. Dear Mr, McMynn:

-’

Northern Coal T

687-9076
nov 1 3 13 A“\Iovember 8th,

Telephone:
1973.

"Luulu,j
s

Mr. John McMynn,
Deputy Minister,
Department of Mines & Pet
VICTORIA, B. C.

B
Ayt

| The purpose of this letter is to request
with you at your earliest convenience with regard to co;

1930 — 1055 West Hastings Street, Vancouver 1

Aafmeeting
it '&%@9@%5

and other matters pertaining to Northern Coal Mines Ltd

— .

- At present we are engaged in. the preparatlons for a
re- organlzatlon of . the company's share structure and change of

name.

Following this we will consider a proposal for participation

in a gas and oil drilling project which might serve to rejuvenate

the company financially.

In addltlon, we have two apparently serious approaches

with regard to the company's coal deposit in the Bowron
east of Prlnce George :

For lack of funds the company's holdings
reduced to three coal licenses.
and most of the drlll -tested area.

' The chief points for discussion are:

(1).

River Valley

have been.

These cover the underground’ worklngs

By what means and under what conditions we

might acquire an additional 10 or 12 licenses
(previously held) to provide sufficient .area
for a sizeable mining operation, should one

‘be considered feasible by the new interests;

(2).

The government's attitude with regard to -

foreign financial and equity participation.

‘Reference is also made to my letter to Mr. Nimsick

of February 22nd, 1973 and his reply of April 24th,

1973.

, A telephone call to the effect that you could meet
me and other directors during the week of November 12th

greatly appreciated.

would be

./ 2

Qo0(0(?).

t



Any help you can give us in these matters will also
be greatly appreciated by the many (900 plus) long-suffering share-
holders of the company.

Yours wvery truly,

NORTHERN COAL MINES LTD.

~
2

M. M. Menzies,
President.

MMM: b
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Agpendizx D - iirninc and Coal Gasification
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C.I.M. Bulletin . January, 1974
D-2 "Status Report: the AGA/OCR Coal Gasification
Program”" Coal Age January, 1973
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E-3 D. D. H. 71-3 Sheets 1, 2, 3
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Coal Gasification, Feasibility, Economics and Viability

Continental 0il Company March, 1973



This is a compilation of technical data
relating to the company's coal properties and lncludes
more detailed information than has been presented in any

single report to date.

A revised estimate of coal reserves is based
on total coal in place, not necessarily mineable reserves,
on the premise thdt such an estimate may be of value in
considering the feasibility of gasification of the coal
in-situ, either for generating electric power or for

suppiying a natural gas transmission system.
PROPERTY

The company's ccal properties are situated
in the valley of the Bowron River, 35 miles east of Prince
George, B. C. at Lat. 52° 50' N., Long. 122° 55' wW.
(N.T.S. Reference 93H/13). At present the company holds
three coal licences (C.L. 148, C.L. 162 and C.L. 163) of
one sguare mile each (Fig. 2). Additional contiguous
licences were relingquished for financial reasons, but
representations have been made to the provincial government
for.the future re-instatement of some of the licences to'

avoid multiple ownership of the deposit. The three licences
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which have been retained contain 85% of the indicated
reserves and 31% of the inferred reserves of the Bowron

River coal field as herein calculated.

ACCESS

The property is reached by 6 miles of gravel

road running southerly from provincial Highway 16.

WORK TO DATE

2t least 42 holes were drilled prior to 1971,
mainly near the southwest margin of the coal basin. These
indicated continuity of the coal measures for a strike
length of 2 miles. During this time, several hundred feet
of underground entries indicated thicknesses of 7 to 1l

o]

feet of fairly clean coal dipping about 30 to 45° to

the northeast {(Black, A-2, A-3)

In 1971, Bethlehem Copper Corporation Limited
drilled 5 diamond drill holes {1-7/8" core) to a maximum
depth of 2,200 feet, for a total of 7,474 feet. This
drilling confirmed the continuation of the coal measures’
northeasterly dip into the basin and established the

approximate northeasterly limit of the basin. ({Kucera, A-1)
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GEQCLOGY

The ccoal measures occur within a few hundred
feet of the base of a thick succession of Tertiary (?)
sedimentary and volcanic strata which occupies a trough-like
depression in the underlying Slide Mountain strata of

Mississippian age.
General descriptions are provided by Black
{(A-2, A-3) and a more detailed account of structure and

stratigraphy is given by Kucera (A-1).

COAL RESERVES

Black (A-3) 1967, calculated indicated and

probable reserves of 20,185,000 short tons of coal in place.

The 1971 drilling programme by Bethlehem
Copper Corporation substantially extended the area of the
known coal reserve. However, because of the lack of
continuity of individual coal seams it has not been
possible to make a reliable estimate of any additional

mineable reserve.

The present calculation of 8l.4 million
tons of total coal in place considers only an explored

strike length of 14,000 feet and a horizontal width of



o

5000 feet terminated down dip by an assumed limiting fault
on the northeast flank of the basin, as inferred from the

log of D.D.H. 71-5.

The strike limits are determined by D.D.H.
WL-4 to the northwest and an arbitrary extension of

2200 feet beyond D.D.H. 71-4 to the southeast.

Kucera (P. 9) considers that there is little
likelihcod of significant coal deposition beyond these
limits but there is neither rock outcrop nor drilling
information to support this opinion. It must therefore,
be considered a possibility, at least, that some untested
parts of the Bowron basin, with size comparable to or
greater than the explored area, may contain significant

coal reserves (Fig. 2)
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NORTHERN COAL MINES LTD.

SUMMARY OF RESERVES ON PROPERTIES
AND VICINITY

I. _Drill -~ Indicated Reserves Shbrt Tons
Northern L‘ Adjoining Lots Total
Block Cozl ¢ Lot 9594 | Lot 9590 Lic 1644 Total Reserve
A 7,344,000 7,344,000
B. 15,500,000 s 9,500,000
- C 2,631,000 - 2,631,000
D 19,160,000 9,160,000
Bt 14,127,000 4,127,000
E% 7,174,000 17,174,000
7t 14,757,000 | -l ~ |4,757,000
F2 3,260,000 1,086,000 ’ 1,086,000)4,346,000
Gt 1,855,000 1,200,000 600,000 |1,800,000{3,655,000
G2 2,331,000 : 2,331,00012,331,000
gl 1,776,00011,776,000!1,776,000
H2 441,000 1,323,000/1,764,00011,764,000
49,808,000 }5,058,000 3,699,000/(8,757,000(58,565,000
II. Inferred Reserves Shbrt Tons
Northern | Adjoining Lots Total
Bloqk Coal Lot 9594 Lot 95990 Lic 1644 Total ~ Reserve
CI 1,392,000 1,392,000
DI | 2,880,000 2,880,000
EI { 2,800,000 2,646,000 600,000 3,246,000/6,046,000
FI o 132,000 | 3,900,000 4,032,00014,032,000
GI \ 4,535,000 4,535,000:4,535,000
HI 3,500,000 460,000(3,960,000,3,960,000
7,072,000‘ 2,778,000 12,535,000 460,0001015,773,000(22,845,000
Total: (56,880,000 2,778,000 17,593,000 4,15%,000124,530,000181,410,000

Table 1



NOTE:

NCRTHERN COAL MINES LTD.

CALCULATIONS - INDICATED RESERVES

Length Siope Dist Area Thickness
5400 1360 7,344,000 25"
3300 2060 6,600,000 36!
1360 1745 2,268,560 29!
1960 3013 5,724,700 40"
1500 1697 3,224,300 32°
1900 2622 4,981,800 36"
2100 1770 3,717,000 327
2160 2156 4,527,800 24"
1850 1703 3,150,550 29"
1850 1432 2,649,200 227
233508 1442 4,037,600 11"
2800 1432 4,009,600 11°

"Thickness" = total coal true thickness

Tonnage Factor

as reported by R. E. Kuceva

Cu.Ft.
183,600,000
237,600,000

65,786,500
228,988,000
103,317,500
179,349,800
118,944,000
108,662,400

91,365,950

58,282,000

44,413,600

44,105,600

to Bethlehem Copper Corporation-

1971.

= 25 cu,.

£t. per short ton.

Short
Tons

7,344,000
9,500,000
2,631,000
9,160,000
4,127,000
7,174,000
4,757,000
4,346,000
3,655,000
2,331,000
1,776,000

1,764,000

58,565,000

Table 2



EBEiock

CI

CI

EI

NOTE:

NORTZERN COAL MINES LTD.
INFERRED RESERVE CALCULATIONS

W Area Thickness

600 1,260,000
1606 1,800,000
1400 4,200,000
2000 3,600,000
3200 0,080,000

3560 9,000,000

29

40

36

28

22

11l

No adjustment for slope distance
versus horizontal width.

Thickness

Cu.Ft. Tons (Short)
34,800,000 1,392,000
72,000,000 2,880,000

151,200,000 6,046,000
100,800,000 4,032,000
133,760,000 4,535,000
99,000,000 3,960,000
22,845,000

true thickness extrapolated

from adjacent blocks of

indicated reserves.

Table 3.



CQAL QUALITY

The rank is "High Volatile B Bituminous"”.

This coal is indicated to be good quality thermal coal

(subject to some sulphur removal) and might be suitable

for biending with other coals to produce a good quality

metallurgical coke (Donaldson, B-7, p. 1ll).

Summary of Coal Analyses

Air Dry Basis

Location Moisture Ash V.M.

F.C. 5. B.T.U,

"Ventilation
Slope"
9' seam 0.40

"Main Slope"

200" 5.7
"Main Slope"

400" 4.92
Bethlehem

19 samples

4 drill holes

2.77 36.50

46.8 0.80 11,070

51.2 0.80 -=

55.31 0.85 12,550

24.63 36.73 42.0 1.39 11,000

.5.I. Referenc:
3 B-6
1 B-5

2k B-3

? A-1



COAL QUALITY

The rank is "High Volatile B Bituminous".
This coal is indicated to be good quality thermal coal
(subject to some sulphur removal) and might be suitable
for blending with other coals to produce a good quality

metallurgical coke (Donaldson, B-7, p. 1l).

Summary of Coal Analyses = Air Dry Basis
Location Moisture Ash V.M. F.C. S. B.T.U. F.S5.I. Reference
"Ventilation
Slope"
9' sean 0.40 9.8 43.0 46.8 0.80 11,070 3 B-6
"Main Slope" |
200" 5.7 4.0 39.1 51.2 0.80 - 1 B-5
“Main Slope"
400" 4,92 2.77 36.50 55.31 0.85 12,550 2 X B-3
Bethlehem
19 samples
4 drill holes 24.63 36.73 42.0 1.39 11,000 ? A-1
Summary of Washing Tests
Medium Recovery

Sample Description 5.G. % $ Ash % S Reference
13 Core Samples -~ 182'
from 6 drill holes

CORE (Raw .Coal) 1.40 100.0 7.96 1.29

FLOAT ' . 1.40 86.0 4.66 l1.22

SINK 1.40 ‘14.0 22.86 1.79 B-1

coo10")



Medium Recovery
Sample Description S.G. % $ Ash % S Reference

Bulk Sample
"Main Slope"

FLOAT 1.50 82 6.3
SINK 1.50 18 52.2
FLOAT 1.60 85.6 7.3
SINK 1.60 14.4 57.9 B-4

(Reported that some roof shale was included in the bulk sample )

COAL RESINS

A. Soluble (invisibkle) Resin Reference
Ventilation Slope .4.05% B-6
3.80% A-2
Detailed description B~-7
C=2
C-3

B. Inscluble (Amber) Resin Reference
Estimate locally 4% A-3

General description c-2,C0-3,C-4

Ocurrence noted in Bethlehem
Drill Cores

The Battelle Memorial Institute (C-3) describes
detailed tests of a highly technical nature which suggest that
these resins could be valuable products. A letter (C-4)
from Battelle confirms their interestAin continuing

research.

-



-4 - ‘ Appendix B-l

FLOAT TESTS IN 1.40 MEDIUM

CORE FLOAT 1.40 SINK

Hole Thickness Ash®o S°o Recovery Ash Sulphur Recovery Ash Sulphur

Feet
20 42 6.10 146 87.8 4.08 1.31 12,2 20.66 2.52
21 14 6.36 1.21 87.1 4.29 1.15 12,9  20.37 1.62
23 17 5.12 1.23 95.3 4.35 1.17 4.7 20.63 2.43
11 7.88 1.21 87.0 4.46 1.25 13.0 30.78 0.93
Wl- 5 36 8.69 1.31 83.1 4.43 1.19 16.9 29.61 1.88
¥L- 3 14 11.62 1.16 719 677 1.17 281 24.01 113
12 8.70 1.17 75.3 6.43 1.23 24,7  15.63 0.98
2 18.04 0.79 539 1.72 0.91 46.5 36.81 0.64
18.04 0.79 : 61.9 2.55 0.90 38.1 41.8 0.67
Wh=-2 8 5,16 0.74 92.6 4.23 0.74 7.4 16,76 0.75
15 10.96 1,51 75.5 5.12 1.56 24.5 2B.95 1.38
4 .40 1,58 749 3.96 1.10 . 251 25.63 3.03
4 11.62 1.21 88.2 4.39 1.17 11.8 11.25 1.54
3 5.96 1.04 86.8 4,28 1.0 13.2 17.00 1.32

Total 182

Averages 7.96 1.29 86 4,66 1,22 14 22.86 1.79

As reported by Commercial Testing & Engineering
Chicago, Illinois,



Appendix B-2

J. M. BLACK, P.ENG. PH.D.

CONSULTING GEQLOGIST

6026 Carnarvon Street
Vancouve r 13, B. C.
June 4, 1969

The Manager
Northern Cosl Mines Ltd,.

Dear Mr. Garraways

Re Cleaning Tests on Coal Core

Core from DD holes 20, 21 & 23 and from WL holes 2, 3 & 5, was sent to
Chlcago and was tested by Gommerclal Testing & Englneering Company. The samples
had an average ash content of 7.96%.

A1l tut one sample were first put in a medium with a sp. gr. of 1.40 and
then, successively into denser mediums of 1.50, 1,60 and 1,90 respectively. One
ganple from a thin seam in WL hole #3 wms first tested in a medium of sp. gre. of
135 and then 1n the denger medluma.

A synopais of the resultn in the 1,40 medium ls attached. An average of
86% floated in this medium. This float had an average ash content of 4.66%,
ahowé;g an ash reduction of 41.4%. The sink (the reject) had an ash content of
22.86%.

In the heavier mediums, of course, more float was obtalned Tt it was dirtier.
From these tests, it would appear that a medium of between l.4 and 1.5 would be
suitable for cleaning this coal because it would recover a high percentage (about
90%) with an ash content of about 5% to 6%. This is appreciahly better than the
average American recovery, which is about 80%,

The core and the float and sink from each sample, was assayed for sulpbur.
The results are included in the synopsis.

The core before cleaning averaged 1.29% sulphur, which 1s higher than most
samples from the seams. The float averaged 1.22 and the sink 1,79% sulphur. This
1s only a small reductlon and 1s fairly typleal of results generally obtalned from
this method of cleaning.

Yours truly,

A Do
) . } - e ),{‘ L (/\' "'/ -/J ;e
A ) e
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COAL RESINS

A. Soluble (invisible) Resin Reference

Ventilation Slope 4.05% B-6

3.80% A-2

Detailed description B-7

c-2

. C-3
B. Insoluble (Amber) Resin Reference

Estimate locally 4 % A-3

General description

Ccurrence noted in Bethlehem
Drill Cores

c~2,C-3,C-4

The Battelle Memorial Institute {(C-3) describes

detailed tests of a highly technical nature which suggest that

these resins could be valuable products. A letter (C-4)

from Battelle confirms their interest in continuing

research.
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A summary of their findings is as follows:
A distinction is made between two types of resin
occurring in the coal

a) Dark soluble "Refined Resin."

b} Visible insoluble "Amber Resin."

All testing was done on the "Refined Resin" which

was found comparable to Congo Resin for certain
uses and which was priced at $0.21 to $0.28 per
1b. in 1967 ($0.24 to $0.33 in 1972).

It was indicated that the "Amber Resin" might
be the more valuable of the two, but how much
more valuable is not estimated.

Further research is required to determine the
best extraction methods for each of these types
as well as their suitability for various

industrial applications.



RADIOACTIVITY

The Geological Survey of Canada report radioactivity
in the vicinity of the Bowron River seams of Northern Coal
Mines Ltd. amcunting to 10 times background value

40 uMR/hr. , .
4 GR/bT. ° Copy of their report féllows.
COAL RISEARCH
4, RADIOCACTIVITY GF TERTAIRY LIGNITES IN SASKATCHEWAN,

ALBERTA AND BRITISH COLUMBIA

Project 680106

A. R. Cameron, P. A, Hacquebard, J. R. Donaldson
and T. F. Birmingham

Radioactivity measurements of Tertiary lignites were carried out with a scintillometer at about 200 stations in
southwestern Saskatchewan, southeastern Alberta, and a large area of south and central British Columbia. All visible
coal occurrences were checked including thin lenses, dirty coal, carbonacecous shales, etc. Readings above two or three
times the background were considered significant for sampling and about 35 samples were colloctod. The most upprop-
riate of these will be processed for chemical determination of the uranium content.

In Saskatchewan 73 stations were examined in the Cypress tlills district coal area. This wus extended into
Alberta to includo the western and southern Janks of the Cypress Hills, With a background ol § 1o 15 microroentgens
pet hout most readings ranged from 0 10 25 microroentgens above the background. Howover, in the vicinity of Eastend,
Saskatehewan, iwo paod rombings were obtained  {u) 380 pR/he with backygrouud of 19 pR/hr and {b) 600 pR/hr
wod bachgroud of W1 he latiey ogenrronce is 4 wilo due west of s similuly good reading obtained last field season.

In British Columbia 125 stations of Tertiary coal areas were surveyed at White Lake, Princeton, Tulameen,
Merritt-Quilchena, Spence's Bridge, Hat Creck, Kamloops, Chu Chua, Alexandria, Quesnel, and Bowron River. In most
areas rewdings above or oven approaching the two times background were rarcly obtained, with the following exceptions;

CWhite Lake,a high of 1o WR/w abova o hackground of 14 WR/Die; Princetou, o high of 19 W R/hr ubove a background of
8 4 R0y Clin Chaa, o blgh of 33 W R /i ubove o backgeound of 7 4 IR/hr; and in the Bowron River section, & high of
40 1 R/hr above a background of 4 w R/ hs.

Along with the uraniferous lignite survey, column samiples were collected in the following arcas for coal
petrographic studioat Vastend, Suskalohewan (3), Luscar, Albertu (1), and In Rultish Columbia, at Michel (3), Hat Croek
(1), and Bowron River (1), From the Blakeburn strip mine at Coalmont 21 sumplos wero taken for the ¢oal re(lectance
Blvidivs



Kucera (A-1l, p.4) states that "A scintillometer
survey of rocks along the Bowron River, 500 feet south of
Northern Coal camp reveals that fine-grained sandstones
5 to 10 feet below the upper coal zone are radiocactive with
readings up to 7 times background count (see detailed
stratigraphic section)".

A notation on the strip log of D.D.H. 71-3 indicates
a radioactive measurement at a depth of 290 feet as follows:
" 4~5 x Background Count (285 =~ 290)".

There is no further reference in Kucera's report
to radicactive testing and it is not known if all the drill
cores were systematically tested.

Various references in the company's progress reports
are made to analyses for U.,O,, but the accuracy of these
has not been verified at time of writing.

Future exploration or development should include
systematic checking of radioactivity.

MINING CONDITIONS

1. Large Scale Mechanized Mining
Dips of 20° to 45° and fault dislocations indicate
high mining costs which, however, may be alleviated
by improvements in miniﬁg methods (hydraulic
mining?, D-1) and made acceptable by increased coal

prices.
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A considerable amount of drilling would be required
to test continuity of seams and to determine mining

layouts.

Small Scale Mining

This would assume favourable results from tech-
nological and market research on the resins.

Mining of 300 to 500 tons per day would involve
a relatively low initial outlay for the mining
plant and would ensure several years production
from the vicinity of the present working before

undertaking extensive development.

If the amber resin could be sold for 30 cents per
pound and the coal for $12.00 per ton, F.0.B. mine,
the gross product value is estimated at approximately

$36.00 per ton.
Gasification of Coal In-Situ

This procedure is in an early stage of development
and requires extensive research but offers considerable
promise for the future (D-4). Field tests have

been in progress in Wyoming since March 1973 (D-3)
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and results there could have an important
bearing on the viability of the deposits of

Northern Coal Mines Ltd.

Respectfully Submitted

&f*f5~‘<;:;;;:2;4;u
i
L. S. Trenholme, M.Sc.

January 9, 1974.



L.

L. §S. Trenholme -~ Statement of Qualifications

This will certify:

1. That I am a graduate of the University of Saskatchewan,
B.Sc., (Geology) 1936, and of McGill Unversity, M.Sc.,
(Geology) 1939,

2. - That since graduation I have continuously {except
1942 -~ 1945} practised my profession in mining and
exploration geology,

3. That I was in the employ of Brameda Resources Limited
from May, 1968 to July, 1973 as exploration manager
and staff geologist,

4. That my experience in coal exploration has been
obtained through 3 years close association with
the Sukunka Coal Project of Brameda Resources Limited,

5. That I have made one visit to the property of Northern
Coal Mines Limited and have studied all significant
reports relating to it and have been one of its
directors (unpaid) since 1971 and,

6. That I do not at present own any shares or other
interest in Northern Coal Mines Limited or its
properties, other than an indirect interest through
ownership of 1750 escrowed shares of Brameda Resources
Limited, which company owns 840,000 shares of Northern
Coal Mines Limited.

"‘--_-_-A
(Signed} A5 l/¢£4w¢£4;u

L. S. Trenholme

January 9, 1974
6746 Marguerite Street,
Vancouver 14, B. C.



Appendix A

A-1 Report by R. E. Kucera to
Bethlehem Copper Corporation, September, 1971
Less maps.

A-2 Black, J. M., Report January 31, 1967
A-3 Black, J. M., Report September 8, 1967
A-4 Letter to the Shareholders June 6, 1969

RE: Underground Progress



Appendix A=l

GEQLCGICAL REPORT

BOWRON RIVER COAL

Cariboo District, British Columbia

by

Richard E. Kucera, Ph.D.

Prepared for Bethlehem Copper Corporation Ltd.

November 4, 1971
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INTROSUCTION

Northern Coali ¥ines Limited holds 3€ coal licenses on the lower
Bowron River, exiending for a distance of approximately 13 miles from
Purden Creék to Grizzlj dear Cregk. The area lies 35 niles east of

rince George and is accessible by gravel rosd south of Highway 16‘. The
Bowron River valley in this area is flat-botiomed, 1¥ to-a miles wide,
and lies at an elevation of approximately 2,400 féet: valley sides rise
to summits of about 4,000 feet. |

In 1971 Bethlehem Copper Corp. Ltd. investigated the stratigraphy and
 structure of the coal-vearing rocks and completed a programme of surface
-diamond drilling with 5 holes totalling 7, 474 feet. .Drill corea end

logs furnisﬁed by Norihern Coal Hines were also studied.

STRATIGRAPHY

- Most of the area is'covéred by 50 to 180 feet of overburden and out-
crops are limited only in the bgnks of the river. Most of the information
has been obtained from detailed mepping of isolated rock exﬁosureé for a
distance of 23 miles a;ong the river and an examinatioﬁ of nearly 22,000

feet of drill cores and logs..

Basement Rocks

Rocks of the Slide Mountain group (Mississippian age?) crop out
along the slope above the valley floor and have been penetrated by drill

holes in the Bowron River basin. They include argillite, chert, flow
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breccia, greenstone and scme limestone. According to Camphell (1968).
the Slide Mountain group in areas to the south are neither schistose
nor greatly deformed. This is alsoc true fof this area, except that the
steeply dipping dark grey limestone encountered on the east bank of the
Bowron Hiver at the mouth of Tenaskili Cr. is probably involved in a
fault zone.

Massive gfey tuffaceous sandstone cut by carbonate siringers and

:veins has been encountered in diamond drill holes VI~lA, WI-4, DDH-24,

DDE~-T71~5, DDH-71-4 and DDH-T71-2. 3Because of its intimate association
with overlying Tertiary sediments, it is suggested that volcanic activity
may have been contemporanéous with the initial sedimentation of coal bearing

strata.

Coal-Bearing Sedimentarv Series )

A thick sedimeniary series overlies the Slide Mountain group and has
been dated by Rouse (U.B.C.) as mid-Tertiary age. Diamond drill hole
71~3, the deepest hole on the property, penetrated 2,200 feet (true

thickneés) of shale, saﬁdstones, brecclas and coal beds in the lower part.

Breccie

Breccias are up to 200 feet thick and consist of angular fragments
b
of chert, green volcanics, quartzite, limestone, shale end coal fragments
in a medium to coarse-grained matrix. Some of the fragments are up to 6

inches long but more commonly are 1 to "2 inches long. There is rapid and



Sandstone

-3 -

aprupt graded bedding within Tine-grained btreccia zones that grade up

into coarse-grained sandstone, vhereas some of the breccias are in sharp
co£tact.with underlying sandstone and shale unif{s. Breccias are darker
in colour below the major coal zone in DDH-71-l, DDH-71-2, DDH~71-3 than
aﬁove, dﬁe 4o & predominance of dark limestope pebbles and shale fragments

4
in & dark matrix.
E The thieck Dbreccia sequence'in DDE-T71~-3 at depths of 937 to 1,138
feet contain pebbles with long axes that lie in a downslope.difection which

suggests that the direction of transport was in an east-west direction.

One foot of breccia in this drill hole at a depth of 290 feet is radiocactive

with readings of 4 to 5 times background count.

A detailed examination of the outcrop on the west side of the Bowron

River, 500 feet south of the Northern Coal camp reveals the lenticular

‘nature of breccia units which pinch out from 3 feet thickness to extinction

in a lateral distance of 20 feet. Minor imbricate structures suggest that

transport of fragments was from the south (sée stratigraphic section).

These units are light grey to browm <o dark grey, very fine to coorse-
grained and contain cenl partings and ebundant carbonaceous stringers and
streaks. Graded beddins and fine-laminations are nuite common, especially
at depths of 594 to 620 feet in DDHE-71-3 and 967 to 1,300 in DDH-71i-4.

Some of the sandstones are cross-bedded below the major coal zone in



DDH-~71-1 at 1,500 feet depth.

Contorted bedding in some of the drill cores is interpreted as
penecontenporaneous slump structures, In some cases, the sandstones show
the effect of being squeezed-and slumped by impact of breccia pebbles.

4 scintillonmeter survey of rocks along the Bowron River, 500 feet |,
south of Northern Coal camp reveals that fine-grained sandstones 5 to 10
feet below Qﬁe.upper coal zone are radicactive with readings up to 7

times background count (see detailed stratigraphic section).

. Shales

Shales range from gray to black and browmn in colour and contain thin
sandstone and breccia zones, carbonaceous stringers and coal partings.

Dense and black shales are found associated with coal beds in DDH-T1-1.

Graded bedding within shale units is cuite obvious. Shales at depths of

506 to 967 feet and below 1,200 feet in DDE-71-4 are finely laminated and
appear to be ¢yclic in character. A thin pyrite zone occurs in DDH-T1-4

at a depth of 949 feet. Slump structures occur in DDH-71-1 at 400,

- 432-449, T740-857 and 1067-1069 feet depth; also in‘DDH-7l-2 at 804-815,

and in DDH-7i-4 at depths of 245-267, 282-304 and 335 feet.
- Distinetly brown shales occur within 200 feet of the top of the major
coal zone in VI~1A, WL-5, WL-7, WL-9, DDH-71-4, DDH-T71-3 and DDH-T1-2 and

therefore can be used for correlation purposes.

Conl

Most of the drill cores show a distinct coal zone in the basal 250
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'fe;t of section with a vertical thickness fanging from 60 feet in
DDii~T1-4 to 200 feet in DDH~T1-3. Refer to vertical sections A-A' to
G-G'. |

I The benavior of the coal zone is quite variable. Individual'coal
beﬁs and interbed&ed sandstones and shales do not maintain their
th;cknesses for any great distance.  Within 1,500 feef of their first
ap?e#ring. individual‘coal beds may have become separated by as much as

100 feet of sediment. Because of this fact, individual coal seams can

not be traced from drill hole to drill hole.

The thickness of the coal seéms and thg thickmess of interbedded
sediments are c¢losely related sean propefties and probably was determined
largely by the degree of subsidence taking place during the accumulation
of peat in the Bowron River basin. Seam splitting takes place so that ﬁithin'
tﬁe'same stratigraphic 1imits._seams avay from the basin margin become fewer
in number and individually thicker with a corresponding decrease in.gmount
of sediment (DDH-71~1). Toward the margin ofAthe basin, seams are thin

and often contzin an appreciable amount of sediment (WI~3 end WI-4).



Drill Hole

DDH-71-1
DDH~T71-2

'
i

DDH-T1-3

DDH-T1-4

WL-1A
Wl-2
Wim3
Wi~5
Wi~-6
Wi~7
Wi~9
DDH-11
DDHE-19
IDH~31

-6 -
Migure 1

(St S eata SR

Major Caal Zone Penetrated

by Drill Hole

Depth Din
1,384 - 1,453 259
Upper 1140-1171  25°
Lower 1258-1284  25°
Upper 2081-2146  20°
Lower 2220-2261  20°
1720-1767 38¢°

The following is
by Dr. Black for

Upper 995-1039 15°
Lower 1097-1150 15°
957-1102  20°
815-881 209

. 523-559 459

- 777-809 450
1778-1810 259
540-571 450

49-91 450

127-162  40°

g5

221290

Combined Thickest
Cozl Other Coal
Thickness Sedinants - Bed
40 29
12 19
17 9 4

Upper 12 feet of lover seam
contains 2 feet total shale

15 51 2

21 21 2.5

11 36 - 2
based on‘logs
Northern Coal.

15 29

21 ¢ 5 32

?-V

39 : 106

32 34

32 34

32 0?

24

26 5

28 14

28 T

22

57
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According to Commercial Testing and Zngineering Co. ;he coals.
in;DDH-71~l, DDH;71—2 and DDI~T71-3 is similar to anthracite in appearance
tut high in volafile matter. Core DDHE~7l-1 contains several resin blebs
from 1,435 dovn. The mineral matter-free BTU ranges froﬁ 13,500 %o
13?900. If the coal is not oxidized its ranking according to ASTH is
High Volatile B Bituminious. Residue from the wvolatile determination
in&icates fhe coal has caking properties but is non-swelling.

: - , : I

t

Stratigravhic Variations

The sediments are characterized by sharp, verticel, lithological
variations in more than one scale. Facles change in the horizontal
‘direction is also highly characteristic, particularly in the coarser beds.
This finds-its extreme develovment in b:eccias which cut fine-grained
sandstone and shales. . |

The lower vart of the sedimentary series in the southern portion of
the bésin is coméosed of shale. The shale seguence is approximately 800

~feet thick in DDH-71-3 (vertical section C-C'), 1,000 feet in ¥Ie7
(vertical section D=D') and 770 feet in DDI-71-4 (vertical section G-G'
and B-E'). But even in this predominantly shale fécies a wedge of breccia,
>200 feet thick, occurs in DDH-T1-3 and’ pinches out before it reaches VWL-T7,
a distance of 2,600 feet to the southwest (vertical section G—G‘), Cyclic
or rhythmic laminatéd horizons in these shales bespeak of lacustrine

deposition especially in the area south of Northern Coal camn.



The shale facies cnanges into coarse clastics toward fthe north,
so that drill cores from WL-lA, WI-2, VI-%, WL-4, and DDH-T71l~Z2 are

comnosed predoninantly of sandstone and breccia (vertical section

" FP-F' and G-G').

The breccia secuence in the upper part of the sedimentary series

is apprdximately 800 fcet thick in DDH~71-3 and 400 feet 'in DDH-T1-1.

The upper part of the sequence is not exposed and its totel thickness is
unknown. There is little doubt that fragments-contained in the sedimentary.
breccia were derived from Slide Mountain rocks that outcronp on nearby
slopes. A coarsening of facies in the stratigraphic récord in a north-
east direction suggest a principal source area in that direction. The
random disfribution of fragments, graded bedding, and imbricatelstructure
suggests transportation in the form of channel deposiis as well as mud-
Tlows, giving rise to turbidity currents.in the deeper ﬁortion of
depositional basin.

The long term subsidence of the basin must be accompanied by uplift
of the supply areas and this necessarily involves crustal defor;ation,
since the coal-forming conditions in the Bowron River basin becomes

less and less obvious in upward vertical succession, while the percentage

of coarse-clastics tends to rise.

Extent of Coal-bearin~ Rocks

Examination of outcrops along the Bowron River extending from

Grizzly Bear Creek northward to ‘Highway 16 near Purden Creek reveals that
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the southern portion of the area is underlainxiy rocks of the 3lide
Mountain group (green volcenics, phyllites, and quartzites) and the

et i1 OUVTCROP ‘ ‘

southern limit of sedimentary'stratanocpursalong the west side of the
valley ¥ mile northwest of the confluence of Swamp Creek and Bowron
River, approximately 2 miles soﬁth of the Northern Coal canp. Refer to
the Photogeological Hap. This suggests that the coal-bearing rocks in
the Bowron River basin-;s.far less exténsive than was previously postulated
by Biack (1967) and others. |

The rocks exposed northwest of the Northern Coal camp at various
places along the Bouron River'zziCOmpoaed doninantly of coarse breccias
and sandstones. Cores from érill holes VWI-1A, VL-2, WLFBland Wi-4 shqw '
not only a pinch-out of cozl seams in a northwest direction but also a
thinning of the sediments as the basin floof rises in the same direction
(vertical section F-P'). These facts seem to discount the possibility

of encouniering anyihing but thin discontinuous coal seans at depth in

areas northwest of DDH-WL-4. &énless wi-4 /s 5,-.,“4,“{ on @
/GCQ/ /?a/-ea- fof’07rq/bhf'c .h:yﬁ,

STRUCTURAL GEQLOGY

The Tertiar} rocks occupy a linear basin oriented northwesterly,
10 miles lonz and epproximetely 13 niles wide. In gross aspect, the
structure appears to be a graben that has been downdropped in relation .
to 3lide Mountain group rocks that crop out on both sides of.the Bowron
River valley. The east side of the graben is interpreted as a fault,
‘inferred from aerial photographs by the relatively straight escarpﬁent,

couposed of green volcanics, cuarizite and black limestone. Througnout

: ) ‘ 7 e
Aor £ ‘lavez/cr'//-e:/ Fotatians b‘/ . 5. s hetiney
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mast of its length the fault line is largely buried by Pleistocene and
Qﬁaternary alluviun alogg the Bowron Riwver. Eastﬁard dipring sedimentary -
breqcias exposed on the east side of the river, 1% miles northwest of
Tenaskli Creeko$: thought to lie.within 500 feet of the fault line.
S?eeply dipping limestone at the mouth of Tenaskli Creek is probably a
siice of Slide Mountain group associated with the fault that liés Just
| .
wést of this outcropf
| The fault contact on the west side of the Bowron River gfaben'has
been observed in only one place; In the area 1+ miles southeast of
Northern Coal camp, thin-bedded dark shales are in contact with eastward
dipping green voicanics of the Slide Hountain group. The ghales are
) overtu:nedlsteeply toward the west near the fault but in a distance of
100 feet, dip 50 to 609 eastward upder the Bowron River. Refer to the '
verfical section of this fault in the Photogeologic Map. The fault can
be traced to the south on the aerial photographs to a point just north of
Tsus Créek, vhere it is complétely obscurred by glacial and fluviael
deposits. Toward'the northvest, the fault is manifest as an exhumed
fault-line scarp, especially in the area southwest of Northern Coal camp.
The Bowron ﬁiver graben has been traced from Purden Creek southeast-
ward for a distance of approx:li.mately 10 miles where it is cut off by a

northeast-southwest-trending fault near the mouth of Tsus Cfeek (on

Photogeologic Map).
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Along the western edge of the graben. the sediﬁentary geries
dip from 20 <o 60° eastward. A local reve:sal of dip does occur along
the Boﬁroﬁ River 1 mile northeast of the mouth of Taspai Creek where breccias
dip as much as T70° westward., VWith the exception of this one outcron, the
writer has not seen any evidence to suggest that the'coalfbeéring rocké
within the graben reverse their eastward dip beneath the Bdwron River

valley.

Pieure 2

e rrriodemmansie— .

Generalized Cross-Section .
Bowron River Graben

Slide Mountain Rocks

Structure Contour Mep

Structural contours dravn at the top of the najor coal zone'pene-
trated by drill in the Bowron River valley discloses that the sedimentary
rocks dip 40 to 60° castward in the southern portion of the area whereas the

strata north of iorthern Coal camp dipa about 40° enstwerd decreasing to

"ebout 20° toward the northeant.

-
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Figure 3

Depths to Ton of Majoxr Coal Zone

Drill Hole WL - 1A  VWI~T DDH-71-1
995 _ - 1778 1380
WI-2 | WI-9 DDH-T71-2
1040 540 | 1235
Wi~3 DDH-11 . DDH~T71-3
845 50 2110
Wi-5 - DDE~19 DDHE-T1-4
52% 128 - 1720
WI-6 | . DDH-31

775 220

Because of the elevation of the‘méjor coal zone in DDI-T71-2 at
1,144 feet is not consistenf with an extension of a 20° dip of the coal
zone in YWI-1lA (1,371 feet), it is nostulated that alnorthwestutrending
fault lies between DDH-71-2 and Wi~1A with the east side upthrowm.
approximately 400 feet. Refer to the Strﬁctural Cpﬁtour Hap and verticalr

section A-A'.
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CONCLUSIOLS

1. Based on drill core examination and cetailed mapping in the field,

the limits of the coal basin are more restiricted in area than waslﬁormerly
anticipated.

2.% Distinct facies change from shales and sandstones into breccias;

this, concomitant with & rise ip‘basement rocks norihwest of DDH-V1L—-4,
discounts the'possibility of encountering anything but thin coal seams

at depth in this direction. Coal-forming conditions in the Bowron River

basin are less and less obvious in upward vertical succession vhile the

ercentage of coarse clastics tends to rise.
b g

3. Because of extreme variations in thickness of coal seaws and inter-
bedded sediments,.continuity of individual coal seams is not maintained

at depth and their correlation has not been possible.

4. Coal-bearing rocks dip eastward at dips ranging from 60° on the
west edge of the Bowron River graben to 20° in thé northern part of
the area. There is no evidence to suggest that these rocks reverse
their dip beneath the Bowron River valley. Because of this, it is
almost certain that there is no potential for large'tonnagea amenable

to surface mining.



- 14 -

CERTIFICATE

RICHARD E. KUC?RA, of 2946 West 36%h Avenue, Vancouver, British

| That

That

That

That

That

~ Columbia, do hereby certify:

I an an Associate Professor of Geology and a Consulting
Geologisti; : . :

I graduated as a geologist from the Chio State University
with the degree Bachelor of Science in the year 1952, and the
degree laster of Science in Geology in the year 1954. I anm
also a graduate of the University of Colorade with s Ph.D.
degree in Geology in the year 1962;

I an a menber of the American Association of Petroleun
Geologisis, a member of the Geological Society of America,
a menber of the Rocky Mountain Association of Geologists,
a menber of the American Association for Advancement of
Science, and a Fellow of the Geolopical Association of
Canada;

I have no interest, direct or indirect, in the properties
described in the attached report entitled "Geological Reporti,
Bowron River Coal, Cariboo District, B.C."™ dated

Novenver 4, 1971;

this, report is based on both {ield and laboratory study.

GChd £ ey

Richard Z. Kucera, FPh.D.

Ve e
foxr \

November 4, 1971 j ijin~:n: = 2

Vancouver, British Columbia




BualOny G HORTIERY QUAL Miiis i
by J. Mt Blac.k’ POER&’. APPEI\TDE A-?
Jonuary 31, 1567

TTRODUCTION
Taiz proporty has responded favorably to exploration and is nearing tha
& tago whors productlion should be consldered.

Rosoarch into tho qualitiecs and uses of the resin in the coal and of
pogsible markets for 1t, has boon golpz on for many wonths and it l1s expected
that in the near future it will bo possible to assess the value of the resin.

A naw glovo is now bolng advanced toward a main sgeam in the camp arca
and goon it should bo possible for the first time to saumple this geam to deter—
pine the cuality of tho coal where it Is unweathered. These tests can dotlorw
wine tho coking quality of the coal. ‘

Irdicated and probable reserves are now considerable and, if ths coal
cokez moderately woll and/or the resin has marketable value, it may be decided
to procoed with plana for production.

Bocauge of the likelihood of such a decislon, this report has bsen pre-
pared in order 1o summarlze resulis of the work done.

COMSIUS I0iIS

Saveral coal seams over 5' thiek cccur in the lower part of an extonsive
sodizentary tasine Tho seams generally have been explored only by drill holea,
goue of which are widely-spaced. One of tho seams has been followsed in one
working. Bocausoe of falrly rapid chanmges in the sediments and the peams, oxaot
correlation of all ths scams had not boon possible,.

Indicated reserves are 8,562,000 tons. An area surrounded on three aiden
by indicated reserves, is ostimated to contain an additional 3,756,000 tong
vhich arc classed as probable. The total of Indicated and probable reserves
ias 12,318,000 tons.

I3 1s proteble that those reserves can bo inoreased because large areas
have not yet boen explored. .

RECOMTNDATICNS
1. Yhat oxploration bs contlaned
&) in the arca classed a o a prohablo rogerve;
b) in the areas down-dip and along the strike from the Indicated
TOBOTVOS.
If production is planned, additional fillein holes will be necessary to permit
definite correlaticn of goams and to plan location of future clopes and levelse

2¢ That the new slope bo continued downward in order that the lower seam
L2y bo bulk-pampled at deptha

3. That information re qualities and usea of the resin be forwarded to
possible purchasers to determine marketabllity,.

I0CATION

The property is on Bowron River about thirty-five miles esst of Prince
Geo"-"e, which is a rapidly grwiug rail and industrial oantre. The property

-
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ip now roached from Prince Goorge ovor a total distance of fifty miles of
Ligney and read. It is only four miles south of a mew highway congtruocted
eaptward from Prines Goorgoe ’ _
HESTORY

Cocl seams outerop in the banks of the Dowron River just above the prescat
caip end wera disocovered abou$ 1870, Somo exploration was carried out Just
voluvre 19i4. ‘1hen very little was done waiill 1946, In mopt years sines thon
sono exploration bas bsen deas by a seriss of companies. In ths laat thres
7oais explovation has boon guceeszsful in following ceams for over two alles
azd to ovar 1,1C0' dopth.

&

Tho propsriy includes ono hundzod thirby-thveo mineral claims and throe
coal ligensos coverdung lots 9591, 9592 and 9593. Those cover a lenglh of about
7,000 glong tho tasa of the sedimentary sories whewe the coal seams ocour.

Of this leagtb, only 12,000 has boen intoraively explored and the remainder of
todg loagiuh 1z & loglcal target for exploratioca.

POORRpEr
e Rt Y
A ! =

SeNales's
T GiLiDRALs

Moot of tho amva Is covered by overturdon and scams outorop only ia ths
bonks of tho river, Moot of the informatlon has boon obtained from an exanipse—
vica of drill corocse

A gorles of sadimonts ovor 1,000' thick, was laild dowm on voleanle rockse
Ua tho property theso are mostly agzlomerates and tuffs and greenstones of
wzesrtalin origin, The contact between the voloaniss and the sedimenta ia
cosloruabla or moarly oo and, in pard, is gradatiomal. Voloanic activity
contlaued after the start of accummlation of the sodimonts. All the rocks
2o bolleved to be of tertiary aga. : :

Tho lower part of the sedimontary seriea comprises predominantly dark
ghates and sandotonsse Intorbedded with thoss are many coal scams and some
grly exd conglenorate bodse. This part of tho sories if about 350' thick neay
ths caup and thins tovards tho northwest and thickons towards the southeast
wooro 1% is more than 1,000 thick,

Hogl of Wl geans are logs than 1' thick but soversl are ove r 5' thick
and, dn places, aro as much as 24' thick. 4s nony as thros of those seaas,
5% or more thick, have boon cored in some holese These thicknesses include-
21l the ecol i a soquence that may include soveral partlings of ghale op sand-
svono but the figurca given are for the coal only. Papld changes in the sodie
wontary sorles vertiecally and laterally, in ghort distances, make ¢orrelation
freu point o point uncertain and more holes will bo nseded bafore corrolation
iz corvalne

Tho upper paxrt of the sodimontary series is at least several undred foet
thick and its top has not been oeen. It 1s charactorized by coarser beds than
tho lowcr parbt of the seriss. It comprises grit, conglemerate and sedimentary
aggicnorato, ap woll as sandotone and shale. It contdns relatively fow beds of
ozl and &1l of those that have boen ¢ore d are thine '



COAL & RESIN:

Tho coal exposed undorgrouad and in drill cores is clean and of good
appecyakoo and hzs a relatively high B.T.U. coatonte The thicker ssams have
parviags of up to 1 or 2 feet of shale and sandstons.

Digiributed irregularlj through the seans can be seoh amber-colored pare-

uxcles up to about 47 across of resim. Receat rocearch suggests that othor

ecin 1z present which is ocal-black ln cclor and, henco, has not baen recog-
nizaa in hard spocimens. The results of recovering resin from bulk sawmples
taven from vhe slope in the veniilatlon entry, averaged about 3.8% for aire
dried coal. Thege posults wers based on éissolving the resin in o solveni.
Latvello Nesearch Ingtitute roports that scme of the cubor resin is almost ine
goluble and that it is probatle thst the results reported earlier aro incomplete
ard thot the wolal Tesin content iz greator than 3.80.

Tae lower of the two scams mear the catp bhaoo not been sampled bocause 1t
hag nob Lean accessiblo. Howover, sections of 1% that have beem cored, appear
to contaln somewhat higher propoxtion of resii than does the seam in the slope
ia the veavllatioca working.

Tho rosii io tho ccal comprlses soveral different typos with different
cuzditlcs. Soms of It is characterized by a very high melting point and 1t is
relatively lusoluble. Research doue showa that the vesin is useful in curing
TULGr and in the manufacture of varulshes and lacquera, etce

Hach of tho resin can e rocovered from the coal by hydrocyclones after iV
ig crushod fo ~2P. Whon the resin is romoved, the quality of the coal ip ime=
proved ¢nasmuch a 8 the proportion of fixed carbon incicases.

FAUL.I. S .

Hunsrous winor fzults with slight dlsplagomenits can be seen underground.
Evidonge of faulting is seen in soma cceres. One fault zone of consibrabls
thlckuoss is exposad undergvound and thero is somo evidence of faulting near its
p"odcatod oxtonaicn 40 tho northwest. Its location and projected extension are
shiowa on tho acecopanying map. Coal had not boen found sast of this fault until
tho deep wire line holes wero drilled.

The soams corad im wire lino holes Nes. 1,2,3 and 4, dip about 10°, much
logs stocply then near the margln of the taslm, whore the scams dip aboubt 45°.
tha scamg in the deep holes are at about ths dopth thoy would be if the change
irom otoep to gentle 13 gradusl. This suggests that the apparent vertical
digplacozont is ralatively suall (see secticn X I).

Hovyever, ia the south,; the scams cored in wire lino holes 5 and 6 dip
aboul 459, which shows that the flattoning that occurs in the north khas not
cccurTed here down to the depths teosted.

Losuaing that the thick seam cored im holes 5 and 6 is tho same ons, the
apperent strike is more mearly northwest than norihy northweat. If this coam
is a conbinustion of ons of those cored farthor north (as is likely), then it
would appear that there 1s a conalderable horizenial displacement at the major
fauld, with a right hand movemant.
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Tho maia working, now called the Ventilation Slopa, comprises & slope,
& ,*asw-cat; an entry along vhe upper of two seams aad a slope down in 1%,
Tals enbry and elopo etart uoar the main fauld and follow the geam northward
for mors than 700Y.

A pow sloja, that is blp eacugh to be used for preductlon, has boen started
east of the ccmp. It 1s being driven wesitward and downward atb -12° and, in the
nexzr faturs, should reach the lower seam. It 1s eguippod with e tipple and
holsl, compressor and wucking maching. :

DRILL RRSULTS

32 holew, recovering 1" core, were drilled In iS04 and 1965 and tracsd the
upper and lower seams aear tae river and towand the norﬁnwest. Since then, six
deep, widoly-spacod holes bave been drilled, rocovering 15" core. Theso have
expiored for scams mish farthor sast thun the sarlisr drill.nu and to much
greator dopihis. Thsy have eorad ceoal ab deptha of over 1,100', All i #4,
corcd one Or wore scamnpy 5' thick or moras. Tho thicdnﬁasea are shown on the
" acgonpanying mspe. These holes have pwrmdiitoed a large inerease in egtimates of
indicatod and protable rosorves.

...ou.bA”'ED
Aoan Lie
Uppor Sean
Tho averago thiclmess in six holes and in the Ventilatlon Slopo is 87,
I has boen followed 1,500, Tho deopest point ab which it was cored, is i80°
and it iz assuned that it conbinuos downward half as fer again, le. to 270%,
Uals makes a wlope lengik of 360'.
Tho rross indlcatsd tonnage is 1.800 x 8 w 350 = 207,000,
25 ' -
Tae tonnage above 100! ip 1,800 x 8 125 =3 72,000, This ia considored deg=
25
: t""ycﬂ bty erosion or weatherinmg and this lscves a gross indicated toanage below
1007 of 207,000 - 72,000 = 135,000, Of this, it iy assumed that 10% is destroyad
nealr faulta, leaving a ret indicated tonnage of 122,000, All figures are roundad
to nearast thousand.
Lower Seaa
% bas been followed along strike for 2,000' s thickness, based on
coring it in nine holes and where it was oxposed in an old working, is 10.5'.
i% was cored 30" below the surface and it is egsumed that it contioucs hall as
{mr'ugain, io. 10 a dopth of 650'. This is equivaleut to a slope length of
550

Tho gross indicatad tomnage is 2,000 ; Q,ﬁ X oﬁ = 71,000,
he tonnage above 1C0% is 2.0C g 30,,‘} x 135 = 113"” It 1g assumed that thig

bas baen removed by erosion and ueathsring. This laaves a grogs indlcated
vonnage below 100' of €00,000. It is assumed that 1C% of this 1s deatroyed near
" faults, leaving a net Indicated tonnage of 540,000 tons.

Avca Die
“ho lower seam has boon followed for 1,200'. The slopa longth ig
aceutod o bo the saue as 4in Area 4. Tho average thickneas in four holes, is
6-5..



Q = ; .23 1= 4.‘2»000. This louves & gmas

: 25
inlicated fonnage of 293;000, OFf thia, i‘b 13 ascumed that 103 is destroyed
pear faults ead tais leaves a& mot indicated tounage of 200,000 toug.

Loen, C._
GQJ.L Gns boen corud at a dop*h of 1,130 and is assuned to extend
wacharged to a depth of 1,300%. It iz asmumad to extend along its otriko to

6 po ..I.hu dewa dip froz o polut midvay botwcen wire lins boleg 3 and 4, where it
is asoimod to thin to loss than 5%. The average thilcknese of ccal in ccumerelal
scan3 in tha thres holes lA; 2 and 3 is 24'. Tonnago in Area 4 oquals the area
timos thicknoss over 25 equals 5,000,000 tinop 2/ == 4,800,000 tons. Bocause of
: ' 25

tue olops, ho actusl volume of coal is precter ty aboub 163 but it Is assumed
that avoub 164 has been eroded or has beer destroyed by fawlits and the ned
Indicated Yormage is conpidercd do be 4,800,000, ‘ o

Ao Die

& thick gean was corod in each of holes 5 and 6 and this is assumsd to
cuboud 250Y 2long the strike boyend the holes. The atrike 1s beliove d o ko
£3 Shoune <he coal in #& was corcd at 800% aud it is assuuwed to continue Gowle
wird wichanged to 1,200'. The average thicknoss in the two holes is 22%,
Yhe Indicated tomnage 1g pyoo m thiclooaa = 1.200 & 2,300 x 22 = 2,428,000,

25 25

“ho siocpe leogth i about 407 greater than the plamnsd wildth and, thevefore,
the seees tonnzgo would ba aboubt 402 greaver. Bud it is assumed that one half
of this increase has been destroyed b,,r ercsion and by faults. Thorefore; the
Piziwe given abovd ls dncreased Ly 2 .1.\.:40 to yicld a not ludlcated tonoage of
2,‘}40,w0 tona. :

The total indleated toanage in Areas 4,0,C and D is 8,562,000,

T T
SRt
m

J.)\u.u .u-L e

Areas © and F have not beon drilled tud 1t is considarad pro'hable t,hat _
coal undorlies thewm bocause coal occcurs up dip from Arca I and the northern
ose third of Area F. 4lso, coal has been cored along the s‘.;r:.‘.ka Ifroa both
arcada,.

Aena Tl

Tha thickroess acsuod is the thickasas in G (24°) plua the thickness
in 4 (10') divided by 2 eqmls 17¢.
Protable tonnage = grea x i1 = 322305&:0 %17 = 1,584,000. The faet that the

25

slope length- 19 greaver than tho ~.mdth ca the plan; woans that the tonnage as
caleulated s loos than the tonnage comteinsd in the volumeo. However, it is
comgidorsd that thds is offsct by tho amount of coal destroyed near fauwlts and
ths act prob:.hla tonhags 1s considered to bo 1,584,000,

&?ﬂq Fim
Tho thicknoss agsuzed is ths thickness ia D (22') plus the thicknoss
in 4 (10') divided by 2 oquals 16', Tho appareut prodable tomnage equals
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width w densbh o thialuoss = 728 ¥ 3,900 x 15 = 1,810,000, It 1s eonsidered
25 25 _

thas tho thoorobical 4onnags, using the slope distansep would be about 40%

groater, tab cas half of thie is congidercd vo have boen desiroyed necar faults.

Thorefora, the net probable tonnago equals the above plus 20% or 2,172,000.

Thils wakes a total probable reserve of 3,756,300 tous.

FISIONTS

TTAL:
Tac botal eshimabe of Indicated and protavle tomaage de 12,318,000,

.
- /&/véza((

J. ¥, Black, P.Inge
Junuaxy 31, 1967
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NORTHERN COAL MINES LTD. Appendix A-3
report by
J. M. Black, P.Eng.
September 8, 1967

INTRODUCTION

This property has been reported on many times previously.
This report brings together much of the material contained in
earlier reports. Since January exploration has continued successfully.
Three diamond drill holes have been completed after intersecting the
main seam or other commercial seams. The main slope has been advanced
a total of 600' and has exposed two commercial seams. An entry
has been driven 70' southeast on the upper one and from that point
a short crosscut has been driven to the lower seam. Even though it
is wet at this point, the swelling index of coal from here is
higher than it was closer to the surface. :

CONCLUSIONS

Indicated and probable reserves have been substantially increased
and now are over 20,000,000 tons. The seams thicken towards the
centre of the sedimentary basin. Most of the area expected to be under-
lain by coal remains to be explored.

The coal cokes and the increase of the swelling index at the
present deepest level to 2 and 2% from the 1 and 1% closer to the
surface, indicates that at greater depths an even higher swelling
index may be expected. No gas has been detected underground.

The most direct way to obtain samples from the coal at greater
depth for swelllng index tests is by driving a slope down on the upper
seam exposed in the maln slope.

Research into the two main types of resin that occur in the
seams has shown that they have useful qualities and possible markets.

RECOMMENDATIQNS

1. Drive aslope from the new entry at -12° in the seam for

350' to 400', at which point it should be more than 180' below

the bedrock surface and more than 200' below the surface.
Presumably the cecoal at this point will be drier and less weathered
and more representative of the reserves than any sample available
till now. This slope will approach the seams exposed in the
workings at the river bank but will be more than 200' deeper.

2. That a large central area now underlain by a probable reserve
be explored by three deep drill holes, 1,700' to 1,800' apart.

3. That exploration be continued toward the southeast.

4. That research into separation and recovery processes for the
resins be completed and markets considered.



LOCATION

The property is on Bowron River about 35 miles east of Prince
George which is a rapidly growing rail and industrial centre. The
property is now reached from Prince George over a total distance of
50 miles of highway and road. It is only 5 miles south of a new
highway constructed eastward from Prince George, which is now being
paved.

HISTORY

Coal seams outcrop in the banks of the Bowron River just above
the present camp and were discovered about 1870. Some expleoration
was carried out just before 1914. Then very little was done until
1946. In most years since then some exploration has been carried
on by a series of companies. In the last four years exploration has
been successful in tracing seams for a distance of two miles and to
a depth of 1,800 feet.

PROPERTY

The property includes 133 mineral claims and 3 coal licenses,
covering Lots 9591, 9592 and 9593. These cover a length of about
27,000' along the base of the sedimentary series where the coal seams
occur. O0Of this length, less than . one half has been explored and
the remainder 1s a logical target for exploration.

GEOLOGY

Most of the area is covered by overburden and seams outcrop
only in the banks of the river. Most of the information has been
obtained from an examination of drill cores.

A volcanic series of unknown thickness and extent underlies
the coal basin. It comprises agglomerate, tuff and greenstone of
uncertain origin. Some volcanic activity, resulting here in the
accumlation of volcanic ash, continued after the beginning of the
deposition of the sedimentary series that includes the coal. 1In
some areas volcanic, ashy material stood up above the level of the
floor of the sea in which the sediments accumulated and sediments
could not accumulate in these areas. These elevations of volcanic
material may have been only a few tens of feet high but were
sufficiently high in at least two points around the edge of the basin
to prevent the accumulation of the lower seam.

Such elevations may also have occurred centrally in the basin
but it is more likely that they were most extensive and occurred as
peninsulas near the margin of the basin and this is the area that
has been most intensively explored.

Overlying this volcanic sequence, is a thick sedimentary series,
It contains many coal seams in its lower part. This part of the
series is characteristically fine-grained. It comprises chiefly dark
shales and grey sandstones although coarser beds such as grit, conglomerate
and sedimentary agglomerate are common, as are coal seams. Most of
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the coal seams are thin but as many as three are over 5' thick and in
places are as much as 20' thick. A little greywacke and tuff are
present. Most of the beds are thin = only a fraction of an inch thick.
The thickest beds, the conglomerates and agglomerates, are only a few
feet thick.

This lower part of the =edimentary series, in the vicinity of the
camp, appears to be a few .. - .24 feet thick. Towards the southeast it
thickens and, also, it thickens towards the centre of the basin and at
Wire Line Hole #7 it is more than 1,000' thick and, possibly, is more
than 1,200' thick. Coal seams are found only in the lower 200' or
300" of it.

Overlying this finegrained sequence is a sequence that comprises
predominantly coarse members such as grit, conglomerate and sedimentary
agglomerate. Shales and sandstones occur in this sequence also but
are a minor part of it. The beds in this seguence also are thin. Coal
is practically absent. The upper part of this sequence is not exposed
and its total thickness is unknown. In the southeast, it is at least
550" thick and possibly is over 700' thick and in the northwest it
is alsc 700' thick or more.

The thinness of the beds suggests seasonal deposition and the
many coarse beds suggest that the basin was a lake or sea close to
the mountains.

Fragmentary fossil leaves found in the coal some years ago
indicated a Tertiary age for the series. However, the sediments are
only slightly younger than the wlcanic series and not separated from it
by any significant interval. Also, the unknown but considerable
thickness of the combined volcanic-sedimentary series (probably .several
thousand feet) and the folding which has occurred, makes it appear that
the entire series can more likely be correlated with a Cretaceous
serlies than any know Tertiary one.

COAL & RESIN

Most of the work done so far has been on seams 7' to 12' thick.
The coal is bright and of good appearance. It is a high volatile, bit-
uminous, coking coal. Clean coal contains generally 6% to 12% ash,
30% to 40% volatiles and 45% to 55% fixed carbon and, generally,
between 11,500 and 13,500 B.T.U.'s per pound.

The only seam exposed for a considerable distance is the one in
the ventilation slope whichhas been followed for over 600'. Some of
this seam was bulk sampled and found to contain close to 4% soluble
resin. This resin has been named "Canadian" by the Battelle Institute
and reports from that institute compared favorably with "Congo" resin
which has a well-established place in world markets. In addition, the
Institute reports that in some samples, visible, insoluble resin is
almost as abundant as soluble resin.

In the two seams most recently exposed, the visible resin is as
abundant as in any exposure previously seen. The upper seam is 8' to
10' thick and the lower one is 6' to 7' thick.



DRILLING RESULTS

In the last 3% years, 42 holes have been drilled from the surface
{a total of about 18,000') and one underground. The last eight holes
from the surface have been drilled with a wire line and, generally,
have been much deeper than the earlier holes. These holes have
explored the coal basin along one margin for a length of 2 miles and
a width of about % mile and to a derth of 1,900'. Most of these holes
and one from earlier drilling, are shown on the accompanying plan.

Wire Line Hole #7, completed in July, is the deepest drilled to
date. In iits upper part, it cored coarse, friable beds which tended
to slough into the hole and caused the drilling to be done very
slowly. Measuvrements of the inclination of this hole, showed that
near the bottom it was 8  from vertical. A section CD through it
shows this inclination and on the plan is shown the point at which
the main seam was intersected more than 100' from the collar of the
hole.

Underground hole #1 was drilled to explore the ground ahead of
the slope. It cored a 6' seam near the collar and, at 80', entered
volcanics, showing that here the sedimentary series was interupted by
volcanic rock, part of a ridge or island, projecting above the floor
of the sedimentary basin. The relationships are shown on Section AB.

STRUCTURE

The seams so far exposed and cored6 dip northeastward. In the
southeast they dlp as much as 65° to 70 and, in the central area,
at about 45° and in the northwest somewhat less. These are the
attitudes near the margin of the basin. Closer to the centre of
the basin, the seams dip less steeply(perhaps only 10° to 20°) and,
towards the northeast, probably flatten out. On the northeast margin
of the basin they may dip towards the southwest. In detail, the
attitude is not uniform and is complicated by minor rolls and some
faults.

A major fault is exposed in the ventilation slope and crosscut
and its probable location near there is indicated by some drill holes.
It dips steeply. Within this fault zone, which is 50' to 60' wide, the
seams are broken and mixed with the other sediments so they cannot be
mined. No information is available as to the continuation of this
fault but it is shown on the accompanying figure as if it continued
indefinitely maintaining its attitude.

The alignment of seams on opposite sides of the fault, suggests
that there has been a considerable movement to the right along it.
The results of the drilling near the ventilation workings, suggest
also that the block northeast of the fault has moved downward relative
to the block southwest of it. The extent of the two movements is
unknown and may not be uniform throughout the length of the fault.

Section AB has been prepared, showing no vertical movement at
the fault, because the coal intersections as shown are consistent with
no movement but the structure is probably more complex.



_ Some faults that probably are branches from this major fault,
W are exposed in core from holes drilled near the fault.

In the ventilation slope some minor faults strike northeastward
and dip steeply northwest. On these there has been a left hand
movement of about 10'.

SURFACE WORK

A new, larger air line was installed in the main slope. A new
compressor house was built and occupied. & leading hopper was built
into permit trucks to be loaded directly from the tipple without
the use of a front ena loader.

The property has been surveyed and the location and elevation
of workings and drill holes have been established.

RESERVES

These have been calculated as indicated or probable. Indicated
reserves are based on drill core intersections plus information where
available from seams exposed. Probable reserves are in areas without
an exposure or a drill hole but which are believed to be underlain
by coal because a coal seam or seams extend under adjoining ground,
either along the strike (as in area A) or down the dip and along the
strike (as in area B), on at least two sides.

One area is exceptional inasmuch as it has had some holes drilled
in it but these (possibly not deep enough) did not core coal. This
area is up dip from Possible Reserve A and between indicated reserves
7 and 6. For present estimates, it has been assumed tOo contain no
coal, although it is probable that further exploration will find coal
in it.

The area explored is about one square mile and several square
miles are not yet explored. Only coal more than 100' below the surface
and outside of the fault zone has been included in the estimates. The
reserves are calculated by determining the area of the seam or seams
within the limits under the discussion by multiplying the strike
length by the slope length and getting the area in square feet. This
is multiplied by the thickness assumed for the seams in the area,
which gives the number of cubic feet of coal. This product is
divided by 25 ( the approximate number of cubic feet in a ton of coal)
to give the reserve in tons. Calculations are rounded to the nearest
thousand.

Indicated Reserves

No. 1 1525 x 2050 x 21 =~ 2,626,000 tons
25
No. 2 1060 x 1850 x 29 = 2,213,000 tons
- 25
No. 3 1425 x 1200 x 6.5 = 444,000 tons
25 .
No. 4 1400 x 650 x 8 = 291,000 tons

25



No. 5 1000 x 440 x 14 = 246,000 tons
25
No. 6 1700 x 210 x 9 = 129,000 tons
25
No. 7 2370 x 3600 x 19 = 6,211,000 tons
25
Gross total: 12,160,000 tons
Note re indicated reserve #4. This reserve is calculated on the lower

seam as if it extended over the whole area. However, it is absent in
an area which is outlined on the accompanying figure. But within an
area that is approximately as large, are one or two other seams which
together contain more coal than the lower orewould if it were present.
However, because of uncertainty about the limits of the three seams

in this area, the reserve has been calculated as if the lower seam
only were present, though it is probable that this particular estimate
is low.

Probable Reserves

A 5700 x 2250 x 19 = 9,747,000 tons
25
B 1740 x 1150 x 6.5 = 520,000 tons
25 _—
Gross total: 10,267,000 tons
Gross total, indicated and probable: 22,427,000 tons

However, a deduction must be made from this to allow for
islands or ridges on the floor of the sea that may have prevented
accumulation of coaly material, also for coal that may have been destroyed
at unknown faults or by erosion. It is assumed that 10% is a sufficient
allowance for these unknown factors. This amounts to 2,242,000 tons which,
deducted from the gross figure above, leaves a net total of indicated
and probable reserves of 20,185,000 tons.

J. M. Black, P.Eng.
Consulting Geologist
September 8, 1967.
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MINE: PRINCE GEORGE RADIO PRINCE GEQORGE. B. C.
"GARBAWAY MINES" . PHONE: 564 - 5816
Northern Coal Mines Ltd.
(Appendix A-4) June 6, 1969,

LETTER TO THE SHAREHOLDERS

The last letter to the shareholders was dated January 26, 1968. At that time the Coal Slope,
which was being driven downwards in the 11 feet coal seam at 2 gradient of -12 degrees, was at Station
70 feet,

Until the present time there was very little news to report except that the Coal Slope was
being slowly advanced as funds became available.

In August 1968 the Coal had been advanced to Sta, 296 feet, but we thought it impossible
and unfair to ask the shareholders for assistance for the second time. We now know this was a2 mistake,
Undoubtedly the shareholders would have given us their unanimous support as with the share offering
in January 1968.

The Slope was completed by means of loans from your directors and the invaluable assistance
of a few major shareholders.

Your board of directors are pleased to report that on December 18, 1968 the Coal Slope had
reached it’s objective of 400 feet and had been levelled off for some 20 feet in preparation for a Landing.

The Upper — 11 feet — Coal Seam

The Slope passed through the Zone of Oxidation at Station 325 feet or some 225 feet down
the full pitch of the seam from surface. ‘

The Landing at the bottom of the Slope is under more than 200 feet of solid backs — Shales
and Sandstones — and some 280 feet down the pitch of the seam from surface,

The coal at the Landing is extremely dry and dusty but no Methane has been detected.

As the Coal Slope was advanced below the Zone of Oxidation there was a gradual improvement
in the Coke Button Index and a reduction in the percentage of Volatile Matter,

Numerous analysis of samples taken during the driving of the last 75 feet of the Slope proved
we had an extremely low ash coking coal of from 2.6 to 4.0 per cent ash.

Systematic testing has proved that when our coal is crushed to minus 1/2” and then passed
over a 1/4” screen between 80.0 and 90.0 per cent of the resins and some of the ash passes through the
1/4™ screen with the fines. The 1/2” X 1/4” coal then tests as low as 1.2 per cent ash. The elimination
of a high percentage of resin is reflected in the reduction of Volatile Matter.
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The Lower — 8 feet — Coal Seam

This seam is exposed in the river bank where it is 4 feet thick and contains 36 per cent Volatile
Matter, 6.5 per cent ash, 2.5 per cent sulphur and has a Coke Button Index of 2 1/2. Diamond drilling
indicated the thickness increased with depth and in all deep holes the scam was at least 8 feet thick.

‘ Three cross-cuts have been driven to this lower seam, One, off the Entry at the top of the Coal
Slope — 100 feet vertically below surface —, the second at 200 feet and the third at 250 feet down the
Coal Slope. In each of these cross-cuts the seam is 8 feet thick with a good roof and a very hard floor,
The seam is clean and the coal, in place, is very hard and strong. The coal has improved with depth and
samples from the last cross-cut, in the Zone of Oxidation, contained 28.6 per cent Volatiles, 1,6 to 4.0
per cent ash and 1.5 per cent Sulphur. We can expect better results when the coal is tested below the
Zone of Oxidation and there is a very good possibility that the sulphur per centage will be reduced to a
level acceptable to the steel makers. This seam is approximately 35 feet horizontally from the Landing
at the bottom of the Coal Slope and below the Zone of Oxidation.

When the Japanese visited your mine, between May 15 and 19 last, they were disappointed that
the lower seam was not exposed for their examination at this lower elevation. They were of the opinion

that provided the sulphur percentage was reduced, in the lower seam, that both seams should be mined
at the same time.

During the period from the time the Coal Slope was completed on December 18, 1968 until after
the Japanese visit on May 19 last, we had been unable to employ a full crew necessary to carry out any
development work,

Although we have what is considered a dry coal mine, in order to comply with the Rules &
Regulations of The Coal Act, we had to employ three men to keep the slopes unwatered at all times.

Results of the testing of samples shipped to Japan and Chicago in January 1969 were not received
until May last.
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Coal Testing

B-1

Sink - Float Analysis of Drill Cores - 1969

Black, J. M., Letter Report on Cleaning Tests
June 4, 1969

Proximate Analysis -
by Superintendence Company (Canada) Ltd. Nov. 19,1968
Mines sample from "Main Slope" at 400 feet.

Washing Test - Osaka Shipbuilding Co. April 2, 1969
Bulk Sample, "Main Slope" at 200 feet.

Proximate Analysis - "Main Slope" at 200 feet
by Nippon Kaiji Kentei Kyokai April 6, 1968

Proximate Analysis - No. 1 Seam "Ventilation Slope"
by Coast Eldridge January 28, 1964

Petrography
G. S. C. Technical Report 93-H-13W-1 1972
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Refer to our Inspection Certificate No. -
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ORDER No,

January 28, 1964

DATE

C.3=N.2-64 10055
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We have tested 2 samples of coal submitted by you on January 13,
1964 and we report as hereunder :

SAMPLE IDENTIFICATION

No., 1
No. 2.’
RESULTS
No. 1

.- Coking Characteristies

/ni

Sulphur Wt, Percent

No, 2

Moisture Wt. %
Volatile Matter Wt 7
Ash we. %

Fixed Carbon Wt. %
Sulphur Wt, %

Resin Wt. %

Bone Sample
Coal Sample

—

f"\/f / S Ens ? /:/:_/V Eots

(Benzene, Isopropyl Alcohol

and Acetone Solubles)

B.T.U./1b

" 0.95 70
Alr Dry Qven Dry
0.4 -
43.0 43.2 _
9.8 9.9 |
46.8 46.9 ‘
0.80 0.82
4.05 ) -
3 -
. 11,070 -
COAST ELDRIDGE

s S

/hf‘fﬁf .
37 G, Smith

CHIEF CHEMIST

/
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PETROGRAPHY OF THE COAL FROM THE GARROWAY MINE IN THE EOWRON RIVER

COAL AREA, .BRITISH COLUMBIA.

ABSTRACT

A petrographic study was carried out on coal from the Garroway
. Mine in the Bowron River-Coal—area in British Columbia.

. The seam studied is of Tertiary age and the examination was part.
of a larger investigation on Canadian Coals of Tertiary Age.

Though the coal is reported as being a coking coal, stability
predictions based on the chemical compﬁsition as determined by proximate
analysés, reflectance (Rb) indices and macefal composition indicated other-
wise. Results showed that the reactive~inert imbalance predominantly fav-
oured the reactive components. These constituents contribute good swelling
characteristics to a coke but lack ,of an optimum amount of the imert or dull
coal components résult in a coke that is weak.

The coal is reported te be high in percentage_df the macerél resinite.
Visible resin nodules were observed in the ceoal during sampling. Thé subsequent
wicroscopic analysis did not substantiate this observation because this type
was not observed during the analysis. Resin of the invisible type, due to
vitrinization, could be treated only as a vitrinoid,

Though this coal would not produce a coke of geod quality by itself
it could be used possibly as a blend to mix witﬁ a coal which has good strength

contributing properties and a lack of good swelling characteristics.



SR | INTRODUCTION
fﬁi.’ The existence of coal on the Bowrom River in British Columbia has
been known for the last 100 years. Dawson noted in 1871 that coal was reported

. by Dewdnﬁy ou the banks of the Bear River ~ later known as the Bowron River,

The seam sampled is from the Northern Coal Mines Ltd.; Garroway Mine
(see Fig. 1) which is located on the ﬁest bank of the Bowron; about 35 miles
east of Prince George - a raﬁidly growing rail and induétrial center: The
mine is only five miles south of a newly ﬁaved highway that has recentiy been‘

constructed from Prince George,

.Due to the increased interest in B;C. coking coals, considerable
development work has been done in the Bowron River area.  Petrographic ‘studies
have been undertaken to determine the nature of the coal and its suitability
for coking. The coal is reported to have a high resin content and‘the present

.. company set out to mine the coal solely for the resin and have the coke as a
low priced by-product. Favourable indications from swelling tesfs coupled with
the mine's favourable location in respect to the Japanese market reversed this

policy.

GENERAL GEOLOGY

The Bowron River valley is almost entireiy covered with overburden
and, therefore the coal seam outcrops can only be observed along the banks of

the river and along the creeks,

The rising ground on the valley-sides and a few ﬁqints along the
i U river itself are underlain by a group of largely green-coloured volcanic rocks
and include fine tuffs, breccias and lavas. The only intrusives seen are sev—~
eral small dykes which intrude dark argillite near the north_of‘Purden Creek ’

(Holland 1948). T : .
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. . FIGURE 1. SAMPLE LOCATION MAP, BOWRON RIVER, B.C.

The coal is found in a series of sandstones, shales &nd conglomerates

that outcrop along the river. It is possible that the coal-bearing series may

“outcrop farther to the northwest and southeast but the formation has not been

" rraced farther in those directions.



The coal formation comprises grey and buff aandstones inter-=hedded
with light to dark soft shales and sandy shales, some of which are carboniferous,
"as well as several beds of céngiomeréié; The conglomerate contalns cobbles of

ag much as '
‘green volcanic rock v 10 Inches in diameter preoving that the volcanics are

as much as :
the older. Several beds, / 15 feet thick, of grey conglomerate outcrop
along the river, The distribution of coal-bearing outcrops suggests that the

formation underlies the Bowron River valley forming a belt 13 to 2 miles wide

and about 7 miles long, .

Holland'(1948) reported that a collection of fossilized blant remains
was submitted to the iate Dr. W.A, Bell for idéntification who reforted, "the
fossil plants from the Bowron River area are poor indeed.....but....l consider
the age to be Tertiary™. 1In 1968 Dr. Bell, in an unpublished report stated,
";he evidence, unsatisfactory as 1t is, favours a time Interval in the Upper
.Crétaceous, within the limits of Campanian—Maestri;htian and éarticularly a

Campanilan one'",

From the foregoing it is obvious that dating the Bowron River meas-
ures 1s very difficult, the problem being compounded by the lack of good fos-

sil material.

MacKay (1946) noted that the coals of the Bowron area are of Tertlary
age, and at least 3 of the coal seams are of commercial interest, He also
states that'the coals have been classed by‘the Provincial Government as bit-

uminous in rank.

In 1969, Dr. G.E. Rouse of the University of Brftish Columbia, Dept.
of Botany, reported, "I am reasonably sure that the Bowron suite is Tertiary
in age; most likély betweenf1iddlelPaleocene and,mid’Eocene,wiéh a chance of
early Paleocene'". Dr. Rouse ﬁade his age determinations on fossil pollen graims.
He felt that the collection of more megafossils, especialiy plants, would aid

o
In fixdne tha are of tha measures more nreciselv.
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Though the age of the measures is in doubt due to the lack of good
fossil evidence, it is generally considered that the coals found in the

L Bowron River area are of Tertiary Age.

g Sample Preparation and Megascopic Examination

A column sample was taken from the upper seam of the productive

part of the coal measures from the Garroway Mine, stated to be 10 ft. thick.

The sample represents 7 feet of coal'exposed at face of prospect slope.
The column was taken to the laboratory cut into smaller, more manageable blocks

and mounted in Paraplex - a plastis mounting medium.

After mounting, these blocks were labelled as to their relative

position in the column and oriented with respeci to top and bottom,

The blocks were then polished on a Buehler polishin'g lap using a

~ standard acceptable procedure, They were then examined megascopically using

a hand lens and a very low power stereoscopic microscope (X5).

In general appearance, the coal examined is a normal banded coal
composed almost entirely of the bright components vitrain and c¢larain. Sub=-
ordinate amounts of shaly coal, coaly shale and shale also occur. The goal

has a high lustre and is hard aand dense.

The megascopic profile of the seam is reproduced in figure 2, which
shows' that the seam is split by four distimnct partings, The pure coal, con-
tained between these partings was divided into nine petfographic intervals based

" on the relative proportions of the entities present.

The resulting breakdown showed that intervals I and V are composed

mainly of the shale-rich entities while the remaining. 7 are of clean coal which

U ' {ffers only in the vitrain to clarain ratio. Vitrain exceeds clarain in interval ..

II, 1V and IX while the reverse is true in intervals III, VI, VII and \fIII.‘

Throughout these bright intervals the shaly impurities occur in minor percentages.
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Microscopic Examination

Coal from the megascopically determined intervals was then prepared

for microscopic examination.

The coal representing each interval was crushed to -20 mesh and
riffled to yieid a representative sample. A grain mount was ﬁrepared from
each interval and polished on a Buehler Automet polishing lap. The polished
grain mounts were then used for reflectance measurements and maceral deter-
mination. Reflectance measurements are normally made on vitrinite, the most
abundant constituent in most coals. Measurement of this parameter is a petro-
graphic way of expressing rank. An increase in rank is accompanied by an in-.
crease in reflectance and this can be measured quite precisely., Such measuré—

usually
ments on a given coal are /. reported im two ways:

1, An average of a number of readings may be calculated and the
rank of the coal expressed by a single reflectance index.

2. The reflectance data aglso may be used to subdivide the vitrinite

into so~called "V'" types. These are designated by number as

V6, V7, etc, These numbers signify a reflectance range. Thus

V6 means vitrinite with a reflectance range between 0,60 and

- 0.697 in o0il, while V7 has a range between 0.70 and 0.797.

Reflective indices were determined with a Leitz microscope fitted with
a photometer. This is a similar arrangement to that which is generally accepted
and used by other petrology laboratories. The instrumentation and its stan-
dardizations are described in the "Third Draft, Equipment and Procedures for
Determining Microscopically the Maximum and Mean Minimum Reflectance of the
Organic Components in Polished Specimens of Coal, ASTM Designation D5 Subcom-

mittee XVIII Petrographic analysis of Coal" by J.L. Bayef. It is described also

by Schapiro and Gray (1960).

The results of the reflectance study are shown on figure 2 in the
right hand column headed Ro' These show that the mean maximum reflectance of

the vitrinite component is almost constant from the top to the bottom of the seam.
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That there is little variation in the consistency of the vitrinite is shown by
the fact that the reflective index of the vavious intervals only fluctuates from
0.64 to 0.65 which is within the range of the statistical error encountered
in the work. The average reflectance for the entire seam is calculated to be
'!
0.65.
A further indication as to the lack of variety in the vitrinite is

shown by the fact that there were only 4 vitrinite types in evidence in the

entire nine intervals which ranged from V4 to V7. The vitrinite type V6 ac-
per cent

counted for 66/ of these reflectance readings.

. The rank of the coal was determined chemically using the method out-
lined in the A,.S.T.M. standazds on coal and coke (1962). The coal was found
to be of high volatile B bituminous rank, Rank as determined by reflectance

was in accord with the A.S.T.M. method.

The grain mounts used in the above Ro study were repolished and
re~exanined to determine the maceral coutent of the coal. Macerals are the
basic constituents of coal and are analagous to the minerals of inorganic rocks.
The ones identified in the present study are vitrinité, gxinite. resinite, mic-
rinite, semifusinite and fusinite. Mineral matter also was determined. Defi-
nitions of the macerals as well as the method followed in determining their
quantity conform to those suggested in the International.Handbook of Coal Petro-
logy (1963). The results of this examination are shown graphically in the center
column of figure 2 and numerically ia table I. Duriqg the analysils thg macerals
semifusinite and fusinite were considered separately but these later combined to
producé the column in figure 2 because they appear to rgpreéent stages in a gene~
tically related group. The fact that the combined total of these two macerals

per cent o
does not exceed 5/ in any interval facilitated plotting.

As previously stated the seam in the Garroway Mine is very bright,
hard and has a high lustre., The maceral analyses of the various petrographic

iatervals substantiates this initial impression.
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Table I
Interval Height Vifrinite Exinite Resinite | Micrinite Semifusinite " Fusinite | Miners”
Inches g .. zy zz 7Matte*
X 6.6 88 1 . 1 4 1 | 3
VIIX 11.3 85 6 - 1 | T L 7
VII 1.4 85 2 1 1 . - 11
VI 1.4 88 4 . 2 S . ' 6
v 4.4 61 4 . 1 3 1 30
W 5.7 90 3 2 - L s 5
111 9.2 - 3 3 _ 1 : I 23
11 4.9 90 2 r o 6
1 Y 65 1 . 1 2 i 30
Sean 69.7 80.2 3.6 0.4 1.0 | 1.1 - 0.3  13.4
Average . ,
o

. Maceral Content of the IX Petrographic Intervals of the Upper Seam, Bowron River Area



LU SO Mo I, ANU O LI R L - T U DU UL S SR

—tar i

R et 3G

i

(R . - T T e e s . . . P . o .
LE Sdaw .o \luau‘lu::c;u Gaiitdde CQUwisTwm) Ve wal daigiie Cdoa \;Omt)u;u-_{nt_

Co.

“witrinite., This maceral is the majior entity of ail nine intervals reachin
3 3

per ceant .
a high of 90/ in imterval IV, the brightest unit and dropping to a low of
per cent ) .
61/ in interval V, which is the dullest interval, The monotony of the colw
umn is brokem by the three intervals I, III, and V which have higher amounts
of mineral impurities, The mineral pyrite and various shale minerals account

for the mineral matter, The other maceral components are present ouly in

minor percentages.

The seam under study has been noted for its relatively hilgh resin
content. Black reports on two types of rvesin, namely soluble or "Canadian"
resin and insoluble resin. The ormer is reported to compare favourably with
"Congo" resin which has a well-established place in world markets, This re-
sin was named "Canadian" by the Batelle Institute (Black 1967). This "Cana~

per cent |
dian" or soluble resin was reported to amount to 4/ in this coal. In contrast
megascopically
to the above "soluble resin' which is invisible,/the insoluble resin is vi-

sible and is said to be present in the coal in an amount equal to the "sol=

uble resin" (approximately 4%).

.

During the visit to the mine to collect the sample studied, the
visible resin was observed in the coal. The resin appeared as small (41 inch),

elongated ,amber-yellow nodules randomly distributed throughout the seam,

The invisible, soluble resin was assumed to be so only in a mega~
scopic examination, but would be visible during the microscopic phase. The
resulting low percentages actually observed during the microscopic examina-

tions therefore were disappointing.

A fragment of the visible resin, hand-picked from the seam, was
exémined in oil under reflected light and showed a distinet brownish red-
orange colour and therefore appeared as a readily idemtifiable component.
During the subsequent analysis, none of this type was observed in the coal,
The small percentagés of resinite evident ranged from light to Qark grey in

colour,
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by Black and the paucity of resin found by the ﬁresent analysis could be attri-
buted to "vitrinization'". Stach (1968) reﬁorts that the elliptical resin bodies
can lose their resinous characters by polymerisation and ﬁay be transiormed into
grey vitrinite. Such resinous material in a petrological examination would have
to be assessed as vitrinite or, more strictly, as semi-vitrinite, Thus it would
appear that through this process‘of polymerisation the resinite loses 1ts ori-
ginal optical prdpertias and assumed the same colour as vitrinite, It is cou=
ceivable that in this process the resin loses some of its "exinitic" ﬁroperties
aﬁd taxes ;n more vitriﬁitic characteristics,
COXE STABILITY

The present mine operators found that the coal near the top of the

slope produced a coke buttom with a--swelling index of 1 and that it increased

as the mining proceeded down the dip of. the seam.

per cent
Coke stability can be predicted with an accuracy of 94/ (Berry, et

'al.,1967) if the maceral content and the reflectance data of the seam are known.

The method followed in the present study was that described by Schapiro, Gray
and Eusner (1961) and the calculated stabiiities for the petrographic intervals
and a composite of the entire seam were compiled. The method considers the
macerals as belonging to two groups, nagely those which are feactive (vitrinite,
exinite, fesinite, 1/3 semifusinite) and those which are inert (fusinite, micri-
nite, 2/3's semifusinite, mineral matter); The method fﬁrther assumes’ that for
maximum coke strength there is an optimum ratio of reactives to inerts and thaf

.,

this ratio varies with rank.

The results of the stability determinations ‘for the Bowron coal are
shown in Table II,
Table II

Interval I II III "IV Vv VI VII VIII IX Seam Average
Stability 6 0 - 0 0 23 0 0o " .0 0 9

Predicted Coke Stabilities of the Petrographic Intervals and Seam Average of

Upper Seam, Bowron River Area.
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These results show fhat all intervals wiia Lae @XCeplion 0L awulivais
I and V have a calculated predicted stability of 0. The remaining intervals,
I and V have stabilities of 6 and 23 respectively. The predicted stability for

the entire seam was 9 as compared with a stability of 50-60 for known coking coals.

The resulting low stability factor cam be almost solely attiributed to
the lack of the so-called imert macerals such as the semifusinite, fusinite and

micrinite.
. per cent
As can be seen from figure 2, the seam is composed of almost 80/ of

the reactive components vitrinite and exinite. These are the macerals that con=-
tribute the swelling properties to the coke. As previously stated, resinite
behaves in a manner similar to exianite and this adds considerably to the swell-
per cent '
ing characteristics. Coal that contains 3, resinite is considered a high resin-
per cent :
ous coal and therefore the 8/ reported by Black puts the seam under study in

this category. This overabundance of swelling reactives would yield a favour-

able coke button but not necessarily & stxong coke.

On the other hand, a coal that would be considered a good coking coal

would have a predicted coke stability of from 50 to 60. The reason that this

coal has such poor predicted stability is due to the paucity of the inert macer-

als which impart strength to the coke. The calculation of stabilities is based

on the ratio of reactive entities which in general produce the swelling charac-

teristics to the inert components which give the coke its stremgth. It is, -

therefore, unlikely that this coal would produce a good coke. The coal could,

however, be used as a blend to mix with a low volatile coal that has a high in--
to determine .

ert maceral content. Further study would be required =/ the suitability of

this coal for blending, :
" SUMMARY AND CONCLUSIONS

The upper seam of the productive part of the coal measures in the
Bowron River area is composed of a clean~looking coal with & very high lustre.
The coal is dense and hard and contains small amber-yeliow resin nodules dis=

o2

persed through it.



The coal is a high velatile bituminous coal by A.S5.T.M. standards
and this was borne out by the mean maximum reflectance index of 0.65.

The coal has yielded a coke butten witﬁ a free swelling index of 1
near the top of the slope and 3 at ithe face. The operators predict a button
of 5 as they_procedd dowa dip. This is not over-optimistic as the ceal is
composed mainly of those macerais that contribute volatiles and hence swelling
of the coke. The.lower indices of 1 énd 3 obtained on the samples mentioned above
may be due to oxidation oI coal bollected relatively near the outcrop.

This abundance of reactives is detrimental tb the process of coke making
with this coal since the inert macerals which give strength to coke are present in
very small proportions. t is the lack of tﬁis inert component that gives a predicted
coke stability of only 9 for the seam even though one of the established petrogfaphic
intervals gave a figure of 23. This was the highest figure obtained and, when weighed
against the 50-60 stability index produced by good coking coals, indicates a coke
of.inferior quality. The coal possibly could be used as a blend with a coal which
is low in reactive macerals.

There was little petrographic indication of the high (87) resin
content attributed to this coal. This lack could be attributed to the amount .

v
of bitrinization undergone by the resin or by the superiority of a chemical

analysis to determine the resin content of this coal,
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COAL RESEARCH

4. RADIOACTIVITY OF TERTAIRY LIGNITES IN SASKATCHEWAN,
ALBERTA AND BRITISH COLUMBIA

Project 680106

A. R. Cameron, P. A. Hacquebard, J. R. Donaldson
and T. F. Birmingham

Radioactivity measurements of Tertiary lignites were carried out with a scintillometer at about 200 stations in
southwestern Saskatchewan, southeastern Alberta, and a large area of south and central British Columbia. All visible
coal occurrences were checked including thin lenses, dirty coal, carbonaceous shales, etc. Readings above two or three
times the background were considered significant for sampling and about 35 samples were collected. The most approp-
riate of these will be processed for chemical determination of the uranium content.

In Saskatchewan 73 stations were examined in the Cypress Hills district coal area. This was extended into
Alberta to include the western and southern flanks of the Cypress Hills. With a background of 5 to 15 microroentgens
per hour most readings ranged from 0 to 25 microroentgens above the background. However, in the vicinity of Eastend,
Saskatchewan, two good readings were obtained (a) 380 wR/hr with background of 19 pR/hrand (b) 600 pR/hr
and background of 31. The latter occurrence is 3/4 mile due west of a similarly good reading obtained last field season.

In British Columbia 125 stations of Tertiary coal areas were surveyed at White Lake, Prnceton, Tulameen,
Merritt-Quilchena, Spence’s Bridge, Hat Creek, Kamloops, Chu Chua, Alexandria, Quesnel, and Bowron River. In most
areas readings above or even approaching the two times background were rarely obtained, with the following exceptions;

. White Lake, a high of 16 4 R/hr above a background of 14 WR/hr; Princeton, a high of 19 @ R/hr above a background of
8 P R/hr; Chu Chua, a high of 33 WR/hr above a background of 7 y R/hr; and in the Bowron River section, a high of
40 ¢ R/hr above a background of 4 y. R/hr.

Along with the uraniferous lignite survey, column samples were collected in the following areas for coal
petrographic studies: Eastend, Saskatchewan (3), Luscar, Alberta (1), and in British Columbia, at Michel (3), Hat Creek
(1), and Bowron River (1). From the Blakebumn strip mine at Coalmont 21 samples were taken for the coal reflectance
studies.
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(Appendix ©-2 )

Mr, David A. Ross

Northern Coal Mines Ltd.

129G Kings Avenue

West Vancouver, British Columbia ' .
. Cajnada

Dear Mr. Ross:

This letter summarizes the work done on our study of the composition
“of Northern Coal Mines' resin from Coal from June 1, 1966, until November 1,
1966. Since the ten-pound sample of Refined Resin arrived only-recently, the
evaluation studies in rubber and in coatings have just been started and will be
reported upon at a later date. '

Characterization of Refined Resin

Chromatographic and spectral data indicate that the Refined Resin
is a complex mixture of some 40 - 50 components having hydroxyl, carboxylic,
and ester functionmality. In wy letter of June 15, 1666, it was indicated that
no sromatic components were present in the Refined Resin, More recent studies
now indicate that the Refined Resin is predominantly a mixture of condensed
ring aromatics with aliphatic substitution on the rings.

The Refined Resin is very resistant to hydrolysis. The resin could
not be completely hydrolyzed by treatment for a peried of 2 - 3 days with a
20 percent solution of sodium hydroxide in either water or a water-ethylene
glycol mixture at temperatures up to 200°C. Only a small amount of hydrolytic
products was obtained from these treatments of the resin. These products
appeared to be a more complex mixture of materials than the original resin
and no attempt was made to characterize them.

: More informative data were obtained by solvent fractionation of the
Refined Resin according to the scheme shown below and examination of the
resulting fractions.
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A, Ross’ 2, November 30, 1966
Refincd‘ﬁé%in

Extraction with benzene at reflux
for 21 hours

—
oluble (59.5%)

(B) Soluble (40,5%)

Extraction with diethyl
ether at 25 C

) |
(C) Imsoluble (5.2%) (D) Soluble (35.3%)

The infrared spectra of the various fractiom were similar to one othex
he original resin. These data indicate that: (1) the resin is probably
¢ of materials of a single class or family of chemical compounds rather

than a mixture of different chemical classes, and (2) the varigus fractions

obtained
species

tion was

by the solvent {ractionation represent different molecular weight
present in the resin,

The diethyl ether soluble fraction (D), 1.96 g, from the above fractiona-

partially hydrolyzed by treatment for 16 hours with a 3.2 percent solution

of sodium hydroxide in a 10:10:1 mixture of dimethyl sulfoxide, ethyl alcohol,and

water.

An acidic fraction was obtained which contained some ester carbonyl as

shown by infrared examination. Ilowever, no neutral alecoholic fraction, i.e.

material

containing hydroxyl, but no carboxylic acid functionality, was obtained.

The acidic fraction of D was esterified with diazomethane and then

fractionated by thinw-layer chromatography (TLC) on Silica Gel G using a 10 percent

v/v solu
- of mater
consiste

tion of acetone in diethyl ether as developing solvent., Five fractions
ials werc obtained., Infrared examination indicated that each fraction
d of a mixture of materials. The infrared spectra of four of the fractions

having R_ values® in the range 0.03 = 0.95 were similar and showed hydroxyl and

_ster ca
1.00, was
and was a

Was reco
of the r

fbonyl functionality, The fifth fraction, having an R, range of 0.95 -
s a neutral material, i.c., contained no hydroxyl or ester [unctionality,
romatic in nature.

The fact that no neutral material containing hydroxyl functionality
vered from the hydrolysis of fraction D suggests that the precursors
esin are hydrvoxy acids, Hence, the ester carbonyl of the resin may

arise from, (1) intraesterification to produce a lactone, or (2) interesterifica=

tion to
found in
types of

produce a normal ester. Some evidence in support of these hypotheses is
the nuclear magnetic resonance spectrum of the resin which shows two
esters to be present in the resin.

g The R
TLC pE

~

value of a component is the distance that component has moved on the
ate divided by the distance which the solvent front has moved,.

kN



Mr. David A, Ross 3. November 30, 1966

A sample of the Refined Resin was wxeduced te hydrocarbons by
distillation with zinc dust. Examination of the reduced product by infrared,
nuclear magnetic resonance spectroscopy and gas liquid chromatography showed
it to be a complex mixture of hydrocarbons consisting predominantly of aromatic
or condensed=-ying aromatics with alkyl substitution on the rings. The infrared
spectrum of the reduced material resembles the spectra of coalEland asphalts,
especially in the aromatic substitution region of 950 =~ 650 cm ~,

On the basis of the above date, it is believed that the Refiped Resin
is a mixture of condensation products of a complex aromatic hydroxy acid highly
substituted on the ring(s) with alkyl groups. Because of the complexity of the
resin no attempt was made to determine whether the hydroxylic functiomality was
aliphatic or phepmolic in nature, or a mixture of both types.

Because of the complexity of the resin, a considerable amount of work

would be required to do & complete elucidation of its structure, and at present,
further effort in this direction does not seem to be warranted,

Comparison of Amber Resin and Refined Resin

—

Very early in this program some incongruities in the properties of
Amber Resin and Refined Resin were observed. Amber Resin is the amber-colored
clear waterial which can be picked out of the coal by hand. Refined Resin is
the dark-colored material obtained by the extraction process which was employed
to obtain the ten-pound batch of resin recently received, :

As reported in my letter to Mr. Ross of June 15, 1966, the following
differences were observed.

1, Infrared spectra indicate that the Amber Resin is principally
ester, whereas Refined Resin is a mixture of ester and carboxylic
acid., The composition of Refined Resin secems to lle between that
of Amber Resin and the original coal, ’

2. JAmber Resin is, for all practical purposes, completely insoluble
in chloroform, benzene, or pyridine. By contrast, Refined Resin
is completely soluble in pyridine and soluble in varying extents
in a number of other solvents,

3. Refined Resin softems at ~ 200 C. Amber Resin does not soften
at temperatures even at 400 C. A differential thermal analysis
(DTA) in nitrogen, indicates that Amber Resin does not melc
until ~ 450 &, at which temperature it is volatilized (probably
with decomposition).

Further consideration of these points has led to speculation about
the separation being achicved by the solvent extraction process. Accordingly,
samples of the various fractions involved in the separation were obtained fiom
Northern Coal Mines Ltd. and analyzed by infrared spectrometry and examined
microscopically. -



¥r. David A. Ross 4. November 30, 1966

|
The microscopic studiles togecher with the infrared spectra showed

conclusively that the Amber Resin is not being removed by the extraction

process. It remains in the extractlon residue. TFigure 1 Is a photomicrograph

of Amber Resin picked out of coal by hand. The sharp edges and conchoidal

{racturce pattern ave especially important. (The black material is coal which

rewained stuck to the resin.) Tigure 2 is a photomicrograph of Refined Resin.

These particles are of an entirely different chavacter than the fragments of

Amber Resin. None are transparent, and even those that are translucent are

reddish brown rather than light amber as in the case of Amber Resin. Tigure 3

18 a photomicrogravh of the residue left after the extraction process by which

the Refined Resin is obtained. There ave many clear, light-amber particles

which are obviously the oviginal Amber Resin, along with some coal residue,

These clear particles still have the conchoidal fracture pattern, which indicates

that they have not been affected by the solvent extractiom. .

I understand that the commercial plant to make resin will use an air
classification process. OQur work demonstrates rvather conclusively that the
extraction process simply dissolves the more soluble coal fractions. By contrast,
the alr separation process will function on an entirely different basis -=
relative particle densities, The air separation process thus may give a product
rich ia Amber Resin, and if so it would be vastly different from the present
Rerfined Resin.

We are currently attempting to isolate as much of the Amber Resin as
possible to study its properties furcher. Included will be an attempt to use
air eclassification on the five pounds of extraction residue we received some
time ago.

It has been some time since you visited Battelle, and I believe ancother
visit in the near future to discuss the current status of the project would be
helpful, : '

’ Sincerely yours,

- A
“{’fr’ ’ e / ‘D ) e ('
V4 vt (0 O Lk
Maynard B. Neher
Associate Chief

Structural Organic Chemistry
MBN:KR

Enc. (3)
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FIGURE 3. EXTRACTION RESIDUE (62X)
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February 28, 1967

(Appendix C-3 )

Mr. David A. Ross

Northern Coal Mines, Ltd.

1296 Kings Avenue

West Vancouver, British Columbia
Canada

Dear Mr. Ross:

We have now completed the work so far agreed upon in our
investigation of "Refined Canadian Resin in Coatings and in Rubber
Compositions". The enclosed report covers this phase of the work.

The results indicate promise for the refined resin, both’ in
oleoresinous varnishes and as a low-cost extender in certain rubber com-
positions, but further work will be required in both avplications. At
least some of the additional work should be deferred until a product
more representative of the ultimate commercial product is available.

However, I believe that you should give segious consideration
to the separatien process. We have shown that the solvent extraction
process leaves the "Amber" resin behind, and we believe that this may
be the most valuable part. We would certainly like to get enough to

4 1

evaluate it in coatings. .

If you can arrange to visit Battelle in the next month or so,
I believe that it would be worthwhile to discuss the résults obtained
so far and to decide the course of future work.

Sincerely yours,

3 T ]
~ b FoNeTT
{_’_;’/f"‘o: AT ( {// b /U AU NS )

e

Maynqtd B. Neher
Associate Chief
Structural Organic Chemistry

MBN: ja

Enc.
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STUDY OF REFINED CANADIAN RESIN
IN COATING AND RUBBER COMPOSITIONS

M. B. Neher, G. F. Cremeans, and W. J. Mueller

INTRODUCTION

During 1966, a preliminary study of the chem%cal and physical
properties was undertaken of a fossil-type resin found in the Sponsor's
coal deposit. This evaluation included a cursory study of potential
applications of the resin in coafings and in rubber compositions.

This preliminary studylindicated potential markets in both
the coating and rubber fields. These results, along with the results
~of the chemical characterizations, were summarized in a letter report
from M. B, Neher, dated November 30, 1966.

All of the work described in the present report was performed
using the resin obtained by solvent extracting the fraction of coal that
floats on a CCIA/Varsol mixture with a specific gravity of 1.25. The

sample was supplied by Dr. Visman. This fraction has been described

as "Refined Resin", and is referred to as such’throughout this report.

SUMMARY AND CONCLUSIONS™

The Refined Resin was evaluated in rubber compositions for use
as (1) a filler and extender, {(2) as an ingredient to improve abrasion
resistance, and (3) as an antioxidant., The results indicate some poten-
tiai for use as a low~cost extender, but little or no potential in the

other areas.

“The work reported here is recorded in Battelle Laboratory Record Books
#23043, pp. 1-11; #24497, pp. 10-30.



The Refined Resin was evaluated in ‘oleoresinous varnishes of
the type that normally employ fossil resins (e.g., Congo resin). Tha
Refined Resin appears to have potential application in these cocatings.
The experimental coatings made from Refined Resin are harder but darker
than those made from Congo resin. However, the "Amber" resin picked
out of the coal by hand appears potentially more valuable than the

Refined Resin.

EVALUATION OF REFINED RESIN A5 A
COMPOUNDING INGREDIENT IN RUBBER

Refined Resin was evaluated as a compounding ingredient selected
rubbers in three areas. These were (1) filler and extender, (2) anti-
oxidant, and (3) ingredient to increase abrasion resisténce. These areas
were selected on the basis of preliminary evaluations in rubber, and the

chemical propemiies which have been established for Refined Resin.

Filler and Extender

Large quantities of many materials are used as filiers in
rubber compounding. These materials are normally added to improve
certain properties, and they range over a wide area with respect to
particle size and cost, depending upon the requirements of the products.
Extenders are often added to supplement the fillers. These are usually
low-cost materials which have little effect on properties, either good
or bad, and are used primarily to increase the compbund volumz and

decrease its cost.



The results of a preliminary examination of the Refined Resin
in Neoprene W are shown in Table 1. SRF Black was used as the control
since large quantities are used in this polymer for general-purpose
applications. The SRF Black increased the modulus and tensile strength,
while decreasing the elongation. The SRF Black also increased the mini-
mum viscosity and decreased both the sgorch (83) and cure (435) times.
The major effect of using the Refined Resin as a filler (Composition 12)
was a large decrease in tensile strength and an increase in elongation
and minimum viscosity. The effects on other properties were not large.
The effect of supplementing SRF black with a Smal} amoqnt of Refined
Resin (Composition 13) was a further increase inm the stiffness of the
composition as shown by the increases in modulus and minimum viscosity;
also, decreases were noted in the scorch and cure time at 250 F.

Comparable data obtained with nitrile rubber are shown in
Table 2. With‘;his polymer, the control filler was MI black, which
can often be used where high product quality %gxnot féquired. The use
of the Rgfined Resin as the filler resulted in a vulcanizate with very
low tensile strength. On the.other hand, the compositions (16 and 17)

in which the Refined Resin was used as an extender for the MT black

did show the most promising results. The effect on the minimum viscosity

was much less than was observed with the Neoprene W composition, possibly
indicating greater compatibility of the resin with the nitrile rubber.
When used as an extender, the Refined Resin increased the scorch time
(45) at 250 F, but had little effect on the cure time or rate at 302 F.
The results of this study with the two polymers suggest little

possibility for the use of Refined Resin as a filler, but indicate that



TABLE 1. REFINED RESIN AS A FILLER AND
EXTENDER IN NEOPRENE W

Composition Number

10 11 12 13
Mooney Scorch and Cure Data at 250 F
Minimum Viscosity 32 73 66 90
A5, min 8.4 6.7 9.7 6.0
A35, min 15.2 11.9 1.1 10.5
A35-A5, min 6.8 5.2 6.4 4.5
Mooney Scorch and Cure Data at 307 F
Minimum Viscosity 34 85 59 161
A5, min 3.1 2.0 2.9 2.6
A35, min 5.0 3.4 5.1 3.7
A35-A5, min 1.9 1.4 2.2 1.1
Cure, min.
' _at 307 F_
100% Modulus, psi 10 Nil 650 120 860
20 80 230 220 900
30 Nil 620 220 900
300% Modulus, psi 10 136 2840 370 - 2820
' : 20 210 - 380 -
-~ 30 220 - 400 -
Tensile Strength, psi 10 1990 3010 1040 2820
20 2430 , 2920 - 980 2700
30 26007 - 3000 1000 2920
Elongation, percent 10 850 320 700 300
20 730 240 620 230
30 760 280 640 270
Hardness, Shore A-2 10 75 81 72 75
20 72 75 75 76
30 76 80 77 80
Ingredients:
Neoprene W 100 100 100 100
SRF Black - 20 - 50
Refined Resin - - 50 5
Zinc Oxide 5 5 5 5
Magnesium Oxide A 4 4 4
Stearic Acid 1 1 1 1
Phenyl-g -naphthylamine 2 2 2 2
2-Mercaptoimidazoline 0.5 0.5 0.5 0.




TABLE 2. REFINED RESIN AS A FILLER AND EXTENDER IN A

BUTADENE -ACRYLONITRILE COPOLYMER (HYCAR 1041)

.

Composition Number

14 15 17 18
Mooney Scorch and Cure Data at 250 F
" Minimum Viscosity 37 47 33 43
45, min 49.5 72.0 62.0 57.0
A35, min 57.5 658.0 71.0 66.0
{35-45, min 8.0 16.0 9.0 9.0
Mooney Scorch and Cure Data at 302 F - -
Minimum Viscosity 26 22 22 21
A5, min 8.8 12.4 9.2 8.7
A35, min 10.3 14.3 10.5 10.2
435-45, min 1.5 1.9 1.3 1.5
| Cure, min.
at 302 ¥
100 percent Modulus, psi 10 220 Nil 200 240
20 290 200 290 300
30 300 220 300 350
300 percent Modulus, psi 10 600 Nil 520 420
: 20 1010 250 970 840
30 1100 300 1040 920
Tensile Strength, psi 10 - 2080 320 1900 1510
- 20 1730 800 1720 1570
30 1780 620 1660 1380
Elongation, percent 10 720 55?1000 : 780 780
' 20 500+ 710 510 540
30 490 560 480 430
Hardness, Shore A-2 10 62 60 65 69
20 65 66 64 69
30 66 70 66 70
Ingredients:
Hycar 1041 100 100 100 100
MT Black 50 - 50 50
Refined Resin - - 50 5 20
Zinc Oxide 5 5 5 5
Stearic Acid 1 1 1 1
Sulfur 2 2 2 2
Benzothiazyldisulfide 1.5 *1.5 1.5 1.5




it may have some merit as a low-cost extender. Further work would be
required to establish this point. At the same time, we would need to
have a fairly accurate estimate of the planned selling price for the
resin, so that materials could be selected as controls against which

it would probably be competing.

Improvement of Abrasion Resistance

Earlier 'studies at Battelle have shown that the abrasion
resis;ance of some nitrile rubber compositions can be significantly
improved by the addition of a phenolic resin. The nitrile compositions
which are so affected are those which contain a low-cost carbon black
which provides a low degree of reinforcement. To determine whether the

‘.' Refined Resin was able to function similarly, the compositions shown

in Table 3 were evaluated. Composition 24, containing a phenolic resin,
‘Durez 12687, ;;owed only 14 percent as much abrasion loss as Composition
23 (no additive); whereas Composition 25, coqféining‘Refined Resin, showed
three times as much abrasion loss as the additive-free composition.

These results clearly show that the Refined Resin does not

provide the abrasion resistance afforded by the phenolic resin.
Antioxidant

The characterization study on the Refined Resin reported in
a letter of November 30, 1966, by M. B, Neher, indicated that the resin

had hydroxyl fumtionality, although it was not established whether this
V was aliphatic or phenolic in nature. Presently, several hindered phenols

and diamines are used as rubber antioxidants. The phenols are used where



TABLE 3. REFINED RESIN AS AN ADDITIVE FOR
IMPROVING ABRASION RESISTANCE

Composition Number

23 24 25
100 percent Modulus, psi I 400 . 1180 460
300 percent Modulus, psi 1880 2980 1280
Tensile strength, .psi 2640 2980 1880
Elongation, percent 410 300 450
Hardness,.Shore A-2 70 86 80
Pico Abrasion Loss, cc 0.022 0.003 0.063
Ingredients:
Hycar 1041 100 ~ 100 ' 100
HMF Black 40 40 40
Refined Resin - - 30
Durez 12687 - 30 -
Zinc Oxide 5 5 5
Stearic Acid 1 1 1
Sulfur 2 J2 2
Benzothiazyl disulfide 1.5 1.5 1.5
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TABLE 4.

REFINED RESIN AS AN ANTIOXIDANT

IN NATURAL RUBBER

Compeosition Number

18 19 20 21 22
Unaged Properties
100 percent Modulus, psi 200 " 140 200 190 170
300 percent Modulus, psi 1560 1480 1460 1400 1210
Tensile strength, psi 2930 3100 2720 2550 2220
Elongation, percent 480 500 . 460 450 440
Hardness, Shore A-2 56 56 54 56 55
Properties After Aging
4 Days at 212 F
106 percent Modulus, psi 370 400 350 360 350
Tensile strength, psi 1520 2280 1180 1230 1170
Elongation, percent 230 310 210 210 220
Hardness, Shore A-2 6l 64 59 62 63
Ingredients:
Smoked Sheet 100 100 100 100 100
SRF Black 45 45 45° 45 45
Zinc Oxide 5 5 5 5 5
- Sulfur - 2. 2. 2. 2. 2.5
" Stearic Acid 1 1 1 1 1
Benzothiazyl Disulfide 1 1 1 1 1
Phenyl-g ~naphthyl Amine - 2 - - -
Refined Resin - - 2 5 10




staining and discoloration cannot be tolerate&, while the diamines are
used in other appiications because of their better performance.

To determine whether the Refined Resin has any antioxidant
activity, a study was made with mnatural rubber, using phenyl—a-naphthyl-
amine (PBNA) as a control antioxidant. Property determinations were
made on unaged compositions End on compositions aged for four days at
212 F, following standardized aging procedures. Antioxidant activity
was judged by the differences in tensile strength and elongation betWeen
the unaged and aged c;mpositions.

Table 4 shows that Composition 19 containing the PBNA had a
much higher aged tensile strgngth and elongation than any other compo-
sition. The three compositions cémtaining the Rgfined Resin were mno

‘!’ o better, and possibly a little poorer, than thé Composition 18 containing
no added antioxidant. Thus, the results clearly show no antioxidant

-

activity for the Refined Resin.

EVALUATION OF REFINED RESIN IN COATINGS

In general, the physical and chemical properties of oils and
resins used in the preparation of a varnish carry over inmto the finished
vehicle. The primary reasons for adding hard resins to drying oils are:

(1) To increase the hardness of the film

(2) To improve water and chemical resistance

(3) To improve the gloss

(4) To shorten the drying time.

‘." ' These improvements are normally attributed to the fact that the hard resin

added is usuaily hard, glossy, and inert to acid, bases, and water.



The tfend in the p;st twenty years has been to use synthetic
"hard" resins in ;he varnisti-making trade to replace themfpssil resins
- that were once used almost exclusively. The reasons for this are pri-
marily: (1) uniformity of product, (2) increased production capacities
for synthetics, and (3) synthetic resins are competitive with fossil
resins in price. However, fossil resims are still being used to prepare

nominal amounts of oleoresinous varnishes, with Congo resin being one

of the most popular. This material sells for $0.21 to $0.28 per pound,

depending on quality and type.

It was initially decided to compare Refined Resin directly
with Congo resin in similar coatings formulations. This involved a thermal
degradation of the resin until it became soluble in a fatty acid tri-
glyceride. For this program, linseed oil was chosen. In addition,
other type formulatiéns (resin-esters) were tried and other means of
incorporating :he Refined Resin into polymeric vehiéies were used,
The solubility of the Refined Resin in rosin gé;ivatives was also estab-
lished.

The degree of difference between a linseed oil film and a
modified linseed o0il film naturally depends on the hard resin content
of the coating., The varnish trade refers to short-, medium~, and long-oil
varnishes. This terminology indicates the gallons of oil used per 100
pounds of resin and the following definitions are used:

(1) Short-oil, 6-18 gallons 0i1/100 pounds resin

(2) Medium-oil, 18-30 gallonsqoil/loo pounds resin

(3) Long-oil, 30-60 gallons 0il/100 pounds resin.

In general, hardness and chemical resistance decrease as the

-0il length increases, but flexibility of the film is proportional to



the oil content. For the purpose of this study, varnishes having oil-

length values of 10, 20, and 40 were used.

Oleoresinous Varnishes

The normal procedure for incorporating Congo or other insoluble
hard fossil resins is to heat the resin at 330 to 345 C until oil solu-
bility is attained. Congo resin is usually brought to 335 C in succes=«
sive heats, each requiring about 1.5 hours. During this time, a 20
" percent weight logs occurs, with the acid number of the resin decreasing
from 112 to about 85.

The degree of hea;ing required to degrade the Refined Resin
was determiﬁed before any effort was made to incorporate it into a
coating. To do this, 200 grams of Refined Resin was heated in a stain-
less steel beaker under a carbon dioxide spurge. The temperature of the
resin was rai;;d to 330 C and small samples removed at 30-minute intervals
and tested for oil solubility. 1Im addition,UWQight—loss data were ob-
tained. The results of this experiment are summarized in Table 5. These
data show that considerable degradation has to occur before the resin
becomes readily soluble in linseed oil. Nevertheless, it was found
that if the resin is heated to 327 ¢ and held for 30 minutes (in a
nitrogen atmosphere); the resulting processed resin can be dissolved in
linseed 0il by heating the oil and the resin for about three hours at
230 C. Congo resin, when thermally processed until a 20 percent weight
loss occurs, will dissolve in less than one-half hour under similar
conditions. However, since the thermal processing of Congo resin rarely

results in a loss greater than 20 percent weight, it was decided to use
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TABLE 5. THERMAL PROCESSING OF CANADIAN AMBER RESIN
NECESSARY TO OBTAIN AN OIL SOLUBLE PRODUCT

Weight Loss, Solubility in Linseed 0il
Processing Time under percent of _ 100 C for Heating at 230 C Until
CO2 at 327 C, Minutes Initial Resin 5 Min . Solubility is Attained
0.0 (no thermal processing) 0.0 Insoluble Inscluble after 5 hr
1.0(1) T _ b ; Insoluble Insoluble after 5 hr
30.0 S 20 : Insolublé- Soluble after 3 hr
60.0 _ © 29 Insoluble Soluble after 2 hr
90 - T | Tnsoluble | Soluble after 1 hr
120 - | _ 40 Soluble(z) : Solﬁble in lessuthan 1 hr(z)

(1) A 30-minute heating time was used to raise the temperature of the resin from 25 C to 327 C.
(2) The resin at this point consisted of two materials--a carbonacious foam on top and a liquid
resinous mass in the bottom of the reactor., The solubility of the resinous mass is reported.



Refined Resin also thermally decomposed until a 20 percent weight loss
was observed., It is recognized that many economic factors will determine
whether or not the Refined Resin will compete with Congo resin or similar
resins to the varnish industry. The cost criterion that will be used by
a manufacturer of varnishes is the production cost of the final coating.
This will include pounds of faw resin required to produce one gallon

of varnish, as well as the kettle time required to produce the final
product.

Accordingly, threé basic linseed varnish formulations were
prepared having oil lengths of 10, 20, and 40, using the thermally pro-
cessed Refined Resin and Congo resin (supplied by 0. G. Innes Corporation).
Coatings were deposited on steel and tinplate panels and cured at either
ambient temperature (25 C for 1 week) or elevated temperature (30 minutes
at 177 C). The Refined Resin coatings were compared with the control
coatings, Coné;—linseed varnishes, and linseed oil coatings for resistance
for 40 percent nitric acid. 1In addition, ha;dhess aﬁd flexibility
measurements were made on all of the coatings.

The evaluation data are shown in Tables 6 and 7. All of the
baked coatings had excellent résistance to methyl ethyl ketone, while

the coatings cured at ambient temperature were dissolved in one to two

minutes. As shown in Tables 6 and 7, the varnishes prepared using the

Refined Resin compare favorably with the Congo controls. The Refined

Resin imparts slightly more hardness to the linseed oil varnish while
not harming its flexibility. However, the coatings formulated using
the Refined Resin are considerably darker than the coatings prepared

using the Congo resin.



TABLE 6. COMPARISON GF LINSUED OIL VARNISH FILMS PREPARED
USING CONGO AND REFINED RESIN AND CURED BY ‘
BAKING AT 177 C FOR 30 MINUTES

Resistance to

(2) 40 Percent
0il (1) Film Properties Nitric Acid,
Length, (3) Sward (4) hr until
Resin gal Flexibility Hardness failure
Congo 10 Failed 1 in. 00 5.5
Canadian 10 " 69 . 5.8 .
Congo . 20 Passed 1/8 in. 44 2.3
Canadian 20 " 49 3.8
Congo 40 _ " . 12 ‘ 1.3
Canadian 40 ' ' " ' 21 1.3
Linseed 0il : _ ;
Control " P & 0.5

(1)
(2)
(3)

(4)

Number of gallons of linseed oil per 100 pounds of resin.
All of the films were about 0.8 mil thick + 0.1 mil.

Figure represents the smallest diameter of a rod that the coating on tin=-
plate can be bent over through 180 degrees without breaking the coating.

Compared to plate glass having a hardness of 100.



TABLE 7. COMPARISON OF LINSKEED OIL VARNISH FILMS
PREPARED USING CONGO AND REFINED RESIN
AND CURED AT 25 C FOR ONE WERK

Resistance to
40 Percent

0il (1) Film Properties(z) Nitric Acid,
Length, Sward hr until
(3 (4)

Resin gal Flexibility Hardness failure
Congo 10 Failed 1 in, 32 5.5
Canadian 10 " 65 5.5
Congo 20 Passed 1/8 in. 21 3.5
Canadian 20 " 37 2.3
Congo 40 ' " 7 1.3
Canadian ™ 40 " 11 1.3
Linseed 0il ; :

Control " L 2 0.5

(1)
(2)
(3)

(&)

Numbef of gallons of linseed oil per 100 pounds of resin.
All of the films were about 0.8 mil thick £ 0.1 mil,

Figure represents the smallest diameter of a rod that the coating om tin-
plate can be bent over through 180 degrees without breaking the coating.

Compared to plate glass having a hardness of 100.



Attempts to Use Refined Resin in
Coatings Without Thermal Degradation

Early in this program it was observed that the unprocessed
Refined Resin had an acid number of about 55 and is soluble in linseed
fatty acids and insoluble in linseed oil., It was felt that perhaps on
heating in the presence of litharge, an ester interchange would occur
between the Refined Resin and linseed oil. An experiment was carried out
by heating 12.0 g of Refined Resin with 20.0 g of Jinseed o0il containing
0.3 ¢ of litharge at 230 C. This mixture jelled after 3 hr of heating
and never Eecame homogeneous.

Next, 10.0 g of Refined Resin was added to 16.0 g of linseed
fatty acids, and the whole mixture reacted with 1.3 g of pentaerythritol
at 232 C for about 3 hr. The product was a dark resinous material soluble

in toluene. Coatings prepared from this material gave air-dry and baked

-

coatings with Sward hardness values of 20 and 30 and having excellent

flexibility and adhesion. S

In addition, an attempt was made té degrade the Refined Resin
by adding it to a refluxing 5 percent solution of sodium hydroxide. The
resin was kept in contact with the refluxing basic solution for six hours
and then acidified with hydrochloric acid. The product was still insol-
uble in drying oils and could not be used to prepare an oleoresinous
varnish without further processing.

The Refined Resin appears to be comparable to Congo resin
for use as the hard resin component in varnishes. The varnishes made
with Refined Resin give films that are darker than those prepared with
Congo resin, but have slightly higher hardnesses with no apparent sacri-

fice in flexibility; The results also indicate that film-forming materials
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can be prepared if Refined Resin-linseed oil mixtures are esterified
with a polyol such as pentaerythritol. Otherwise, it appears that the
Refined Resin will have to be thermally degraded prior to using it in

the preparation of oleoresinous varnishes,

RECOMMENDATIONS FOR FUTURE WORK

This study indicates that the Refined Resin may find applicatiom
as a low-cost extender in rubber., Further work will be required to
establish this point.

This study also indicated that the Refined Resin gives oleo-
resinous coatings with physical properties equal or superior to coatings
made with Congo resin. This study should be expanded to include a more
comprehensive evaluation of co-esters of the Refined Resin with various
nolyols and drying oil fatty acids. 1In addition, a brief study shouid
be made to est;£lish the parameters of processing variables (both thermal
degradation and varnish preparation} required W%th the Refined Resin.

The Refined Resin should alsb be studied as a'modifier for low-cost
alkyds where color is not of primary importance,

However, the "Amber" resin which is not being'extracted is
potentially even more useful than the Refined Resin wﬁich was used in
the current study, because of its lighter color and lower ash content.
Any future work should include study of this material.

Thus, serious consideration should be given to the process
used to separate 'resin'" from “coal".‘ As recorded in the last report
{(November 30, 1966), the Refined Resin is in reality a soluble fraction

of the coal, and the "Amber" resin remains in the extraction residue.
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It is believed that this "Amber" resin probaEly represents a more valuable
product than the Refined Resin obtained by the present extraction process.
Further, we understand that the material which will be produced
in the ultimate plant will be obtainea by an air classification process.
In light of our observation that the "Amber" resin is completely unaf-
fected by the solvent'extraction, it is probable that the commercial
product will be different. Future work plans should include study of
a product more representative of the ultimate commercial material than
the Rgfined Resin.
Battelle has had considerable experience in ore and mineral
extraction, and we would be_able to bring this background to studying
separation of the “Amber" resin from raw coal. The sample of extraction

residue currently on hand could be a starting point.



SN %%
228 4~ 1g7n %ﬁ% Baﬁ@iﬂe

[
Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201
Teiephone (614) 299-3151
Telex 24 -5454

November 29, 1972

(Appendix C-4)

Mr, L. S Trenholme, Director
Northern Coal Mines, Ltd,

7th Floor, Board of Trade Tower
1177 W. Hastings Street
Vancouver 1, B, C., CANADA

Dear Mr, Trenholme;

As you know, your letter of November 3, 1972, addressed to Battelle Memorial
Institute was given to Mr., Neher because of his past research connections with
your company. Mr. Neher's letter of November 13, 1972, gave brief reply and
indicated that answers to your questions would be forthcoming. Since then, we
have discussed your past research program, and how we might proceed in the future,

Research on your resin in coatings, rubbers, and plastics applications would now
fall in the Division of Polymer and Paper Techmology, of which I am a member,
Therefore, I have taken the liberty of replying to your letter,

The minimum weight of material desired for a new research program is estimated
as that quantity necessary to produce about 10 pounds of resin. If you know
the percent resin in the coal, you can readily calculate the quantity of coal
needed., If the research is at all extensive, 25 pounds of resin would be a
more reasonable amount to work with.

At this time we cannot give an estimate of cost of a new research program. It
will be necessary to plan the program carefully, and prepare a research proposal
before we can give a cost estimate., In this respect, it would be very helpful
to us to have you visit our Battelle-Columbus Laboratories to discuss possible
research approaches.

There is an outstanding indebtedness of $3,943,75 for prior research carried
out for Northern Coal Mines, Limited. This research terminated in 1967, 1In
our last attempt to submit an invoice for this indebtedness it was returned to
us because address of company was unknown.

Enclosed is a Xerox copy of a page from a recent issue of American Paint
Journal, which gives prices for some of the natural resins. However, synthetic
resins might provide more competition for your resins than would be experienced
from the natural resins, The paint industry went through a period many years
ago when synthetics largely replaced the natural resins. More recently, alkyds,
and then the water-based resins replaced most of the oleoresinous varnish in
paints. ZEnclosed is a selected tabulation of imports of some natural resins,
which you should find very interesting.




Mr., L. S, Trenhoime, 2 November 29, 1972
Please let us know if you have any additional questions.

Very truly yours,

. /'\: ! I\/ R

: AN AYeY//

Louis|J, Nowgikibgl/ S

Polymer and Paper
Technology Division

LJIN: gm.

Enclosures
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I¥P0RAT DATA FTOR NATURAL RESIN )

Tocal Imported from Indicated
County, pounds

Year Malaysia Indonesia Congo Total Import, pounds
1870 292,320 377,960 365,368 1,035,688
1971 464,494 196,580 285,370 946,444
19727 259,359 82,635 .—— 341,994

(a) These resins are listed under U.S. Imports for Consumption under

the heading "Gum, Damar, Copal, Kauri, Sandarac, Varnish Gums,
and Congo,

(b) The figures are for the first six months only,
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D-1 - Hydraulic Mining in East Kootenay, B. C.
C.I.M. Bulletin January, 1974
D-2 "Status Report: the AGA/OCR Coal Gasification
Program" Coal Age January, 1973
D-3 Underground Gasification
Coal Age September, 1973
D-4 “Gasification of Coal Research Needed"
Berkowitz, Edmonton Journal November 9,1972
D-5

"Preliminary results....Wyoming in situ

gasification test" - C ocal Age‘ December,1973
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Edward Goodridge, Assistant Editor, Coal Age

IN 1971, the American Gas Association (AGA) and
the Office of Coal Research (OCR) agreed to co-sponsor

- a $120-million, 4-yr program aimed at accelerating re-

search on coal gasification processes through the pilot
plant stage and selecting the best process—or combina-
tion of processing steps—{or design of a demonstration
ptant. The funding is $80 million from the government
and $40 million from AGA.

The multiple-process research effort is necessary to
ensure that at least one economically sound process is
developed before the termination of the research pro-
gram in mid-1975. Hopefully, the program will result in
a demonstration plant design of semi-commercial size
by the end of that year. As now conceived, this facility
would have a daily capacity of 80 million cu ft of high-
Biu gas produced from 5,000 tons of coal. More im-
portantly, the operation will generate the engineering
data required for the construction of a commercial-scale
plant, which should be ready by 1980.

The gasification process for the demonstration plant
will be selected after thorough evaiuation of at least
seven candidate processes. These processes are given
below, with the corporation or research group respon-
sible for their development shown in parentheses:

HYGAS process (Institute of Gas Technology),
COz Acceptor process (Consolidation Coal Co.),
BI-GAS process (Bituminous Coal Research Inc.),

Agglomerated Ash process {Union Carbide Corp, and
Chemical Construction Corp.),

fusl gas
8

RYDRG -  BAS
GASIFIER

BAS PURIFIGATION
AND METHANATICN

glagtrici

—t

2o ELECTROTHEANAL
7 GASIFIER

Schernatic Hiow shoot of the HYGAS process, with the hydrogen sup-
plied from electrothermat gasification of residual char.

>4 : Appendix D-2

Synthane process (Bureau of Mines),
Lurgi process (Lurgi Mineraloltechnik GmbH),
ATGAS process (Applied Technology Corp.).

Additional processes suitable for use in a synthetic na
ural gas (SNG) plant will come under consideration i
they are developed: (OCR also has a separate progran
for processes yielding low-Btu fuel gas for powce
plants~see Coal Age, Nov. 1972, p 34.)

The HYGAS and Acceptor processes are in the pilo
plant stage, and are undergoing start-up tests. The Ag
glomerated Ash, Synthane, and BI-GAS processes shoult
reach pilot plant operation by 1974. A decision to builc
an ATGAS plant will be made after evaluation of furthe:
tests.

All of the processes, with the exception of the Lurgi
and Synthane, are receiving funds under AGA/OCR
contracts. The Synthane process is being financed and
developed entirely by the Bureau of Mines, and the
Lurgi process is already in commercial operation. -

The Fourth Synthetic Pipeline Gas Symposium,
sponsored by AGA and OCR at Chicago in October,
1972, provided an up-to-date account on each of the
candidate processes.

The following is a summary description of each pro-
cess and its current status:

HYGAS is the most advanced U.S. process

Coal hydrogenation—the reaction of coal with hydro-,
gen at high temperature and pressure to produce meth-
ane—is the key step of the HYGAS process. Hydro-
genation takes place in a specially designed
hydrogasifier, which has two stages: a low temperature
stage (13001500 F} to obtain a high-methane yieid
from the volatile material in the coal, and a high-tem-
perature stage (1700-1800 F) which generates hydrogen
by steam-carbon reaction.
~ Of the coal feed, about one-half is gasified in the two
stages. The other half, in the form of char, goes to hy-
drogen generation, using one of three methods now un-
der development. The remaining steps of the HYGAS
process—gas purification and methanation—yield the fi-
nal high-Btu product.

‘The HYGAS process has its advantages. All coal types
are acceptable fuels, although caking coals must be
pretreated to destroy their agglomerating properties.
The hydrogasifier. ylelds an offgas relatively high in
methane, thereby minimizing the need for further
methanation. Finally, the process, from gasification
through methanation, operales at pipeline pressure
(1,000 psi). The fina] product can thus enter a pipeline
without additional compression.

HYGAS is the most advanced American coal-to-gas
conversion scheme under development. The Institute of

COAL AGE » January 1973
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Lonsol's CO, Acceptor process is undergoing triai tests at Rapid City, $.0. Extensiv\e prefiminary checks ted to five start-up runs since April.

Gas Technology, under the sponsorship of AGA, car-
ried out research on the process for 18 yr prior to OCR
sponsorship in 1964,

A HYGAS pilot plant has been built by Procon, Inc. at
a cost of over §7 million and has a daily capacity of 80
ipd of coal, or 1.5 million cu ft of pipeline-quality gas.
Plant construction began in 1969 and was completed in
carly 1971. Presently, the hydrogen source is a commer-
cial natural gas reformer unit. The first gasification test
was run in October, 197} using Montana lignite as the
reactor feed.
hydrogen from residual char. Three methods for gener-
ating hydrogen are under consideration: elcctroth“..mal,
sieam-oxygen, and sieam-iron.

In the elecirothermal approach, a high-pressure,

team-fividized-bed reactor (similar tn design to the hy-
drogamhcr) is heated by electrical resistance to a tem-
perature high enough to initiate the steam-carbon reac-
tion. The hydrogen-rich offgas goes to the hydrogasifier.
in a commercial plant design, the remaining char from
the electrothermal gasifier “Wwould fuel a steam-turbine

generator, thereby supplying the necessary electricity.

The steam-oxygen approach also utilizes a high-pres-
sure, steam-fluidized-bed reactor 1o produce hydrogen
But in this case, pure oxygen rather than air is blown
into the reactor. This alternative is under consideration

COAL AGE = January 1973

ine HYGAS process will uiumately produce its own’

because it could supply hydrogen at a cost lower than
that for electrothermal generation.

In the steam-iron approach, hot char is gasified with
air. The gas, with steam added, is passed over iron in a
cyclic oxidation and reduction action that yields hvdro-

en.
: As of August, 1972 the HYGAS pilot plant had been
through seven gasification tests. The most recent run,
lasting two wecks, operated the hydrogasifier at full
pressure, with indications that methane formation was
taking place as designed.

Thus far, only minor problems have been experi-
enced in the coal preparation and pretreatiment steps. In
general, all high-pressurc pumps handling sluiry mate-
r1al had severe erosion problems. A number of solutions
have been found, but the study of this problem is con-
tinging. The package hydrogen plant, afier 2 number of
changes, is performing well, and the conirol of solids
flow through the hydrogasifier is satisfactory. The
equipment in the gas quench and purification section is
operating properly, and the methanation section is
ready to be put on-stream.

Electrothermal gasification is the first char-based hy-
drogen generation method scheduled for tesiing, Procon
completed the unit jast June at a cost of $2.4 million.
The reactor vessel has been pressure-tested, and the
electrical system is Low being extensively tested. It is
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8l.GAS COAL GASIFICATION PROCESS

A prototype Bi-gas plant is under construction and will be operational in January, 1974,

anticipated that stari-up operations with the hydro-
gasifier and package hydrogen generator sections wili
be compicted by this spring, and then operation of the
electrothermal gasifier can begin.

A coniract now is being negotiated for the design of a
large steam-oxygen gasilier compatible in size with the
HYGAS reactor. The estimuied construction cost for this
section 15 about 52.5 million, with a comipletion date
scheduled for mid-1974. This will coincide with the final
runs on the hydrogasifier-electrothermal combination.
The sieam-iron process is also ready for large-scalc test-
ing, but no decision has been made as to when to build
this section of the pilot plant. Ultimately, however, one
of the three methods for generating hydrogen will be in-
corporated in a commercial-scale design.

CO., Acceptor process moves ahead at Rapid City

Consolidation Coal Co's CO:z Acceptor process is a
two-stage, fluidized-bed gasifier system. The coal feed is
converted to a char in the first stage, then gasified by
the steam-carbon reaction in the second stage.

The unique feature of the process is the method for
supplying heat for the gasification reaction. Calcined
dolomite (a magnesium-calcium oxide) is circulated
through the fluidized bed of char under gasification
conditions. The reaction of dolomite with COz, one of
the gaseous reaetion products, liberates the heat re-
quired for the carbon-steam reaction. The removal of
COz leads to improved hydrogen content in the offgas
and thereby increases the ultimate methane yield. The
spent dolomite is calcined in a separate regenerator us-
ing char as fuel.

Among its advantages, the Acceptor process does not
Téquire an oxygen source, thereby climinating the need
for an expensive oxygen plant. It also operates in the
relatively low-pressure range of 150-300 psi. However,
the process as now conceived is limited 1o using low-
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grade, highly reactive western coals which gasify :
tively low temperatures (1500-1575 F).

Consol started bench-scale testing of the pro
1964, Construction of the Rapid City, 8.D. pilo:
(see Coal Age, Oct. 1972, p 145) began in Januarn
and was completed in November, 1971, The b.
Stearns-Roger Corp., now is operating the $9-r.
plant, which has a capacity of 40 tpd of coval,
equivalent of 400,000 cu ft of pipeline-quality g
day. The plant consumes 3 ipd of dolomite when
capacity.

Start-up operations began in early 1972, Five st.
attempts were made in the last year. Each run w
minated due to mechanical problems which have
subsequently solved. These problems included: (
cessive loss of inert gas in the purge system, (2) cle
of pressure measurement devices in the gasifie:
regenerator, and (3) attrition of dolomite, with
clogging the spray towers of the quench system,

In the last two runs, char was successfully transi
into the regenerator and burned with air at opei
pressure and temperature. In the final start-up, thi:
cess was carried out for five hours and the dolomit
fully calcined.

Another serious problem arose in the refracton
tems of the gasifier and regencrator. It was {ound
fluidized gases were bypassing the refractorv ma:
and causing severe erosion, leading to the total fa
of the refractory. By the middle of this month a .
pletely new refractory system will have been install.
the regenerator and cxtensive changes made in the
fier refractory system. The new refractory material
low permeability and better abrasion characteristics

There also has been difficulty in maintaining the .
sity of the fluid beds and uncertainty about the real
dition of the fluids present in the pressurized ves
Tests are under way to better define the relation
tween pressure measurements and the state of the fi

COAL AGE » Jaria+y



ized bed. Hopefully, this work will soon find a way to
fully stabilize the beds and maintain a sharp interface
in the gasifier. Solution of the density problem appears
to be the only barrier to a full gasitication test in early
1973.

The design of the purification and methanation sec-
tions was scheduled for completion last month, with a
Geciston to construct the methanation facility following
in early 1973, Construction will take about 1 months.

This year, runs will be made with char and North Da-
kota lignite as fuel. A switch may be made to a local
limestone, instead of the Ohio dolomite now used,

Consol's Library, Pa. office is working on the prelimi-
nary design of commercial versions of some critical
components of the Acceptor process. The South Dakota
School of Mines is conducting studies of dolomite
sources and environmental aspects of the process,

B1-GAS is another alternative

The present design of the BI-GAS process hinges on a -
two-stage, super-pressure, oxygen-blown gasifier. Oper-
ating pressures are very high—1,000 psi or more.

In this process, coal is introduced into the upper sec-
tion (Stage 2) of the gasifier, where it comes in contact
with a rising stream of hot synthesis gas produced in the
lower section (see accompanying digaram). The coal is
partially converted into methane and synthesis gas. The
residual char entrained in the raw product gas is swept
upward and out of Stage 2. The char is separated from
the gas stream and recycled to the lower section, where
it is completely gasified with oxygen and steam. This re-
action produces synthesis gas and the heat required in
Stage 2. The high temperatures in the lower scction
melt the ash, which is removed from the botiom as a

molten slag. Finally, the raw product gas from the up-
per section is purified and methanated.

Caking coals do not require pretreatment in the BI-
GAS process. All of the feed coal is consumed in the two
stages, leaving no residual ¢har. Most importantly, the
reactor offgas is high in methane, higher than in other
direct-blown gasifiers. However, BI-GAS operates at
high temperatures (over 1700 F in Stage 2), and re-
quires oxygen, :

BI-GAS rescarch has come a long way since its begin-
ning in 1963 at Bituminous Coal Research, Inc. (BCR).
The Homer City, Pa. pilot plant {sec Coal Age, Sept.
1972, p 92) represents 9 vr of accumulated experience.
BCRs initial design of the plant was carried out in co-
operation with the Koppers Co. The contract or de-
tailed engineering, construction and operation went to
Stearns-Roger, Inc. in July. 1972, The Stearns-Roger
design calls for a 5-tph-capacity gasifier, having a max-
imum operating pressure of 1,500 psi.

At a future date, two additional types of gasifiers will
be built tnd evaluated: an air-blown, medinum-pressure,
two-stage gasifier; and a low-pressure, multistage, fluid-
ized-bed gasifier. End products will include high-Btu
pipeline gas: sulfur-free, low-Btu fuel gas: incustrial
gases; and fuel gas for Magnetohydrodynamic (MHD)
power generation, Extra space is also provided for fu-
ture installation of special equipment for preparation of
enriched gasifier feedstock.

Initial start-up is scheduled for January, 1974, Ry
mid-1975, BCR should have enough data ‘0 comnless
the design of' 2 larger-scale plant,

Union Carbide offers Agglomarated Ash procrss

Originally developed by the Union Carbide Corp., the
Agglomerated Ash process gasifies coal in a botiom-fed,
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The Lummus Co. designed a 75-tpd pilot plant to demonstrate the USBM's Synthane process. Construction will begin at the Br
lab in 1973 and completed by 1974, Two methanation systems developed by the Bureau—the tube-wall reactor and the hot-gas

tor—are included in the design.

steam-fuidized-bed gasifier. Coal is ingected near the
base of the gasifier into a bed of hot, sintered ash ag-
slomerates. As the coal flows up through the bed, it is
heated to the carbon-steam reaction temperature and
converted to char and pas. The char concentrates at the
top of the unit, where some additional gasitication takes
place. The gas is piped off for purification and methana-
tion. The agglomerates eater the gasilicr just below the
top of the char bed, at a temperature of about 2,000 F.
The gasification reactions cool this materiul to about
1,000 F by the time it is withdrawn at the botiom. An
“agglomerating bed combustor™ reheats the agglome-

23

rates, using the residual char as fuel, The cha
produce an essentially ash-free flue gas as t
This gas is cleaned and fed 10 an open-cyc.
compressor for energy recovery:

The process is said to have substantial ca
savings over single-stage »ystems requiring &
plant, and over systems with char-fed steam g
facilities. In addition, caking coals are not p
and the relatively “clean™ product gas eliminal
sive water treatment of raw gas scrubber effluc

Columbus Laboratories of Battelle Memo:
tute is preparing a pre-engineering design for

COAL AGE = Jz-



pilot. plant, to be built in West Jefferson, Ohio in mid-
1973. The present scope of the program, however, ex-
cludes the purification and methanation steps, but a
complete set-up incorporating these specific steps is a
future possibility.

In August, 1972 Chemical Construction Corp.
{Chemico) received a license for the Union Carbide
gasification technology, Chemico’s commercial version
of the Ash Agglomerating process would supply low- or
medium-Biu gas to a high-efficiency, combined-cycle
power plant. Although not under AGA/OCR sponsor-
ship, Chemico’s work should substantially aid the devel-
opment of the process.

The Synthone process is USBM's entry

In the prototype Synthane design, coal is decaked in
a steam-oxygen, fluid-bed pretreater. The pretreated
coal then undergoes carbonization and steam-oxygen
gasification in a fluidized-bed gasifier. The coal feed en-
ters at the top of the gasifier, while ash and unburned
char are removed through a bottom hopper. The prod-
uct gas derived in the process will be subjected to CO-
shift conversion, purification and methanation.

The Synthane gasifier operates at a temperature of
about 1,800 F. Approximately 65% of the carbon in the
coal feed is converted to gas, with more than half of the
ultimate methane yield being made directly in the gasi-
fier, a definite process advantage.

The Bruceton, Pa, laboratories of the USBM devel-
oped this process, and also conducted the first bench-
scale tests. Now the Lummus Co., under a Bureau con-
tract, is designing a 1,000-psi, 75-tpd pilot plant for in-
stallation at Bruceton, with construction to be com-
pleted in 1974. The plant will demonstrate the main
steps of the process but is not designed to solve the
problems of water treatment and char combustion, The
final process step—methanation -will contain both of
the Bureau’s methanation systems, the tubz-wall reactor
and the hot-gas recycle reactor.

Lurgi is the only commarcial nrocecs available

The Lurgi process uses an oxygen-fed, low-pressure
(28 atm), fixed-bed gasifier. The product gas is cleaned
in a scrubber, then purified and methanated. A com-
mercia! Lurgi facility also calls for a Phenosolvan plant
for gas liquor treatment, and supporting plants for sup-
plying oxygen, steam, electric power and water.

American experience with Lurgi technology is in its
infancy. Conoco Methanation Co., a wholly owned sub-
sidiary of Continental Oil, is building a full-scale com-
mercial test facility in cooperation with the British Gas
Council and the Scottish Gas Board. Operation is
scheduled to begin in 1973, and will last one year.

The only U.S. commercial venture, the El Paso proj-
ect, at Four Corners, N.M,, will further American
knowledge of the process. The M. W. Kellogg Co. also
is makmg an economic feasibility study of the Lurgi
process for Panhandle Eastern P:pe[me Co. and Pea-
body Coal Co.

ATGAS—2 novel approach vsing an old idea

Applied Technology Corp. (ATC) is developing the -
ATGAS process for coal gasification. ATGAS is based on

the molten iron gasification concept in which coal is in-

COAL AGE = January 1973
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This conceptua! design of tha ATGAs process is not as futuristic as it
locks, since much of the required technology already exists in the
iron and steel industry.

jected with steam into a molten iron bath, Steam disso-
ciation and thermal cracking of coal volatile matter gen-
erates hvdrosen. carbon monoxide and methane. The
coal sutfur is captured by the iron and transferred to a
lime stag from which elemental sulfur is recovered as a
byproduct. The fixed carbon of the coal is dissolved in
the iron from which it is removed by oxidation to car-
bon monoxide, with oxygen injected near the mol iten
iron surface. The product gas is treated by conventional
shift conversion and methanation.

Much of the technology pertinent to the process 2l-
ready exists as discreet commercial steps in the iron and
steel industrv. However, the combination of these steps
into simultaneous vnes remains 1o be demonstrated on
a large scale,

In the past, the primary research objective was an.
ATGAS unit capable of producing low-Btu gas for use in
power-plant boilers. In pursuit of this objective, the Zn-
vironmenta! Protection Agency (EPA) supported an ex-
perimental development program over the last 3 yr,
This program is continuing under EPA sponsorship.

In the EPA program, an induction inelting furnace
was selected to simulate 2 commercial gasifier beciuse it
is a convenient means of preparing molten iron. The
furnace (27 in. I.D.) can melt and hold 6,000 b of
metal. Maximum practical injection depths for coal,
limestone and steam are about 30 in. below the surface
of the molten iron! All of the work completed to date
used air as the gasifying agent, However, the data are
applicable with proper conversion factors to coal gasifi-
cation using pure oxygen.

A process engineering study is now being devoted to
the oxygen- steam 1pproach for ATGAS. The product gas
will be upgraded in subsequent steps to pipeline qual-
ity. Because the evaluation of the technical and eco-
nomic feasihility of this process has shown it to he at-
tractive, a proposa! was submitted to AGA/OCR for
funding. Work on this effort is continuing, and a deci-
sion to build a pilot plant is undecided. =
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UNDZRGROUND GASIFICATION ZURNING ALONG, PRCDUCING GAS.

The radical concept of producing clean-burning fuel gas by
racturing coal underground and igniting it is coming along successfully,
the Bureau of Mines revealed. A site near Hanna, Wyo., was prepared for
tne experiments by drilling boreholes 400 ft., down from the surface
into a 30 £t. thick deposit of low sulfur coal owned by Rocky Mountain
Znergy Co. The firm is a subsidiary of Union Pacific Corp., which
is cooperating with the Bureau in the research effort. To provide
heat for the gasification process, the coal was ignited in March, 1973.
Combustion and gasification have been controlled since then by regulating
the flow of air pumped down the boreholes. Produced gas 1s being
withdrawn through other boreholes at a rate of about 0.75 million
cu.ft/day. Main fuel constituent of the gas is carbon monoxide, therefore
its energy content is relatively low compared with natural and bottled
gases used in household gas appliances. However, it is good fuel for
such industrial purposes as generating electric power.

Fh

ceee.-... Coal Age
September, 1973.

SCOTLAND PLANT HGPES TC FIND MISSING LINK IN COAL-TO-GAS PROCESS

One of the problems resulting from the conversion of coal to
aatural gas, that of upgrading the Btu, or heat content, may be
3olved with the startup of a pilot plant in Scotland, funded by
American money and managed by a Continental 0il subsidiary. All
.coal gas requires a methanation step to increase itsBtu value to
pipeline guality gas (from about 350 Btu per cu. ft. to 950 Btu
per cu. f£t.). The well publicized German Lurgi process which is being
proposed in this country has yet to be used to make a pipeline quality
gas. In fact, the only big Lurgi plant operating today is in South
Africa, and this produces a low Btu gas. The methanation concept to
be tried out in Scotland is under wraps - Lurgi engineers are very sec-
retive about details - and it's interesting to see if the project will
provide the only missing link in the commercial chain of processes
necessary to convert huge coal reserves to gas.

eseasa.. CoOal Age
November , 1973.
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Canada should seriously
consider vrndertaking researss
inlo the uaderground gasifiza-
tion of coal, suys Dr, Nor!
Beckowitz, head of fuel sci-

- ences at the Research Ceuncil
ol Alberta.
The conventional coal gasi-

fleation process s ‘o treat
coal at high temperatures

-with steam and oxvzen io
Lproduce  the synthelic ZJas.
ror the process the coal must
be mined and pulverizad be-
jore eunlering the progessing
plant,”

In situ gasification would
work somewhat like the proc-
ess earrently being exaniined-
o {eke oil fromn Alkcrta's
~deeply buried oil sands.

Steam and oxygen would be
zorced into the deep coal for-
snation  through drill holes
while the ceal seam is fired to
ereate the high temperatures
necessary for con\e.uug the
coal inlo gas.

“This concept was te-
searched to a great extent in

ﬁfr fgrhmf' ¥
N A LA

‘," 71
e
Russia and in the United
Siztes fvom 1843 it 1952 when
it was zbandoned.”

This research program used
air instead of oxygen and the
resulting gas, which Included
4 hizh nitregen content {rom
the air, proved to tave only a
low heat content.

“My view is today weare
fully Justified in re-examining
this process Lecause we now
have larze volumes of lndus-
trial oxygen-avziiable at ac-
ecptable nrices for injection

and hzve a great ceal mere
krowledce about formation
racturing thanks to the ail

and gas indusiry,” Dr. Ber-
Lo.'.nz said. .

“The concept is worth re-
searching lbeczuse it should
produce  synrietic natural zas
at prices below that in sur-

o
C”" TOVOLUG

*

face plants and would mazke
eilergy exiraction possible
from ihin, deeply buricd coal
scams where mmmg is not
economice, ‘

“This research wou'd be
costly and would have 1o e
doce on a large scale.” he
said and surgc<tcd it michi
e undertaken asa J.m.i.\;':-
ture through the federal gov
ermment and the thr ee c:ai
rich Wesztern provinzes.

Dr. Berkowitz said tiis kind
of tesearch might aizo assist
in extraction of a gas irom
deeply buried oil sands which
might not otherwize he ex-’
tracted by current mining or
oil sznds in situ technigues,

“A gas from the oil sands
migat be uzzd to supplement
natural gas or as a feedstocs
for the pcr.rochcnucal mcu:.-
lr - J1

L ——
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cased for

Leo A. Schrider, US Bureau of Mines, Laramie Energy Research Center

J, Pasini lii, US Bureau of Mines, Morgantown Energy Research Center

RESEARCHERS HAVE LONG BEEN TANTALIZED by the
problem of gasifving coai underground. As experiments
over the past 100 years have shown, in situ gasification
is technically feasible but not economically competitive
wiih other fuel sources. But this might change now. Ac-
cording to the Bureau of Mines, preseni-day economics
and technology might turn underground gasification
inio a commercially feasible energy source, a source
that would supplement conventional methods of coal
extraction.

In situ gasification has its atiractions: Plenuful sup-
plies of nonpoliuting fuel gas are generated, without the
environmental disturbances of surface mining and with-
out exposing workers to the hazards ol underground
coal mining. From an environmental standpoint, it is
likely that HpS rather than SOz will be the predominate
form of sulfur produced. These smali amounts of H.S
can be removed by hot carbonate scrubbing, whereas
no effective commercial-scale treatment for SO. cur-
rently exisis.

The technology for underground gasification is based
on worldwide activity, particularly in Great Britain, the
Soviet Union, and the United States. Poland. ltaly, Bel-
gium, Czechoslovakia, and Morocco have also been in
volved with this process. No appreciable technological
breakthroughs have been reported since 1963, when the
Soviets apparently ceased production of in situ gas.

S
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Southwest view of Hanna test site shows compressor used for air
injection, Weil 3 {right), and Welis 7, 5, and 8 {left).

SIS

In the fall of 1972, the Bureau of Mines began an ex-
periment to investigate the technologic, economic, and
environmental feasibility of underground gasilication of
a western subbitununous coal. The gasification site is

‘near the town of Hanna, Wyo., approximately 70 miles

northwest of Laramie, Land {or the pilot test was pro-
vided by the Rocky Mountain Energy Co., a subsidiary
of the Union Pacific Ratiroad. Hanna No. | seam, near
the base of the Hanna Formation, was the coal bed se-
lected for gasification.

The Hanna Basin covers about 1.000 square miles

~and is bounded on the south by the Medicine Bow

Mountains, on the west by the Rawlins Hills, and on the
nortix by the Shirley-Ferris Mounlain complex, To the
cast, the basin coalesces with the northern end of the
Laramie Basin. Hanna Basin contains an accumulation
of 35,000 fi of sediments of which up to 28,000 ft may
have intermittent coal-bearing strata. Because of con-
siderable tectonic acuvity, numerous structural anoma-
lies exist within the Basin. The area of the experiment
lies about 's-mile northwest of the axis of one of the
small synclines created by the teclonic movenent.

As part of the delineation studies performed prior to
gasification, the Bureau cored part of the first well
drilled at the test site. Of the 114 it cored. the upper 65
ft are interbedded gray siltstone and shale. with 15 {t of
shaie above the coal, The 30-t-thick Hanna No. | coal
bed was found about 400 ft below the surfice, with 4 ft
of shale and sandstone immediately below. In Novem-
ber 1972, the Hanna No. 2 Well was drilled and a 3-in.
orienied core was taken from 11 ft above the coal to a
point 8 fi below. In the spring of 1973, an additional
oriented core was taken 1,000 [1 northeast of Well No. 2.
To date. 16 wells have been drilled over an arca of
about 4 acres.

The oriented cores were studicd for directional prop-
erties to determine the dominant direction of gas flow,

Knowledge of preferred flow directions is important to

gas capture. Since the directional flow properties of the
coal are governed by a number of interacting physical
properties. several types of measurements were made
on the oriented core. These measurements determined
the orientation of coal cleats. directional permeability,
directional tensile strength, point-load induced faliure,
and directional sonic velocity of the coal. The direc-
tional permeability and joint trends taken {rom the two
core holes indicited a preferred northeast-southwest
flow direction.

To establish subsurfice communication of gases and

Proseated sl A G A ZOCR 26l Svathetn Mpelne Gas Syamposd,
Chicago, T, October M) 193
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Well 3

The Hanna experiment lies on the flank
of a comparatively narrow syncline
Well 2 plunging to the northeast. Strike of the
coal bed is NW-SE; dip is generally N 54

6700 E at 6 to 7°. Cross-section (left) corre-

sponds to AA’ {below).
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Hanna No. 1 seam is part of massive Hanna Basin.

fluids, hydraulic fracturing of the coal bed using the
“sand-frac™ process was initiated to increase permeabil-
ity. Using Well 3, the coal was stimulated at the rate of
1,300 gpm with 32,000 gal of gelled water containing
16,000 1b of sand. The formation accepted the material
with no apparent breakdown. After fracturing, an im-
pression packer run found four vertical fractures in the
wellbore. The major fracture was 1.3 in. wide, leaving
the borchole at § 257 E. Alir injection tests showed that
the air acceptance of the coal was increased fivefold.
Major flow was to the southwest, supporting the ori-
enied core studies mdicating preferred flow in that di-
rection.

Ignition of the wells

The coal in Well 3 wus ignited with a propane burner
in late March, A forward burning technique in the di-
rection of the major {racture trend was used in an at-
tempt to originate gas production in Wells § through 8.
(In forward burning, the “flame front™—the hottest area,

VoAl ASE m December 1973

where gasification reactions occur rapidiy—advances in
the same direction as the gas flow.} Air injection into
Well 3 was continued for about 2 months, and product
gas was collected from surrounding weils, Within a few
weeks after initiation of air injection, it became appar-
ent that about 90% of the air was not being recovered
from any of the producing wells. This air was bypassing

the coal and reappearing through wells which were

drilled but not compleied with casing and cement. The
borehole casing in Well 3 also probably burned off. per-
mitting direct communication of air to the silty sand-
stone above the coal.

Unusually severe winter weather conditions pre-
vented cementing trucks and equipment from entering
the site to remedy the situation. Alter several weeks the
well locations became accessible and, upon sealing all
wells, air bypassing was considerably reduced. At this
point, May 30, it was decided to switch injection to Well
3. This drew the combustion zone from Well 3 to Well
5, creating a buckward burning effect, in which the
flame {ront advanced in a direction opposite to the di-

o9
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Reiationship oetween air injected and gas produced from Hanna test. Gas yieid is now apout double the rate of air injection.

rection of flow. Gas volume and heating vaiue rose.
Cusrently, gas production is about twice the air injec-
don raie. During the last week in September and the
first two weeks of October, for example. air injection
varied betwzen 1 and 1.2 million cfpd, wiile gas pro-
duction was maintained {rom 1.7 to 2.4 miliion cfpd.
With the exception of gas produced initially as free gas
or from volatilization, the composite heating value of
the gas prior to June | was relatively low due to air by-
passing. Alter all wells were sealed, the heating value
rose significantly. Gas chromatographic analysis indi-
cated that during June and July most of the heating
value of the produced gas was derived froni methane.

Results to date are encouraging

While flow rates exceeding 2 million cfpd of 100 to
200 Buu gus were achieved, it is still too early 1o com-
pletely assess the test results, This is because gas vol-
umes and beating values have fluctuated over a wide
range. from 73,000 to aver 2 miliion ¢fpd, and from 30
to 475 Btu percu fl.

[t hay also been shown that switching a well from in-
Jection to production can increase Now rates. A good ex-
ample of this was illustrated recently when Wells 9 and
{5 were converted o alr intake in the latter part of
Seplember. Located along the periphery of the gasifica-
tion site, these two wells initiated a backward burn
which drew the combustion zone ouwtward (Tom the cen-
ter weils. Heating values and gas volumes have im-
proved considerably since that time. This reversal of gas
production and flow conditions needs further investi-
gation 1o predetermine the life cycle of the wells. Devel-
opment of suituble mathematical models should allow
description of the reaction phenomena oceurring, as

-
[

well as providing a forecast of the well life cycie. The
simulation model then may be able 10 predict when a
well should be placed on production and when it should
be shut-in. This type of in situ. process monitoring and
control should result in steady-state gas production,
which will be necessary il commercialization is ever to
be achieved.

Fuiure experiments

Future flow rates should exceed 5 million cfpd, a flow
rate more Tepresentative of that required to support a
small power station. Future experiments will also in-
clude oxygen injection to determine il the combustion
reaction can be accelerated or if the gas Btu content can
be increased or stabilized. Other Bureau researchers
have shown that oxygen-enriched air will increase prod-
uct gas heating value, but sustained production of a
high-quality gas was not maintained. Experiments with
oxygen may also promote gasitication of char, as has
been shown in previous tests. This could increase effi-
ciency by recovering more of the energy associated with
the in-place coal.

To stimulate better gas flow, directional horizontal
holes will be drilied through the coal bed. These hori-
zontal holes tnerease coal utilization in direct propor-
tion to their length. The coal will be burned between
parallel horizontal holes drilled in the butt cleat direc-
tion. This preferred direction would enable the injected
air and product gasses to move along the fuce cleats for
maximum permeibility, perhaps climinating the need
to fracture the coal prior to injection. By using this tech-
nique, pressured cells could be directionally drilled and
spaced in predetermined directions to the face and butt
cleats 1o help control combustion zone movement, This

COAL AGE =
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Wide fluctuations were recorced in the healing value anaiysis. Peas following May 30 occurred after the switch to “backward burning.”

sorm oi direciional drilling is termed a “longwall gener- 1974, Results of these experiments will heip determine

ator.” , whether underground gasification offers better cco-
Zoin the use ol oxygen and directional drilling is pro-  nomic and environmental advantages than conven-

grammed 107 initiation before the end of Fiscal Year onalicchnology for obtaining energy from coai. ®

GAS CLEAN UP

' UNIT
WATER CLEAN UP COMP
. RECYCLING HEAT —=aP8rsg,
CoMBUsTION } Eefascrion | s . TR um
GAS BLENDER \ ‘ ‘ BN ; —
\ S o iyt
/ L = | ! u/ka/\_a!. -
‘f‘ / LIQUIDS RS
7 o SEPARATOR )

Power generation is one use for in situ gas. Combustion zones are created by drilling holes in the direction of optimal gas flow.
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