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I : The coai coscessioa cf Hernia Coal Xine Co., Ltd. occupies a part 

of so-called “Fernie Gal Field” sityiated abol;ti7CiI +I& east of 

Vancouver, at the western frost range of the Eo+y Xountains, asd 

it totally comprises 15,280 acres. 

2. The, distance betwaen’ibe aearest track of the Canadian Pacific 

gailway. and the concession Is soze 10 miles, aloca the existing 

dirt notor road. 

3. Thei-e are. 13 coal seam in the lower haif part of the Kootenay 

Forira;ion with an elevation of. around 55CO-6500 feet, along the 

flanl; of the EicZel 3idge.~ The lower three coal, sea& U4, I2 and 

M, have the thic:tr,&ss of is-27 feet. 21-36 feet and 24-27.feet 

respectiveiy. 

i ” 
,’ , 

.’ 
4. Each coal scan indicates dipping of lo-45 degrees oil the *surface. 

5. Total propable coal reserves of these three coal seam in thk 

noithern half of the 2ropcrty are estimated to be 4CO zillion tons, 
., 

of which about’65 zillion tons of the nar’xetable -grade clean coal 

. 
might be producible in the way of underground mining. 

6. $mpIes colle.Gt&d 3oz the tentative adit drived in the LR seam. 

&out 90 feet beneath the surface.~ indicate the following analytical 

results: 
I 



I an pleased to Sub;cit this reyct to 7x1 as a conciusion asd 

.recomendatfon on the second-stage gao:ogic reconnaissance 

carried out this suzer at the Fernie coal nine owr,ed by Fernie 

Coal 5ne Co., Ltd. 

Ox idfort ‘was cozcecti- atad to get a thorfqh g:asp of tho 

geological structure of coal seam and t&e naVs2re p$ coal, for 

the pipose of exac5nir.g the possibility al exgo:ting. coking 

coal to Ja;3ar. from this concession; 

. 
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inherent Xoisture 

Voiatiie xatter 

aloriiic Value 

Frei $itio 

Cake Satton’ Index 
__. 

I 

Flcated S.G. 1.45 S.G. 1.60 

1.5 

% . 2r;0 20-b 

% 71 .o 69.~8 

% 6.4 8.1 

c-31. 8,050 7,690 

3.4 3.4 
. 

0.4 0.4 
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The concession is located in the northern ba.:f cf 3o,mi?ion Coai Xock. 

some 12 ?iIes east of the Ferxie Township, as the crow flies. and it 

conprisas 31 ciejms. totally 15.280 acres. 

The distance beiweea ,Vaxouver and Fe rnie is soce 644 miles along the 

highway azd 960 miles in a bee line. The Canadian pacific railways 

pass thyough some 10 miles north of the coal field. The concession i,s ’ 

accessible from the %ichel.or the Fexie township tbzo?gh motor road; 

the former is aboct 13 miies away from it and the latte: i7 miles. 

Although tbe gas pipe line goes from Alberta to Gaited States through 

I the coal field, there would be no unfabcrable influence .for mining 

operation. 

.I 
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The city, of Fernie is one of the oldest coal mining and logging- towns 

in Canada, with ~35GO population. . - 

Tne concession occupies the msuntainous area of the western front of 

the Rocky Kountains. 5030-7000 feet above the sea level. a part of 

“The Ro.cky Xountai,n Forest” where v L up to 6000 feet. is covered mostly 

with thick needle-leaved trees. 

It is rather severely cold and has great amount bf snow fall in winter 

time. which. however. would not become deterrent to the forthcoming 

mjniag activity and trai”fic. 

Th? Xichel Ridge,. approximately 7000 feet above the sea level.‘range- 

north and south in the northern >art of the concession of wh;ch the 

hig@st.peak is the Xt. Taylor with an elevation bf 7381 feet. 

The Leach Creek originated froLT the south:a, end of~the Xichel Ridge. 

runs through the concession and joins t’oe YIche: Creek at the north end 

of the concession. 2aotker creek, ihe EcEvoy Creek. runs through the 

middle of ~t5e concession to the east. All the valleys are deeply incised 

with glacial U-shape and occupied by perennial s~treams of clear water. 
.i 

The.difference of altitude between the Niche1 Ridge and the Leach Creek 

or, and the Miohel -creek. is approximately 2000 feet.- And the steep . 

slope of the Michel EidGe consists of coal bearing sedimentaly strata of 
. . 

the Yootenay fornation. ,. ‘. 



Stratigraphy 

This coal field coasists oc 7X A ..esozoic sedimentary strata, whose 

s:ratigrapbic correlation is as follows: 

Thickness of Eed 
Geclonic !.cie '~ Kax of Strata at/around the Xt.Tavlor 

Lower Cretaceous Elairmore-Group 600- 900 feet (?I 

----- (Unconforr+ty) __-__ 

f 
Lower Cretaceous Kootcnay (ibtz qnbar .1050-1650 feet : a 
& Jurassic FOilX~tiOZl I 

(coal bearing bed>U?illcrest 150--360 feet 

: 
metier 

CAdanac mc&er 90- 150 feet 
C 
(Xoose Xi.. 
I member 450- 600 -feet (2) 

Jurassic Fer.qle Grol;p 

DStailed exposition of Kesozoic strata: 

Ferni e Grow , 

The strata of’?ernie Group form the Eesozoic Basin with the underlying 

S-ray Siver Formation, and consist of alternating beds of shale, silt- 

stone, ,azd lesser acowt of sandstone which holds the top of the 

Fernie Group azd gradually changes to brownish quartzose sandstone as 

it goes to the upper part of the top zone. ‘They are mainly marine 

strata. 

-5- 

J 



3.2 :<soter.ay .F’cr,mar:on is mair, coal bearing formation of this coal 

field, and can be di7ided into the folls;vi:.~g fsur meAers: 

ccrqrises dark greyish. fine to mediu;r.-grained and hard greyish 

white quartrose sandstone. 450-500 fee+, (?) thick in this region. 

It is a distinguished !cey-bed of the formation, due to its 

ability to make numerous and remarkable outcrops. The occurrence 

of a large arzazite 5x1 the upper part .of this formatian 

indicates that tte sandstone of the ;:oose Xt. ::a~rA2r~ is marine 

origin. 

b) Adaaac $TeaAer 

‘Ihe Adacac :I;eirber, 90-150 feet in thic!iness, consistSof dark 

greyis:h and blackish mudstone. shale, lesser amount of silt- 

stone .and fine sandstone tcge tker with tvo coal seams named 

L-seam and x-seam. 

c’) Eillcrest J!ember 

Ihe Hiilcrest ?‘;erber consists of txo or,three beds of greyish 

fine to coarse gAQ --ined carbonaceous sandstone with thin alter- 

nation of mudstone and siltstone and locally iaterbeded thin 

lenticular beds of conglomerate. It is about 153360 feet 

thick; 

d) !Jutz Xarrber 

The upp& me&e?- of the goote;?ay Formation between the Hillcrest 

xe.zAer and the uncmfoxa51e base of the Blairm Group, is 

represeztei by sevez alternating strata of fine-coarse-grained 

J 



. 

‘1’ J . 
bIac!cish grey sandstone bed and xdstone, shale, siltstone beds 

with wideqread 1-3 thick coal seams, of vrbich each bed has 

thickness of SO-4% feet respectively, totally 1050-1650 feet 

thick. 

The !Jutz Keraer is a c.a.jor coal bearing strata i.r t:is coa1 field. 

&Id it has altoget’cer 10 interbedded coal seam, z&ed iJ1 to Ulo 

frcm the base, among them 7 or 8 coal seams show more than 5 feet 

II) Geologic strwture 

The Kootenay, Formation, coal-bearing strata, constitutes a synclinal 

basin situated in the north-east o f the large Fernie basin which is 

separated from it by the Loop and Flathead faults rmnirq from north 

ta south vnth 4500 feet throwicg toward west. 

The Loop and Flathead faults divide the area into two parts geologically;. 

the north-eastern and the south-western parts. 

The iatter part ‘is mostly occupied by upper strata more than the coal 

bearing bed, because of the KcEvoy-syncline at the middle of this part. 

In the former part, the Yootenay formation, coal bearing bed,.forms 

a srall basin which is ap,groximately 5.5 miles long from north to 
=. 

south and 3 miles wide east td west. In the basin, the axis of the 

-. , 

.) 

Taylor synclinc runs through along the Xichel Edge. The east and 

west wings of this synclinal structure along the Kichel Ridge are 

mostly composed of the coal bearing Kootenay Formation. 

The tiche thrust (1) mns through from north to south at the eastern 

slope of the tbt. Taylor, a.?d the other one, the Eichel throust (2) 

runs parallel with tte distance of .one mile to the east from the 



. . 

thrust (1). 2otk oi the two thrOX;o rkz east abort 1500 feet with 

diapizg west. Gout 0r.c tile wsi of tke LX. Taylor a coqanion 
., 

felt of the Loop fault rL;=s tbro-.g!: fl-a- north to south. throw 750 

fk?Ct t0 Wt?St , ar.d ;oir. theqFlatbead Fault. 

A. coal bearing bed on the west rvir,g of the Taylor syzcline generally 
. ’ 

strikes to t::e zorh 30 degrees to east and dips 90-60 degrees to 

the east, however it see-s to be more ger.tIe dipping into the deep 

place. 

Structure of coal seam is :a?her co;cp!icated on the southern part 

of the east wing. because of 2 local cczplex geologic structure, 

sxh as small sca1.e folding and faulting. Eowever, it. in the 

northern Dart shows rather a gentle di#ng of lo-30 degrees to the 

west. 

The Elainore ‘groap strata overlie uncozfimably on the Xootenay 

Pormatioa and consist of the Taylor Sycclinal axis Ovei the Kichel 

. 

-e- 
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kxg the 12 ccal seams, several favorable important coal seams can be 

‘k--:’ into sba:y beds-of *i-e bddle sod lower ?iutz E:ember *. I. . 

.kd it see-s to have a tenderxy of becoming stable to the middle from 

t:h? :oxer 02 variation of ihick:;ess an d transverse, becaue of icf:uence 

fYf cz strtictural novenent of tke Eder?yiq %rnie shale. 

2: the xest w’,ng 02 the Taylor syncline and the western flazk of the 

:tic::el pjdge, the coai seam diys 30-60 de*grees to the east within 

e!e*ratio?. of SSCC-?OCO fe?t above the sea. And at the eastern flank 

of the ;,Iichel Zidce = , it shows IO-30 degrees to tbe YJest. 

..’ ‘:I- can fizci each major coal sean has iaore tkan 5 feet in thickness which 

is a considerable thickness for favorable underground mining. and it can 

be traced to over than 1.5 miles aloog the strike side by bulldozer 

trexhing , 
, 

“.ore detailed discription ox each major coal seam is as follows: 

‘.: sea3 .i 

It, the lower nqt coal seam. exposed in the Adanac ixember and 30-60 

feet above the top of the Xoose Xt. Xember sandstone. 

The thic:,:zess of this sear. is 18-36 feet, incladizg thin coaIy shale band. 

At the trench XI. TN3 & T!‘,5 in the west of the Xi. Taylor, coal thick- 

ness is X-12 feet w’,thin 27 feet thick coal seam. 
J -: I .! ,q 

‘_ 



:‘ >~ 
i. sea2 

It 1s seen at intervals a7ound 30-45 feet ibove the ?.I-seas,. 

The ttickness is 6-15 Zeit. 
I.3 &.i? 

I!2 sea!? 

IL is sitxted at r15-60 fee: above t!:e top of Sillcrest sasdstoae, 

usualiy beicg accoapanied by two coal se&s, II3 & ~1 above and belovr 

with shaly band. 

The thic!cness of this seax is’16-28 fee t at the trench Th’6 & r::a in the 
L3 &1 

west of’Taylor Syncline. azd its coa1 thic!cness is 14-22 feet. It is 

possible to trace 7500 feet albng the mst flank (I, ’ c tbe Jlt. TayIor and 

also 5100 feet to the south~fron the Loop co~pszio~ fault. 

At the trecch T.Z?, TE4, TE5 and X6 which are between Xichel Thrust .(I) 

and (2) of the east Vr;zig of.the Taylor Syncline, the coal seain is 14-55 

feet thick, (ir. so-e parts, together with *a & L3), and its coal ~thick- 
. 

ness is 9-37 feet, (15 .&et on the average). 

It is positive to be traced qto the distance of 4500 feet along the 

east flank of Xichel Ridge and more at least 6000 feet-tracing to the 

south will be possible, though then structure is rather oonplicated. 

04 sea3 

Tt is situated at 150-240 feet ahove the U2 seam, The thickness is S-.18 
_. 

feet at.the west of the Taylor Syac1ir.e and 6-28 feet zt the east, and 
yl : i 

its coal ttickzess is 12-25 feet at the trench TX4 & TE3. 

The sea3 has an u:nCulatfon of thickness towards the strike side, however, 

i 
as the clean coaI,are seen concentratirqir the middle. it could be 

expected to yield e.ffectively at the thickness of 5-6 ~feet. 
i I 

.~ 

- 10 - 
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25 sezz 

', 1~. 

Ii is situated at 60-153 fee; above iha 24 sex. Ti:e thickness is 1.2 feet 

at tbc ?z?nc:h TVT , seex to have a rat:-ar pcor continuation in both strike 

azd dip sid%es coqared with LZ or C4 sea-. 

It occxs in 240-3G3 feet above the LX Sean asd is 15-22 feet thick within 

13-19 feet of coal thickness at the treach T?3, TX1 & TV,?,. 
‘5” 

It is intarhedded into ?Xck sandstoce bed at 153-15X feet above the i% 

seam. This s&a3 is fairly thin, suck as 3-O feet; and shows rather 
-1 ; ~-+ 

spraaded e?ocgetion.to the strike side. 

The two are 24&360 feet above the L77 seam with in&bedded shale, ahd 

b-9 feet thick each. These would be eroded out by uncoafomabie surface 
i c 

between the Xootezsy end the overlyiag 3;airnore group in the southeastern 

area. 

Sogarding the coal seam oft the zortheru and northeastern slopes of the 

Mt. Taylor, de:;i?ed icvestigation colild not be carried out in this season. 

Rut it is certaic fro3 the surrounding geological structure that these 
.i 

coal seaax exterd to the northerr. and’northeastern slopes of the Et. 

Taylor, going along the nountaia. 

Rorizoatai trial heading, 95 feet deep .and soCie 90 fee,t below the surface, 

was ca:ried out for this seam at the trench TR6 on the east slope of the 

Xichel Ridge. 



Conceroing the natilre of coal in/axmd tke Fernie coal field, I icagine 

as under. .~ 

1) Stratigraphically. t:le lower zest coal seaa shows lower volatile 

r;at~ter c0nter.t of approxioate 15-17s. R”.d it increases to 27-2% 

at the upper most. 

2) I The hi.7zlest figxe of Coke E~tton Index was inditated on the coal 

of 29-23jj volatile zatter coztsnt. 

3) 3, coaslderisag from strctigra?hic circuzstance. only we expect to 

fi;?d a good natxe of coal ic iha lox&r Sa:f of the Lutz nezber. 

.4) However, it is ucdey.iable that the natures of coal is varied partially. 

: 
srtffering fxm lo&l geologic variation such as minor faulting of 

foldinsg. 

5) iqeathering of cpal seex to extend to 30-200 feet dees, thcyh the 

de23 depends on places sufferir.g frc3 geographic and geologic 

conditions. 

, 

blows: &tailed discription on ih? nature of each r;;ajo: coal.&ao is as fol 

.i 

Ia Su;P=ei of 1966. several dr 3~:s of saqles were collected from the 

tentative shBllow adit, some 36 .feet’ deen, in this seam 



clean coa: 
Prepred so as to contain 
arcizd lUj& ask. 

Xcist-re total 9: 

Sixface Xcisture % 

Ikerent Soisture ;: 

Ash % 

Volsti?e xstter % 

.Cixe< Carbon % 

sul pt.ur gs 

B .T.IJ. ‘s 

Free sxel;inG i.-.lex 

Qlcrific Value 

rye? xatio (C/V.JL 1 

Pee Coal 

p;re C0z.I Caloria 
(Ash, Koisture-free) 

I 
3.15 

2.47 

0.68 

15.78 

1-z -33 

6S.ib 

0.51 

13,119.98 

2.5 

1.4 Y 

9.6 

15 .-I 

73 :3 

I 

7660 Cal.’ 

4.7 

S9.G 

8630 

As pktizest and f;-esh coal sam$es for testing cocld’not be coIIected 

during Last reqoxaissance due to the physical conditidn, nature of the 

oricriza! coal of this U-seam was not confirmed. 

02 seam 

p:e carried au the~2aw Coal test on sam$ds which were collected from 

i 

the adii in the ;J2 seam. T!k test resnlt is attached at the end of 
. 

this chapter. 
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1:-l S.?ETP 

Assay resrits of sa.zges collected fror, the snrface trench at tha east 

side of. tke Tayfor $ccline arc skcium an the following tabie. 

Floated ct S.G. = 1.6 ‘- 

Trcnc~ NO. 

1nhrer.t Xoisture s 

ASC % 

Volatil~e Latter % 

Fixed Gabon % 

.(Zalorific Value 

’ .‘SdIphur ~% 

Free S.veIling Index 

Float 

sir.!< 

. 

Td iower 

1.95 

6.43 (4.5) 

22.28 

69.34 

14,321 

0.45 

1% 

TL3. upper 

1.78 

8.3 (7.21 

23.&9 

59.03’ 

13.523 

6.43 

2-a. 

% 

% 

95.42 

3.56 

.: 

95.13 

4.87 



5xges of several dxrs xere collected fros t:;e tentative aciit, som 

95 feet dee-,. The test restilts of those sangl es are shorc~. or. the 

folloxkq~ t&e. 

R??? Coal Test 

.*. by ?XIJi KiNISG c3., LTD. 

Sas~L? : Ta:ten fron R se&. adi t X0. TS-6 

_. 

1) RZYY Coal Sizi;lg Test 

3) h-oxinate halysis. S~ellicg Test tC.a.I.1. 

. 

.i 

_. 

. 
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r \ Saqle : Fernie - 3 

i 23 m/m 7.0 

25 - 10 m/s 25.7 

10 - 5 m/n 16.2 

5 - 0.5 m/m 41.4 

- a.5 m/m 9.7 

Total 100.0 

2. sizir.a yest : + 25 m/m (7.O,%). Crusked to r?.inus 25 m/m 

Size Nt $4 

25 - 10 m/m 69.9 

IO - 5 c/m 21.0 

.’ 5 y 0.5 m/m 7.0 

- 0.5 m/m 2.1 

Total 100.0 
* 

3. Cmmosed sfze rati.a after crushi!!a : 25 m/n i 0 

Size \vt $6 

25 - 10 m/m 30.6 ) 
.i 1 

IO - 5 m/m 17.7 I 
1 

5 '- 0.5 m/m .41.9 ) 

- 0.5 m/m ~9.8 

Total 100.0 

I - 17 - 

Ash % 

20.5 

18.9 

,. 20.3 



sp. gr. I'!?. . % ASl: y4 Wt. % As?. % ::t. % Ash % LP. 

- 1.30 4.5 2.3 4.5 2.3 95.5 ‘19.1 2.3 

1.35 39.3 4.3 43.8 4.3 ‘56.2 29.2 23.2 I 
! 1.40 19.4 8.4~ 63.2 5.5 36.8 40.2 53.5 ! 

1.50 13.5 14.i 77.0 ?.I 23.0 55.9 70.1 
1 

I.bo 4.6 25.1 5?.6 9.L 18.4 63.6 79.3 

+ 1.60 13.4 63.6 103.0 18.3 90.8 

.i 



?X..% : 90.2% pe: I;:-; Cca; 

- 1.33 

1.35 

1 .r.o 

,150 

m 

I.60 

. 

2.7 1.4 2.7 1.4 97.3 21.0 I .4 

29.9 3.e 32.5 3.5 57.4 28.5 17.7 

23.8 7.7 jg . 4 5.4 41 .b 41.b 45.5 

14.2 14.3 72.5 7.2 27.4 55.7 65.3 

4.9 24.2 71.5 8.’ 22.5 62.6 75.1 

22.5 62.6 100.0 20.5 85.a 

.i 

. 
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Data : FsrT? i e - 2, rexlie - 3 

or: the tot:1 floatirg ;jrodxts of spcific g-amity 02 1.45 

and 1 .bO, kaviiq noa: b or 8 px-cmt as:? cor.tests. 

. 

Eier;.er.ts 

Ic:?areot ::oistcre 

VcIatile Hatter 

Fixed CarSon 

AS!\ cci?teT.ts 

Total 

Cdorific Valne 

Fuel Batio 

Total Slll$kur 

Ilir.us 0.5 K!/- size exc?gded. 

% 

% 

% 

96~ 

:: 

Cal. 

F’eZXe- A 

,v 2.1.45 F-1.50 

1.6 ~1.5 

21 .c 20.6 

7i.0 69.8 

6.4 a .: 

100.0 100.0 

8,650, 7.890 

3.4 3.4 

0.4 0.4 

.SweIlim Test : Ccke atitton Index 

Floating fzactjon Feraie - A 

“q&F. F. 1.45- .i 7% 

sp.5r. F. 1.60 7 

. 

* 20 - 

Fernie-3 

F.1.45 F.i -60 

1.5 1.6 

20.2 i9.9 

7i .S 70.3 

6.4 e.2 

100.0 100.0 

8,OlO 7,840 

3.6 3.5 

0.4 0.4 

I 

Fernie - B 

6% 

5% .~ 



Es&rated co91 xs~?rves, t!zir.!rinc3: of the econmic Lniq cozditio;t. of 

o;.:y a, 3 asd ;G seax existiq in t;le Taylor sysclinc ax-d ti:e north 

area of the section C in the -a> attached ara as follows: 

Sy::cline east XaSt 

1: seiz a2,:67,0%0 t 40.5&3,000 t 22,43s,cc3 t.:' 165.110.0c0 t 

L2 sea.,-. es ,631 .GSO t 39,:02,CCO t :3,965;0Co t f 142,559,OGO t 

f 
‘;4 sear. 3,551,000 t 24,579,c23 t 7~$CB,OCO t 1 100,b08,0S0 t 

1 
I 

TOXI 240,349,003 t :24,186.000 t .43,~5;,cCo t * 403.356.003 i 

. 0;: ike assx:ption that the s5nable :izAt is i5 feet thicic, nizahie coal 

xssrves ax esticated as u:,der: 

I 

Synclix east west Fault xesi , Total 

# sea5 36.153.003 t 26,622,OOO t 9,S72.000 t,: 72,647,CCO t 

v;! sea3 ~4,tm,000 t 22,285,030 t 7.960,OOO t : 75,o$a.o00 t 

. 
u4 seaa 37,719,033 t 14,747.ooo i. 4,468,CCO t , 55,934,CCO t 

.i , 

“iota1 118,572,oOo t 

. 

63,657,OOO t 

- 21 - 

22.300,OOO t s 204,629,OOO t 



Sj:.clir.e e2st v:est Far?' !';es?. TOi- 

x sea.2 11,559,GG~ t 8,519.GCG t 3,159,(x/3 t 23.247,GOG t 

22 se22 14336GCO i . r 7.132,OGG t 2,547,OCO i 2$,015,COO t 

I3 se;;?. :2,G?o,ooo t 4,719,cco t 1’.43O.CC3 t :S 219 CC0 t , 1 

Total 3?,975,COO t 20,3?0,030 t 7,135,poo t 65,4eI,oco t 

It wili be difficult to f:zd a suitable place hx-e 2 kup a3o”nt of 

co4iog coal can Be cined by o?er.-lit. Sec2use of topographic cxdition 

azd ceslcgic struciwe. Eo:l:ever, about 55 pillion t0r.s cf zarktable. 

‘de23 coal night 5e produced only 5:03 ::;a Y, C2 azd i’4 sea:s of/around 

. ’ , 



F.iIliOr. tms of hard co!ciq nnarkstaS:e coal Qht 5e prodxed Sy 

cdcrsround ~Aing. 

!!:e could recor;r.iza it fro% the resui:s of ra:v ~a: test that the natare 

of cca: in this coccessic stows the big;: rztiag of harl cokiag coal, 

tat is, 19 to 20 pezcesi of voi 2.tilc mazter. 6 to 9 pezc5ilt of ash 

ccatcni and also aver SO percect of washability. 

So, it is recco.zended that the fclIocing Seld works should be ca-fried 

alit fc: ecgineering and feasible sizdy on this ccal c~ncessicn. 

2) Sinking severai dee? diiil1ir.g holes fro- the surface to 

cor.firt~ the str’xtu:e of coal seans. and the natilre of 

ccal in depth. 

b) Top~r2phi c. napping in 8 i2ige redxed scaie at ihe sit?. 

cl 2ial beadicg of explorating tunnel at the.befiriing #ace 

to take sazy,les and ensheering desigcs. 

T. OhtaXi 
Senior Geologist 
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