflowof the mediumoone.
By rubberbeltconveyors,theoro is passedto the shekingtroughwhichis ot
4,000x 700 lem. overalldimensions;it ir cibratedat 400 strokoalmin.
(Strokelengthi") by a 15 kw. eleotrionotor. The troughla sub-dividød
intofourequallysisødoompartasnts,intowhiohwaterie sprayødfrombelow,
throughthetwobottonplates. Theseare euspendedsoreensof 10 mm.
(upper)and3 mm. (lower)spaoed2 mm. apartand areueedto ihrflotth•
ronovalof anyslimeain thomedium,whiohare passeddireotto tbe54"
olassifyerandthønosto flotation.Spraywaterfrombelowat a preseuro
of 10 kg/om2is usedto olearthebottomplatesof apylargersised
partiolos.It haabeenfoundthatin prentisea solidbed of sinkmaterial
thooldbe maintainedfor effootiveaparation,thisalsoservesto proteot
the bottomplatesfromexcessivonar. Controlof thebed is by the quantity
of watersupplied- bothin themeditusandin th•individualsupplyto saoh
of thefourboxesin the trough. On leavingthotrough,thaoro (sink)is
aeparatsdfrom thewaste(float)by mans of a horisontalplateor kntfe,the
heightof aniobis adjustableacoordingto feedrats. Promthiptrough,both
ainaand flootaropasseddireotlyto a drainendwash sorna; thisbeingan
allisChalmereLow head3 x 20 mm. vibrat1ngsoreen(4'i 16')workingat
940 atroksa/ain. and drivenby a 6.3kw. (at1,430r.p.m.)øleotriomotory
spraywateris obtainødfromtbemediumooneovorflow.Her,mediumis renved
and returnedto the oons by a Lantlswerk F.G. 20-375,rubber11usd.,oentrifugal
pulap. Tilis bas a oapaoityof 6,000lhain. againata headof 11 m., it is
drivenby an eleotriomotorof 65 bap.at 550 r.p.m. Thenødiumooneis
of 5 m. diameter,hoight5.25m. andvolume35 ler' andnormallycontainssome
tonnesof sedia Therois & balaand mediumreturnlinkingthe oonawith

a sumptaakbelowtho drainand washsoreen. Poworoonsumptionof the plant
is some2.5kShontut.

Normallabouris oneor twomen pør shift,repairingandmaintaincou
inoluded. materialconsumptionis listedas followss-
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1 impellerper 45,000tonalls

1 sidsplats 45,000tonsøs

1 casing 90,000tonnes
Separator:- 1 setbottomplatespør 4121,000tonnos
Preparationaoreen:-1 ast plateaper 5,000tonnes
-ash screen:- 1 setplatesper 10,000tonnes

Costdistributionis approximateky:-Labour 15/..

Powor 5;Q

flepairs50;

Royalty 34;
Pigurs18 is a diagramot the Sink-FloatPlant:

' Pl

Thisinstallationremainsfromthe timewhenlargesise "molting
atons"wasprodmoed:thefinerfraotionof the ore beingseparatedby means
of severalJigsdesignedby theCompapyandknownas theOrklatyPw4t4.
Now onlyone remainsandthisia usedto treatthe2-4mm. fraationonly.

It is a twooompartmentjigwith pistonand soreenin øaoh
oompartment.The mareenhaa apertursaof and supporte• ragginglayer

of ironballssomøi" in diameter.Deførenceshouldbe mads to Pigure19.
for a diagramof ths jig. Capaoltyoftbs jig is approximately8 tonnesibour.

ø -lotation

The dc,Ltiledflowaheetforthe floatationplantis givenin
tigurs17. itemboellis of the Denver"suba" NO. 24 varietyand is driven
by a 5.2kw. (950r.p.m.)motor. Fraatwo of thetour2.5m. diameterDonver
oonditionerLanka,wheretheohemicalreagentaarø addød(approximately50
gatfh.sodiumethylmanthateand 250galt.pineoil), slurryis pumped

direotlyto the flotationoells. Thøsearearrangedin twobatteriesof aix
rougheroollaand fourof fouraoavengeroells,eaoh,alsoone batteryof
sixhandlingtheorushedmagnetioproauotfromthesink-floatplant.
Maindime o we oon t on ture of 0 r
e a la le are t se

poreens

20 am. and4 em.

Sink-Bloatprepara-
tionsorøsn:

Sink-Ploatwash
somen:

Singleplateehaking soreen,manufaoture4on alte.Driven
by a 6.5 kw. (1,430r.p.m.)eleatriomotor.
Doubledeokvibratingseraenmanufaoturedby Cutehoffnuags-
hetteC81440-1TypeZ. 1.25x 3.0m., 6.3kw at 1,430
r.p.m.eleotriomotor. Two installed.

AllisChalmerslowhoedvibratingsoreen(3'x 8'),
speed545 strokee/min.kotor6.3kw at 1,430r.p.m.
Lpertures5 mm. and8 mm. diametor.

AllisChalmerslowheadvibratingsomen (4'x 16e)
speed940 atrokeilmin.motor6.5 kw at 1,430r.p.m.
:pertures3 x 20 m.m.



ork Krupp-aiktMesonansø-sikt.Uotor7.5kw at 1,425r.p.m.

JawCrualars 
Hadfialå36"x 24"jawcrushere,capacity250 tonnas/hour,motor

85 kw. at 720 Two installed.

Hadfisla24" x 13" jawdrushers,oapacitT60 tonneWhour,motor

55 ka at 720r.p.m. Two installøds.

ConoCrustiers 

Symons5i shortheadooneorusher,oapaoity110tonnes/hour,

roduaingto -20mm. siaø. Motor210kw at 750 r.p.m.

Symons5ittahortheadfineoruahør,wpsed4£5 r.p.m.reduoingto

-4 mmt.sise. Motor160kw at 740r.p.m.

NordbergGyradiso54" coneorueher.Mator160kw at 725r.p.m.

S
Dorroosugepumpe.Motor1.85ku at 1,420r.p.m.(flotationfeed)

Two installed.

scln?"v260. matar10 11•1:4at 970 r.p.m.(magneticflotation)
LAilwsFV 30e Motor10 h.p.at 1,440r.p.m.(flotationtailinge)

LandaxarkFc 20-375.Motor48 kw at 1,47Cr.p.m.pumping6,000/min.

at 1,C00r.p.m.againeta headof 11 m. (sinkfloatmediumreturn)

6' ditceterx 8' Crondalmills.speed19 r.1).11.motor1L0

at 970r.p.s. installød.

6' ilameteri 121Crondalmille.Motor ns) 160kw at 740 r.p.m.

DorrOliver3 dieos,1.83m. diemeter,speed r.p.m.

!.:imoo,6 disos,6' diameter.

ala
Length10 m. inaidAdiame‘er1.5m. speod4 motor17 h.p.

at 1,455r.p.m.

Bay OilBurner,motor1 h.p.max,oil feedof 70 kag./hour.

(i.e.40 k.g./tonnefeesd)

iewaterør 
LowenheilmtypeF4-3wpeed500r.p.m.Motor5 h.p.at 1,430r.p.m.

o

Denver"Sub-A"no. 24,oells43"x 43",moters5.2kw. at 950r.p.a.

54 inatallal.

.Feedør(tosink-float)

JeffreyTaylor4DLVibratingfeeder18"x 60".Oapeoity50-100tonnee/

hour.
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14.Sto • 0 ro

Å listof the situationaof themainors storagøpointa,together
withtheiroapaoityin tonnesandhoursle givønbelow:-

Stookpilø- 3,000tonnes,-2 days.
At firstjawcrushers-500tonnes,6 hours

Handpioking- 500 tonnes,17 hours

Bufferbins(0-60a.) - 500 tonnes,15 hours

Sink-float- 1C0tonnee;4i hours(2 hoursat naximumoapaoity)
Jigs- 50 tonnea,4 hoursat maximumoapaolty(interaitantrunningonly)
Mill.ins- 200 tonnes,25 hours

Magnetitsaillbin 100tonnea,65 hours

Silost Forflotationooncentrato- 4,0e0tonnes,

Formagnstioorrconoentrats- 1,500tennes

For exportore 12,000tonnsa

(d) t P t

In additionto the engineerin charge andthe designengineer,

there arein :.1162 workerseaployedin theore dressingplant. The

distributionof labourie ‘ivenbelow:-

1 overforeman

1 adaioistrativeforeaan

1 flotationforeann

1 servioeforeman

2 produotionohl‘rgomen

3 asrviosohargemen(eachwitha teaaof 3 teohnictiana)
1 servioeohargeman(teamof 5 men),heavyrepaireand now
installations.(dayshiftonly)

1 omrpenterohargeman(tssaof 4 oarponters)

3 womenoleaners

1 teohnioalatudent(offioe,design)

1 offlosman (payclork)

1 assistantto oldefenginear(Offion)

Totalservioeandanoilliary30

The remaining52 areplant operatera.

The diatributionof operatorsbetweenshiftsie not permanenty
detinsd. It shouldbe notedthatno rastriotivepraotiassareoperatså
by theUnion: øaohplantoporatormaybø oalleduponto assistin sarvios
or repairsshouldtheneed

(e) ot Treat

The oredreasingplantis housedin the originaloonoretebuilding
builtin 1913. Beingone ofthe føwbuildingaon thepropertynotoonatruotsd
of tiaber,thishas provedto bø a diatinotdieadvantags.Ths arohlteoturs

was designødto alhettheneedsof thattimeandhas aincedemonstratedit's
inflexibility;this,togetherwiththe topok:raphy(a steepslope)haa



•

•

restriotedthe scope of any alterationsdemandedby changingequipment.

A simplifiedplan of the main buildingis ehownin Figure 20. Unfortunately,

thie plan gives no indicationof the difficultiesencounteredin ore trensport

within the plant. Under these cramped conditions,wherebaltconveying

demandsmagy transferpoints and units of mali oapecitydeliveringover

short distances,the writer would suggestthat a greaterproportionof the

smallersized fractionsoould be more adequatelydealt with in some cases,

as a Blurrymoved under the action of gravity . A note of this

and other imorovementsthoughtnecessaryby the writerwill be found

under "generalobservations".

It is the poliqy of the companythat no more than the minimum

of spareaand equipmentehouldbe imported,(at least partiy due to the

high freightcosts),therefortthe treatmentplant includesa well

equippedmachine ehop oontainingfive lathes,thrte millingmachinesand

one grindingmachine,besidesnumeroueother miscellaneousmachine tools.

tile all the machines appearto be of pre-1939vintage,they are well

maintainsdand are large enough to undertakeany of the major re-conditioning

jobs which maj be demandedof them in the plant. There is also a hand

forge for two men and a welding ahop. Althoughof ti.roximatelythe seme

age as the main building,it mey be pointed out that the machine dhop

affordsample acoommodationfor ths machines,is eell laid out, light and

airy.

Office hnd bath facilitiesare aleo avallableon the Bite, these

may be described118adequatebu, zo mort. Officesare providedat the plant

for the dhief engineer,his assistantenginser,the overforemanand also

a general office.

Unfortunately,no overallplan of the layout wae made available

duringthe writer'svisit.

(f) sis Prooedure

Sampleaare taken at various pointe in the separationprocess

and analysedfor the proportionsof aulphurand copper.Whether bulk or

individualsemplesare taken dependson the daily requirementsof the engineer

in obarge. Daily recordsof the resulta for eaoh shift worked are kept

and alsociroulatedfreely to all responniblepersonnel.

Detaileof the samplingprocedurein each part of the plant are

given below:-

(i) Flotation Normallysamplesare taken at hourly intervalsby

the operator(s)in oharge of the flotationplant, who are also responsible

for preparingthe speoimens. Teste are made of feed, tailingand concentrate

on both the ordinaryand magnetiteflotation(includingthe magnetio separa-

tors). In additionto sulphurand copper content,reoordsof feed rate,

proportionof solidsin the feed, zanthateand pine-oilfeed rates,
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c. Hand sortingof ore must nowbe regardedas both costly and old


fashioned. At presentnearZy 50A of the ore is separatedon the basis of

hand piokingalone - this remainafrom the time of "meltingstone"produotion-

and thus a ohange to some other form of selectionwould improve the grads

of the produot oonsiderably. It is only recentlyhowever,that economio

means of crushingthis extremelyhard ore to a suitablesise have become

available.

An inoreasein the jiggingor aink-floatcapaoitywould appear to be

a possiblesolutionto this problem. Of these two alternatives,jigging

may be preferedbecause space ie restrictedand inetallationcoats would

probablybe lower. At piesent the companyis persuingdevelopmentteats

on a jig suppliedby DenverCompany (U.S.A.).

I. Traneportof ore within the planthas alreadybeen mentionedas a

probleau As facilitieshave been changedto meet the new requirementsof

a changingdemand,considerableingenuityhas had to be amployedin order

to accommodateit in the restrictedspaoe available. Thia aspect ofths

plant would demand a long and very carefulstudy and any improvementswhioh

may result would probabZyogy be marginal.

e. In recentyears, it hae been poligy to re-treatthe slimes in the summer

months of June, July and August. It was noticed that the capacityof the

settlingtanks is not quite high enough for this when the mine is on tull

production.

It is thourht that the chemicalconditionersare not easentialto the

suocessfulrunningof the flotationunit, as the time requiredfor the pine

oil aad sodium ethyl xagthateto be absorbedis ebort.

The capacityof thc Dorr Oliver type drum filterused to dry the

Lnetite productafter separation,wouldseem excessiveas it is only

requiredto run for maveralhours each week.

It is an anomolyremainingfrom the past, when more than 20A of the

run of the mine ore was separatedon jigs, that today mm. ore ia jigged


while 1p. nm. ore ia uiillod.Thia will undoubtedlybe alteredwhen the

ohange from hand picking is mado.

t‘yLabour
1. Souroesand su - Ae statedin the introduction,tha majority

of the mining labourat Lbkken is of looal atook and there is a strongtradition

of mining in the areain spite of the mdna olosure at the end of the laat

century - because of this long break in production,most of the minera

are in faot from farmingfamilies. An increasein the labour foroe is

not envisagedand so the company is not concernedabout tha flituresuppZy.

While most of the qualifiedengineershave been recruitedfrom all parts of

Norway,it is companypolicy to aelectcertainof the outstandingworkers
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for specialtrainirdotc fill the need for foremen and ahift bosses. an

associationof the NoflegianLinin ;ompanys'(Norsk,rbeidsgeverSbrening)

has provideda school in Trondhoimfor this purposewhere the potentialmine

ofsicialsfoltow a full time course of atudy ror 18 months. There is a

second similar schoolin Oslo which is not normallyused by the hompany

trainees.

2. 2ermsof ervapeaent- There is no erittenemploymentagreementbetweeh

the individualworker and bis employer,but both are protectedby an

edtensiveagreementLoverningwage levels erc of cs3pleymentbetween


the mining cexL.nys'associationand the enion (Norhk hrbeidaleder

ierbund). hch.evoo,oa on:acertent,e wæreer io to si:rs

Lbrutsmentsj.vorningwelfure facilities,housinu etc. and u plosiye

rerulntions. The 1;eephn,-is not leally eomrellee),c redundancy


compun.htions,but this is usu-llj subjectto rensultationsbeteeenthe

tre nws-)anyat the time. in nreat lritain, merlkeolau3 un-




employ.,souteontributionsare phid jointlyby employoeand employer.

ja.e Lt-velhsn3 ..etnodof Pacment- in rdnuro ere -paidat


approshastelj-“Ou 3:dhe rates as ether munudl ,orkers,an receive rather

less than in njend, althoughthey prebablyhuve moro ":ringe"benefite

(see welfare). an undergroundcontractwoxker cun expeet to ruceiveu

mailmum of about 360 Kr. (£18) per week, from which,income tax (about

19-24, for a marriedman with two children),nati insuranceand medical


contributionsuust be uade. at presentthe comgaxL is paying Kr.2.20

per man-hourin nationulinsurah. ,L1medical contributions. hmaunlesof

typicalcontractrates are given below:-

.htoping - io.paii on cubic extrietion: sr.1.10to 1.50/m3

Long hole uoring- 1r. 3/hour + hr.1.75/b at every 2m. over 6m.

hub-level eunnelling- one ann per face, t.;,cJay cycle Kr.90/m.+Kr.10


for cleaning(by scraper1.explosivecosts Kr.1.50 cni 2.00 per kg.
drill steelsXr.10.

It is peritapsinterestin that the hourly rutes oi tay of non-

contrecty.orkerserc ineicH:sedproportionatolywrtn the cost of living

(this is approximetelythe sz-smeea in ngland

til workersare paid in caah on a montaly basis,wita an advance

of Lr.100 (.t5)sor week.

elfare

Perhapathe most imcortantcf the benefitsafforceedto the workers at LOkken,

is their cheap housin - rentsvary between ord 35 per month. The


eualityof housing seems to be most reasonable,with two or three bedroomed

wooden houses, all nouses have bathroamsand tne main services. necently

a re* workershave expree,edtue .bishfor indopendenceunu are noe purchasing

their houses from the .1:omp.hscRileetinrand trevellingailowaneesare paid

by the Company and in addition,each -an ie :ermitteazo cut a certain

amount of the compunyov,nedlocal ttmber annually.
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- orkers hnve three weeks soHm-r hcli,1eys er veer *ith full nny.

goever, Lhcre is ne Croe melics1 sorvice

It mnv be ns n rosult of the exuellent nr)litical elimate existing

but“cen the 'Jnions in .he (on-an2, that zevern1 volueb1.3 nronerties have

heen res.-(sted tc the v.orkers ns -ifts; these incltvle e lame corriuntty

hnll, holiIay homu, am1 nn extensive onen yifle ranme.

5. Ihe dniona - Int Norsk Lrbuidsosna _nrtand is Lhu Loo,doa of tie n‘tionx1

la(Ihstrial union, Lnu ur,.,a.iisaajca dil rsinui.s

ounr“ctors in oulon,g, rna of is al roximutely

or 14, (x.' thu 1:opdiatio4, ahile tih‘t u: the :,ibuitisusna :orbund is

4bout ;t,O(i09. xine 0. fiujaj.s sra ieir.ucr of tho (.:(:ilsk(2(rhaids1eler :orbund.

inuJ.et i ISQ ki&cr of milltsacj in xininc; uuions un in .;reat

Uritein, 4ad donnequunLty iL seom that s mcua peo, .russive attitude

of co-operation is 2ursued at dll 1evl. ac(Liations nurmally takm place

in & oordial uidlonpnura (ind xuoLvictbe ixsetises du AOL axist in t(to inluatry.

Unitrtunntolj, li. Litt 1:4oL.xxlinfoLtutluu ,us ade hvallsble on

tnis tobjuot - ix)xsibljouuadso o tno il.(thar difi:ufent ?ers,..ective in

.141.(Us the onions ure ieei in :urxay. It uadcuLtoJi ierits forther

study as madiustux uj ;.C. loaIurs' :uouLs.,iÅCtjt in LUu


..u.nninxvian trs-u xnlon

•
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(r) txast
LOkkenore oontainsa highproportionof quartsandthusin the

paattherewasa highinuidenoeof respiratorydiseases.Thissituation

no longeroListe,due partlyto tho oonsiderableeffortsof thenine

dootorsho basbeonin a uniquepooltionto studytherespiratoryeffoots

ot dustovora periodof nom than25 yeare. The lastnewoasosof silioosis

dovelopedsome15 yearmagoin tho imodiatopostwar periode

RoutineohastXxsysare takenat thrsoyearinter•' , mort,

frequontlywithspeolatoases; as no rogulardustsamplingis roquirødby

law,oontrolhaa now roaohedtha stagsthatthe dustsituationin many

partsof thenineosn be predictedfrantheanalyelsof Xreyss

tustsanpiesareonlytakenin plaoesahøreoountsarsthought

to be high,for thiapurposesan MidgetInpagerinatrunontis umad-

it has besnfoundthatthemodloalinvestigationsandthisinstrunentagrøs

veryolosolyin nostsituationatNo naxinunpornissableduatcountoare

atipulatsdby law,bt.tthepraotioaldangerlinitis bellevedto 1111in

the regionof 700 p.p.

Reeentduatoontrolworkhasbeenoentrødon theore dresoing

plantand a oonsiderableinprovenentin theworkingenvironsenttherehas

hoonrsporteda

Someintereatingpublioationaon dustoontrolat IkkkenMineoan

blaobtainedfraatheNorwealanMedloalLamociation.

•
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'21nsBB-d:12 is a rotaryperousaive,pusherlegmaohinewhiohhas
devolopedby theAtlaacopooConpanyof Sweden,espeoiallyforthevery

hardpyriteore at Lokken. It is onZyby usingtaismaohinewiththemost
moderntypeof tungstenoarbidetipped,integralateeldrillrodsthat
thegroundoan he economioallypenetratedtoday. A liftof 10 - 15 m. -4 

is requiredto maketheuseof tungatenaarbidsbitseaonasioalfordrilling
use. Thieproveddiffioultto attaia,but auooesawasobtainedafter7
yearsof teating.Previoualythelifeof all ordinaryoarbon
drillingrod torgedwitha aiz-pointeddoubletaperedbit,wasonlyof the
orderof 1 inchin theore. uday,drillsteellif•is of the orderof
18 - 19 Ba.but withaome12 - 15 anarpeningsas the tipabeoomeblunted#
afterbetween1.3 and 1.5ba.

The BEE12saahd, has a sylinderdioneterof 75 mea.,a stroka
of 25 m.m.,a Lyeedof 4,800b.p.a.andit revolveaat 300 r.p.m. The
weightof thømaohineis 24 k.g. Preeairconsumptionat 85 p.s.i.g.is
approximately166a.f.m.

Por drillingin thegreenstoneatrataaroundtheorebody,the
AtlacCopooBBC 22 Lionmaohineaareused,althoughtheyazmbetagreplooså
to somesztentby the Puma. Bomewhatcontraryto theirreputation,theae
machineahavmprovedbothruggedand effioientand thusare pepolar,
withtheiroperators.Thøyare usedto a oonsiderableeztentfarlonghole
drillingin thegreenstone,whereholeaof a lengthleaathan8 m. ars
requirsd.Theuemaohineabaveatandardrotation1.e.on GhereLurnstroke,
andare usedin oonneationwithordinaryi" hexagondrillstesa.

Piston etrokeand diameterarebothof 70 m.m.,giving2,050
b.p.m. The weightofthe uvazhineis 29.1kg. ankithe trea air oonausption
155a.f.m.

AtlasCopooPuna(BEC18W)machineawiththeBMN 30 auto-sfeed
attaohments,are fittedto thenew fourmachinedrillingrig whiebis
deacribedin AppendixII. Theaemachinsa(Puma)are essentiallysimilar

•
to the Lionbut a few ditterenoesezistas notedbelows-

Piatondiant•r 70 a.m. (EumaandLion)
" stroke 55 m.m. (Tnma),70 m.m. (Lion)

lapaotaperminute 2,300(Itaa), 2,050(Lion)
Weight 26.8kg. (Puma),29.1k.s.(Lion)
Preeairconaumption- 131o.f.m.(tna). 155oliel"(Lion)


