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PROGRESS REPORT
CROPCO ‘PROJECT, 1961

SUMMARY

Introduction

During 1961, Columbia Iron Mining Company continued investigation
of coal lands held under Option with the Crow's Nest Pass Coal Company, Itd.,
Fernie, British Columbla. Purchase prices under Optlons A and B are
$10,000,000 and $17,000,000 respectively. The bulk of the exploration work
was performed on land held under Option A in order to effect an early
evaluaticn of this basic area.

Organization of the 1961 program was directed by Arthur R. Still,
consultant, Prescott, Arizona, and the project was under his supervision
until June 9, 1961. After this date, supervision of the project was
transferred to Fleld Exploration, Ceolumbia Iron Mining Company. Active
fiéld work began June 1, 1961, and contimmed throughout the field seasomn,

with drilling contimiing until May 1, 1962.

Property Demcription and Ownership

Detailed descriptions of property are given in the 1950 Progress
Report. Property outlines are shown on Maps 6C-4%03 end 61-160, this report.

History, Development and Produetion

Tis section is covered in the 1960 Progress Report.

Geology

Crowsnest coal basin is a structural basin, approximately 35 miles
long In & north-south direction by 15 miles wide, wherein the cosl-bearing
Koctenay formskion of Mesozoic sge has been preserved from erosion. Highly-
deformed older rocks of Paleozolce and Precambrisn ages completely surround
the basin (see Map 6M-321).

The Kootepnay formation consisis largely of shales with interbedded
sandstones and cosls (up to 10 coml beds). The Basal Kootenay sandstone is
the only contimicus sandstone, and is used as a datum for correlation purposes.
Other sandstones in the Kootenay formation tend to be lenticular, and have
Iimited use in correlation. The Basal Elk conglomerate, the base of which
is mapped as the upper contact of the Kpotenay formation, is in reality
several lenticulser beds.

The measured thickness of the Kootenay formetion varles from aboud
1,400 to 2,200 feet in thickness, and averages aboat 2,000 feet. Coal
measures crop out continucusly alomg the west side of the basin, =nd dip
eastward from 15 to 80 degrees. This relationship allows agulfers to carry
gound water down dip, so Crowsmest coal basin 1s also & grouml-water basin.

The Crowsnest coal basin bas been complicated by faulting. The
most intense faulting cccurs along the east side of the basin, and is
Prcbably related to the Lewls overtlxust. Three major structures within
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the basin include; 1) Michel syncline, at the north end of the basin;
2) Coal Creek basin, east of Fernie and Morrissey Ridges, and 3) McEvoy
syncline, in the southeast, and deepest, part of the basin.

Physical Work = 1861

A total of 27 mlles of new roads were constructed during 1961 to
provide access to drill sltes, adit sites, and areas to be trenched and
mapped. The cost per mile varied from $300 to $3,300, and averaged about
$950. These roads were a major factor in facilitating the trenching and

bulk sampling program.

Trenching operations were confined to outcrops aslong the west side
of the coml basin, where 18 ridges were trenched and sempled, and trenches
cn 13 previously-trenched ridgeées were cleaned and sampled. A total of 502
channel samples were teken from 25 of the 31 trenched ridges.

By employing the use of alr equipment. forimining in 1961, s totel of
24 adits vwere driven and 28 bulk samples taken. In additiom, 100-1b. chennel
samples were taken fram the face of each completed adit to provide represent-
atlive samples for microwashing tests. )

A total of 4,196 feet was rotary {non-core) drilled in four holes
by high-pressure air techniques. Rate of penetretion for actusl drilling
time was 7.0 feet per hour, but average overall drilling rate was only 2.15
due to excessive delays.

A total of 7,426 feet was core drilled in six holes by three
companies. Core recovery in coal and bone averaged 60 percent. Overall rate
of progress was 0.81 feet per hour.

Drilling performance and cost sumaries are tabulsted below.
Pertinent data on holes drilled are presented in table at end of this Summary.

Summary of Core Drilling, 1961-2

Footé.ge Percent of Total Total Overall

Contractor Drilled Ft. Drilled Hrs. Worked Cost Per Ft. Fi./Hr.
Core Drilling,Inc. 2891 39 36 $2h.59 0.88
L. Whatley 573 8 16 43.80 0.38
Cenadian Iongyear 3962 53 k8 39.21 0.91
Totals Th26 100 100 $33.87 0.61
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Summary of Drilling Costs - 1961-2

Total
, Type of .Total Footage Drilling Total Cost Overall Feetl
Drilling Drilled Coste* Per Foot Per Hour
Non-core 96 -~ $170,177 $40.56 2.15
(H.P. Air)
Core 7,426 . $251,551 33.87 0.81
Total 11,622 $h21,728 $36.29 1.0%

¥Does not Include site preparation or roed construction and
malntensnce costs.

Coal Beds

Thickness and areal extent of the coal beds generally decrease
upwerd from the Basal Kootenay Sandstane. Coal beds vary from those that are
contimious for seversl miles to small lenses of local extent. In generzl,
coal is crushed and friahle in the lower beds, which have been subjected
to the most deformatlon. Most beds contain high-ash, particularly where
cosl has been crushed and intimately mixed with partings.

Coal Quality

Petrographic and chemicel spalyses show that the Cropeo coals are
medium- and low-volatile bitumincus in rank (18 to 31 percent volatile matter).
There i3 s range in volatile matter content of approximately 10 percentage
points from the base (lowest T.T.H.} to the top of the coal measures. There
is also a decrease In Vo e matter content of U beds_in going down

dip from the outerop. In bed M-9, the change noted 1s O percentage points.

Raw cogl 1s generally high in ash and low in sulfur contents. Ash
in adit samples averaged approximstely 23 percent on Morrissey Ridge and
24 percent an Fernie Ridge. Most sulfur values range between 0.3 and c.6
percent.

Carbonization tests show that the samples from the lower beds in
-Option A are weakly- to non-coking. Evidence indicates that ocxidation as
it affects coking properties is related to degree of deformation, and does
not conform to the level of the water table In the coal beds. The number
of beds affected by deep oxidmtion varies from south to morth in the coal
basin. On Morrissey Ridge lower beds M-1 through M-k have been oxidized;
on Fernle Ridge oxidstion extends as high in the section s bed FE-8, yet
none of the beds appear to be oxidlzed at the north end of Sparwood Rldge

{Option B).

Micerowashing data from sdit channel samples provided the basis for
selecting bulk samples for washing, with cutoffs of TO percent minimm yield
and 10 percent maximim ash established as guides. Based on these criteria,
14 of 28 bulk samples were washéd at specific gravity 1.55. On Morrissey
Ridge only two beds, M-5 and M-9, and on Fernle Ridge only one bed, ¥E-8,
consistently washed to specifications. Two samples from the Balmer Mine
(Option B} washed to Just under 10 percent ash, with good ylelds. Refer

to Tables XTI and XIT.
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Washed coals producing the strongest cokes were taken from beds M-g
and M-10, and coke strengths were good In blends using up to 30 percent
Corbin, Iundale, and Wellington coasls. Weshed coal yleld of bed M-10 is low

, at outerop, but quality improves down dip. Cosls from beds M-5 and M-8,
end from the Ralmer Mine, produced fairly strong cokes, but coking pressures
were excessive. The only sample from Fernie Ridge that coked was taken from
bed FE-B. Bed FE-9, not sampled, was mined for coking coal on the south end
of Pernie Ridge (Elk River Colliery)}. The remaining samples were poorly- or
non-coking coals. Coals exerting excessive coking pressures will require
blending with nom-coking or high-volatile coals.

Estimated Reserves

Estimated reserves presented herein are of a lower magnitude than
any of several previous estimabes. Reserves were estimated onmly for coal
beds known tc contain good ccking eccals in Option A; namely, beds FE-E,
¥E-9, M-10, M~-9, and M-5. Other beds that coked were either too dirty to
wash to specifications or were too limited In areal extent.

% It is estimated that property under Option A along Fernie and
{/ Morrissey Ridges contains a total of 142 million toms of raw recoverable
coking coal, or 113 million tons of washed coking coal, under 2,500 feet

of cover (see Table XIIT). The grade and reserves, by bed and block,are

sumarized below. . //

Estimated Reserves of Coking Coazl, Cption A

Washed* Coal, % Reserves in Millions of FNet Tons
0-1500 Ft. of Cover 0-2500 Ft. of Cover
Bed Block M Ash Yield Recoverable Washed BRecoverable Washed
FE-B  Fernie Ridge 30.4 5.8 77 13.7 10.6 . 24.9 19.2
FE-9 . Fernle Ridge 32.1% 12.2% U80% 15.4 12,4 29.4 23.5
M-10. Morrissey
Ridge 21.h% 16.5% T5% 3.4 2.5 31.7 23.8
M-9 Morrisséy
: Ridge 24.8 6.0 85-. 8.8 7.5 374 31.8
M-9 Morrissey
Creek 16.8% 16.2% T5% 2.0 1.5 7.5 5.6
M-5 = Morrissey
Ridge &
Creek 19.7 7.2 8- 5.7 4.8 10.8 9.2
Average & Totals 80 kg.o 29.3 1417 113.1

*Asterisk Indicates raw coal analyses and essumed washing

yleld where wushing date are not avaiiable on controlling
samples.

KFote: ZRecoverasble raw coal cocoputed on basis of 50 percent of in-
place total, or QU0 net tonms per acre-foot.




. ’-\\-

2

Mining Considerations

Approximately 30 percent of estimsted coking coal reserves under
1500 and 2500 feet of cover, respectively, occurs in beds which dip between
15 and 30 degrees. This pitch is too steep to maneuver heavy mining
equipment and too flat to move coal by gravity. Percentage distributions
of reserves by dip and cover intervels are shown below:

Percent of Reserves in
Depth of Cover Interval

Dip Interval, Degrees 0-1500 Feet '0-2500 Feet
¢ to 15 18 L9
15 to 30 31 30
30 to 60 51 . 21
Total 100 100
Total Recoverable Coal, '
Millions N. 7. 4o 142

Tight folding which occurs along the outcrop near the bassal part
of the Kootenmy formation may present difficult mining problems in lower
coal beds, and may also occur down dip from outerops. Upper beds have not
been affected.

Mining personnel of Crow's Nest Pass Coal Company state that
bumps end bursts become serious when cover exceeds 1,500 feet. Approximately
two-thirds of estimated potential reserves in Option A have cover ranging
between 1500 and 2500 feet.

Roof and floor condlitlons of most coal beds are considered poor,
but there is general Improvement from lower to upper coal beds. In places,
coal is overlain by firm shele, sandstone, or conglomerate and roof conditions

are rated good.

Holes drilled back from the edge of the basin encountered water
with netural gas drive, and mining operations extending below surface water
dralnage will require pumping. Natural gas does not occur in amounts
excessive for mining, but ventilaetion will be an important consideration

in mine planning.

There is & large reserve of cosl, mostly non-coking, in outcropping
beds along Morrissey end Fernie Ridges. Auger and hydreulic mining are
currently under Investigation to determine if such coals can be econtmically
exploited. Dips are adverse for asuger mining, however.
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1961.-62 CROPCO DRILLING SUMMARY

liole  Interval Footage Non-Corin Coring Type of

Ko. Trom TG Total (Diameteri {Core Taken) Drilling

BC-1 1934% 2507 573 2" Wireline

BC-2 O o202 2202 2-1/8" WX Convential

BC-3 O 1762 1762 6-1/h" High Pressure
Air & Rotary

BC-3 1762  2u50 688 o Wireline &
Convential

BG-4 0 W04 1hob 6-3/4" High Pressure
Alr & Rotary

BC-5 O gh5 ghs 6-3/1" do.

BC-5 94s 1601 656 1-9/16" NX Wireline
(Oversize 0,D.)

BC-& O 1776 1776 1-25/32" NX Wireline
Berides 10

BC-T O 80 80 9-7/8 Surface

BC-T O 1525 152 1-9/16" NX Wireline

11,611 (Oversize 0.D,)
Footage Redrilled 11
Total Footage 11,622

Drilled

Inclusive

Dates Rig

8-3 to 10-13 Mayhew 200

6-5 to 8-31  Sullivan 200

7-28 to 8-25 Ideco -M2SD

9-T7 to 10-23 Sullivan 200

8-26 to 9-30 Ideco M25D

10-2 to 10-18 do.

3-8-62 to
5-1-62

Longyear Lk
Skid Mount

10-5 to 12.16 Longyear Lk
Skid Mount

10-19 to 10-29 Ideco M25D

11-13-61 to

i Longyear b

Skid Mount

#* Hole BC-1 was drilled to depth of 1934 feet by Boyles Brothers Drilling Company, Ltd.

in 1960.

Contractor on Hole
L. Whatley

Core Drilling, Ine.

Chupp Well Service,

Ltd.

Core Driliing, Inc.

Chupp well Service,

Ltd.
do.

Canadisn Longyeer,
Ltd.

do.

Chupp Well Service,
Ltd.

Canadian Longyeer,
Ltdl
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FROGRESS REPORT
CROPCO PROJECT, 1961

INTRODUCTION

Purpose and Scope of Investigation ]

See 1960 Progress Report.

Previous Work

See 1960 Progress Report.

1961 Program

Organization of the 1961 progrem was difected by Arthur R. S5till, of
Still & Still, Consulting Mining Engineers & Geologists, Prescott, Arizona.
Mr. Still selected or approved all temporary personnel employed for the 1961
field season end directed thé project until June 9, 1961. During the remainder

of the year, the project was under the supervision of Field Expleration, Columbie

Iron Mining Company.

Personnel started to arrive on the projecf during the letter part of
May, but because of snow conditions sctive field work was delayed until June 1.
Field crews were kept at full strength until September, when many of the temporary
personnel terminated to return to schopl. Field work on & limite& basis was ex-
tended into the late fall; {trenching was terminated October 1, geclogie ﬁapping
October 24, mining of bulk samples November 8, ‘and diemond drilling was suspended
December 16. Drilling operations on one rig were resumed eerly in January 1962,
and were terminated May 1, 1962. Results of the 1962 drilling are included in
this report.

At fullrstrength, personnel on the project reached a totel of 55, as
follows: three geclogists from Field Exploration, 13 geologists employed on 2
temporary status, 9 miners for adit work, and 30 men for trenching operations.

Where practicel, asccess roads were constructed for mining and trenching

operations, but bese camps were established for trenching crews in some of the
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remote areas. A total of fifteen b-wheel-drive vehicles (10 purchased and 5

‘leased) were used to transport field personnel on their respéctive assignments.,

A G2 helicopter, under contract from July 11 to September 9, was used to transport
mapping parties to and from remote parts of the coal basin.

According to the "Investigetion and Option Agreement” Columbia Iron
Mining Company may exercise one of two alternatives, described as Option A
and Option B. Option A essentimlly excludes the area surrounding the Michel
Colliery, whereas Option B includes all the mining properties and assets of the
Crow's Nest Pass Coml Company. The difference of $7,000,000 in the purchase
price of these two options was the major factor in concentrating fleld efforts
to date on properties held under Option A.

Geologists were assigned to map specific areas, and each mapping
party prepared a written fileld report covering their area or 2ssignment before
leaving the project. These reports are listed, by writer, under references, and
they are on file in the Field Exploration office. These field reports were
consulted during the preparation of the progress report, and much of the geologic
interpretation wgé taken from them.

M. D. Okerlund, Exploration Geologist, directed the writing and cumpilation§
of this progress report. |

Location and Climate

See 1960 Progress Report.

Accessibility

Due to re-routing of traffic, made possible by ballast work on
existing road beds, the rail distance from Fernie to Vancouver hes been reduced
from 712 miles to 672 miles. The distznce from Vancouver to Pittsburg, Celifornia

by water, is 854 ocean miles.
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PROPERTY DESCRIPTICN AND OWNERSHIP

Iﬁvestigation and Option Agreement

The "Investigation and Option Agreement” held by Columbia Iron Mining
Company consists of two parts, Option A and Option B. Under Option A, the oper-
ating minesat Michel, all coal beds south of Michel Creek and north of the option
“boundary, and various coal beds and stripping rights north of Michel Creek are
excluded. Option B includes all the "Mining Properties and Assets” of the
Crow's Nest Pass Coal Company, Ltd. Purchase prices under these options are
$10,000,000 and $17,000,000, respectively, provided that a minimum of $500,000
is expended during the investigation. This minimm figure was exceeded during
the 1961 field season. The four-year option terminates on May 1, 196L. The
aress covered by each option are shown on geologic map 6L-160Q.

Property Description

For detailed descriptions of properties, refer to the 1960 Progress

Report. Outlines of properties are shown on Map 6C-403, this report.
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HISTORY, DEVELOPMENT AND FRODUCTION

The only change since the 1960 Progress Report wes written, is
production for the past year, so the reader is agailn referred to that report.
Coal produced by Crow's Nest Pass Coal Company, Ltd.,in 1961 totaled 792,050
net tons. Of this, 713;059 tons came from underground mining and 78,991 tons

from strip operstions.
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GEOLOGY

(teneral Discussion

The Crowsnest coal basin is a structural basin wherein the coal-
beering Kootensy formation and other rocks of Mesozoic age have been preserved
from erosion. Older rocks of Paleozoic and Precambrian ages, which have been
extensively folded and faulted, completely suwrround the basin {see Map 6M-321).
The Kootenay formation is not so extensively deformed because the Fernie shele,
which lies between the Kootenay formation and the Peleozoice sediments, has
asbsorbed some of the stresses that caused the deformation of the older rocks.
There are places, in particular the east side of the basin, where the under-
lying structures cut across the Fernie shale and into the Kootenay formation,
and the Kootenay formation is in fault contact with Paleozoic sediments.

The investigation, to date, has been limited to the Crowsnest cosal
besin because of eccess and the relative abundanece of coal beds in the basin.
There is, however, an occcurrence of the Kootenay formaticn north of the Crowsnest
coal field, a part of which is included under the "Investigation and Option
Agreegént." Thig area lies east of Elk River sbout 20 miles north of Michel.

There is no uvniformity or egreement on the limits and formation nemes
of the sedimentary rocks overlying the Kootenay formstion. McEvoy (1900) |
applied the term "Elk Conglomerates" to a sequence of conglomerates, sandstones,
and shales which overlies the coal meesures. In 1933, MacKay proposed that
McEvoy's "Elk Conglomerates" be included as part of the Blairmore formation, but
Newmarch (1953) disagrees with this nomenclature on the basis of Kootenay flora
occurring in the "Elk Conglomerates" and suggests the term "Elk formation"
for a "thickness of approximately 1,700 feet of dark shales, sandstones, and
hard cliff-forming conglomeretes, which overlies the Kootensy coal measures in

the Fernie area". Newmarch states that the upper part of the Kootensy formation

grades into the Elk formation, but he arbitrarily places the contact at the base

\‘
\\.
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of a coarse conglomerate which overlies the "B" coal seam, "so that all the
known commercial coal seams are conteined within the (KDotenay) formetion".

Rather than relying on any one of the proposals stated above, it was
decided for ease of mapping to maske the formation breasks on the basis of
1ithology. On the west side of the basin, where the rocks are well exposed, a
sequence of shales, san@stones (in places conglomeratic), and coel beds under-
lies a sequence of sandstones, chert-pebtble conglomerates, and shales. The
upper rockg crop out as massive ledges in msrked relief with the more subdued
topography of the underlying rocks. This rather abrupt change, from a ratio
of predominately fine-grained clastic sediments, containing abundant carbon-
aceous material to coarsengréined clastic sediments, conteining relatively
little carbonaceous material, was found throughout the basin, and was mapped
as the contact between the Xootenay and Elk formations.

Because of the limited %ime available, the large erea being mapped,

and the relative unimportance to the economic study of the coel deposits, the

Elk and overlying Blairmore formations were mzpped as one unit. The basal

conglomerate of the Eik formation and the basal sandstone of the Kootenay formation,

a blanket-type sandstone found throughout the coal basin and locally referred to
as the Baskoo sandstone, served as excellent merker horizons and were mapped as
individual units.

To standaerdize and correlate data between the different eareas, &
set of "Suggested Field Procedures for Mapping Cosl Deposits" (included in
Appendix) was given to each geologist and a one-week indoctrination course wes
conducted for =ll geologists at the beginning of the field season to femilierire
them with the geclogy =2nd physical feeatures of the besin.

Mepping wes done on serisl photograph contact prints (1:2L,00G) and
the geology wes transferred in the field office to topographic base maps of

the seme scele with & Kail Plotter., Sections were measured along the crests cf
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Figure 1

Aerisl view of Morrissey Ridge, looking northerly. Sandstone
and conglomerate beds of the Elk formation (Ke) form the steep slopes
of the upper part of the ridge. The Kootenay (coal-bearing) formation
(Kk) underlies the Elk znd occupies the central portion of the ridge.
The Fernie (shale) formation (Jf) forms the brush-covered slopes under

the Kootenzy.
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31 small transverse ridges on the west side of the basin, end trenches were
dug into the coal beds. Geoclogists measured and described the rocks, with
emphasis being placed on coal, of the entire Kcotenay formation and into

that part of the overlying Elk formation that contains coal beds of significant
thickness.

Stretigraphy

Sedimentary récks in the area range in age ffom Paleozoic to Quaternary
and sre mapped in six units as follows: 1) Paleozoic rocks {undifferentiated),
2) Fernie Group and Syray River formation (undifferentiated), 3} basal Kootenay
sandstone, 4) the coal-bearing Kootenay formation, 5) basal Elk conglomerate,
and 6) the Elk and Blairmore formetions, which also contaiﬁ some coel. A

generalized section of strata for Crowsnest Coal basin is shown in Table T.

TABLE I

GENERALIZED SECTION COF STRATA
CROWSNEST CCAL BASIN

Thickness
Age System Pormation {Feet) Description and Remarks

Blairmore 7,000 Conglomerate, sandstone, end
vari-colored shale; from

a distance has the appearance
of "red beds".

L {Disconformity)

Elk 1,700 Chert-pebble conglomerate,
sandstone, shale, and some
Cretaceous coal beds; conglomerate and
sandstone beds form ledges,

Mesozoic Kootenay 1,800- Sandstone, shale, carbocnaceous
2,200 shale, and coal beds; most
sandstones are lenticular, but
basel sandstone (Baskoo) occurs
throughout cosl basin.

Fernie 3,000 Grey to black calcareous
Jurassic ' . shale with some sandy beds;
spherical concretions ocecur
near top.

{Disconformity)



Table (con*t)

. Thickness
Age Svstem Formation (Feet) | Description and Remarks
Spray River 1,700 Shaley quertzite, sandy shale,
Triessic and ergillacecus dolomite.
(Disconformity)
Paleozoic Undifferentliated ? Calcarecus and arenaceous
sediments; surround Crowsnest
. coal basin.
2%

Peleczole
Rocks of Paleozoic age campletely surrocund the Crowsnest cosl basin,
but they have relatively no significance in the'efaluation of the coal deposits
within the basin. No attempt was made, therefore, to describe the Paleozoic
rocks, and they are mapped only in those areas where they are close to the
Kootenay formation. They consist essentially of calcareous and arenaceous
sediments that generally stand ocut in bold relief, as compared to the softier

formations of lower Mesczoic age. ’ . .

Triassic-Jurassic

Sprey River and Fernie Formetions - Newmarch {1953) describes the

Spray River formation as "=sn assemblage of shaly guartzites, thin-bedded sandy
shales, and argillaceous dolomites". According to Telfer (1933), the formetion
is 1,700 feet thick near Fernie, where it 1s composed of shale and deolomitic
limestone, It is reported to have an erosional uncénformity at the base and
a regional disconformity with the overlying Fernie formation.

The Fernie formation consists of grey to black calcareocus shales with
some resistant sandy beds. ESgherical concretions, averaging about one inch
in diemeter, occur in the upper 200 feet of the formation. The shale typically
weathers to a uniformly light brown soil. Although the Tormstion is contorted
and the base is not exposed in the Fernie area, it is estimated to be in the
order of 3,000 feet thick {Newmarch). An eastward thinning of the formation

occurs, with the thickness of the east side of the tesin being only 900 feet.



PHYSICAL WORK, 1961

Road Construction

Roads to holes BC-1 and BC-2 were constructed during 1960, but in
order to move drilling rigs on these sites early in the 1961 season, snoW had
to be removed and the roads repsired during the latter part of May. Two roads
were constructed on Fernie Ridge, and several old logging rosds were repaired
on Hosmer Ridge to provide early access to the Kootenay formstion for trenching
and geological crews. Most of the other road construction wes delayed until
later in the season, when the ground had dried out.

All adits driven in 1961 were made accessible by roads. The Basal
Kootenay sandstone was crossed on Fernie ridge FE-10, and an access road was
extended to the top of the Kootenay formation. On Merrissey Ridge, access roads
were extended southwerd from ridge M-18 to ridge M-20, end northward from ridge
M-9 to ridge M-4. Roads were built to adit 13 on the north side of Coal Creek,
end to adits 17 and 18 on the south side of Coal Creek. A road was slso built
to the base of the Kootenay formation on Sparwood Ridge for the purpose of
sampling the basal cosl bed in 1962.

Roads constructed to proposed drill sites include the site north of
Coal Creek and west of hole BC-3, the road along Marten Creek, and two drill
sites on Mt. Baldy.

A total of sbout $26,000 was expended for the constiruction of about
27 miles of new roads for an average cost per mile of $950. The cost per mile
ranged from $300 for roads constructed in the Fernie formation to $3,300 for the
access road to hole BC-6, where considerable rock work was required. In addition
to the cost of new roads, about $E0,0GO was expended for plowing snow, repairing
roads, preparing drill sites, snd moving and servicing drilling equipment.

Trenching
Trenching cperations, as described in the 1950 Progress Report, were
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continued during 1961. A total of 30 men were employed for this work, but

some of the men were transferred to work with gecologists, and 2 two-man party
was assigned to sample coal beds in the trenches. COne foreman was in chaerge of
all trenching operations, and crews were made up of four to six men with a "leed
trencher" in charge of each crew.

Trenching was confined to outerops along the_west side of the coal
basin, where 17 ridges Qere trenched and the trenches on 13 ridges, previcusly
trenched in 1960, were cleansd for sampling. One ridge, FL-7, was trenched by
the pipeline crew during the laying of the Alberta Waturel Gas mipeline. After
the trenches were dug and cleaned, geologists measured and described the rocks
on each ridge, including the trenches. The trenches expesed the coal beds fﬁr
detailed measurements to the nearest 0.1 foot. Geologisis marked sample breaks
in the trenches for coal beds heving 2 thickness of 5.0 feet or more, and channel
samples were taken by one sawmpling crew which was trained by a geologist. The
maximum for any one sample was limited to a 10-foot bench thickness. Rock part-
ings up to 0.5 feet thick were included in the channel sample, and pertings over

0.5 feet were excluded. A total of 502 channel samples were teXen from 2% of

the 31 trenched ridges.

The measured section for each ridge was plotted on a scaletgf 1 inch
to 100 feet, and the detail of the cosl beds on a scale of 1 inch %o 10 £t. (see
Maps 6M-422 through 452). These sections served as control points for the
correlation diagrams, Maps 6L-161, 162, and 166.

Mining end Bulk Sampling

Mining and bulk sampling was accelerated over 1960. A total of 21
four-ton and 7 two-ton samples were taken from_gﬁladits. A G-man c¢crew was used
both yeers, but in 1961 air compressoré, air drills, and air picks were
mede aveileble tc the miners., During 1960, all minirg was dene by hand toolé,

but roads were built +o all adit sites driven in 1961 so that machinery could
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te used in the adits. This increased the rate of driving the adits from 0.8
to 2.0 feet per man shift. The cost per foot dropped from $22.hh éﬁ $17.Tl, and
the cost of air drilling equipment was completely written off during 1961.

The practice of taking & channel sample every 10 feet of advance to
check the volatile matter content and coking index was continued. This inform-
ation served as a guide to determine when fresh,(unweathered) coal was encountered,
and thls was generally found about 50 feet in from the cutecrop.

In addition to the bulk sarmples, chennel samples (100-pound) were
teken from the face at the end of each adit. In the thicker beds, these samples
vere taken on benches, based on the lithology of the coal bed, with a composite
for the entire bed (see adit drawings). The purpose of these gamples was to
provide & representative sample for microwashing tests. Selecticn of bulk
samples to e washed was based on the microwashing results.

With the exception of adit 13, which is in the "B" bed on the north
side of Ceal Creek, the locations of the adits are shown on the correlstion
diagrams (see Maps 6L-161 end 162).

The goal of the 166l sempling program was to obtein a bulk sample:
from each coal bed of minable thickness at two locations on Morrissey Ridge
(samples were obtained from the beds of minable thickness of ridges M-9 and M-10
during 1950), and et one locetion on Fernie Ridge. This gozl was not completely
realized before mining operations were curtasiled because of inclement weather,
but roads were constructed to all lccations selected for sampling.

Mining and bulk sempling date for 1961 are tabulated in Teble II.

Project Costs

The Type B expenditures for the Cropco Project are shown by year and
expense classification in Teble ITI. The costs for 1960 znd 196l are officisl
costs obtained from the Accounting Depertment in Sezn Francisco, whereas the

costs for 1962 are teken from current project records, =nd are subject to correct-
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lon and refinement.

Table ITI
Project Costs

§2§e Expense Classification 1960 1961 lo62* Total
51  General Administration $ 30,716 $ 21,159  $ 0 $ 51,875
52 Property Acquiéition 0 0 o} 9]
53 Equipment 18,035 23,830 0 h1,865
5k Inventory . 2,118 30 0 2,1k8
55  Swrveying end Geology 35,859 75,055 - 7,125 118,039
56  Construction 7,257 hs,206 3,782 56,265
57  Drilling 61,532 347,705 86,479 k95,716
58  Underground Workings 19,963 29,708 1,007 50,678
59 Special Services 9,850 33,413 297 43,560
60 Miscellaneous 6,799 16,163 950 23,912
Totals $192,129 $592,289 $99,640 $8§h,058

¥Estimated costs - subject to revision. | f.féiitnﬁ-

PR

Above costs do not include $68,000 for 1961-62 znalyticel work.

Non-Core Air Drilling

In 1960, Boyles Bros. Drilling (Alberta) Ltd. was awarded the
drilling contract at Cropco, and drilled a total of 193k feet in hole BC-1
over a period of three months. Much of the difficulty experienced in this
hole was stiributed to the extreme hardness of conglomerates enccuntered in the
Elk Formation and to the occurrence of artesian water. In plamming the drilling
Frogram for 1961, it was decided to use air-rotary-percussicon (non-core} drilling
to penetrate the hard conglomerates overlying the coal measures. This action
was deemed advisable in order to mske up for the smell amount of drilling in 1960,
and to obtain drill hele data criticaelly needed to evaluste down-dip areas behind

the ocutcrops. Completion of the holes was then to be eccomplished with rigs
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employing dismond coring procedures.

On July 30, 1961, equirment for air rotary drilling had been mobilized
from Canada and the United States to Ferrie, B. C., preparatory to drilling.

The plan called for using a slim-hole (ﬂil field type) rig and high pressure air
to activate a Mission dowm-the-hole rotery-percussion hammer adapted for tri-cone
bite. It was believed that the use of this type of eguipment, although expensive,
would be Justified becauée of high penetration rates. Contractor for the air
drilling was Core Drilling Incorporated, Denver, Colorado.

The cperating procedure was to start a hole with s large size bit,
12-1/2 to 12-3/4 inches, drill to approximately 30 feet, and case with 25 feet
of 10-3/L4 inch casing. A 6-3/4" diameter hermer =and 9-7/8" to 9" herd-formation
tri-cone bits would then be used to a depth of at least 400 feet, driven by two
Joy 750 cfm compressors and one Joy 2000 c¢fm booster. This hole was cased with
7" to 7-5/8" diameter casing. Weter intersected in esch of the holes at LOO-
foot depths varied from éO to 60 grm, but was successfully sealed after casing.

A 5-1/L" 3iameter hemmer and 6-3/U to 6-1/4" herd-formatior tri-cone
bits were then used, and the hole would be.drilled as deen as possible, employing
the two compressors aﬁa one booster. BHoles BC~3, BC-L and BC-5 were air-drilled
to 1767, 1Loh and gh5 feet depths, respectively. Hole BC-T was stopped at a
depth of 80 feet, after numerous di{ficulties. The threes deep holes were stopped
because of coal caving and sticking the teools in the hole. The holes were then
cleapned out with heavy mud and 4-1/2" casing would be set to accommodate sub-
seguent core drilling operations.

The coal beds that were drilled were sempled by diverting the air-water
cuttings from the blow pipe into a large diemeter pipe 35 feet long. This large
pire would succeed in slowing the velezity of the airstream and permii cosl
cuttings to drop cut and collect in the pipe. Sufficient datz were not gsthered

10 compare the sccuracy of results of eir samples versus core samples.
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Drilling Equivment and Contractor Prices

Trilling equipment mobilized for air drilling consisted of: one Ideco
M-25-D drill rig with a 65-foot mast; 60-tbl. mud tank, 6-1/2" x 12" mud pump;
3080 ft. of 2-T/8" IF renge 1 drill pipe; 90 ft. of 4-3/4" x 2-1/2" arill collars,
and accompanying hand tecols. 'This drilling eguipment, including the operating
crews and tool pusher, was leased by Core Drilling, Incorporated, from Chupp
Well Service, Ltd., Red ﬁeer, Alberta. Charges for the equipment and persomnel
amounted to $30 per hourifor operating and $25 per hour for moving and standby
time. The costs of bits, mud, lost circulation materials, fuel, casing and other
materiels used, including fishing tool rentals, were invoiced to CIM at contractor's
cost.

Compressed air eqnipmant used consisted of: two Joy Tornado 750 cfm-
265 psi compressors; one Joy two-stage Tornado, 1500 psi booster; an injection
pump and tank; Mission eir hammers, 5-1/L" (300-600 cfm) and é-3/h" (325-1300 cfm);
and service crew of two. Prices for the above alr equirment and services were

a3 follows:

Compressors and bocster -.$50/day and $6-50/hr. vhile operating, for each unit

Two-man Crew - $120/day while operating and $90/day for standby

Injection pump & tank - $25/day while operating and $10/day standby

Mission Hermerdrill - $75/dey fixed cherges plus $10/hr. while operating

Drill pipe float - $25/day for Tirst day and $3/day for subseguent days

Charges for fuel, gresse, moving from hole to hdle, injection of soap, and other

items were separate from sbove cherges and were billed at contractor's cost.
Performance -

From July 30 to October 29, 1961, four holes were drilled by air,
sggrecating 4196 feet of hole. Penetration rates through the conglomerates,
sendstones and shales were guite satisfactory considering the large volume of

.
weter being made in the holes as they were drilled (see Maps OC-SkkA, 5h5, and

S4EAY. The number of feet drilled per hour of drilling for the four holes

avergged over seven feet. DIrilling througn the ccal beds with the air hammer
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tool progressed rapidly, but the coal beds generally caved within a few feet
of edvance below the bed, reguiring chenges in drilling techniques. The hole
would then have to be cleaned out with mud, reamed, and casing set.

A breakdown of the hours for each of the holes is shown in Table I?;

The average overall drilling rate waes 2.1 feet per hour for the four holes,
which is quite slow for the size and amount of equipment mobilized for the job.
This was due basicelly to ﬁéur reasonss (l) inexperience of the crew in air
drilling technigues; (2) the d}illing rig used was not ideally adapted for air
drilling; (3) the coal beds ere severely ercded by this method of drilling end
present caving problems; and (&) large volumes of water encountered.

Inexperience in air drilling accounted for excessive amounts of fishing
and reaming time (18.8 percent of total time). Bits were left on too long, or
too mach welght and/or air pressure was used on the hammer, knocking off the cones
from the bits or resulting in excessive loss of gauge. Fishing was necessitated
for lost cones end bearings, and rgaming was required where fhe géuge of the hole
was lost. The type of rig used was né%m;eadily adzptable to 2ir drilling, for
it had just come off work-over and service jobs in the ¢il fields and had not
been used for drilling.A The rotary.table proved to be too small to allow =&
rotating head (part of a blow-out preventor) to pass through so that the kelly
end larger bilts had to be broken below the table without benefit of using breaXout

tongs. These factors contributed to excessive emcunts of time in setting up,

tearing dova and in irip time.
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Table IV
Ferformance
Non-Core Alr Drilling
Hours Worked
“BE
o | el E 2 |8

@ a3 =] th A Eal] (] o O
& @ e o] L K b ta oW + Gl BN = - |=A
] +£ 0 —~ o — v L P Sk dd o ~ P~d
s3] 2 — Gt A [u1] 1 ~ = g Lal a} Emcxs o dad E=l g |+ K
|83 | 2 B x|z iF (8| &|is|EEEl8E BB
=2 A= nel 2] 6|8 (8 | = S|1E& |888122 [ B [ €8
BC-3 1767 gl 672 otle03 | 8 | 19 Bo| 28 eg | 62 | L1 |2k [2.6
BC-4 4ok | 108 696| 273218 |126 | 80 32| 10 83 | 0 |116] 4 }2.0
BC-5 ghs shl 432] 64 f111 | 38 | 63 52 5 66| 5| 25] 3}2.2
BC- 8o 19| 152] s6{ e2 6 | 16 15 i 15 | 10 g1 o .5
Totals | 4196 | 265 1952} 24k | 55k |259 [178 | 179 LT [ 193 | 77 {190 |31 |2.1
% of Hrs. Worked 100.0|12.5 | 28.4{13.319.1 | 9.2 |2.4 | 9.9 |3.9 |9.T | 1.6)xxx

Costs

Totel cost of air rotary drilling was $170,176.90, in drilling four
holes and a total footage of 4196 feet. The overall average cost per foot was
$h0.56. A breakdown of the cost for each hole is shown in Table V.

For reasons given in the preceeding section on performance, air rotary
drilling did not prove to be an economic way of drilling et Cropco. The
penetration rate per howr of ectuel drilling with air in 1961 was 3% times
greater (7.0 vs 2.1 ft./hour) then thet attained in 1960, but large operating
delays with attendant high standby costs on eguipment resulted in unfavorable
unit costs. The overall drilling rate for non-core drilling in 1961 was 2.1 feet

rer hour, compared to 1.3 feet in 1960 for the one hole drilled (voth non-coring

and coring),‘?
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Table V
Costs of Non-core Alr Irilling
(Total Costs and Cost per Foot)

2-33

0.63

1.21

2,25

Lo.56

Mud Fishing Cost
Hole Footage and Drill Rig Cement and Per
No, Drilled Servicing and Crevw Bits Fuel Casing Circulation Moving Other Total Foot
“BC-3 1767 $17,260.20 $18,326.25  $10,104.43 $2,803.68 $4,406,14 $ 255.00 $2,000.00 $1,696.00 $ 56,851.80 $ 32.17
BC-4  1hok  21,bk7.85  2L,760.00 10,603.00 3,600.00 4,672.48 1,558.50 1,125.00 3,084.65 70,851.48 50.46
BC-5 o5 10,516,18 12,423.75 3,200.00 400.00 592.50 720.00 1,300.00 175.00 29,327.43  31.03
BC-T 80 2,591.19 4,225.00 564, 00 400.00 120.00 105.00 645.00 4,496.00 13,146.19 164.33
Total 1196 $51,815.52 $59,735.00  $2h,k71.43 $7,203.68 $9,791.12 $2,638.50  $5,070.00 $9,451.65 $170,176.90 $ Lo.56
Cost Per Foot 12.35 b2l 5.83 1.72

X

en



Core Drilling

Distribution of diemond drilling specificatiors and invitations to
bid were extended to nine driliing contractors in April 1961. Bids were
received from only two companies, Core Drilling Inec., and Boyles Bros. Drilling
{Alberte) Itd., for the coring work. Proposals were made later by three
companies for non-core drilling equirment.

Core Drilling Inc. Denver, Ceclorado, the successful bidder, moved
& Sulliven 200 truck-mounted rotery rig onto location iune 2, 1961, and
started drilling hole BC-2 three days later. Operations by Core Drilling Inc.,
continued 24 hours per day, T days per Week until released on October 29, 1961.
During this period, a total of 289l.kt feet of hole was cored by the Sulliven
rig (2201.5 feet from surface in hole BC-2; 687.9 feet from 1762.5 feet to
2h50.4 feet in hole BC-3; and 2.0 feet in hole BC-5). The reason for release
was lack of satisfactory progress.

After msny delsys, Core Drilling Ine., provided the second of two
rigs for coring work on August 3, 1961. A Mayhew 2000 rotary rig owned by
Leon Whatley, Grand Juﬁétion, Colerado, was moved onto hole BC-1, under sub-
contract to Core Drilling Inc. Until releassed on October 13, 1961, Whatley
cored hole BC-1 from 1934.5 to 2507 feet, a total of 572.5 feet. Reason for
release was lack of satisfactory progress.

In order to meet proposed 1961 drilling objectives, a contract was
made with Cansdian Longyeer, Ltd., of North Bay, Ontarioc, to provide conventional
diamond drills employing wire-line coring techniques. Longyear ccommenced setting-
up a skid-mounted Longyeer 4k drilling rig which had been released from the
Smcky coal project, Alberta, at site BC-6 on October 5, 1961, and drilling was
begun on October 13. A second {New) Longyear 4k rig was mobilized and moved
onto location at hole BC-T on Hovexmber 13. Rigs and site installations were

winterized for severe cold-westher operations.
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By December 16, 1961, when cperations were temporarily halted for a
holiday recess, hole BC-6 had been cored to 1775.8 feet and hole BC-7 to 1149.9
feet. Because of a prior commitment, the rig on hole BC-6 was released et this
time to go on a job in Northern Saskatchewan.

Winter drilling resumed January 8 on BC-7, and operations continued
with only the one Longyear bh rig until April 23, 1962. Hole BC-T7 weas abandoned
et 1149.9 feet efter a cement Job flash-set with rods in the hcle. A second attempt
was made and the hole was bottomed at 1525.2 feet following a second loss of rods
due to ancother erratic cement job. The rig was moved to BC-5, and this hole was
cored from 940 to 1601.1 feet. 'Hole BC-5 wes wedged and redrilled frem 1124 to
1409.3 feet, in an attempt to &mprove core recovery in cozl heds.

Al rigs were equipped with Eastmen Star Recorders. Information recorded
was used to plot penetration rate graphs, which were in turn used for correlation
rarposes and to evaluate drillingupefformances.

Directionel surveys andfgamma ray-neutron logs were run following
completion of holes where possible. Garma ray-neutron surveys wers found valuable
in delineation of coal from other sediments. Cosl beds can be eccurately detected
and relative ash content inferred, thus reducing the necessity for redrilling in
intervals of low or zero coel recovery.

Core Recovery

A total of 1,016.T7 feet of cozl and bone were cored, and 612.0 feet,
or 6C percent, were recovered in 1961 ard 1962 drilling programs. Sampling
technigues znd coring equipment which obtgined setisfactory results in other cosal
fTields were utilized in attempting to imrrove core recovery. The low core recovery
is -attributed to crushed and poorly c¢cnsolideted neture of the coal and complicated
by emission of netursl gas and water under pressure. Drive sampling was zlso

atterpied, tut shale partings in the cosal beds vrevented the effective use cf

drive sampling eguipment.
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The primsry reasons for low recovery of coal at Cropeo are!
1. Soft, intensely shattered nsture of coal.
2. BRelease of waler and natural gas under pressure from coal beds.
3. Numerous shale end bone partings within coal beds.
Due to its soft and shattered nature, the coal is poorly consolidated
and does not form competent core. The release of water and gas under pressure
assists‘in disintegration of the core. Drilling mud was helpful in giving body
to this soft material, but did not overcome ell of the preoblems involved. Con-
ventional friction type core lifter springs were not shle to hold soft coal in
core barrel immer tube, and suction created as barrels were pulled from hole
sucked cocal core from barrel. Dry blocking wes tried to correct this difficulty
with some success, but this procedure decreased chances for good recovery on a
following run. Hard cake created by dry blocking had a tendency to abrade soft
coal to be cored beneath the cake. Coring heads became clogged and tools had to
be pulled with every run to clean bit. Conventional tools had been abandoned
before completion of the first hole, and excessive trip time at depth defeated
the advantége of wire line drilling.
Many thin shele and bone pertings were included in cosl beds. These
partings'would breek loose end ride on top of coal being cut, grinding it away.

Soft, sloughing coel also permitted previously cored partings to cave into the

hole and grind core.

To decrease grinding of core by caving material, runs were temporarily
limited to a three-foot maximm. Results showed no improvement, since arbitrary
limiteticons of runs caused similar core losses. If a run wes bottomed in scft
coel, core was lost from the core lifter spring and washed away in subsequent runs.

Percent core recovery veried little for cosl cored in holes BC-1, BC-2 and BC-3,

'&s shown in the following table:
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0-3' Runs 3-5' Runs Over 5' Runs Totals
Coal Cosal Coal Coal Coal Coal Coal Coal
DDH Cut_ Rec. % Cut Rec. % Cut Ree. % Cut_  Rec. %

BC-1 8.5 2.9 3% 5.6 1.7 30 1lo6.2 63.8 60 120.3 68.4 57

BC-2 L16.8 3}.0 73 91.4 s59.0 65 211.3 128.2 6L 3h49.5 221.2 63
BC-3 10.4 k4.9 LT 50.9 28.6 56 149.3 26.9 55 110.6 60.4 55

Following the above core recovery study, restrietions on length of run
were lifted and runs were bottomed by field cobservation. It seemed logicel in
light of previous coal coring experience to bottom runs in hard partings so esach
run would have a s0lid top and boitom. This practice proved difficult to follow
at Cropco since the soft nature of the coal made if impossible to determine if
coal was being cored or ground. Longer runs risked grinding more core.

Irive sampling methods were attempted in redrilling of No. 10 seam
in hole BC-5 in an effort to improve fecovery. A 3 inch 0. D., 5-foot solid
barrel sampler, equipped with a tungsten carbide tepered drive shoe, unrestricted
trep, and fluid bell check valve was used. Repeated ettempts at securing a sample
were made. Bone and shale partings in the cosl bed prevented driving the tube,
and sempling was completed by coring methods.

Coal core recoveries for total Cropeo drilling are tabulated below:

Totsl
Total Coal Percent

Contractor Hole Size Core Size Coal Recovered Core
DDH On Hole (Inches} {Inches) Cut Ft. Feet Recovery
BC-1 Boyles Bros.Ltd. 3 7/8 2 7/8 35.1 8.6 25

1960
BC-1 - Leon Whatley 3 3/4 & 3 7/8 2" minus 85.2 59.8 TO
BC-2 Core Drilling 37/8&kL7/8 21/8 3kg.5 221.2 63
BC-3 Core Drilling 3 7/8 21/8 & 1 7/8+ 110.6 60.L 55
BC-5 Can. Longyesr,Ltd.3 1/8 1 9/16 113.0 52.5 L&
BC-5
Redrill " " " u b7  23.1 52
BC-6. 1 y 3 1 22/32 188.3 113.0 60
BC-7 1st " I 3 1/8 1 9/16 79.1  W7.1 60
BC-T ond n " " f 13-6.3 '-llr.g Ir—

Total ' 1051.8 620.6 59
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Data were furnished to Field Exploration by Crow's Nest Pass Coal
Company, Ltd. on diemond drilling performed by them on this property. They cored
g total of 36LL feet in 19 diamond drill holes. A total of 774 feet of coal was
cut and 61 feet recovered, for en overall recovery of 7.9 percent.

In swmary, relatively low core recovery was experienced because coal
was elther ground during coring, or cored end lost from the barrel as the tube
wes retrieved from the hole. No positive method of insuring coel core recovery
was found. As far as can be determined, however, the 59 percent average recovery
obteined gave analytical results consistent with fhose from correlatable beds
at outcrop locations.

Performance

Comparison of drilling contractors by their perfcormance is shown in
Table VI. Veriastions in each contractor's performance were primerily caused by
circumstances unigue to the hole being drilled.

Costs

Ground conditlions presented complex and costly drilling rroblems, pri-
merily due to intensely broken ground and gas-driven water contained in coal beds,
sandstones, and secondary structures. Three core drilling contractors drilled =a
total of T7,h26 feet in six holes, in 1961-2. The total cost of this drilling was

$251,551.14, or $33.87 per foot, as shown in Table VII.
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 TARLE VI
PERFORMANCE
Diamond Core Drilling L
[ » Hours Worked & Per Cent of Total - _ | s b
S L) N
T 3 | % g - 3 CEARE
Aa Q E '6 [ = Q e\ i) Lo — —
B o | = 2| S | @Bl el A « |E25F | I%| 1}
= o g} n o o ==l ,g mt oA H t’i é{ r’i 5
o ¢ B & | - = =41 &9 o il
{5 8L d 8 |81 8 sk zdl iz Pl §28 | BB BB
= o M B | & t o ne| 26 8 A e & B ol
BC-1 5712.5 | 177 | 1510 | 535%| 72 3/4| 35% | 55% 132 678 3/4 | 1.07 | 0.38
__Leon Whatley 35 5% 2% b 9% L5% L
BC-2 . |2201.5 232 | 1980 [12h35 | L3 29 180z | 12 %/h 25% 3/ 210 1.77 | LAT
s s Qore Drilling Inc. 63 2 1% [10% 1 i3 10% —
b T BC-3 687.9 154 { 1232 706 61 1305 | 195 812 2333 0.97 | 0.56
ARG ﬁdﬂﬁﬁw;;hdlling Inc, - 57% __%f 1% | 1% % 19%
] g TR 2.0 11 785 @
1 r- Ay, . 98% 2%
; 129 | 11h1 605 314 139 T2 | 2175 305 1893 1.44 ) 0.58
L L0 3 129, | 64 1 3% Y S
N , 12b 71360 L1g 56 gl 235 gl Th 388 h.2h | 1.31
|__Cen. Longyeasr “A- P 31% b % 1L7% ™% 5% 29%
BC-T Lg25,ary 212 1869 6925 | W0 [i32 21 | 137 50 L6z 2.20 | 0.82
Can. Longyear Ltd. | ) 37 18% 1% T% 3% 27%_
Totals TL26 1039 | 91723 )k057 | 6811  |s560 | 593 | Léal 621 3/k | 2198% 1.83 | 0.81
) w004 bhd | 7 |6 |68 | 5 25%
Footage Houré Worked, Feet Drilled
Contractor Drilled Percent of Total Total Percent of Total Per Hour - Overall
L. Whatley 572.5 i 8 1510 16 0.38
Core Drilling | 2891.4 39 32925 36 0.88
Longyear 3962.1 53 4370 ‘48 0.91 &
| Total TH26.0 100,0 91723 100.0 0.81



TARLE Vi)

1961-62 CORE DORILLING COSTS®

Lasor & [LaBoR & r-DIAMonn Seec,Equip, Srtc.EqunrJ MoBiL, [MoBiL,,MuD
HoLE Footaar | MACHINEL MACH I HE D1aAMOND Cost SurriLiER & |SuPP_ Suas, Mup CEMCNT CoaT CoNTRACT
No, | DRILLED| CoaTa CaST/FTJ Costs Per £1.| Sussisvence | Cosv/Fr, CEMENT PER FT, ToraL Cesr] Pea Fr, Trex CoNTRACTOR
BC=1 512.% 25,075.94 | 143,80 Coma | NED LEaN
FoovaGe &k | WHaTLEY
FOOTAGE +
Hount Y
ic-2 "ﬁq‘ 5 ) ' 39,448,716 | 17.92 FooTAGE CorE DRivLL)
— ) ~ . InNg,
pc-3 | 687.9 ' 28,324,65 | 1,18 | Fooraae 4
HourLy PO,
BC=5 2,0 3,331.20 [1,665.60 CLEANING Do,
- - ; HOLE HouRiy
BC~5 | B81.1 | 11,862,%0| 17,94 | 5,078.44) 7.68 14,803,00 22,39 3,293.79; .98 35,037.73| 53.00 | Cost Prus| Cawabian
' LOMGYEAR
Bc-6  1775.8 | 12,937.76] 7.29 | 2,806.l9} 3.58 | 19,429,10 10.9% | 2,738,53 1.54 37,911,883 21,35 Do. Po,
Be-T | 1525,2 | 18,229,63] 11.95 [14,611,2%| 9,58 37.855.44 28,82 1, 72h.97) T1.69 82,421,28 | 54,0l Do, ooh
¥ 1 ¥ '3 # o ! ‘ #
ToraLs | 26,0 | 143,029,89 10.86 (22,496,17! 5.68 72,087,54 18,19 17,757.29] 4,48 251,551,484 | 33,87

#SUBJECT TO CORMECTION SINCE NOT ALL ACCOUNTING COMPLETE ON BCwS5, AND CREDIT FOR EQUIPMENT PURCHASED
ON LONGYEAR CONTRACT AND 3UPPLIES ON HAND NOT DETERMINED,
FUSING FOOTAGE AND COST FOR CANADIAN LONGYEAR DRILLING OKLY

T Lc:urnnc?on | ToraL CosTt ] Tur.:n. Fno::a: DrRILLED R  JotaL CosT, Pr Foot §
| L, WHATLEY 25,075.9% 512.5 o 43,80
CORT DRILLING 71,104, 61 2,891.4 ' 2k, %9
LONGTEAR 155,370.89 3,962,1 . 39,21
"~ Tora 251,551 . b4 ) T.426.0 ' 33.87

05
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COAL BEDS

Coal beds vary from those that are continuous along the outcrop for
10 miles or more io small lenses that have only a local extent. The occurrence
of coal or carbonaceous material on top of the Basal Kootenay sandstone appears
to be present throughout the Crowsnest coal basin, since thils relationship was
observed on all well-exposed outcrops. This basal bhed 1s the most persistent
bed observed in fthe coai measures. Lt appears that the lateral extent of individ-
ual coal beds decreases upward from the Basal Kootenay sandstone. This is
particularly true of beds M-10 and M-9 eslong the outecrop on Morrissey Ridge,
where both of these beds thin, in places, to less than five feet. The upper
beds on Flathezd Ridge'are also lenticular, and although more work is regquired g
to evaluate their potentiml, data obtained to date are not favorsble (see Map 6L-165).£
The ecoal beds are thickest in the lower part of the Kootenay formation, ?
where thicknesses are in excess of SO feet. Although coal from beds near the
top of the section are relatively thin, they contain the best coking ceoal.

The correletion charts, 6L-161, 162, and 166, illustrate the lenticular

nature of the coal beds, and the sendstone end shale units. This relationshtpl
indicates extremely varisble conditions during the deposition of the sediments
overlying the Basal Kootenmy sandstone. Because the coal beds and shales wesather
eesily and sre 4ifficult to map in the field, ccorrelation is based largely on
sandstones. The lenticular nature of the sandstones, however, limits their
usefulness &5 marker beds.\ The Basal Kootenzy sandstone is en excellent marker
horizon.

Because of their lenticular nature and the diffidulty of correlating
even within limited ereas, the co%E_EEQS are numbered for specific areas only.
The prefix of the bed number refeng to the erea of location, such as M for
Morrissey Ridge, FE for Fernie Ridge, ete. In numbering the beds, an attempt

has been made to be consistent with numbers used by Crow's Nest Pass Coal Company
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in mine workings of the upper beds at the inactive Elk River Colliery in Coal

Creek (between Fernie and Morrissey Ridges).

Correlation cherts of Fernle and Flathead Ridges have bteen tied to
extrems ends of the correlation chart of Morrissey Ridge for convenience in é
reviewing each area. No attempt, however, should be made to try to correlate |
any one coal bed from the north end of Fernie Ridge to the south end of Flat-

head Ridge. There ere large distence gaps in both Cosl Creek and Morrissey

Creek areas.

There are two types of ash within the coal beds; that which is part
of the coel itself and often referred to as inherent ash, and that which is
in the form of pertings. Normelly the latter is easily distinguished from
inherent ash, but in the lower coal beds where deformation has ground, rolled
and intermixed the rock partings with the cosl, there is little distinction between "

the two. Ceologists were not always able to distinguish c¢lean ccal from dirty

conl, dirty coazl from bone, and bone from carbonacecus shale. Descriptions of sample

units were often changed from coal to bone afier analyses were received. The
ash content, gs well as the thickness of each coal bed, Is grephically illustrated
slong strike on Charts 6C-540 and 541, and show the highly variasble nature of the
esh content.

The esh content of raw cosl from edit semples collected in 1960 and
1961 ranged from 44.0 to 7.7 percent on Morrissey ﬁidge and from L0.7 to 9.4
percent on Fernie Ridge. Welghted averages of ash content for adit samples are
22.8 percent for Morrissey Ridge {19 samples), end 23.7 percent for Fernie Ridge
(11 semples). Two samples from the Balmer Mine averaged 16.6 percent ash.

Ash residues from proximete analyses of trench samples on Fernie and
Morrissey Ridges end from core samples in hole BC-2 were obtzined and plotted
on the drill log and correlation charts to determine if color of the ash could

be used in correlsetion of the ccal beds. Tt was found that there is no distinetive
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color for eny of the coal beds, and so thiz procedure is of nc assistance.
AlYl coal beds have relstively low sulfur contents. Most of the samples

contained from 0.30 to 0.60 percent sulfur, and it is rare for the sulfur to
exceed 1.00 percent.

The physicel condition of the coal in each bed on Fernie end Morrissey
Ridges is described in Tables VITT and IXT  Although the physical condition is
highly verisble, the coel generally 1s more friable in the lower beds which have
been subjected to the most severe deformation. Near the top of the coal measures
the coel tends to be less disturbed, 1is harder and brighter, and exhibifs =z more
distinet cleating pattern. The color photograph of bed M-9, Figure 15, where it
was exposed at the drill site of hole BC-2, shows a physical appesrzance that is
typical of some of the upper coal beds.

The coal beds are graphically 1llustrated, in deteil at 1"= 10', in

the measured sections {see Maps éM-422 through Lk52).
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processed by the Applied Research laboratory, Monroeville, confirmed this

& o t
~ COAL QUALTTY -
- \U " '
O~ N
o All Cropco coals are considered medium- and low-volatile i
f Y i
- b bituminous in rank. Petrographic anaiyses of samples taken in 1960 and . \{

ranking. By the A.S5.T.M. c¢lassification, some analyses of outcrop sarples
AN for the upper coal beds exceed the 1dmit of volatlie matter for medium-

volatile coal, but this is attributed to surface oxidatlon. ?

AL 1 (‘C -

\
v
LA

i : X At any one location, there i1s a range in volatile matter content

T
5
=_~ %ﬁﬁ of approximately 10 percentage points from the basal bed to the upper bed. -,

, ‘{-”;‘ I

Kear the middle of Morrissey Ridge, this range in volatlile matter content
is from sbout 18 to 28 percent, whereas on Fernie Ridge the range is from
\® X sbout 20 to 30 percent, for washed semples from adits. T
\‘;\E\v‘\gé There 1s a flecrease in volatile matter In coal beds drilled down
dip from the outerops of Morrissey Ridge. On the cutcrop in adit 3 the
volatile matter content of bed M-9 1s 25 percent; in hole BC-1 the V.M.

oy

: ~ for the same bed is 23 percent, and in holes BC-5 and BC-6, both farther
o

§ - down dip, the V.M. has dropped to 17 percent. In the Ccal Company W
}
't

diamond drill bore-hole 5, drilled on the south side of Coal Creek, the .

TN V.M. of bed M-9 is elso 17 percent. This change in V.M. is not due to - N
B e _ e — T L= .
5 \ ,“ ;,_/ ) : .

\ﬁi }, J,ﬁ veriable ash content. The ash content of the samples noted sbove varies ™\

)" = o BN
N ¥ from 8 to 18 percent, and, ‘one snalysis from hole BC-5 has 16 percent V.M. Y
N —
Ty with 8 percent ash. R

The down-dip change in rank from g medium-volatile to = low- TN

volatile cocal also changes the coking characteristies of the ceoal. The

P8I of samples for bed M-9 on the outecrop and in hole BC-1 varies from 8 to {

9. In hole BC-6 the FSI of bed M-9 drops to 4 and 1s only i in hole BC-5. u_“ \
The low V.M. and FSI of bed M-2 in hole BC-5 may be due to poor core recovery, ‘

s
but there is enough evldence to support down-dip chenges in rank end gquality. '

.
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Oxidation
Results of tests by the Applied Research Laboratory indicated that
tﬁe semples taken in 1960 from the basal coal beds on Morrissey Ridge were
oxidized. Tt was suggested that the samples msy have been teken from the zone

of surface oxidetion or that they were partially oxidized during transport and

storege. Investigeition was undertaken during 1961 to determine 1f the former
was true.

Chenrel samples were taken from the side of the adits in three coal
beds (M-E, M-3, and M-L) at intervals of 10 feet from the surface, snd a fresh
sample was:taken from the face of each adit. Both pstrographic and chemical
enalysés showed & decrease in oxygen content from the surface to the end of the
adits. The oxygen and wvoletile matter content of these samples were plotted
against the distence from the surface, as shown on Chert G6A-608. Both the volatile
matter and oxygen content leveled off, which indiecates thet the ends of the adits
are beyond the effects of surfece oxidation. The irregularities are attrivuted
to snelytlical deviations. The distance an =dit should be driven before taking
a bulk sample was determined as outlined sbove, that 1s, when the volatile matter
content leveled off and the FSI was the same for two or three sample intervals,
the bulk samples were taken.

If hole BC~2 had not been drilled, the question of whether or not
the adits were driven beyond the surface oxidation zone might have remained
unenswered, but enalyses of the lower heds in hole BC-2, at hole depths in
excess ‘of 800 feet,are comparable to enalyses cobtained from the bulk samples
teken from the adits. The cxygen ccﬁtent of the bulk samples is generslly lower
than the oxygen content of the drill hole semples for ;he same bed. The FSI
(free—swelling index) is in the same order for both types of samples, with 2
as & high except for three ssmples from the drill hele. Some szmples from both

edits and the drill hole were non-agglomerating. From the deta cbtained frocm
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SN
hole BC-2, 1t is assumed that the bulk samples did extend beyond the zone of surface
N -

oxidetion and ere representative of unweathered coal. Li‘ - -
b "T{"—’ y ey L-*L) . IJ_‘(
It follows, then, that the reason coels from the lower beds do not ™ ~

produce strong cokes 1s because they sre oxidized beyond, and for reascns other;‘
o f

Y
than,normal surface oxidetion. It is known that oxidation has extended to the -

Vom
point where the besel bed was cut in hole BC-2, at a depth of 1600 feet, and it. - -
IS N

™~

probably extends deeper -to points beyond economic cover limitations. Ny '!K\E
The number of beds affected by deep oxidation varies from area to \-; é
eree. Along Morrissey Ridge, available data indicate there is a marked change |
in the'degree of cokability between beds M-4% and M-5. Coal from bed M-k and B :j
beds lower in the section are either weakly coking or non-coking; whereas coal ;ﬁ
from bed M-5 and beds higher in the section are moderately- to strongly-coking. -
On Fernie Ridge, the change is higher in the section. Coal bed FE- 8 aia not

£ - i T 4‘¢¢1L ,~_-..-J-- : /’u,n.-&.,u- ,a.""’t, -

produce coke. Bed FE -9 was not sampled during 1961 because of inclement weather

late in the field season. Coal from the lower bench of bed FE-B, which was
faulted and oxldized, did not produce ccke, but the samnle from the mlddle bench
.‘7 ,ﬂ / ‘0 - -~

coked. At the north end of Sperwood Ridge, EEEE_EF the coal beds appear to be

oxidized. Semples from the Balwer mine, which is in the basal cosl bed of the
Koctenay formaetion, produced strong coke.

Tt has been cbserved in the field that the lower cosl beds are more
highly deformed than the upper beds. Folds in the basal Kootenay sandstone
with several hundred feet of amplitude have not affected the upper part of the
Kootenay formation. In areas of deformation, the cosl has been crushed and
intermixed with rock partings to beccme frisble. There 1s a marked contrast
Petwreen the hardness end physicel condition of the coal in the Balmer Mine st the

nerth end of Sparwood Ridge and coals in the basal beds on Morrissey Ridge. The

-

s
' L PPN W

'.,"f "h_.,._

reason for the wveriability of oxldation appears to be associasted with the degree

of deformation to which the coal has been subjected. C£4 ool /{* !
V A PR~ "‘ EP I 720N Tt T A T "f

on
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All the coal beds on the west side of the coal basin creop out high
above the water table and, as discussed under Hydrology, serve as aguifers.
The oxidetion of ccal beds, as it affects coking characteristics, 1s not
dependent on the level of the ground water table in the coal beds. The lower
coal beds in hole BC-2 could be belcw the water teble. Bed M-1 in hole BC-2 E

is about 500 feet in elevation ahove the outcrop of the coal bed in Morrissey
\

"

Creek, end the horizontal distance between the two points is 20,000 feet, or a
gredient of 2.5 percent. This hole was drilled with mud, so the level of the

weter teble was not determined, but the mud wes thinned when coal beds were

encountered. The fact also remains that the upper coal beds, which =zre higher
on the structure and which should have natural water drainage, are not oxidized
to the extent of affecting eokebility in adits on the surface.

There appears to he a strong correlation between the degree of deform- !
aetion and the degree of{éézgggggp‘at Cropco. It is possible that the particle %
size of thé coal is an indlcetor of the variation ir oxidetion, that is, oxid-

etion is greatest where the particle size is smallest, and vice-versa.

Analytical Date

Ail the semples teken during 1960 were processed under the direction
of the Corporation's Appliled Reseerch end Robena laboratorles. Waeshebility
tests on nine L- ton bulk semples were run by Commercial festing and Engineering
Company znd Rebenz Laboratory. Carbonizetion deta on these semples and znalyses
of drill core were furnished by Applied Research Laborestory.

DuringA}QSl!_a}l sample processing was under the direction of Raw
Materials @éé;arch Laboratcrﬁ'at ée;;;;; Utah. DSamples were shipped directly to
Colorado School oérMines Reseerch Foundation, Goldern, Coloredo, where washabllity
tests and chemical analyses were performed under contract, Wsashed samples were

then shipped to Geneva for carbenization tests. The programing of tests was

designed to provide all sample data by May 1, 1962, for inclusion in this rerort.
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Trench Samples

A totel of 502 channel samples were taken from trenches on 25 ridges
;long the west side of the coal basin. Proximate analyses were run on these
samples, and these are posted on meesured sections, correlation charts, and
tables of coal beds. 'These samples were taken primarily to provide close control
on ash content, which-is shown graphieally for each coel bed, by ridge, on Charts
6C-540 and 541. These samples being weathered, did not provide information on

cokling quality.‘

Drill Hole Samples

Samples breaks of coal in drill holes are shown on the drill hole logs.
Pfoximate and ultimate analyses, which ere also posted on the drill hole logs,

were run on all samples.

Cuttings semples were collected in non-core drilling when there was
any evidence that coal was being drilled. Many of the cuttings ssmples, therefore,
conteined more rock than coal, as indicated by analyses on the drill hole logs.
To determine how much of each wes in the samples, s heavy-media separation was
made on all +the cuttings samplies at & gravity of 1.50. The percent float and
the proximate analyses of the fleoat are shown in Table X.

Adlt Semples

All nine of the L-ton bulk semples taken in 1960 were washed on six
graviiy breeaks (frum 1.30 to l.TS}, and cerbonizastion tests were run on the
samples that were not oxidized.

In order to limlt costs and speed up the processing of the ssmples,
lOO-pouﬁd fece channel semples were taken from adits in 1961 for the purpose
of running microweshing tests on four gravity breaks,frem 1.35 to 1.65. After
reviewing the results of a raepresentative number of the microwashing tests, it was
determined that bulk samples, whose channel samples would give a Eﬁeld grester

than TS percent and an ash content less then 10 vercent at specific grevity 1.55,

——— ——— -
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Drill Hole Cuttings =
Heavy-Media Separstion
1.50 Gravity
Cropco Project

Sample ' Float F5T
No. % Weizght V.M. F.C. Ash S 1"x10M 10MxO
BC3-1 8.17 22.72 6h. 85 12.43 0.52 6* 8
BC3-2 5.28 -23.88 6L. 7L 11.38 0.65 o% 9
BC3-3 5.10 23.90 61.86 1424 0.6k B 9
BC3-k 5.51 28.82 63.53 7-65 0.75 33 9
BC3-5 3.22 26.12 66.0kL T.84 C.7h g g
BC3-6 5.49 23.68 61.82 k.49 0.26 L¥ 9
BC3-7 1.82 25.16 65.143 9.41 0.93 ¥ 9
BC3-8 1.28 24.01 65.41 10.56 0.83 T* 9
BC3-9 0.57 26.33 62.43 11.24 - L 9
10 2.61 2k.10 61.81 14.10 0.73 S¥ 9
11 33.08 23.48 £3.52 12.99 0.59 g 9
12 1915 22.73 65.33 11.65 0.55 = 9
13 9.68 2h.09 €2.64 13.26 0.63 g g
1k 92.29 24,01 £5.36 10.6L 0.58 g Q
i5 36.32 26.16 63.30 10.54 0.56 9 9
16 34.28 23. 74 6L 60 11.66 0.5k4 9 g
a7 23.32 22.37 66.25 11.38 0.52 9 g
18 17.35 23.33 65.62 11.04 0.53 9 8
19 11.88 23.32 65.50 11.18 0.51 8t 9
20 17.20 22.kg 65.32 12.18 0.50 5 9
21 22.93 23.35 65.95 10.70 0.52 g 9
22 22.07 23.11 66.29 10.59 0.53 g 9
23 14.29 22.75 64 .86 12.39 0.51 g g
24 23.32 22.91 £6.03 11.05 0.59 9 9
25 36.89 22.4k Eh.76 12.79 0.53 g 9
26 36.54 23.7h 66.95 = 9.30 0.53 8t 9
o7 55.96 23.13 66.63  10.2L 0.55 8 9
28 38.57 23.30 67.08 G.62 0.62 8 9
29 34,15 23.04 67.56 9.40 0.62 g 9
30 21.51 22.89 68.23 8.87 0.54 9 9
BCh-1 53.07 ok, 78 64.56 10.66 0.68 g 9
BCS-1 82.57 20.45 67.86 11.69 0. 7L 6% 6
2 26.09 20.50 67.56 11.97 0.75 6 it
¥ 6.31 21,42 72,46 6.12 0.78 - T
L 81.81 21.51 T1.32 7.25 0.61 6 7%
5 £8.58 20.89 70.03 .07 0.72 7% 5
6 13.60 21.543 1,18 7.39 a.85 75 8
THE* 9.50 23.48 69,21 7.30 0.96 - G
8 0.80 21.01 72.03 6.97 0. 87 6 7%
9 C. 34 21.24 66.20 12.56 0.93 6 &5
10 53.83 20.79 70.69 8.51 0.h7 8 9
i1 39.20 21.63 70.68 7.68 0.5k 73 9



Sample

No. % Weight
BC5-12 40.70
BC5-13 85.69

14 Q0. 40
15 8h.52
16 69.13
17HH 41.18
15%* 27.90
19 o k5
20xx 341
21 71.39
*¥Estimated

23.85
22.73
22.36
21.12
21.61
21.35
21.08
21.31
21.55
21.05

#* Sample reject {60 mesh)

Table X {con't)

F.C.

67.63
69.64
70.18
71.79
70.07
72.14
T71.75
69.75
71.868
70.7%

Ash

»
MWD |—-’\J"Iu.&8 = ovvan

H=F o

0353\0'3-4 v~ -1 -1 (o
(A WAR W)
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FST
S 1"x10M 10M x O
0.50 8 9
0.38 (q 8%
0.36 ?% 9
0.38 T 9
0.ko 8 9
0.47 G
0.43 5
0.h2 4l 8%
0.45 8
0.39 T3 9
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ghould be weshed. Based on these criteria, 1k of the 28 bulk samples qualified
for bulk washing. Some samples that were border line were also washed, but in
each case the washed product had an ash content In excess of 10 percent. Cne
set of semples (adit 21, channel sample 1, and bulk sample 19-3) showed a raw

coal ash content less than that of the washed coal, but this is attributed to

a discrepency in sempling.

Washability curves were prepered to evaluate each sample and these

are included in the map pocket. Microwashing, bulk washing, and enalyticel data

\

ere shown in Tables XTand XTT.

On Morrissey Ridge, there are only two beds thet consistently washed
clean. Bed M-9 gave yields of 85 to 93 percent with ash contents of 3.8 to 8.2
percent, and Bed M-5 gave yields of 85 and 86 percent with ash contents of 6.1
to 8.0 percent. Peds M-1l, M-2, and M-3 are generally borderline cases since they
gave average yield of about 7O percent at about 10 percent ash. Bed M-10 is
exceptionally dirty on the cutcrop where adit samples were teken, and yields on
two samples were 45 and 64 percent with ash contents of 8.6 percent and 9.4
percent, respectively;

On.Fernie Ridge, bed FE;B washed to 5.8 percent ash at a 77 percent

yield; bted FE-8 washed to 8.5 percent esh at a 69 percent yield, and bed FE-1

—_—

{ lower béﬁbh) weashed to 13.9 percent ash at a2 Tl percent yield. B2Bed FE-G was

not sampled because of inclement weather. Yields of the other beds sampled are
'

below TO percent, as indicated in the tables. ARSES

.

Carbonizetion Tests

Results of cerbonizaticn tests presented 1n Tebles XTI and XII show thet
the coels sempled veary from non-coxing to strengly coking. Semples which pro-
duced strong coke were iteken from ccal beds in the upper pert of the Kootenay
formaticon, whereas coals that were non-ccoking to weakly-coking were ta¥en from

coal beds in the lower part of the formstion. As indicated earlier, the major



factor effecting the coke strength 1s degree of oxldation.

Coal that produced the strongest coke was obtained from bed M-9, and
coke strength was maintained in blends using up to 30 percent Corbin, Lundale,
and Wellington coals. Cosls from bed M-10 alsc produced strong coke, but the
yield on the washed product (Dne bulk sample) was only 45 percent. Coal from
teds M-5 end M-6 produced feirly strong cokes. The only sample from Fernie Ridge
that coked was taken from bed FE-E. Béd FE-9 was not sampled, but is believed
to be coking. Cosls from the Balmer Mine (basal Kootenay) produced fairly
strong ccke. The remaining semples were poorly or non-coking cosls.

There is a marked difference in coking pressures between the carbon-

ization tests reported by Applied Research Laboratory snd Raw Materials Research

Leboratory. By using samples from bed M-9 es a common reference, the difference

is sbout 5 to 1, with the pressures reported by Applied Resesrch being the highest.

Persomnel of the Geneva Research Laboratory were unable to explain this discrerpancy,

stating that the tests were run in the same type of ovens and with calibrated
instruments. A +-Londfd vailim. %Wv{u—: bfg 60 w FST’} G’y?« !
Excesslve coking pressures were exerted by samples from beds M-10, M-6,
M-5 end the Bzlmer Mine and the use of these cosls will require blending with
non-coking or high-voletile coals to reduce coking pressures to safe opersting
levels for conventicnel steel-industiry by-product coke ovens. Coking pressures

Ll

of the other coels could be controlled by varying bulk densities.
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ESTIMATED RESERVES

Estimated reserves presented herein are of a lower magnitude than any
of several previous estimates becsuse they are limlted to coking coals only.
Quality data were not availmsble for previocus estimates, which were not limited to
coking coals.

Reserves estimated for Option A are concentrated in sreas along and
behind Fermie and Nbrriésey Ridges (see Maps 6C-532 and 536). There are other
areas within the property held under Option A vhich may contain potential coking
cosal reserves, but estimates were not made for these areas because of insufficient
control data. Such areas are more difficult of access, are more highly disturbed
and will require drilling and other detailed work to obtain necessary information
on structure, cover and coal gquality.

Estimated reserves under Optlon A between the Provineial Government
block on Fernie Ridge and the Dominion GCovermment block which borders Morrissey
Creek, total 142 million tons of recoverable raw cokling coals, or 113 million
tons of washed coking ecoals, under 2,500 feet of cover.

Celculatfons of estimated reserves were based on the following
Tules: _

1. Because mining methods vary with the dip of the toal beds, reserves
were calculsted and tabulsted in the following incremsnts;

Dip Increments

0-15 degrees
15-3O n
30_60 n

LS

2. Meximm thickness (minirg heignt)

Dio Thickness
0-30 degrees 12 feet
30-90 " Full best bench and to top of bed, provided

rock partings over 2 feet are not taken.



3. Minimm thickness (mining height)
5 feet

4. Minimm thickness of rock Interval between beds

Cover Rock Interval
Iess than 2,000 feet 30 feet

Greater than 2,000 feet 50 feet
5. Maximmm thickﬁcss of rock parting Ipncluded
2 feet
6. Maximuim rock partings ineluded
10 percent of bed thickness
T. Mexdimim ash contents
Raw toal - 25 percent
Washed coal - 10 percent
8. Mnimm yield for washed coal
TO percent *
9. Depth of cover Iincrements
0~1,500 feet
1,500-2,000 feet
2,000-2,500 feet
10, Free swelling index
Mintmm of (1) button
11. Conversion factors used in reserve estimation
Corl in place - 1,800 toms per acre-foot
Recoverable raw coal - 900 toms per acre-foot
Washed conl - &5 determined by test work
Cross sectians prepered served zs8 & beeis for controlling structure ccontours.
The same datum, the base of the Basal Elk conglomerate, was used for deternmining

limits of cover on beds M-10 and M-9 on Morriseey Rldge, and beds FE-B and FE-9
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on Fernle Ridge. As bed M-5 is about 600 feet below the Elk formation, separate

contours were prepared for determining the limits of this bed. Depth of cover
contours were also determined for each of these beds, as shown on Maps 6C-532
and 536.
Estimated reserves are combined into cne classification, measured and

indicated. The following definftion of Indicmted reserves by the.U‘S.G.S. applies:

"Tndicated reserves of coal are reserves for which tonnage is computed

partly from specific measurements and partly from projection of wvisible

data for a reasonable distance on geologic evidence. In general, the

polints of observation sre approximately one mile apart, but they may be
as mach as one and & half miles apart for beds of known geologic con-

tinutty. "

Reserves were estimated amly for coal beds which are known to contain
good coklng coal; namely, beds FE-B, FE-9, M-10, M-9, and M-5. Other beds
that coked were either too dirty to qualify under the above set of tules, or
were of midor areal extent; Bed FE-9 was not sampled because of inclement weather
late In the field sesson, but it is assumed to contaln coking coal because of its
stratigraphic position and known coking quality at the south end of Fernie Ridge.
The weshed coml yleld 1s low on bed M-10, where it was sampled on the outcrop,
and most of the dats used for E95EEEEE5«EEEEE3EE.EEEE_EEEfEEEEHEESE;EEE11 holes
and old mine workings.

The reserves are tabulated In TﬂbleXﬁEﬁmby property, bed number,
area, vertical cover, and dip of beds. The outline of the eres used to compute
the reserves of each bed 1s shown on Maps 6C-533 through 536.

Table XIV glves a percentage distribution of reserves by dip increments,
for 0-1500 feet and 0-2500 feelt of cover. Nesrly half of reserves under 0-1500 fest of
cover havedipe In 30 to 60 degree renge; wnereas, for 0-2500 feet of cover nesrly

half of reserves are in the 0-15 degree range.
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TABLE XTIV

PERCENTAGE DISTRIBUTION OF RESERVES BY DIF INCREMENTS

Percentage of Total Recoverable Raw Coal Reserves

Dlp of Beds

{in degrees) Remarks 0-1500 Ft. of Cover | 0-2500 Ft. of Cover

0 - 15 Best for conventional
equipment, Low-cost 18 49
mining.

15- - 30 Difficult mining.
. Need specialized 31 30
equipment.

30 - 60 Gravity used to
advantage in breaking 51 21
and moving coal.

A1l _ 100 _ 100

Tatal Net! Tons Raw Recoverable hg million 142 million




MINING CONSIDERATIONS

.Structure
It is generally understood and agreed by mining personnel that coal beds
dipping less than 15 degrees can be mined effectively by modern heavy-duty mining
equipwent, particularly continuous miners and shuttle cars, but this equipment
does not operate effecﬁively in beds dipping greater than 15 degrees. GCravity
is usually used to move coel in beds that dip more than 30 degrees. Coal beds
dipping between 15 and 30 degrees fall into a problem area where the pitch is
too steep to maneuver heavy equipment and too flat for the coal to run by graviiy.
As indicated in the geologie cross sections and the tabulated reserves, a con-
sidereble portion (approximately 30%) of the coking coal reserves is contained
in beds that dip between 15 and 30 degrees. It is difficult to arrive at reliable
mining costs for these dips beceuse of lack of historical data, but it is assumed
that mining costs will be higher than for either flatter or steeper dips.
Displacement of cosal beds by faulting always complicates mihing bperations %
end thereby increases costs. No attempt was mede to mep all the faults in the |
potential mining areas, which would require large-scale detailed mapping, dbut it
is likely thet Tfaults do exist because they have been encountered in the mines
at Michel and Coal Creek.
The tight folding which occurs along the outcfop near the basal part
of the Kootenay Tormation gives rise to serious mining problems, and the ereas
so deformed would present difficult underground mining conditions., Since these
folds tend to die out neer the upper pert of the Kootenay formastion, it is
poseible tket other folds may occur down dip from the cutercp without being
expressed on the surface.
Cover
The pulk of potential reserves of high qualiiy coking coal under

Ootion A cccurs in areas where the cover arvrcaches 2,000 feet., Althkough cld
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mine workings at Ccal Creek extend under cover that is in excess of 2,000 feet
difficulty was experienced with severe bumps and bursts. Mining personnel of
Crow's Nest Pass Coel Company have verbally indicated that bumps and bursts,
can become serious when cover exceeds 1,500 feet.

Roof and Floor Conditions

In most Cropco coal beds, the transition of coal to rock is not a
sharp break, but is rather a gradational change from coal to bone, bone to carbon-
aceous shale, and carbonaceous shale to shale. Often, bone and carbonaceous
shale are interbedded with thin coal partings. There are exceptions, however,
where coal Is overlain by firm shale, sandstone, or conglomerate.

The relative condition of the roof and floor of each coal bed at each
measured section locstion is indicated in Tables'VIIIamg 'I¥, where the conditicn
is classified as good, fair, and poor. A roof end floor is classified as good
wﬁen there is a sharp break from the coal bed to a carbonaceous-free rock, as
poor when the carbonaceous zone between the cozal bed and the firm rock is more
than five feet thick, and as fair when conditions are between these extremes.

Most of the roof and floor classifications are poor.

) Information obtained from drilling operations indicates that the highly
carbonaceous rocks will be difficult to control in mining operations. There

was no caving of clean rock types in eny of the drill holes, but several of the
holes weré stopped because of ceving carbonaceous rocks. The ash content of the
material that caved was as high as 60 percent.

Roof and floor condificns in general improve from the lower coal
beds to the upper coal beds. There are two reesons for thig; 1) ithere hgs been
more deformation in the lower part of the coal measures, which has broken thg
rocks near the coal beds, and 2} the transition zone of coal to rock is thicker
in the lower beds.

In some ereas where thick coel beds occur, such es at Somerset,
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"top coal” is left as a roof. Because of the friable nature of the cocal, it
is doubtful that this prectice could be appllied to the thick cosl beds at
Cropeo.

Water and Gas

Crowsnest coal basin is also a ground vater basin. Mining operaticns
which extend below natural surface water drainage will reguire water pumping

facilities.

In past mining operations at both Michel and Coal Creek, gas has not
presented any problems that could not be solved. Newmarch, however states that
in 1909 “violent outbursts of gas” forced the abandonment of mines along Morrissey
Creek.

Holes drilied well back from the edge of the basin encountered water
with a gas drive. These holes include hole BC-6, behind the old mine workings
in Mcrrissey Creek, and holes BC-3, BC-5, and BC-7 in the Coal Creek drainage.
The gas 50 encountered is probably associated with the coal beds, and probably does
not occur in smounts excessive for mining.

Low-Cost Mining

There are large reserves of cceal mostly non-coking and high ash, in
the many beds which outcrop along Morrissey and Fernie Ridges. Tt has been
suggested that all ftypes of low-cost mining be investigated to determine if these
coels can be exploited as economicel sources of cerbon. Auger and hydraulic
mining are currently being investigated, and it is tentatively planned to have
experts in these fields visit the project in June 1962 for the purpose of ap-
praising the epplicability of such methods; however, divs are adverse for sugering.
Apparently, the hardness of coel is a factor in both auger and hydraulic
mining, but this should not be a problem with most Cropeo coals, particularly the
lower beds. Some of the coals zre so frisble that they mey be difficult teo control

by either of these miring methods, Where beds bave not been crushed, rock pariings

will be a factor to consider.



ADIT AND SAMPLE DATA

CROPCO PRQJECY

1961
_ Bulk Net F.ce (100 Lb.)
Adit No. Location Length* (Ft.) | Men Shires Sample No. Weight (Lbs.; | Channel Sugmple No. Coal Bed
385 10p
2 Morrissey . I3,
Ridyze 10 L2 25 12 NG T M-1 U
WO tane
399 Compornite
JIT Top
10 Morrissey 72 k2 13 7534 T3 M-3
Ridge 10 1) Luge
HO Couposite
13 Coil Creex k) 37 11 24§ R o
T Tup
1k Morrissey 79 34 1 3574 515 B ose M-4
Ridge 13 374 Composite
381 Top
15 Mirriscey 124 £y 1y 8552 U2 M-2
Ridge 15 »'3 Rige
3ds Composite
~JQ up
U Morricsey 112 57 16 L2k sl M-1 U
Ridye 13 ' A2 age
293 Couposite
17 Morrisscy 53 ‘ o 1y V2 -9 395 M-1 L
Ridye O
13 Morricney 55 22 14 8591, 013 M-2
Ridyie ©
19 Fernge 36 10 23-2 1802 508 Jup ‘FE-1
Ridye 10 29-1 wet LT cuse
19-2 90 99




Rid_e 20

1y-3 | Ly _
4 Coxn,poai};e
22 Ferntle 50 51 25 31-1 2 FE-
Rid,e 10
23 Fernie ) _
Ridye 10 o0 2 21 81, 21 K.
24 Morrissey 20-1 Bk 17 Top
ldpe 13 34 b1 20-2 e 18 Hnse M-
Morriacuey
25 Ri.ge 1d 31 10 . $979 10 M-
20 Fernie
Rivge 10 5T 24 24 204 3 22 133
Morrissey
&1 Ridye 19 S50 e Ercounterel] Iiult - No Sample 'uwken M
Ibrris;sc_-y T !
28 Ridge 18 L3 23 e B9 15 S
fernle Foulted Coul
29 Ridpge 10 75 59 Q:oialpe. - - 51
hot Silpped
Feranle
30 Ridge 10 71 S 1 29 3532 L4
fernic RLET 431 30 Top
31 Ridge 10 118 Lige RICE 4714 49
58-1 STay b3 Base
Morrlusey
32 Ridge 1k 9k 25 o J10u 3h
Morrissey
33 Ridee 1k 52 26 71 RITY 5
) Morrlnacy
34 Rid;e b 70 25 0 FJ 5% 52
Morricsey
35 Ridpe o 53 ) 23 3736 55
SO PATS
- m::.Oll 1*5 )
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= aorr | CANNE ANALYSES MICROWSHING BULK WASHING RESULTS -1.55 GRAVITY CARBONIZATION TESTS ~ WASHED COAL
RESULTS
BED YEAR SAMPLE (RAW COAL) 0.55 GRVITY)|  SAMPLE ANALYSES — WASHED COAL PLASTOMETER s LEno 500-LB. OVEN 1o18- | SOLE OVEM LABORATORY
NUMBER SAMPLED| KO RnggE NO. | THICK. | wM | Fe ASH ] Op | FS I | iELD] a5H NO | THICX | YIELD} VM FC | ASH 5 ¢ Hy Ny | 0y |Fs |,s,:1_|_u_r'_r_ 0.0.] 5.T. . .__ | PRESSURE| STABILITY| HARDNESS +1"SEIVE | PRESSURE upa;‘sm com?ncnou
I./ q' Q‘l o - - ‘ -
N M-10 1960 1 | »10 * 19.2 ¢ * 38.1 |0.63 ) = » * . 3 L.9 L5 21'.1'1 . 8.6 | 0.84 * " * * @ 384 | 455 | 340 ko | L Ne. 9 3.7 63 70 92 * * * ARL
) 5C% MNo. 9, 334 Wellington 2.7 13 92
S04 No. 9, 50% Corkin 1.5 63 72 9
q! 504 fe. 9, 501 Lundale 2.1 62 71 95
1961 |33 | 14 | 35 7.9 | 2.5 | 5%.5 [ 25.0 [0.52 | 3.97 | 8-8} | & 3.5 3L 7.9 Mot vasbed | o /__,f“" | : - | GRL
M9 1960 1§, 3 |m9 | « 25.2 | * 7.7 | 0.60 | = . s e L w.y | 93 | .8+ 3.8 | 0.45 . sl e [(B)f s et s | s 2 e 2.5 @ | oo . . . ARL
‘ 704 | 5. 1, 304 Wellirston 2.7 ; T2 95 -—
. 703 { %o, 1, 30% Corbin 2.0 2 72 95
'3 : qjk'a\ 733 |3, 1, 398 Lurdale 1.9 53 Tl 96
1961 f g2 [ WAk f 3% b 15 | 2b5 | 63.6 | 11.9 | o0.64 [ .87 | 8} 90 { 71|27 ns | 8 | 22.0769.8] 8.2 |0.56 30.6] u.6| 1.01 s.of @il 33 lusy {37 | 32| 1>q mo. 2 0.k2 51val. & 36 1.3 ) b GRL
- 95g No. 27, 120 H.V. 9.51 55 29 92 o.& 2 4.2
5o, 27, 208 2.V, 0.37 52 7 9 0. 3 2.9
p ’b\i 728 Le. 27, 335 H.V. 0.40 Sh 67 95 0.65 o 3.3
1901 1,35 [ b >3 5.9 | 27-8 | &.3] 7.9 |0.60 | 5.08 | g 97 5.5 | 23 5.9 8s 28.1°] 65.9] 6.0 | 0.56 32.3| 5.2] 1.2 Lol 9 | 375 | 456 1w00 435 § 1007 ol 23 0.48 S50yl 63 95 1.:0 0 0.k GRL
: 90t "vo. 28, 1971 u.v. 0.63 60 T0 96 0.63 . »
B0t | to. 23, 205 H.V. 0.52 59 71 96 0.45 * »
" I R I & R PCNRR  S—— T T4 96 0.61 . *
£ ATy e i —
M-6 1960 | Ve [y |« 23.3 | = 15.2 [0.54 | # » » . 2 15.9 | 83 | 23.7 |+ 6.8 | 0.49 . » | e | e @'@3 bss | 3.5 w3 | 12 e, 2 IR 70 34 * . . ARL
. €0} (7. 2, LO% Wdellington 1.7 &0 63 36 ot * * I—
go% 0. 2, 2% Corbin 2.1 gz T3 92 * . *
Ch o, 2, LOY Lundale 2.5 72 92 * . *
1961 |28 | w18 | 15 7.2 | 15.0 | b1.0 | 440 [0.59 | 3.76 | 3 5 ‘ ' ) )
. . . . . 1 7.7 | 26 7.2 Not wasned - A ) GRL
1961 [ 34 | M4 52 1 13.1 | 20.8 | 48.7 | 30.5 |0.32 [ 5.01 | 6 25 7.3 | 2 13.1 ot vashed | o ___,f—-"’”"’_‘ e “‘—-—-—% GRL
” Ll P .
M5 (7) - 1960 | 7| M9 * 18.5 | = 37.1 | 0.36 | * , - . 3 20.7 52 4.6 b * 4.9 | 0.51 . * . . 65\ wor [ 655 ] w5 = | 1r ol 3 7.0 ’%&2 70 30 * * . ARL
=% . 3, 608 Wellington 2.5 2] a7 * * » "
L s, 3, 50% Corbinm 3.3 61, 73 92 * * *
, L% 3. 3, 60% Lundale 2.3 61 0 9 * * *
-5V 1960 | 13 { M9 | » 2.3 * 15.2 [0.60 | » * . . 3 13.0 | & 21.55'1!"‘l 8.0 | 0.56 v e | e | 2 Juze{use| o7f w6 |inr 5l 2.5 a%\/aa 2 ¥ . . * ARL
] 3% is. 6, 204 Corbin 2.1 3 1 . . .
308 . 6, 205 Lundale 1.b 59 65 53 . . .
M5 1960 /9 M-9 * ’ 18,51 « 15.9 | o.54 | = * * . 3 15.1 5 20_]_’2,\'16 7.6 | 0.55 * * * * 3 u21 | 4o 1.1 450 | 127 o. 3 3.2 ﬂ%l(\. 53 69 - A * ARL
T2 o. 3, 22% dellingtorn 1.7 4L 54 h * + »
y ™% 0. 3, 30% Corbix 1.3 ° 22 65 9 * . *
e L T3% . o. 3, 304 Lurdale 2.2 73 92 N : *
(Upper bench) | 1961 2h | w28 | 17 6.1 | 19.0 | 841 | 16.9 [0.58 | 445 [ 6-6% | 19 .5 | 20-1 6.1 36 13.3'1‘( 75.1] 6.1 | 0.65 33.2] 4.5 1.4 4.2 ,z'" 841 | 76 | 0.3 W92 | 13¥ na, 20-2 5.43 jﬁ.‘/au_ 63 17 Off scale 5.3 o GRL
Ex: sive pressure - no blands tested
(Lover beach} | 1961 2h 1 M18 | 18 [ 13.8 [ 15.9 ] 8.2 ] 39.9 |0.35 | 2.3 |1 8 3.2 |25-2 | 13.3 | ot wached ‘ GRL
M-k 1961 § 1 [ w5 |376 | 2.0 | 17,2 [ 53.1 | 24.7 | 0.48 | 5.61 ¢+t .
. . . . . . Ag 72 3.7 |1k 24.0 T4 16.7\8"f2.51 10.3 | 0.53 T7.3[ .21 13| 5.4 1 Hon-fluid 127 Go. 14 0.29 No goke produced| 2 1.21 2 6.9 GRL
1961 | 25 [ m18 | 16 9.3 [ 14.3] 56.0 | 9.2 [o0.54 | 413 | 1 61 | .3 |22 9.3 | lot washed % GRL
M-3 1961 10 | =120 |330 52.9 | 17.6 | 62.3 | 20.1 {0.43 | 4.30 | Ag 4 RA B 52.9 72 17.6\“-:\71.? 10.7 | 0.33 73.31 W.2) 12| &.7] 2 tion-fluid 1! .13 0.29 Nooke produced] 3 9.22 3 15-6 CRL
M-2 ‘
{Upper bench) 1960 Vs | Me20 | 17.7 | * I \Rﬂ a v
. 3 (046 |+ * . . b 15.9 g5 18.2 1 « 7.7 | 0-46 . * * . 1 Jus8 Turr | o] BT 12 o S llo"¢oke producec ARL
{Lower bench) 1960 t@ M-10 | = 16.9 | » 25.5 | 0.bs | # . " N 13.1 €& 13.3 e 8.6 | 0.50 * » . . 2} | 633 fus3 | oss| 626 |12 o, b ;‘lo"f:oke produced] ARL
f’gi 2| w15 138 1 35.2 |1k 92H9.8 | 35.9 fo.50 | ko2 | Ag 72 RN B 3.2 | ot vashed | - ) GRL
9 1d | M0 | 396 6.4 | 17.0 | 63.1 | 19.9 {0.58 | 5.13 | 1 73 23 |3 6.4 79 13.1H ?o.s 1.4 | 0.67 3.5 .| 1.0 L3 1 tion-£luid A . 13, 226 4. 0.33 NO"c’ok? produced| 10 0.52 2 9.45 GRL
M-1U ' .
. i " [
Egﬁ‘e’ :"mﬁg i%éé \A M-10 |38 23.0 }17.7] 66.3 | 16.0 | 0.34 | 4.33 | ma, 86 Ll |22 23.0 83 13.0\4 72.81 9.2 |0.36 81.1] 4.3} 1.2] 3.8] 1 Non-fluid 100 %o, 12 0.30 No'/c/oke produced; - 0.33 2 11.65 GRL
er benc 9 (f% M-10 | = 1T.1 | * 17.8 | 0.26 | # »* 1/1, * ‘. 1 2.7 81 17.9[?’-& 9.9 |0.29 * * * * 1 Mon-fluid 133 llo. T NoYcoke produced ARL
T 1961 6/ M15 | 1393 0.7 f 15.88%53.% | 16.0 [0.30 | 4. 78 | ma 35 4,5 116 4.7 76 18}2156.5 | 7%.0] 9.5 | 0.3 31.0f uk.2( 1.1] 3.9] 1 Hon-fluid 1Mt o, 16 0.41 NoYcoke produced] 2 0.35 3 10.2 GRL
(Upper bench) | 1961 21) | 20 |39 2%6.7 | 1.2 58.3 | 27.6 {o.b '
. . . . 45 | b.T0 66 il} 6 |19-1 26.7 Lot washed L2 . CRL
82,33?1,2252?’ igéi 3 M-20 i 8.0 116.6 ] €8.6 | 1.8 [o.47 | 3.76 E-Z 89 has | 19-2 5.0 73 14.8' 72.5 | 12.7 ] o.50 78.3] %.0] 1.2 3.3] 1 Non-f1luid 1L o, 19-2 0.77 No/c/oke produced} 9 2.96 3 5.25 GRL
. w20 | 1 115.3 | 16.60fp72.4 [ 11,0 |o0.50 | 824 | 2 87 | 9.7 |19-3 | 15.3 | 6k | 15.57p70.6] 12.9 }o.51 17.8] u.0| r.2| 3.8F 1 |usL yues | 1.0] ues | 197 . 12;2 ’ 0.16 é‘/ugt_ 33 | 62 12,84 0 fgg GRL
1 ° .' - -V. - - 0 -
. g:@c’site’ -1 1961 21 | M20 L4 53.5 15.6 | 63.9 | 20.5 [0.50 | 4.05 1} s ir_}.g - 51.5 liot washed - , 9% L33 0-31 1 20 3 >33 GRL
"\ L 1961 | 17 {0 395 |12.5 |19.0] 56.0 [ 25.0 |0.53 |u.uh | ae 6l 3.7 {13 12.5 Not wached : 7 GRL
*Data not obtained. . “ 0 ADIT SANMPLE DATA
¥
o ’ CROPCO | PROJUECT
s MORRISSEY BRIBCE




ADITT SAMPLE DATA
CROPCO PROJUECGCT

worr | CHANNEL ANALYSES MICROWASHING BULK WASHING RESULTS - 155 GRAVITY TESTS — WASHED (OAL
BED YEAR SAMPLE (RAW COAL) (155 GRAVITY)] SAMPLE ANALYSIES — WASHED COAL PLASTOMETER | 5500— LB. OVEN 33;;:' SOLE OVEN  |LABORATORY
Ri " L/
NUMBER |sampLeD| no. | ROSE | Noo f1Hick | vm | Fc | asu | s 0p |FS.L|YIELD] ASH | No. | THick. |viELD] vm | FC | Asw 5 C [ Hy | N | 0y [FSU|LST|MFET.] D.D. |S.T. STABILITY | HARDNESS|+I"SEIVE | PRESSURE | eypansion | contRacTion
FERINIE RIDGE
FE-B
(Upper bench) 19631 31 | Fe-10 50 18.7 20.3 | 39.0 | ®0.7 1 0.1 5.87¢ 1 48 8.6 | 32-3 18.7 Not washed :
(Middle bench) | 1961 31| Pe-10| 49 } 11.7 | 31.3 | 58.7| 9.4 (o046 | 7.987-T4 | ok 4.2 | 32-2 | 11.7 T7 30.4 | 63.8 | 5.6 | 0.6 79.% [ 5.0 | 1.3 ] 8.0} 3 |372 | 453 [ 10.4 | 480 | 100% 32-2 @ 56 93 0.80 * * GRL
+ s} - 90% 32-2,){ 32 50 8 0.33
. . : 80% 32-2,)1 33 45 90 0.18
(Lover bench) 1501 31 | do. 48 7.2 1 29.3 | sk.7 | 15.5 | 0.36 | 10.29 [ KA 80 4.0 | 32-1 7.2 T2 31.0 | 63.9 | 5.1 0.37 77-5 | 4.7 | 1.3 {11.0| WA Non-fluid 100% 32-1 No coke produced O 0.58 0 22.5 GRL
1961 13 | Coal | 394 | 10.9 | 19.3 [ 42.6 | 38.6 | 0.k2 | 3.65 | ag 52 5.9 | 1 10.9 | Not washed oX. GRL
Creek N ' i
. -~
. elel) }
FE-8 1961 | 30 | Fe-lof 4k ) 22.h | 23.) | 56.819.3 | 0.35 | 8.75 | 1 (i 5.1 29 | 22.4 | 6 | 27.2| 63| 8. ]0.38 75.8 | 4.5 [ 1.3 | 9.5 |(D) | [ whd | 0.3 | b7 | 200% 29 No coke produced 0.18 0 18.3 GRL
FE-T 1961 29 | do. 51 9.4 23.3 | 50.9 | 25.2 | 0.36 | 12.31 | NA 73 5.9 { Sample not shipped - Cloa.l is fallted ard xidized GRL
FE-5 1961 | 23 . | 2 |10k |8 556259 fobr [ 5|1 | se [me| e [ 20 | wotwasaed | _ GRL
FE-4 1961 ;26 | do. 122 8.9 } 18.3 1 49.8 | 31.9 |[0.59 | 5.13] 1 58 9.7 | 24 8.9 Not wrl-ia.shed : ' f GRL
FE-2 1961 | 22 | do. 23 | 26.1 | 15.) | bb.6 | 80.3 | 0.55 | b.59 ) 1 51 12.6 | 23 26.1 Not washed A GRL
FE-1 ' ' E
(Upper bench) | 1961 19 | do. 398 14.0 20.9 | 56.9 | 23.1 | 0.50 6.53 | Ag 68 11.8 | 25-2 14.0 Not washed ! GRL
(Lower bench) | .1961 | V19 | do. 397 15.0 18.5 | 59.0 | 22.5 | 0.53 5.33 | Ag 78 11.8 | 25-1 15.0 T1 19.6 | 66.9 | 13... | 0.53 4.8 | 4.1 | 1.0 | 6.1 @ 393 | 459 0.5 | 483 | 100% 25-1: 5 o 23 23 0.41 0 9.3 GRL
| 132 0% 25-1, " 9 25 28 0.68 0 10.1
; 8o% 25-1,: 12 27 36 * * *
| 1 70% 25-1, | 15 29 | * * x
I |
BALMER MINE: MICHE L COLLIERY ;
' |
Basal 1960 * 17-5 * 16.3 | 0.35 * * * * 10 6.6 | 85 18.0 | * 9.% | 0.33 * * « |« 6L 430 | 472 | 2.5 | 499 | 1004 mo. i . - - * * * ARL
T70% No. 1€ 50 61 86 * * *
70% No. 1C 60 . 12 90 * * *
. - N . lc 2 * * *
do. (500 1b.) | 1961 61.6 | 16.p | 66.2 | 16.9 | 0.30 | 3.28 [ui-5 | 83 9.6 | 10-61] 61.6 | 8 | Data not available 70% Yo 6l 7 95
! !

*Data not obtained. oo ! -




