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A Tochnical & Boonomic Poasibility Study
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INTRODUCTION and 3COPs OF 02K

Iatroduction

Druk Yul, Land of the Thunder Dragon, the country known to the
world as Bhutan, occupies an area of approximately 47,000 square

ku, situated between 26.5 & 29 degrees north latitude and 38.5 &

92 degrees east longitude, on ilhe sonthern slopes of Himalayas.

It is bcunded on the north by Tibetan plateau, and 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
perpetual snow-clad peaks in the north. Figure I shows a map of
Bhutarn.

Owing to the geographical situation, and its own policy, the country
remained in a state of self-imposed isolation until the early 1960's,
hen it embarked on A prorocs AFf planned cranamine Aowelapmnt . During
tres: o v >cades, it has made remerkable progress in all spheres

of '1.ce.

On the ecanomic front, the two major postulates of the country’'s
national policy are to improve the socio-economic/of the neople, and

the achievement of overall 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 trivutaries, gspecially

in the western & southern regions at comparatively lower altitudes.
There are only two major towns including the capyital Thimphu, with

a population of over 20,000, two towns have population between

10,000 to 0,000, and 13 other towns have a population between

5,000 & 10,000. ‘There are over 4,000 significant human settlements

in the country.
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The use of hand-cut wood shingles has been the customary method

for roofing houses in Bhutan. Only two or three layers of wood
shingles are normally used. 4s the quantity of -ood shingle

used is not enough, adequate rrotection is not obtained from

rains. This system of using wood shingles, thouzh it appears

to be initially ccunumical, has many disadvantages. Tt is very
wasteful of timber rescurces, and is really not as economical

as it appears to be. Infact, if prover quality roofing is coue
using a larger number of layerz, as is done in some other countrics,

wood shingle rooling would be quite costly.

in the last few years, corrugated iron sheets (C.G.I sheets) have
replaced wood shingle roofing in many places threcughout the
country, specially in nrban arsne.  Thias hag happened, hacaicae it
provides better rain protcction and is more permanant than the
type of wood shingle roofings “eing made in the country. But
C.G.I roofing in Bhutan is very costly. C.7.I sheets are not
proddced in the country and are all imported, zad thus besides
the element of cost, it is not in consonance -rith the goal of
self-reliance, to devend upon them for mecting the grovring

requiremeut of roofing material in the country.

An alternative material for roofing is slate. Used imaginatively,
slate is a highly attractive material for woofing & other archi-
tectural purposes, and is superior to alternative materials like

C.G.I sheets, asbestos sheets etc.

Jlate has been known in Bhutan since ancicnt times, and has
becn used for engraving the images of Bhagwan Buddha znd in other
sculptures. But only & very suall quantity of slate was nceded

for such purposes.

In course of traverse mapping for the Royal Government of Bhutan

during 1962-63, the Geological Survey of India located large deposits

" of slate at Bonscgeoma (Bhcl) (27°34'13" : 90°03'30"), about 1 km.

south-east of Riakha villagc, approachable by a 20 km. bridle path
from the nearest .ouid-head 2t Chusum, vhich is at a distance of
9 kme from Wangdi Inodrang, which iz 64 km from Thimohu on the main

road to castern Bhutan.

2 =2
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Conacious of the fact that with rapid economic development,
construction sctivity in the country will increase at a fast pace,
requiring large quantitics of rocfing material, the Department of
Indastries & Mines startod action for the development of this
deposit several years ago. Arrangements were made for training
of workmen, and guarries were opcned at the outcrop of the slate
deposit. These quarries have been in operation on a small-geale

ior a number of years.

Slate was excavated & dressed manually, and the hand-cut slate
slabs were transported by mules, frem the quarry at the hill=top
to 500 metres below in the valley, ¢nd then to Chusum over a

20 kn long bridle pathe. Improvements rere m.de in the operations
of the project, vhon sometime back, a 900 metres long gravity-
operated werial ropeway -was installed by the Department to trans-
port finished slate slabs from the guarry to the basc camp in the
valley below, and an un-mctalled rosd - as constructed from Chusum

to the base-camp over a digtance of 15 kn.

Several thousand squarc metres of slate nave been produced from

the nine and useda for roofing in the country in the last few ycars.
In-fact, most of the expo.zd »ut-crop of gocd slate hasg becn nearly
vorked out, and it will be now nccessary to romove some overburden
to provide adequate working room for any leagth of time, even for

the small-scale mining that is being done ot presente It speaks

velumes for the enterpreanour~ship & determinatioi of the people

concerned, that a new mining venture has becn c¢stablished in a
remote, mountainous part of the country, ' ith little mining tradi-
tions, in face of such heavy adds. This smallescale mine will

serve as a pilot=project for a larger minc of optimum size.

The Department ¢f Industrics & Minces has now sought tho advice
of UNDP & UNIJDO as to how this natural resource con make its

best contribution to the economy of thc¢ country.

2-3
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Scope of iork

The scope of work of the UNIDO consultant is to asccrtain the
tecnnical & economic feasibility of developing this slate deposit.
This may includz a study of the current status of the project, an
assessment of the quality and reserves of mincuble slate in tho
deposit, its uscs & market, methods of mining, minc devclopment
programme, estimates of capital & operating costs, finineial
analysis of the project, and its contribution to the national

cconomy.

The consultant may also separately prepare a document giving
dotails of assistance that the Government may request from UNIDO

for this project.

The consultant way also prepare a report, setting out the findings
of his mission and his recommendations to the Govornment on further

zction, which might be taken.
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SUMMARY OF REPORT

2

4 leposit of slate occurs at Bonscgeonz in Tangdiphodrang district
of Bhutan, at a distance of about 100 kms from Thinuphu, the capital
of the country.

The quality of slate is good, an! thc reserves in the deposit

are largc.

The use of hand-cut wooden shingles has been the tralitional

ficthod of roofing in Bhutan. It has, houwuver, several ‘is-advan—
tages, including its impermanance, 7ith replaccment required overy
ferr years, wmstefuvluse of timber, an! relatively hish cost in the
long run, hen all factors arc teken into zccount. Under the
eircunstances, thure has been a trend torarls the usc of corrugated
zalvenised iron (C.G.I) sheets in recocnt vears, particularly in
urban arvase But C.G.I sheets in Bhuton arc costly. Thesc arc not
praluccd in the country and are all iuported, anl thus besides the
element of cost, their usc is not in consowance -rith the goal of
self-rcliance, wwhich is one of the principal objectives of the

country's national economic policy.

Slate is A highly attractive material for roofing anl other
architcetural purposes, and is valued for its 2csthetic quality,

dignity & permanancy.

Congcious of tho fact that with rapicd cconomic development,
congtruction activity in the country -7ill incrcasc ot a fast pace,
requiring large quantities of roofing teterial, the Department of
Inlustrics & Mines opened quarrics at the outerop of the slate
dupusit a forr years agos Those quarries have beon in operation
on a smll-scalc, and several thousand square retres of slate

has been produecd from the nine, an? uscd for roofing in the

country during this period.

Slato is a totter roofing mterial than CeCoI shoctse But
beeause of its indigenous availability, it is mmch cheaper in

Bhutzn, C.G.I roofing boinz absut 60% costlicr than slatc roofing

3~1
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Use of slate 2s a roofing nnterinl is thus in the Lost interests

of the country =nd its psoplce

On account of its acsthetic qualities, slate is being used by
diserininating people in materially cdvancod countrics, oven when
it is nmore costly than alternative products that arc cheaper to
instzls In souc of these countriocs, slate is boin, used, even vhen

it has to be imported fron distant countries, and is far more costly.

» narkct siudy vade by the Department of Industry ¢ Mines shous that
the likely deoand of slate for roofing in the esuntry in the next fow
years, ould be about 12,00,000 squarc feet por anmine This demnd
could inecrease further, if people in rural arcas could also be por-
suaded to use slate for roofing, by srovidiny thcen, if necessary,

sone incentives for its usee It should alse be possible to fimd sonc
reasonable export norket for Bhutan sinte. The total narket for slate
could thus bo greater, but 2s a measurce of abundant eantion, the
orrjec b may bo doveloped initially to jroluec 12,00,000 square feet

5f slate per annune

Mining until nor has been done on the exposced outer:d of the slata
deposite This cxposed outeroy is nor nenrly exhrnatod, mnd {u
continue minin;, it is essential to remove ovorburden and oxpose the
sintc bed bolow ite  wsn atteint ias rude sonctiie back to remove
overburden enually, but this was not successful, ns the overburden
iz hard. On account of the hard nature of the ovorburden, and the
aiffieulty of petting sufficient labour for wanual =Hrk, it is

nocegsary to use 2ochinery for its reuoval.

The capital cost of developing Bonseguoma slate projeet has been
cetinated at Mie38 lakhs, including Mu.13 lakhg for construction of
a2 rond fron the basce=camp to tac dejosit, officss, stores, faetory
shed, and residential buildings, Nu.21 1:khs for wmichinery 2nd
equipnent, Mu.2 lakhsg for initial dovelopnent —ork, nad Nu.2 lakhs

for ~orking capital.

The cost of production, at ninc=he:nl, cxecludin: intercst charges
on canital invested, is estimatod 2t Mil1405 per squarc foot of

slate at a production rate of 12,700,000 squarce feot per anmine
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Cost of interest chargus and asuitablc roturn on investoent

+rill be in adldition to the abovu-nentione’ production costse

The project can be brought into full production in onc year's
time, after the cquipment has been obtainol, the ronds have been
constructel & improved, and initial facilitics provilel. The
latter activities can be coﬁpleted within a year, if adequate

funds arc available.

The project is highly benoficial from mational cconouic point

of view. at current prices, C.G.I roofing is costlicer than slate
roofing by 64% whereas the import contert of C.G.I roofing is
nearly 75% of its cost, the ioport content of slatc roofing is
only about 0e5%

it present slate is being sold on a no profit - no loss basis, at
Mu1.1.20 per sqft. at the mine head, anl at Mu.1.63 per sqft. at
Thimphu. If its prioe was increasad cven by Mui.2.03 per sqft., it
woull still not cost more than C.G.I roofing. The present price of
slato is in fact, too low, and should be incrcasel to place a project

of such intringic importance on a soun! footing.

The contribution of slate to the national cconomy may be taken as
the cost of imported C.G.I gheots it can rocplaee, th-t is, on an
avorage at Mie3.66 per sqft. at present. ‘'hen the project is
developed to its initial capacity of 12,00,000 syft. per annum, its
contribution to national economy will bc nuarly Nu.d44 lakhs per

anmuile

Apart fronm providing gainful & skilled otploynent to about 65
persons, the projoct will provide an excollent trainin; ground for
Mining & Industrial Projoct Managenment. This 7ill be extromely
useful for development of other minecral resvurces of the country,
as well as in managemont of industrial projectse

It is rccommendod that the projoct be conzidorel for inplementation

on a priority basise
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USES_& MARKET OF SIATE

Uses of glate:

T™e most familiar use of slate is as thin but extremely durable
roof tiles, and used imaginatively, slate is a highly attractive

material for roofing and other architectural purposes.

Slate for use in architectural styling is quite popular in many
rich countriecs at the moment. This market however, depends a great
deal on whims of architectural fashion. Colour of thc slate plays
an important part in its suitability for some of such uses, and
different coloured slates are valued for their aesthetic appeal in
flooring, pannelling, wall cladding & paving. Apart Jrom the large
variety of colours available, slate slabs of various surface

textures can also be produced by different production wmethods.

But sletc is not used for aesthetic reasons ~lonc. It is hard-

mearing, non-porous, generally unaffected by ztmospheric pollution,
and it will not shrink or warp. Bec&use of this, it is often used
{or -sindov~sills 2nd surrounds and flooring, as also in damp-proof

courses.

Although in most modern buildings, slate is oniy a thin veneer

cladding the outside, or used in floor slabs and window surrounds,
in some places near the production centres, theru arc houses which
are almost wholly built from slate blocks. These may be slabs of
irrogular dimension skilfully fitted together, or blocks shaped

to approximately the size of normal building bricks.

Roughly broken slate is a popular material for crazy paving in
certain places like court-yards, garden paths ctc.

Slate has been used in the past in Bhutan for engraving the
images of Bhagwan Buddha and other dieties. New dosigns and
patterns can be devoloped and a handicrafts industry cstablished
for such engravings. Slate can also be artistically used for
croation of mrals & sculptures in public buildings, hotcls as

well ags in residential buildings.

4 -1
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Slate can be used in table tops, shelves, benches, draining boards
and in various other forms in furniture. Propcrly designed, they

--ould »:dd beauty and variety to the cuvironment.

Another important use of slate is for making school writing slate.
Large slabs of slate can be uscd for mirufacture of better quality
black boards. High quality laree sized s.ate slabs wmay 21s0 be
uscd fof making billiard tablcse. There arc five sections, 1& inch
thick, in a full size billiard tabls (12 fect x 6 foct) and if
such good quality slabs are available, those could feteh very high

prices for this usce

Slate slabs, 1s well as ~aste slate is uscd for lining of canals

and ~ator courscs to prevent seopage of water.

As only a suall percentage of the meterial quarried in a slate
ninc, usually finishes up as tiles, it is necessary to give consi-

deration to the possible usces of slatc —aste.

Crushcd slate has becn used in scme countrics as a substitute for
brick clay in areas, -here the latter commodity is scarce. The
finer grade slate porders have found applieation as filler in a
nutber of industrics, where chemical incrtness is required.
Examples of products using such povrder include ' itumunous
gsolutions, bitumcn, coal-tar coating materinls, roofing and damp
course folts, motor car underseal, protective conting for nmatural
gss pipes, torrazo tiles, concrote products, insceticides, adhe-
sives, paints, paper, rubber, plastic and fertilizers. The
coarser graiulated slate is used for artificial stone manuface
turc, surfacing, roofing felts and conerote tiles. The size and
shapc of siitc gramules used for asphalt rcofing felis is impbr-
tant. Flate disc-shapoed grains betreen 8 »nd 20 mosh are ideal

for this purposcs

Crushcd matorial derived from slates is capablc of vuing
cxpanded in rotary kilns. Some of thig partly fuscd material
can be uscd as filter media in surage treatrent works. After
perhaps somc further erushing, it could 2lso be uscd in light=

woight concreto.



Slate is e¢minently suitable for the sub-basc of road. Tests
carricd out on frost resistance of slate have proved successful,
and thore hzs becn considerable growth of this market in certain

arcase.

Jestc slate can be used for making minerzl wool, if fused 7ith
blust furnace siag. 1t say «lso bo possible to make mineral
~00l dircctly from slatc. If this wms developed further, and
cormercial produciion wrs viable, a new groving market for slate

waste could ~risce

Some promising roscarch work has been carried out in somc coun-
trics on the possibility of producing bricks or blocks by zuto-
claving mixtures of lime and slatc pouder in the sam Ry that
saud-lirme bricks arc produced. This may, at somc stage, be of

intcrest to Bhutan, vhere therc appears to be shortage of suitae~

ble brick clay, and vhere limestone dcposits occur in the vicinity

v

of the slate deposit.

From above=wentioned large number of possiblc usus of slate, it
should not be concluded that slate and slatc -raste can be used
cconomically for all these purposes. The location of th: deposit,
and the availability of slate & slate waste w7ith respect to the
jndustrics in -hich it ean be used, iz of vital importiance. If
slate powder, gramiles or wastc has to bu transportad over long
distances, it wmay not be economical to make usc of the same. In
zany cases, other alternative matcrials can be as 7¢ll used as
slate poders For cxample talc c2n as well be used as 2 minceral
filler in the paints & plastics industry and can n.1so be used as
a dusting agonte Similarly limestone pouder can 2150 b used as
a filler in sorc industries. BExpanded slate is only onc of the
nany noterials that can be uscd as lightweight aggregatcs. Other
natural materials that cen be used for this purposc Aarc untreated
pumice, and after heat treatment, such zmritcrials as vermiculite,
porlitc and clay. Artificial products, such 23 pulveriscd ash
can nlgo be used for this purposce The objuet in listing the
various possiblc uses of slate is to keep irn vicy the opportuni-
tics that may be available, and make usc of the sumc as on

occasion zriscse
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While considuring the uscs of slate, cven for roofing hich is

its most familinr use, attention should z21so be poid to the

alternativc raterials available 2s subsiitutes. Such materials

uway bc corrugated galvenised iron skuets (C.G.I sheets), wood

shinglcs, asbostos—cerent sheets, tiles wanufacturcd from brick

clays, concrcte tiles in various colours & finishes, and several

othcr types of roofing material.. For rall-cladding, artificial '
tilcs mnde from plostie uaterial and ceramic clays can be usecd.

Glrzcd ccramic tiles are well-kno'm for such uscs. For flooring,

thermo-olastic tiles can substitute slite blockse.

Tac choice of roofing material is b:scd on its availability,
cconony, ind on its other qualitivs. In mriterinlly azdvoanced coun-
trics, the prime cousideration in choosing slate for roofing is
its acsthetic quality, comparoed -rith louer cost alternative
praoducts. Roofing slates are much more costlier in these coun—

trics, but inspite of their high pricus, thesc are still in

demand by diseriainating buycrs. In Bhutan, the position is

~entircly different. Slate is availabls indigenously, whereas

alternative roofing materials like C.G.1 shects have to be all
importud. J3late roofing therefore, works out rmch cheaper.

Slate should thus be the obvious choice for roofinz in Bhutan.

Other uses for -vhich slate w1y be e wloyed in Bhutan at prescnt

or in the noar future are

(i) flooring & pannelling, spucially in kitchens & bath-roons

(ii)  School slates & black-boards

(iii) Engraviugs & murals, ind for dccorative fu.  .irc.

dorld -zide market trends

Slate was used cxtensively for roofing purposcs during lost fou
centurics in wany western countrics, specially in U.X., Spain,
Frince & Portugal. Enormous quantitics of slote -rerc used during
the industrial rcvolution in U.X. At the cnd of the lugt century,
the production of roofing & architectural slate in U.K., roached a
figurc of 650,000 tonnes per anmua. The industry, however,
declinced substantially during the prosent century, as choeaper

riass~produced substitute roofing unterials coi in the markct.
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The producticn of roofing slztus is still extruacly labour
inteusive bocouse, in spite of great deal of rescarch, it has not
yot been possible to develep 2 rwchiaieal acthod of splitting
slate. In vic of the high cost of lobour in soxc -restorn coun—
trics, tho cest of roofing & architcctural slate thore b
inercased groatly, and its production his comc dom substantially.
“he total production of roofing & structural slate in U.X., for
instanee, ha: now fallen to less then 10% of the poak production
achicved by it 2t the end of the last ecuntury. Of coursc, in
~ddition to roefing & archiitectural slate, much lirger quanticics
of slate uwatcrizl in the fora of powder, gramules and Till is also

being produccd 2nd uged rugularly.

But the industry nov agein scems to be holding its ground, is the

avsthctic qualidics of slate are being approciated nore and morc.

In duropc, the prineipal produccrs of slate at prusent are U.K.,
Francc, 3pain & Italy. e annual production in France is about
170,00C tonucs per anmum, comprising gbout 95,000 tonncs of roofing
slate, =bout 20,000 tonncs of architectural uaterials, znd about
55,000 tonuncs oi powder & granulos. Production in Spain is about
i« million tonues pur annun, 2lthough a large projortion of the
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1sed 5 road fill and in coustruction. Soae very good
quality slaic Is produced, hovover, ond this wikes up wost of the
90,000 tonnes por cnnut of exports. U.3. production of slate is
21so quite lagge, mainly from Virginia, North Caroiina, Pounsyl—
varia, Now Yerl, and Veruount. Indiz znd South afriea 2lso

producc & cxzyort fair quontitics of slatc.

Trade

Internationzl trade in slate is normally confined to the betier
cuality nigher priced materials. Therc is a fair 2-ount of
eXchange oveu butiveen producing countries, on account of »reference
for particulsnr colour or grade of slatc. Roofing <nd architectural
slatus arc being transportud over cnormous distunces. From India,
roofing slates cre being trousportcd to Australin, Fiji and to the
For Zagt. M-lti-~coloured architecturnl slaies are slaso being

cxported fron India to Burope , specially to Geruany, Belgiua,

Holand & Scancinavion eountries, -3 +ell 2s to widdle onst, and
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far castern countries. U.K cxports roofing slates to Canade,
and ¥.353.4 and even to Austrelin. Fairly large quantities of
slate arc being cxported to Germany and to Scandimavian countrics

froa 3p2in, France snd U.K.

therc is little international tradc in slate powvders but therc
hcs becn soue trading in graiulcs. Because of their lower valuc,

such products cannot bear high freight costs over long distznccse.

Prices

Prices of slates vary enormously, depending upon their size,

thickness, strongth anéd colour.

Thin roofing slates ave expensive, bocause of the extra splitting

costs. 'They arc also more profitablc for the produccr, as more

slates ca2n be produced from a given mterial. They are 21so the
uost convenient for use a2s roofing uwaterial, as they are aore
convenient to handles. The ain of pruducing 2 good roofing slate
is to get tne thinnest slate possidble, -hicn has sufficient
strongth to scrve its purposc. Tho optimun thickuess for roofing

slates is about 5 to 7 mm though it could be as high as 12 nnm.

Large roofing slabs, normally 600 x 300 mi and l2rger, arc more
cxpensive per square mctre, but they are more economical for the
consuncr, since the cost of ingtzllation, vhich is high, is

substantially rcduced for a givea aresa of coverage.

3late tiles for flooring & pannclling are thicker, varying in
thicknusgs from 8 to 20 mm, but pr.forably betireon 10 to 15 um.

Current prices of machine-cut rmlti=coloured slate slabs froo
India, suitable for flooring & pannclling, arce Nu.75 per square
netre fooob Indian ports. For hand-cut slabs of same quality,
these are NMu.55 per square metre. The prices of hand-cut dlack
colourcd roofing slete f.o.b Indian ports at present is Nu.44 per
square metrc. The multi-colournd flooring & pannelling slabs arc

conmanding promiun pricus on account of their colour.
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idarkct situation in Bhutan

As hns boon stated carlicr, severzl thousand square re tres of slate
n21s beun produced from this deposit and used for roofing in the
country in thc last few years. Hic other main alternative nate-
rinls for roofing being used in the country are wood shingles and

corrugatced galvanised iron shoots (5.G.I shects).

The custounry uethod for roofing until recently 'mas the usc of
hnnd-cut rood shingles applicd to & hcavy wood frame, with stones
placed on the top to reduce --ind uplift. At present in Bhutan, a
person is alloved to cut logs froa the forests for his house cons—
truction at 2 very nominal pricue His co-villagers help hin in
cutting & transporting wood, and in construction of thec housu, but
reecive no cash compensation for their contribution, although they

receive some compensation in kind like food & drinks.

Only two or three layers of +ood sainglcs are normally used in
Bhutan, unlike a larger number of layers that are used in some
other countries. As the quantity of wood shingle usually used is
not enough, adequate protection is not obtaincd from rain. Outer
layers of this wood shingle necd to be roplaced every few years,

*s these get rotten due to offuet of reather.

Tais gysten of using wood shinglus, though it appears to be
initiclly cconomical, has many dis-ndvautages. & nuuber of trecs
tave sonctiue to be cut At the basc to deternine, if the grain

is straight and suitable for uaking shinglese Tho trees that
ars not guitable arce left to rot. Soaze forest fires can be

attributed fo the suall -700d slush that is left boing.

If the cost of labour that is eontributed in kind, 2nd the iandircct
subsidy tast is given by the S1atc in giving timber at nominal prices,
is taken into account, and the coat of its frequent reploccuent is
added to that, it --ould dbe found Zhnt wood shingle roofing is rcally
not as cconomieal ag it may apperr to be. In fact, if proper quality
ronfirg is Jonc using a large nuaber of layers, 28 is done in somc

other countrius, rood shingle rocfing :rould be costlier.
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In the last few years, corrugated iron sheets have replaced wood
shingle roofing in many places throughout the country, specially
in urban areas. although C.G.I roofing is more costly, this has
happened, because it provides better rain protection, and is morc
permrnant than the type of wood shingle roofing being made in the
country. C.G.I roofing hovever, rcquircs maintainance by periodie
painting, and acrc so, as it ages. Rusting first occurs at the
holes, where it is nailed or bolteds The rate of failure at the
points of attachunent and the wear of C.G.I shcets becomes more

serious as time goes one.

4n alternative material for roofing is slatc. Used imaginatively,
slnte is a highly a‘ractivc material for roofing and other architec-
tural purposcs. In materially advanced countries, the prime consi-
deration in choosing slate for roofing is its aesthetic quality,
dignity and permanancy, compared with lower cost alternative
products that are cheaper to instal and are designed for rapid
construction. In some of these countrics, slate is used for roofing,
even vhen it has to be imported frum other distant couniries, and is
far more costly. In Bhutan, the positiou is entipely different.
Slate is available indigenously, whereas C.G.I roofing materials
have to be importeds & detailed cost analysis hag proved beyond any
shadow of doubt that slate roofing works out to be much cheaper than
C.G.I roofing in Bhutan, C.G.I roofing being 60% costlier than slate
roofing. (Anncxurc I)s The use of C.G.I roofing in this country is

thus not in the interest of the country or its people.

Marketing Progpects

The Department of Industries and Mincs has made a market study of
requirencnts of roofing material in the country, which shows that

the likely demand of slate for roofing in the next few years, would
be about 1,200,000 square feot per anmum, if proper quality material
at rcasonable pricus ig availablce This is cnclosed asg Anncxure IV,
This demand projcetion could, in fact, incroasc appreciably, if people
in rural arcas could also be persuaded to use slate for roofing their
houses in place of wood shingle, by provieding them if nccessary,

loang and other financial asgsistance for purchasc of slate.
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There is at proseat a feasonably zood arriet for slatu for rocfing
in dustralia, as =ell as in somc other countrics nearby, and slote
is buing exportcd to these countrics fron som nmines in India. At
the present price levels of slate sn Bhutan, it should -~1lso be
Possgibl: to find scme export uarket for slate in thesc countries,
provided proper quality is mrintaineds Thore should 1lso be

urrket for Bhuuttn slate in neignbouring hill arcvas of India like
darjecling, Kaliapong ete., ~here C.3.1 shects are uscd for roofing.
Though o account of additionnl cost of transport of slate to thesc
places, slate roofing there may not be as economical as it is in
Bhutan, it -;ould still be cheaper thhn CeGoI voofing. It is
considered thnt it should be quite possible to develop & respectable

export narket of Bhutan gl:tc to Tndia, Australia and other countrics.

Me total Lerket per annun for Bhutnn slate could thus bo greater
than 120,000 square metres per annune But as a measure of abundant
coution, th¢ slate project could be developed initially :7ith a
capacity of 120,000 square sctres per annun. On the basis of 300
working days, its initial production capacity 7ill thus be 400
square utres (or about 4,000 aquar: feet) of slabs of different

sizes per doy.
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Section - 5

MINING ~nd PROCEISING

location & aceessibility

e slate deposit at Bonsegeona (27934 '13" : 90°3'30") is located
near Riphakhn village in Bhel area in the upper part of the Pechu
valley. 4 7 ko bridle path connects the dcposit outerop near the
top of the hill to the basc—eanmp in the valley belo-, besidus the
Povtu stroan.  dhe baso—camp is connceted to Chusun (27°31'15"
90°02'45") by = 15 ko un~mctalled fair—senther road. Chusun
village lics on the conflucnce of Pechu & Tengehu streacs at a
daistance of 9 km frog fangdiphodrnng on the main road to castern
Bhutan.

Wangdiphodrang is eonnccted to Tiophu, the cepital of Bhutan by

a 68 ku all voather asphalt ronde  thi nphit 18 approachable fron
Phuntsholing on the Indian border by a 179 ku long national highvay.
The closcst railimy station is Hassimznra om NoE. Frontior Rail-my
in India, located at a distsnee of 20 km fronm Phuntsholing, Thinphu
has a helipad. The nearcst airport is at Paro, at a distanee of

60 km from Thimphu. A regular air-scervice of Bhutan, Druk sirmys,
w7ill be operating from Calcutta to Paro via Bagdogra from Octobor
1981. Until now, Bagdogra ncar Siluguri in India is tho noearest
rogular scrvice airport. Bagdogra is connected to Phuntsholing by

a 180 kn long highway.

Climate & Vogetation

Te slate deposit is loeated in the highcr parts of lesser .imalayas
on aountein ranges rising from 2100 to 3400 mts. ‘The torrein is
rugged vith stecps slopes and doep cut valleys. Pechu with its

nuuerous tributarics draing the region.

The maximum and ninimum teoperatures in the Bonsegeome nrea arc
24°C and 0°C. The average rainfall is about 100 cms per annun,

mainly butzeon June & Soptomber.
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Thc area is covered by thick vegetation consisting of conifers,

ozks, and rhododendrons. At gome places in lower slopes, there

arc picturusque terraces of agriculturzl ficlds.

Regional Goology and Stratigraphy

e slate fornmations constitute a part of the Tangchu formations

of percian nge, ~vhich lie anconforb~ly over the Chekh~ forw~tions

of pre-cambroin nge. The guologie~l succession of the region is

~s follous:

Tongchu
Serics

(Permian)

Chckhn
Scrics

(Pre—canhrian)

Thiuphu
Serios

{Pre~carbrain)

( limestoncs with uinor partings of slates & phyllit:
E Crinnid~1 linestonos

( Fossiliferous shnle & slate and davk gruy ~halag
{ & quartizites

ECalcareous sinte

( Arenneceous slnte w-ith graphitic slate parting.

{ DARK BLACK SL.. [ES

I4
EArgillncoous sintes

{ Slates & phyllites ith layers of quartizite nnd
{ linegtonc.

- Sehistose phyllites, some with porphyroblastg of
Ypiotite.

{ Schigts & qunrtizites

. Granitc intrusions in Chegina arca

SSchists with quartizites and abvundant pegn-tite
intrusions

B i e s

Gneisses, folinted, banded & porphyritic. with
. schists & quartzites

In the above gencral section, the Dark Black Slates of the Tongchu

Series, vhich lie between the argillaccous slates (bulow) and the

arcnaccous slates (above) are of main commoreial importance.

The slatcs are

nxzpoged on both sides of the Pechu valley couth

of Ripnkhn and their oastorn oxtensions ars scen in the Tongehu

valley north of Xobja. The slate zonc is 650 me. thick, out of

~thich cxeupt the top 125 m. thick nronzceous slates and quartzites,

the rest is eargillaccous. Tho slates hnve well doveloped slity




cleavage.  Tho general trond is ¥ 75%=S 75°B and it dips a2t about
20°-30° tormrds N 20°E., The slatcs ~re uniform in conposgition
waintrining the colour and fincness throughout the upper part of
the exposed cuterops. They contzin 2t places Pyrite crystals
arourd hich sowe oxidation has devcloped with a certain amount

of corrosion around taem.

5.24 according to Geologienl Survey of Iadia, the top 125 u. thick
portion of the slhtes are arcnaccous in nature and are cxposed
betreun 3onscgeona and Koche La Chy, In the area furthcr west
slatc is cxposed in the Samlin Hillock about 2 kn south of Ripakha,
These slates arc hard and coupact, with faintly developed cleavage
and conscquently the quality of this slate is not very good.

Bulozr the arevnncuous slate, however, there is a 100 nm. thick good
quelity slate in the Bonsegeoma ~rez, In the Samlin Hillock
within the arennceous slate, therc is a small patch of graphitic
slate (2u. thick) ~hich is dark black in colour, soils the fingers

and i. loosc and frisble in nature.

525 In Guinmgnkha arca (27935 30" 5 90°032'05") a 50 m. thick good
quslity sl~to underlies the calenreous slatess In all the three
occurrences, viz Bonsegeoma, Koche La and Guinasakha, the upper
portion of the slate is dark grey to black in colour ~nd the lower
part grouy ~nd bleached. The grcy ~nd bleached slates arc shaly in
naturc with poorly developed slaty cleavage and thesc arc underlain

by fossiliferous green colourcd slates at Guingakha,

530 Reserves:
531 The slote doposit wes located by the Bhutan unit of Geological

Survey of India in course of traverse uapping cduring 1962-53,
Further prospecting work was nlso done on the deposit by G.S.1

lator during two field scasons.

sccording, to G.3.I., the rescrves of 'good quality slates' in

¥

this doposit arc 'vast', though no precise figurces have been
given by them in their roports. But in ome brochurc issucd by
then, a figurc of 10 nmillion cubic netres of inferrcd ruserves

has beon “wutioned by them for thig slate deposit.
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s consulting firn, ikssrs Holtcch Engincers Private Ltd., whonm the
Governnent had appointcd in 1975 for 2dvising them rogarding this
depusit and given a figure of 252, 242 cubic metres of nincable
reserves in the deposit for a strike lungth of 335 mctres only,
Tith ihe ddth of corkings cxtunding to only 20 metres along the
dip ot the top of the slate bod.

‘Maat arc the reserves that -rould be adequate for an investrent

deeision for oponing the ninc?

de oy probobly develop a nine --ith a meximunm daily enpocity of
1,000 square astres of slate slobs of about € o 10 o thickncss
in differont sizes (i.c. nearly 10,000 square feet of slabs).
Considering that the recovery of finished slabs mey be only about
30% of the mineable slate rescrves, the reserves neoded for 2 nine
of say 20 years lifc will then bo.

1,000  x 10 x 100 x 300 x 20
1,000 30
(sqemctres/dny) x (hickness x (Recovery x (no.of working x (life of
of slab) ratio) days per year) nine in
years)

= 200,000 cubic nctrese

Considuring that a mine of this l-rge capacity is not envisaged

in the near futurc, that the reserves caleulated by the consulting
fira uentioncd above -jere only for 2 linited strike & dip length
of the deposit, and that the inferrcd reserves given by the G.S.I
arc extremcly lirge, it is clear that the mineable resorves in the
deposit arc adequate for an investient decision being takon for

develoying the ninee

Rocommendations for further cxploratory work

The slates arc cxposéd on both sides of the Pechu valley.
Accorting to G.3.1., & 50 metrc thick zouo of good quality slate
underlivs the crleareous slites in Guinasakha arca. This may

be the oxtension of the 100 .ctre thick good slate zone in
Bongezeoma arca.  There should be cvery pogsibility of rood

slate occurring inwdiately next to the right bank of thc Pochu
gtron, as an cxtension of tho guod quality slates of Bonscgoora
~reae It is recowiendsd that tronehis should be made in this area

5-4
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to locate this cxtunsion, and if locatcd, its quality and quantity

By
i

should

it tey be easicr

The Gu3.I roport

At Guinsakhn n-rc

be ascertaineds On 2ccount of its mach easicr location,

~nd more ccounomictl to produce slate from thiz arca.

also rofers to fossiliferous green coloured slatcs

2 below the grey wnd bleached shaly slates. It is

recoended tihat these grsen colourcd slates ney be cxplored in

greater detaile  If the quality of these slates (their cleavability

and sirength) is rcasonably good, they oay have 2 good narket, as

their colour +mld provide an adlitional attraction for their usce

Quality

'Slate’ may be dofined as a rock derived from argillaceous

sedinents or fine grained voleanic ashes by metamorphisno and

characterised by parallcl cleavage catirely independent of the

original beddin;, the cleavage permitting the rock to split

easily into rulatively thin slabs.

Bueause of tha differenccs in their origin, the mineral conpositions

of slates vary significantly. Qartz, platy minernls “ike niea,

illite, chlorite, haewtite aul rutile rre the most prevalent

wineralse  Pyviis, caleite, graphite and some other mincrals arc

nlgy souctine prosents Pyrite & caleite ean be harnful, if they

are prusent in 2

arge quantitics. dhey ean affect the strength

of thu slate, 211 spucially if the environuent ‘s pelluted, thesc

minerals wuny cause the slate to ~wcar out or brosk up, Pyrite,

on the other hend can be useful, if the slate is to be used for

foruaing light--uight aggregate, by cxpanding ite Smll differcnecs i/

in colours Graphite & pyrite tend to give dark groy or black colour

to slates, vhilc hacmatite gives a rud colour, and iron silieates

and ferrons iron oxides give the greon varietices. Pyrite &

chalcopyrite nccuring in the overburden or associated rocks, my

give = mlti-colour effoct to bthe slatos.

But more inportant than the uinerzlogical or chemienl composition,

are the physienl

rroperties of slatc.
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The pruperty of cleavage as dovelopel in slates is thoeir single

o5t charaes.ristic and importani footurc. Good slate should have
rengoncbly siraight elenvage and the grains on the sinte should be
longitudinal on? not transverse. 3late slabs should be of uniform

texture and éhnuld be frec fr.a eracks, fissurcs, -thite patchcs

ant duleterious Ainerals.  these should be strong, tough, compact '
end 1qrd, ns well as durable in colour =ad in resistonce to

weatheriag, ~nt should not be so friable as to erack, vhen nail

holes ~re punched in thcm.

Some of the characteristics outlined above arc rather subjective,
while for othors, ftest procudures nave been 1laid dowm in standards
spceifications issued by various countrics. Some of these tests

arc as follors:

(i)  Strengta i
(a) Transverse streugth - Tais property inlicatcs the
cepacity of resistince o damage in handling & trons-
portntion, and to offuet of nails & other stresszs, vhich
are brought to bear upon slates in its actual use, rather
than those of tension & coopression., This is measured
by thc property knorn es 'modulus of rupturc', This is

oxprosse !l as

R=1.5 1L
bd 2
herc R = nodulus of rupture in kg/em

d = broaking lond in kg

=)
Hi

- length of span botween supporting stoel bearing in eon
b = wridth of specimen in ¢n, and

¢ = thickness of gpeciuen in en.

according to Indian Standard Spccifications (155), the valuc of
wodulus of supturc should not be lces than 600 kg/cm2 for dry slate

2
ant not less than 400 kg/en” for -0t slatc.

(b) Toughnegs
This is an abgolutc noramctrc independent of size of
ths slzb, and indieates the property of absorbing the

snergy for fracture.
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(ii)

(iii)

(iv)

(v)

(vi)

(c) Shoar strenzth
his property indiicates the capability of relative
displacencent of the different laminace of the =late.

Moigture abgorptio

Slates should not absorb mich moisture, so that they are

not affected by 2isintegrating action of water, specially
~hon geasonal and day and night tenperature variations cause
contraction & sxpansion of absorbed mater. This is of impor—
tance in Bhutan, vhere in winter, tenperatures fall below the
freezing point,

The absorption of moisture after 24 hours immersion in cold
water, should not excecd 2 per cent by weight, and variation
betwecn individual samples should not exceed 20%

Specific gravity

This property is relatsd to durability, hardness and compact-

ness of slate, and is thercfore important.

Clcavability

This is depositional & textural quzlity, vhich indicates the
capability of slate being split in thin slabs of large sizes.
Tis test is perforucd by a good .corkman using a chisel

about 5 c¢n vide.

Corrogbilig

This test is to determine the resistance of slatc to acids
anl salts in the atnosphere, rain water and domestic &
industrial smoke & fumes. It is perforred by inmersing a
weighed piece of slate in a solution consisting of 98 parts
water, 1 part sulphuric acid and {1 part hydro~chloric acid.
#fter remaining in sclution for 10 hours, the specizen is
dried and weighed.

Sonoroupnegg

This test is performod by suspending a sheet of slate and
striking it with a hard objeet; good slato shoulld givo out
a cleoar note.

5«7




(vii) Cross freeture
This is to determine the grain. In practice, the ~orkmem
beconec faniiiar with the degree of dcvelopaent of graine
It is of importance to an artisan to know the strength of
the grain, for it naterially affects the case, with :/hich
blocks of glatec can bc prepared.

(viii) Character of cleavage surface

The surface of the cleaved slate should be cxamincd sith a
nagnifier, and thce smvothness notele Generally speaking,
the smoother the slate, the better it is. The gencerzl
s'tructure of good slate shoull bc so fine, that the consti-
tuent minerals should not be observable except under the

i croscope.

5.56 4 consulting firn, Messrs Holtech Engincers Private Ltd., whom the
Government bad appointed in 1975, for advising them regarding this
deposit, had collected necessary samples of slates from the quarries,
and hed got them tested for various essential properties in the
laboratory of the Indian Institute of Technolozy, New Delhi in 1975.
On the basis of these tests, thc consultants said that 'thc Bonsegeo-
ua slates have proved to bear all the nocessary qualities to establish
its suitability for all the varicd uses slates are put to anywhere
in the world's The consultants further added that 'qualitative
tests conducted over the representative sauples of Bongegeomn slate

ocstablished that thoy arc one of the bes. slate deposits, so far

known, in tho world‘.

557 The test certificate issucd by the Indian Institute of Technology,
Newr Delhi is givenas annexurcjIand e tabulation of the properties
of Bongegeoma slates as compared to other slates, which was than

preparcd by these consultants, is given as annexure 711,

5,58 The fact that several thousand square wmetres of slate have been
produced fron the nine and used for roofing in the country in the
last few years is anmple proof that the quality of slate is entirely
suitable for roofing purposvuse

5¢59 Thicker slabs & tiles suitable for flooring or pannelling have not

been produced from the quarrics so far, as use of slates for those

purpcses wes not congsidercd until now., Froom the tests conducted

5 =8




in July 1981 on a fuw thicker slatc sicbs on the cdge—-cutting
znd polishing equipoent for marble at Paro, it is found that
this slatc can be cut & polishcd writhout difficulty. The
colour of slate from thc deposit is hosever only black, and
39-i%s slabs my not be able to obtain premiun prices that
arc buing obtained for sone malti-colourcd slates in some
architcecturzl uses. It is suggested that an atteopt pay be
nale t0 produce some thicker slabs of slate, suitable for
flooring and pannelling and the parket tested for their use
in the country eas aiternative to ceramic tiles and mosaic in

flooring and pannelling, speeially in kitchens an! bath roons.
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Mothods of Mining and Mine Development Programme.

Prescnt Workings

Quarrying of slate is at present being done from three faces on

the out-ecrop, on the stceply sloping south-cast flank of the ridge.
One of those fzces is just to the east of treneh no.7, another is
ncar trench no.6, and a larger working face is near trenches nos.

2 t0 5. Another face has becen opencd near trench no.{, but it is
not being worked, as slate from it has to be carried up-hill to

the loading station, and it is very difficult to do so.

e working faces are by and large along the general strike
direction i-et N75 3 - S 75 E.

The work is being done entirely menually, on a piece-ratse basis.

Each workmen or a group of workmen perform all the operations, i.c.

(i) Removal of overburden, and broken or poor quality slate
by picks or by blasting as nceussary, and disposal of the same.

(ii) Zxcavation of slate slabs, or excavation of slate blocks
and splitting the same.

(iii) Cutting & dressing of thc slabs to various sizes.

Drilling is donc manually by crowbars, and blasting is being done
by high cxplosives, —hich are supplied by the department. ‘The

cost of explosives ig borne by the workmen.

Drilling by hand=held crowbars is 2 difficult job. The present
cost of explosives is very high, being about Ma.17 per kg. Due
to abscnce of proper frec facus, blasting cannot be done offi-

cicently.

Near trench no.1, a concertod effort -as mede sometime back to
remove overburden by manual drilling 2nd blasting, and then rcmoving
the debris manunlly. But due to non-availability of sufficicnt

labour, and rcluctance of available workmen to undertake this

drudgery, this offort did not succecd.
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On account of these difficulties, thec removal of overburden is
hardly making -ny headway in the minc. The result is that most
of the cxposed out-crop of good slate has been nearly -rorked out,
and it has not been possidble to form any proper benches either in
the overburden or in the slates Infact, it has not been possiblce

¢ven to maintain proper pathinys in the mine.

4s the vorkmen have to carry out all the jobs of drilling, blasting,
overburden removal, and mining & splitting of slat., thc production
from the mine is rotaer low, being about 1,000 sguarc feet of

slabs per day -shen sufficicnt labour is 2t -rork.

Mining methods in goneral

All over the world, slctc is mostly vorked by cpen—cast methods,
although in somc places, it is -rorkcd underground 21so. Large

open querries are gencrally worked in a serics of benches, rhosc
height & -vidth depends upon the cquipment employede. ‘here the
overburden bicomes large, under—ground mining may be morc cconomic.
This mcthod dispenscs 7ith the nccessity of removing large quantities
of unproductive overburden, but has thc distdvantage of having to
leave large percentage of good qutlity slate 2s pillars to support

tho roof,

Removal of overburden is the first stage in quarrying. Te top-
suil, poor—quality wseathercd rock, as well as slats maste dumped
during carlicr phases of gquarrying is first removede Overburden
may be rcmoved renually, by hand drilling, blasting and loading
the debris into mine-tubs., But this is a labourious process. The
use of modern earth-moving equipment is generally more suitable

for this work, unless the quantity of overburden is very small.

For drilling, compressed air percussion drills using tungsten
carbide tipped intugral stucls arc normally uscd. For primary

blasting, gunpo.dcr is gonerally used in good rock to avoid

undue fragmcntation.
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Many attempts have been made to aechanise extraction me thods,
Tith a view to incrcasing productivity, and rcducing the amount
of fragmentation. One of such methods involves thc usc of wire

saws. A destription of a method using wvire savs is giver below.

Adits arc driven into the rock face at right angles to the

clcavage for 2 distance of approximately 15 mctres. The heading

is thun turned st right angles, and driven along the cleavage. A
7ire cutting tuchnique using a three-strand wire rope about 4.5 mm
in diametrc is then used to cut horizontally into the face, level
with the bench. Vertical sire cutting on both side of the heading
is sometimes nccussary in addition, so as to retain a vertical
face, and thcreby avoiding damage to higher bench lcvels. The
steel wire is held against the rock face by ratchet tunsioners,

2nd a sand slurry is fed in to the cut to act as abrasive. Saring
rates of about 25 to 50 mm per hour arc achieved, and thc -rire,
which is driven via pulleys from a drun house, is discarded cvery
four days, ~and 2 new one fitted. Followring wire cutting, gun-pozder
is pliced in the heading parallel to cleavage, and the adit is back-
filled prior to duotonation. Huge blasts have been produced using
this mcthod, but in practice, loss fragmentation occurs with

smaller blasts.

Another method taat has bucn employcd rceently is the use of a
chain saw. %his is uscd to make a horizontal cut about 1.5 metres
deep into the rocke Holes are then drilled at right angles to
this cut, and a rclatively small ana unfragmented block of the
rock is bl:ist.d out.
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Mining method rocomnended

The mining scthods that may be adopted depend upon the circumstances
that are prevailing at the deposit.

Until now, mining has been donc on a small sealc by manual means.
Mec exposcd out-crop of slate is nowr nearly exhausted. On account
of the hard nature of the overburden, ~nd the difficulty of getting
sufficient labour for ranual work, it is nceessary to use machinery

for removal of this over-burdcue.

If machincry has to be ciployed, it should be reasonably sturdy,
vhich would give ruliable service in a remote arca, where facilitics
for its maintainance will not bc adeguate. A4s machincry is costly,
to get best advantage out of it, it should be kept availablc and
cmployed to its naximm capacity possible. The ain should be to
have maximum production that can be markctede This will reduce

the cost of production, and further holp in incrcasing tne demand.

Drilling: Most of the drilling will be required for the overburden,

though 2 small umount will be needed for slate alsn.

The choice for drilling is betwen hand drilling with crow-bars,
use of petrol-coperated snaall Jock-hammcrs, and hand-held rock drills

using compresscd aire.

Uptil nos, drilling has been donc only wmanually with erosbars. Bht,
it has not beun successful. Petrol-operated small jack-hanmers
rere nlso triod 1t the deposit sometime back, and ¢ven these did

not wrork -;.ll,

It is proposcd that compressed air opcrated hand-hcld rock drills
uway be cmployed for drilling. Thesc @may be, say like Atlas Capeo
RH 558 = 4L or i 571 - 3L zir flushed typce Drill rods my bc of
22 mm integral drill stecl of 0.8, 1.6 nd 2.4 netre lengthse

5«13




the size of tne drill hole in over-burden may be a2bout 1.8 metres.
The holes may be drilled at an anglc of 70°. The drill hole size
for slate beunches should be limited to 1.1 metres lungth. The
angle of the hole should be normrl to the dip of the cleavage.

Blasting: Por soft overburden, gun-powder or b:lck poider, which
is 2 low class of uxplosive may be ciployed. For hard overburdeun,

60% — 80% specinl golatine oy be used.

For blagting in slatc, the use of only gun—porder or balck powder

is recommndud, s it -rill avoid unnccessary fraguentation.

Gunpowdor is mueh cheaper than special gelatire, =nd its usc may
be introduced as soon as convenient. It is cheap, stadble,
comparatively s~fe to handle, produccs heaving effect, and can be
¢asily wnnufactured. t can be usyd in foru of paper wrapped

L
cartridges of suitable sizes 2s per requircnent.

Gun-po -der is ignit.d by snfety fusce, ~hich consists of a core of
fine black pérder, rapped -vith layers of tape or textile yarn and
wAater proof cozting to provide protcctinn agningt -acchanic2l danage
and moisturc. Standard safety fuses ~re readily avazilable in the

anrkete

Removal of overburden:

Soft surface witerinl may be dozed off by 2 dozere. The harder
materinl bolow thoe soft gurfree layer -rill require drilling &
blasting. Thig may be wyorked in benches as described luter, and

the blssted debris removed by the dozer to the dumping places.

Fron an inspeetion of the deposit, it ~ppears th~t to providc
~dequate working plrees for 2 production of 4,000 to 6,000 sqfte
of finished slate per day, the ratio of overburden to slate <sill
bc 1:1. In ~ddition, therc will be need of reuoving back-log of
overburden, 2g wwll as for removal of overburden for initinl

development werk, to provide clear -jorking placcs for un-intcrrupted

r0rke
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Overburden cay be dumped at places here the quality of slate is
poor, or belowr the ~reas, -there the thickness of overburden is
excessive.  Tho dunping 2rens ooy be kept about 80 to 100 metres

apart, so thet there is not too much lezd to these arcas.

The overburden & rejects -rill roll doom the slope of the

vascarpmont, 2s the natural slope here is quite stecp.

Mining Bench.s

Both in the intercsts of safety and officiency, it is absolutcly
cssentizl thot a proper systeun of benches is 12id out and folloved,
both in the overburden as twell as in the slate. This will cns.re
safety, incrensc efficiency, lower costs, and raisc production as

wwll as productivity.

The bunches in overburdon & slate may have the folloving dimensions:

Ovcrburdon

Height = 2 motres

idth - 5 retros

4t the final stage of workings, the ';idth of the benches Ty be

reduccd o 1 noctre.

Slopc =  3lop. of the bunchus may be 70° from the horizontal

Floor - Floor of thc benches should be horizontal.

Slatc

Hoight = 1e3 nutre

Yidth - 3 to 4 wtrcs. Hore also finally, the -:4dth nay be
reiduccd to 1 nmetre.

Slopc - It should be mintaincd noruel to the cleavage
dip “nglc.

Floor - It should be along the cleavage dipe
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finc Developnent Programic

On account »f unusually hish rains in the project arca this year,

it has not yot been possibic to complete o contour plan of the

aree, sh, -in- tac sutersps »f the slite bed 2nd the bounlarics of
soft 2n’ har? sverburlone. This plun is needel for preparing scetions
at lifferent intervnls, for layinz out benches, fixing suitzble dup~
ping places for over-burlien, planning » progsramnce of ~rork, ~nd for
cnleulsting the work=1on2 involvels The work t2 be lone & the

uothol of Iving it ans aosover been explrinel to the counterpart,

who will be 2ble to eoxmplots the same, vhen the plan is eompletol

~nd prepare ~ prograxwe f —ork to be earricl out.
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Processing

Extraction & splitting:

The aost ipportant thing in cnsuring proper cxtraction of slrte is
ts provide aldequate froe facuse Tro frec facus are sbsolutely
necessary, and overy effort should be mrde to cereate a third freo
face nlsce This wny be done by digging & narrov groove at the onl
of the bench by picks or by ercating 2 line of crack thire by
lignt blasting. It say be necessary to crente this third freo face
along the dip of the bed also, if ¢ 2re able to develop long

continmisus benehes after sonotinc.

#hen free faeus have been vstablishcd, the artisan should choose

the right clecnavace plancs to gplit the moximunm length & width of
slab or plock of slztc frou the hench. This splitting opcration
should be performed -rith the help of 2, 3 or 4 sharp chiscls
assisted by ordinery light hamuorse The chisels should be slowly
ingserted frow the twvo min free fices to help in getting the largest
sizo slab or block without breaking. «fter these slabs or blocks

are removed, thoy are further split to the thickness requircde For
this further splitting, 21l the four froe faces should be utilized

for slovly inscrting the nincr's chiscl.

Trimiing or dressing

The requircd gize of slites are then trimucd fron the split slabs,
The ain should be to obtain the largest sizo slabs possible,
Trimning or dressing of slate mey be done by hand, or by A trimning
nechine eallel a suillotime or a stone=shearing macnine or in an

cdge—cutting mrchine by eircular dianmond sawse

Hand trimoding is done by first marking the glab by chalk -rith the
help of a gtoltemplatc and thon dregsing the cdges by a sharp

Cl1UPPCTe

rinming of slabs may also be done by 4 hand operated guillotive

or a stonc shearing machinu.
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the clunnest odgo-cutiing, of course, is donc by a circular

diamond saw, operated by an cdre—cutting: machine.
1 4

The choies of muthod of final triaoning or edge-cutting Jeponds

upon the use to wvitich slabs hawe $o be put, anl tho cost that thosc
can beare It mey oo kept in viow that £i0 cust of cdgu=cutting by

a dizvond s77 17111 b2 abrut Mil0e15 por runnin: foot. For roofing
tiles, it @y not be neeessary or ceonsmical to hawe cdac=cutting
done by a dianeud saw. Hand cut slabs arc quite suitablc for this
usce But for flooring ~nd pannclling, it is necessary to have eclean

strai;ht cdzos, vwhich are better obtained fron dianond savs.

soofing slates

The aim of producing a good roofing slate is to ot the thinnest
slate possible, ~hich still has sot sufficiont strength to serve its
purpose.  The optimun thickuzss for roofines slates ig ~bout 5 to

T iide, but it comld Lo as hich 2s 12 nn.

The producticn ~f roofins sl tc is still extrenely labour intensive,
bucause in spite of o reat denl of rosoareh, nobody has ranagsed to
duvelop o nechanieal mothod of splittins slatue Blucks of slate my
be ent by wachire, but nst Comn o the thickness required for roofing

slate.

Bulk of the procuction from the wuine, at lonst in the beginnings,
will be of roofing slates as their uscfulness and eeonomies has been

already fully ostablishod.
-8 hdg heon noted in sub=-scction 4.30, larger roofing slatus 2re
more veomorieil to usc.  Sizus suitable for roofing are noraally

not araller than about 20 enus x 40 cuse

leg for floorin:: & pannclling

fniceir glabg « tilus suitabls for floorin have not bocn
proluced fron the quarrics so far, =s usc of slates for these

pUTpUsL8 78 ol consilored Gers until nove  In July 1981, tosts
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wore eonductud om o for othicker slate slobs on the odpo-catting
and polishins cquipment for oorkle nt Poro. It -ms found thot

the sinte 2d s can bu cut ucstly, ond it takes sood polish.

Slote tilus »f differont colaurs are heing used in zany countrics ,

in the rorld for flooring and pouncllinge In faet, -ulti-col.oured
slote tilcs nre fotchin: very high priccs. Black tilus may be less
attrretive in soue applieations, but in sone other applicati ng they

hove oqual aosthotic valuc. Thoey nre oqually ~ttroctive for usc

[

in strdir erscs, eladding of pillors ~n! floorin in verandahs.
Functionnlly, tacy -re oqunlly useful in kitchous & bath roors.
-long rith stones or tiles of sther colours, thoy could be us.d in

attraetive patterns in other pleoces tlso.

an rtterpt should be ids $0 produce various desisuns in difforent

colours on those tiles, in the snuw gnnner, a8 thege ~re beingy mnde
on soue eI slibs in Brhutan.  IF this could boe Come succesgrully,
it ©All provide ~ hih valuc narked for such tiles for prnneiling:
Cernmic ti’_.s & unrele tiles bedns used for rannclling eost ~round
«3 writh gophigstiented dusiong -rill

i

Rue18 vor sounr. foobe 3lte til
be no ligs attractive, ril nre likely to cost one—thirl the cost of

curanic w maruly tiles. Purctionally, they sill be cqually uscfuls

the wlies of thage slote tilous ++ill be cut by circular dinnoni
g in odgo-ecusting ehine.  Ono sisle unly Of thoso tiles A1l he
polished, or o lusiim wnde on oit, the other side revninins roush for

fixin- on the 11,

Usg of srllor piceca of slite

If use of tiles for prmnelling is lovelopol s ictaile! “bove, it
7111 hewve the ndaitional wivanttoe dint oven uuch annller picees of

slote, ~miieh oull Stherrise oo N3 tuy cn nlgo b

bu uscle The only
cust in muufactiring tilcs vut of these enllor piceus ~suld bo
the eost of thedr ol cuttin: ~nd of polighin: or arkins suitoble

degicrs m the goo.

wnother inportant use Cor hiieh gonllor picevs of sl %0s coull bo
winloyel is for the snuf-eture f sehool slatese Piceos of olotc

s nll o thel % 22.%c¢n ¢nn Lo ouaol for this Urposcs  Buoi oo
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catering to the inteirnsl roguircuent of Bhutan, schocl slates can
have = siarket in neighbouring arcas of India, s these regions 20

not hnve any sl-te inlustry. ©Of courss, larcer slate slabs enn alse

b

oo usued for anufacture Hf school slitese

wncthor use of sunller vicecs of slote, Ahdek oull otherwisc 20
mst

¢, 1s in crnzy pavins of plrces like court-y-ris, garden phths ote.

e use of glnte in suwmfeture of school sl tes has been nated
t

111 be vory nsceful to cxplere their mnrket os its

S3itt. slibg frou the mines ~re eut on vlzes by 2 guillotine or o
sveeinl type f seissors. e slotes are then ground once over the
otter by usings ter nnd orlintry stnl, il finnlly by o osuiteble
abrasive. ‘Dolen strips of 12un to 2501 -Aalth nd 3nm to 6
thickuess arc cut by a —roalegyr ) £it the glrtes, =n? are savsthencd
by = plancr. Groovos are tinn vle in thoso strips by o oroover.
The slatis 2re then fruwed by those roolen strips, vhich 1y be

further nnilel % the jointse

Purniturs, Jecoration picecs cnravineg,

windons

f:;]_:‘lhlfj ~tce

48 hog boen notll in sub-scetims 4.03 wnl 4404, sl itc enn bu used
for furniturc, dceoration picecs, .nsrivincs anl cinlo- gills.
Thickzr sl~te silbs +sill be normielly used £2r sueh purposcs, wnl
polishin: wrenineg thot -+ill be provileda

Recovury & oo

On ncecount of the nsture £ sl te rock, an' the =onnor in -adeh it

e deposite) anl farme?, tho roeovery of s1.te slabs wnl tiles fron

2 oslite doposit is cunernlly very 1. This recovery is furthor

rolucc! ag Atte pty nre o le b techonige ho cddundn: onl procosging
f slotee Le oouooxople, in the lorrest slote guorrics in Ul .,

thy Punhryn quorrics of Foahryn cusrrics Li!, -hoere cinine ig aer
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nwehanisel, the reeovery of tiles suitable for roofing purposcs is
roportel t> be ouly 2% of the tot~1 rock minos. o recowery of 25 to
30% as roofins and ~rehitcctural ontorial nny be considerel as a very
satisficiory recovery in any ninod, The existance »f large -miste
heaps nt all o1 sl-te quarrics uenrs tostinony to this fact. This
is the anin reasun, thy 89 ruch effort is beding onle to finl uses for

suiller picees nal aste slato.

Fronm inspcetion of the slate quarries at Bonsesoom2, it appenrs that
the reeovery boins achicvel there 2t present is quite satisfactory.
This iy furthcr inerensc by adoption of bettor mining nethols, s

ar

w11 as by mking usc of smnller pivecs of slate as has boen propose’?

in this HAcport.
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Transport

«t sresont, the artisans 521it, druss 1nd cut slates into difforent
sizes ot the quarry face, and then ecarry these to 2 point nearly
half-ray betweon trench no.t & 2. Horo is the top-und loading station
of o gravity-oserated acrial rope=y, that transports slate slabs

in buckets to thc basc caup in the valley below. The rope vay is

900 metris long. Fronm the basc-canp. slatc slabs are loaded into
trucks, cnch containing about 2,00 fte of slate, 2nd sent to
cousuilers 2r store yards ~t diffurcnt placus in the country. Tho
capieity of the trucks is rostricted s $he 15 kn. rond fro: chusua

to basv-caup is 2t present not an all-ioather rond, and it is not

convenient to carry heavicr loads on this roede

Te ~crial rope—ray that “ms installed in 1977, is a great improvenent
on the carlier systen of transport of slate slabs on wulos fron quarrics
at the hill-top to the base-canp over a 7 knm. bridle ruthe Tho 15 kn.
road from Chusum to basc-can » tlthough it is not an all—reathor roal,
"nd is nt prosent out of coauission for neavy traffic for about four
months in a year, is a major irmprovenent over the carlicr tronsport
sysiuil, “Hien slnte wag carried by mules over o bridle path from the

basc—-caup to Chusuile

the gquestion of transport of slate ™y be considercd in folloving

thre. areng:

(1) Fron quarrics to loading station at the top und of the
aerinl rope ay.

(b)  Fron loading station 1t hill-tep to brgu~canp in the valley
bulov,

(e) Fron baso~caip to consu wry or stock=yards in the country
over hillerordge.

From quarrics to londing staticn:

+t prosunt, uxtraction of slate is being done from quarrics near

6 &7 trenchss, s ell as bobroon 0.2 1nd 3 trenchese. The direed
distouee from no.7 to trenen to the loading roint is over 500 aetros,
but the path-iay over hieh artisnns have to earry slate ia longer,

28 it is not 1long the dir.et linc betireon the tyo plac.g. Ofcourse,

slate is earricd dom the hill, 2g thu loading station is ot a
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auch loirer lovel.  The direet distauce bet ecn quarrics ncar trenches
nos. 2 & 3 to londing strtion is about 150 netres. another quarry
face sas openad nenr n2el tronch sonotize backe although its direet
distance fron the looding station is noout 100 titres only, it has
nat been possible to ~ork this quarry as this gquarry is 2t 2 lower

lewvel ~ad it ig extreacly difficult to earry slate up-hill.

In addition to the distuuces involved, the path-rmys from the quarric.

to the loading station are narrow and not ensy to nesotintc.

To save artiszus froo this v.ry difficult & arlous -rork of
carrying slate as auch s possible nnd to inprove their efficicncy
& productivity, it —ill be oxtreaely uscful to provide some suitable
haul ge arrangeucut from Aifferent quarrics to the loading station.
This uny be in the form :f a sinple nerinl rope—;iy, or “n cnd-luss
houlnge system or sonme other —ethod. The detnils of this systen

ay be workel out, onee . propor coutour map of the trec is preparads

Fron locding stztion 2t hill-top tc bosc-canps

The oxisting ropo—=ry is ratiucr flinmsy. The structurcs at both tho
1o~ding nud the un=londins stotion 2re 2lsc wwezkse  The braking
errangoivnts on the drut ~re poor, rousulting in freguent slippages -nd

broak doms, mnd danne to slotoe.

8 thig rope=y is 2 very vitrl prrt of the projuct, it is cossentind
to hove a nore sturdy properly designed syston, which is fully
dependebles The circuustruecs thnt cxist ~re very favourable for

the instrllotion ol an ceonomical rope-my systetie Only onc span of
900 metre length is reguired, ~nd the quantity of waterial to be handl
igs zlso s:111ls It is ruconucnded that ~ properly designed rope=wny

y be ingtalled in place »f the cxisting onc.

From bago—caup to zonsuncrs or stock yard in the country:

st present, slate zlabs are londed in=to trucks, cach conteining abou-
5 tonnes ~nd sont to congixers or stock yards during dry scasors,

when the rond is open.

5 ~23




It is ussentinl t) have an ~1l=-onbhor rr~d LGotmesn Chusa and H

base-cnump, so thint thie zine productisn can be trien ~my rogularly.

-+t prescnt, slnte slabs arce loaded dirvetly into trucks. It is

sugestod that trinls stionld boe mnde using reodon erntes for packing

slnte, nd loading these -oodun cratus into truckse Ihis systew is '
likelry to rolue. breoakagese as tisber for unking crates is availnble

~t site, 1t may be more veonvmical to use eratoes thnn loading slite

dircetly into tviucks.

Fen slite is cexportul, it will in any eass be necusstry to usc

moden erates for paecking slate, bofore it is tromsportew over long

aistancos.
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e iine and Frucossifie fithi oauipmunt list

The nain squipnont requirei for thy mine "nd the processing plant,

togesner Tith its specifications is given velors

(i) Dozer — .diun enpicity, say wquivilent
to Jaub D=50 typc onc

(ii) Cosprossor — portnble liuscl-operiivl,
capicity 250 efn {or ncorly 7 -7/ min),
norn-l xogking prosurc 100 pegel.g. 0r
7.0 kz/cns, 33y cquivilent to atlns
Crpee model VT 250 and

(iii) i pl-hold comprussed nir operited, Cir
fluched :lock drills 3 nuSe

-ith piston lin. GbHzme, piston stroke
%0 mme nnd reight about 25 kg.

3ay cquivnlent to atlos Cipeo RH 458 = 4L.
(iv) Hosu-vipes, nipples, necessorics te
.+ ieh items (i) & (iit) above.

(v) 7/8" intcsral drill stocls of follo-ing

lungthss
8§00 nin longth 34 =m bit din 14 nos
1600 =1 length 33 nom bit din 8 1nos.
. 2400 2 longth 32 =a bit din 6 nos
Mese oy be coromnt proniun integnl stecly or cquivalont.

(vi) Drill stoul grindor for grinding Arill
' stecl, sy =tlas-Copeo model 796 - 1401
of 1.3 hp. motor —ith suitable grinding
shecle onec

(vii) (x) froctor, nedinm cnprelty farn
typ, say cquivalont to Ford

7600 sizc. ong
(b) Suizsble trrilor for “hove tractor onc

(viii) Toyotz Lond Cruiscr, Divscledriven, RiD
gy woael BJ 40 LV - XC or wquivnlont
A4th front & rerr heater nnd heavy duty tircs. ono

(ix) Bdge-cutting & polishing mrchinus for slitu. on. o~ch
Prese ny bo auongst the following:
(=) (i) #mige—cutting .ichine, Jdodol 1.4,
3/8/800 couplute ith .l.ctrifiction,
of ieasrs Van Voordun bevy 4870 i
stton~Lour, dolland F.0 Box 15

(ii) Jenny Lind solishor, /& of
Loasrs Van Voorlden beve




ar

or

(x)

(i)

(») (1)

~cutting i caine, wodcl

S:i = 1I, eocnplote -dth
.l.ctrification of Xssrs Shzh
Granitcs (P) Lti., Keramchand lMansion,
3arr.ck Ro:l, Bohind Hotro Cinumz,
Hombay — 400 020, India.

P

(ii) Polishiug wrnchine - Pol - I1
~ith cloetriczls of Hessrs
Shah Granite (F) Ltl.

(C) (i) autom:tic 31l-tc¢ stone udge—
cutting ncnine of lkssrs
R:jrsthan Industrics Behind
Po-or ilousc, Jodhpur - 34 2001,
R jasthnan, India.

(ii) Polishing -x:chine for slate stonc
of Mossrs Rwjnstnawn Industrics,
Jodupure.

(Duseriptive liturnture & quotntions for thoze onchines

nave boen luft --ith the Dupartsunt of Industkics mnd Hines).

aeri-~l -lorc my = for tronsporting sinte slabs fron

gu~rry on hill-tup to the bligu-enrp in the v:1llcy baolov.
Distanee RO aotres

Singly purss

Capacity : 30 tonnes of nrtesicl in cone shift of 8 hourse.
Bl-te el~bs +ill be of £21lo7ing sizes

rwitur size 900 x 600 mm x 10 un oneh, wwighing 15 kg.
Wornal sis: 600ma x 600 wm x 10 nin vash weighing 10 kg cach.

The r -y .~y be Grovity opernted and or Porer oporated.

Jith 2 spare rope, and csscntizl sparc for 2 yoar.

BEnd~-less haulnge/ropermy from juarry neir trench no.7 to
with . .. .
squarry ac-r trench no.l,cadrcity similar to tao aerial

TOPL iy e

Mo dotrils of thig rope -ay my be fixud, hen the contour
plan of the 1r.a is cowmmletuds Purhaps thoe cxisting spellacrinl
rope my & structurce ith some alterations nay be used for

tuis ~Orke

S = .6




Scetion = 5

auxiliary Facilisics

6.C1 e following cuxiliary faeilitics i1l bo required for successful

operation of the nine on n eontinuous brois.

(i) Site a.v lopuent
(ii)  Minc office — cun - sisre
(iii)  Shcl f£or srocessing slate
(iv) orkshop & Blacksuiths suop
(v) ISxplosive nngezine
(vi) Ater sup»ly & distribution
(vii) Poer supply & distribution

(viii)  Jcsidentinl colony

6.02 Site developuent

1]
o tentative site hos been sclocted for the colony. After proper
survey, sone lond radingg may be reguired for locc tion of buildings

. therces  This can be casily dene by che dezer that will be available,
The officus, stores, ~rorkshup nnd sheds for processing sl:ite, my
be git.d niar th prescint basv=caiwe Sone snall gite preparation

nay be required for this purposce

603 inc office - cun — gtory

hn office ha2s to be provided for the Projeet Mhnnger, Minc Manager,
Praince Mennger, and the steffs  The building i1l also hove a store

for keepiwng spare parts ~nld other conswvbles required for the uinc.

The building wiil be of Eken wnlling, ti:ber flooring, ~nd slate

roafine.
5.04 Shed for procusgsing: slrte

a shed s 5 be provided for installation of couipmont for cdge=-
cutting nnd p.lisbhdng of slote nenr the nine offices.  Thig 7ill

be required, ~rhon povur becoues availably, and this cquipnont is

r,')"1




P

6.05

6.06

6.07

6.08

shifted here from its carlicr tcmporary location. About 40 squarc
metrus of spacc will bo necded fer the purpose.

Workghop & Blacksnith Q

For sharpening tools and ioploments of the artisans, a blacksmithy -
shop 7ill be provided at the hill top near the guarries.

For soall meintonance work, a room may be provided near the mine
offices, which »ill be lator attached to the shed for processing
slato. Major maintainince work of the mine equipment will however,

be done in -rorkshops 2t Thinphu.

Explosive magazine

For storing various typus of cxplosives and fuses, it will de
necassary to have a proper mgazine located at a safe sito,
safficicntly away froa other buildings.

Yator supply & distribution

e requircment of ~mter for the projuet will be about 50 cu.m.
por day, including; :tout 40 cu.n per day for the colonye.

fator wey be collectedl frow Pochu strean floving ncarby by

putping to a ceutral ray vater tank near the top ¢nd of the colony.
on irrigation channel is likely to be constructed cbove the colony
sitc. When tuis is coustructed, vater may be obtained from this
channel by gravity tv thc rav seter tank. Lfter settling and
filtoration, this wmter vill coms to a eloar wator tank, from whero
it will be distributud by gravity to different placcs of roquirencnt
by G.I. pipos. '

Power gupply & d;'gg_i.bgﬂog

" At prosent, there is no power supply at the projcet sitee It will

bo extromely uscful, for tho ¢ontimied progress of the projoét, to
have power supply aveilable theroe

o guall hydro-po-or gonoration iichere for gemorating about 220 KVA
potror very nonr tho projuct siic it undor netive considoration of

5 =2




6.09

the Governmont. This will bo of groat help to the project, which
will be able to sonsunea g'ood pert of the available power in the
mino, processing plant, and the colony.

Rogidontial colouy

The colony will have houses for the Project Maneger, Mine Manager,
Treince Mina Mamager, and for staff and artisans.

In acdition, therc will be a guest houso) & commnity centre (which
will also house & school in the day time), a Co-operative store, &
disponsary, and a post & tolegraph - cum - telophons offios.

The aim will bo to provide two roonm accomodation with kitchen and
toilet facilities, covering an area of about 400 square feot to the
junior most employocese 1f due to considerations of ecOmORy, it is
not possible to provide this immediately, this objective will be
kept in view, and every offort w7ill be made to provide the seume, as
profits of tho mine jncrease in course of time.

A11 buildings will hawve timber flooring (excopt in kitchen & bath
roons, where flooring will bs of slate tiles), Birs walling and
slate roofing.

’
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T.01

7.02

703

Sec.tiog -1

Cganigation Sotou

The organisation structure is shown in the attached chart. A Project
Manager, who will e reporting to the Department of Industry & Mines,
will be the head of the organisation, amd will be responsible for
direction, supervision, control, production and operation of the
mine. He will be agsisted by compctent and qualified personnel for
construction and operation of the project, including a Menager,

an assistant Managor, an Accountent, two Supervisers, a Store-
keeper, a Compounder, a Mechanie, four operators~cum-drivers and

a general clerk.

The Mine Managor shall have a degree or equivalent diploma in
mining engincering or at least a second class mime manager's
certificate of competency. He will be responsible for production
at the mine with safety and efficiency, as well ag for future
planning.

Other personnel shall have 2.t0 3 years experionce in their fields.




Section — 8

Project Schcdulce

8.01 411 the main aciivities required o o enrricd out for implocmentation
of th: Project, showing the sequince 2nd duration of cach activity,
are given belowr.

8.02 The project s-hedule nas beun drarm up on the basis of 2 realistic
time of delivery of cquipmer’, construction and ercetion, whercver

. nOCESZarya
8.03 Deazeription o ictivity Starting date &
duration
I Preperator: sctivities From start Durction
o) approval of Femsibility daevort a .
() app S SRS ) Starting
(b) Signing of Project Document 3 Point
(¢c) Invit'ng quotntions for equivment, ‘#ithin onc
’ and e.2luation of tunders month Onc month
(d) =ppoi tr.nt of Kine Vamagor Jithin
4 months
(e) =spprointuent of othe gtaff Within
& WOrLmzil 28 NeCcesstry 4 months
(f) Preporat-on of plans for
constouciion of cffizes, otores, Within
house:. «.d other relatcd 4 months Three months
rprepar atory work :
(¢) Finals.zion of aligrment of Within
road . vc1 Chusum to brasc—caap 4 months Twe months
(n) Finali« jion of ali:vment of Tithin
road vews Bago-camp to the 4 menths Tvo months
mine : 2t hill-top
. 8.04 I1 Jpin Proje.t .ctivities
(a) Purchuse and delivery of Jithin
equipmor ; 4 to 8
monthg
(b) Impro->r-ut of '5 km long road Jithin
from “an um to Raso—camp by P.D 15 months 8 months
(e¢) Const:uction of 7 km:rond from Jithin
bage~carn to mine ncor hill-top 12 wonths 6 nonthg

B -1
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(@) Rcmoval of soft & h rd Jdithin 15
overburdun for proparation nonths. 3 nonths
of -jorking places ¢ be con—
timied thercaftor
(¢) Proparation of working rlrecs Yithin 18
aonths. 3 months :
To be continucd
thereafter
(f) Constructior of efficcs, siores, #ithin
sheds, houses, aad other f-eilitics 16 nonths 12 months
(g) Installation of -urial ropEn, 4ithin
frouw th wine nenr the hill-top 15 nenths 6 wonths
o the bageeenap
(1) Installstion of ~n cnd-le.ss Jfithin
rovuo~vay, from near tronch no.7 15 nonths % months

to trunch no. 1, far haulags of
sl~te frou quarrics to the
worinl rope-my londing stotion

<
!

(1) iining, splitting, .nd sizing of Jithin 111 bedouc
cl-te for roofing purposcs (~t 15 ronths continuouzly
full caprei thereafter

ty) 7 / +nd opcration

(3) Tnstall-tion/of equipmient Tor Athin i1l boe done
vdge-cutting & polishing of sl-te 16 nonths continuously
tilcs for flooring & nranclling,. thereafter

(k) fransportins & nerketing of slate fithin 411 be donc
ot full eapnrecity 16 months centinuonsly

thereafter

(1) Zreparation of rmontaly, quaricrly “ithin Periodienily
nnd anmuncl progreas reports, wecounts 3 months thereafter
& 8Bal mee shocts

dote : -~1lthousn full nroduction crincity may be attined only by

15tk wonth, cvery offort +rill be mde to achicve o production
s v

of 12 lakhs square .ot of slote in the sucond yenr, by

utilising the cxtra capacity of the nmine.




9.00

9.01

9.02

Scetion - 9

FINAACILL £STLi1.05S

]
Copital cost cstinntus & thoir phnsing
Mining uutil woor hos been lone on h expose’ suterop of the slate
wnodite This oxposce] cuterss is nov nearly exhcusted, anl o
continwe nin:, it is csscotinl $0 roemove overburicn an’l uxpouse
the slote bud belos ite &n atteomt s e sonetine brek t9 remove
overburlen nnmually, but this as not at all suceessful, as the
sverbur'en is narte On account »f the hard anl eouptet anture of
the overburlen, and the lifficulty of getting sufficicnt l-bour for
nanual vork, it appears ncecssary to usc anehinery for remeval of
this overburdcne.
The quantity »f overbumlen nccussnry ol oxeovate for » prrluction
of 4,000 squszrce feet >f slate per 2ay, is not laric. But it -rill
be advisnble to cnploy sturdy cquipment of 2 reasonable capneity,
smich ~roull give relisble serviess in 1 rensic arca, thore freili-
tics for its mintainanes i1l ot be adoquates This cquipnent
4i11 infact, be alequate for a production of oven 5,000 squors
feut of slate por Jay.
The cquipnent ~2nd facilitius ncodoed ant thedir capit l cost is
catinnted 2 £Hllorsi-
Cogt Mu.
I (i) Improvement in rond betwuen
Chusun & brac cany (this is cxpected /

to be doue by P/D un its oom account
at a corat of Nu.15 l-khs, ﬁs this
ron” i1l scrve thoe general publie
of the arsa. Its cost to the project

i1l be nil, thourh its provision is

essential for the projoet) Nil
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(ii)

(iii)

(iv)

Counstruction »f nc- ran? from the
basc caun 0 the slate doposit.

(It is proposed ihat the cquipooent
obirined for the pr:jset nmay boe
ciploved for construction of this
ronl.  Thus only the cost of labour,
an} ¢onsumebles for dozZer, comprissor,
drills c¢te., 2and cxplosives a2y bu
debited to this zccount) 7 kn @

100,000 per ko

Buildingzss

(a) Officc & Storc
(b} Sheld for prucessings slate slzbs

{(¢) Rosidential, inclulin: builling
for eomin facilitics

— 8

Furniturc & fittings

(v) Miscelleancous
Bouinnents

(n) Dozer

(v) Coiproessor

(e)
()
{e)

(£)

(n)
(1)
(3)
(k)
(1)

Drills, sccussorics
Irncter @ Trailors

4=~thcel drive vehicle
(6=scatoer type)

Processing Bquipnent like edge-cutting
& polishing anchincs, incluling insta-
llation

Ropuzny, ineluiling spoare rope,
pulleys ctece It hns not boon
possible to obtain budget
quotationg for this woyrk, an) so
its cosgt has been roushlycestinated

Pumps, pipes ctee

Survey & drafting instrunents
Initi~l gsparvs for cquipoent
Elcetrification

Miscollcancous

7,00,000

5, 00,000

20,000

80,000

13,00,000

$3,00,000
1,70,000
1,00,000
1,00,000

70,000

2,00,000

2,00,000
20,000
10,000

2,00,000

1,00,000

_1,00,000
21,00,000




i1z Cost of initial Cuvolusment -ork
(operating cost only for rezovel of
approximmtely 10,000 tounnes of
asverburden @ Mi1.20/- vor tonuc. This
cxpenditure nay be kept in susponse

aceaunt rfor subsequent aljustrient in

operating cost)e 2,00,000
Iv dorking Canital to cover approximatoly
three nonthg roevenmae oxp-n’'iture 2,00,000
38, 00,000
9.04 «fter funds arc sanctione?, practically the entire amount can be

utilised in one year's time, as the lelivery period of the cquipnent
rcequired is shore, ~ni the work of construction & improvencent of
roads, 2nl construction of buillings & other facilitics ecan be

startsd simultancously.

9.10 Production cost estimetics
9.11 wn cgtimate of easts for profuction of slate at three lovels of

»rouetion, i.e. at 4,000, 5,000 and 6,000 squarc rect per day

is siven belowie-

9.12 The norias of depreuciation, intercst charges, maintenance costs &

consuinption have been taken as £110u88=

Te Operating ti:e and consunption of fucl & lubricants

Dozer ~ 7 litrus of liesel fuel per hour of operation
Compregsor - 6 litres of dicsel fuel per hour of operation
Tractor - 2 litres of diescl fuel per hour of operation
Cuost of lubricants = 5% of waluc of fuel used

The equipnent ill operate for 1,000, 1,250 and 1,500 hours

per annun at the three lovils of production.

In viewr of the loecation of the nrojeet in a romote area, aay
from sources of supply of gparc parts and any la.ge nintcnance
rorkshop, and till such tin. ag the mechanies & operators boeconme
nore cxperienccd, it -7ill not bo 2 mean achievenent to cuasurc

the availability of cquiluuni {or these periols,

9-3 N
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Deprecgation of equipnents has buen taken at 12, 14, and
16 percent of valuc/an average at production levels of
4,000, 5,000 and 5,000 squarefecet of slate per day.

Depreciatisn-.on road anl buildings has boen taken at 5%

of their cost.

Cost of nmaintainance of cquipnent, including cost of spare
parts hase been taken at 10, 12 and 14 percent of the value of

equipment at threc different levels of production.

Cost of maintainance of road & buildings has becn taken at
7% of their cost.

Ls it is not clear at prosent, ho7 the project is to be
financed, by a grant, or fully through loans, or partly

by equity and partly through loams, or in souc other =anner,
no interest charges have been included in the cost estinntes.
The inpact of intercst charses on total operating costs under
Aifferent findnecing arrangenients, has however been analyscd,

snler 'Prieing Policy anl Financial .nalysis' in this section.

‘e cost estimates include the adjustrents of cxpenditure

of Mu.2,00,000 incurrcd on initial minc developnent.

P.rsonnel salary & gogos: Lnmi2l expenditure.Production

level sq.ft. per day

4,000 5,000 6,000

(&) (i) Manager @ 1,800 p.p 21,600 21,600 21,600
(ii) Asst.Manaer-cun~Trainee

&nﬂger @ 650 pen 7'800 7,800 7,800

(iii) .ccountant, two supervisers,
store keeper, coupounder,
nechanic, four operators—
cup~drivers, onc clerk- 11
persons @ 450 p.a on

nvera;o 59,400 59,400 59,400
(iv) Peon & two hanily boys—
3 persons @ 250 p.u 9,000 9,000 9,000

9-4




(v) T.48&D.i of above staff

® 1rd of salarics 32,600 32,600 324600
3
(vi) Project allowanes of
staff @ 507 of salarics 48,900 48,900 48,900
B sSarnings of artisans on
picce rate 2,40,000 3,00,000 3,60,000
c Contigencies 10,700 10,700 10,700
4,730,000 1,90,000 5,50,000
I  Storecs & paterial
(i) Consupables:
(i) Cost of fuel for dozer,
tractor, and counpressor
per anmun (7+246) litres x
Nu.3 por litre x (1000 or
1250 or 1500 hours) 45,000 56,250 67,500
(ii) Cost of lubricants @
5% of the cost of fuel 2,250 2,813 3,3
(iii) P.0.L for six-seater,
4~-vheel drive vehicle 9,000 9,000 9,000
(B) Maintainance supplics &
gpore parts for oquipovent 1,990,000 2,28,000 2,66,000
(C) #eintainance of road &
buillings 90,000 90,000 90,000
(D) Ixplosives 30,000 37,500 45,000
(8) Modicines, ote. 10,000 12,500 15,000
3,76,250 4,36,063 4,95,875
I1X Depreciations
(..) On equipuent 2,28,000 2,66,000 3,04,000
(B) On roai, buillings etc. 65,000 65,000 65,000
2,93,000 3,31,000 3,69,000
IV Royalty @ Mu.0.05 per sqft. 60,000 75,000 90,000
V  Miscclleaneougs
(i) Cost of crating )
(ii) Lloss on breakages ; ® 10% of
(14i) Transport cost of stors &) °WOoF °08t8
fuol to sito )
(iv) Owsrheads, including ;1'16'200 1,33,100 1,50,000
salcs overheads )
(v) Sundries )




9.20

i X

9.21

9.22

9.23

9.24

9.25

Grand total 12,53,450 14,39,163 16,24,637

or say 12'55,000 14,40,000 16'25,000

Cost of protuction
e¢xcluling interest
charies per sq.ft.

Nu. 1-\)5 0.96 0-90

Pricing Policy &
Financinl 4nalysis

Uptil now, slate is being soll at a no-profit, no loss basis, 2t a
price of Mu.1.20 per sqft, at the nine head.

»g this is the only slate producing mine in the country at present,
and its usefulness for roofing purposcs is not yet fully knoun to
the people in general, the Governnient vill have to deeide on its

pricc for some tine to conme.

Une way to fix its price -7ould be to mzke it equal to the price of
altecrnative corrionly used nrterials that it replaces. In thrt case,
the price of slate at the nine head eould be Mi.3.23 per sqft.

(sec scction 10— National Beononic Benefits)

The coust of production, oxcluding interost charges on capital
¢ployed, has been egtinntel at Mu.1.05 per sqft. ..t a sale pricc
of Mu.3.23 per sqft, the projcct -rill be a oney-spinner, after

providing for all interest & other charges.

& projeet should gtand on its ovm nmerits, and shoull not have to
depend upon subidies, and should bc able to bear all direct &
inlirect costs necessary to oporate ite In the case of this
projcet, the only cost that has not been taken into aceount is
the cost of ioprovement of road beteen Chusun and the basc=canp,
vhich ig cstimated to be My.15 lakhs, although this road is not
for the benofit of the slate projcet alonc, and is in fact

inecluded for iuprovenent in the encral national road progrannic
D
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cf PWD, the .cc.omics of the project 0y be ascortained taking
tois cost 215 into account, s¢ that there is no clunent of
indircet sub.icr to tho project.e TMe 2dditional cost on account
of interest -hrooges, mintonence & Jepreciation of this roa? -ill
anunt to about Mul3,00,000 per znnui, or Mu.0.25 por sqft. ot
a price of §:.3.23 por sqft. (-hich is the risht pricc for slate,
if the projest s not to subsilisc other seetors of the econvy),
thc profitab li%y of the projeet +ill still be high, as ould be

seen neres

1« Prolueti.n cost of Nu.
12,00,00¢ sqft. of slate 12,55,00C

2. Interest ch rgos on Mu.3% lakhs at
15%, il r.poyment of principzl

& interec ¢ ‘n 12 cgual instalacnts. 5,70,C0C
3. Intercst dJ.preciation & nmaintainnnece
charges ¢ coad fron Chusuz to brge~
caup 3,00,000
21,25,000
4o 3alc pric: :2,00,000 @ 3.23 per sqft. 38, 76,000
’ 5. Profit poo amn 17,51,000

(ecctuzlly the o ofit 7il) be more, 2s nearly Nu.3,00,000 +-ill be
aveileble o 4 oreeiation account per anml, “/hich aoney ean be
ugec for rep .y .nt of interest & prineipal).

9.26 But the Gover w at has to take many other factors into
conzideratior. Tt may consider it advisablc to kcep rices 1oz,
wven by subs® i ing the same, to help people in iuproving thoir
living accome 2 .ion, or to sucouraze replacewent of imports at
the carliest or gible tiuc.

9.27 This way be < ne by selling slate at its production cost of
NMu.1.05 per siu re feet. Tac investnent of Mi1.36 lakhs wny bo
congicerat ar a° investment for A public purposc, 2s is Jonc
for congtruei.or of ronls, ur say fer an agricultural dewelopment

centre, or fo - ih.or public serviccs.

9.28 =nother alter allve would do to fix the price at no-_rofit,
no=loss bagic, "at adding to the _roduetion cust, the intercst
chargos incur > on investient. The cost as -rell as the sale

crice of slai ould in this eas. oo 2 roxiuntely Mu.1.25 jor )

9 -7 : l




9.29

squarce Toote The “deprecintisn ehnrios —oull be usel for repoyent
S5F Caoitnle It mmy e notel, that this is nlso the presomt cost
Of rriluetion an? selling pricc of slute, the Mu.0.05 »pnrent
MHffercnecin price boing fue s the royalty charges  fiieh ara

nst beins ail at ressnt.

w«nsther zlterantive is to o crate the projeet 2z a comercinl
cuater,risce The enital requireent of Nu.?8 lakhs (ircluling
Mu.2 l-khs requirc! on susiouse “eeount for a short pericl) ay
be raisct by 2n cquity e ital of Mu.1l lakhs, 2 12 yenr torn
loan of Mu.22 lakhs ~t 12% interust, and 2 short-ternm bank
overdraft of Mu.S 1 khs 2t 15%. = ,ricc of Mue1.40 per squrre
foot wroull yield 2 ‘iscounte’ cash flow (DCF) return of 15% on
the cquity eapital.,  this =511 he o very sttisfaclory return to
berin iith, s;ccinlly <hen it is cousifera! that a royalty of
Mue0.05 Jor squnrc foot roul? be rayswble nors, vhich -ms not paidt
before, anl the stle jrice is 'meh less thon cven half of Ml 3,23,
whican itsclf is nut an unjustifiel rice. o cash flo- table =ant
cilcul~tions of Present Values, sho-iny the finanei-l position in

this ~lternative is shom in Table 1.
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Cash flouw Table anl Calculastion of Prosent Valuc
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s Cash Inflow
() 3=21us Revenue 16480 1680 1680 16.80 16.80 16,80 156.80 16,80 16,80 16.80 16.80 184.80

(b) DCQI‘Cle‘.tIOn 2-93 2~93 2-93 ?-.93 2'93 2093 2-95 2-93 2093 2-93 2093 32.23
1973 19.73 19.73 19.73 19.73 19.73 19.73 19.73 19.73 19.7% 19.73 217.0%

B. Cash Qutfloyw
1. (a) Squity - 11.00 11.00
(b) Rc_nynent of
- torn loan 2.20 2.20 2.20 2.20 2.20 2,20 2.20 2420 2.20 2.20 22,00
{c) Interust on tern loan 5.60 2457 2438 2.11 135 1.58 1.32 1.06 <719 53 .26 20,12
{4} dc_zynacnt of brrk overdraft 1.00 1.00 1.00 1.00 1.00 500
) (¢) Intcrsst on bank overdraft 0.75  0.50 0.45 0.30 0.15 2425
2. Prolucticn costs 12.05 12.05 12.05 12.05 12.25 12.55 12.5% 12:.55 12,55 12.55 12,55 136.05
- 17.5 18.64  18.23 17.81 §7.90 17.48 16,07 15.81 15.54 15,28 15.01 19€.12
C. Net Cash flor (L=B) -~ _  11.00 .08 1.09 1.50 1.92 1.33 2.25 3.66 3,92 4.19 4435 e T2 20.61
D. Prcsan Vnlue % 11.00
Ct 157 - Pligls
X.F.) = 10428 ‘.57 0.72 0.86 0.95 0.79 0.85 1.21  1.11  1.03  0.96 0.38 .75

E. Cumlativc net cash

belance 2,08 3,17 4467 6459  8e42 10967 14.37 18.29 22.48 26493 31.65




9.30 It may be noted, thai the price of slate as well as the cost of
production has bgen sicn constant for a 12-year period in this
financial cxercisc. In practice, tiis will not bc the position.
But it is anticipatcd that inflation #ill affect both the cost
as well as the salc price cqually, and will therefore, not affect
the general asccuracy of this projcction. This is a very valid R

assumption and i3 generally nide for such purposes.

9.31% It may 21so bo noted that no funds have been provided for renewal
of equipment during this period. At the production capacity being
considercd, no mejor roneral of cquipment is anticipated during
this period. Any minor reguirements can be taken care of from the

adequate funds that have been provided for maintainancee.

9.32 Although there is no reason to assumc that the initial production
& sale targets of 12 lakh squarc feet of slate per ennum will not
be met, it will bo uscful to know the financial implications, if

these targots are not ~caieved for any reason, whatsoevers

At 80% schicvement of tue targets, the production & sale will be
9,60,000 sgft. por aunvm. The reduction of costs will however,

be only as ,iver below:?

(i) Zarnings of artisans Nu.
(12,00,000 ~ 9,56C,000) = 2,40,000 @ 0.20/sqft. 48,000
(ii) Royalty 2,40,000 @ 0.05/saft. 12,000

(iii) Recduction in cost of fuel, lubricants for

production squipment, explosives, &

maintainance supplics, and cost of crating,

loss on breakages, transport cost of stores

& fuel to site ote. @ 10% of Mu.3,40,000

(1fu.2,76,000 from itum II A and Mu.64,000

from item V of para 9.12) 34,000
94,000

¥

The cost of production (excluding
intervst ciarzes) of 9,60,000 sqft. of

slate per annum vvill thus be 12,55,000
94,000

11,61,000

. o Cost of production per sqft. Ma.fe21

¢~ 10




Thus if the production and sale was lower by 20%, there will be

an increase in cost of about Nu.0.16 per sqft.

This further highlights the importance of not only achieving,
but cxceeding the targets of production & salcs.

9-1




10.01

10,02

10.03

10.04

Scetion — 10

National Econonic Benefits

an anclysis of cest of Slate and C.G.I roofing has been given in
amncxure I+ It ;111 be seen fron this that the total cost of Slate
roofing works out to Ml.6.349 per sqft., vhereag C.G.I roofins costs
Mue 10464 Der sqft. ﬁxﬁs C.G.I roufins is costlier than slate roofing
by (10.64 = 6.49) per cent or nearly 64%

6449
Slate roofing is more curable z2nl if properly installed lasts the
life of the building, vhereas C.G.I roofing requires to be painted,
and may also rcoed to be replnced, then its gets rusted. This will

add to the coust still further.

It -411 be further noted from anncaxure I, that the import content
of material in CeG.I roofing (C.G.I shects, nails, L hooks, roofing
scroirs, limpet -rashers, bitusxn washers) torks out to be nearly T5%
of its costs, therexs the import contont of slate roofing (nail &

roofin: sero.s is about Q.5% only.

The cust analysis further shows ag followsi=

Cost of roofing 2500 sqft.

(i) By C.G.I gheets Na.
(a) Cost of CuGeI shects, 1.7¢3 tonnes 18365,99
(b) Others costs 723737

(ii) By 3Slato

(a) Cost of Sloto, 2 314 nos, of size
% en x 60 cn (or
2 saft. oach) 7520450

(b) Other costs 8710.92
16231.42

10 -1




10,05

10,06

10.07

This =moans that if the price of slate was higher even by (25603.36 ~
152314.11) = M.9371.94, the cost of rocfing will be the samc . That
. Do ac , ) 5 Wi 21.24

13, thce cost of slate could cven he hicher by 2314x2 per sqfte. or

by Mu.2403 Der sqfte Thus, cven if the cost of slate at Thimphu is

(1.63 + 2.03) i.ce e3.66, it will still not cost morc than

selGel roofin;;.

Henee the contribution of slatc to the national economy,.on an average,
at prescat is Nue3.66 per sqft. ™hen the project is developed to its
initinl ecanneity of 4000 sqft. per day, its contribution to mational
econoy ill be 12,00,000 x 3.66 or Mu.43,92,000 per annur.

apart fren providing gainful and skilled employment to about 65
persons, the project vill provide an exccllent training ground for
Mining an! Industrial Projeet Menngement. This will be extremely
uscful for developugnt of other nineral resources of the country, as

well as in manageoent of industrial projocte

Me Project fits in beautifully ith the national economic policy

2f atteinnent of se¢lf-reliance.

10 -2




11.00

11.01

11.02

11.03

11.04

11.05

11.06

Scetion - 11

Conelusions & Reconrendations

Conelusions

Bonscgeona slote deposit in Tangii Phodrangs district of Bhutan
hng larce rogerves of 2ol guality slate, which are alequate
to sustnin an efficicnt nodern nine & processing unit for a

long titice
Te quality of slate is cntirely suitable for roofing jurjosecs.

Thicker slatc slabs from the mine can be cut & polished into

slatc tiles for flooring & pannclling.

Slate is a better & cheaper roofing material than corrugated
galvanisel iron sheets(C.G.I sheets), CeG.I roofing; being about

64% costlier than slate roofinge Slate i3 available indigenously,
whercag CeGeI sheets have to be all imported. 'Mereforc, apart from
nmeeting the sbjeetive of gelf-rclianco, the production & usc of
slate in Bhutan is in the best interests of the country and its

seopla.

bs 0st of the exposed outerop of ¢wod quality slate has bcoen
nearly wworke!l out in the last fuv years by sinll-sealce nining,
it is ncecessary to reaove overburden to provide working pleeccs
for futurc _roluction. On necount of the hard naturc of the
of the overburden, and the difficulty of zotting sufficiont
labour for zamual work, it is nccessary to usc mechincry for

removal of this overburdeon.

To cnable this inligenous natural rcsource to make its best
contribution to the economy of the country, it will be necessary

to develop it into = proper & officicent nine of optimn sizc. To
start w7ith, the nina nay have a capacity of produeing 4,000 square .
fect of slatc slabs ser day. ‘hig will require an investront

of Mu.38 lakhse T o minc can bo brought into full production
within a yeor's tivs, aftor the oquipmont has been obtained,

the roads heve boe . dnprove?! & constructed, and initial faeilities

11 -1
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11.07

11.08

11.10

1.1

11.12

1113

11014

1172

orovidede Lfac latter facilitics can be coupleied —ithin 2 year,
if a’cgquate funls arc provided. The cost of production,
cxcluding intercst mnl fineneing charges is cstinmated at

.1.05 2or sguarc fooute

To onsurc s:foty an. cfficicney, it 7ill be necessary to work

the uins on 4 & *fic basis, spocial emphasis being 1ail on
the urintiinanc .rkinz places with proper <ri1th and héight.

In vier of tac locaticn H>f the project ina remote arca, it
-A411 be nccossary to lay special crphaesis on proper maintenance

5f souipueni, ng ell as of aporoach roads to the minc.

Zeesumendationss

As many peorle are not yet avare of the superiority of slate s
a roofin: material, a conecurteld of fort should be male to clueate

then in this rogerd by suitzble publicitye.

Saitable financial incentives, like prefercnee in gront of loans
for house=builiing, my be considered for those using slate for
roofin their housese ' ' . 'y

, .
For buillings using public funds, only alat roofin; should be

ingtallc) in future.

Efforts shomld be made to promote the use of slate in
noighbouring arcas of India, as well as in countries like

sugrerelice

In view of the highly beneficial effoet thet this project will

havo on netional ceonsdy, considoration may bo givon to its

imploncntation on a priority basis.




ANEIURE 1V
analysis of rate for C.G.I sheetg roofing

51, Joscription of iters NUnit Jeuantity | bete  emount
No :

S | R DERURDIDERRUNS FEDEDEDURS DU
i loterials. Dotails of cogt of 2500 sq.feot

1. CeG.I gheoets MT 1.743 BT 10537.00 18365.99
2. Tigber Cft 174.08 Cet 17.00 2959. 36
3 Neils e 58.1 kg §.65 386437
4e L. hooks kg 58.1 kg T+65 444.47
Se Roofing screw ke 29.05 kg 11.00 319.55
6e Limpet washcr €ross 29,05 gross 1.75 50.84
7e Bitusen washer gross  29.05 gross 3.% 9732

B. Labour

Carpenter 1st cless each 1743 nos. 12.10 210.90
Carpenter 2nd class each 32+24 nose 9.90 230,08
ible mazdoor cach 34.86 6.05 210,90
23275.78
Add 10% for over Loads 2327.58
25603.3%6

T o » cost por sq.n =25603.36 x 1C.76
2500

= 110019

Say MNu.110.20/squarc netrc.

cost per sqfte = 25603 = Mu.10.64
' 2500




analysig of rate for Slate roofing
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Dotails of cost for 2500 sqft.

e b terials

Slate each 2314 nos 3.25 7520.50
(30co x 60cn)

Nails kg 5.7 kg 6.65 38.24

Roofing; screw kg 4.1 kg 11.00 45,10

B . Iﬂb ouxr

Mason 1st class each 37.72 nos 11.00 414,92
Carpenter 1st class each 5«74 nos 12.10 69.45
Male maxdoor each 28,70 nos 6.05 173.64
C. Timber for trussess Cft 278.8 eft 17.00 4739.00

D. Lebour for preparing trugsess.

Carpenter 1st class , each 28 nos. 12.10 992.20
Carpenter 2nd class each 36.9 nos 9.90 365,32
Male mezdoor each 656 nos 6.05 396.88

14755.84
hdd 10% for over heads - - - 1475.58

Rate for 2500 sqft. 16231.42

o » Rate for sqemeter = 16.231.42 x 10476

2500
= 69.85
Say Mu,69,90/pq.metre.
Cost for sqft. = 16+231.42 = Mi.6.49
2500 ft.
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INDI.R INSTITUTE OF TECHNOLOGY, Del«il .

Dr. P. Kopar
Division of Engg. Geology

HaUZ KiLS
NZ7 DELHI - 110029
DalB: 25th July, 1975
R8F. : IITD/CE/PK/T5

This is to cortify that thc Slate Serplcs fron Bonscgeona

Slate Deposits were tested and the following rusults were

obtained for various tests mentioned below:

1.
2.
3
4.

5-
6.

Te

TRLNSVERSE STRENGTH (ISS-1121)
SHEAR STRENGTH (ISS-1121)
SPECIFIC GRAVITY (I3S-1122)

a/ ¥.TER ABSORPTION (24 Hrs.
Imnerson) (I3S-1124)

b/ GAER ABSORPTION (ISS-1124)
5 Hrs. Boiling

TOJCHNE3S
DUR.BILITY (1SS-1126)

CL&VLBILITY

- 12,010 p.s.i.
- 3,094 poSoiu
2.765

-  .10% by weight

- .12% by weight
- 00292 p-s.i

- P ,
0.52% Na2 304

~ F.IR upto 3/16"
{Norual)

Sa/-

(P. Kumar)
Officer-in-Charge
Division of Geology
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Proporties Bonsegeona India Indian United Kingdonm smerice
slate of Dharmsala Kund Kurnol Standared South 7ales. Zagtern Pensilvenia
Bhutan. 15:16250~1971. Newyork
Spceific 2.765 2.706 2.782 2.784 - 2.766 2.783 2,764
gravity
Medulcs of  884.3 489. 547 861.7, 600 ke/on’ 861.87 ke/on’ 844,65 ke/en”
Transverse kg/cn kg/c kg/sq. kg/cn 12059 psi 121015 pai
strength 12010 psi 6968 psi cn 12260
Shear 216-19 172.4& 231.62 239.59 -
length kg/on kg/cm kg/on kg/cn 2 2
‘ p3i 2453 psi 3295 408 210.61 kg/em 223.97 kg/cn
. psi psi 2996 psi 3186 psi
Water
absorption  0.1% 0.10% 0.09% 0.08% 0.2% 0.07% 0.098% -
Corrodi=- .
bility 0.52% 0.60% 0.42% 0.40% - 0.60% - 0.49%




Apnoxurg III
Proporties Bonscegeoma India Indian United Kingdom smerica
slate of Dharmsala Kund Karnol Standared South 7ales. Sagtern Pensilvenia
Bhu tan. I3:16250=19T71. Newyork
dpseific 2.765 2.706 2.782 2.784 - 2.766 2.783 2.764
gravity
Medulcs of 884.30 489.83 547 861.7, 600 kg/cm2 861.87 kg/ cm2 844.65 kg/ e’
Transverse kg/cn kg/cn kg/sq. kg/cnm 12059 psi 121015 pai
strength 12010 pai 6968 psi cnm 12260
Shoar 216419 172.44 231.63  239.5§ -
length kg/on kg/cn kg/on kg/cn 5 5
pai 2453 psi 3295 3408 210.61 kg/co 223.97 kg/en
psi psi 2996 psi 3186 psi
Water
absorption  0.1% 0.10% 0.09% 0.08%  0.2% 0.07% 0.098% -
Corrodi= : ‘
bility 0.52% 0.60% 0.42% 0.40% - 0.60% - 0.49%
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Annexure IV

Marketing Progpects for Slate in Bhutan

Slate from Bonsegeoma deposit is now getting popular as a roofing
material in many parts of the country, and specially in areas, which are
comparatively at a lesser distance from the deposit, as the transport
cost of slate to these places is rather low. These areas include the
districts of Wangdiphodrang, Punakha, Thimphu, Paro, Tongsa, 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. ¥angdiphordang 2,486
2. Punakha 952
3. Thimphu 2,893
4. Paro 2,436
Se Tongse 1,247
6, Bumthang ‘ 1,093
Te Haa 817

Total 12,059

At present most of these houses have wood shingle roofing, though
some houdes had recently installed slate and C.G.I roofing. .

Wood shingle roofing is being slowly 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.




As the cost of wood shingle roofing will increase, there will be greater
prospects of more permanant types of roofing being installed. A&s 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
mmber of houses will change tneir 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:

Total no. of 2% of houses, Average quantity Total f

houses changing to slate of glate required quantity ’
roofing per anmum per house of slate
required
12,059 241 3,000 sqft. 241 x
3,000
=7,23,C00
Sqfto

In a quest fo having more permanant type of roofing, C.G.I roofing
has been coming into use recently. In 1979 - 80, the import of Cc.G.1
sheets in the country was 2,182 bundles, cach bundle having 191.52 sqft.
of sheets. The total erea of sheets imported was thus 2182 x 191.52
= 4,17,896 sqft. or say 4,18,000 sqft. Slate should replace the use of
C.G.I sheets in future. As on account of overlapping required in slate
rbofing, the quantity of slate used is at least 50% greater in area, the
quantity of slate nmexded for this purpose will be 4,18,000 x 1.5 =6,27,000
sqft. (In comparing costs of C.G.I shects & slate roofing, the nced of
this 50% extra quantity of slate has been taken into account). As most
of these C.G.I sheets were for new congtruction from public funds, this
demand is in addition to that for replacement of roofing in the districts

considered above.




|
(W)
I

The total demand of slate therefore, is likely to be as follows:

1. For replacement of roofing in scven

districts mentioncd above T523,000 sqft.
2. for substitution of C.G.I sheets

being imported at present 6,27,000 sqft.
3e In new construction for dsveloping

sctivitics of various departiments
like schools, hospitals, army, and
in private establishments 1,50,000 sgfte.

e e et s

15,00,000 sqft.

4s a matter of abundant caution, the firm demand mey be taken at
80% of the above cstimate, giving a figurc of 12,00,000 square fcet per

aninime

It is eclear that if supplies can be zgourcd, there would be definitely
a good market for slate in the country. This demand will inercase further,
if people in rural arcas ean be persuaded to use slate for roofing their
houscs, by providing them if necessary, soft-term loans and other finaneial
aggistance for purchasc of slatec. As the usc of slate is of cconomic
bonefit to the country, if necessary, thc Government could even stop the
import of C.G.I shects, when enough supplica of slatu are availadle in

the country.
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