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1.0 PROJECT SUMMARY 

Norco Resources Ltd. of Vancouver, Canada has explored the coal 

measures of the Bowron River Basin "ear Prince George, British 

Columbia, Canada "ver the past seven years. To date, this 

exploration has prove" 50 million metric tonnes of high quality 

thermal coal which can be economically extracted by underground -- 
mining methods for sale to utilities and cement manufacturers. This 

coal is unusual in that it contains up to 3% (by volume) of clear 

amber resin particles which may prove to be a valuable by-product to 

the coal operation. 

The project is conveniently located 40 miles from the city of Prince 

George which is considered to be the hub of B.C. transportation due 

to its central location. Two separate rail lines pass within 40 road 

miles of the property providing excellent access to two coastal coal 

ports either at Prince Rupert or Vancouver. 

Norco signed a sales contract with Taiwan Power Company (T.P.C.) of 

Taiwan, R.O.C., in March, 1980, which was revised in April, 1982, to 

reflect their most recent coal demand. The latter agreement called 

for the delivery of 12,650,OOO tonnes of the Bowron River coal over 

24 years. It was also agreed that T.P.C. would invest C$15 Million 

dollars into the project for a 15% equity position. 

However, due to the continuing world economic recession, negotiations 

with T.P.C. have slowed to such an extent that it appears the project 

has been put on hold until the next upswing in the coal cycle. NOT-CO 

is now free to negotiate with any other interested end user. 
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2.0 PROJECT DESCRIPTION 

2.1 Location and Access 

The mining property lies approximatel~y 40 miles E.S.E. of the 

city of Prince George in the province of British Columbia 

(Figure 1). It is situated in the middle and lower reaches of 

the Bowron River which, in turn, is a major tributary of the 

Fraser River. Access to the site from Prince George is via 

Highway 16 and well-maintained logging roads over the last 

eight miles to the actual location of the proposed surface 

facilities and underground mine entries. The coal produced 

from the preparation plant will be trucked either north to 

Hansard on the Canadian National Railway or west to Buckhorn on 

the British Columbia Railway. The former option would deliver 

the coal to the new Ridley Island coal terminal in Prince 

Rupert, B.C., while the latter would result in the coal being 

shipped through an existing facility in North Vancouver, B.C. 

The most appropriate route will be chosen after final 

negotiations with all interests concerned are completed. 

2.2 Topography 

The valley itself is flat-bottomed and surrounded by low hills 

having a maximum elevation of 2,000 feet above the valley 

floor. The Bowron River meanders along the western side of the 

valley, which is generally 5,000 feet to 7,000 feet wide. The 

valley floor is mainly glacial till, usually in the form of a 

ground moraine which covers the underlying bedrock as a 

blanket. There are some aquifers in the 100se surface 

material, giving marshy conditions in portions of the valley 

floor. 
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2.3 Geology 

0 

0 

The coal seams occur in sediments of Cretaceus-Tertiary age 

consisting of conglomerates, sandstones, shales, and breccias. 

These sediments occupy the central wlley area in the form of 

an assymetrical synclined basin with a steeply pitching flank 

on the western side and gently tipping or flat-lying strata on 

the eastern side. The hills on the perimeter of the valley are 

composed of volcanic rock of the Mississippi age, against which 

the sediments terminate. An independent geological summary is 

appended in Appendix VI. 

2.4 Exploration 

In 1967, Northern Coal Mines Limited began an exploration 

programme on the property intending to sell the product on the 

Japanese market. Exploration by diamond drilling plus the 

drifting of two adits permitted the computation of coal 

reserves by Dr. J.M. Black at 21 million tonnes of in situ 

COd. 

Bethlehem Copper Corp. negotiated an option agreement with 

Northern Mines in 1971 to explore the basin for metallurgical 

COd. A five-hole diamond drilling programme was conducted on 

the east side of the river. Since the coal uncovered was high 

grade bituminous "B" and not metallurgical coal, the option was 

dropped. 

The following year, due to a lack of interest on world markets 

in thermal coal, Northern Coal Mines dropped all but three of 

its coal licences and deferred all further activity. 

In 1976, Norco Resources Ltd. (a reorganization of Northern 

Coai Mines) resumed exploration work on the property. The old 

north workings were reopened and a large bulk sample was 

extracted for analysis purposes. 
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The followiug year, an extensive diamond drilling programme was 

initiated under the supervision of J.R. Kerr, P. Eng. The 

results of this drilling combined with previous work set a 

potential for 80 million tonnes of coal resources in the Bowron 

River Basin. 

In February, 1978, six new liceuces were obtained by 

application from the CrOW*, while seven other adjoining 

licences were purchased from Zulu Explorations Ltd. (N.P.L.) 

Throughout 1980, an exploration prog;ramme supervised by I. 

Borovic, P. Eng., of Igna Engineering and Consulting Ltd. was 

conducted south of the 1977 drilling area. Geological mapping, 

a seismic survey, diamond and rotary drilling with 

electrologging of the drill holes extended the know" area of 

the basin and proved up additional reserves of 7.4 million 

tonnes of coal. Concurrently, as the exploration programme 

expanded the area of interest, new coal licences were applied 

for and obtained from the Crown. As of December 10, 1980, the 

property comprised 15 coal licences covering an area of 30,119 

acres (see Figure 2). 

To date, proven reserves have been independently calculated by 

Ruben Verzosa, P. Eng., to be 49,904,280 tonnes in the six 

licences explored. The potential reserves in the area yet to 

be explored is a further 96,076,800 tonnes using a 40 percent 

geologic factor to represent the confidence level. 

2.5 Coal Quality 

The analyses of the core hole samples indicate that the washed 

product will be very suitable for marketing as a high grade 

thermal coal with acceptable sulphur content to comply with 

environmental standards for stack emission. It is hard, with a 

high lustre, and is classed as high volatile bituminous "B" by 

A.S.T.M. standards-a fact which is confirmed by a mean maximum 

reflectance index of 0.65. 
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After mining, the coal will be washed in a coal preparation 

plant to remove shale and other impurities, thereby producing a 

consistent product for marketing. The plant will be designed 

to yield 900,000 tonnes per annum of clean coal with the 

following specifications: 

0 

Size 2" x 0 

Total Moisture Content 8% - 10% 

Inherent Moisture Content 2.5% - 3.0% 

Ash Content 9.5% - 12% 

Volatile Matter 33.5% - 35% 

Sulphur 0.9% - 1.2% 

Heating Value 12,200 - 12,700 BTU/lb. 

2.6 Amber Resin 

The Bowron River coal is quite unique in that it contains a 

clear amber colored resin which c~ccurs as elongated blebs 

throughout the seam and shale partings. This amber resin 

(principally esters with very little ash) averages by visual 

estimation and tracing to over 1% of the seam by weight and 

with a specific gravity of 1.05 can be separated using standard 

gravity methods including froth flotation. The material has a 

softening temperature at over 800 degrees fahrenheit and is 

substantially insoluble in the conventional solvents. 

The characteristics of this particular type of resin find an 

application as a substitute for expensive synthetic resins now 

being used in the manufacture of high temperature plastics, 

electrical insulators, and protective coatings (ref. Appendix 

I). 

While there is much marketing work still to be done on this 

potentially valuable by product there can be reasonable 

expectation that significant revenues will be added to the 
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project at very little expense to operations and capital as is 

shown in the Cash Flow Statements (Appendix IV and V). 

2.7 Mining Methods 

The property will be developed and exploited by the well-proven 

mining methods of continuous mining with pillar extraction by 

hydraulic monitor. After an initial five-heading development 

to the deepest area of the mine, an underground dewatering 

station will be installed to permit ,the operation of the most 

efficient method of transportation of the run-of-mine coal from 

the hydraulic and continuous mining wxtions via conveyors and 

pipline to the surface preparation plant. Production panels 

will be opened up by driving parallel two-heading drivages at 

14 degrees to the rise leaving 300 ft. panels of coal between 

these main entries. 

These panels so formed will be further divided by similar 

machines into 45' x 300' pillars far their later removal by 

hydraulic mining. In all, four roadheader type machines (one 

standby) and 2 hydraulic monitors (one standby) will be used to 

produce 881,000 metric tonnes of clean coal per annum- All 

Coal will be sluiced from the face to the underground 

dewatering station. Preparation plant refuse material will be 

used to hydraulically stow the voids under the Bowron River 

created by the removal of the pillars, thereby serving the dual 

purpose of increasing the extraction percentage and lowering 

the environmental impact of surface waste disposal. 

A full evaluation of all the mining techniques has been made in 

relation to production, manpower requirements, transportation, 

etc. with independent validation by international consultants. 

It is a common consensus that the project is economically 
A-.. ._.-__z-- -- 
viable under the mining plans proposed (ref. Appendix II and 
u-~- -_ 
III). 
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MEMO DESCRIBING AMBER RESIN 

LIJ 
FOUND IN NORCO COAL DEPOSIT 

1. Resin as Found in Coie 

1 (a) A distinctive feature of the NOrCO deposit is the presence 

of two types of resin. They have been studied in the 

'Battelle Memorial Institute in 1966 and 1967. 

0 

1 [b) The more common resin is finely disseminated, and is referred 

to in the Norco reports as "Refined Resin". It is a mixture 

of ester and carboxylic acid, and is readily soluble in con- 

ventional solvents. In application, this resin would compete 

with a synthetic in the paint ant varnish industry, at a price 

:of about $1.40 (U.S.) per pound (Rubber World, June, 1979). 

IAlthough this material can be separated from the coal by 

isolution, it is considered to be inferior to the associated 

Amber Resin, and then present operational plan calls for leaving 

this Refined Resin in the coal product, except for the minor 

amount that may be separated with Amber Resin. 

1 (c) ;The Norco Amber Resin occurs as blebs in the coal and in shaly 

'partings, as much as 15 mm in diameter, but generally flattened 

and elongated. Although this material has been studied in very 

ismall volumes, the Battelle reports give its COmpOSitiOn as 

,principally ester, with very little ash, and a softening point 

of about 450° c. The material as mined 1s substantially insol- 

,uble in the conventional solvents. The unique characteristics 
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of this material promise applications in the fields of plastics 

and protective coatings, and the present operational plan pro- 

vides' for the recovery of a substantial volume of Norco Amber 

from the coal product. The material would be cleaned at the 

mine-site for shipment to market. 

Norco Amber Resin is a clear, light-ambe,r-colored material that 

can be identified readily in the coal. 'The material is very 

friable, and tends to fracture into small particles as the coal 

is cr,ushed. The percentage to be found in the coal has been 

determined by tracing the outline of ble,bs exposed on the exterior 

surface of drill-core, and from the outlined area calculating the 

volume and weight of resin. Kerr (1978) has reported an average 

percentage of 1.2% through the coal measures, and a greater per- 

centage of 2.5% in the commercial coal seams. The percentage 

reported appears reasonable to other geologists that have examined 

the core. 

The proposed rate of coal production is one million tonnes per 

year, and the projected production of Norco Amber Resin is 

20,000,OOO pounds per year. 

At this time the Norco Amber can be assumed to be a consistent 

product, because it contains very little impurity and has been 

normalised by geologic action. 2 v Because the production of Amber 

Resin will be associated with the operation of a viable coal mine, 

this!should be considered a reliable, long-term source of a high- 

quality resin product. 
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2. Potential Applications of Norco Amber Resin 

2 (a) Pzlastics 

As a material that is principally ester and has been subjected 

to extreme pressure and temperature through 55 to 58 million 

years, the Norco Amber Resin may find a specialised application 

in the plastics industry. Recent work reported in Materials 

Engineering (5 - 77) has been directed toward structural and 

protective materials stable under te,mperatures of 500' F to 

700° F (260° C to 370' C), with the possibility of short-term 

exposures of 800' F (430° C). The Norco Amber Resin has 

demonstrated stability at a temperature over 430° C. 

2 (b) Technical Coatings 

2;(b)i - Probably Norco Amber will prove to be more expensive 

t;han materials commonly used in decorative or common varnishes. 

The natural and synthetic resins have been developed to cover 

this field effectively and economically. It should be noted, 

however, that Battelle reports that Refined Resin, an inferior 

pkoduct in their opinion, could be used to produce a varnish 

equal or superior to coatings made with Congo resin, although 

considerably darker in colour. 

2l(b)ii -~ Norco~ Amber Resin can probably be used in a coating 
i resistant to chemical action. The initial tests by Battelle 

indicate that the material as mined is, "for all practical 
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purposes, completely insoluble in chloroform, benzene, or 

pyridine." Much work must be completed ,before this application 

can be presented to the industry, but the potential in terms of 

dollar volume is very great. 

2(b)i:ii - As a high-temperature coating, Norco Amber Resin offers 

great potential. As reported by Battelle, "a differential 

thermal analysis in nitrogen, indicates that Amber Resin does not 

melt until approximately 450° C, at which temperature it is 

volatilized (probably with decomposition)." A protective coating 

incorporating Norco Amber Resin as the principal ingredient would 

find,many uses, as indicated by the description of new high- 

temperature-resistant plastics in Materials Engineering (5 - 77) 

(See 'attached). 

2(b)i'v - A third potential application for Norco Amber Resin will 

depend on dielectric properties. Although not documented by the 

Battelle tests, these properties can reasonably be inferred from 

comparison with Baltic Amber, a material that is markedly re- 

sistant to the flow of electricity. Probably the best applications 

will.be found where thermal stability is required with insulating 

qualTties. 
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3. Comparison of' Norco Amber with Other Natural Resins 

3 (a) Most of the natural resins are complex assemblies of complex 

chemical products, and their properties vary widely, making 

classification difficult. The following ranking is therefore 

approximate and for descriptive purposes only. 

Melting Acid 
Resin GE Origin Range Value * 

Norco Resin 55-58 m yrs. B. C. 450°c 

Baltic Amber 60-70 m yrs. Baltic 280°C- 290°C 

Congo Copal Fossil Congo loo"c-15oOc 120-140 

Kauri' Copal Fossil New Zealand 100°C -115Oc 50-115 

Dammar Recent Malaysia 7o"c-1150c 20-35 

* The acib value is the ,expression for free acidity, and is determined 

by titration. The number expresses the milligrams of Potassium 

Hydroxide required to neutralize one gram of the test material. 

3 (b) Norco~Amber Resin, the material that we find in the Norco coal 

deposit, is the fossilized residue of coniferous trees that 

grew in Tertiary times in the Bowron Basin. Since deposition, 

'this material has been subjected to gr,eat pressure and temper- 

ature over a period of 55to 58 million years. We can assume 

that in this time the oleoresins found in recent resins have 

been driven off or modified, leaving a hard material that is 

stable at high temperatures. 

0. .~~ 
Nor-co Amber Resin is principally ester, a clear, light-amber- 

coloured material that breaks with sharp edges and conchoidal 
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fractures. A single microanalysis has been reported by 

Cyclone Engineering Sales Ltd., as follows: 

0 

I 

;, 0 

Carbon 81.3% 

Hydrogen lO.,O% 

Ash 0.4% 

The composition of Baltic Amber is reported to be C10H160, 

which would correspond very closely with these figures. 

Norco Amber Resin is,, for all practical purposes, Completely 

insoluble in chloroform, benzene, or pyridine. It does not 

soften at temperatures as high as 400°C (75O'F). A differential 

thermal analysis in nitrogen indicates that Amber Resin does 

not melt until about 450°C (840'~), at which temperature it is 

volatilized (probably with decomposition). 

The resin is lighter than coal (approximately 1.1 specific 

gravity, compared with 1.35 to 1.40) and can be separated on 

this basis alone, after the coal is c:rushed. The resin, being 

friable, breaks up to a smaller size during the crushing. The 

separation can probably be assisted by froth flotation, using 

multiple cells in series if necessary. 

3 (c) Baltic Amber has been known through history for its decorative 

and therapeutic values. .It is the residue of anextinctconifer, 

Pinus Succinifera, of 60 to 70 million years age (Tertiary/Eocene). 
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The resin contains some bituminous substance, which remains 

in the residue after heating, and becomes an important part 

of amber varnish, a very hard material that was highly prized 

in :early history. The resin is generally described by the 

formula C10H160. 

Bagtic Amber, when finely divided, dissolves in cold Sulphuric 

Acid, also in hot Nitric Acid, and partially in alcohol, ether, 

chloroform, and turpentine. It melts at 280'~ to 290°C with 

the release of white fumes. The hardness is 2.5, the specific 

'gravity 1.05 to 1.10, and the refractive index 1.53 to 1.55. 

Baltic Amber is now used primarily for the manufacture of 

jewelry. The volume available is small, the material is expen- 

sive, and the varnish~ made with Baltic Amber is quite dark in 

colour. 

3 (d) Congo Copal is a broad descriptive term applied to fossil resin 

found in the area formerly known as the Belgian Congo. The 

material is located in the ground at depths as great as three 

feet by prodding with a steel-tipped shaft, or by recovery from 

stream-beds after washing from the banks. It is the hardest of 

the natural resins in commercial supply, and is known as the 

universal (natural) resin of the varnish maker. 

The physical and chemical properties of Congo resin vary widely. 

The colour rang~es from water-white to brown, and the acid values 

from 42 to 150. This, coupled with the requirement of cleaning 
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the surface of lumps of resin found in the field, limits the 

large-scale use of this material in modern plants. Traditionally 

the running of Congo Copal is done in small batches by skilled 

craftsmen. The varnish produced in this way is, however, 

considered by many to be superior to varnish made with synthetic 

resins, and as recently as 1969 the market was stable at about 

10,000 tons per annum. 

3 (e) Kauri Copal is the fossil residue of an extinct conifer found 

in the ground in New Zealand. This resin has the lowest acid 

value of the fossil cop&s (50 to 115) and is readily soluble 

in alcohols, ketones, and some lacquer solvents. After the 

process of running,.or heating, the resin could be used with 

the conventionaI vehicles to produce varnish, which was slow- 

drying but presented a very high gloss. 

Kauri Copal is one of the natural resins no longer available 

in bulk quantities, and is not listed in market reports 

(American Paint Journal, 1979). 

3 (f) Dammar is a recent exudation of a family of trees in the Malay 

Peninsula. It is readily soluble in turpentine and in coal- 

tar hydrocarbons, and consequently is widely used in the 

manufacture of so-called spirit varnishes. In this application 

the melting point (70° - 115' C) is not significant. The acid 

value is 20 to 35. 
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4. Market Potential 

The plastics and varnish markets are both expanding rapidly 

as new materials and uses are identified. Norco Amber Resin 

can probably fill an important role in the market that exists 

at this time, but probably will take a more important part 

in materials and coatings that are not yet developed. The 

description of the present market is, then, no more than a 

starting point for the evaluation of this important material's 

market potential. 

The records show the total shipment of copals from Africa in 

1969 was at least 11,000 tons. Later records of imports to 

the United States (1970-72) indicate that the total shipments 

of natural resins would be at least 30,000 tons. The material 

was used primarily in the paint and varnish industry which has 

converted largely to synthetic resins because of assured supply, 

uniform specifications, and characteristics developed to meet 

specific needs. Norco Amber Resin, which claims the same 

advantages, can probably take a part of this market that requires 

its particular properties. 

In its study of refined resin, a material that they consider 

inferior to 'the Amber Resin, the Battelle Memorial Institute 

compared varnishes made with refined resin and those made with 

high-grade Congo Copal, and found the refined resin to be 

superior, although considerably darker. The price for the 

, 
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0 synthetic equivalent of Congo Copal is now (June, 1979) re- 

ported in Rubber World to be from $1.38 (U.S.) to $1.41 (U.S.). 

A price of $1.60 (Can.) for refined resin is, then, conservative. 

The Norco Amber Resin, on the basis of the Battelle evaluation, 

should be more valuable. 

Norco has learned of a British coal mine that is extracting and 

selling a resin as a by-product. We know only that the material 

1s selling for about $8 per kilogram, or about $4 per pound, and 

from this information assume the material is a high-grade,resin 

similar to Norco Amber Resin. We have written to London, asking 

for more information about this material and its marketinq. 

LJ 
Probably the most significant information relating to potential 

markets is contained in Materials Engineering (Special Report, 

5- 771, describing a search for new heat-resistant plastics. 

A polyimide, developed for a specification of 500' to 550° F 

(260° to 290° C) , has been reported at Langley by NASA. The 

material is relatively inexpensive, with raw materials costs 

anticipated to be $3.00 to $3.50 per pound. The material with 

the highest rating, up to 700° F (370' C) is a polyimide de- 

veloped by' Hughes Aircraft and available from Gulf Oil Chemicals. 

The material was available in 1977 at $75.00 per pound, and in 

full-scale production was expected to sell at $25.00 per pound. 

'Norco Amber Resin, as mined, is reported to remain stable at 

c, 4oo" to 450' C, temperatures well above the specification 

temperature of this new, space-age plastic. 
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A number of plastics introduced In 
the past three years feature improved 
heat resistance reiatlve to former 
class grades while other recent gradeo 
of traditionally heat resistant famllles 
of plartlcs provide Improvements In 
other lmportpnt perlormance proper- 
ties or procerrlng charecterlrtlcs. 

by John A. Vaccarf. Editor 

Recent developments in plastics for 
improved heat resistance range from 
a new polyimtde capable of sustaining 
temperatures of 700 F (644 K) to heat- 
stabillred polypropylenes for long 
term use at 300 F (422 K). Some types, 
for example. the more heat resistant 
pqlypropylines. are quite modestly 
prrced. as lowas SO.34Ilb (M).75/kg). 
Others. such as the new fiuoroplas- 
tics. polysulfones and polyimides are 
far more expensive. 

Polylmlde takes 700 i+ 
The most heat resistant plastic in- 
trdduced in the past three years is 
HR-600. an addition-curable therm*- 
setttng pblyrmde. Its outstanclmg 
propertles stem largely from its abili- 
ty to cross-link with little or no olf- 
gasstng. Developed by Hughes Air- 

craft in research sponsored by the 
U.S. Air Force, it isavailable from Gulf 
Oil Chemicals. Developmental quan- 
titles of HR-6DOarecurrently pric:ed 
at S7Wb (S165/kg) in lOO-lb (22~2kg) 
lots, but Gulf expects the price to drop 
to S2Wb (S55/kg) for commercial 
qudntities in 1978. 

Graphite fiber-reinforced HR-600 
laminates show weight losses of less 
than l%after 5CXIhrinairatSOOF 
(533 K) and only436 after 50 hrat 
700 F (644 K). The new polyimide even 
may be able td withstand short time 
exposures to temperatures as hilghas 
WOF(7OOK). 

At-ambient temperatures. graph- 
ite-reinforced laminates have tletxural 
strengths of over 200.000 psi (1380 
MPa). flexural moduli above 16.000 
psi(l,10MPa)andshor~beamshear 
strengthsof 17.OOOpsi(ll7 MP;,). 
Solid lobricative composites, which 
also can be made with the polyirnide. 
have extremely high wear resistance. 

A promising. low cost. addition- 
type polyimide is in development at 
NASA (Langley). Called LARC-160. it 
is a solvent-free liquid system with 
excellent tack and drape in prepreg 
form enabling the production of com- 
plex shapes. Being a liquid systf!m. it 
also enables “true autoclavabili ty.” or 
low pressure (200 psi. 1.4 MPa) form- 
ing. at 6OOF(589K). LARC-160can 
withstand long-term exposureat tem- 
peratures of SOO-550F (533-561 K) 
and short-term exposure (200 hr) at 
temperatures as high as 600 F (589 
K). It is potentially a relatively inex- 
pensive material with raw materials 
costs anticipated to be just S3-3SO/lb 
(S6.6@-7.70lkg). 

Other recently introduced polyi- 
mide grades or forms are Fiberite’s 
PI-7OOseriescompoundsandDu 
Pont’s Kapton XH-649 film. PI-700 

. . 

grades are also of the addmon type 
noted for thermal stablhtyand 
strength retention at high tem- 
peratures. XH-649 film, wh!ch 1s I”- 
tended for advanced mlcroclrcults. 
features excellent dimenslonal stabll- 
ity at high temperatures. Shrmkage. 
for example. is less IhJn 0.005 in./rn. 
(0.005 mm/mm) after 1 hr at 392 F 
(473 K). 

More verutlk epoxle8 
Most of the recent improvements in 
npoxies. traditionally one of the more 
7eat resistant families of plastacs. 
item from the use of hardeners. mod- 
fters and fillers. The result IS a variety 
)f new grades which either extend 
?lgh temperature llmlts or combme 
\lgh temperature res,stance with 1t-n. 
wovements in thermal shock re 
;istance or processablllty. 

New novolac epoxies. for example. 
are said to be capable of wlthstanalng 
temperatures in excess of 700 F (W 
K). Partially responsible for such high 
operating temperatures IS the use of 
dianhydride hardeners which are 
capable of increasing operattng rem- 
peratures byJbout9OF(50K)over 
traditional anhydrides. The new novo- 
Iacs also haveexcellent chemlcal re- 
sistance and low shrmkage and warp 
age characteristvzs. 

Faster mold cycles and cure time 
are other recent developments In high 
temperature novolac epoxies. Dow 
Chemical’s X0-7855 resm reduces 
moid cycle time roabout one minute 
at 300 F (422 K). The resin’s htgh glass 
transition temperature helps prevent 
lead shear in semiconductor appllca. 
tions. a problem whenencapsulants 
expand too quickly and Impose ex- 
cessive stress on mlcroleads. 

Modified novolacs. such as Ceia- 
nese’s SW8. combme heat dtstorllon 

! 
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tmowatwes as hqh as 525 F (547 
Kl with rapd press cure. Used alone 
Or wrth.other resrns! theyareflnding 
use for both electrtcal components 
and graphrte-remforced lammates. 

Heat rcsrstance. hrgh strength and 
morsture resrstance are combmed in 
Cuba-Geigy’s MY-7X). a lrourd diaminr 
epoxy. Also used for graphate-rein. 
forced aerospace structures. it fea- 
turesambrent flexuralstrengthsof 
67.~75.000 pst (462517 MPa) and 
canretatnmuchol;thrsstrengthat 
temperatures up to 400 F (478 K). 

A more recent famrly of epoxtes 
avaIlable from Cuba-GeIgy are the 
hydantotn resins w&h provrde out- 
standmg adhesron., good drelectric 
characterrshcs and resistance to dis- 
colorafron at hrgh temperatures. The 
resrns also have excellent lrght trans- 
mrttance after thermal agmg. and 
mportant ~roperry for their use as 
l ncapsulants of light emittmg diodes. 
The restns can endure several thou- 
sand hours at temperatures in excess 
of ux) F (422 K) wrth mmimal dis- 
colorabon. They also can maintain 
consrderable strength and rigidityat 
temperatures of 400 F (478 K). 

“New novolac epoxies, . . 
are said to be capable of 
wirhsfanding femperafufes 
in -excess of 700 F. ” 

Work by Umon Carbrde indicates 
that the use of polyol modifiers in 
cycloalrphatrc epoxres provides a bet- 
ter balance between heat drstortion 
temperature and thermal shock re- 
srstance. Heat drstortron tempera- 
tures for the modlfred epoxies are in 
the range of 295309 F (419-427 K). 
As shown rn Tablejl. mechanical and 
electrrcal propertres tend todecrease. 
as’thermal shock resistance in- 
creases. wnh tncreasmg modifier con- 
tent, About 22% modrheraddftions 
seem to provide an optimum property 
balance. 

Research by Cordova Chemical re 
cently led to the development of a 
catalyst which eases the processing of 
epoxy-ornode resms. grving these res- 
ins a possrble processmgadvantage 
over polytmrdes. The resms provide 
heat drstortron temperatures of about 

~43OF(493K)andretamabout60% 
of their room temperaturestrengthat 
500550 F (533-56) K). Potentral uses 
rnclu-de cloth rmpregnationof glass- 
fernforced lamrnates. 

A new. hrghlyf~lledepoxycasting 
resrn. Emerson & Cumrng’s Stycast 
2762 FT. combrnes hrgh thermal con- 
ductrvrty wrth excellent drelectric 
characterrstrcs. Low shrmkage and 
low exotherm durrng cure make it 
sultable foren~apsulatmgorCastlng 

large sections. Suitable for service 
temperatures of -300 to SOOF 
(89-533 K). it can be used for various 
electromc and temperature control 
apphcatlons. 

Trtrrlnr rlvalr rpoxler 
Triarme A. a thermosetting polymer 
introduced last year by MobayChemi- 
cal. offers several advantages over 
conventronal epoxies in prrnted 
circuit board applrcations. specitical- 
ly hrgher service temperature. lower 
coefficient of thermal expansion, bet,, 
ter dimensional stabilityand greater 
clad.lamrnate peel strength at tem- 
peratures of molten solder. 

The new material has a glass transi- 
tion temperature of 482 F (523 K). 
Flexural strength ranges from 89.WO 
psi (614 MPa) at ambtent tempera- 
tures to 25.OCC psi (172 MPa) at 482 
F (523 K). In addition, it couples exe 
cellent room temperature drelectric 
properbes with low dependence on 
temperature and frequency. Per- 
mittivity decreases slrghtly with in- 
creastng frequency. that is. from 4.4 
at 50 c/s (Hz) to 4.1 at Cc/s (GHz). 
Room temperature dissipation factor 
is 0.003-0.007 in the same range. 

Polyestera for 500-600 F 
An injection moldable aromatic co- 
polyester provrdes excellent dielectric 
and mechanical propertiesat tem- 
peraturesabove 5OOF(533K)andlow 
moistureabsorption. Developed by 
Carborundum and called Ekkcel 
1-2009. it is suitable for long-term use 
at temperatures up to 550 F (561 K). 
Its morsture absorption after 24 hr in 
boiling water is less than0.025%. 

Introduced about three years ago. 
the material can be processed on 
standard injection moldingequip- 
ment..Applications include high per- 
formance electrtcal and electronic 
components. bearings for frachonal 
horsepower motors. radratron resis- 
tant valve pa.rts and other products 
requiring high temperaturestrength. 

Another recent polyester base ma,. 
terial developed by Carborundum is 
a polyester (Ekonel)polytetrafluoro- 
ethylene (PTFE) fluoroplastic blend 
which provides long-term resrstance 
to temperatures as high as 600 F (589 
K). The composite also has low 
thermal expansron. dissipation and 
moisture absorbtron. and high dielec- 
tric strength and thermal conductivi- 
ty. Usesinclude packmg and com- 
pression ring sets. O-rmgs. spring 
loadedand Irp seals,self-lubrrcated 
bearings and pump seals and vanes. 

New !phenolfcs’ for near 500 F 
Another.iecent famrly of heat resis- 
tant thermosets is Ciby-Geigy’s Xylok 
resins. Based on the condensation 
products of phenols and aralkyl 

ethers. their properlles are satd to be 
srmilar to phenolrcs wrth heat re- 
sistance to 480 F (522 K). 

The resins are also noted lor good 
mechanrcal strength. thermal stabrl- 
ity and dielectric characterrstics. Ap. 
plications include electrrcalmsula. 
tion parts. brake pads. motor compo 
nents. bearings and handles for cook. 
ing utensils. 

Now fluoroplertlc t&es 550 F 
The most recent fluoroplastrc to be- 
come commercrallyavarlabte IS Allied 
Chemical’s CM-l. a hexafluororsobu- 
tylene and vmylrdene fluorrde (HFIB. 
VFr) thermoplastrc havrnga max- 
imum continuous servrce tempera. 
tureof 55OF(561 K)and hrghcreep 
resistance. It also possesses excellent 
chemical resistance. drelectrrc char- 
acteristics and release prapertres. 

The new fluoroplastic IS melt-proc 
essable and thus surtable for rnjec- 
tion. compressron and extrusion 
melding. Potential usescurrently 
being explored include a variety of 
release coatings. chemical process- 

“The most recent fluoro- 
elastic . . . HFIB-VF, . . . 
(has) a maximum confinu- 
ous service temperature of 
550F and high creep re- 
sistance. ” 

tngeouipment components. fuelcell 
separators. bearmgs and other me 
chanrcal parts. It also can be used as 
a binder for varrous hber-remforced 
composrtes. 

Spedal fIben enhance ffuoroplrrtlca 
Recent performance improvements 
in fluoroplastics also stem from the 
use of special rernforctng frbers rath- 
er than from the introductron Of new 
base resins. 

Use of long glass fibers and a spe 
cial coupling agent. for example. 
enhances the mechamcal properties 
of a new line of fluorinated ethylene 
propylene (FEP) fluoroplastics. Ther. 
mocomp LF. produced by LNP. tn 
addrhon. the new grades provrde rm- 
proved flexural propertres. dmen- 
sional stabrlity and wear resrstance 
while retaining the inherent electrical. 
thermal and chemrcal resfstance of 
the base material. As a class. FEP 
plastrcs have a contmuous servrce 
temperature of about 400 F (478 K). 

At room temperature. the new 
compounds have 6003 PSI (41 MPa) 
tensile strength. 10.500 psi (72 MPa) 
llexural strength and 8CQOOO psi 
(5520 MPa) flexural modulus which, 
as indicated in Table 2. are far supen 
or to those of milled glass-filled FEP. 
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1 PropertIcs 04 
cycloal8phattc r,esm* 
iroar Rnm. &Dn. nktn. 

115% 16.3% 23.2% 
mgddtnr modltrb modilin@ 

+n sir. 
lcoo pu 10.6 9.61 6.1 

) (UPI) (11.5) (61.6) (42.1) 
Tm mod. 

IO’ Dsi 14.6 11.3 10.9 
(MW (10.067) (7791) (7516) 

Pow 
IbClor. 

r 21 99 78 >I00 

2 Properties of 
glass-reinforced FEP 

pww Rmlorcsmtnl 
tong Mllkd 

I gllsv glass 
lm Slf. psi 

1 WaJ 6wo (41) 2400 (17) 
i fk; str: pr 

(Mh) IOSW (72) 4ocm (28) 
1 fkx mod. 
/ IO’ 09 ‘00 

(IO’ YR) (5.5) 
wear Iactor 

II;, I5 2a 

The better weariresistance of the new 
grades is rndrcated by their substan- 
tially lower weak factor(K). This com- 
sinatron of properties makes the ma- 
:erials especiakysuitable for high 
lemperature bearings operating in 
:orrosive media and for various eleC- 
trical and electronic applications. 

LNP also recently introduced a line 
of carbon fiber-reinforced fluoroplaS- 
tics designated Thermocomp UC. 
Compared to glass-reinforced 
fluoroplastics. these compounds 
have lower coefficients of thermal 
expansion. which reduces shrinkage 
during melding. and good thermal 
conductivity. These property im- 
provements are combined with the 
inherent thermal stability, chemical 
inertness and lubricity of the base 
material. 

Another recent fluoroplastic is DU 
Pont’sTefrel210. Theethylene 
tetrafluoroethylene.(ETFE) fluoro- 
plastic permits faster injection mold- 
ingot intricatepartsandfasterex- 
truslon of small-gage wire insulation. 
ETFE fluoroplasttcs are generally suit- 
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3 PropertIes of styrenic terpolymer 

Sptclll~ gravty 1.1 1.42 1.52 : 
Yoid rlmnhage \ 

m/m. o.wu 0.001 0.001s : 
(mm/mm) (0.008) (0.001) (O.WlS) ‘1 

Water absorb’. 24 
hr. s 0.2 0.1 0. I 1 

Ten III. 1000 mi 6.9 I8 15.5 ’ 
(MP.+) (48) (124) (107) 

flea mod. IWO 300 1200 990 j 
p*n (MP,) (2069) (6274) (6626) 

Imp sir! ftlbl 1.7 2.8 2.1 
: 

in. O/m) (91) (149) (112) : 
neat defl temsc. 275 305 3O’l i 

F fro (408) (425) (422) 
cael ot Iher np. 

, 

10-s in./in./f 2.5 1.2 1.3 
(10-s m/m/K) (4.5) (2.2) (2.3) ’ 

Flammability, 
Ul 94 .I48 HE v.0 

*!Jml reW(n, hd ,mafI o.Jh ,,.cnn, w y1 Jw - ,@ 
Py ,I J 1P.l . 

; 

4 Heat-stabilized poiypropvlene~ : 
Spdllc parity 0.905 ; 
Melt Ilo*. o/IO mm 
Meld shnnhrge. in./in. ~.Ol.O.O3 

,(m/m) (0.01.0.03) 
Wxltr absorpkon. S. 24 hr <O.Ol 
ltns~le rlrens(h. psi (EPx) 5000 (34.5) 
Ultimate elonptlion. Z >I00 
Impact rtr? f&lb/m. (J/m) 0.8 (42.7) ’ 
fle~xral modulus. 10’ psi (MR) 2.0 (1379) : 
Ttnsdr modulus. 10s DSi (MP,) 
Hardness. Ouromrttr 0 

f: (1724) 

Heat drlltclion temp. F (K) 
Al 66 psi (0.46 MPa) 221 (378) * 
Al 264 psi (1.8 UPa) 140 (333) i 

Yeltq poinV, f (IO 330 (439) ! 
Vial solkninp point. f (K) 302 (423) -I 
mmmnR4 tknnd mu1 bed ,rotr*dI QadB*m. 

.i 

able for.continuous use at tem- 
peraturesas.highas3DOF(422 K). 

lough polytulfone for 375 F+ 
A new polysulfonecombines high 
heat resistance with exceptional. 
toughness and resistance to environ- 
mental stress cracking. Designated 
Radel and produced by Union 
Carbide, the injection moldable and 
extrudable plastic is available in both 
opaque and transparent grades. 

Radel has a heat deflection tem- 
perature of 400 F (477 K)and ex- 
cellent oxidative and thermal stability 
for continuous use in air up to tem- 
peratures of at least 375 F (464 K). 
With a notched lzod impact strength 
of 15 ftfb/in. (800 J/m), it isabout 
three bmes tougher than polyarylsuf- 
foneand seven timestougher than 
polyethersulfone and conventional 
polysulfone. The new polysulfone is 
intended for applications in the ar?rb 
space, chemical processing and mi- 
ctoelectronics industries. 

About three yearsago. LNPin- 
traduced new glass-reinforced and/or 

I ubrlcated pOlyetlWSulfOne COm- 
I ,ounds suitable for conhnuous use at 
t emperatures up to about 360 F (455 
I 0. Called Thermocomp JF. they also 
I lrovide excellent drelectric character- 
i ttics. good mechanical propertres 
4 snd lowshrinkage. 

Speclrl rtyrene 8 supeilor rtyrene 
A line of new styrenic terpolymer 
compounds provides consrderably 
greater heat resistance than conven- 
tional polystyrene. Developed by Dow 
Chemical and available from LNP In 
various color. glaSS-reinforced and 
flame retardant grades (see Table 3). 
the terpolymer has 264-PSI (1.3.MPa) 
heat deflection temperatures ranging 
from 275F(408K)forthebase 
material to 305 F (425 K) for the 40% 
glass-reinlorced grade. In contrast. 

. 

conventional polystyrene has a heat 
deflection temperature of about 220 
F (378 K) for bothgeneral ouroose 
and 30% glass-reinforcedgrades. 

Introduced last year. the terpoly- 
mer is a candidate for pump hOuSqS 
and impellers. camera cases. bus+ 
ness machine parts. eleCtriCal COn- 
nectars and Ncomponents. A 30% 
glass-reinforced grade with 15% TFE 
(tetrafluoroethylene) lubrlcahon has 
potential for self-lubricated bearings 
and other parts requiring highwear 
resistance. 

Hetat rtablllred polypropylenrr 
Improved stabiliration systems have 
extended the maximum service tem- 
perature o! polypropylene to as high 
as 300 F (422 K) in recent years. 
Hercules’talc-filled homopolymer 
(6XF4) and copolymer (7XF4) grades 
are good examples. Thecopolymer. 
which provides high impact strength 
but has a lower heat deflectron tern. 
perature. withstands five months 
oven aging at 300 F (422 K). The 
homopolymer. with twiceas much 
talc. can take about four monthsat 
these conditions. 

Another new polypropylene with 
improved heat stabilization is 
Diamond Shamrocks appliance 
grade. PP8622 (see Table 4). which 
has an Underwriters Labs’ relative 
thermal index of 239-248 F (388-393 
K) in 0.03-0.06-in. (0.8.1.6mm) thick- 
nesses. respectively. Still another is 
Hercules’ 6X-25 (240 F. 389 Klwhich 
has high resistance to elevated tern. 
perature aging in both dry and wet 
environments. Each of these grades 
is intended primarily for dishwasher 
liners. 

A heat-stabilired. glass.reinforced 
grade recently introduced by LNPand 
designated MF.1006 HS hasa thermal 
index rating of 221 F (378 K). At 140 
F (333 K). it has a tensile strength of 
4403 psi (3C MPa) and a tensile mod- 
ulus of 46O.ooO psi (3170MPa).o 



Bowron River Coal Mine Project 

British Columbia, Canada - 

Brief Initial,Report following Visit 7,-9th June, 1982. 

1. The purpose of the visit by Mr. P.B. Rees in company with Mr. M. Wardlaw 

of Mbwlem Mining Division was to: 

(a) review the geological data and reserve assessment 

(b) examine and discuss the proposed mining layout and strategy 

of development 

(c) examine and discuss the proposed methods of mining, and levels 

of performance 

(d) discuss the proposed plant and machinery envisaged for the 

development and construction period, and for later mining operations 

(e) obtain better understanding of the coal qualities envisaged and 

the Coal Preparation facilities deemed necessary to meet the 

market requirements 

u 

(f) inspect on site the options available for the transport of coal to 

the various possible railheads 

(g) examine and verify the basis of costing - both in Capital and 

Operating terms 

(h) establish the basis for the financial structuring of the project, 

with particular detail on the availability of funds to cater for 

working capital requirements. 

II. All of the first day, 8th June, was spent in frank and detailed discussion 

with Mr. E. Roberts, President of Norco Resources, Mr. Milo Filgas of 

R.F. Fry G Associates, and Mr. Geoffrey Herold, Assistant to Mr. Roberts. 

All were forthcoming in their attitude and approach, with the result that 

the meetings were both fruitful and informative. 

On the following day the mine site was visited in company~with the ab0.x 

three people and once again, all the options ranging through the siting of the 

drifts; further exploratory requirements; type and capacity of coal preparation; 

dirt disposal; manning and staffing; methods of coal getting and strategic mine 

0 layouts, to the three possible means of transporting the coal to differing 

railheads were examined. The alternative routes for coal transport were 

travelled by car, and a good idea gained of the relative advantages and 

di s?d\,mtnys of rach. , 4 
-1 
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III. The main conclusions arrived at as a result of the two days of full and 

thorough joint examination of the facts and data available are outlined below:- 

(a) Sufficient coal reserves are available and well enough proved to 

support the first 10 million tons of extractable coal - even at 

a 50% extraction ratio. The first 12 to 15 years of mine life is 

therefore assured. Beyond this the probability of proving further 

large areas of coal is high, and for which further exploration can 

be carried out whilst the mine is operational. There would not seem 

much merit in using precious capital funds on a further elaborate 

exploratory drilling programme at this stage, for unless the detailed 

mine plan and prospectus demonstrates a clear ability to reach 

‘payback’ before year four to five in the DCF evaluations, the 

a’dditional reserves so proved will count for little. What is 

important is the detailed proving of the coal reserves to be worked 

over the first ten years of life - and this has already been done 

sufficiently well to allow the preparation of seam contour maps, 

seam thickness maps, and general structure maps which in turn enable 

the preparation of the strategic layout plans for seam development. 

(b) The seam analyses and characteristics developed to date are 

inadequate to base any firm design criteria for the coal preparation 

necessary to ensure final product quality. However, near enough 

approximations can be deduced to identify the processes required 

together with the broad capacities of the individual sections of 

such a plant. These can be verified by obtaining another four or so 

3Y’ cores from judiciously placed holes along the western limb of the 

syncline where the seams are at their shallowest. Such holes need 

not be expensive and can be quickly organised. Washability curves 

can then be derived and’sufficient data obtained to produce a broad 

coal flow specification from which the basic units of coal preparation 

can be designed. Flexibility and simplicity in design, construction 

and operation must be the keynote .. to cater for possible changes at 

a later stage, both in production techniques and market requirements. 

(c) the mine site is on flat land adjacent to the River Bowron and has 

been well maintained with good road access and excellent standard of 

construction camp. Some SO acres have been cleared of forest and 

levelled, from which it apPeared that the sub-soil to rock head is 

composed of a firm matrix of sandy clays and pebbles - which 

certainly looked easy to compact. Site investigation holes, hok-ever, 

arc an essential and early requirement, botch for finalisinfi the 
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position and line of drifts and the opencut/portal specification, 

as well as the foundation requirements for the proposed surface 

StTUCtUreS. 

(d) the driving of the two drifts, which could well be less than 500 

yards each dipping at 1 in 4, to intersect the thick lower seam 

about the 700 metre contour lines is the first mining priority. 

The exact seam position on the line of drifts can be accurately 

confirmed by one of the boreholes referred to earlier and also 

the nature of the roof and floor of the seam at the point of 

entry, together with details of any acquifers between the coal 

seam and the surface. This hole should therefore be the first of 

the additional coal exploratory holes to be drilled. The value of 

putting two drifts down simultaneously ins that once the coal seam is 

intersected, caol production can commence immediately by forming five 

main developing entries, and driving them in a south-easterly directio” 

along the axis of the syncline as far as the main NE/SW fault. In the 

5 metre plus coal section it will be possible to select the mining 

section most suitable to the geological environment and also with a 

view to minimising dirt production. An average output of some 650 

tons on single and 1250 tons on two shift working can be sensibly 

achieved, whilst at the same time ma~in development roadways are 

being provided into the heart of the reserves, thus providing 

access to both flanks. 

(e) during discussions with Messrs. E. Roberts and G. Herold, conceptual 

plans for working the thick lower seam by hydraulic methods were 

tabled, the basis of which were the development of short 10 to 15 

metre pillars of coal by driving enr.ries on a” “apparent dip” of 

1 in 4 to 1 in 5. Such gradients are suitable for the application 

of crawler mounted coal-getting machines, and the configuration of 

the entries such that standard type Room and Pillar mining or eve” 

longwall could be reverted to should the hydraulic method prove to 

be ineffective. At this stage such flexibility in layout is an 

important factor. 

(f) the relatively steep gradients on the western limits leading to 

outcrops of the seam along a line almost parallel to the existing 

logging road provides the advantage of being able to effect easy 

connection to the surface as the mirle workings extend southwards. 

In this way ready additional ventilation and’escape roads can be 

provided. The possibility of transporting by pipeline down such 
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c, 

stowing is worthy of detailed study. The gradients can be put to 

good use in facilitating hydraulic stowing and/or pump packing 

systems, with the object of improving the percentage extraction, 

stabilising subsidence, and reducing the size of dirt heaps with 

consequential environmental benefits. 

(g) power supply through such large areas of forestation - subject in 

summer to extensive forest fires - could raise problems of cost, 

both initial and in maintenance over the years. The availability 

of a reliable and consistent source of power is essential to the 

safety of the mine from flooding and to ensure adequate ventilation 

at all times. There would therefcre appear to be advantages in 

generating sufficient power on site from a modem fluidised bed 

style package generating plant, operated from coal produced by the 

mine itself. The technical efficacy and economic benefits of such 

an approach are worthy of careful study and evaluation in the 

design and prospectus stages, particularly bearing in mind that the 

power supply can be provided by ‘modules’ in phase with the power 

&mands from increasing output. In evaluating this idea, the merit 

and financial advantage of burning the “dry fines” in the fluidised 

bed, and so avoid the need for fine washing with its attendant 

problems of water clarification, could be an important factor. 

(h) the overland transport of coal to a railhead presents one of the 

main problems, and there would appear to be three basic alternatives 

to consider and evaluate, viz:- 

(i) 

c, 

transport by 40 tone trucks o’ver 64 km of “logging road” to 

the C.N.R. railway to the west of the mine site and some 

10 km to the south of Prince George. Although a fairly long 

run, the standard of “logging road” was quite good and well 

maintained, and there was ample space with ready road access 

to a long stretch of railway ,track, conveniently situated 

immediately adjacent to Highway 97. The principal disadvantage 

is the “Spring reduction period” whereby the axle loading on all 

traffic along logging roads is reduced by some 40% for a period 

of two months. The effect of this could be minimised by 

declaring the mine annual holiday during this period; by stocking 

the surplus coal; and ,by deploying additional trucks over this 

period. All in all it is not an insurmountable problem, 

particularly when seen agains,t all the other straightfoward 

aspects. 
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(ii) transport by 40 ton trucks over some 12 km of logging roads to 

meet Highway 16 to the east of the mine site, then south along 

the paved surface of Highway 16 to another logging road leading 

to Hansard - a small ‘whistle stop’ on the C.N.R. railroad. 

Apart from a relatively short length (12 km) of paved highway, 

this alternative suffers the same Spring reduction over the 

greater part of the haul distance, plus the fact that the first 

section of roadway was in nowhere near such good condition as 

the first alternative, and in the third leg, the River Bowron 

was crossed by a temporary one lane bridge, which was doubtful 

for the carrying of 40 ton coal trucks. In terms of total 

distance there was little in it compared with alternative (i). 

(iii)transport by 40 ton trucks as in (ii) above to Highway 16 - 

but turn northwards to Prince George, this being a paved 

highway for the greater part of the “haul”. To overcome the 

Spring reduction on the short 12 km logging section it was 

proposed to construct a parallel road, thus eliminating all 

restrictions on overland transport of coal. The main 

disadvantage - and a serious one - was the fact that the 

proposed railhead was situated within half a mile of a large 

paper pulping mill, was very constricted, and in no way 

capable of handling train lengths of the size considered 

necessary to economically ship the coal to port for loading 

on ship. 

(i) the need to maximise plant and equipment manufactured in the U.K. 

has a direct influence on the availability of funds. Several 

aspects were discussed and without. going into detail in this 

report it can be confidently stated that at least CA$lS million 

worth of U.K. mining equipment and plant can be used to advantage. 

The broad organisation chart drawn up by Eric Roberts covered the main 

disciplines involved and delineated a line of accountability to the main board 

NORTAI . It now remains, in conjunction with Mowlems,.to allocate the suitabl) 

experienced and qualified staff to plan, design and construct the mine. 

The mine prospect is a good one, having substantial reserves of good qualit) 

coal well capable of being mined and prepared to the spekification demanded 
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by Taiwan Power Company. A phased development, whereby investment and output 

t‘ 
is kept in stages with the requirement of the Taiwan Power Company should 
demonstrate a healthy cash flow situation and afford a resonable return on 
investment. 



APPENDIX III 

PRODUCTION SCHEDULE, LABOUR REQUIREMENTS, 
OPERATING COSTS, CAPITAL COSTS 





TABLE No. BOWRON COA 
t A” ___ .~._ 

LABOUR REQUIREMENTS AND BASE COSTS 
COAL PRODUCTION PHASE 1 

CLASSIFICATION 
TOTAL No. 

1st SHIFT 2nd SHIFT 3rd SHIFT of MEN RATE /MAN 
lWT BpA;E 

. . 

1 
1 
2 
5 
1 
1 
1 
1 
1 
1 
3 
1 
3 
1 
3 
2 
1 

23 

65,000 
45,000 
35,000 
30,000 
30,000 
20,000 
35,000 
20,000 
25,000 
30,000 
25,000 
45,000 
30,000 
45,000 
30,000 
30,000 
40,000 

32,241 

65,000 
45,000 
70,000 

150,000 
30,000 
20,000 
35,000 
20,000 
25,000 
30,000 
75,000 
45,000 
90,000 
45,000 
90,000 
60,000 
40,000 

935,000 
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TABLE No. 
BOWRON COALFIELD 

I l”G”V WI2 
LABOUR REQUIREMENTS AND BASE COSTS 

COAL PRODUCTION PHASE I 

TOTAL No. TOTAL BASE 
CLASSIFICATION 1st SHIFT 2nd SHIFT 3rd SHIFT of MEN RATE /MAN COST PA. 

a) UNDERGROUND 
Miner Drivers 2 2 4 15.00 110,400 
Miner Helpers 2 2 4 12.50 92,000 
Ram Cars 2 2 4 14.00 103,040 
Roof Bolters 2 2 2 6 14.no 154,560 
Ventilation I 1 2 12.50 46,000 
Conveyors 1, I, 2 1~1.50 42,,320 
Fitters 1~ 1 2 4 13.50 99,360 
Electricians 1 1 2 4 1~5.00 110,400 
Supplies 2 2 4 13.50 99,360 
General. 4 4 2 10 12.50 230,000 

n ix 8 44 
1,) SIJRFACE GENERAL 

Equipment Operators 4 3 1, R 13.50 198,720 
‘Tradesmen 1 I 2 13.50 49,680 
Labourers 1. 1 1 3 1, I. . 5 0 63,480 

-iT 5 -7 73 
c) COAL PREPARATION PLANT 

Plant Operators 2 2 2 r7 15.00 165,600 
Labourers 1~ 1. 1 3 1~ 1~ . 5 0 63,480 

3 3 3 'I 
d) MAINTENANCE 

Mechanics 2 1 3 13.50 74,520 
Electricians 1 1 1. II 15.no 82,800 
Welders 1 1. 2 13.50 49,680 
Labourc~-s 1. 1 2 IL.50 42,320 

5 3 -2 10 

~-.-.----. __---- --- 
‘I’OTAI, HOURL,Y EMPLOYEES AND BASE COST PICR YEAR 32 29 15 7 6 13.43 1.877.720 



TABLE No. 8OWRON COALFIELD 
t A”GUSI WI* 

LABOUR REQUIREMENTS AND BASE COSTS 
COAL PROOUCTION PHASE II 

TOTAL No. 
CLASSIFICATION 

TOTAL BASE 
1st SHIFT 2nd SHIFT 3rd SHIFT of MEN RATE /MAN COST P.A. 

Mine Manayer 1 1 65,000 65,000 
Mine Undermanager 1 1 45,000 45,000 
ASS'IZ. Undermanagers 1 1 2 35,000 70,000 
Firebosses 3 3 3 9 30,000 270,000 
Surveyor 1. 1 30,000 30,000 
Surveyor's Ass'ts. 1 1 1 3 20,000 60,000 
Chief Accountant 1 1. 35,000 35,000 
General Clerks 2 1 3 20,000 60,000 
Storeman (Ilead) 1 1 25,000 25,000 
Storemen (General) 1~ 1 2 20,000 40,000 
Purchasing Officer 1 1~ 30,000 30,000 
Personnel/Safety/Training i 1. 35,000 35,000 
First Aid/Security 1 1 1 3 25,000 75,000 
Mechanical Engineer 1 1 45,000 45,000 
Mechanical Foremen 1 1~ 1 3 30,000 90,000 
Electrical Engineer I 1. 45,000 45,000 
Electrical Yoremen I 1 1 3 30,000 90,000 
Surface Foremen 1 1~ 2 30,000 60,000 
Maintenance Planner 1. 1 25,000 25,000 
Preparation Plant Super. 1 I, 40,000 40,000 

'I'O'I'Al. .sTAI"I;' & luGI: COS', 
I'ER YEAl< 21 11 77 41 30,122 1,235,OOO 
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TABLE No. BOWRON COALFIELD 
I A”Olm Iv.2 

LABOUR REQUIREMENTS AND BASE COSTS 
COAL PRODUCTION PHASE IJ 

CLASSIFICATION 1st SHIFT 2nd SHIFT 3rd SHIFT Tuxedo RATE /MAN 

3 
3 
3 
6 
3 
3 
2 
2 
4 
4 

33 

5 
1 

-1 
7 

3 
3 
3 
6 
3 
3 
2 
2 
4 
4 

5T 

3 
1 
1~ 
5 

2 
1~ -- 
3 

1 
I 

I. 
3 

3 
3 
3 
G 
3 
3 
2 
2 
4 
4 

33 

2 

1 
7 

2 
1 

3 

9 
9 
9 

1~8 
9 
9 
6 
6 

12 
12 
!I3 

10 
2 
3 

i7 

6 
3 

‘-3 

3 
3 
2 
2 

I,0 

15.00 
12.50 
14.00 
14.00 
12.50 
11.50 
13.50 
15.00 
13.50 
12.50 

13.50 
13.50 
11.50 

15.00 
11.50 

13.50 
15.00 
13.50 
11.50 

248,400 
207,000 
231,840 
463,680 
207,000 
190,440 
149,040 
165,600 
298,080 
276,000 

248,400 
49,680 
63,480 

165,600 
63,480 

74,520 
82,800 
49,680 
42,320 

TOTAL I~I0URL.Y EMPI,OYEES 
AND l3ASI:: COST L'ER YEAR 47 44 42 133 13.39 3,277,040 

, 



C c - c I 

TABLE No. BOWRON COALFIELD I l”G”Il m1 
LABOUR REQUIREMENTS AND BASE COSTS 

COAL PRODUCTION PHASE III 

CLASSIFICATION ISI SHIFT 2nd SHIFT 3rd SHIFT YZEF RATE /MAN 
lWT BpAASE 

. . 

Mine Manager 1 1 65,000 65,000 
Mine Undermanager 1 1 45,000 45,000 
i-iss't. Undermanagers 1 1 2 35,000 70,000 
Pirebosses 5 5 2 1. 2 30,000 360,000 
Surveyor 1 1 30,iloo 30,000 
Surveyor's Ass'ts. 1 1 2 20,000 40,000 
Chief Accountant 1 1 35,000 35,,000 
General Clerks 2 1 3 20,000 60,000 
Laboratory 1 1 2 25,000 50,000 
Storeman (Head) 1 1 25,000 25,000 
Storemen (General) 1 1 1 3 20,000 60,000 
Purchasing Officer 1 1 30,000 30,000 
Personnel. Manager 1 1 40,000 40,000 
Safety/Training Officer 1. I 35,000 35,000 
First Aid/Security 1 1 1. 3 25,000 75,000 
Mechanical Engineer 1 I. 45,000 45,000 
Mechanical Foremen 1 1 1 3 30,000 90,000 
I:loctrical EncJineer: 1, 1. 45,000 45,000 
Electrical 1;'orcmen I 1 1 3 30,000 90,000 
Surface I"orl?men 1 I 2 30,000 60,000 
Maintenance Planner 1 1 25,000 25,000 
I'rr!paratioII 111 ant Super. 1~ 1~ 40,000 40,000 

'I'O'I'AI. STAI'I;‘ &" I3ASi7 COS'I l'I?I< YEAR 26 14 7 Ti 3O,lOG- 1,415,00~- 



TABLE No. 
LABOUR REQUIREMENTS AND BASE COSTS 

COAL PRODUCTION PHASE III 

BOWRON COALFIELD 
I l”O”Sl m1 

CLASSIFICATION 1st SHIFT 2nd SHIFT 3rd SHIFT %Ek RATE /MAN 
TFlfAT BpAASE 

. . 

a,) IlNI)ERGROUND 
Miner Drivers 
Monitor Opel-ators 
Miner Ilelpers 
Roof Bolters 
Ventilation 
Conveyors (Flumes) 
Fitters 
Electricians 
Supplies 
Backfill 
C&nercll 

c) CUAl> I'REI'ARA'I'ION PLAN’1 
Plant Operators 
I.aImu~rers 

cl) MAINTENANCE 
Mechanics 
1:: l~cct r ic aim an s 
Welders 

TOTAL, IIOUR1,Y I!:Ml'l.,OYEES 
AND BASE COST PER YEAR 

3 
1 
4 
6 
3 
4 
2 
2 
4 
4 

G 
2 
8 

1. G 
6 
8 
6 
G 

1. 0 
10 

15.00 
15.00 
12.50 

165,600 
55,200 

184,000 
412,160 
138,000 
169,280 
149,040 
165,600 
248,400 
248,400 
368,000 

322,920 
99,360 

148,120 

14.00 
X2.50 
11.50 
13.50 
15.00 
13.50 
13.50 
12.50 

13.50 
13.50 
11..50 

6 
39 

G 
T3 

16 
Ti 

6 5 
2 

2 I, 3 
4 2 

3 
1~ 1 

3 
1~0 

1 I 
-3 24 

165,600 
126,960 

2 
2 

-7 

2 6 
2 6 

7 52 

1 6 
1 5 
1 3 
1 3 

-7 Ti 

21 1~ 4 I 

15.00 
11.50 

13.50 
15.00 
13.50 
11.50 

149,040 
138,000 

74,520 
63,480 

1 

6 1~ 13.28 3,591,680 
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v PAYROLL BURDENS 

Hourly Workers 

1) Afternoon Shift Diff. 
2) Night Shift Diff. 
3) Underground Allowance 
4) Wet Allowance 
5) Travel Pay 
6) Transportation Allowance 
7) Statutory Holidays 
8) Vacation Pay 
9) Health Benefits 

10) W.C.B., C.P.P., U.I.C. 
11) Protective Clothing 

Value -- 

S 0.30/hr 
0.35/hr 
0.75/hr 

1.50/shift 
5.00;shift 
5.00/shift 

5% x $13.50 Avg. 
6% x $13.50 Avs. 

3.5% x $13.50 Avg. 
8% x $13.50 Avg. 

.5% x $13.50 Avg. 

% Affected 

39.1 
19.4 
62.6 
20.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

Pro rata 
Amount/hr 

$ .12 
.07 
.47 

.63 

.63 

.68 

.81 
.47 

1.08 
.07 

S 5.33/hr 

0 
Based on average hourly wage of $13.50 /hour. 

Hourly Payroll Burden: 5.33/13.50 = 39.5% 

Overtime Allowance: 10.0% 
-- 

49.5% 
-- 

Therefore, use 50% Hourly Payroll Burden. 

Staff 

1) Travel Allowance $lO/shift 
2) Health Benefits 3.5% x $31,00O/annum 
3) W.C.B.,C.P.P.,U.I.C. 8% 

S 2,30O/annum 
l,085/annum 
2,48O/annum 

v 

5 5,865/annum 

Based on average annual salary of $31,000. 

Staff Payroll Burden: 5,685/31,000 q 18.9% 

Therefore, use 20% Staff Payroll Burden. 
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OPERATING COSTS 

The calculations set out below are on a yearly production basis for 

the following production periods: 

(A) PHASE I 

(B) PHASE II 

(C) PHASE III 

October, 1983 - December, 1983 

January, 1984 - December, 1984 

January, 1985 - December, 2006 

All costs are based on 1982 figures and are stated per clean metric 

tonne. 

(1) Labour 

(A) PHASE I (2 C.M. Units - 2 Shifts, 5-day week) 

Total Production - 55,000 Tonnes 

i) Staff 

Mine Manager 
Mine Undermanager 
Assistant tindermanagers 
Firebosses 
Surveyor 
Surveyor Assistants 
Chief Accountant 
General Clerks 
Storeman - Head 
First Aid/Security 
Purchasing Officer 
Mechanical Engineer 
Mechanical Foremen 
Electrical Engineer 
Electrical Foremen 
Surface Foremen 
Preparation Plant Super. 

Base Costs 

Burden @ 20:: 

2 x 6 months x 35,00O/annum = 
5 x 5 months x 30,00O/annum = 
1 x 5 months x 30,OOWannum = 
1 x 5 months x 20,00O/annum = 
1 x 9 months x 35,00O/annum = 
1 x 4 months x 20,00O/annum = 
1 x 6 months x 25,00O/annum = 
3 x 6 months x 25,00O/annum = 
1 x 9 months x 30,00O/annum = 
1 x 9 months x 45,00O/annum = 
3 x 4 months x 30,00O/annum = 
1 x 9 months x 45,OOOlannum = 
3 x 4 months x 30,00O/annum = 
2 x 4 months x 30,00O/annum = 
1 x 7 months x 40,00O/annum = 

1 x 11 months x 65,00O/annum = S 59,580 
1 x 10 months x 45,00O/annum = 37,500 

35,000 
62,500 
12,500 

8,330 
26,250 

6,670 
12,500 
37,500 
22,500 
33,750 
30,000 
33,750 
30,000 
20,000 
23,330 

$491,660 

98,330 

Total Staff Costs 5580,990 

I 
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0 

0 

Total Staff Costs (from previous page) $ 589,990 

ii) Hourly Workers - Start Sept. 1, 1983 

4 months @ $1,877,72O/annum $ 625,910 

Burden @ 50% 312,960 

Total Hourly Costs 938,870 

Total Labour 

Contingencies @ 15% 

1983 Labour Costs 

$1,528,860 

229,330 

S1,758,190 

Unit Labour Cost: $31.97/tonne 

(B) PHASE 11 (3 C.F. Units + 1 Standby - 3 Shifts, 5-day week) 

Annual Production - 49?,000 Tonnes 

i) Staff 

Base Costs 

Burden @ 20% 

Total Staff Costs 

ii) Hourly Workers 

Base Costs 

Burden @ 50% 

Total Hourly Costs 

Total Labour 

Contingencies @ 15% 

1984 Labour Costs 

Unit Labour Cost: 514.80/tonne 

1,235,OOO 

247,000 

1,432,OOO 

3,277,040 

1,638,520 

4,915,560 

6,397,560 

959,634 

s7,357,194 
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(C) PHASE III (3 C.M. Units + 1 Standby - 2 Shifts, 5-day week) 

(1 Hydraulic.Monitor + 1 Standby - 2 Shifts, 5-day week) 

Annual Production - 881,000 Tonnes 

i) Staff 

Base Costs 

Burden @ 20% 

Total Staff Costs 

ii) Hourly Workers 

Base Costs 3,591,680 

Burden @ 50% 1,795,840 

Total Hourly Costs 5,387,520 

Total Labour 7,085,520 

Contingencies @ 15% 1,062,828 

1985 Labour Costs S8,148,348 

1,415,ooo 

283,000 

1,698,OOO 

Unit Labour Cost: S9.25/tonne 

For analysis purposes, use $9.25 per tonne labour cost. All labour 

in Phases I and II (1983 and 1984) is capitalized as a pre-commercial 

production expense. 
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(2) Material Costs 

(3) 

Timber Supports 
Roof Bolts 
Cutter Picks & Roof Bolter Bits 
Ventilation 
Oils & Greases 
Power Plant 
Fuel 
Miscellaneous 

Total 

Maintenance Materials 
Costs - Underground 

Continuous Miners .37 
Diesel Vehicles .I4 
Other Face Equipment .23 
Conveyors .26 
Flumes .02 
Pipes .45 
General .23 

Total 

(4) Maintenance Materials 
Costs - Surface 

Preparation Plant 
Workshop 
General 
Miscellaneous 

Total 

Cost per Tonne 

8 .14 
.94 
.66 
.17 
.04 

1.00 
.30 
.50 

$ 3.75 

1.70 

1.00 
.ll 
.ll 
.17 

1.39 

Material Cost is: $ 6.84 
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(5) Other Operating Costs 

(C) Royalties & Fees 

Province of B.C., 3.5% Minehead 1.20 
Zulu Explorations Ltd. .20 
Marketing, 2.0% Minehead .69 
Management, 2.0% F.O.B.T. 1.18 

(D) Office Overhead 

Materials, Taxes, Phone, 
Travel, Insurance, etc. 

Cost per Tonne 

(A) Trucking to Prince George 

- 64 km @ 8c 

(B) Tippling 

Labour 
Power 
Maintenance 

5.12 

. 

.35 

.05 
.lO 

.50 

3.27 

1.00 

Total of Other Operating Costs S 9.89 

(6) Summary 

Labour $ 9.,25 
Materials 6.84 
Other 9.89 

Total Cost F.O.R. Prince George $25.98 

0 

t 







APPENDIX IV 

BASE CASE - DATA AND ASSUMPTIONS, 
CASH FLOW, BALANCE SHEETS 



BASE CASE 

1.0 DATA AND ASSUMPTIONS 

Coal Sales Price = $59.00 (Can.) in 1983, $68.15 in 1984. 

All Capital and Operating Costs are escalated @ 10% per annum 

beginning 1983. 

Sales Price is escalated 8 10% per annum after last price stated 

above. 

Discount Rate = 10%. 

Loan Interest @ 12% is accrued for one year, added to principle and 

new value is amortized over the next seven years. 

Equity Investment = $25,000,000. 

Total Loans = $36,000,000. 

15% contingency on labour amounts to $1,413,000 by 1984. 

1.5% contingency on coal revenue amounts to $1,189,000 by 1984. 

Capital cost contingencies amount to 64,523,OOO by 1984. 

Total contingencies come to $7,125,000 by 1984. 
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2.0 RESULTS 

Total Accumulated Cash Flow .................... $332,751,000 

Net Present Value B 10% ........................ $46,851,000 

Equity Payout (Current Dollars) ................ 1989 

Equity Payout (Discount Dollars) ............... 1992 

Note: No allowance has been made for reinvestment or interest on 

cash flow over the life of the project. 







1982 GtT 21 15:4s P&El 

CASH 

Pli¶FfRTY PLMT bNU EWMlENT 

CAPIThLIZED EXPL~RIVION AN0 
DEW!B?tlEh'TEXPENSES 

sH(IRE CAPITIY. 

RETAIW EA!WIt&S(WICITI 

RSSETS 

1932 19m m4 1987 1993 
_--_- ---- ---- - --- --..- ----- 

%1.62? $972 $1.&s r15,33 %5:71S 

0 24,022 3%509 24,5m 14.710 

3,371 14,178 24,194 23743% 15?079 _____ ---__ _--- _---- --I- 
5,000 39,172 65,311 63,im %,sos 

cc-- =I_ -- --I ---- --= ---- 

LIABILITIES 

0 5.5 1,835 4,104 (4,518) 

0 1,554 4,183 5,87? 2,651 

0 12.446 31,943 18.774 12m5 
_-- -__- --- ---- -- 

0 14,m 37,961 28,75s 10,217 

S!+PRElGLKl?S EQUITY 

5,000 2smo 2%ooo 2sooo 257004 

0 117 2,350 9,52S 647290 --- --- ---- - - 

5,OwJ 25,117 27,350 34,528 85,290 
-- __ -- __- __- 

s5mo 
=-= 

$39,172 
=- 

(65.311 
-- 

wJ33.m 
v= 

w59m 
- 



APPENDIX V 

CASE 2 - DATA AND ASSUMPTIONS, 
CASH FLOW, BALANCE SHEETS - 



CASE II 

1.0 DATA AND ASSUMPTIONS 

Coal Sales Price = $59.00 (Can.) in 1983, $68.15 in 1984. 

Resin Sales Price = $4.00/lb in 1985 ($3.00 1982 value). 

Resin Extraction and Handling Costs = $0.68/lb in 1985 (60.51 1982 

value). 

Resin Content = 1% average in 1,050,OOO T.P.A. 

Resin Recovery = 7.1%. 

All Capital and Operating Costs are escalated P 10% per annum 

beginning 1983. 

0 

0 

All Sales Prices are escalated @ 10% per annum after last price 

stated above. 

Discount Rate = 10%. 

Loan Interest g 12% is accrued for one year, added to principle and 

new value is amortized over the next seven years. 

Equity Investment = 625,000,OOO. 

Total Loans = $36,000,000. 

15% contingency on labour amounts to $1,413,000 by 1984. 

1.5% contingency on coal revenue amounts to $1,189,000 by 1984. 

Capital cost contingencies amount to $4,523,000 by 1984. 

Total contingencies come to 67,125,OOO by 1984. 
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u 2.0 RESULTS 

Total Accumulated Cash Flow .................... 6515,946,OOO 

Net Present Value @ 10% ........................ $87,213,000 

Equity Payout (Current Dollars) ................ 1987 

Equity Payout (Discount Dollars) ................ 1988 

Note: No allowance has been made for reinvestment or interest on 

cash flow over the life of the projec:t. 







19mOCT21 is:25 
KmoRE9mcE5LTB. 

BOWN RIWI CM. PROJECT 
PRo-FmE&y,"" 

MLL@lBLMlS~SlATEBIN~) 

ASSETS 

1982 1983 1%4 1987 1993 
- - --- --- __ 

cfw $1,629 1972 $398 $28,398 $103,691 

FRFERTV PLW hNDEQUlRENT 0 24.019 40.b85 25,525 15.406 

CRPITFL~X$~IN &MB 3.371 14,178 24,194 23,438 15,079 
-- - __ --- ___ 

5,ooo 3Alb8 65,277 77.X.0 134,176 
-- - - - 

KFEB?EB Im TAX 

LIABILITIES 

0 53 1.817 9.130 (962) 

0 1,554 4,183 5,877 2.651 

0 12,446 31.943 18,774 12xJ85 
--me--- 

0 14,053 37,943 33,781 13,773 

SHARE- EBUITY 

tWiEWf'IT# 5.CoO 25~oou 25>m 25,ooo 25,ooo 

RETAIWJ EAKWSMEFICITI 0 115 2,335 18.579 95,403 ------- 

5.w 25,115 27,335 43,579 120,403 ----- 

SS.OM 839.168 Sb55.277 $77.360 1134.176 
-- - -- 


