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':::.iction - 1 

~Ilodgomcnts 

I 'ash to record my sinco:ro gratitude to the Royal Goverru:ient of 

Bhutan, UNDP and UIUDO for their in1:1onse help .'.'..nd guidllnce in this ':TOrk. 

~ special thanks are due to Mr. Tilak R. r.blhotra, RcsidAnt 

Representative and Miss Frieda Panis, .l..sst. Ros. Representative, UNDP, 

Bhutan, for the groat interest that they took iu this ~ork. Th~y and 

their collca/JUOS (;&Vo :Jo all hulp .~nJ assist<'\nco. 

I am very grateful to Ms. J. Tobin, r.tr. N. G. Biering and Mr. 

M. Ma.rchich of UNIDO, Vien."la for their valuable guidance in carrJing 

out this work. 

I am aost grateful for tho i!JlJcnso hcl~ and co-o~eration that I 

have reel.lived in oy '.rork frora Ihsho Imjor Pcm Tshot"ing, Director, Industry 

& Minus and his colloaguos, specially l4r. Ugyen Narngyol, Jt. Director, 

Mr. Sonara Yangley, Dy. Diroctor, Mr. Bap Kuengn, Project Plhnager & r.iy 

counter-part, Mt. Tcncho 'lhinlay, .i.sst. Director, Mr. SallG1.Y Dorji, 

Inchargo, sla to uincs and Mrs. Se.ng'.'ly Dor.ia, Typist. I hal/e Nall;f no 

>70rds to express my gra ti tudc for the courtesy & kindness that I ahmys 

rocoived froo thou. It '.7115 really a ploasarc to work uith thee. 

I ~n nlso very thankful to f4r. Dorji Norbu, Director PiD and his 

colleagues for their assistance. 

I wish to pay a sincere tribute to the pooplo nho have holpod in 

opening this deposit, and uorking it durill6 tho last f\m years. 'lhoir 

ontorpreanourship 8nd dotoriai.nation is responsible for tho ostablish~1ont 

of a now rr.ning vonturo in a ruoote nountainous part of tho country, 

vrith little mining traditions, in fnco of very hoav~ odds. Ono of thuso 

untiring persons, "'ho do.sorvOf.a special r:xmtion \7BS lrito Mr. Taala. 
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I ::ish to pay a tribute to the geoloGists of Bhutan unit of 

~ulogical Survey of India, -:rho loc'.\tod this doposi t about tuo decades 

ag-o, special credit for •.7hich goes to Mr. B.S. Jangpa.ngi and Mr. s.P. 

Nantiynl, -.mo ·.7err"J senior goolot;ist & Director of tho Survey nt that 

tiao. I also :Tish to thank their prosent Director Mr.C.P. Vohro and 

his colloagu0s for the inform ti:m that thoy gave rlo rogardil'lb this 

deposit. 

1lv' faaily &: I have recui ved grec t kindness & courtesy from the 

people of Bhutan, from tho highest to tho huoblest, \7i th '7hc.m ,_-;o cnm 

into contact during our short stay in this beautiful country of 

cnarcti.ng people. 'le carry a very happy memry of 011r stay hero. 

'I 
. i .. ' ,.._~1. ,·, .. - l _u .. r 
Tej !Tuan Malhotra ) 
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Section - 2 

INTR.OIXJCrION and SCOPB OF !J,1K 

2.00 Introductio,a. 

2.01 Druk Yul, Land of the ·Thunder Dragon, the country known to the 

;vorld as Bhutan, occupies an area of approxim.:i t;ely ,i7 ,000 square 

k111, situat.e.d between 26.5 & 2') degrees north latitude and aa.5 & 

92 degrees east longitude, or ~:le so11then1 elopes 11f Him::ilayas. 

It is bcunded on the north by ribetan plateau, ~nd on other sides 

by India. From the Indian plains, the mountains rise rapidly from 

about 150 metres in the foot-hills in the south to over 7,550 metres 

perpetuttl snow-clad peaks in the north. Figure I shows a map of 

Bhutan. 

2.02 ~ng to the geographical situation, and its own policy, the country 

remained in a state of self-i~posed isolation until the early 1960's, 

le mdi ticn 

thJs._; ~ .'•- .. "Cades, it has made remo.rkable t>rogress in all spheres 

of :.1~1:1• 

On the ecJno~c front, the two maj0r postulates of the country'~ 

national po~.ie;y are to improve the socio-economic/of the ~eople, and 

the achievement of over~ll economic self-reliance. 

Bhutan's population is estimated to be 1.2 million, and is concentrated 

in the valleys of its main rivers and their tributaries, specially 

in the W+Jstern &: southern regions at comparatively lower altitudes. 

'ibere are only two major towns focludine; the ca,;i tal Thimphu, with 

a population of over 20,000, two tozms ~a•re popula tLm between 

10,000 to :io.ooo, and 13 other torms have a population between 

5,000 & 10,000. 'lbere are over 4,000 significant human settlements 

in the country. 
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2.03 The use of hand-cut wood shingles has been thi:. customa!"'J method 

for roofing houses in Bhutan. Only two or three layers of •·rood 

shingles are normally used. As the quantity of ·.;ood shingle 

used is not enough, adequate ~rotaction is not obtained from 

rajnR. 'll-ds cystem o! using ryood shingles, though it appears 

to be initially ccuuumi<'nJ • h.<i.s m::my rlis::iiiv::int::iges. It is very 

wast&ful of timber resources, and is :-enlly not as economjcal 

a~~ it appears to be. Infact, if pro;:ier quality roofing is dor11.:: 

using a larger number of layers, as is don8 in some other countries, 

wood shingle roo:ing would bu quite costly. 

2.04 In the last few years, corrugated iron qheets (C.G.I sheets) have 

replaced wood shingle roofing in many placAs throughout the 

provides better rain protection and is more permanant than the 

type of wood shingle roofings ~eing :rBde in the country. But 

G.G.I roofing in Bhutan is very costly. c.;_J.I sheets are not 

produced in the country and are nll imported, and thus beside::; 

the element of cost, it is not in consonance ·~i th the goal of 

self-reliance, to de9end upon them for rr:ee ting the i;ro· ring 

requiremimt of roof.a.ng ma tcrial fr. the country. 

2.05 Aon alterna"tiv'.3 '.Ylaterial for roofing is slatu. Jsed imaginatively, 

slate is a highly attractive material for .a.oofing & other archi

tP.ctural purposes, and is ffilperior to alt~rnativo materials like 

C.G.I sheets, asbestos sheets etc~ 

dlate has beon kn0\7.rl in Bhutan since ancient times, and has 

be~n used for engravir.g tho images of ilhag>itan Buddha and in other 

sculptures. But only a very si::-ill quantity of slah was nGeded 

for such purposes. 

2 .06 In course of travers& mapping f~r the Royal Govcrnmen t of Bhutan 

during 1962-63, the Geological 3urvcy of India loccitod la1•go deposit::i 

of slate at Bonsogeoma (Bhcl) (27°34'13" 90°0:;'30"), about 1 km. 

suuth-east of Rialr.ha village;, appro:ichable by a 20 km. bridle pn th 

from the nearest ;u 1d-head 2 t C1msum, uh ich is o. t a distance of 

9 km. from 'Jangdi ~ilodrang, 1;;hich is 64 km from 'j'himuhu on tho main 

road to eastern Bhutan. 
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2.07 Conscious of the fact that \Jith rapid economic development, 

construction activity in the country \;ill increase at a fast pace, 

requiring large qur.ntitics of r'>cfing mo.te:rial, the Departmant of 

Infi. . .lStrfos & Mines startad action for the de!velopr.ient of this 

deposit several years ago. Arrangomuats ;:0rG rode for training 

of -ilorkmen, and quarries were opened at the outcrop of the slate 

dcposi t. Those quarries have been in Jporutio:1 on a small-scale 

i'or a number of years. 

Slate '7:lS excava tod & dressed manually, :md the hand-cut slate 

slabs uere transported by mules, from thn quarry at tho hill-top 

to 500 metros below in the valley, ~~tl then to Chusurn over a 

20 km long bridle path. Impr..,vements ::ur...: n:.dc in thu operations 

of the project, rmon sometime back, n 900 ~otros long gravity

oporated aerial rope:ray -.'1as instilled by tho Department to trans

port finished sb te slabs from the quarry to the b'1sc camp in the 

vnlloy bolow, and an un-mctallcd ro·~d ··'ls constructed from Chusum 

to the base-camp over a distance of 15 km. 

Several thousand squnr".: motres of slab n.ivc bo(m producud from 

tho -.1ine :ind useci for roofing in the country in the last few years. 

In-fact, most of the expo~;d 'Jut-crop of go0d slatu h::.s been nearly 

•:orkcd out, and it \7ill bu now nuccss.'.lry to r~,mov0 some ovorburdon 

to i)rovide adequ.1te working room for cny length of time, even for 

tho smn.11-scnl.:i mining that is buing don0 .Lt prusunt. It speaks 

vulumos for the cnterprcanour-s~,il, " dotcrminatio1. of the people 

concerned, that a nc'7! mining vont-..irc has bt:or • .::stJ.blishcd in a. 

r0motc, mountainous port of the country, , ith littlu mining tradi

tions, in face of such heavy :i.dds. This smnll-scale mine will 

servo as a pilot-project for n larger mine of optimum size. 

2.08 ·l'ho .Q:;partmcnt cf Industries & lltincs has now sought tho advice 

of UiWP & UMIJO as to how this no.tur"ll resource C[Jn make its 

boat contribution to the economy of thv country. 
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2.10 3cop..::i of iork 

2 .11 'I'ne scopu of work of the UUIDO consultant is to ascertain the 

technical & economic feasibility of developing this slcl tG deposit. 

:l'his may includ8 a study of the current status of tho project, an 

.'.lssessment of the quality and rt)servGs of minuabl.:: sfo tc in tho 

deposit, its uses & market, methods of mining, minu development 

progr::mme, ustimn tcs of capital & opera ting costs, fin:1ncial 

o.nalysis of the project, :::md its contribution to the national 

economy. 

2.12 The consultant may also soparc.tely prepare a document giving 

cl.Jtails of assistance that the Govornm~mt may r.::quvst from LHE'DO 

for this project. 

2.13 'l'he consultant !!lay also pri3paro a report, sottinr, out tho findings 

of his mission and his recommendations to the Gov,irnmunt on further 

.~,ction, "hich might be taken. 
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Sef'tion - 3 

SUMMA.RY OF REPO.iU 

3.01 b. ·loposit of sl.:ito occurs at Bonsogooa.'.'!. in -1.'.lngcliph.::>clrung district 

'.Jf Bhutan, nt a distance of about 100 lros fror.i l'hhJphu, tho capital 

of tho country. 

3.02 The quJ.li ty of slate is good, nn;l the reserves in tho Jupcsi t 

aro larco. 

3.03 'l'ht: use of lnn•l-cut ;;;ooden shinelos hns been tho tr'.l li tional 

11cthod of roofing in Bhutan. It h.'.ls, ho-•:uvor, s0veral ·"!.is-advan

tagus, includinc; its irip1.:r::iannnco, ~1i th replacowont required every 

fo'~ yenrs, 1 ,"'."':stofuluso of tir.ib0r, c.n,~ relr1tivoly hi;;,"h ~ost in tho 

l:mc run, ·h0n all factors ar0 tc:kon into account;. Undur the 

circuustances, th.;ro h<is boon a tron~ tw:a.r ~s tho use of corru:rllted 

gnlv~nisod i~on (C.G.I) sheets in recent yoars, particularly in 

urban arua.s. But C.G.I s'.wcts in Bhutc.n e1ru c:istly. 'IbGso 'lro not 

pr.)·~ucu:l in thu country and arc all iuportu-1, ~ml thus besides tho 

ol..:mcnt of cost, their uso is not in c0nso11"1ncv ·:ith tho gonl of 

self-rolianco, ~1hich is one of the principal 0bjoctivus of tho 

country's nntional economic policy. 

3.04 Sfatu is .'i highly attractive na.tcrial for roofing nn:l other 

nrchi tocturnl i_Jurposos, and is v:iluorl for its ~...:s tho tic qunli ty, 

cli,;ni t:r & pcrr.1anancy. 

3.05 Conscious of th0 fact that -.ri th r!ip;_c! uconor:iic d0volopmnt, 

construction activity in tho country ·.rill incr0e.sn o.t a fast paco, 

requiring larco quanti tivs of roofine; r.ia torial, tho Dopartoont of 

In:".ustrics & Minus opono1 quarries ·'.'It thu outcrop of tho slri to 

cluposi t a fo-.: yunrs ago. 'lhoso quarries have boon in operation 

on a. s1-ill-sce.lo, and sovoral thousanrl square ::ctros of ala.to 

has beon procluaorl fror.i tho nine, an·:l UsC;rl for roofina in tho 

cJuntry '.:luring· this period. 

3.06 Slnto is a totter roofing n.~torial than C.G.I shuuts. But 

bucnuso of its i ndiconous avaihbility, it is nu ch chon.por in 

Bhu to.n, C. G. I roofinc boin::; flb•Ju t 60% costlier tb:m slil to roofing 

3 - 1 



Use '.lf sl.-:tte "'-S a roofiIJG nri.tPrfal is thus in the L0st int.::r.::sts 

,;f the country ~.nd its :people. 

3.07 On account of its aosthctic qu:i.li tics, slr-i. to is be; inc used by 

discriillno. tillti i)Co;?le in :Ja. tcrially c.clvnnc.:)d c.>untrie:s, oven r:hen 

it is norc cc)stl~r than ~lternativo ~1rxlucts the .. t .-.ro chea)or to 

linsto.l. In sJm of these CJunt>:i0s, sl". to is bcinc. usoJ, evi:m '.ihE:n 

it h'!s b bo ic.~1orted. frJ::i distant c•iuntrios, .~n,: is far more costly. 

3.08 ... narkot ::i~ucly ;:1ade by the Du;,m.rtmnt of In:.lustry L Minos sho-..rs tlrnt 

tho likely UOi:nnd Of slntu for r,)Ofinf; in the: e·iuntry in tho !lOXt fi.P,; 

yoG.rs, · -oulJ b:; nb·)Ut 12,00,000 squ::iru foct ~i0r annu:J. '!his dorn.nd 

coultl incroaso further, if poo~lo in rur'.1.l o.r..:c.s c c>uld ~lso be por

su~clcd to uso sln te for roofi!lC, by •rovidin .. _;; thcD, if nocossc.ry, 

sioo incontivus for its use. It s11ould also be :..:iossiblo to find sono 

roason-:tblo O:JC!!ort un~ko t for Bbu tn.n sl". te. Tho t') bl r.iarh; t for sb. to 

C,>ul.J thus b..:: iJrCn tor, but 3.S C. r10'"l.suro ,:,f o.bnnrl.i.nt <''lll ti ,in, th0 

:>,.."j<>v L 1;i.'\y bo developer: initially to ~1ro1uc0 12 ,OO ,OOO squ'\ro foct 

:Jf sL-c tc :ior annur:1. 

Ju,J·JSi t. lhis OXJ.!OSvcl ou tcr·J~, is Il•Y.: nc".rl~r 0irh ,-,nf'.I t., •.l. ''n•l tv 

c,1ntinuo r.uninc, it is ossontial t,1 ruuovo ovurbur,!cn nr1•l cxpvso tho 

ov0rburdon :.'IQ.nually, but this '.:as not succosFJful, ns tho ovurbur<.len 

is :-i8.rd. On nccount .1f tho hnrd n~turo of the ov.;rburuon, and tho 

:~ifficul ty ·Jf [~ottine sufficient lnb.1ur fur :.:nnuill ':: >rk, it is 

nocoss:iry to use .X'.chinory for its rouJV::>l. 

3.10 ·J:lw ca)i tnl C.Jst of devGlo:1in~7 Bonsoi:,;oowu sl::\ tv )rJjuct has boon 

csti~1il t0l1 at Nu. 38 lakhs, incluc1ine Nu.13 llkhs f)r construction of 

a ru·,d fron tho baso-caaiJ to th(; c~u~<>si t, offic,.:;s, storus, f:ictory 

slwcl, o.ncl rosidontia.l buildincs, Nu.21 l '.khs for ::::.chinory t'.nd 

oqui~':iont, Nu.2 lcikhs for ini ti?.l c10vuloim0nt ·· )r'.<, :.nJ Nu.2 l::i.khs 

f Jr --rurkinc ca~i tal. 

3.11 I'ho c·mt of :,Jruduction, n t nin0-ho: .. 1, "xcludin'.: in-ccr0st ch<:ir[;os 

Jn ca~iitnl ir.vustod, is estioa.to,:! '.'!t Uu.1.05 ~,er sqi.Fi.ro fo~>t of 

shto at a ~·,roJuctic'n rnto of 12,00,000 tlqU"'.rc fiJc;t ;1or nnrn.m. 
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Cost ~f interest cbargus an~ nsuitablo r~tuni 0n inv0st::ient 

mll be in adlltion to the abovu-oontfono,: prol!uction costs. 

3.12 'lbe project can be brought into fUll prolluctian in one year's 

tirn0, after tho oquipmcnt has been obtaino.J, the ro;:Hls h~vo boon 

constructe·i & improved, and initial facili tios prJvi !e~l. 'lbo 

latter Rctivities can be comploteJ 'trlthin a year, if adequate 

funds aro avc.ilablo. 

3.13 'Ibo project is highly benoficial from nationai oconouic point 

of vieu. ~t current prices, C.G.I roofing is costlier than sla to 

roofing by 64%whereas the ioport CJntoLt of C.G.I roofiug is 

nearly 75% of its cost, the icport content of slatu roofing is 

only ~b0ut o.5% 

3.14 ~t present slato is being sold on a n0 profit - no loss b~sis, at 

lb.1.20 por sqft. at the mine head, and nt Nu.1.63 per sqft. at 

'lbirnphu. If i:ts prtoe wes increased oven by Nu.2.03 per sqft., it 

<:JOUH still not cost aoro than C.G.I roofing. Tho prcsvnt. price of 

slato is in fact, too low, and sb.JUlcl bo incr.:.:ascd to place a project 

of such intrinsic importance on n sourn~ focJting. 

3.15 lbe cJntribution of slate to tho national ocomcy my bu takon as 

tho CJst ,.>f importOll C.G.I sheots it can rcplc:co, th~t is, on an 

e.vorngo at Nu.3.66 per sqft. at prosent. When tlw pr::ij0ct is 

dovolopuc! to its initial cap~city of 12,00,000 sqft. pur annum, its 

contribution to national econoC\Y 1Jill bo nuarly lfu.44 lnkhs per 

annura. 

3.16 Apart froo providing gaiDfUl & skilled ottploy;]vnt to abr)Ut 65 

persons, tho projoct will provide an oxcollont traini~s around for 

Mining & Industrial Project lfanagoaent. 'Ibis ·rill bo oxtrocvly 

useful for developmont of other cinore.l resources of tho c:mntry, 

ns ·.7011 as in ::ianageoont of inc1ustrie.l projects. 

3.17 It is rocor.u::icndod that tho projoc.:t bo comid0rol for iuploaontation 

on e. priority basis. 

,_, 
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Section - 4 

USES & MARKET OF SIA 'l'E 

4.00 Uses of slate: 

4.01 'lbe most familiar use of slate is as thin but extremely durable 

roof tiles, &nd used imaginatively, sl~to is a highly attractive 

material for roofing nnd other architectural purpose~. 

4.02 Slate for use in architecDiral styling is quite popular in mnny 

rich countries at the moment. '!his mnrko t hov:ever, depends a gron t 

deal on ':7hims of architectural fashion. Colour of tho sl11te plays 

an important part in its suitability for som0 of such uses, and 

different coloured slates are valued for their aesthetic c.ppeal in 

flooring, i.annelling, wall cladding & paving. Apart .~rom the lnrge 

variety of colours available, slate slabs of various surface 

textures can :ilso be produced by different production routhods. 

4.03 But slat0 is not used for aesthetic reasons :lone. It is hard

~earing, non-porous, generally unaffected by ~tmosphoric pollution, 

and it v:ill not shrink or warp. Because of this, it is often used 

for ·rindovr-sills ::i.nd surrounds nnd flooring, cis also in damp-proof 

courses. 

4.04 Although ~n most modern buildings, slate is only a thin veneer 

cladding tho outside, or used in floor slabs ::rnd i:indo11 surrounds, 

in some places near the production centres, therl:i ciro houses rlhich 

are almost •.vholly built from slate blocks. l'hoso i;iay bo slabs of 

irrogular dimension skilfully fitted together, or blocks shaped 

to approximo.tely the size of normal building bricks. 

Roughly broken slate is a popular material for cr~zy paving in 

cortain places like court-yards, garden paths etc. 

Slate hns been used in the past in Bhutan for engraving the 

imngos of Bhaginan Buddha and other dietios. No~ dusigns und 

patterns can be devoloped and a handicrafts injustry established 

for such engravings. Sl6to can also be artistically used for 

croation of curals & sculptures in public buildings, hotels as 

~ell as in residential buildings. 
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;;lb te cnn b8 used :1-n table tops, shelves, benches, droining bo'.:trdS 

:md in various other forms in furniture. Propc;rly dosignod, they 

·:ould :!dd b..;n.uty and variety to th.: 0nvirorllil0nt. 

Ano th er inportan t use of slc. to is for :..nking school ·.1ri ting sle. te. 

lilrgo s1.'1 bs of sh te cnn be usud for mnufacturo of butter quoli ty 

bl.'.lck boards. High quality lnr~ sizod s .... .::. to shbs r:iay '"lso be 

used for makine; billi::ird tables. There nr0 five sections, 1~ inch 

thick, inn full size billiard tabla (12 foot x 6 f~ot) nnd if 

such good qunli ty slcibs a.re a.vail,:-.ble, those could r~tch vory high 

pricos for this use. 

Sl'lto slabs, 1s '>7oll as •:':lr;to shto is used for lining of c~mnls 

and ·.m.tor courses to prevent so0page of ·.-:ntor. 

4.05 As only a s1:1ll.ll percentagt: of the ~" terfal quarried in a slate 

nino, usually finishes up as tiles, it is necessary to give consi

deration to tho possible uses of slcito -msto. 

Crushud sb. to has boon used in scmc countries as a SC1bsti tutc for 

brick cl2y in nroas, ·mere the latter comQodity is sc~rcc. The 

finer grnd0 slate P0'7ders have found applic,'.l ti on ns filler in a 

nu'Ilbor of i..tidustrios, · . .here chemical inr..,rtness is raquirud. 

Ex::1mpl0l'! of p:coriucts using such ponder includ0 ~- i ti.~:~rutL'US 

GOlutions, bitumen, coal-tar coating wctorfols, roofing nnd dnmp 

course: f0lts, motor car undurseal, protoctiv0 co:i.ting for n:itural 

g'1s pipes, torrnzo tiles, ~oncr ... te products, in~;.:.cticidvs, ndhe

sives, p.'lints, papor, rubber, plastic nnd fortiliz0rs. The 

conrsor gra·.1ull1tod sLite is usod for artificial stone r.ianufac

turo, surfac:i.ng, roofing fol ts and concr . .;te: tiles. 'l'he crizo and 

shario of sl 1 to granules usod for nsphal t roofing fol ts is inpor

tant. F!ntc disc-shnpod grains bot:-:oon 8 ':nd 20 mosh arc idoal 

for this purpose. 

Crushed m-..i torial dori vod fror.i sln tos is capabk of ocing 

uxpnndod in rotary kilns. Somv of this p~rtly fused ~1torial 

can bo us0d as fil tor media in so· .. -a.g•.: troa tt:iun t -:-1orks. Aftor 

perhaps some furthor crushing, it could ,:;lso bo usod in light

·roigh t concrute. 
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Sl::i. to is u!'li11cntly suitable for -thu sub-b:1so of road. ·rosts 

curri~d out on frost resistance of sl~tu hwc prov'"'d successful, 

Qnd there h2s buon considorablo grovth of this market in certain 

areas • 

.7astc sln te c'.ln be usod for waking minor.>.l ·.rool, if fusud 'l'i th 

bLst furnac.:: shg. It ::iay r.lso b0 possible to r;iako ninernl 

·7001 directly from slate. If this '7'.'ls d<1v0lo;?0d furth0r, and 

con::1orcial production ur.s viablu, a Il(ffl gro1,;ing nr1rk0 t for sla to 

1.1:1stc.: could ·:rise:. 

Sone prornisj.ng research uork has b0on carried out in sora0 coun

tries on tho possibility of producing bricks or blocks by :.m to

cl~Vill€ mixtures of lime and sla k p0'.1d0r in th0 '3i'.l.lll\.., -.-ray th.J. t 

sand-lir:c bricks arc producc;d. 'l'his r.iny, ~1t sooo stag0, be of 

interest to Bhut~n, uhoro there s.ppo.">rs to be shortage of sui ta

ble brick cln.y, :md uhero limostonv doposi 'ts occur in thv v~cini ty 

of the; sl~to duposit. 

4.06 From abovn-~:11.;ntioncd large number of possible us1.;s of slnto, it 

should not be concluded that sl'lt0 11nd slcito ·;asto c"ln be usod 

-.;cono::1ically for all these purposes. 'l'h.:; loc.J. tion of th .J deposit, 

rmd tho nvnilabili ty of slate & sh to wnstu -.;i th resp<.: ct to tho 

i !ldustri0s in ·.rhich it can be usod, is of vi tnl iraportancc. If 

slnto .Poudor, ~r::mules or ~;astc has to b..: tr11nsporbd O'l:.Jr long 

distrinc0s, it :uny not bo economicc.l to m<1kc use: of tho same. In 

i::any cnses, other altorn3tive r:iatcrinls c.:m bu as ':loll usud as 

sln t..: po~1dcr. For cxllt!plc talc C·?.n ·'.'IS 1·:r)ll be usod n.s ~ mineral 

filler in tho paints & plr,stics industry nnd can «lso be unod as 

a dusting 3gont. Sir.iilarly liraostonc po·.rdi:r cnn ~\lSO b.; used LlS 

::l filler in sor::o industries. Exp.::mded sli1fo is only one.; of the 

r.iany n0t0rials that can be usod as light\reight aggrogatos. Other 

!la tural w::-. torinls thr>. t ccn be used for this purposo :ire un trua tod 

pumice, and nfter hoa t treu tIOOn t, such r::c: tc :::-i:ils a t1 vorr.iiculi to, 

porlito nnd clay. Artificial rroducts, such :::o pulvorisod ash 

can :ilso b1J used for this purpose.:. 'lbo obj(,ct in listing tht.i 

various possible uses of sla to is to koup ir. viv; tho opportuni

ties th.<1 t r.m~,r bo available, and D'.lkG use of tho S'.' ::iv 13.S on 

occnsion .~risos. 
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4.07 -:-lhllc considt.•ring th<J us0s of slP.. t0, ov0n for roofirtg · ·h ich is 

its nost faailbr use, attention should also b..:; p::id to th0 

alterna ti vc :1a tcrials o.vailablu ~s subs i;i tutos. 3uch ::Iil tcrials 

i;iay be corrugated gal~niscd iron sh~~ts (C.G. I slwots), uood 

shingl0s, asb.;stos-co11ent shcuts, tiles uanuf'.!cturod !ro?J brick 

clays, concrotc tiles in various colours & finishos, nnd suver:ll 

other typos of roofing material •. For 1-iall-cladding, artificial 

til0s ill'1dc from pl~stic r.ia terial and c13ra::Jic cLi.ys can b.:; usud. 

Gl.-~zod ccraa:ic tiles are well-kno·'Il for such usus. For flooring, 

thcroo-.Jhstic tiles can substitute sl•t., blocks. 

Tnu choice of roofing r.iaterial is b"sod on its availability, 

cconocy, :nd on its othur quali ti<)s. In 'ii:"~ tori.'.!lly ~dW!.nc;;d coun

trL~s, the prir.w consideration in choosing sl;1tc for roofing is 

its aesthetic quality, comparod ·.:ith lo·.,ur cost .!!lturnative 

products. Roofing sbtes are much :iore costlier in these coun

tries, but inspi to of their high pricvs, those arc still in 

demnd by di::;cri.~i!v1ting buyers. In Bhutan, tho position is 

. entirely different. Slate is a7ailabl.-:; indigenously, ':"1i1ureas 

1.ltc:::-na ti vc roofing ua terials lH::o C. G. I sbc'"' ts h:.vo to bu ·'111 

ir:1po1·t0d. JLltu roofing thoroforu, ,;urks out ~.JUch choap(;r. 

Sla ce should thµs be tho obvious choice for roofin._:; in Bhu i;;ln. 

4.09 Other us.::s fo'!' ··:hich slate r.ny b0 e; 1_ployetl i:1 Bhutan at prosont 

or in the n.::;nr future are 

(i) flooring & pannolling, specially in kitchen$ & b~th-roo'1S 

(ii) Jchool sl~tos & blnck-bo~rda 
(iii) .Engra vi '~s &: murals, :md for d<:cor<i. ti vv ft 

4. 10 ~ '7ido oorkut trends 

"31ate <:-::.1s used uxtonsivoly for roofing purpos.;s during lnt fotr 

conturius in t.!any uostorn countri0s, sp->cially in D .K., Spain, 

Fr-me<) & Portugal. Enorr.ious quantities of slct0 ·:0ro used during 

tht.: industri3l rc.volution in U.!{. At the one! of th0 l:o.st contury, 

tho production of roofing & architoctur~l slate in U.K., ro~chod a 

figure of 650,000 tonnes pur annuw. Too industry, how.:.:vor, 

dcclin-.:d substantially during thu pr•.;sont century, as ch.:iapur 

uass-producod subs ti tuto roofing ran.tc;r.;.Jls co:Ju in thu !J·'lrkot. 
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.;. 11 'ilio production. Jf roofing sl:::. t._s is still oxtrv:.10ly l:lbour 

int.:msivo b.}c".uso, in spite of gr<.iat do.:i.l of rosG::i.rch, it h:1s not 

yot boon possiblo to dcvolop .:i '!uch :aic:il :iothod of splitting 

sbtc. In vi.:··0 of tho high cost of l,,Liour in so10 ·.'l.;st01'?1 coun

tries, the CC' st of roofing & archi tuctur'.:.l sl:: to the.re.: ["; 's 

incroc:,svd gr.:;'l tly, end its production h -:s couc do-m subs t.~n tiJ.lly. 

:1.10 toto.l production of roofing & structural sLt0 in U.K., for 

inst~nco, hn:~: nJ·:.r fnllon to 10ss th8n 10% of thG ~cetk production 

nchiovod by it ..,_ t tho ond of the le: st c·..;ntury. Of course:, in 

-:.ddi tion to roofing & nrchHecturnl sl.-:i t...;, nuch l 1rg0r qu-:.nti c..i.vs 

of sL;. to 1:;c>.tc:ri~l in th0 for::i of pO\;rdur, granulos <.:;.nd :ill is .clso 

boing produc.::d :'nd usud rugul.nrly. 

4.12 But t1w indu;;tr;1 nou again sour:is to bu holding its ground, J.s thu 

4.13 

4.20 

4.21 

In .iilurop0, tho ;irincipal produc\.:rs of sL~tu '"Lt prt.:s0nt n.ro U.K., 

France, 3pain & Itn.ly. .t.1h:J annuul production in Fr!.\nc0 is o.bout 

no,ooc torm\;:J rcr annuo, co::iprising ab0ut 95,000 tonn;.;s of roofing 

s1~,to, 'tboi..:t :::o~ooo tonnes of architocturnl iJ'.ltori2ls, <::nd c•.bout 

'35 ,000 tonu,y,, o:t po;,7d..,r ~ gra.nuL:is. Prodnc tion in Sp1ir. is .'.lbout 

i .5 million tomws p..:r annu:.., ~l thoueh a L:rg0 [.'ro:)ortion of th;.; 

s::.;~,u i.:: usoJ. . s ro:;d fill :ind in CO!Jstruction. 30:1•:; very good 

qvfllity sL1k ;,:-; produced, ho'::.JVL:r, '.'ntl this ;.-;k(.;s up rJost of tho 

90, 000 wnnos p • .;r c..nnu;·; of oxports. U. 3. pro due tiun of slc; tu is 

::lso quite l~~.a~;J, '.:1ainly from Virginie:, North C.::i.r0li:;10., P.:mnsyl

V'.'H'.in, Ib.: Ycdc, :ind Vcrwount. Irnlb ""nd South -"-friC·'.l. '1bo 

produc0 & o;{~'"r·~ f~ir q!A-.!i-citfos of slnto. 

Intornation:::.l t:i;<';.do in shtt> is nornnlly confined to tho b01:tor 

r!ucility l1ighor priced ~.iatorials. '.Lbero ir; n f:-!ir ~·.1ount of 

-.1xch~111g1.; .JV•..;ll b" tc:o<Jn producing coun trios, on -::iccount of ';lrc:fwronco 

for P"~rticukr colour or gr.'..\do of sl.:i.to. Roofing .:nd. a.rchi toctural 

sl;:i. tua aro b(.;_;n,s tr.lnsport,;d oy0r onor1ous distd:"JC0s. F:?:"or.1 Indfo, 

r,,ofing s11tc:::; :.ro bving tr•msport..::d to Austr'.llii. 1 Fiji .s.nd to tho 

Fc:r East. M·lti-culourud ~rchitoctur~l slr.1(;,_,3 ~.:r" 1lso buing 

•..:;:port•.::cl fror: India to Euro~·~ , sp.;;c io.lly to Gor:.:any, Bolgiu:.i, 

Hol:md ci :3car:r'.i::.~vi".n c Juntriea, • s • :o 11 :..:s t'J 1..-ii,lrl10 '.J~.Gt, and 
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far eastern countrius. U.K exports roofing sl:~tcs to Cann.de, 

:ind U.3 • .a. .J.nd ovon to Aust~~lia. Fairly large quantities of 

sb to ar.; boing oxportod to Gcr1:r..iny and to Scandinavian countries 

fro~ Jp~in, Fr~nce ond U.K. 

4.22 '.l.l10rc is li ttlo intornation."il tradv in slate p<ndors but thorv 

h.::s bccn soi.JC tradir..g in grauulcs. Bocause of their l:nor value, 

such products carmot bear high freight costs over long distances. 

4. 30 Prices 

4.31 Prices of slates vary enoraously, depending upon their size, 

thickness, strength and colour. 

4 • 32 Thin roofing sln tes :ire expensi vc, b .:ic:ms~ of the extra splitting 

costs. 'l'hoy arc also ~ore profitable for the producor, as core 

sL1tes ctln bo produced froa a given ;:nterial. 'Ibey arc ·'.1.lso the 

most convenient for use as rovfing 1:lo'.lt0rial, as they arc '..lore 

convenient to h~ndlo. 'Ibo aio of pr0dacing a good roofing slcto 

is to gut fae thinnest slate possible, '.'hich has sufficfont 

strungth to sorve its purpose. 'l'ho opticuH thickness for roofing 

slates is about 5 to 7 aa though it could be as high as 12 oo. 

4. 33 Large roofing slabs, norr.inlly 600 x 300 r.u~ and l':?rgor, aro more 

oxpcnsivc pur square motro, but they aru moro economical for tho 

consuraur, since tho cost of inst:::.llation, •dhich is high, is 

subsumtially ri.;duced for n givun :\r;::rt of coverngo. 

4.34 3lato tiles for flooring & pann,Jlling are thicker, wrying in 

thicknuss frolil 8 to 20 llll:I, but prl-forably bebeon 10 to 15 r.1u;. 

4.35 Current pricos of IJflChine-cut r.rulti-colourod slate slabs froo 

Inrlia, suitnblo for flooring & p~nnolling, arc Nu.75 per squaro 

:.iotrc f.o.b Indian ports. For h'lnd-cut slabs of snmo quality, 

thoso nre Nu.55 por squaro oot.i·o. 'lb1-> prices of hnnd-cut black 

colour0J roofing sle.to f.o.b Indian ports at presont is Nu.44 per 

squnrv "'utro. 1bo multi-colournd flooring & pannolling slabs arc 

coraa::nding premium pricos on nccount of thoir colour. 
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Lbrk~t situ~tion in Bhutnn 

As h-,s boon stc~tud onrlior, sevura.l thousi"lnd squ~ro m trus of skt'" 

h :s b·>.:a produced from this d0posi t :ind usud for roofing in tho 

country in tho last fc':T years. .1.:10 other aain altornativ1J r.k1.to

ri'lls for rovfing being us.ad in thc country are ".100d shingl\:s :md 

corrugatud galvanised iron shoots (G.G.I sheets). 

4.42 lk, custo:s:ry ;:1othod for ro•}fing until rocontly ·.;~s thu u.:;-.: nf 

h:n.:1-cut ·.•uod shingh.s applic~ to ::.. h·.>ivy r1ood fra1;io, ct th stones 

placed on the top to reduce ·-1.nd uplift. At present in Bhutan, a 

p0rsan is 'lllo•:red to cut logs fro:J tho forusts for his !1'.>us0 cons

truction c.. t ri very nomnal pric-.:. His co-vill11gcrs hulp hin in 

cutting & transporting ~ood, nnd in construction of the hous0, but 

r3coivc n0 c~sh coapcnsation f0r their contribution, although thuy 

rocei vu soac col:lp•..:nsa tion in kir.d like food &: drinks. 

4.43 Only t-.-:o or throe layurs of ~:ood shingLs Clrc horrna.lly us..id in 

Bhu t&n, unliko a larger nunbcr of l •ycrs t:1a t are used in soac 

other countries. As tho quantity of ·;:ood shingle usu.oilly us8d is 

not enough, adoqua.te profoction is not obtainc.d froo roin. Outer 

1:1yors of t>-.is "700d shingle n<Jl:d to bv rcpfocod ovury fmr yeilrs, 

:s thcsu got rotton due to .::ffu·ct of ·;0athor. 

. • J.'his systl:'.:l of using '.vood s11ingl,~s, t.'iough it appo:-.rs to bo 

ini tfo.lly ;::conowi.cal, has a'.\ny dis--:dvantag.:is. .A nuuber of trevs 

:~r:vo so•1wtLio to bo cut rit tho b:1s.:.. to d'1ter:1ino, if th;:: groin 

is straight and sui tab lo for uaking sh ingl.;s. 'Ibo tr'3vS that 

o.r'.:. not sui tablo aru loft to rot. So::io forost fires can be 

attributed to the s;~1all ·.rood slush that is luft b1Jing. 

4.44 If thL cvst of lllbour th:-:t is c:m(;ributod in kind, -md the indirect 

subsidy th.:.t is givon by the Sl'ltc in giving ti1lb;.;r r.it nominal pricos, 

is bkvn into 'lccount, and th..; cost of its frequ;;nt ropl.::cot.mnt is 

.<iddod t . .) that, it ·:ould be found ';h.:.t -:1ood shingle roofing is really 

not as ccono!':licnl as it o.--'ly appo:~r to b.::. In fnct, if proper qu'llity 

roofing is jono using n lnrg:J nu'Jbcr ::>f 111ycrs, :is is t.lonr~ in sooo 

other Cl1untrius, •.7.JOd shinglo roc•fing 0.muld bo cootlior. 
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4.45 In the last fe1:7 years, corrugated iron sheets have replaced uood 

shingle roofing in oony pl:1ces throughout the co • .mtry, specially 

in urban areas. Although C:.G.I roofing is more costly, this has 

happened, because it provides better rain protection, and is more 

purmn.nant than the type of ·:rood shingle roofing being made in the 

country. C.G.I roofing houever, requires oaintainnnce by periodic 

painting, and ~ore so, as it ages. Rusting first occurs at the 

holes, where it is nailed or bolted. 'lbe ra.to of failure at tho 

points of 1'1.ttachaont and tho wear of C.G.I shoots bococes more 

serious as tioe goes on. 

4.46 An alternative onterial for roofing is slate. Used ir:iaginatively, 

sl-:te is a highly a+.ractivc r:nterial for roofing and other architec

tural purposes. In materially advanced countries, tho prino consi

deration in choosing slate for roofing is its aesthetic quality, 

dignity and pc:rrannancy, compared •r;ith louor cost alternative 

products that are cheaper to instal and are designed for rapid 

construction. In soioo of these countries, sbtc is used for roofing, 

oven tlhen it has to be i~portod from other dist~nt countries, 3nd is 

far more costly. In Bhutan, tho posi tiou is entirely different. 

Slate is nvnilnble indigenously, ~horeas G~G.I roofing i:ntorials 

hnve to bo i!!!ported. ~ .. detailed cost analysis has proved boyond any 

shado~ of doubt that slate roofing ~orks out to bu r.ruch cheaper than 

C.G.I roofing in Bhutan, C.G.I roofing being 60% costlier than slate 

roofing. (Annoxuro I). Tho use of C.G.I roofing in this country is 

thus not in the intorest of the: country or its people. 

4.50 Marketing Prospects 

4.51 'lho Department of Industries and Minos has made a market study of 

roquirol:klnts of roofing material in the country, uhich shows that 

tho likely cor.nnd of slate for roofi'lg in tho nt:.:xt fou years, 110uld 

be about 1,200,000 square foot per an?Ulc, if prupor quality m.'ltcrial 

at roasoooblo pricus is avaifablo. This is 0;1closod as l~nnexuro IV. 

This dor.nnd projection could, in f~ct, incro~so appreciably, if people 

in rural areas could also bo porsuadod to use slate for roofing thGir 

houses in place of -::rood sh inglo, by pro vi-ding thee if nocessnry, 

loans and othor financial assistance for purchase of slate. 
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Ttwro is .:it pr::sunt a :0'1::Dl1:1bly .:;ood 'l"'.r:~ t for Pl<t t;_, for rocfing 

in Austr:i.lia, ci.s r.1011 ~s in so:-10 othor c:Juntric:s nonrby, and sl.::to 

is bdl"JG oxport0d to thoso countries frocr ~ooo oinos in Inc!ic.. At 

tho prosont price levels of alo.tc .;n ilhutan, it should 'lso be 

possibl; to find scmo export :.1~rk0t fc)r slate in thoso C·)untrius, 

provided prJpor qut'.li ty is ':JF' .. intainod. T!:icro should 1lso bo 

rnrkut for Bhu t·m s:!.ato in neighbouring hill aru'.ls of India like 

ilurjeoling, K:lliupor.g etc., -·hero C.G. I sheets <\re us0d for roofing. 

Though c,n 'lCC.)unt of n.ddi tion'.11 cost of transport of sb te to those 

pLlc,:;s, sbt0 roofing thcr.J ra.'ly not bo :ls econoraicnl '.1S it is in 

Bhutan, it :ould still be cheap0r th;n C.G.I r.)ofing. It is 

considorod t'.11t it should bo qui to possible to develop a ruspoctnblo 

export :1arkoi; of Bhutan sl:tc to Tndin, Australia :-.nd other countries. 

4.53 Tirn to'tr"'.l ;.i<'rkl)t p.)r annun for Bhut:~n slate could thus b;; groatcr 

than 120,000 squ:-:rc ;:ietrcs per nnnuo. But '.ls a ;.10asuro of abundant 

coution, tho sl.'.1.to project could b0 d..;vulopcd initially ·ii th a 

cnp.1ci 't'J of 120,000 squRru ;:ivtr..is per annua. On the bD.sis of 300 

'70rking days, its ini tit>.l production capacity -.n.11 thus be 400 

squ::iro •:iutros (or about 4,000 squ!"lr..: feet) of slabs of different 

sizos per day. 
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Section - 5 

5.00 Loc~tion & accessibility 

5.01 lbo slat...i deposit at Bonst)geou:i. (27°34'13" : 90°03'30") is located 

near Riphnlchn vill?.ge in Bhol arcn iu the upper part of the Pochu 

valley. A 7 ku bridk pa th connects tho dC'posi t outcrop n..inr tho 

top ,)f tho hill to tho bnso-c:i.r'lp in tho valley bolo··, bosidvs tho 

Puchu s~.ruar1. 'l11e bn.~o-cm:ip is connoctud to Chusur.1 (27°31 115 11 

90°02 '45") by ~. 15 kc un-raetnllod f::dr--m'lthor ro2d. Chusur1 

villnge lius on tho conflu.;;ncc of Pochu & 'fungchu struai~1s :it a 

tlistc:nco of 9 km froc f.'lngdiphodr:cng on the aain rJ:!d to eastern 

Bhutan. 

5.02 ·~vangdiphodrrmg i~ ~nnnocterl to 'Ihit:1phu, tho c<'pital of Bhubn by 

a 68 kill ::ill ··:o.:. ther asphnl t ro.~,d. 'lhi rnplnt 1s <i!J!Jrvc:1;ltn'.:Jlo :fror.i 

Phuntsholing on the Indian bord0r by a 179 k!J long nntion,-21 high,my. 

Tho closust raibmy station is I-L:-..ssi::nra on N.Z. Frontier il'lil,:ay 

in lndin, locntod at a disfanco ;Jf 20 km fron Phuntsholing. 'Thir:1phu 

has a holip2d. '.Iho nearest airport is ~t Paro, at a Jistancc of 

60 km fruo 'lhimphu. A rugulnr air-sorvice of Bhutan, Druk l•ir.~ys, 

';;ill be aper!'\ ting fror.i Cnlcu tta to Paro vin Bagdogra fror.: CX:tober 

1981. Until nou, Bagdogre. n0ar 3iluguri in Indi~ is tho nu~r0st 

rcgulnr survico airport. B~gdogra is connected to Phuntsholine by 

a 180 kr.i long highr,78y. 

5.10 Clim-~to & Vogot<ltion 

5. 11 1bo sla tc doposi t is loca tod in tho highor parts of lessor .iinnla.yas 

on ::i0untain r'.lngos rising from 2100 to 3400 cts. 'l'he torre.in is 

ruggod ;·:i th stoops slopes and doop cut vnlleys. :"echu •:;i th its 

nurJor.:ius tribu tarios drains tho region. 

5 .12 Tho mxir.ruo 1nd !Jinimur.i tcapnraturos in tho Bonsogooma ~:rua ar<.; 

24°C and o0 c. 'Ibo nvorago rainfall is about 100 ems por n.nnun, 

mainly b-.:boon June & Soptonbor. 
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'Ibo are3 is cJvorod by thick vogctntion consisting of conifers, 

onks, nnd rhodo'.lcndrons. At s0!:10 plnc"'.S in loucr slopes, there 

ar\.: pioturtJsquc terr~~ces of flgricul turl'.l fields. 

5. 20 ~i.Qllin.l Gco~y and Str9. tip·a nhy 

5.21 lb.o sfa-to for::iations constitute a p:-irt of the Tangq_hu forr.>:'ltions 

Jf por~:inn ·"-€:.,'-, ·mich lio 1.1nclir.lforb".ly over tho CheldF: fort:1". tions 

0f prc-crmbr:>.in r>.go. 'Ihc g..;ologic".l succession of the region is 

.-.s follo·.;s: 

·rongchu 

Series 

(P1.:rn1L:n) 

Chokhn 

Scrius 

'Thir.Jphu 

Scrios 

(Pro-cnnbrF:in/ 

~ Liracstonc:s rri th uinor p.'\rtings of sl". tcs & phylli t~ 

~ Crjnnirhl li nostonns 
\ 
( Fossiliferous sh.-ilo & sh to '.1nd d~ t."k i;i·t.;y :::1."1l0 s 
( & quartizi tus 

~ c.'.'.lcn.reous sl". to 

( 11.ronnceous sl.n.to ~:i th grnphitic sl".to p--.rting. 
( Tui.JK BLACK SI.r. i'ES 
( 

( .'1.rgill.'1.COOUS sln.tcs 

l.rnCONFOiliilTY - - - - - -

( Sl<:>. tos & phyllitus ·;;i th l.'\yors of quc.rtizitu 11nQ 
( liucstono. 

~ Schistoso phylli tcs, son.: 1.;'1. th porphy1;oblnsts of 
~ bioti to. 

( Schists & qur>.r tizi tcs 

m.msT - -

;: Gr"lni to intrusions in Cbcgin".'. nr0'1 

~ Schists -.1i th quP.rtizi tcs 11nd a;mnd.".nt peg!:!-: ti tc 
~ intrusions 
I 

\ Gneisses, folintcd., 1.mndod & porphyritic~ t1i th 
( schists & qu"lrtzi tos 

5.22 In the C!bovo .;onort:tl suction, tho D<l.rk Bl'lCk Slates of thu Tongchu 

Series, r:bich l::.u betooun tho c:>.rgilhcc:ous sk tea (bul.m) n:id tho 

r.ronacoous sl.'\tes (above) aro vf r.ain commorcial inportanc0. 

5.23 Ibo shtos :i.r•: .;:-.cposed on both sidos of thv Pochu V"l.lloy couth 

of .tiip~~k.~.~. '"Incl their oasto:i:n oxtensions ara soon in tho Tongchu 

V!'llloy north of Kobjn. 'l'bu sh to zono is 650 m. thick, out of 

.. ,hich vxcr.Jpt tho top 125 r:i. thick ~ron:::ceoua sl.:itos '.lnd quri.rtzi tea, 

tho rust is P.r;ill -icoous. Tho slc t'JS h~~vo 'Jell d·;JVdopod sl 1 t;y 
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clc'tV'.'l.L;0. 'Iho general tro.md is N 75°i~S 75°E and it dips n.t about 

20°-~ 0 
to17nrds N 20°E. 'Iho slates nro uniforc in coaposition 

c!'!int~inine the colour 'J.nd fineness throughout th1:: upper part of 

th0 0xpos0i cu tcrops. 1hey cont.~in :i. t places ;iyri to crystals 

arour.1 :hi ch su'.:10 oxidation has dov0lopod '7i th a CiJrtain naount 

5.24 •l.CCording to Gcologic1l &irvoy of I.1diti, the top 125 a. thick 

porti.m of th0 sl 1 tcs arc aronric;;ous in na turo and are exposed 

bct.7oun :3ons0,;0ol:k"\ and Kochc In Chu. In the area further \:est 

s].A.to is c.x:pos0d in the Sa.mlin Hillock about i km south of Ripakha. 

'Il10su sb.tcs nr;_; hard 'lnd co1.rpr~ct, "'ith faintly dcvuloped cleavage 

nnJ consequently tho quality of this slate is not very Good. 

Bolo-:-: tho il.run11cuous sl.qtc, ho17ovor, there is a 100 o. thick good 

quPlity slnto in the Bonscgoo!Jfl ~roa. In the Samlin Hillock 

;:i thin the :1rcmcc0us sln to, there is n small patch of grapbi tic 

slnto (2!:i. thick) ·.-rhich is dark blnck in colour, soils tho fingers 

and L loo so :-inr:l fri.'lble in m turo. 

5.25 In GuinP.s:i.kha arua (27°35 '30" ; 90°0) 105") a 50 m. thick good 

qu,.,li ty sl ~. b und0rlios the cnlc:1reous sfo tes. In all tho tliroo 

occurronc~s, viz Bonsegoo1~~, Kocho L• nnd Guinasakhn, the upper 

portion of the sl". te is dark groy to bla..:k in colour ".nd the lowr 

pnrt gr;_;y -:nrl blcnchod. Tho grey ".nd bleached slntes 11.ru shaly in 

nn tur0 i:.'i th poorly clovclopocl sfo ty c loavagc and the so "lre: underlain 

by fossilifor0us :::,reon coloured sl::t tos at Guinsakha. 

5.31 Tho al~to Joposit ~"'-S located by tho Bhutan unit of Geological 

Survey of India in courso of tr~v0rso r.lnpping during 1962-63. 

Furthor pr,;spucting 1;,Jrk m:i.s .::;lso d • .me on tho deposit by G.S.I 

lator during tno fiold seasons. 

5.32 -~ccordinc, tl' G.S.I., the reserves of 'good qu~lity sl11tos' in 

this duposi t r;,ru 'vast',. though no pri)ciso figuros have boon 

given by thorJ in their roports. But in ono brochure is&ued by 

thor.i, a figure of 10 aillion cubic ::wtrcs of inferrud ruservas 

has bc0n ·1untionud hy thoc fo ... this sla to daposi t. 
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5 • 33 ..>. CJnsultinc; firn, i.bssrs Holt·.; ch EUG"incors Priva to Ltd., iihom tho 

Govcrrn:.i-mt h.-,,J. •oppointd in 1975 for ?.dvising thoa rognrding this 

dop0si t :1~:tl .::;i v...:n a fif,11rc of 252, 2.+2 cubic llOtros .Jf oincablc 

reserves in the deposit for n strike Lngth of 335 ·:x:itrcs only, 

·.;.th ~h.., · iclth 1f :-orki.ni:;s uxt.:mding t.) only 20 mutros alollt-; tho 

dip : t tl!u t p Jf tho sl·:'. to bod. 

5.34 '.lhnt .'lro th0 rcservos that ·.:ould bo 1.doqunto for an invostr.icnt 

docisi::m f'.Jr .Jpuni!'lg tho nin(;? 

5 • 35 '.le ::i.::>.y pr.1b.:-:bly dov0lop a oine ·.7i th :i ooxiwm d:.:tily c'.lrci ty of 

1,000 squ1'.r...: ::10tres of slnto sl.~.bs of ab0ut 6 to 10 lJf.l thickness 

in diffur...:nt sizes (i.e. no:irly 10,000 squaro feet of slnbs). 

ConsiJJrin.:; that the r3covory of finished slnbs IJ.?.y be only about 

30%.of tho oinonblo slate roscrv...:s, tho reserves no...:<loJ for~ Dino 

of sny 20 yunrs lifo ~'ill th0n be. 

1,000 x .1.Q. x 
1,000 

100 
30 

x 300 x 

(sq.r:ictruu/ .. hy) x ( U1lokue:;:; ;. (l'lc;..:uvury x (no.of ·.;orking 
jf slRb) r2tio) days por year) 

= 200,000 ci..bic ::10tros. 

20 

x (lifo of 
cine in 
years) 

5. 36 Cu;wfr~ ;ring thee t n r.tino of this l·~rgo cap'lci ty is not onvisagod 

in tlw nuar fu turo, t~ia t tho rosurvos calcula totl by tho consul ting 

firu :1ontioncJ ,.dJ·JVo ·.toro only for a lici tcd strike & dip length 

:Jf th.; doposi t, 1.ntl that th0 inferred rcsorvos given by tho G.S.I 

ra·G oxtrur.K;,ly 1-trgo, it is cluar th.-:. t th" oineablc resorvos in tho 

doposi t nro 1duquato for an invosbc.:nt decision being takvn for 

dov0lo:1in::; :;ho r.iine. 

5 • 40 E2££r-!f:!f!ldn ti£1UL.f.~._furthor cxplora tory -;rork, 

I 
5.4 f l'ho slrt tos "·r" oxposocl on both sides of tho Pechu valluy. 

li.ccor.J.int: to G.3.I., ri 50 r.iotro thick zono of good quality slate 

unck:rli0s th0 c.~.lcaroous sl~ tus in Gui,nsakha area. '.ibis n<i.y 

be the oxtonsion o:r tho 100 .:;tro thick good slflto zone in 

B0ns•-r:o·J'J.'-1. ·•roa. 'Ibero should bo uvory possibility of 2·o::ic1 

sl'.! to occurrine irnAi:l toly next to tho right bank of tho Pochu 

stro11 
.. , :is ~1!1 uxtcnsion of tt1..J gr..1od qu-:ili ty slatos of Bons0ge;oa11 

:i.rca. It is r0c0Iil'.li)nde:d that tr..JUC~Ls should be ~ndo in thif, 11roa 
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tJ loc3.to this cxt..,nsion, c.nd if L1catod., its qunlity ,->.nd quantity 

shuult'. o.J 1:i.sc,_;rt'li nee!. On .1ccuunt (1f its au.ch ccsicr location, 

it i::ny bo Oi'.sicr -.nd ;1ore oconooic :l to proJuce sl~ to froa this ;:iroa.. 

5.42 I'h0 G.S.I r._;_::;ort -,iso r0fors t.'.J fossilifurous c;rccn coloured slatos 

·'1t Guin;:;.'<kh.o :.-ron. bel<m thi; groy ·:ml bleached shaly slntos. It is 

rec.r:i:Jon.Jc:J. t:::o. t those gro0n colourvcl slates rny be (.)Xplorod in 

cr00.tor G.utail. If tho quality of those slates (thuir cluavability 

r:n:J. ::; ~r"ngth) is roasunnbly [;O<lLl, th(.)y oay hrw(.) '1 goou r.mrkot, as 

their colour "111lu provide a;1 a.:Jitional attraction for th0ir use. 

5.51 '.312.trJ' i:ny bo c;ofin;;cl as a r;jcic d~rivod froo :irgillacoous 

sodi:101ri;s or fi:10 grained volc~,nic ~shes by ootaaorphiso and 

charactorisor2 by pClrolkl clo:iw1go ;.;,1tiroly indeponclcnt CJf tho 

oric;inr1l bodc!inc, the cloaw'.g0 poroi ttinr; the rock to split 

e:1sil/ into r.,h tivoly thin sbbs. 

5.52 B0c~.uso 0f th:; cliff\Jronccs in thoir origin, the ;~rl.n.::rnl cor.1posi tions 

in the 

0f slotos var:; significantly. Qur:r·i;z, platy ninor'1.ls -_ik0 IJica, 

illit0, cl-il,Jr:i·G:J, hae·x:tite f'.n·.~ rutik :Ot'O tho i:10st prcwilent 

--:l::n SJ',~c tir;10 pruscnt. Pyri tu & cnlci to can be haroful, if they 

e.ro ,:ir,.sunt in l:\rg0 quanti tios. l1wy c:cm nffuct iho strength 

of th0 shto, '1rl spucinlly if thu cmvirom10nt :s pdlut0d, those 

nincr::!ls o;1:.y cause the sla to t<J ·:car uut or broe.k up. Pyri tu, 

on the,, other 'i::nd Ci'ln be usoful, if tho sl.?.to is to bo used for 

fur:Jin(; lic;ht-'.•uight aggrog?.tc, by expanding it. Smll difforoncos-/;_ 
ninort1logi-

i n CJ lour. Graphi to & pyri to tone: to i;ivo dark grey cir blnck colour cal cocpo-

s i tion of a to slntus, ';;hilo haorar.tito gives a rucl colour, and iron silicates 
slate can ., , ,. . 

d b Anu f...:rrons iron oxidus give the groon ve.ri~tios. ~vrito & pro UCO SU s-
tantial chc1lcopyri to :1ccuring in the; •.Jvurburc1on Jr associated rocks, nay 
difforoncos 

give -=• mlti-colour effect to tho slf'.tus. 

But :Joro :i':ip,1rtant than the 1.tlncr2.loc;ic'll or chor.tlc'11 cor.iposi tion, 

nrc th•J physicril rropvrtfos of slatu. 
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5.54 Ih\.) pr..;purty ·Jf cL?a.vngc ns dov1;;lup.::-.l in slatvs is thuir single 

UJ::it ch'.lr;-ic ~- ristic nn~l ir.:portam. f.::~"!.turo. Good sl~tu ohould h'lve 

ron.son.:-,bly s ~rnich t clcriw:i.g\.: rind the• groins on the sl.". t0 should bo 

Lmgitu:~in'11 ~nc~ ri:it ·~r:-,nsvcrso. Jl,:.to slnbs should be of uniforn 

torture nncl sh·n.tld b,; fr..ic- fr,2 crn.cks, fissures, -.:hito patches 

:cnr: d0lcC;ori·)US ctinorals. ili~s;:; sh.•ul:l be strong, tuugh, coo.pact 

c-.nd ~1 'rcl, "s ::ell "ls llut'ablo in col:mr ''~1G. in resist:.cnc;,; to 

'701ltf':orin{;, "Ill.'. should not be so fri:>.blc as to crnck, ~rh;,;n nail 

hol0s <:.r0 punchocl in 'tt:ou. 

5.55 Suno of tho cbc:r.:i.ctcristics outlined '1.bovo nro rathor subjective, 

'7hilo Llr ·Jt~krs, "!:ust proc•Jcures :1ava been l:iid do':":n in standards 

spocificn tions issued by various countr:i.us. Sono of the so tusts 

arc ::s f Jll..r.·s ~ 

( i) 3tront;fo 

-:horo 

(a) Tr·rnsvorsu strength - This property in :ic~ tcs the 

C[·pcci ty of rosist'ucc to dr:mgo in hcmJlillG ,::: tr·: ns

port;, tion, and to 0ff_,ct .. >f ne.ils & other struss.::s, · .. rhic:1 

"..i'~ brour;ht to bear u;-Jn sbtos in its :lctual uso, rather 

t'.i;m thoso of tonsion & co:i;Jrussion. 'Il1is is 1:10ns'..!ruu 

by the property kno·.-,n e.s 'r.iodulus of rupture'. 'I'his is 

::i 1 5 .. ,. 
ft = • .:!l! 2 

bd 

2 ll == i:iodu2us of ri1pturo in kg/cm 

J == brwakini::; lo~d in kg 

L "" length Df span boti:-.;oen supporting stool beci.ring in en 

b - · .. Tidth of spccir.iun in cr.1, and 

rl "" thickness of sp· ... cLion in ca. 

:i.ccordin1; to Inc;,ian St<1ndarc1 Spucifica tions ( 155) 1 tho valuo of 
2 uorlulus of s-.ipturo should not b0 kss than 600 kg/cr.1 for dry sla to 

arn1 not loss thc.n 400 kg/er} fnr ·;ot slnto. 

( b) Tour~h no ss 

1'his is (\U absolu tu :'1".rn;:ie tro indopondont :if size of 

th j shb, 'i.nc~ inrlic• tos tho -property of .1bsorbinc tho 

_,nr..;rr;y for fracturu. 
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(c) .!llear strength 

1.his proporty folicatos th0 capability of relative 

clispl~concnt of the different laminac0 ~f tho ~late. 

(ii) iik>isturo absorpti.o· . 

(iii) 

Sli:a.tos should not absorb wch ooisture, so ttmt they are 

not affected by disintegrating action of ·i:'Rter, specially 

~.rbon seasonal and day 'lnd night tonperaturo variations cause 

contraction & 3xpansi~n of absorbed '1tltar. '.lbis is of icpor

tance in Bhutan, uhure in -..rinter, tenperr-.tures fall beloi7 the 

freezing point. 

'.lbe absorption of ooisture after 24 hours imocrsion in cold 

~tilr1 should not exceed 2 per cont by -rroight, and variation 

betm3on individual sanplus should not exceed 20% 

Specific gravity_ 

'Ibis property is rulnt•ld to durability, hardness and compact

ness of slate, anc:! is therefore iap,Jrtant. 

(iv) Cloavnbility 

'Ibis is depositional & textural qu~lity, uhich in~icates the 

capability of slate being split in thin slabs of l3rge sizes. 

'Ibis test is porforaod by a good .;orkmen using a chisel 

ab')Ut 5 cci ~:ido. 

(v) Corrodibility_ 

'Ibis test is to deteroine the resistance of slato to acids 

.(ln:1 sal.ts in the ntoosphere, rain water and domestic & 

industrial smoke & fucoa. It is perfortx?d by icmersing a 

ucighod piece of sL~te in a solution consisting- of 98 parts 

uator, 1 part sulphuric acid and 1 part hydro-chloric acid. 

After remaining in solution for 10 hours, tho spoci~en is 

tlriod and \VSighod. 

(vi) Sonorouspess 

'.lhis to st is porforr:Xld by susponc!ing a shoat of sla to and 

striking it ':rltb n hard object; good slato shoulJ give out 
Fl. cloar note. 
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(vii) 

(viii) 

Cross f'rv.ture 

'lhia is to dotcnti.nc tho grain. In practice, the -:-:orkncni 

bococo f'aol.liar mth tho rlegrco of dcv0lop::iont of grain. 

It is of icportance to an artisan to knw the strength vf 

the grain, for it aaterially Affects the case, tlth 0.rhich 

blocks of sl11tc can bo prcpnrcd. 

Character of cleavage surface 

'l'ho surface of the cleaved sfa tc should be exaoinod ·.:i th :'l 

u'!glli.fier, and the sn:-othnoss notu'1. Gcnernlly speaking, 

the sooother the sl:l t.c, the bettor it is. 'lbe gene rel 

structure of good sl.'ltu shouli bo so fine, that the consti

tuent t:rl.nerals should not be observable except under the 

r.ri.croscope. 

5.56 ~ consultiDt; fire, ~ssrs Holtech Enginocrs Private Ltd., 'J'hoc tho 

Government had appoint\ld in 1975, for advising thee regarding this 

deposit, had collected necessary sa~plos of slates from tho quarries, 

nnc b~d got then tested for various essential properties in the 

laboratory of the Indian Institute of Technology, Ne~;r Delhi in 1975. 

On tho basis of those tests, the consultants saiu that 'th0 Bonsegoo

rJD. slates have proved to bear all the necessary qualities to establish 

its suitability for all the varied uses sla tcs arc put to anywher.: 

in the wr ld'. 'l'ho consul tan ts further added that 'qua! i ta ti vc 

tests conducted ovor the repros0ntativo sauplos of Bonse~eom slate 

established that they nro one of the bos, slate deposits, so far 

knO'.m, in tho wrld '. 

5.57 1bo test certificate issued by the Indian Institute of Technology, 

No-J Delhi is givenas anncxurc1Iand a tabulation of the properties 

of Bonsegeoma slates as cocpared to other slates, which uas than 

prepar~d by these consultants, is given as annexure~II. 

5.5s The fact that several thousand squaro ootros of sla.to have been 

produced fron tho cine and used for roofing in th~ country in the 

last ferr years is aoplo proof that the quality of slato is entirely 

suitable for roofing purposes. 

5.59 'l'hickor slabs & tiles suitable for flooring or pannolling have not 

boon produced from tho quarries so far, ns use of slates for those 

pu.rpcsos ~s not considorod until no~. Froc tho tosts ~onducted 
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in July 1981 on a fu-;; t!lick3r sbto slnbs on tho c1E-;-e-cutting 

r~nd polishin& cquipccnt for :Erblc nt ~ro, it is found that 

th is sla to can be cut & polis he .i ~ri. thou t Jifficul ty. The 

colour of slate froo. the 'lcposi t is ho~-;-ovor 0nly blP-ck, 'lncl 

.aa ·ii;;;: slabs my not bu able to ob 1;c"'.in prooiua prices thr-. t 

arc bc.:ing ob tainod for sooc rul ti-colour.:id sl 'l tos in so!:.10 

archi tccturtil uses. It is suggested th~ t an a ttenpt u"ly be 

!"l.c".!'!u to produce so?Je thicker sb.bs of slci te, suitable for 

flooring and pannellillti and the uarket testctl for their use 

in the country es a:.i. tt:rnative to cerauic tiles and oo~ic in 

flooring and pannelli~, specially in kitchens anl bath :rooclS. 
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5.60 libthods of Mining and Mine Development Programme. 

5.61 Pres..:nt '.ilrkings 

Quarrying of sla tc is at pl"\: sent being done from three faces on 

tho out-crop, on the steeply sloping south-t:ast flank of the ridge. 

One of th'JS1;; f2.c.:ls is just to the east of trench no. 7, another is 

noar trench no.6, and a larger uorking face is near trenches nos. 

2 to 5. Another race has been opened near trench no.1, but it is 

not being m>rked, as slate from it has to be carried up-hill to 

tho loading station, ~nd it is very difficult to do so. 

lhe ~orking faces aro by and largo along tho gclneral striko 

diruction i.e. N75 ~ - S 75 E. 

lbe uork is being done entirely manually, on a piece-rate basis. 

Each ~orkmen or a group of ~orkmen porfo:nt all tho operations, i.e. 

{i) Rcmovn.l of overburden, and broken or poor quality slate 

(ii) 

(iii) 

by picks or by bl~sting as necessary, and disposal of tho same. 

Excavation of slate slabs, or excavation of slate blocks 
and splitting thu samo. 

Cutting & dressing of tho slabs to various sizes. 

Drilling is done: manually by cro·.1bars, and blasting is being don!.) 

by high &xplosi vos, •.1hich :i.ro supplied by tho dopartmon t. Tho 

cost of explosi •res is borne by tho -:-1orkmon. 

Drilling by h::md-held cro·Jbars is 3 difficult job. Tho present 

cost of explosives is very high, being about Nu.17 por kg. n.to 

to absence of proper free facus, bl;sting cannot be done effi

ciently. 

Near trench no.1, a concurtud effort ·.?tls made sometime b.::ick to 

remove overburden by manual drilling and blasting, ~nd thon romoving 

tho debris mnnu~lly. But duo to non .... ~vailability of sufficiont 

lnbour, o.nd roluctrmcu of o.vailablu ·;rorkm.:in to undortako this 

drudgery, this offort did not succood. 
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5-62 

On account of these difficulties, tho removt.l of overburden is 

ha roly !le.king '2rJY hoad'.:-ny in the ?!lin~. 'lhc result is th~ t most 

of tho exposed out-crop of good slate ho.s boon nearly ·.7orkcd out, 

~nd it hes not be~n possible to forn any proper benches either in 

the ovcrburdon or in the slate. lnfact, it has not been possible 

oven to maintain proper p~th:nys in th0 mine. 

As th..; ·.!orkm"n have to carry out all the jobs of drilling, blasting, 

ov,,rburdun removal, flnd mini:ig & splitting of slat..,, tho production 

from th..; mine is rc:~tnor lw, bdng about 1,000 squo.ro fcut of 

slabs p0r day ·.men sufficient bbour is 'lt ·iOrk. 

lti.ning methods in g0noral 

AU ovor the '.rorld, sfo. t~ is mostly '70rkcd by cpcm-cast methods, 

al though in so:n0 placus, it is ·.:orkud underground :i.lso. large 

open quarries o.ro gonorJ.lly ';10rkod in a sorivs of b,mchcs, ··rhoso 

height & ·.:idth dep,.mds upon the (:quipmcnt employed. '7hvr·· th.: 

overburden b.Jcomes lnrge, under-ground :nining i1k1.Y be !llOru .::conomic. 

This method dispcr.s1,.;s ·.-;-i th tho n.:.lcossi ty of removing largo quantities 

of unproductive overburden, but has the dis'!dvantage of having to 

loavo lnrgo pcrccntngo of good qu'l1ity slate 'lS pillars to support 

th.:; roof. 

Removal of overburden is the first stage in quarrying. The top

s..iil, poor-qu['.lity >nathcrod rock, as ':loll as 3lrtt..;; :Jastc dumpvd 

during oarlior phasos of quarrying is first romoved. Overburden 

may bu rvmovvd r.anually, by hand drilling, blnsting and loading 

the debris into mine-tubs. But this is a l~bourious procoss. Tho 

use of modern oarth-moving equipment is generally more suitable 

for this •.rork, unless tho quantity of overburden is vory small. 

For drilling, compressed air percussion drills using tungsten 

carbide tipped intwgral stvols arc normally used. For prim.'.lry 

bbsting, gunpo·.,-dcr is gonorally usod in good rock to avoid 

unduo fragmentation. 
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llhny -'ltL:npts have been 111:1d1,; to ::iuchanisc cxtroction methods, 

•-:-itn a vio7 to incroasi:ig productivity, :ind reducing the amount 

of fragmentation. On.: of such methods involves the usu of ' . .ire 

S:9.'d$. A. dcs-:ription cf a raothod using '.rire sa'.7s is given bol0t1. 

Adits aro drivon into the rock face at right angles to the 

clcav-igc for ~ distance of approxil:llltely 15 metres. 1he heading 

is th .. m turned at right angles, 'lnd driv-:;n '.llong the cl.;.'<lvago. A 

·.rir0 cutting t'-'chnique using a throe-strand wiro rope about 4.5 mm 

in diamotro is then used to cut horizontally into tho fnco, level 

':":i th thv bench. Vartic.'.ll ·:ire cuttir.g on both side of the heading 

is someti!les n.::cussary in addition, so as to retain a vertical 

face, and thC;rcby 'lVoiding damag0 to higher bench fovels. 1ho 

stool uiro is h<Jld against th.; rock f;:.co by ratchvt tcnsionurs, 

:md '.l. sand slurry is fed in to th.:i cut to act as abrasive. Sa-:ri.ng 

ratt:.:s of about 25 to 50 mm p..ir hour aru achieved, and th" ·:ire, 

·.:hich is dri von via pull0ys from a druo house, is discarded every 

fo·.; days, ilnd c>. nC'.7 one fi ttc:d. Foll01:ing :rirc cutting, gun-po·,7dur 

is pLc0d in tho ho.'!ding par'.lllcl to chlavagu, and the adi t is back

filled prior to d~ton~tion. Huge blasts hnvo been produced using 

this method, but in pr-'.lctico, 10ss frngmC;ntntion occurs •:ri th 

small.::r blasts. 

Anothor llll>thod thn.t has b.;un 0;:1ployod recently is tho uso of a 

chain sa'Y. '.ibis is us-Jd to make a horizontal cut about 1.5 lllOtros 

duep into th" rock. Holes arc thon drilled at right angles to 

this cut, nnd a rolativoly small ~na unfragioonted block of the 

rock is bl:<st..:d out. 
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5-63 Mining ra..:thod r'"corammdod 

The oining .::::..:tbods that ::iay be adoptt:d derond upon tho circumst:lnces 

that arc prevailing at th~ deposit. 

Until no':l, mining has boon dono on a sr::-'lll scale by ::ianual monns. 

l'ho exposud out-crop of slate is no~r nearly exhausted. On account 

of tho hard ;n bro of the ovorburdun, :-:.nd tho difficulty of gc tting 

sufficicmt labour for 1'.'anual ·:ork, it is r1ucossary to use machinery 

for r..;:noval of this over-burden. 

If machinery h:is to be 0:1ployud, it should bu reasonably sturdy, 

·.rhich '.,-ould gi vo ruliablo servicl; in a ror.iotu ar0a, •,1horo fncili tics 

for its r;iaintainnnce ··:ill not bo adequate. As r.ochincry is costly, 

to get bust advantage out of it, it should be kept available and 

employed to its oaxiaum capacity possible. Tho aim. should be to 

h:we mxir:run production tlia t can bo mrkotud. 'lb is c·rill reduce 

tho cost of production, and further hulp in incruasing th0 demand. 

Drilling: Most of tho drilling '.7ill bo r.;;quirod for tho ovurburden, 

though a :J'.:l<lll .:·:ioun t ~.-ill be noGdod for sVl tu '.lls1J. 

'Ille choic...; fer drillinG is bot-.. 70en h.:ind drilling •.ri th cro·.1-bars, 

use of p0trol-op.3r'ltud s::iall jnck-ha::iCJors, :1nd hand-hold rock drills 

using conprcssod air. 

Uptil no·.r, drilling h.:\s been dono only 1,1.'.lnually i;rith crO'.:rbars. Bht, 

it has not bo"n succussful. Potrol-oporatud sr.iall j:ick-h':lar.1ors 

· roro ,'.llso triod '1 t tho d(;)posi t soaetioo b:ick, and oven th0so did 

not ·1;ork · :0 ll. 

It is proposed th.<l t cor.iprossod air opore. tod hand-hold rock drills 

my bo c::iployod for drilling. Those :.iay bo, say like Atha Cnpco 

fili 558 - 41 or 1frI 571 - 31 r~ir flushod typo. Drill rods ra'.ly b() of 

22 r.1r.1 integral drill steol of 0.8, 1.6 ·md 2.4 r.iotro lengths. 
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.ilio size of tiw drill hol..;; in ovtir-burden ::ny be :i.bou t 1.8 :netros. 

l'n·.:: hol..:s i;ny b0 drill0d o.t an anglG of 70°. Th-..: drill hok size 

for sl'l.to bcnch'-'S should bo licit-id to 1.1 r:iotres hrngth. Tho 

angle of thu holo should be noru.:.l to th.:; dip of the cLxi.v:igo. 

Blasting: For soft ovorburdon, gun-po•,;dor or b·!lck po•;rcicr, ·.1hich 

is a loci ckss of uxplosi ve w...'!.y be 0::iployod. For hnrd ovorburd;;n, 

60'~ - 80% speci."'..l gd.'l tine ~k"'-Y bo used. 

For bl~sting in slc-. t..::, th0 ust: of only gun-po·.rder or b'llck ponder 

is rJcornJondud, r.s it ·.-ill :-tvoid unn;;cossary fr-igc.:onta tion. 

Gunpowd<Jr is ::iuch chuapor than spor; ial gvl'l tir.e, ::~nd its use n:i.y 

bo introducvd ns soon ns conveni0nt. It is cheap, stable, 

col'.lp.::trntivcly s-:cfo to h~ndlo, prod11c0s he:-.ving effect, and can be 

o::isily .nnuf.J.ctnrod. It C'ln bo us._~d in foru of paper ':7r'lppcd . 
C'lrtridg0s of sui tabl0 sizvs .:.s po'c roquir,:n;iont. 

Gun-po·:d0r is ienit .... d by s•1foty fusoJ, · .. •hich consists of a coI'I:: of 

finu black po'.;dor, -.rrappod ·1i th l:cy.Jrs of tap.:: or t<::xtik yn.rn CJ.nd 

• .• -:i tor proof coating to providu protl.ction ngetinst ·1uchn.nic-:\l da:-.i,:i.gu 

'1nd i:;oisturo. Sbr.d:ird s::.foty fus..:s :.ro ro.1dily av:=.iL:iblv in thu 

:r1rkut. 

Roraovnl of ovorburdon: 

Soft surf·icu ::n turir>.l IJ.'.ly bu dozed off by n dozer. l'ho hC'.rdor 

1.£1 tvrfal b .... lo«.: thu soft surf:1c0 l:ty.Jr · .. 'ill ruquiru drilling & 

bl:.isting. This ilny be '.1orked in bunchus ns dc:scribod l~.tur, nnd 

th0 bl!i.stud dubr.i.s ru::iovod by th..: dozur to the... dur.1ping phcos. 

Fron ·rn inspuction of th'-' duposit, it :ppo'lrs th··.t to providu 

''.doque?.t~ 0.;orking pl:·,cus fot' :i. productiori of 4,000 to 6,000 sqft. 

of finfohud sl'\fo per dny, th0 r'.ltio of ovurburJ .. m to sl'1to ·.rill 

be 1: 1. In ".ddi tion, thuro ·Jill b0 no.::d of ro::1oving bnck-log of 

ovorburclun, ".S ·.:vll :is for rur.1ov'll of ovorburd0n for ini ti "'.l 

duvolop;::iunt -:-ri:-rk, to providv clo::ir ·;orking phcus for un-intorruptud 

·.:ork. 
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,-
Ovorbu:-dcn ~-.:.""!y bv duwp.;d ~ t pl -::c us ·.:here tho quality of sh to is 

poor, or balo,1 tho ~rcas, ·.11•.::;re t!10 thicknuss of overburden is 

excessive. ill.,, du:j.?ing c:.ro1:~s my b0 kept about 80 to 100 ootros 

'.l.p'!rt, so tho. t there is not too r:iuch 10·'.l.d to th.:: so areas. 

'Ibo ovurburd0n 8: rv jJC ts ·rill roll do:m the slope of the 

uscn.rp!:!Jnt, :;s tho n-i.tur:ll slope hero is quite stoop. 

Hining Bonch-.;s 

Both in tho intur0sts of s'.l.foty 'Ind officiency, it is nbsolutoly 

ossentio.l thc.t n. propor systeu of bonchos is laid out :md follo;;:'-'d, 

both in th..; ovorburd ... m n.s ·.-:oll -:is in tho slnto. 'Il'iis ·,1ill .:.m;.1;,~e 

s'.lfcty, incnnsc efficiency, lo,,rur costs, .omd r::i.is0 production ns 

~:c;ll as productivity. 

1b..: O·.mchos in ovorburd,;n & sl"ltc ::iay hav0 tho follo•:ing dim-.:nsions; 

Ovorburdon 

Hoight 

licl th 

.a the fin::\l shg0 of ·.:orkincs, th0 •;-i::lth of thu bonchus my be 

Slopu .3lopv of tho b..;nchus :·1~y b1_, 70° fron th-.: horizont'll 

Floor Floor of tho benches should bo horizont::i.l. 

iluigb t 

"lid th 

Slope 

Floor 

1 • 3 ~Ju tro 

3 t;,) 4 !.1otr0s. Hero '.llso fin'.l.lly, th ... ·:idth r.iny bo 
ru'.lucocl to 1 00tru. 

It ahould bu L1r'1intninud nor•.nl to th" clonv-:i.go 
dip 1ngl0. 

It should bo ::dong th.;; cl1.;nv:igu dip. 
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........ ----------------------------------------------------------------------~~~~~~~~~~~·~ . -

On account Jf unusu:.illy '.1i,,-;11 ra.ins in the prJjoct area this yonr, 

it '.1:ts ivt y..;t l>-:;vn ;;>">ssibl..; tJ co:::iplcte '.l. c,mtour pl'.tn ,Jf thv 

.'.lro~, sl'.·-> ·in,- t!1-.; ;utc:cps >f th-.; sl:t0 b..;d .:ini :he boun::nrics Jf 

soft -:n.'. hP-r: JV0rbur.:-.:n. 'lliis pl:m is noo.L.:. f0r prcp:irinc sections 

.:it ,liff..;ren-~ interrls, for hyin:; Jut b0nch0s, fixinc suitable cltlo

pinc ;ilc;c,_;s f Jr 0v;:r-"!.mr lun, plnnnin.; r< pro::ra::mo Jf ·;ork, ".nJ f,ir 

c<:lcul~.tinc the i7.•rk-l ).-.: invJlv0.l. Thv -.-;Jrk t·..: ".Jo ~ono & tho 

~h.Jtrn ~ f :: iin,·; it :1::.s i;:,-:,:v.::r b-::on 1ncpl-:in0-l tJ th.; countorp::i.rt, 

-.:h·J ·:;ill bu '.'..blu t.:• c:_i:::;:>lot:; th0 S'l'.-..::, ·-;hon th..:: plcm is CTJplct0.:. 

'.'.nJ pr0rnr0 ~. pr~igr'l~.nv ·;f ·.·Jrk tJ Lo carrio l JU t. 
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Procussifu 

Extraction & spli ttiili:: 

Th-:: ;_i,.:ist inportn.nt thing in 0nsurini; propt.r extrc>.ction of sl:. tc is 

t0 provido o.:loqunto fr0-:: fac0s. T.•o fri.Jo fJ.cos :iro :ibsolutcly 

nocossa.ry, :m:l every effort s!1..;uld b.; E.1..-c.10 ta cr.,o. to a thiru :froo 

f'1c0 ''lsc•. 'Ibis ·r,y b0 d:m0 by di;_;,_;itlc; a. narrO'i gr.>ov0 .J. t tho cn•l 

of t!w bc::J.ch by picks c.r by crv1. tini:,· :l line Jf cr1.ck th"rc by 

lic:;n t bl~1s tine. It r:rJ..y be nocossary to cr,:r, t" t'.1is third fre0 fn.co 

::i.lon.:; tlw dip 0f the b..;d also, if •;o :-:.re o.bfo t..i dovvlop lun;..~ 

:~cm free frtc . .;s h<:vo bocn ..:st11blish'-'d• tho c.rtis:m shoulcl cho::isc 

tho ri5ht clcrtV'.'.CO plan.;.s to split the :r.xioua lGllC'th & ·.:-id th of 

slnb or olock of sbt0 fro!.1 tlw bench. 'Ibis splittint; o::;icration 

sh:mld bo p0rfur:::i.Jd ~;i th th..:: hulp 0f 2, 3 or 4 sharp chisols 

nssistod by ~irdine.ry liG~l t hP.:J:.:ors. 'Il10 chisols slwuld bu slouly 

inscrt1_;d fr.Jn tho t':10 rnin fruo fcc0s to llclp in i:.:otting tho Llrccst 

sizo sl~tb or block ·.:itllout bro.'.lkinc .. ••ft0r thos0 shbs )r blocks 

~ire r•Jwovud, th;;;y .".rv furthor split to tho th icknoss required. For 

this furth0r splitting, :ill tho four fruo f".ccs sh:iulcl bo utiliz..Jd 

for sl;x.;ly insorti!lf; th;;; r_iincr 1s chis..J .• 

Iho rc.;quir..,d size; :Jf sl". tus :1.ro th on trir.mod fror.1 tho split slnbs. 

'lhc nin siJJuld bc to obtain th0 lnrc,\Jst size.. sfabs possible. 

Trianing or drossin..::; of sh to ray bu rJrJnv by hrind, or by"'- trinning 

unchinc cGllc: o c,uillati XI) ur n stono-shonrinc '1<'\C;lino or in an 

orlt;c-cuttin,; r::.'\chino by circular dir.mond sn'>m• 

Hand triaoing is do no by first :.nrki:-ig thf; sl::i.b by chnl k · d th the 

h1Jlp of n s t.,,,l t1.mpl.:i.tc and thon clr__,osinc: tho odt:0s by a sharp 

ch.Jppor. 

J.l'iur:ing of slnbs t'.riy nlso b0 d:mo by .'J. h::i.nd opor".ltod guillltivo 

or n s tom.J sh0[1.rinr; me hi nu. 
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Tho ch.nnost cU.tSu-cl.i. ttin.._;, Jf course, is Jone by .'.1. circular 

di.mofal 3.:i·:r, vporr·. t<.:d by r.u od:.;0-cu ttirit_; mcl1in0. 

T!:.J clw1c0 :::f "';,;fo~(l vf final tri::J!:lin& 0r 0llc0-cutting Jop,mls 

upon the use to -.-.·1~ich :311.bs he.vu to b0 put, nnl the cost thn t thoso 

Ciln b:<i.r. It IJe.y ~J kept in vfo·,7 th."it faJ c0st of oug-,;-cutting by 

a Jit..;:i.Vnd s:r.; · ·:7.11 b-.:: '.1b)ut Nu.0.15 p.Jr runnin;:; foot. For rJofing 

tilus, it u"'.y n,1t be nocuss.:iry or oc:Jn;::dcnl b hnvc odgo-cuttilli:S 

done by "'- c:i.'J.n•;!1d se::;. H.'.!.nd cut sl."\bs ."Cr;:: quite sui t-.'1bL.: f0r this 

us..:. But for floori:'lg "'.nd pannollir.c, it is n0c0sso.ry to h.'.1vu clc.:in 

strni.;h t 0d;; ;s, ·;:hich ·1ro b,;ttcr ob fain0d frno die.r:und s.:ns. 

5.73 .wofir>.r; sle.tvs 

Thu ·'lir:i Jf pror.ucinc a t,«JcicJ. roufillb sl~ k is t·J c;vt thu thinnost 

sk to possibb, .·hich still i;as r~vt sufffoi0nt str,:mgtb to svrvu its 

purp•Jso. TI11:: opti~r..i.:1 thick1"::ss f.:,r rJ.fi!'l;-: sl'lt0s is -:.bcut 5 to 

7 Lu., but it CJ1~1C. :10 .'.ls bi.;h '.:ts 12 :11.;. 

Tiw pr,J:lucti<""l •f ru·Jfin.:; sl ·· t0 is still ux trcmoly kb.Jur intonsi •to, 

bvcauso in S)~ t .... uf n ~-rvn t ci(.;'11 Jf r,,s:.nrch, n:Jbocly h'.1.s r.nn'.i{;"vd t0 

:l0v,~L~ "'. :1ochnnic<'-l ::;.;tiwd :.lf spli ttin:_~ sl'.1. L. Blue ks :Jf sl{i to n-1.y 

ho c11t by r:inchir.0, but n:.;t <~0°.m t.J th0 thickn~:ss r.;quir0d for rr1ofinc 

sL:to. 

Bulk ,;f thu p,·c~ucti.Jn fr'.!::; tho :.:inu, nt 10t'.st in the bc,::;innin[;, 

·Jill bv ::if r.z:finc sl~: tvs as tho.ir u:ivfuln·..:ss arnl vc:mJrJics has buon 

-'.1.lro:1<:y fully -.;::> tablist,0r1 • 

.. s tns h.;;;n n.jturl in sub-Juction 4.30, lnr;_;or ry~fint: sl.'J.t,,s '.lrc: 

DJro ,,cmo!".licil to usv. Sizus suitn.blc fir ru•finr:r =~rv nur:n-1.lly 

nut s:-.1.ll0r :;'.r1ri ::i.:i;JUt 20 ccJs x 4C• cus. 

l''nic;c;r ~311.b::> oc tiLs ::;ui tnbL f:ir flo:.irin. · h'1.vo n:>t bovn 

pr'> lucc;rl fr JrJ Lhu qnarri" s ao fr.i.r, ·~s us0 .; f sln tos f Jr the so 

;-1urjJ'x.;..,s ·.rt3 nJ·~ c.mr,i:krorl ;.:;r·J until nru. In July 1981, trJsts 
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5.75 

--.-"ro conJ.uc t·~cl ->n :_'. f-_ --:- t[1 ickJr sl'."'. tc; sl'.'.bs Jr1 thu Jd,::,·0-cll tti:nc 

'lnd _::;'ilishin;:• ..,qui;m;.Jnt f-)r __ :·.:.r"bl.; :t Pr·.v. It ··'.:!.s found th~.t 

th-_;; s::.·'t0 :;d_·.:..s can b" cut :1.:..~- tly, ::end it t::k.;s ['.OOd p.Jlish. 

sl-._t._; tiLs -,re fotchin" v,_,ry hir:;-h pric,.s. Bl1.ck tiles G'.'.Y b.J kss 

:-cttr--._ctivv in~-''" '.1.p::l::.c1.tions, b'..lt in s·)~;0 •Jth0r :-.pplicnti _·ns thvy 

?unctiJn"-lly, L1'-'y -~r·.: vqU"-lly us0ful in kitch;;ns :x. b".t:1 r~w::s. 

Iiu.13 -'·)l' squ·-.r. f;it. 3l:tc. tiL.> -.:ith s:_phistic"..t•_;~l d'-'sii;ns ·:ill 
1i0 fol Lss '1ttr•(ctiv _ _;, - cl 'TG lik..:·ly t:; c.·st 0n0-t1:irl th0 c.,-c:t ,Jf 

c .. ;r;;.~;ic :.: ;J.--.r-jL. tilvs. FunctLmC'.lly, thuy .:ill b.:.. Lqu::.lly useful. 

iliu u l.;·.;S Jf tl1;:~:0 sl--. t._; til.;s ··ill bv cut by circul•\r cli·:r.ur::. l 

fixin. ~ un the. -.r,11. 

sl·.tu, -·i1ic1J .r:1ll ._:,t;l;,,r:i.::;:_; {':J "f"-3t•; 1 C".!l ·:lsu b.; USG•l. 11!1': mly 

C ;st in •"-~uf:ct\r.i.n:~ GilLS mt ';f chosu s·nll0r piuc0s .. -.mL~ :w 

~: ;3 .::11 .,_, 1',c . :;c 2:2.5c- c·::: ~,) :;::-.. -~ f ;r thiu , urp.;:.:.:;. lk:;i '. ;:: 
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5.77 

5.78 

c:"'.tcrin,:; tJ th, int0.i.'l1'cl r·.;q_uir..ot:.-.. mt _;f Hhutan, scti-1,Jl sl·1tcs C.'.l.n 

hc:vc -. T:rk0t in w..:iijhl;.)uritl{:; ':.r.J.:>.s :f In .. 1i-'.'., ·ts th0so l'\j{;'i-)ns j;) 

nJt L:--.vc '1ny sl··t,. in.'!.ustry. Of cJurs0, l':r,~0r sl".to sl-.bs c·:n '1lso 

b2 us,;J fJr .'\~mf'1ctur'-' Jf schxil sl·'- te:s • 

... n;th.:;r USv if s..Lllor fi0CCS ;f sl·.t0, :hiC~i .·.:iul:l oth(;I"':!iSG ~J 

· .. ~:sto, is ir, cr.zy pnvin-~ ·.if pl"cCGG like c~mrt-yrcr :s, C'.1rdun tY'- ths utc • 

. Jt'.~0r by usiiv ·-:tur ·~!1-1. .1r~in"'.ry s·:n.l, ·111.l finc:.lly by ·1 suit.· .. ::iic 

'1br·1sivc. 'f:i.J.-Ln strips _,f 12r.1:; t.-. 25u·: ·i ~ti; --in.'!. 3nn to 6~::. 

thicknoss :cr0 cut by n · .. • > 1.1.-sT' tJ _f'i t thv sl :t0s, :.:n·: :.re s·.i. :thon.:;.J 

furthur ff'.ik.: ·.t tho j.ints. 

&_rni WJ..:i.r_,!_s;_c_1rn._tin~i ..... cvs .Ju::r-::.vin,·s, 
:j.JdJ.: ~c!.tl)s ·.)t.£.• 

-•S ht:s buGn ::.Ll in sub-s0cti'.1w ff.03 ·:n'!. 'f•O-l, sl~h~ c::n b0 us0cl 

f0r furni tur.;, :l0c . .>r-1ti:Jn pi..cJs, --!1'.71'"'-Vi:i._·s 'tfr.: ·in l,y- sills. 

f/1.,3,. C-.ml:: 0·~ ;-•··rtly •r fully :Jr JCu'.'SGJ in th,; ()'},;..;-cuttin,; -~Il'l 

p.llishin-: .. r .c:1 inl.S th-' t · ·i..11 bu :_-;r:;vi.:u·~A 

On .'\CCcJUrJt Jf th·; n·: tur,. f sl··tr; r.1ck, .:1n I th(; :'.'.nn.::r in ··i,ich 

;,,t.'"'.S r!u1_ 1(J;.Ji ti... ~ ...,_"(°l : f·1r:·11J-;., tll(; J',C iv ..... ~r:t r_;f ;-;l . t.) Gl'"tl>s ~.r.J tile:; 

it 

fr1:: 

Jf uL:t._,. 1.p -.ll ux .' .. ~;L,, i.n thr; l'.r:·0st sl<.: t ... r111:.rrics in U. ',., 

th• .. : .t'l.nhryn ·:iu·::rrics Jf :?,nhryn ru·:rri0r: !,t '., ·.·here •:inin;• is :'l •',; 
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·h.Jch·mis(<~, tho r...:c::vcry .;f til0s suit1.blu f·Jr r,),ifin,_; ;1ur:p._1s,;s is 

r-:p;)rt".: t.> h..:; .Jnly 25; If the t:... t~1 r.:ick ~.tln.:s. . .. roc.:iwry .>f 25 t . .J 

307, o.s rJ )fire· ::>.n;l crchi t.:;ctural :.n torin.l rny bo c.msiler0.l n.s o.. very 

s:ttisf,ctJry roe: v...;ry in ~ny ninol'i. ?..10 oxistnnco Jf l:cr{'."o ·:;.st-:.: 

h01~s ,.-, t '.:ll .:ilJ sl ".t0 qu:1rrios :.;cl.rs tostin·Jny t.:i this f'.lct. Th.is 

is tho J<"~in ru?.s._,n, · chy SJ nuch •)ff :.irt is Lo inc :.J.",.10 t:; finJ usos f·-1r 

s::-1ller pivc0s ·~nJ · .--:;.stt'.l sl:: t-c. 

Fr')o ins~Joction 0f thv sl::tc. qul.rrius nt B.mso;~'!.Jw'.1, it :ipp-.:-::rs thn.t 

tho rcc.1v0ry h0in._; ·1.Chicvu:. thoro :-. t prusunt is qui to sn. tisfc..: t.1ry. 

='his .c::; furt:icr incr0ns., ;;y 1.J1pti.>n »f li0ttcr r:iinin.:"7 r.!othJ ls, ·ts 

·.:-.;11 -is by r.nkinc us0 :Jf sr;n.llor pi...:c,)s ;,f sl:c tv n.s hn.s bo0n prJpos._•.'. 

ii~ this !kpJrt. 

5 - 21 



5 .80 U-c.::sport 

5.81 .·.t )r0su1t, th., ~rtisn~1s :;)lit, dr0ss 'lnd cut slritcs into diffvrtmt 

Sizes ::. t the clU'.'.Try f'J.C0, '.""tUJ thvn Carry th~Sv to 'l point Il0'lrly 

h:J.lf-.-.".ly bvh~_;n trvnch no.1 & 2. Hvrv is thv top-,md 10:1ding st:ltion 

uf '' gravi ty-o_x;r:·~ tvd nori'.11 rop0-·r'.'.,/, tln t tr.:insports sl'l t.J sl'lbs 

in buckuts to the bnso c<,::1p in th.; v.1ll0y b0lo,:. Th0 rup .... -.,::i.y is 

900 m"tr . ..:;s long. Proo th" bi:lsu-caup. sl'.1tc sl.'.lbs nre- lo'.ldod inb 

trucks, c'1ch cont"J.inin;s r.bout 2,0l ft. of sl:t t"', ·::nd s..:;nt to 

co·1s111.1c.:rs .!r s1-oro y.c:rds :t diff .... re-1;t pLtc-.;s iL thv country. The 

cc:.p~.ci ty of thv trucks is rostrict..,d -~s th:, 15 k:.i. ro::<.l fro~. chusu,:: 

to bas0-crup is :1t prcsunt not :i.n ~"'.ll--,;_;'.l.thor ru~d, 'llld it is not 

conv'.mivnt tu c1rry hl:'.1Viur lc-..:1cls cJU this ro ,d. 

5.82 'lho -:urinl rop'-'-·.my th'.1.t .·'l.s inst11llod in 1977, is.'.! gre'lt i?JprovurJvnt 

on the 01.rlior sysforJ of tr.'.!.nspurt of sb. tu slabs on ~.1ul0s froo qu.'1rl'i0s 

'l t thiJ hill-top to thu b.?..so-cn.op over 'l 7 IG:i. bridle v_i th. l'ho 15 ko. 

ro•;d froa Chusur:i to baso-cnr.Jp, ·llthough it is not i:n n.ll--.;-u'1thc:r r(nJ, 

end is :' t pr .... so:1 t out of co::i:;1ission fer ho2vy tr'.lffic for ·'lbou t four 

r.unthz in n yuar, is n 'J,".jor L:prJvu:.:unt ovur thu o.'.!.rli'-'r tr:-.nsport 

systd;.;, · :lwn sl:: to ·,;,'J3 cnrri<.'d by :.JUlus ov0r .:;, bridL.: pn. th fro:J tho 

b'lso-cn:.1p t1J Chusu:i. 

5.83 i'ho quustion of tr~.nsport of sh tu '.J<-".y bo consid;.;rud in f·Jllo• .. 'ing 

(;l) Fr.il.l qu.'.1r,..i.,s to lo;-dii:g sttl.tion nt tho top vnd of th1.; 
:-:ori cl rclpu · .. -ay. 

(b) Fr.Jo lonui ng :.; t.?. t i;m : t hill-tc'p to b'.13 .. ,-c!lcip in thu vnlluy 
b1.,l,1i:.··· 

(c) FroCJ bc.so-cr::i::i to c.1ns11 :or'J or st•Jck-yqrds in th,_, country 
ovor hill-r.prfo. 

5.84 Froo guo.r:::-ic.;s to lofldinc; st~: 

-•t prosunt, .. ,xtr:Lction (Jf sht0 is buinr; done fror.1 riwirri0s no'.1r 

6 & 7 tronch ;s, ".s ·.:ul!. ns bu t-.:uun ao .2 '1nd 3 trunch&s. Th'- clir•JC t 

clist-:uco fr,n.i no.7 to truncr1 to th.; lo•'.ding r·Jint ia owr 500 .1 .... trvci, 

but tho p'lth--.rny ovur .·!Jich 'l.rtis.r1ns h'1vc b cnrry sLtt,. i3 long.::r, 

;:is it is not ilong th0 dir.ct lino but·.'oon th0 t.10 phc.:s. Ofcoura0, 

slttv is c1r-riQ<l do-.;n thu hill, a.s thu 101dine r.:fati·Jn is c.t '.l 

l 



5.85 

5.86 

:.1uch 1-~ ·.:0r l-..;·.:-,.:l. The dirvct 'hst:mcu bl.) t- .-ccn qu:-,rri'-'s !10nr trench-.: 0 . 

nos. 2 (.: 3 to h·~Jing st"C. tion is about 150 ri..:tr0s. ••l1oth..:r quarry 

fnc;_; ·.;c.s Jpc:n.:;,- !J.,_nr n; .1 trvnct: so.J·'.}tLx b:-,ck. ..1 t•1ou.:;h its dir...:ct 

Jist::nc..:. frJn. ";h0 loo_dinc 3t:J.tion is :co0ut 100 :_:otr...;s v:1ly, it hns 

n 1 t b0~11 possiblv to - -Jrk this qu·~rr.v 'ls this q;.urry is .c. t 1. lo·_;..;r 

L·v._,l :..1d it i::: ...;xtr1.1 . .10ly diffic;1lt tv c-'1r:r.1 sL,t0 up-hill. 

In njdi ti0n to tt1'-' 'list .:ic•_:s involv...::u, thJ pnth-··:.ys fr:1r: tho qu.:.rr;_,; ~ 

to th..., LF,ding st"J.tion '.:l!'\; nnrro•J 1.ml not o-:.sy to n...;c;oti::t...:. 

To savu r.rtisA.us fr.:_;[! t!:is v _.ry Jifficult & 1r :ous · :ork of 

CA.rryinc slr: tv :cs 11ucl1 1.;; p()ssibL . .,_nd to i::iprov1:: th0ir ...:ffici,;ncy 

& pr0Jucti vi ty, it ···ill b..; 0xtr0 :July us0ful t-· prvvid0 so:ac: sui t:1bl0 

hnul·:15.., arrnng..,!.lUit froo r~iffvro'lt qui!rri0s to th...: lo.'ldir,g stt: tion. 

l'his :.1::y b0 ir:. tti._, f.Jr;:i _, f ·'1 sir:iplo ·10ri '11 r·Jp...:--: 'Y, or "n 0n.l-l0ss 

h·,ultcE"Q systvn or sooo oth0r :vth0d. '.i.bo d0tnils of this syst0:2 

::i:1y bu -.. ·ork01 ·1it, onc0 ·. pr'JP·~r C(1utour n"'.p uf ~h0 ·1r,_,::, i3 pr0il·,r,.d.-

Fr0u lordin,1 st:~tion :::.t h.iJl-top to b".sc-c:i.'1p: 

ilic ...;xisting rcrpo- 1y is "~·Ltt1Lr fliosy. I'll.., structuros 1'.t bJth th,:_o 

Lrclinc :rnd th.., un-lu".din-7 st" tio1~ 1rv '.:lso -.:u:::.k. llic br-iking 

<".rr:rn,;Gu0nts or. t~.-- Jru~.i ;ru pJor, r,;s:.tl ti11,_; in froqu...;nt slippr:.;c;s ·.nr: 

br·>:i.k :11 ·ns, ·;n:l dar.r-:.;o t:J sl·:tu • 

.• s t 1liz ropo-.:::y i.:;:::. very vi-t:l prrt •)f th" projuct, it is ...:ssLnti.il 

to h ;v . .J "'. :ioro stu?~:.ly pro~vrly dcsis·ncd systu:~, ·:hich is fully 

d0p0ncl~>.bl0. Th" clrcu::JSt·. nc·.::s tln t e;xist ·:.r'-' vory f-::vour:1blv for 

tile inst.~.11 . .--.. tion of ::m 0c,_mo::iic:2l rop..;--.ny system. Only on0 sp'.m of 

900 r.1()trv lonc:t11 i;3 rr.;qui:r0d, ·rnd chv qu.?.nti ty of !Jatori'.:ll to b...: h'Ln.·1J ' 

is '..lso s ;121. It is rucur.Li.:-,ndccl th ct t -:. pr0pcrly dosit,"Ilwd ropo-«7rty 

"'-Y bu install0d in plncu ;f thu 0xis tint; 0n~. 

FrorJ bns:;-cn:.ip to ~::msu:K;rs or stock y.:i.rd in tho c0untry: 

;.t prosont, slritu :J1'bs i~r(_; lo.'1.dv:l in-to trucks, 8nch cont-:iininc .:i.bciu· 

5 tonnes ".nd s0nt to c-:.m::.n 1c:rs or stock y"?.rls clurin;: dry sunsor.s, 

'-:hon th" ro'l.d is opun. 
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-•t pres"!'lt, sl,t0 sl1.~s '.1.rl) L::;clvd. :li:ructly int~1 trucks. It is 

;:;ub ~-.:st'-":: th'• t tri'cls sl.Juld '..h.: ~;~.Jc us inc: ·.:ood-;n cr"C t,;:s fer p:-ic'..:ir"t.~ 

:;;l;tu, ~nJ lo'!.ci.ir:.i; th0s'- · ·oocLn cr!l.t•.;S intJ trucks. ft:is systc:.:; ·i.s 

lik0l:.· t..; ru.luc" b!'0:-,k'.'.,;0s. .as ti :ib0r f::>r ~:;:tkir.t<:.>· cratus is J.V1.il•:bL.: 

~. t situ, it '.Jn:r be; r.:.Jrc uc::>ncJr.ri.c-::1 to us-.: cr.1. t0:3 th~. !1 L:.· ~~di!ic; sl: tu 

dirvctly into bucks. 

T.cn sl: tu is CJC~~-rt .. ,l, it :Iill in .~ny c:1s ... be nucvss-:ry t:..1 USG 

:')v•hm crntcs f.)r P·'.1.Ckit1t; sl:to, bufJro it is tr:n::r;Jcrtcll ovc;r lcn,; 

c"list".n.C·Js. 
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(i) 

(ii) 

(iii) 

iloz0r - _,;li:.i:: c:c.:;; 'cit;;, sc..~r c.ciuiv .1._,nt 
to -'-~ ... L :i}-50 tyre 

Cci ~1r:r,:ss·-Jr - port·-~b l...; .-lic·S._' 1-o_pc~r~ tv ... 1., 

C,,., 1 c1· t·.- 2~-v" cf--· (or "·-"rlv 7 _)/ ;:.i--·) .. t' .. ..1 - - ~ -!.'-.·-· • • • .... ' 

norc:-~l ·_.-,,~king pr'-'sur,; 100 p.:hi.;. or 
7.0 l~;jc.-, , J::.y l;quiv~l,:nt to ".tbs 
C·c:pco ;;101-.:;l '!"~ 250 

H · nl-!kLl c;:i::;pr .... sso•l ~dr cJ;x,r-' t.::u, ~ ir 
fl:J~;:i._;O. .1.ock drills 

.. ·i th piston :li'l. S'y:;:u., piston stNkv 
SO ::m. :.ml ·.;eight .'.1.bout 25 kg. 

g..,,y ..;qui V'llun t to .J. tl :s C·1pco R.tt 658 - .iL. 

on..J 

3 nvs • 

(iv) Hosv-yip,_;s, nip~l...:.s, ~cc...:.ssori..::s tc 
:.:•.Leh it0;:is (ii) a (iii) above. 

(v) 7/G" int<;cr~~l drill stc1..;ls of follo··ing 

800 !Tl kngt!1 34 or.1 bit cli::-. 

1600 .•.. l...,ngth 33 D:::l bit d;., 

2400 ;~:.: l.:;ngth 32 ::,J bit di~. 

14 nos 

8 nos. 

6 nos 

i)1...:.s...: ·ny b, corornnt pr-.,.1iu'1 irit0g-:l stv..::11 or uquiv:i.1-..:nt. 

(vi) .Drill :.;t..;,;l gri1~J,Jr for gri:dine drill 
sk·-.:1, s-.y L:.tl'•s-C'lpco ~.iockl 796 - 1401 
,)f 1.3 h:·· r..otcir ···ith 3~,it-ibL; grinJing 
·.:rnJ,;lc 

(vii) 

(viii) 

( ::.x) 

h) .1.'rc:ctor, '.i..:·li•Ei c.-.p:ci ty f:-.1.rn 
typ.,, sri.y '-quiv.,Lnt to For,1 
36'.)0 size. 

(b) "'1.:i c"'.bl0 tr:ilor for ·t.ovc tr·:ctor 

on.:: 

onv 

on.:: 

'l'oyot:-.:. k.ml Cruis0r, Di0::;0l-clrivon, .JdD 
s·ty ~.1o::·Jl BJ 4-0 LV - :cc or equiv·~.lunt 
'itt. fr.;nt & r,J·:r h0at0r -:YJ.d lw-.vy .'.luty tir.;s. on.; 

(,.-.) (i) ;._;l'g0-cutting- ,-,c~1ino, .J!od.,l 1'.Z. 
3/R./800 co::iplc; tc.; · ·ith ·vLctrific". tion, 
•)f ;11us::.:rs V'1n V'oorrl•~n b.v, 4870 
..;,tte;n-L.mr, iivll'lnrl F. 0 Box 15 

(ii) J(;nny Lind £0li::;h.,r, ii-.!' of 
:.,,;m;rs v .... n v,),>rckn b. v. 
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•)r (h) (i) 2;-'-cutting ~.1·c,1inu, ;.i0d.:;l 
::~0,,; - II, c0:1pL: te: ·_ ·i fa 
~Lctrific-ition of :£ssrs Sb.'lh 
Grmi t·cs (?) Lt·:., &:rc.:1ch·-:.nd !,hnsio!l, 
:hrr .ci< ~o :l, iL!und i•':Dtro Cin;.;c:n., 
f-1·:J::b'ly - 400 020, Indi:i.. 

( i.i) PoliG!!in:; .. :."'.chin-- - Pol - II 
- ·i th 0L:ctric-::.ls of Messrs 
3hah Gr:i.r..i t..::; (i) Lt!. 

or ( C) (i) .->.u t.m: tic 31 -. tv ston0 1.:.1;;·0-
cu t ting i':.Cliin<.: of L'cssrs 
ilc,j.:sth-:r. I11d.ustri0s !khind 
Po·_·..:r llous0, Jo,fopur - 34 2001, 
~'1j-:sth.·u1, Inclia. 

(ii) Polish ins ·_r:ci1inv for sl:l t0 ston,:; 
of lii:ssrs .hj 0~sti:;o.i: In-lustri0s, 
Jorfo::>ur. 

{J.:scrip-'.:iv.., li Lr·-.. tur-_· & qc;..)t-. tions for th.Js0 :.1-:cbinus 

~nv..; b,;,_:,n l<cft ·:it!1 the IA;p;:rt::1vnt :Jf Ii::_!u,it:tLs ::nd Illinvs). 

(x) ·'"'ri ~.1 -~O~·- ·o.:,· - for tr·-,:;.;,portint_; sLtt:; slc:bs froo 

q·x-..rry on hill--~''P to th0 b _-,;::,,-c, .p in th~ v·~ll0y b.:lo·. ·• 

Dist<:.:icr; 9CO . lutr0s 

C'lp~ci ty ; 30 tzmncs Jf :-r· to.:ic.l in en-:: shift of 8 h~urs. 

01-tv 2l"c:::> ·;ill ov -~'f f"'llo·;ing siz---s 

rtui~1ur.: siZ•) 900 x 600 l:lC x 10 ::1!J c;;.ch, ·;c.:ighing 15 KG• 

Ilt•rr.;c1l sL:•.: soo~.i::l x 600 :.ir;J x 10 :.c v:l::h ·;;oighing 10 kg .:::ich. 

Ii th '.1 sp-·.rv rop...:, ~m~~ 0sscntL'.l SiJ:lr':: for ., yu:ir. 

( :-:i) End-los:; h::.ul'\(;C /rop<r.~y fror:: iu~:rry nt.nr trench no. 7 to 

t I 1 '.:-i th . . · 1 1 rp.nrry :1·.J·.r ".'enc.1 no. ,ca._;nc1ty S.l!J1 <:ir !;o t.it_; ::ivrin 

l'hc.. cl~t- il3 of this r'-'PC ·:-ay ::ny b; fix•..:d, ·:h<.n:. the contour 

pl·m of thu -i.r..;ci :s c0'.'l'?lot..,d. .t',;rhc:ps th0 c..;dsting si::c.11 ::wrir.l 

rvp,;, ·r;:,y (': structur.., ith sooo :.ilt•.:r'1tions n:-i.y be u;,od for 

bis · -ork • 



6.02 

6.03 

6.04 

(ii) 

(iii) 

{iv) 
{v) 

(vi) 

(vii) 
(viii) 

3-.;CCiJll 

st •l'O 

Shel f. 1 r :Tuc.::ssin~: sL~ tc 

:hrkshof> C:: Bl·1cks:li tbs s:1~1J 

h t0r sup?ly & listribu tion 

Po· .. ·0r sunily & distribution 

.losidcmtinl col0ny 

,;,. tcnte'.tivc site h:'.s boon svl-.;ctc:l for ti1 .... colony. :.rtur prcpur 

survey, s<; LJ Lend ._;rc..dinlJ ::JE..y bo r0quir0d for locr. ti on ')f bnilJin&s 

'l'bo officvs, st.,r0s, -.rorksh.Jp ·md stiuds fer proccssin.r; sl: tJ, i.11.,',i 

be sit.,J n·:..nr t\:~ pr0a .. mt b"l.su-c~,:1p. So,_,u sr.1:,ll sito propn::ation 

uny b .... r,;'J.uLc0': for this 1-urposu. 

l'rnincc Mr::m.,::;cr, ·md lho skff. The huilrlin~ -.•ill -:lso h''.VU n st.)rtJ 

for kvupin,; sp'.:.r; }:nrts -:n•l ut!Jor c J:1;::;u:s-'blcs ruquir,_..:l f,)r th0 uin0. 

ro1finG• 

•• shod ll-:s t.J b,, prrJVLL.J for instnll·:tic1n of ;.wuip::iont for cdl;c

cuttinr; ·md _[> 1li;;tli11c of d·:t:i llv".I' thL nir:c r,fficc,So 'Illis •.Till 

(:; - 1 
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shiftod here from its oarli.Jr tonporary location. About 40 squ~ 

!Xltrus of spnc~ \7i.ll bo noodod for tho purpose. 

6.05 ll>r!cshop & Bbcgtrl.ths §hop 

1or sharpenir~ tools ~nd io.plolilliDts of the artisans, a blacksm.i thy 

shop '.;ill bo pr'.>vidud at tho hill top n<>tll" tho quarries. 

lor si::nll cnintmianco wrk, :i roon my be proVidod near the mine 

officas, -;;hich ~rill be lator attached to tho shod for processing 

slato.- Major r.:lintnimnco ·.:\lrk 'Jf the mine equi:p1:1on·I; -rlill bomlver, 

bo done in -.r()rkshops ::. t lliiophu. 

Por storing various typus :if oxplosives and fuses, it mll be 

necessary to bavo ~ p1-. per ~azino loca tcd at a s..'\fe si to, 

sufficiently a~ay frora othor buildln.;s. 

'.lbe roquirooont of .ntcr for tho projuct \Till bo nbout 50 cu.c. 

por day, includiD{; ::tout 40 cu.o per day for tho colon;y. 

,iatur my be colloct,:i fron Pochu stroa::i flotting nearby by 

puuping to a C(;ntrr.l rnw ,,-ator tank near tho top ond of the coloey • 

.i.n irrigation channel ts likoly to be constructed above the coloey 

si to. Whon tt1ic is C•)n..itructwd, :.-;ater !i.1Ely bo obt<"\ined f'roI?I this 

channel by l."!''lVi ty tl.l t::,c rtl\7 -;It. ter tank. .l.ftor settling nnd 

filtoration, this -;..nter 11ill coDl to a cbnr vmtor tank, f'roo -whoro 

it ;:rill bo distribut.:id by g:r".lvity to different places ot roquirc!lent 

by a.1. ;>ipos. 

6.08 l2i.ir supplY 8c Jistributi·:>!j. 

· .ii.t prosent, thero is no pO'Wor supply at tho projoot site. It t.rill 

bo oxtroool.J usu:ful, f'or tho c .:>ntinu~d progress ot the projoct, to 

have pom>r supply ~vdlablo tht,ro. 

~ sli.1811 bydro-p0<,.,.or gonoration 11ohorio for gonornting about 220 KVA 

p0T;1Cr vor:r 001.·\r l;ho projuct si i;:. iu undor '.'.iOtivo consido:ration of 

5 - 2 
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tho Go'Vtlrmiant. 1his m.11 bo of great help to \be pro3GCt1 *ioh 
a . 

will bo able to son.sumo ~od pari of the awilable pCNV ill U.. 

mno, processing plant, and the col<>JV'· 

6.09 Boaidontial cohm 

'lbe col<:!~ d.11 h1ve bouaea for the Project ~r • ._ -....r, 
trainee linu llaJBger, and for staff end arti.ll&D8• 

In ~dition, tbero -nu be a guest bouaot a cosimnitJ' oetze (wlaiell 

tt.lll also house a school in the dq ~) • a Oo-oJOrati.w aton, a 

dbponsary, end a post & telegraph - CUil - teleibOll8 off:loae 

'lbe aim Yill bo to provide tuo room accomodation with ld.tohea a1114 

toilet f11eili tios, cowring an area of about 400 ll4ll&1"8 feet to tile 

junior mat eaployoes. If duo to considerations of eoo.,..., it 1• 

not possible to provide this imediately, this objeotiw will 'be 

bpt in vieu, and ove'Q' offort •.dll be mdo to provic1e tile ... , as 
profits of tho mine increaso in course of tiao. 

A.11 buildings '7ill ha.vo tim\lor flooring (except in kitchen A bath 
rooms, wboro flooring will be of slate tiles), ~ •lliDC 8D4 

slate roofing. 

1 



Section - l 

1.01 ihe orpniaatioa structure is shown in the attached chart. A hoject 

lhnager, wbo will •be reporting to the Department of Industry cl: llines, 

will be the heed of the Organisation, and will be respoDSible for 

direction, supervision, control, production and operati\>n of the 

mine. He will be assisted by competent and qualified personnel for 

construction and operation of the project, including a lilnager, 

an assistant Mlnager, an Aocounte'."t, two atperviaors, a Store-

keeper, a Compounder, a lllchanic, f~ operators-cum-drivers om 
a general clerk. 

1.02 ihe Jti.ne ~r shall have a degree or equivalent diploma in 

miniJJg enginooring or at least a second class llliae smger's 

certificate ot competency. Be will be i-esponsible for production 

n t the mine with safety and efficiency, as well as for fu turo 
planning. 

7 .03 Other persoJJnel shall have 2 .1to 3 years experience in their fields. 

l 



Section - 8 

Proj..;ct ->chcdule: 

8.01 All tho main :ic ci vi ti.._< >'Cquirod to ;-.;:; c::rri::.:d out for impbr.iont-l tion 

of th . .: Projec~;, shOtrir..g t1c s0qu·]nco "-nd 0.urc.tion of <Jc.ch nctivity, 

:1re given boJ~w. 

8.02 The ,iroject s ·hcdule lv .. s bo:,n dr~:-,.,., ·.ip on th.:; b,:.sis of ::>.. ra",listic 

tim0 of d0liv•.:r.v of oquipwDLt, construct.ion :md 8r0ction, Dh0rcvcr 

necessary. 

Description o~· ~· .. :!tivity 

I :€.roll§ra tor;;.· ac ti vi tics 

(c.) ;,.ppro~c~]. of Fuasibili t°'J .:1.:r;:iort ) 

(b) Signi ~Jg ;)f Pro jac;; .Uocument ' 

(c) Invit:'n::; quoi;r..tions for equipment, 
.'.'.nd c. 1: 1:i.l! tion of t,Jridcrs 

(o) -~lJ)Oi1 1.t1.ont of otiw:.· staff 
rt wor::riL: .1 as n.:>coss-:ry 

(f) Propc.·c·J. t '.On of plans for 
const'.u~~ion of offi:cs, ~tor~s, 
houso·, <'.,id other r01!1tod 
propn· ·; tny work 

(g) FinaLs. ';ion of alignment of 
recd _ re l Chusum to br:.sc-m,:ap 

(h) FinaL .·: ';ion of ~.lio;'1mont of 
ro:id ,·:..·c~ B['.S.J-c::tr:i.i_J to the 
mine : x: · hill-top 

8.04 II Main Pro.ie--.. t .... ctivi tics 

(a.) Purch'c.Jo .1nd duliw:ry of 
oquipiror. ; 

(b) I:npro 1r,_•,1 t of ~ 5 kr.: long roc.d 
from '. iJ1.J um to Bns(:-Gt•m,i by PJD 

(c) Const :.ic Hon of 7 k:m'. :rond fror: 
b-:1so-( ·_,,r .:i ~o mine no.:".r hill-top 

F3 - 1 

3tarting da t0 & 
duration 

From start Duration 

Starting 
Point 

ii thin ono 
month 

·Ii thin 
4 months 

'Ji thin 
4 months 

»fi thin 
4 months 

·,vi thin 
4 months 

'Ji thin 
4 months 

Ji thin 
4 to 8 
months 

\7i thin 
15 months 

Ji thin 
12 ~1onths 

On0 t:1onth 

Throe months 

Twc months 

'l\-ro months 

8 months 

6 nonths 



(c!) :~cnov'1l of soft & h .rd 
ovurburd"·n :for pr<;p.:-:r<! tion 
of ·rorkin; pl:-:.ccs 

(f) Co:wtructior. of •fficos, 3~orc3, 
s;10ds, hous·.s, c-.,1J other f~cilitiGs 

(g) Incbllc:. tion of '.'.'.;ri.J.l rop\o.::c.y 
fro~1 tll:, r.:inc ri..1·'.r tho hill-top 

th(.. b -~S\....TCr:~Jl) 

(li) Insfall:ction of c:.n und-10.os 
ro·~·;-·:.-ay, fro::: n0J.r trJnch no.7 
to tr:.;nc:1 no.1, L°)l~ :E'.:i1.-,,;.: of 
sl~to frou :hu qu1rri0s to tho 
.-,:.;ri1l ropc-·.c--:y lo::Liing st.:tion 

(i) 

(j) 

(k) 

dning-, s;1li t'cing, .·.nd sizin1:c of 
d:tL: for roofinr;· Imrposus (c·t 

full 0'' 1'~ci ty_)_; ~.nd opcr".. tion 
Insfo.llr tion/of uquip::1'--nt i'or 
c;dgL.-CU tti;1(.; & _i)Ol i ::;hint,· of sb tv 
til"s for floorine & ~i·.nn,)lling. 

i'r~:ns,Jortin,; 8.: r.1·:rk0ting of sl.·:tL: 
· t full c::p·1ci ty 

Ji thin 15 
[]On t'.1s. 3 oonths 
I'c b0 con-
tim<0d th0ro:c.ft0r 

·Ii fr.in 18 
::ion tbs. 3 '-lonths 
To bG continu0d 
thcr.nft.::r 

.Ii thin 
16 ucnths 

-•i thin 
15 r.ionths 

.ii thin 
15 ;:iontha 

Ii ·ctiin 
16 :::onths 

ii thin 
16 oont:13 

.li thin 
16 l7!0nths 

12 oonths 

6 1..:onths 

3 rionths 

lill bodo,;o 
continuou2ly 
th:.;ro'1ftor 

:ill bl: done 
con tinumrnly 
tllc:: r0.:-.ftc r· 

iill b0 don0 
con tinuo1wly 
thcro".ftor 

(1) .2ro1ic~10-:tion of :1ont:11y, •;u.1T·~0rly ... ifoin 
:•.nd ar:nur:l pro2:ru:::s I\JlJUY-h;, "•r.n0unts 7> nonths 
:~: Hr:.l ncu r; 11<Juts 

?;.;riodic-'Llly 
th<Jl\X1.ftor 

:ro cc -·l tliou:)1 full pro due ti on c.:~;~ -ic i ty •:ir.y b,; '~ t t"'.i 1wd only by 

1!Jth rannth, cvurjr uffort ':ill b..:: rrr:dc- to aohi0vo -~:.production 

u tilisine th<..; oxtrn. cc:r:wi ty 0 f th0 1'1in0. 

~l 



9.00 

Suctir)ll - 9 

C~?itul CJSt cstia~tl;S & ~l~ir ph~sin~ 

Tl . . t . 
ii.:; \_,·xpos0·.~ ·-~u er~~) is 

·JVc~rbur.:0n is inr:~. On .'lcc.mnt if the h<1r.l :-i.n: c~1'.lP'!Ct ff'.i:uru )f 

this ovr,rbur•1cn. 

'l'ho qm:.nti ty Jf Yv"0rburc'.un n:..icussr--.ry CJ 0XC~V'.>.tu f.Jr -~ rr·, '.ucti JD 

Jf ,~, 000 s'.1.a:.-:.ru foe t )f sl::-. t-..; 11"r ciay, is r,.1 t lri.r>;. But it ·.'ill 

bo <dvis!1.blv ·;;~, uui:1lJy stur,ly 0qui:tJC1'.Jnt uf J. r'J·'l~.m'l~1h.: cn;nci ty, 

·.rhich · . .-ml'. ,_;iv.:; r:;;liL:blc survic-:os in 'l r»m;i;;c aroa, '..'tWI\; f'1cili-

CoGt Nu~ 

I (i) Inpr'.JV0r.J(Jllt in rryd bui:'.:ucn 

Chusui1 & bclao cn.:1~i (this is 0xpoct0c: 

t'.> be; •bnu by p {D Jll its o·.7!1 J.CC· 1unt 

at a c.).Jt ·if Nu.15 l';khs, ::-.s this 

ro-: ·'. ·.;-ill servo th;, gonur'.1.l pub lie 

Df th•J n.r·J!l.. Its c.ist tu the pr.1jcct 

dll ba nil, thJu~h its ~r0visiJn is 

v'3s1rntiul fcir tho pr ;j.::Jct) 
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(ii) C.:i1:structi:m :)f nv · r.i".·~ frv!J tho 

(It . ~ 'l . "' "', •• 'l t th· 1_,':' -'.-r ;.J._,:Jo-....U 1 ... ~L.. ~ .... 

drill.::: otc., ;_in:l ux:t1l.Jsiv0s ny bv 

dobi t..:/L to ·:;:1in ::cc mnt) 7 ko @ 

100, 000 pur k:.1. 

(iii) ~uil~iry;s: 

(a) Office & Sbru ) 

(b) Shc.l f·Jr pruc•Jssi Tl<~: sl:'. te sl::.b s ~ 
(c) RosLlvntial, inclulin;; buil 1in,·:s) 

f 1r CJ::ll.un facili ti0s ) 

(iv) Furniture & fittif4'S 

(v) Miscolloano0us 

II Equbnunts 

(a) Dozur 

(1J) Cui.!pross'.Jr 

(c) Drills, ~ccossJrius 

(cl) l'rnc tc.r c} Trnil:J rs 

.(o) 4-·d10ol drivo v•Jhiclo 
(6-son tcr typo) 

(f) Prucussinc i:quipn.,Ht liko (/!co-cuttin.:; 
& polishinc :11.cl1in,;s, inclu .. :in.::; instn
llntion 

(,:;) rlopv.~'·"-Y, inclu Un.; spciru ropu, 
pulloys otc. It h".s not bu~n 
iJJssibfo tr.J obtr'.in bu:lgot 
quotations for this ·,nrk, nn.1. so 
its crnt hns brJOU rOUcShlyustinatccl 

(h) Pur.ips, pipos o tc. 

( i) Survey I:'..: clrP..ftin,,: ins trunon ts 

( j) Ini ti "',l sp2.rGS fur oqui;munt 

(k) Eloc trificn ti on 

(1) Iiliscollve.no;us 
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1,00,000 

5,00,000 

20,000 

80,000 
13,00,000 

13,00,000 

1,70,000 

1,00,000 

1,011,000 

70,000 

2,00,000 

2,00,000 

20,000 

·1-0, 000 

2,00,000 

1,00,000 

1.00.000 
21,00,000 



III Cost of initir.l c:0vJlu 0;·~cnt · ·Jrk 

(op0ratinc; cost only f1xr r;_;:::yvc..l of 

~tpprc>xi:1<:. t•1ly 10 ,000 tonnus :;f 

:ivorburd.i.m cy Nu.20/- :):ir t,m:ic. 'l'his 

oxpondi tur\C r.ia.y b_, ks pt in sus,;icnsc 

'lcc.Junt for subsequent cdjust:;,mt in 

r~0rD-tins cJst). 

thrc:n r.i. inths ruvunuo exp- n 'i turc 

2,00,000 

2,00,000 
38,00,000 

•• ftor funcls nr0 s-".nctiono·~. ;_)r'.'!.c tically th.a entire aaount can bv 

u tilis0;:'. in 0110 yoar 1 s til:l.o, n.s th0 J,Jli very pori•Jtl of tho oquipn0nt 

ruquircc.l is short, "..ll:l the: ,_-·or!~ Jf c Jnstruction & ir.~pr0vo;10nt ·1f 

r,v:>d.s, ?..ncl c•mstructiun of builr1in~;s & other fa.cili tics can bo 

sbrt.J(1 siaul tan0'..lusly. 

9 .10 PrJduction cost ostir.ia te:s 

9.11 -•cl ostiaato of c.-ists fur pru,1-uctiJn of shte at three lJvels uf 

:)r,; :uctfon, i.o. at ·1,000, 5,000 .ciml 6,000 squaro fuot per Lby 

i8 ::;ivon bol~::-

9.12 Tho n:::>riJs uf clcpruciation, int"'rost ch.'lrgos, aaint1.3nnnc0 c·:ists Er.. 

c Jnsuuption hnvo boon taken fls f >lloL·s :-

1. 0pura tizy.: tL10 and c::msuq£_t_ion of fuel & lubricants 

Doz or 7 li tr•;S of -.'.fosul fuol por hvur of operation 

c_j nprossor 6 li troa (Jf Ll.i.csal fuol per hour Of opcrntfon 

'I'ractor 2 litr0s :;f clias<.:l fuel per hour of oporP.tion 

C•st of lubricnnts - 5% ,)f "Jnluu of fuol used 

Tho cquipr.ion t -;.rill opur"l. to for 1,000, 1,250 and 1,500 hours 

por annuu at th.:; three luv:;ls )f pr:Jduction. 

In vio·.1 uf the.: locatiun 0f thv _::irojoct in a rur:1otc nro:1, a·.·ay 

froa S;)Urces of supply of sp.i.ro parts and any la. ·cu :aintonancc 

·_·;c1rkshop, nn'l till such tit~h.: as thu aechnnics & opera. tors bocono 

r.iDro oxporioncod, it -rill not ho ~ ncn.n uchiev0r:ifmt to unsuro 

tho r.wailabili ty Jf oqui: .. :.1.;nt; for thuso porio :s. 
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fuprecliatiGn of oquipncnts h<i.s b;;en ta.ken at 12, 14, :ind 

I Jn 16 percent of valuo/an avoraeo at procluction lovuls of 

4,000, 5,000 and 6,000 squarefcct of slate per day. 

~prccia-t:Wn:.on road ail:l buil<lintrs has been taken at 5% 

of their C'.Jst. 

3. Cost of aaintainanco of oquipacnt, including cost of spare 

pnrts hase been taken at 10, 12 and 14 percent of the value of 

cquipaent at three different lcv.als of production. 

Cost of caintainance of road & buildings has been taken at 

7k% of their cost. 

4. J;.s it is not clear at present, hen tho project is to be 

financed, by a grant, or fully through lonns, or partly 

by ~qui ty and partly throu.:rh lollns, or in so~ other ':Janner, 

no interest chari:;es hnvo buon include:! in tho cost osti"-"\tes. 

Tho inpRct of interest chars-os on tot-'ll oporatilll; costs under 

diffurent fimncing qrr:mge'10nts, b:is hm:rnvcr been analysc:l, 

pn,kr 'Priciilt.'; Palicy nn~ 1'innnci:ll .i.mlysis 1 in this section. 

5. 'lhc cost cstir.ia tos inclurlc thu nrljustncnts of oxpondi turc 

of Nu.2,00,000 incurrou on ini tfol nine ,!0velop!:icmt. 

I P_rsonnol salary &~egos: :.nnu~l exponcli turo. Production 
level sq.ft. p~r 1ay 

4,000 

(A) (i) J.hn~ger@ 1,800 P·~ 21,600 

(ii) A>sst.li1.nac,'Ur-cuo-Trainoc 
ifanager @ 650 p.o 7,800 

(iii) ·•CCJUntant, t\10 suporvisers, 
store koopor, c~::1p0unrlor, 

nechanic, four oporators
culil-dri vors, ono clork- 11 
persons @ 450 p.n on 
11verac.,"O 

(iv) Peon &: V.-10 han1y boys-
3 persons @ 250 p.u 
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59,400 

9,000 

5,000 6,000 

21,600 21,600 

7,800 7,800 

59,400 59,400 

9,000 9,000 



(v) T.a&D.i. Qf nbovo staff 
@ lrcl of selnrios 32,600 32,600 321600 

3 

(vi) Project allo~~nc~ of 
stnff @ 50% of salaries 48,900 48,900 ,J.8,900 

B .::."\rniD.£;s of artisans on 
piece rato 2,40,000 3,00,000 3,60,000 

c Contigcncies 10.]00 10.100 10.100 
4, 30,000 .i,90,000 5,50,000 

II Stores & aaterial 

(.:.) ConsutJAbles: 

(i) Cost 0f fuel for dozer, 
tractor, ancl co:Jprossor 
per annu~ (7+2+6) litres x 
Nu.3 por litre x (1000 or 
1250 or 1500 hours) 45,GOO 56,250 67,500 

(ii) Cost of lubricants @ 
5% of tho cost of fuel 2,250 2,813 3,375 

(iii) P.O.L for six-seater, 
4-\mool drive vehicle 9,000 9,000 9,000 

(B) Maintainanco supplies & 
sp::!rc parts for oquil-'::.10nt 1, 90,000 2,28,000 2,66,000 

(C) Ahintainanco of ro::id & 
builrlinga 90,000 90,000 90,000 

(D) illxplosivcs 30,000 37,500 45,000 

(6) i\lodici.neR. Btn. __ -~o_,ooo. 12,500 15,000 

3,76,250 4,36,063 4,95,875 

III ~.Qrociation: 

( .. ) On equipoont 2,28,000 2,66,000 3,04,000 

(B) On ro~d, buil·Un;;s etc. 651000 652000 65,000 

2,93,000 3,31,000 3,69,000 

IV Royalty@ Nu.0.05 per sqft. 60,000 75,000 90,000 

v Miacolloanoou!l! 1 

(i) Cost of crating ) 

(ii) Loss on bro'.:1.kncos 
) @ 1o% of 
) 

(iii) Transport cost of storus & ) 
othor costs 

fuol to sito ) 

(iv) Ov)rbc.r:i.c>.s, including 
) 1, 16,200 1,33, 100 1,50,000 
) 

Sf.dos ovorhoatls ) 

(v) Sundries ) 
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Gr:::ncl totnl 12,53,4.50 

-:•r say 12,55,000 

Cost of pr•J1uc ti•m 
oxclu.ling intorest 
chcr:;os per sq.ft. 

Nu. 

9.20 Pricing Policy & 
F:i,_nancinl ~na..!x_sis 

1.\.15 

14,39,163 16,24,637 

14,40,000 16,25,000 

0.96 0.90 

9.21 Uptil nov., zlato is b0inf: s0lc! at n no-profit, no loss b~.sis, qt a 

price of Nu.1.20 per sqft. at tho r.rl.ne ho'ld. 

9.22 ••S this is tho only slate pr<Jr.lucing nine in the country at present, 

;:ind its usefulness for roof in.; purposes is not yot fully lcn,1·.:n to 

tho p0oplo in &;ene:r'l.1, tho Gov0rw10nt ·.1ill h:we tu decide on its 

pric.::: for sooo tine to co::ie. 

9.23 Ono r:ay to !ix its prico ·. 7 oulC. be to :.k'"l.ko it equal to the prico of 

altcrnntive con1·1only used nr.teritlls that it roplnc..;s. In th:1t c'lso, 

tho prico :>f slate at the rJino haar1 C•.)Ulii bo Nu.3.23 per sqft. 

(soc s:.iction 10- N.'ltiollr'll Econor.1ic Bonufits) 

9.2i~ 1lw c0st of prod~cti.m, oxcluding interost charg1:Js on capital 

o 1ployod, has been estin.-c.toJ at Nu.1.05 por sqft. ..t a sale price 

of Nu. 3.23 pur sqft, the project c.:ill bo a 1Jonoy-spinnt:Jr, after 

provi.ling for nll interest & oth0r cha.rl;os. 

9.25 .i• pr·oj0ct should stand on its ovm nori ts, an •. l sh0ull not h;:ivo to 

dopem~ upon subidios, rmd should bu ablo to boar all diroct & 

indirect cvsts nocossary to oporato it. In tho caso of this 

projoct, tho only cost that hns n:Jt baen takt:Jn into account is 

tho cost of ioprove~.10nt of rond but-.roon Chusua and tho baso-caop, 

1rhich is ostinatod to be Ng.15 lakhs. ~lthough this road is not 

for tho bonufit of the slato prvjwct alone, an'l is in fa~t 

includo·:1 for i!1provor.ient in tho 1;unural national road prograr.nc 

9 - 6 

l 



of PWD, the ~\J~ cO'JiCs ~d th0 proj..,ct :ny be 1:sc.:.:rtained. taking 

tllis C·Jst '."\l· .J i_nt0 :icc.;unt. s,; Yr .. t there is no elu:::wnt of 

i~1('.ir0ct sub, i( • to the projvct. Q.:;; :'.dditional cost on account 

:'f int0rost · !F. .·gos, ".1'.1.inkm~nc0 & .:."'prccia i;i;:m 0f this ro.'1.l ·:-ill 

:1::uunt tv ab.mi Nu.3,00,000 pvr <-nnu:1, .:>r Nu.0.25 por sqft. nt 

::i. pricu :ii' N' .• :;;.23 por sqft. (·.-:-hich is tho rit:"ht prico for sl.".to, 

if th.::i pNj<::·::t s not to subsi :iso otht;r s~ctors of tho econ'-'::-ty), 

t:.te: prJfit.'J.b :'_i'7 0f tho p::-oj..;ct '1ill still be high, a.s -~»)Ul:~ be 

s0C;n hure: 

1 • .?ru.~ucti.·1 .:Jst 0f 
12,00,0Q s•ift. of sbtc 

2. Interest '.:h •.rg;;s on Nu.36 lak,,11s J.t 
15%, ·.ii t:: :;:: .pcy;:i..:nt 0f :urincip:'..l 
& int0rc~ ~ .· n 12 uqual inst.1l·1onts. 

3. Interest. l:.· proci3tion & :Jr\int"linrince 
ch:>.r1-;0s c·:• "'J:ld fron Chu~:::i to b:se
C'.1.~lp 

'-~· 32.lc prir; :2,00,GOO @ 3.23 pur sqft. 

Nu. 

12,55,000 

5,70,000 

3,00,000 

21,25,000 

38,76,000 

17,51,000 

'lW'.iltblo o· c: _1roci;1tion ·l.Cc:mnt por .-innu~J, ;hich .1onoy cn.n b0 

usoC for ror .. y .mt •Jf iutvrCJst L: princip:il). 

9.26 But the Gov01 1 .-.: •lt hr-.s t;.J ~k0 :.nny other fn.ctors into 

r:: t ~.ny c :msir1.or it '1llvisablc.: to kco::,:i rico3 lo-.7, 

. .;v0n by subs· :i i.nc the s<mo, to hul:;:i po,>plt: in iupruvinc thoir 

livi!l.{; G.CCJ!'J(; .'l i.on~ or t:; <.mc.·iur~50 ropl1;1co'.Kmt vf ioports :it 

tho onrliest ·oc Jiblu tiuo. 

9.27 ".ibis ~viy be · n•. by sollinG slato o.t its production c;Jst of 

Nu.1.05 per r,1u ro foot. rae: invostrn.mt uf Nu.36 l'.:lkhs ~-.'ly b'.; 

c0n3i(~cr3c"'. ~' a· invcsb.ont f.Jr n. public purpose, "J.s i::; .J<mo 

for c.:mstruC{·.Or' ·If ro.".1S, Jr ::my fer an r:\["ricul tural dovulo:;munt 

e;cntrc, or f\., -lh~r public ::rnrvice;s. 

9.28 ··•nothor .-:iltc>. a::vo ·.,.Jul,l bu to fix tho price ::it no-~:rofit, 

no-loss br.sir: '.lt addint; t·J thu ~ r:.~lucti·:>n CJst, tho intorust 

cl1-:r;jos incu1 .~·y rm in·rust:1out. Th.; c:;st ns ·.'Toll tis th() s.11.., 

,rico ,f sl.1·i;· .:Jul'l in tl-iis cry;::, o,; -"J.~·,rJxir.ntoly Nu.1.25 ~,er 
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9.29 

•Jf c.-,_ i t:l. It ~}El.y J,_; nJk :, t'.1;, t this is ;ls::> th.:i Jrcs . .::nt Cvst 

Jf : r_: :ucti-Jn ,,.,_~ s..::llin;; :ric.:.; .:f sl::t;.;, th.., tb.0.05 -:-.:·~"!r.;nt 

:liff,:;r-.;accin ~'rice b0int;· ·~uo ~J the rJy~ll ty ch'.::.r:;-0s ·t1 ich '.1.r:; 

rnt h:in; >':L!. :t _ ros._,nt. 

~1vth0r ~;ltor!l"!tiv0 is t.J J_.cr:>.te; th.:: ~"rJjcct ·:;o; ::i. CJr.<.:zrci.:l 

•.:.:1t..r.riso• ill;_ c.:>._·it.'.1.l ruquirin1Jnt .•f Nu.:;a bkhs (irtclu'in{_;' 

Nu.2 lr:khs roquir~·: on sus: ._:ns0 :.cc ;unt fc·r ri sh Jrt l'cri.d) :ay 

b-.; r".'.isc l b;ir ~n '-'qui ty C·"l_ ital Jf Mu.11 1::-.khs, a 12 ycnr tarn 

Linn .Jf Nu.22 Llichs -:t 12% inkr,.,st, ~nJ a sh,)rt-tu:ro b:rnk 

.JVor:lr'lft Jf Nu.5 l ;khs ".. t 15%. .... ,:rice 0f Uu.1.40 i'Gr squ:r..; 

f>Jt -.~uuV yiuH '.1. ·'.iscJunk ~ C:ish fl::>':'J (OCF) return of 15% Jn 

th•: equity C'-'1;.it<>l. illifl -.-ill hn :1 VPJ:Y fl''t.i~fri.rl. 0 ·1:y i·0turn to 

b05in ,_"ith, s~eci'-lly '.:h.,:l it is c.msir!eru<~ th:.t ::i. r'-iy:llty >f 

ifu.0.05 :icr squ::.r0 fJut .:::>ul·: lio ~ay·•blc nr.:, · . .-hich ·;i'.s n<:>t :.,·,i·'. 

~._;fJru, '.ln.l the s:-:10 .... rice is ·ruch less th"..n cv0n h~lf Jf Nu.3,23, 

·:,-hici1 i tsolf is n-Jt r.n unjustifio.l .·ric0. • .. C:'lsh fl-J-: t.<J.1lo "'-n: 

c-tlcubtims .)f Prcsvnt Vnlu;.;s, sh,:. ·in:; the finn.nci .1 ~nsiti 'n in 

this : 1 tcrw. ti V<; is sh·>'.7!1 in 1'.'.\blv I. 
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V~lucs in Nu.I~k~s Ye:1rs 

-· Cash InflY.< 

(P.) '3al0s ikvenue 

(b) De)rccb ti on 

B. G~sh Outfl0~ 

1. (c..) .c;qui ty 11.00 

(b) Rc. _.:>.y~.1cn t of 
te:r"1 L:>-'.'.n 

(c) I~tcrvst on t0r~ loan 

(d) .i.0_::.y·1cnt ::>f b;-.nk :::ive;rc~r.:.ft 

( o) In tcr~'s t .m b:mk ovurdrc.f.t 

2. Pr:::i::uctL•n c:::>sts 

C. Not C-:.s}'l flei·J ( •• -B) -

D. rri,;s-:;nt 'l"'.lUv 
ht 15% 
JC.F.) 

E. Cu~JUlativc n'-'t cnsh 
bc>.l:..nco 

11.00 

!(11.00 
+9.5g 

= 10.28 

~-s.£ 

~ fl;;,,-: 'I'n.blu ::ml Cr.lcul,;1. '~i~n 0f Pr,. sent Value; 

2 3 .+ ? 6 7 8 9 10 11 

16.80 16.80 16.00 16.80 16.80 16.80 16.80 16.80 16.80 16.80 

2.93 2.93 2.93 2.93 2.93 2.93 2.93 2.93 2.93 2.93 -----
19.73 19.73 19.73 19.73 19.73 19.73 19.73 19.73 19.73 19.73 

2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 

5.60 2.0.~ 2.38 2. 11 1.s5 1.58 1. 32 1.06 • 79 .53 
1.00 1.00 1. 00 1.00 1.00 

0.75 0.60 0.!',5 o. 30 0.15 

12.05 12.05 12.05 12.05 1 "' ;;~ c... • .,.,"" 12.55 12.55 12.55 12.55 12.55 
--------------·--~----------· 17.65 18.64 18.23 17.81 17.90 17 •. ',8 16.07 15.F31 15 • 5~c 15.28 

.'.'...08 1.09 1. 50 1. 92 1.83 2.25 3.66 3.92 !,.19 4. "15 

'.57 0.72 0.86 0.95 o. 79 0.85 1 • 21 1 • 11 1.03 0.96 

2.08 3.17 4.67 6.59 8. "12 10·;·67 f4.37 18.29 22. :',8 26.93 

' 

12 'r) t'11 

16.80 18,j..80 

2.93 32.23 

19.73 21? .03 

11.00 

2.20 2;~. 00 

.26 20.12 

~i. 00 

~~. 21) 

12.55 13~~.22. 
15.01 196.12 

: .. 12 2C·. 61 

O.d8 +(.. 75 

31.65 

_J 



9·'30 It may bo notl.ld, tho.t the pricu of slate as well as the cost of 

production h::ts boon ;3llo· 'll constant for a 12-year period in this 

financhl 0xorciso. L: :::r-J.cticc, tl1is Hill not bo the position. 

But it is anticipated that inflation will affect both the cost 

as '.7Gll as the sale: price 0qually, and r:ill therefore, not affect 

the gonernl accuracy of this projection. 'Ibis is a very valid 

llssumption und ia gonorally mado for such purposes. 

9.31 It mo.y ·.!lso Ji;; not;;d tt:1t no funds h:1VC boon provided for renewal 

of equipm:mt during tt1is period. At the production capacity being 

considered, no major r·Jno'lOl of •;<tuipm0nt is anticipated during 

this period. I~ny minor roquircme:nts can bo taken care of from the 

adequate funds tba t havv boon provided for maintainance. 

9.32 Although there is no rco.Gon to nssumu that thG initial production 

& salo targets of 12 lr..:.kh squarG foot of slate per annum will not 

be met, it 1;ill bo useful to knoH the financial implications, if 

theso targotG nr·...: not "C~1ievod for any ren.son, whatsoever. 

At 80% 1chiovcncmt of fo0 targds, tho production & safo will bo 

9,60,000 sqft. rur i:rnnvm. The reduction of costs will however, 

(i) 

(ii) 

(iii) 

ii:arnings of artisans 
(12,00,0(JO - 9,60,000) = 2,40,000@ 0.20/sqft. 

.tciyalty 2,40,000 @ 0.05/sqft. 

~eduction in co::~t of fuul, lubricants for 
production oy_uipmcmt, oxplosiYos, & 
m;:i.intuinanco supplies, :1nd cost of crating, 
loss Ofi bronkag0s, trnns~ort cost of stores 
& fuol to sit·J (.)tc. ·~· 107~ of Nu.3,40,000 
(Uu. 2, 76, 000 from i tum II A und Nu .64 ,000 
from it0m V of ~nra 9.12) 

The cost of production (excluding 
inturust cjnr;us) of 9,60,000 sqft. of 
sln t.:: por annum v·ill thus bo 

• • Cost of production pE:.r sqft. 

s - 10 

!J!:. 
48,000 

12,000 

34,000 
94,000 

12,55,000 

94,000 
11,61,000 

Nu.1.21 



'lhus if the production and sale: ~Jas looor by 20%, there ";rill be 

an increase in cost of about Nu.0.16 per sqft. 

'.ibis further highlights the importance of not only achieving, 

but oxceoding the targets of production & sales. 

9 - 11 
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10.01 

10.02 

10.011, 

Suction - 10 

National Econoaic Bcnofits 

nn an;::.lysis of cost of Sl,"\to :i.nd C.G.I roofing has boon given in 

anncxurc I. It '>rill be soon fron this that the total cost of Slate 

roofin:; ·.nrks out to Nu.6 • .+9 1-iCr sqft., uhereas C.G.I roofin:_;· costs 

Nu.10.6~ ?0r sqft. ihus C.G.I ro~fil'li; is costlier than sl~to roofing 

by (~~1-- 6~.12.} vcr cont or nearly 64~ 
6.49 

31., tu roJfin;; is aoro G.urable ~nJ if properly installed lnRts the 

lifo of the buildine, ·,7heroas C.G.I roofing requires to l>e p'lintod, 

and r.ia.y '1ls0 r-o.;J:l to be re;.il.-iced, ·.:hon its gets rusted. 'Ibis ·.7ill 

ad,J t;:i tho cvst still fur-t-bor. 

It ·.·ill be further notod fr0i:i J.nne:xuro I, that the illport content 

,)f rxttorial in C.G.I rorJfillG (C.G.I shoots, nails, L h~Joks, roofing 

scro~rs, Li~.1)ot ·.rashGrs, bi tu~JCn ·:1.shors) 70rks out to bi> nearly 75% 
:.if its costs, ·.:hcro1.s the inl)urt c1mfamt 0f slatv roofint; (nail & 

ro,lfin,_; scrLr:s is ab.JUt 0.5% only. 

'I'ho c.Jst n;vilysis further sh0·.1s -'.ls follcr.:rs:-

Q.o_1!t__ o:(_J.·oofinr; 2500 sgft. 

(i) By C.G.I shouts 

(n) Cost of C.G.I shoots, 1.7·i'.~ tonnes 

(b) Others Ct>sts 

(ii) By 318. to 

{u) Cost of Sl~to, 2 ~14 nos, of size 
30 ca x 60 co (or 
2 sqft. oa.ch) 

(b) Oth0r costs 

10 - 1 

Total 

lb. 

18365.99 

1237.37 
25603.36 

7520.50 
8710.92 

16231.42 

l 



10.05 

10.06 

10.07 

t •• 

This ~J0nns tint if tho pric-c of skto !;'as hit,~cr oven by (25603.36 -

15231 •. i 1) = Nu.9371.94, th.: C)st of roufing ·.fill be the s;irx • '!bat 

is, th0 cost vf slate cvuld even be hit;hcr by ~~~!j4 per sqft. or 

by Nu.2.03 )0r sqft. Thus, 0vcn if th.:: cost of slntc at 'lhi::iphu is 

( 1.63 + 2.03) i.e. lfu.3.66, it ·.·.'ill still not cost oorc.. than 

;.G.I roofin;_;·· 

Hence th0 contribution 0f sla to to tho n'.l tional oconoqy, . on an average, 

f\t ~)r<;scnt is Ifu.3.66 per sqft. '!hen the project is developed. to its 

ini ti:::l cn::_v:city :Jf 4000 sqft. per day, its contribution to nntional 

0c,mo:.1y ·.:ill be 12,00,000 I 3.66 or lb.43,92,000 per annun. 

~ .... mrt frun pnvidil'lf.~ gainful nnd skilled er:Jployment to about 65 

imrsons, tho :;.;r.:ijuct •.till lJrovirh.i an excellent traininc Ground for 

Mininc nP.1.'. Industrfal Project l'i<!nr;[;emnt. 'Ibis uill bo cxtroooly 

us0t'ul for •lovclop:Jont of other ainoral resources of the: country, as 

i:roll ns in n:uic:couont of industrial ~rojoct. 

·~1c Pr,)joct fits in boautifully ·.7i th tho national econooic i'Olicy 

;f attnim.icmt of solf-re:lir:mcc. 

10 - 2 
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11.00 

11.01 

11.02 

11.03 

11.04 

11.05 

Seetion - 11 

Conclusions &: Rcconnendntions 

C0nclusi0ns: 

Bonso.:;oona sl ..... to cloir,si t in J.-:.n;:;·li Phodranc district of Bhu fan 

h"s l<tr._·o r.::.sorves of c.Jo1! qu;:tli ty slnto, -;-;hich are a.~lcqu-<ito 

to sustni>l an efficient ootlern nine & ~:rocessillb unit for a 

lOllG ti :JO • 

The qunli ty 0f sln tu is entirely suitable for roofi?l6 i;ur~;osos. 

Thicker slnto slabs fro!:l tho aino can bo cut & ~olishod into 

slat~ tilGs for floorillb & pannclling. 

Slate is a bc;ttcr &. cheaper roofint;' ::k~terial than corrugated 

gnlvanisol iron shouts(C.G.I shGets), C.G.I roofiIJG being about 

G,~% costlier than slate ro0fir..;. Sl!::tc ia available indigenously, 

-.:horoas C.G.I sheets have to be nll in~1ortecl. Therefore, apart fror.i 

r:ioutin::; tl1u ;bjoctivc of solf-rolic.nco, tho production & use of 

sln tu in Bhutan is in tho best interests of the country and its 

1..s 1.1ast of thu ux110serl outcro~) of (;•Joel quality sl'l.te has been 

ncrirly ·:tJrk0: out in the Inst fu-;; years by Si.all-scale ainint;, 

it is nocoss'iry to ro::1ovv ovurburclon to l)roviclo ':'lvrkinc- :i.)le.cos 

for futuru ~ .. ro:~uction. On nccount of tho hard nati..ro of tho 

of tho ovorburdon, c:n~l the c:ifficul ty of getting sufficient 

lab0ur f:.>r -:1anual ·,1ork, it is n0cossary to use r.iachinory for 

rcm~vnl :.>f ·i;his Y.rorburdon. 

To omblo this in~!ib"enous natural rwsource to IJako its best 

contribution t·J tho acono::w of tho country, it will bo necessary 

t.) c1uv1.,l.Yt.l it into r., 1;roper ii: efficient mi.no of 01)tiwa size. To 

start ·.-,i th, -~ho nin.J nay hav3 a capa.ci ty of producine tJ.,000 square 

foot of slnto s1~bs 'or clay. 'lbis ;1ill roquiro an invostoont 

of N~. 38 1«1khs. ~ o r:dno c11n bo brought into full production 

·.ii thin 11 yoc..r 1 s ti1.';J• aftor tho oqui1mont has boon obtainorJ, 

tho r.J.'1ds hn.; boe: • inprovo ~ & Ci_,nstructod, a.nJ initial facili tfos 

11 - 1 
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11.07 

11.os 

11.10 

11.11 

11.12 

11.13 

·11.14 

I,. 

I I I 

~)r,,virl:::J. 1:1(; l.:i. ttor facili tics c~n be cor.l]?lc tod ";7i thin a ycnr, 

if a'~cqu.:i. t0 fun~:s arc proviclocl. '.lbo cost •:Jf ~lrotluction, 

0xclu:lint; interest c-.nl finP.ncing charges is ostillllted at 

Hu.1 .. 05 ~10r squi:!.l'l.i f.,'", t. 

To onsurc S'.'.fot-J an . .;fficioncy, it :.ill bo nocossar,y to ';70rk 

iht.> c.18.in t:~im: .. nc. 

'fie basis, s.vocial en;,Jhasis beinc ln Ll on 

.rkinc :Jlncos gi th proper •:i:lth and height. 

In vicn :Jf tcic location )f the pr~ject in a remote t~ru~: it 

·.:ill bo nuC·vsso.ry to lay s~1ccial .:fl:::hnsis on proper naintunanco 

.;f oquiI'L1Cnt, ".S ·.roll as of n~\)ronch roads to the wino. 

RcCJLlUcndations; 

..: .. s nany ;:iuo~1lo nru not yet .:r :.:ire ,:_if tho su2eriori ty of sln to ris 

a rn·.•fi:i,·; rYl i;oriul, a conc·~rto:~ 0ff:>rt should bu :Ja•lo to o·lucn.to 

then in this r.:;G<:~rl~ by sui ta"ole ~mblici ty. 

:jui table fincincial incentives, like i1rofor0nco in grc.nt ;)f lorins 

for h ... uso-lmil•li:ng, my be considercJ. for those usinr.; sLi tu f·.lr 

r.;;;•fin. ·~hL:i:l' h·msos. 

F:·r buil.:incs uainc :;iublic funds, unly slat· roofin..:; should bu 

instc~lle;,~ in fi.4 turo. 

Efforts shnitlr1 be cia.~c tu ~iromto the uso of slate in 

noi.:;hbvurinE:. a!'uas 0f Im~ia, as uull as in countrios like 

~.us i;r:1lia. 

In vio-;; of t\:0 highly beneficial offoct the t this :,;rojoct -..:ilJ. 

1rn.vo un national ocor.::·zy-, consi(!oro.tion c..'\y bo givon to its 

ir.i~)l";~J0r.ta tion on a pr:: ori ty basis. 

~i - 2 



ANiiEltJRE IV 

analysis of rate for C.G.I 8hoets roofi.pg 

--,-----------r,---,~------,-----,---------
31. I Doscri,tion of i tc::i.s I Unit I ~anti ty I .Ra to I aCIOUnt 

No. I I I I I -----------------------------------------·· 
• ... 
1. 

2. 

3. 

4. 
5. 

6. 

1. 

B. 

1'lterials • Dotails of cost of 2500 sq.feet 

C.G.I sh3Gts M.T 1.743 K.T 

i'iL1bcr Ctt 174.08 Cft 

Nails ~ • 5a.1 1cg 

L. hooks kg. 58.1 leg 

Roofinc screu kg. 29.05 lrB 
Lii:apet ~sher gross 29.05 groes 

Bi tu;::.on '.:rasher gross 29.05 gross 

Labour 

Carpenter 1st class each 17.43 nos. 

Carponter 2nd class each 32.24 nos. 
i00.11.l mzdoor each 34.86 

~dd 10% for ow:r bonds 

• 
• • cost 1JOr sq.r.1 =,?.!2603.3Q x 10.76 

2500 

= 110.19 

Say Nu.110.20/squaro notro. 

cost por sqft. = ~ = ?b.10.64 
. 2500 

10537.00 18365.99 

11.00 2959.36 

f .65 386.37 

7.65 444.47 

11.00 319.55 

1.75 50.84 

3.35 97 .. 32 

12.10 210.90 

9.90 230.oa 
6.05 2lQ•2Q 

23275.78 

2~2z.~s 
25603.36 

~l 
. 



4n~lysis of rate for Slate roofiW? 

-----------------------------------------Description of i toos I Unit I Quantity I Rate I .a.count -----------------------------------------
Details of cost for 2500 sgft. 

·"'· :t'8a torials 

S!ato oach 2'14 nos 3.25 
( 30cc x 60cn) 

Nails kg 5.75 kg 6.65 
.tloofinc screw kg 4.1 1rg 11.00 

B. Labour 

Mason 1st class each '37.72 nos 11.00 

Carpenter 1st class each 5.74 nos 12.10 
Male maxdoor each 28.70 nos 6.05 

c. Timber for trussess Ctt 278.8 cf't 11.00 

D. Labour for l'.!'~pari_ng_ tri.issess. 

Carpenter 1st class • each 28 nos. 12.10 
Carpenter 2nd class each '36.9 nos 9.90 
Male mezdoor each 65.6 nos 6.05 

Add 1o% for over heads -
Rate for 2500 sqft. 

• • Rate for sq.meter • 16.231.42 x 10.76 
2500 

= 69.86 

Say :th.62,90/19.aet£e. 

Cost for sqft. = Ji.231,42 a ?b.6.49 
2500 ft. 

7520.50 

38.24 

45.10 

414.92 

69.45 

173.64 

4739.00 

992.20 

'365. '32 

~.88 
14755.84 

1475.58 

16231.42 

l 



1Pno111r9 II 

IIDIJ IBS'l'I'lU'IE ~ ·JECHNOLOOY, 12la:il 

Dr. P. a-r 
Division of Eng. Geology 
Civil Eng. Deptt. 

• 

aauz x::-u..s 
NE:: DE!llil - 110029 

:O...~: 25th July, 1975 

dEF.: IIW/CE/PK/75 

CE&TIFIC~fE 

ibis ia to ce.rtit,r tbat tbc Slate SaQ>los froo Bonsogooca 
Slate Deposits were teated nnd tho following rosults .rore 
obtained for ~ous tests mentione4 bel0':7: 

1. ·llUISViBSE STJDGTH (ISS-1121) 

2. SB&a Si'RIMGDI (ISS-1121) 

3. smcmc G!LlVITI Ciss-1122) 

4. a/ :/.a.m ABS<JU>TION (24 Hrs. 
ltaDerson) (ISS-1124) 

b/ -,JA·&R ABSORPTION (ISS-1124) 
5 Hrs. BoiliQg 

5. TWCHD3S 

6. llJ&BILITI (ISS-1126) 

1. C~W..BILift 

- 12,010 p.s.i. 

- 3,094 p.s.i. 

2.765 

.101o by weight 

.12~ by >Teight 

- 0.292 p.s.i 

- 0.52% :tl'\2 so
4 

- F.~rn upto 3/16" 
{Norual) 

Sd/-
{ P. i<Ucar) 

Of'ficer-in..Cbargo 
Di vision of Goo logy 
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yPeXUiE)l III 

--- ------------·-·--·. ·--- .. ---·----__.----- _ _..._ . .--

Properties Bonsegeom I~ia Indian United Kingdom _ ~~mer12a 

slate of Dbarmsala Kund Kurnol .:ltandarod. Sou th ':7ales. Eastern Pensilvonio. 

Bhutan. 
IS a 6250-1971 • Nowyork 

------ -- - -·-
dpocifio 2.765 2.706 2.782 2.784 - 2.766 2.783 2.764 

gravity 

iiedulos of' 884·32 489·82 547 861. 72 600 kg/era 
2 2 844. 65 kg/era 

2 
861.87 kg/cm 

l'ransvorso kg/om leg/ca leg/sq. leg/om 12059 psi 121015 psi 

strength 12010 psi 6968 psi om 12260 

Sb oar 216.19 172.4~ 231.6t 2'39·~ 

length leg/ca kg/cm q/om kg/om 2 2 

psi 245:5 psi 3295 3408 210.61 kg/cm 223.97 kg/co 

psi psi 2996 psi '3186 psi 

Water 
absorption 0.1" 0.10" o.09" o.oa" 0.2% 0.071' 0.09~ 

Corrodi-
biliv 0.5~ o.60" 0.42" 0.40" - 0.60" - 0.49~ 

_j 



---~-------------------------....- -·~ I 

,-

I 

~mo III 

-- ---·--------·-·----- ·--------- ----- w--·-
Proporties Bonsogeom I~~a Indian United Kingdom ·~merica 

slate of ~armsala KUnd KUrnol Stan dared South ':Tales. Eashrn Pensilvanill 
Bhutan. ISa6250-1971. Newyork 

------ - ----·-
o)pucific 2.765 2.706 2.782 2.784 - 2.766 2.783 2.764 

gravity 

884-~ 489-~ 547 861. 72 600 kg/ctl 2 861.87 kg/cm 2 2 
._dulcs of 844. 65 kg/era 

l'ransvarse k/$/cc. kg/ca k/$/sq. leg/om 12059 psi 121015 psi 

strength 12010 psi 6968 psi Cl!l 12260 

Sb oar 216.19 172.4~ 231.6i 239.~ 
length kg/oa kg/om kg/om kg/ct:1 2 223.97 k8/co2 

p3i 2453 psi 3295 3408 210.61 kg/cm 
psi psi 2996 psi 3186 psi 

Water 
absorption 0.1" 0.10" 0.09" o.oa" 0.2" 0.071' 0.098% 

Corrocli-
bili1'J 0.52" o.60" 0.42,& 0.40" - 0.60" - 0.49% 

_J 
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annexure IV 

Mlrkating Prospect& for Slate in Bhutan 

Slate from Bonsegeo- deposit is now getting popular as a roofing 

material in piany parts of the country, and specially in areas, which are 
f 

co~paratively at a lesser distance from the deposit, as the transport 

cost of slate to these places is rather low. 1hese areas include the 

districts of 'lfangdipbodrang, Punalcba, ibimphu, Paro, 'l'ongsa, Bumthang and 

Haa. 

According to a statistical report of the Department of Registeration. 

the number of houses in these districts is as follows: 

No. of Houses 

1. ifangdiphordang 2,486 

2. funak:ha 952 

3. lbimphu 2,893 

4. Paro 2,4(36 

5. Tongsa 1,247 

6. Bumthang 1,093 

1. Haa 817 
Total 12,059 

At present most of these houses have wood shingle roofing, though 

some houles had recently installed slate and C.G.I roofing. 

Wood shingle rooting is being slowl7 replaced, as the advantages 

of more permanant roofing are being appreciated. As people are now 

building houses away from the older villages, the cost of transport 

of subsidised wood from the forest areas is increasing, and sometime 

even enough co-villagers are not available for carrying out this work. 
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As the cost of wood shingle roofing nll increase, there will be greater 

prospects of more permanant types of roofing being installed. As C.G.I 

roofing is definitely more costly, and as the advantages of slate roofing 

are becoming known, slate roofing is likely to be the choice for permanant 

roofing in future. 

A very conservative estimate shows that at least 2% of the total 

number of houses will change their roofings to slate roofing every year. 

As an average houses requires about 3,000 sqft. of slate for roofing, the 

quantity of slate likely to be required in these districts per annum 

will be as follows: 

l'otal no. of 
houses 

12,059 

2" of houses, 
changing to slate 
roofing per anrmm 

241 

Average quantity 
of slate required 
AAr house 

3,000 sqft. 

Total 
quantity 
of slate 
required 

241 x 
3,000 
=7,23,COO 
sq ft. 

In a quest fee having more permanant type of roofing, C.G.I roofing 

has been coming into use recently. In 1979 - 00, the import of C.G.I 

sheets in the countr.f was 2, 182 bundles, each bundle having 191.52 sqft. 

of sheets. nte total erea of sheets imported was thus 2182 x 191.52 

= 4,17,896 sqft. or aay 4,18,000 sqft. Slate should replace the use of 

C.G.I sheets in future~ As on account of overlapping required in slate 

roofing, the quantity of slate usod is at least 5W' g-.t"eatcr in area, the 

quantity of slate neJdod for this purpose will be 4,18,000 x 1.5 =6,27,000 

sqft. (In comparing costs of C.G.I sheets & slato roofing, the noed of 

this 50" extra quantity of slato has been .. taken into account). As most 

of these C.G.I sheets wero for new construction from public funds, this 

demand is in addition to that for roplacoment of roofing in tho districts 

considered ~bove. 

l 
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'L't:i..; tot<i.l demand of slat.;; th0reforc~ in likd:r to be as follo".7s: 

1 • 

2. 

For replacement of roofing in seven 
districts mentioned above 

?or substitution of C.G.I shoots 
being imported at present 

3. In new construction for d:;·,rcloping 
-:c l;ivi l;.i.~a of various dopartments 
like schools, hospitals, arn\Y, and 
in privo.to establishments 

7,23,00C' sqft. 

6,27 ,000 sqft. 

1,50,000 sqft. 

15,00,000 sqft. 

As a mnttor of abundant caution, tho firm do:nand may be taken at 

80~ of tho above estimate, giving a figure of 12,00,000 square foot per 

annum. 

It is clear t'.1at if su1:plfos can be .::.s:::urod, there ·,7ould be definitely 

a good marko t for sfo. te in the country. Th is dumand uill i ncroaso further, 

if pooplG in rural areas can bo ]}orsuadod to use sl~~ te for roofinr; their 

houses, by providing them if nccossarJ, soft-t<Jrm loans .:ind other f in::mcinl 

'.lssistancu for purchas0 of sh1te. As t':lc m::.:: of slc. t.:: is of uconomic 

bonofi t to tho country, if necessary, t'no Govormmnt could even stop tho 

i:nport of C.G. I shoots, rrhon enough supplio;; of sla tu :we avnilablo in 

the country. 

l 
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