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"THE CASSIAR STORY" 

Introduction 
Brian G. Pewsey, Mine Manager, 
Cassiar Asbestos Corporation Limited, 
Cassiar, B.C. 

Abstract 
Located in the northern part of the Province of British 

Columbia, the Cassiar Mine started development of its 
asbestos orebody in 1952, and is currently producing 105.000 
tons of asbestos fibre annually. The townsite is nestled in 
a beautiful valley and supplies more than average facilities. 
The fibre is shipped to more than 40 countries and is used 
in many industrial products. 

Location, Access and Climate 
T H E CASSIAR MINE is located at lati tude 59°20'N, 
longitude 129°49'W, in rugged, mountainous terra in 
50 miles (80 km) south of the Yukon border, 735 air 
miles (1177 km) northwest of Edmonton and 200 air 
miles (320 km) southeast of Whitehorse (see loca­
tion map, Fig. 1) . 

Access to the property is by an all-weather road 
running 100 miles (160 km) southwest from Watson 
Lake (1044 km) on the Alaska Highway. The Cassiar 
road is a northern portion of the road to Stewart 
(Highway 37) on the Pacific coast. 

Cassiar is in the Cassiar Mountain range, with the 
town and plantsite nestled in a typical glacially formed 
valley at an elevation of 3525 ft (1074 m) . The open-
pit mine located on McDame Mountain, a t an average 
elevation of 6000 ft (1830 m ) , some 3 air miles (4.8 
km) north of the plantsite. 

The average winter temperature at Cassiar is in 
the range of -10 to -15°C. The winter season extends 
from October to May, and dur ing this t ime there is 
an over-all snowfall of approximately 116 in. (295 
cm). The mountain ridge to the south of the com­
munity permits only diffused sunlight to reach the 

Cassiar. British Columbia 
Location Map 

FIGURE 1 —Location of the Cassiar Mine. 

town during December and January . During the spr ing 
and early summer months, temperatures reach 21 °C 
under sunny skies. The lat ter par t of the summer and 
fall is characterized by cloudy weather, with an aver­
age rainfall of 16 in. (40 era). 

Brian G. Pewsey was born in Zambia 
and received his primary education 
in South Africa. He joined Rhodesian 
Selection Trust in 1954 as a learner 
surveyor and by 1959 had gained his 
higher and advanced national certi­
ficates in mining, mining economics 
and surveying. In 1961, he entered the 
Camborne School of Metalliferous 
Mining, receiving his associateship in 
1964 when he returned to Rhodesian 
Selection Trust in Zambia as an un­

derground mine official. In 1966, he immigrated to Canada, 
joining the Iron Ore Company of Canada at Schefferville, 
Quebec, as mine engineer, progressing to supervising en­
gineer, mines, by 1969. In 1970, he joined Rio Algom Ltd. 
in Toronto as mining engineer, working on feasibility 
studies and field exploration programs. In 1974, he joined 
Cassiar Asbestos Corporation Limited as mine superinten­
dent and became mine manager in 1976. He is a member 
of the CIM and the Association of Professional Engineers 
of British Columbia and Ontario. 

Keywords: Cassiar Mine, Asbestos, Townsite, Services, 
Manpower, Transportation. 

History 
The existence of the asbestos deposit had been 

known by native hunters for many years before de­
velopment work commenced. Stories were told of 
mountain sheep bedding down in matted fibre tha t 
accumulated from the weathering of the outcrop. In 
1950, four prospectors, Richard Victor Sittler, Hiram 
Nelson, and the brothers Robert and Ronald Kirk, 
staked the property, but it was not until 1951 tha t 
improvements in t ransportat ion and economics made 
development work possible. The Conwest Exploration 
Company Ltd. of Toronto acquired the holdings in 
1951 and formed Cassiar Asbestos Corporation Lim­
ited, which commenced the development of the deposit. 

The first ore was mined in the fall of 1952, when 
talus ore was trucked to a mill rated at a capacity of 
250 tons per day. The t ransportat ion of the ore was 
originally by truck from the mine to the mill along 6 
miles (9.6 km) of steep, narrow and inadequate roads. 
In 1953, a 180-degree concave steel chute was con-
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FIGURE 2 — Townsite plan at Cassiar. 

structed and used to t ranspor t the ore from the 
6400-ft (1950-m) elevation to the 4800-ft (1463-m) 
elevation, a drop of 1400 ft (427 m) , where it was 
loaded and transported to the mill in 10-ton trucks. 
This chute, however, became constantly clogged and 
was abandoned in 1956 in favour of a 14,600-ft (4450-
m) aerial t ramline which extended from the mine at 
elevation 5800 ft (1768-m) to the mill at elevation 3525 
ft (1074 m) . The operating capacity of the t ramline 
was 1800 tons per day, with each of the 180 buckets 
carrying % ton net weight. 

The mine had been developed and operated as a 
summer operation from 1952 until 1962. The reason 
for this part-yearly operation was the fact that suf­
ficient ore could be mined and transported during the 
summer months to satisfy the yearly feed to the mill. 
By' 1962, the s t rengthening of markets and a greater 
demand for the Cassiar fibre eventually resulted in a 
year-'round mining and milling operation. An im­
portant addition was a rock reject plant, located at the 
mine site, to concentrate the ore and improve the grade 
of the fibre t ransported to the mill stockpiles. Dur ing 
this time, the mill had progressed from a 250-tpd oper­
ation to a 1600-tpd operation. As improvements and 
additions were being made to all operations of the 
plantsite and mill, the tonnage increased yearly until 
it reached 2000 tons per operating day by 1966. 

The progression, in a par t of the province con­
sidered remote and hostile, from a small seasonal oper­

ation to a 12-month operation had shown tha t the 
efforts and perseverance of the Cassiar management 
team had been well justified. 

The operation, by 1966, was increasing in product­
ivity at a ra te tha t required a change in over-all con­
cept. I t was becoming increasingly evident tha t the 
tramline was under capacity for the mill demand. The 
remedial approach was to improve and widen the exist­
ing 6-mile (9.6-km) haul road from the mill to the 
mine site and supplement the tramline with trucking, 
using trucks ranging from 28 to 60 tons capacity. 

By 1970, the milling operation had progressed to a 
rated capacity of 2200 tons per operating day, with 
36% of the total ore delivered from the mine by 
truck. The demand for fibre by 1970 had progressed 
to in excess of 75,000 tons of fibre produced; conse­
quently, a new mill extension was constructed adjacent 
to the old mill, increasing the operating capacity of 
the mill as well as the fibre production from 250-275 to 
400 tons per day and also increasing the amount of 
recoverable fibre by adding one additional cement 
fibre grade (AZ). 

The tonnage processed by the new milling complex 
had, by 1975, increased to 3300 tons per operating day, 
with truck t ransportat ion outstr ipping tramline trans­
portation by nearly 2 to 1. I t was during this year 
that the new tramline was commissioned. Studies had 
been initiated as early as 1971 to determine the most 
economical method of t ransport ing ore from the mine 
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Townsite and Services 
The present population of Cassiar is approximately 

2000 people, with the townsite situated in a valley (see 
townsite plan, Fig. 2) at an elevation of 3525 ft 
(1074 m) . There are two types of accommodation. 

For single personnel, the company provides bunk-
house facilities for both men and women at nominal 
rates payable by automatic payroll deduction. Meals are 
provided in the dining hall, also at nominal rates, by 
payroll deduction. There are 12 bunkhouses in the 
townsite, providing single-room accommodation for 
293 persons, mostly employees. Some visitors are 
located in these rooms when the need arises. The 
bunkhouses are either of Pan-Abode or frame con­
struction, or of mobile-home design. 

Married employees may purchase or rent houses 
from the company. This housing is in most cases of 
frame or Pan-Abode construction, but some of the 
more recent acquisitions are mobile homes. The town-
site currently contains 150 frame and Pan-Abode 
homes, 152 mobile homes and 18 townhouse units . 

Water for domestic use is pumped from Troutline 
Creek, which runs in an east-west direction jus t south 
of the townsite. The water is distributed under pres­
sure in a single loop and the excess is returned to the 
pump well. The water is kept running during winter 
months to prevent freezing. 

At present, there are three ways to dispose of the 
sewage: 
(1) individual septic tanks for the east section of the 
townsi te; 

FIGURE 3 —Cassiar trade routes. 

site to the mill. The tramline is 15,370 ft long (4685 
m) , travels at 600 ft (183 m) per minute and is 
capable of delivering slightly in excess of 6000 tons 
per day. I t is loaded and unloaded automatically and 
has 142 buckets, each holding 1.75 tons. 

The construction period at the Cassiar Mine has 
been accelerated since 1973, with many improvements 
to the operating and service-related areas. The growth 
of the operation as outlined in the preceding para­
graphs is continuing and will include additional instal­
lations which will contribute to the over-all efficiency. 

The town and plantsite. 



(2) collective septic tanks for the west section of the 
townsi te; 
(3) an aerobic t rea tment plant for the cafeteria and 
bunkhouses. 

Cassiar has a small, but modern and fully equipped, 
six-bed hospital and dental clinic. Facilities include 2 
two-bed wards, 2 single-bed wards, an operating room, 
2 dental chairs , a nursing station and a kitchen. I t 
affords complete provision for the thorough physical 
examination required by company safety and health 
standards, including equipment for chest X-ray, hear­
ing, vision and respiratory test ing. 

The hospital staff includes two doctors, a dentist, 
head nurse and five staff nurses. In more serious cases 
or emergencies, the Rescue Coordination Centre of the 
Emergency Health Services Commission for the Prov­
ince of B.C. is contacted and they dispatch an air­
craft for t ransportat ion to Whitehorse, Prince George 
or Vancouver. 

Other townsite services include snow removal, 
garbage disposal, and the operat ing and control of 
the dry goods and grocery stores. 

Recreation facilities include: a community center 
with a library, lounges and a gymnasium; curling 
club (two sheets of artificial i ce) ; swimming pool; 
arena with artificial ice; lounge; snack bar ; ski hill 
with rope tow; tennis courts and playing field. 

The business establishments in the townsite a r e : 
Royal Bank; C.N. Telecommunications; post office; 
t ransportat ion and bus company; liquor s tore; two gas 
stat ions; cable T.V. outlet; ha i rdresser ; barber shop; 
two clothing boutiques; and many smaller and par t -
time stores providing sporting goods, snowmobile sales 
and repairs, radio and T.V. sales and repairs, and chil­
dren's clothing. 

An elementary-secondary school, with 17 teachers 
and 14 classrooms, offers instruction from kinder­
garten to Grade 12 level. 

A small 3400-ft (1036-m) local a i r str ip is available 
during the summer months. The CBC provides T.V. 
coverage through its ANIK satellite communication 
system. 

There are two churches in Cassiar which serve all 
denominations, an R.C.M.P. detachment, and a fish­
eries and wildlife officer. 

Fibre Transportation and Use 
The transportat ion of the asbestos fibre from Cas­

siar, approximately 400 tons per day, is an ongoing 
and continuous process. Truck, t r a in and ship t rans­
ports are used to move container and palletized loads 

TABLE 1 — Cassiar Mine — Products and Industrial Use 

Products Industrial Use 

AAA, AA, A, AC, Ac-60, AK-100 

AK, AS, AX, AY, AZ 

AK 60, AS 60, AX 60 

AK 100, AS 100, AX 100, AY 120 

Spinning Fibres. Products are used in 
the textile industry for yarn, cloth, 
rope tape and wicks. Yarn and cloth 
are used for protective clothing, 
blankets, etc. The rope tape and wicks 
are mainly used for packing materials 
in water faucets and high-pressure 
pumps. 

These products are used in asbestos 
cement products for pipe, flat and cor­
rugated sheets and hand-moulded 
products such as pipe joints, flower 
pots, rain gutters and electric switch 
boxes. 

Products are used in gasket products 
mainly. However, some is used in 
brake linings for heavy industrial 
equipment. 

Used in filter products for filtering 
beer, wine and water. Some AX, AY, 
AX 60 and AY 120 grades are used in 
electrical components as reinforcing 
agents with plastics 

of fibre to Vancouver for onward shipment to over­
seas and North American markets. Currently, the fibre 
is routed by truck from Cassiar to Whitehorse in the 
Yukon Terri tory, where it is loaded on the White Pass 
& Yukon Route railway system and transported to 
Skagway, Alaska. At the Alaskan port, the asbestos 
containers a re reloaded onto container ships for del­
ivery to Vancouver. A certain amount of fibre is also 
transported by truck to For t Nelson and Dawson 
Creek, Brit ish Columbia, where it is loaded onto the 
Brit ish Columbia Railway system for delivery to Van­
couver, with the exception of a small amount going 
directly to the United States. Some fibre is trucked to 
the Cassiar Asbestos wharf in North Vancouver, but 
this is strictly as a back-haul situation. 

The fibre is unloaded at the company's North Van­
couver wharf, where it is stored by grade for final 
shipment to customers. 

Cassiar Asbestos Corporation Limited ships i ts 
fibre to over 40 countries in the world (see attached 
plan of Cassiar t rade routes, Fig. 3) , where the prod­
uct is used for spinning in the textile industry, mixing 
with cement, and in many other industries (as outlined 
in Table 1) . 



"THE CASSIAR STORY" 

Geology 
Fred G. Hewett, Mine Geologist, 
Cassiar Asbestos Corporation Limited, 
Cassiar, B.C. 

Abstract 
The Cassiar orebody is located in a sill-like serpentinite 

body intrusive into the Devonian-Mississippian sedimentary 
rocks of northern British Columbia. Subsequent intrusion of 
the Cassiar batholith formed the McDame synclinorium and 
produced chrysotile asbestos. 

Present information indicates an orebody of approximately 
16,277,000 tons amenable to open-pit mining, but continued 

FIGURE 1 —Plan of regional geology. 

^ ^ ^ ^ Fred G. Hewett was born in New Den-
BNfc ver, B.C., and graduated from the 

jfl m University of British Columbia with 
■ r m a B.Sc. in geology. His working back-
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jm tween exploration and mining geology. 
~ - f He was emoloved by Conwest Ex-
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Jk ^ W J | | . and Ontario during 1966. In 1967, he 
.J^IPIIJ J ^ llsfp: Joined Placer Development Limited as 

a technician and underground diamond 
drilling coordinator at Craigmont Mines Limited in 
Merritt, B.C., and subsequently transferred to Canex 
Placer Limited as a field geologist in 1969. He returned 
to Craigmont in 1972 as the exploration geologist, based 
in Kamloops. 

In 1973, he joined Cassiar Asbestos Corporation Limited 
in his current position as mine geologist in charge of the 
Cassiar Mine geology department. He is a member of the 
CIM and a Fellow of the Geological Association of Canada. 
Keywords: Cassiar Mine, Geology, Mine geology, McDame 
synclinorium, Sylvester Group, Structural geology, Drill­
ing, Adit exploration, Grade control, Reserve estimation, 
Computers. 

diamond drilling will be needed to accurately define total 
tonnage and grade. A program has been developed at the 
mine to provide the required information on a daily basis, 
and work is continuing on more effective dollar-value predic­
tion methods. 

Geological Setting 

REGIONAL 
T H E CASSIAR MINE is located approximately in the 
middle of a northerly t rending belt of rocks which 
forms the spine of the Cassiar Mountains. This belt is 
approximately 45 miles wide, being bounded on the 
east by the Liard Plain and on the west by the Stikine 
Plateau (Fig . 1) . 

The Cassiar asbestos deposit occurs within the 
Sylvester Group — a thick eugeosynclinal assemblage 
of volcanic and sedimentary rocks of late Devonian to 
early Mississippian age. This assemblage forms a 
major par t of the McDame synclinorium, a large pack­
age of predominately sedimentary rocks laid down 
from Precambrian to Mississippian time. Regional 
rock types are described in Table 1. The syncline was 
formed during the upheaval caused by the implace-
ment of the Cassiar batholith in Jurassic-Cretaceous 
time. Occurring chiefly along the axis of the syncline, 
but also occasionally at other s t ra t igraphic horizons, 
lies a s tr ing of ultramafic bodies known as the 
McDame Intrusives. These Mississippian bodies in­
trude the Sylvester Group intermittently for 70 miles 
and, although most have been converted to serpentine 
and contain chrysotile asbestos, so far only one — the 
Cassiar deposit — has proven economically viable. 

LOCAL 
The Cassiar orebody occurs in a sill-like body of 

serpentinite which intruded the west limb of the 

TABLE 1 — Regional Rock Types 

Age Name Description 

Jurassic/Cretaceous Cassiar Intrusions Quartz-monzonite, grano-
diorite, etc. 

Mississippian McDame Intru­
sives 

Serpentine and related 
rocks. 

Devonian-Mississippian Sylvester Group Interbedded argillites, 
quartzitesand volcanics. 

M. to U. Devonian McDame Group Platy limestones, black 
dolomites and shales. 

Silurian and (?) 
Devonian 

Sandpile Group Interbedded quartzites, 
sandstones, dolomites and 
minor phyllites. 

M. to U. Cambrian Kechika Group Black to brown platy 
shales; often pyritic. 

L. Cambrian Atan Group Interbedded marbles, do­
lomites, argillites and 
quartzites. 

Late Precambrian Good Hope Group Coarsely crystalline lime­
stone and marble. 
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FIGURE 2 —Plan of local geology. 

McDame syncline near the base of the Sylvester Group 
(Fig. 2 ) . The orebody strikes approximately north-
south, with a dip of 30-45 degrees to the east. Approxi­
mate present surface dimensions are 700 ft (213 m) 
by 1500 ft (457 m) . The northern limit has been par­
tially eroded by glacial action, leaving a large cirque 
filled with serpentine and argillaceous talus and 
debris. The host body consists of blocky, locally slick-
ensided, l ight to dark green serpentine containing 
numerous veinlets of chrysotile asbestos (Fig. 3 ) . In 
some areas of lesser serpentinization, basti tes of ser­
pentine pseudomorphous after rhombic orthopyroxene 
are evident. Magnetite is fairly abundant, occurring 
in microscopic veinlets and larger veins throughout 
the serpentine. Disseminated magneti te is conspicu­
ously absent. Other minerals associated with the ser­

pentine emplacement include: picrolite, magnesite, 
nemalite, brucite, tremolite and antigori te. 

Locally, the Sylvester rocks comprise argillite, 
argillaceous quartzite, volcanics (greenstones) and 
graphit ic schist. The contact between these rocks and 
the serpentine is conspicuously marked on the foot-
wall by a zone of broken and incompetent argillite 
and graphit ic schists. In general, the footwall argillites 
a r e grey-brown to black, fine grained and graphit ic . 

Wall-building characteristics are poor, and this has 
resulted in an inter-ramp footwall slope design a t 
37 degrees. On the hanging wall, the contact is much 
less conspicuous and consists of a zone of indurated 
argillite locally referred to as the "alteration zone". 
This zone is composed of a zoisite-quartz-tremolite 
hornfels with local irregular bodies of nephrite jade 
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Rotary drill rig overlooking the pit and crusher. 

FIGURE 3 —Photograph of ore face —5780 Bench. 

and uvarovite garnet . As the hanging wall is traversed 
away from the contact, a gradual change from com­
petent grey-brown argillite to grey-green volcanic 
and altered volcanic flows in the upper portion is 
apparent. This evidence of eugeosynclinal deposition 
has resulted in good "wall-forming" material . 

STRUCTURAL 
Detailed s t ructure within the serpentine body can 

be considered complex. Numerous seemingly random 
joints, shear zones and vein systems occur throughout 
the orebody. These seem to be a result of tension 
release and cooling during emplacement of the Cassiar 
Batholith and the formation of serpentine. Faul ts and 
shear zones can be generalized into two groups. One 
group strikes east-west, with dips of ± 2 0 degrees from 
vertical. This group is characterized by the "70° shear" 
at the southern end of the main orebody (Fig. 4 ) . The 
other group strikes approximately north-south, with 
either a very steep western dip or an eastern dip near 
45 degrees. This group is characterized by the "45° 
shear", which runs through the central portion of the 
main orebody and acts as the western boundary of 
the southern lobe. Faul t ing has been both pre-ore 
and post-ore, as evidenced by abrupt terminat ion of 
fibre at the 70° shear and sheared fibre within the 
45° shear. Joints and vein systems are considered as 
random in dip, although they seem to persist in s t r ike 
between 90°and 180°. Some vein systems are also 
associated with the 45° shear as noted above. Two 
sets of joints and veins are sub-parallel to hanging-
wall joint sets and will be discussed later. 

S t ructures within the footwall argillites are domin­
ated by the West Fault . This major fault strikes 
generally southeast, with a steep dip to the northeast . 
I t occurs as a 50-ft (15.2-m) to 75-ft (22.9-m) wide 
zone of crushed argillite and graphi t ic material . Stud­
ies suggest a reverse fault and a relationship to the 
70° shear within the serpentine. Bedding within the 
footwall argillite strikes near north-south, with dips 
of 30° to 50° to the east. The argilli te-serpentine con­
tac t generally parellels this bedding, with some rolls 
to give a variable dip between 20° and 70°. Care must 
be taken with berm-face and haul-road design in this 
area. Joint sets are not well developed, but generally 
two dominant orientations are evident. One set of 
"cross jo in ts" strike northeast, with steep dips to the 
northwest and southeast. These may be comparable to 
the tension fractures within the serpentine. The other 
set of joints essentially parallels the bedding strike, 
with steep dips to the west. 

Structures within the hanging-wall argilli tes are 
generally simple, with three dominant sets of joints 
and related faults. Two joint sets strike slightly north 
of east, with steep dips to the north and south; the 
north-dipping set is the most continuous. Major faults 
throughout the hanging wall parallel, and occur along, 
these joint sets ; they offset the argillite-serpentine 
contact in many places. A third joint set strikes 
slightly east of south, with steep dips to the west. The 
combination of three joint systems produces wedge 
failures tha t are generally less than one bench height. 
These systems sub-parallel two joint sets in the ser­
pentine, as previously discussed. Evidence is therefore 
reinforced for much post-implacement fracturing and 
movement. Bedding within the hanging-wall argillites 
generally strikes 45 degrees, with fairly shallow (25°-
40°) dips to the southeast. The str ike of the argillite-
serpentine contact varies from north to northeast , 
with dips slightly steeper than the argillite bedding 
(30°-45°). As the hanging wall is traversed, some 
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FIGURE 5 —Cross section: 23,400 N. 

volcanic flows are encountered, until, in the "south 
peak" area of the mine, the wall rock is predominently 
volcanic. These rocks are generally structureless, with 
the general flow direction sub-parallel to the ser­
pentine emplacement. A major fault system (str iking 
east-west and essentially vert ical) , sub-parallel to the 
west fault and 70° shear, occurs in the southern 
portion of the pit. This system, known as the south 
fault, can be considered as an important area of future 
exploration due to its apparent southern termination 
of the ore and its genetic relationship with other 
major systems. 

Geological mapping of all fresh faces is conducted 
throughout the pit to provide the geological base for 
pit planning and slope analysis. 

Mine Development 
SURFACE DIAMOND DRILLING 

An annual program of HQ diamond drilling was in­
itiated in 1971 within the Cassiar pit to provide the 
on-going grade and fibre characterist ics needed for 
mine planning, and to explore the fibre zone currently 
beneath the open-pit design limits. Prel iminary dia­
mond drilling was attempted on the main orebody in 
1951, but was largely unsuccessful due to poor core 
recovery. Diamond drilling was also carried out in 
1961 and 1963 in the cirque to the north of the orebody 
to determine if any fibre-bearing s t ructures followed 
the serpentine band. P i t waste dumps are now located 

in this area. Total footage drilled to date is nearly 
39,000 ft (11,887 m) (Fig. 5) . 

Diamond drilling at Cassiar presents problems. Some 
are unique to serpentine, whereas many are common 
to the mining industry. Drilling within the orebody is 
attempted on 100-ft (30.5-m) grid centres where pos­
sible. The na ture of the serpentine host rock, chrysotile 
fibre veinlets and shear zones make core recovery dif­
ficult. However, much success has been achieved since 
the initial 1951 drilling using HQ wireline equipment, 
with reduction to NQ where necessary. Deviation of 
planned hole direction in the serpentine is minimal. 

Drilling from the hanging-wall argilli tes into the 
serpentine presents other problems. Due to the domi­
nant hanging-wall bedding, all drill holes deviate to 
the north. This has resulted in holes being laid out to 
compensate for the expected deviation, which naturally 
precludes vertical holes. Down-the-hole methods in the 
argillites will be investigated in 1978 to obtain a ver­
tical hole, with coring s tar t ing at the serpentine. Drill­
ing in 1978 and subsequent years will be carried out 
in the pi t to obtain fur ther information for future 
mining and from the peak to determine the extent of 
the fibre zone at its southern end (Fig. 6 ) . By the 
fall of 1980, a final decision must be made on the final 
design, which will influence both this and succeeding 
designs. Each design has a maximum waste yardage 
to be weighed against former ore. However, if by 
drilling, the ore is shown to be appreciably reduced 
(automatically increasing waste yardage) , then the 
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FIGURE 6 — Oblique section showing southern ore extension. 

design must be revised to ensure a continuous ore 
supply. Comparable arguments apply to possible pre­
ceding designs and /or increment t r ials . 

All drill holes a re surveyed using the Sperry-Sun 
single-shot device. Where magnetic deflections are 
suspected, the Sperry-Sun Surwell Gyro survey is used 
for exact hole location. 

No water under pressure has been encountered by 
diamond drilling, although groundwater is naturally 
found in the holes. This lack of head and slow re­
charge has indicated tha t there is no perched water 
table (or very local ones) within the pit. A plan of pit 
water flows and drill-hole water levels is maintained 
during the summer months to aid in groundwater 
studies. Diamond drill core is stored in a central plant-
site facility for colour photography (Fig. 7) , geo­
logical and fibre logging, and possible tes t milling. 

ADIT EXPLORATION 
Exploration adits were collared in 1952 at the 6000-

ft (1829-m) elevation and in 1958 at the 5700-ft 
(1737-m) elevation. These adits traversed the orebody 
and provided valuable bulk sample data as to grade 
and dollar value, as well as providing geological map­
ping sites. Some limited underground diamond drilling 
also was done. Mining has since removed the 6000-ft 
(1829-m) adit and portions of the 5700-ft (1737-m) 
adit . 

Grade Control 
Daily grade control comprises face mapping and 

examination of all blast-hole drill cuttings within 
the pit. Blast plans are prepared showing the various 

FIGURE 7 —Photograph of HQ diamond drill core. 

lithologies present in each blast, as well as f ibre 
grade and quality (dusty, wet) est imates of serpen­
tine holes. As well, daily mucking sheets a re main­
tained in the mine shifter 's office showing the grade 
and quality of the ore available to be mined and the 
planned mining parameters . P lans of the mill 's out­
side ore s torage areas and dry rock storage are main­
tained in the mill shif ter 's office'to provide informa­
tion for blending and quality control. Daily examina­
tion of mine ore delivery, mill production, mill 
s torage areas and laboratory assay resul ts yields a 
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comprehensive picture of the daily ore situation. The 
data are recorded on the daily ore delivery sheet 
located in the geology office. 

A test mill is also available to provide simulated 
mill recovery of selected drill-core intervals, pit-
muck and blast-hole samples, mill feed, tailings and 
reject samples. Weekly and monthly grade control 
sheets are maintained to show the accuracy of the 
geological predictions versus test mill sample results 
and actual mill recovery. Weekly and quarterly min­
ing schedules are also provided to mine and mill per­
sonnel, in conjunction with the planning department, 
to aid in pit planning and scheduling. 

The mine geologist, through his department, is 
completely responsible for all ore mining and sched­
uling, and coordination with milling and marketing 
personnel. 

Ore Reserves 
GENERAL 

Ore reserves mineable by currently planned open-
pit methods were estimated at December 31, 1977 to 
be 16,277,000 tons at a 3.0% C.C.R.G. (Corrected Core 
Reading Grade) cut-off grade, with waste stripping 
quantities needed to liberate this ore estimated to be 
48,042,000 bey (bank cubic yards). A further nearly 
8,000,000 tons of "geological" reserves, outside pre­
sent pit limits (to the 5000-ft level), have been par­
tially defined by diamond drilling. 

ESTIMATION 
Ore reserve estimation is carried out using the 

data obtained from adit mapping, blast-hole logging, 
pit mapping and diamond drill information. Natural­
ly, diamond drill core is of prime importance in pro­
jecting fibre zones. 

The diamond drill core is logged in 5-ft (1.5-m) 
intervals, with a physical counting of all fibre vein-
lets of 1/16-in. length or greater, the procedure being 
repeated by a second individual after 90-degree rota­
tion of the core. Actual geological logging of the 
core for rock types, alteration parameters, shear 
zones, etc., is also carried out. The two grade esti­
mates are averaged and equated over the distance 
actually read within the 5-ft (1.5-m) interval (i.e., 
assuming core lost has an equal grade to that re­
covered). This grade estimate is then corrected for 
the angle of the fibre veinlets (assume random 45 
degrees) to the core, to produce a C.C.R.G. 

. . n . Total Sixteenths Read . . - , , . c o C.C.R.G. = c . n , „ . , w l . X Cosecant of 45° 
Feet Read X 12 X 16 

The 5-ft (1.5-m) intervals are then combined to yield 
a 30-ft (9.1-m) bench average grade with correspond­
ing length and quality data. 

Calculation involves the construction of 100-ft 
(30.5-m) square blocks around each drill hole (where 
possible) to produce a 100-ft (30.5-m) by 100-ft by 
30-ft (9.1-m) (bench height) planning prism. Using 
data compiled from adit bulk sampling and historical 
mill records, the block is designated as AA or A 
type ore. 

AA Ore: - C.C.R.G 8.00% + 
Average Length: 0.150 in. + 
Percentage of/2 in 15% + 

A Ore: -C.C.R.G.: 3.00% + 
Quality parameters decided on daily mining 

Block data may be adjusted for geological reasons, 
such as contact areas, etc. The data for the block are 
then assigned block numbers and fed into the 9825A/ 
9871A Hewlett Packard mini-computer. Print-outs 
from the computer yield a C.C.R.G. grade calculation, 
length distribution data, ore type (AA and A) and 

ORE DEPOSIT MODEL FILES-PHASE 0 (PAH vers ion July 1977) EXAMPLE ONLY 

AVG. 1/2 + 3/8 5/16 1/4 3/16 1/8 1/16 AA 
BLOCK CCRG LENGTH INCH INCH INCH INCH INCH INCH INCH ORE 

LEVEL BLOCK AREA PRCNT INCHES PRCNT PRCNT PRCNT PRCNT PRCNT PRCNT PRCNT AREA 

5690 1 1.00 2.90 0.104 3 5 8 2 14 31 7 0.00 
2 0.64 2.08 0.089 0 6 4 6 15 28 41 0.00 
3 1.00 2.09 0.100 2 3 6 8 12 30 39 0.00 
4 1.00 2.80 0.111 7 6 7 7 13 23 37 0.00 
5 1.07 3.51 0.121 12 9 9 6 15 17 32 0.00 
6 1.07 7.49 0.123 8 2 8 15 15 25 27 0.13 
7 0.50 8.39 0.136 9 6 7 16 16 24 22 0.00 
10 1.01 6.85 0.115 4 6 5 12 16 29 28 0.00 
11 0.96 8.07 0.132 7 8 5 14 16 27 23 0.65 
12 1.05 9.28 0.148 10 10 6 17 17 23 17 0.36 
13 0.44 3.99 0. 122 5 8 4 13 17 27 26 0.00 
14 0.30 2.14 0.108 0 4 0 16 14 36 30 0.00 
15 0.92 3.60 0.109 5 8 3 12 14 29 29 0.00 
16 0.66 7.19 0.134 11 9 6 12 13 25 24 0.00 
17 1 .00 10.77 0.158 17 11 9 13 12 21 17 0.48 
18 0.97 7.65 0.158 16 7 9 16 17 31 15 0.09 
19 0.56 5.81 0.164 20 12 7 16 10 20 15 0.00 
20 0.55 8.41 0.139 12 11 6 11 13 27 20 0.00 
21 0.88 6.72 0.134 7 9 8 14 15 26 21 0.00 
22 1.00 10.67 0.148 16 3 6 13 15 24 18 0.13 
23 0.53 9.78 0.142 13 7 7 13 15 25 20 0.38 
24 1.14 8.89 0.135 11 6 8 14 15 24 22 0.21 
25 0.48 5.54 0.127 7 6 6 16 15 27 23 0.28 
26 1.05 5.91 0.137 10 8 7 14 15 26 20 0.00 
27 1.02 10.72 0.138 7 11 5 13 16 32 16 0.01 

FIGURE 8 — C o m p u t e r pr in t -out — 5690 Bench data. 
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tonnage, and estimated product results for each 
block, bench, phase or life of mine as desired. 

Correlation 
A tonnage reconciliation of the reserves is carried 

out monthly, as noted in the planning paper. The 
grade reconciliation is somewhat more difficult, with 
the calculated C.C.R.G. serving as a base for all 
other grade estimations. Mill recovery, and therefore 
Recoverable Mine Grade (R.M.G.), may change due 
to economics, mill circuitry, etc. The changing rela­
tionship between C.C.R.G. and R.M.G. is called the 
Grade Factor (G.F.) and is defined as: 

R.M.G. (historical) . _ . . . , . ., 
O P n n /■■• . IN = G.F. (historical) 
C.C.R.G. (historical) v 

The historical grade factor can therefore be used in 
conjunction with the C.C.R.G. to produce a predicted 
R.M.G. for any period: 
C.C.R.G. (calculated) X G.F. (historical) - R.M.G. (predicted) 

This would provide an estimate of the actual fibre 
recoverable from the reserves for the life of the 
mine, or for any mining period, assuming constant 
mill efficiency. The most critical value, however, 

needed for an economic evaluation is the value of 
that recoverable fibre (see planning paper). This 
fibre value (F.V.) is currently obtained from the 
Fibre Value Prediction Graph, which relates R.M.G. 
(%) to F.V. ($). 

A more definitive system, based on correlation of 
C.C.R.G. length distribution with mill product dis­
tribution, is currently being evolved. This system 
yields an estimate of products contained in any phase 
or mining increment. Application of appropriate 
fibre prices and summation gives an estimate of rock 
value ($/ton) and total increment value ($). 
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"THE CASSIAR STORY' 

Mine Planning 
G. Scott Zimmer, Mine Engineer, 
Cassiar Asbestos Corporation Limited, 
Cassiar, B.C. 

Abstract 
Mine planning at Cassiar consists of an annual cycle of 

projection, control, evaluation and revision following com­
pletion of annual diamond drilling during the summer 
months. The inherent difficulty in evaluating fibre grade and 
distribution, combined with a high-wall phase or push-back 
mining system, requires continuous modification to designs 
and schedules based on a cumulative evaluation of equip­
ment performance and prediction versus production. To 
expedite the planning sequence, a mini-computer system 
has been introduced which allows emphasis to be placed on 
optimizing designs, exempting personnel from manual cal­
culations and tabulations. 

Introduction 
SINCE 1971, Cassiar has been carrying out an exten­
sive diamond drilling program to fur ther define the 
limits of the orebody in te rms of tonnage and grade. 
Evaluation of drilling data indicated sufficient ore of 
suitable quality to wa r r an t an ongoing expansion of 
operations and facilities. In order to provide a base for 
sound decision making, Cassiar 's mine planning pro­
cedures have undergone a substantial change since 
1973 with the review of old procedures and the intro­
duction of a mini-computer. 

Mine planning at Cassiar can be summarized as an 
annual cycle consisting of ore and waste projection, 
control, evaluation and revision. This entails the re­
vision of the ore reserve figures after the evaluation 
of the annual drilling program, a sub-division of re­
serves into mining increments, engineering control and 
direction of mining operations, a reconciliation and 
evaluation of production with initial projections and, 
finally, a modification of reserves based on the pro­
duction evaluation in preparat ion for use in conjunc­
tion with new drilling data to begin the annual cycle 
again. 

£G. Scott Zimmer was born in the 
U.S.A. and educated at Michigan 
Technological University from 1962 
until 1966, majoring in geological en­
gineering. He joined United Keno Hill 
Mines Limited in 1967 as senior ex­
ploration geologist. From 1969 until 
1970, he was employed as a staff geol­
ogist in the consulting firm of R. G. 
Hilker Limited in Whitehorse. In 1970, 
he joined Conwest Exploration Com­
pany Limited as a staff geologist, 

progressing to resident geologist in charge of the White-
horse office. He joined Cassiar Asbestos Corporation 
Limited in 1972 as mine geologist and became mine engi­
neer in 1973. He is a Member of the CIM and a Fellow 
of the Geological Association of Canada. 

Keywords: Cassiar Mine, Mine planning, Drilling, Samp­
ling, Pit design, Reserve calculations, Scheduling, Com­
puters. 

There a re three fundamental problems to consider in 
medium- to long-range planning. Two of the diffi­
culties are fibre related; the third is due to a mining 
method commitment. 

The first fibre-related problem is the difficulty of 
developing a rapid and consistent method of deter­
mining fibre content to an absolute or s tandard base. 
A new test mill system is currently being installed, but 
until the system is operational, all "assay" data used 
in mine planning are based on C.CR.G. (Corrected 
Core Reading Grade) . The relationship of C.CR.G. 
with R.M.G. (Recoverable Mine Grade) is entirely 
dependent on mill efficiencies. 

The second fibre-related difficulty is in assigning a 
rock value ($ / ton) to future ore for evaluation pur­
poses. Cassiar produces different fibre grades with 
values ranging from $320 per ton to $3,620 per ton. I t 
is theoretically possible to produce nearly all of these 
products from any ore grade. Accordingly, derivation 
of rock value is again a function of mill efficiency and 
relies heavily on historical product distribution and 
market demands. 

The third constraint is a commitment to a push-
back or phase mining concept due to an ever-increasing 
hanging-wall depth [currently 1000 ft (304.8 m) ver­
tical and increasing to at least 1600 ft (488 m) over 
the mine l i fe] , which imposes severe restrictions on 
ore availability and flexibility, requir ing critical ore 
and waste scheduling, as well as constant evaluation 
to ensure ore continuity between phases. 

Reserve Calculations and Pit Design 
Mine planning procedures have been simplified as 

much as possible in order to produce a general flow 
sheet (Fig. 1) . The foundation for planning consists 
of a master set of bench plans covering the entire ore-
body at mining bench intervals : 45 ft (13.7 m) in 
waste and 30 ft (9.1 m) in ore. These plans carry 
lithology, macro-structure, a fibre to no-fibre inter­
polated (to 3.0% C.CR.G.) contact and high-grade 
zones within the "ore" limits. The fibre-bearing zone 
on each bench within the 3.0% C.CR.G. contour is 
sub-divided into blocks, nominally 100 ft (30.5 m) by 
100 ft (30.5 m ) , based on drill-hole intersections. 
Computer input of block areas, C.CR.G. grade and 
C.CR.G. length distribution for each bench produces 
a master grade-block model for the fibre-bearing zone 
which is independent of economic cut-off grade, mining 
limits and topography. Details of master model de­
velopment are covered under "Computer Applications". 
The up-dated master model provides the base for 
economic evaluation and mining projection of the ore-
body. 

Pr ior to establishing pit limits, a costing exercise is 
carried out to define the economic cut-off grade (cur­
rently established at 3.0% C.CR.G.). This exercise 
can be complicated due to the probability that much of 
the low-grade material below a given cut-off grade 
would necessarily be mined as waste due to access 
considerations. 

Also prior to establishing or revising pit limits, 
s t ructural geology must be evaluated to derive an 
optimum slope design for various zones of the proposed 
pit. I t should be noted tha t one of the advantages of 
phase mining is that intermediate phases may be 
treated as t r ia l slopes so tha t design parameters can 
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CASSIAR ASBESTOS CORPORATION LIMITED 

MINE PLANNING FLOWSHEET 

35 
FIGURE 1 — Mine planning flowsheet at Cassiar. 
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PHASE 7 PHASE 8 PHASE 9 
ASBESTOS CORPORATION LIMITED 

DIAGRAMMATIC SECTION SHOWING 
CURRENT DESIGN PARAMETERS 

FIGURE 2 — Section showing current design paramters. 

be optimized by the time mining to ultimate pit limits 
(final phase) is s tarted. Current operating slope de­
signs are graphically documented on an idealized sec­
tion (Fig . 2) and are summarized as follows: 
FOOTWALL: 

Inter-ramp slope 37° (toe to toe) 
Inter-berm slope 66° (crest to toe) 
Berm width 53 ft (16.1 m) 
Berm interval 60 ft (18.3 m) (double benching) 
Bench height 30 ft (9.1 m) 

HANGING WALL: 
Ore and Waste Serpentine 
Inter-ramp slope 40° (toe to toe) 
Inter-berm slope 66° (crest to toe) 
Berm width 45 ft (13.7 m) 
Berm interval 60 ft (18.3 m) (double benching) 
Bench height 30 ft (9.1m) 

Argill ite from Serpentine/Argillite Contact to 180 ft (54.9 m) Above 
Contact 
Inter-ramp slope 47° (toe to toe) 
Inter-berm slope 66° (crest to toe) 
Berm width 44 ft (13.4 m) 
Berm interval 90 ft (27.4 m) (double benching) 
Bench height 45 ft (13.7 m) 

Cassiar personnel map out s t rategy. 

Argill ite Greater than 180 ft (54.9 m) Above Serpentine/Argillite 
Contact 
Inter-ramp slope 50° (toe to toe) 
Inter-berm slope 66° (crest to toe) 
Berm width 35 ft (10.7 m) 
Berm interval 90 ft (27.4 m) (double benching) 
Bench height 45 ft (13.7 m) 

The above slope parameters have evolved through 
field t r ia ls and s t ructural analyses by several con­
sulting firms. 

The need for optimizing pit geometry was apparent 
in 1971 when deep diamond drilling extended the depth 
of the orebody. In early 1972, the argillite portion of 
the Phase 7 hanging wall was steepened to a 49-degree 
inter-ramp slope, based on a pre-splitting design. A 
shortage of drilling capacity, combined with prominent 
jointing, negated the effectiveness of pre-splitting. 
Accordingly, the argillite portion of the hanging wall 
was redesigned at a 45-degree inter-ramp slope until 
s tructural data could be accumulated and evaluated. 
In 1974, a slab failure occurred on the footwall haulage 
road, because the ramp straddled the faulted serpen-
tine-argillite contact. Drilling during 1973 and 1974 
also indicated a roll or bulge of the contact into the 
footwall a t depth. Consequently, it was apparent t ha t 
the ultimate footwall haulage road system must be 
relocated behind the footwall serpentine/ argillite 
contact. 

Initial evaluation indicated tha t a 47-degree inter-
ramp was feasible and a contractor was brought in to 
s ta r t the excavation in the fall of 1974. However, 
mining revealed a more complex sructural system than 
anticipated and an abundance of highly unstable 
graphit ic material was encountered which eventually 
required the redesign to the present in ter-ramp slope 
angle at 37 degrees. 

As shown, the inter-berm slope for all zones is 66 
degrees. This figure was initiated as a function of 
shovel digging arc to provide a base for experimenta­
tion with the objective of evolving the steepest possible 
inter-berm slopes on a cost/ benefit basis, thereby 
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maximizing berm widths. Experimentation with off­
setting intermediate drill lines and controlled blasting 
has indicated tha t inter-berm slopes to 72 degrees a re 
possible in the upper hanging-wall argillites and tha t 
the less competent ore faces will ravel to approximately 
53 degrees over the life of a phase. 

Once slope parameters have been established, the 
approximate ult imate pit limits must be defined. The 
word "approximate" must be emphasized, as additional 
drilling is required prior to closer definition of the 
ultimate limits, which is carried out on a plan view 
by incremental analysis. Using the computer master 
model file, the ore and waste quantit ies in these in­
crements a re calculated and evaluated, using current 
costs and fibre prices to calculate a break-even str ip­
ping ratio. 

With ultimate pit limits established, the volume 
within is allocated to phases. The phase concept was 
initiated early in the mine life to avoid the necessity 
of making a commitment to a massive waste str ipping 
program based on insufficient ore information at 
depth. Phase mining, combined with topographical 
relief, imposes serious restrict ions. 
1. Peak benches are accessible only from the north end 
(see Figs . 3 and 4) , which results in the necessity of 
maintaining internal ramp systems, which effectively 
flatten the slope and increase the str ipping ratio. 
2. Timing, or correlation of ore and waste mining 
rates, is critical, as a serious shortfall in waste pro­
duction or overproduction in ore could mean several 
months without ore between the phases. 
3. The waste/ore ratio on the upper ore benches of all 
phases is high and these benches must be mined with 
the large shovels. Consequently, the ore on these 
benches usually cannot be by-passed due to confined 
working space and must be mined with the large 
equipment, which results in t ransportat ion and storage 
problems. 
4. Bench access restr ict ions, combined with phase de­
velopment, yield restricted working widths and result 
in inefficient equipment utilization. In 1971, when the 
largest shovel was a 4.5-cu.-yd 1400 P&H, bench widths 
were designed at 175 ft (53.4 m) . Now, the use of the 
present equipment — ll-cu.-yd 1900 AL shovels — 
requires a bench width of 300 ft (91.4 m) (Fig. 5 ) . 
5. Although the previously described design para­
meters are functional from a stability standpoint, 
phase mining unavoidably results in a considerable 
quanti ty of waste material filling berms below the 
working benches. In order to protect ore mining oper­
ations below, this material must be removed on a 
routine basis. The narrow berms resulting from 
steeper inter-ramp slopes precludes safe effective 
access for cleaning purposes. Consequently, the in­
ternal hanging-wall ramp systems are utilized for 
clean-up, and step-outs (see 6050 berm, Fig. 4) are 
developed where the vertical interval between ramps 
becomes excessive. Stability analysis is currently being 
carried out to determine the feasibility of triple 
benching in selected areas to obtain additional berm 
width. 

Current phase widths were developed by trial-and-
error methods based on determining the life of an ore 
phase at a given mining ra te and projecting current or 
anticipated annual equipment waste performance to 
the ore depletion time, which yields the maximum 
waste volume in the succeeding phase from the top 
down to continuous ore. Design tr ials are then carried 
out until this volume is reached. I t is important to 
note that the high-wall situation, as indicated in in­
dividual phase designs (see Fig. 3) , does not occur 

The Cassiar open pit in mid winter. 

until the final phase nears completion. The mining 
development sequence requires simultaneous mining 
of two or three phases (see Fig. 4) , so tha t the over­
all working slope is effectively much flatter then any 
individual phase design. Individual phase designs are 
maintained as accounting and planning reference bases 
only. In addition to the slope parameters , the following 
road design cri teria are employed: 

Footwall Haulage: 
minimum width 70 ft (21.3 m) 
grade 8%, with local sections to 10% 
duration life of mine 

Hanging-Wall Permanent: 
minimum width 50 ft (15.2 m) 
grade 8-10% 
duration life of phase 

Hanging-Wall Temporary (muck ramp): 
minimum width 50 ft (15.2 m) 
grade 10% for haulage, 12-15% for 

drilling and blasting access 
duration one or two benches 

Scheduling 
With completion of phase designs, a life-of-mine 

schedule, in five-year increments, is "mined" on paper. 
A mid-bench composite at the current pit configura­
tion is used as an overlay on the ore reserve bench 
plans and the composite is "mined" bench by bench 
until the end of the five-year period. Using the master 
block model, input of bench and block areas will pro­
duce an ore-waste-fibre summary for the period a t 
any required cut-off grade, ore recovery and mill 
recovery. The advantage of the system is tha t each 
bench must be examined for haulage access and ore 
continuity. Waste bottlenecks not apparent in the 
initial phase designs must be overcome or the phase in 
question must be redesigned. 

Within the time framework indicated in the life-of-
mine schedule, a detailed five-year mining plan for the 
immediate five-year period is developed similarly to 
the life-of-mine schedule, but a t yearly increments. P i t 
composites at year-end intervals (Fig. 4) , along with 
accompanying computer print-outs, are- retained for 
reference. Following the initial measurements and 
calculations, a detailed bar graph showing monthly 
bench position is produced. The five-year plan is re­
viewed and up-dated every six months with a critical 
review of the relative positions of ore and peak waste 
benches. 

A detailed yearly mining plan is similarly compiled 
each September for the following calendar year and is 
the foundation for the annual budget. Considerable 
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FIGURE 3 —Phase 8 pit limits. 



FIGURE 4 —Projected pit configuration to December 31, 1980. 



SECTION A - A 

FIGURE 5 — Minimum bench width for efficient operation of current waste stripping equipment. 

input is required from sales, mine, mill, geology and 
engineering in order to optimize this annual mining 
plan. Due to the preliminary s ta tus of fibre distribu­
tion projections, it is a prime function of mine plan­
ning to maintain the maximum degree of flexibility to 
compensate for deviations in grade and length of fibre 
from initial predictions. The annual mining plan is 
reviewed and revised quarterly. A bar chart for the 
yearly period is drawn up, with the added provision 
for comparing actual production with scheduled pro­
duction. 

Short-term mining plans are detailed to cover revi­
sions to sales, mining and milling requirements within 
the general yearly mining plan parameters , and are 
reviewed at a monthly meeting of mine, mill, geology 
and engineering .personnel. The presentation consists 
of a phase composite showing ore availability in te rms 
of grade, ore tonnage and fibre. Proposed ore and 
waste areas for monthly periods are outlined on the 
composites and summarized in a computer printout . 

Engineering Control 
Following development of mining plans and sched­

ules, it is imperative that these schedules are adhered 
to as much as possible. To supplement mine super­
visory direction, engineering and survey control is 
supplied through a fully equipped field office at the 
mine site. 

On-site engineering functions include blast layout 
design, design of temporary bench and haulage access, 
calculation of monthly mining quant i t ies and comple­
tion of resulting reports, survey supervision, and liai­
son with mine, geology and engineering personnel to 
coordinate short-range objectives and survey require­
ments. 

Reconciliation & Evaluation of Reserves 
The effectiveness of an ongoing mine planning sys­

tem lies in the accuracy of the initial prediction/ 
simulation. To evaluate the prediction/production rela­
tionship, daily observations and measurements a re in­
corporated into monthly reports for each ore and waste 
bench, showing initial reserves, tons or yards broken, 
tons or yards mined, geological reclassification, pro­

duction reclassification, tons or yards deferred to sub­
sequent phases, broken balance remaining and solid 
balance remaining. 

Two algebraic equations have been derived from the 
basic 'Reserves -Mined = Balance Remaining' equa­
tion and are used monthly to ensure tha t calculations 
are kept within acceptable limits for both ore and 
was te : 
1. /Unbroken remaining 

\at end prev. month 

\ /Broken \ /Geol. reel. \ 

/ \this month / \this month / 

(Deferred \ /Unbroken 

) == (remaining 
this month / 

\at end this month. 

/Broken bal. at \ / \ /Production \ 
I ) + ( Broken ) + I reel. 
Vend prev. month / \this month / \this month / 

Mined 
this 
month 

Broken 
month 

(Broken bal. 
at end 
this month 

Geological reclassification is the variance between 
the ore reserve ore/waste contact and the as-broken 
contact and is used to evaluate the accuracy of ore 
reserve predictions. Mining reclassification is an 
evaluation of the recovery of material broken as ore. 

The requirement tha t all direct and indirect meas­
urements must satisfy the above equations yields an 
appraisal of ore reserves and mining performance 
within acceptable limits. A similar, but necessarily 
more detailed, exercise to evaluate ore grade-block 
projections is pending. 

Computer Applications 
Pr ior to the computer application, exercises such as 

changing the reserve cut-off grade or re-appraising 
ultimate pit limits required the laborious manual cal­
culation of weighted averages involving weeks to 
months of concentrated effort. The present application 
of the computer system to accelerate and widen the 
scope of mine planning resulted from a 1975 review of 
the mine by consultants. Two basic systems to facil­
i tate mine planning have been evolved. The f irst was 
developed to accelerate the calculations of ore reserves, 
mining increments and mining schedules. The second 
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system was developed to facilitate the accumulation 
and availability of production statist ics for mine units. 

The mine planning sequence is based on a master 
grade-block file for the fibre zone, independent of 
economic cut-off grade and mining limits. This is 
accomplished by manually establishing a f ibre/ no-fibre 
contact (3.0% C.C.R.G. used to give numerical base) 
on a series of bench plans covering the entire fibre 
zone. To provide continuity, all ore-containing benches 
are set a t 30-ft (9.1-m) heights . The fibre-bearing 
zone within the 3.0% C.C.R.G. contour is manually 
subdivided into nominal 100-ft (30.5-m) by 100-ft 
(30.5-m) blocks, terminated by the 3.0% C.C.R.G. 
contour where applicable, and based on drilling inter­
sections. In areas lacking drilling intersections, larger 
blocks are used or dummy blocks are set up at the 
geologist's discretion. 

Using the computer Modeler program, the following 
entries are made for each block on a given bench: 
1. Block number 
2. Block area 
3. High-grade fibre area 
4. C.C.R.G. 
5. Average fibre length 
6. C.C.R.G. length distr ibution 

6.1.-%+'/2 in. 
6.2. - % 6/16 in. 
6.3. - % 5/16 in. 
6.4. — % 4/16 in. 
6.5. - % 3/16 in. 
6.6. - % 2/16 in. 
6.7. - % 1/16 in. 

Following the above entries, opportunity is provided 
for averaging the grade and distribution data for the 
current block with the corresponding blocks on the 
benches immediately above and below, which effect­
ively cuts high and low values. Completion of this 
exercise creates a master model file for the fibre-
bearing zone, which is the foundation of the mine 
planning system. 

After development or re-definition of ultimate pit 
limits, the Modeler program is again employed to build 
a sub-model of the ult imate pit, with the addition of 
total bench area to the block areas in order to deter­
mine the total volume (ore plus waste) within the 
ultimate pit to a 3.0% C.C.R.G. cut-off. With develop­
ment of phase designs, identical exercises are carried 
out for each phase. Note tha t the master model is 
independent of topography, whereas the ult imate pit 
and phase sub-models are revised annually to include 
current topography. The objective of creat ing sub­
models to the 3.0% C.C.R.G. (f ibre/no-fibre) cut-off 
is to allow evaluation at any specified cut-off grade 
greater than 3.0% C.C.R.G. To obtain print-outs of 
reserves at various cut-off grades, the Reserve pro­
gram is used in conjunction with the sub-models. 
Provision is also included in the Reserve program to 
vary mining and milling recoveries. 

Once phase models have been created and reserves 
have been calculated, various mine scheduling t r ia ls 
are run using the Planner program in conjunction 
with the master model file. The scheduling tr ials are 
based on developing a time-dependent pit composite by 
sequentially mining out successive bench plans. Com­
puter entries through the Planner program consist of: 
1. Total bench area 
2. Block number 
3. Block area 
4. Block high-grade fibre area 

With the above entries, the Planner program ex­
t rac ts grade and distribution data from the master 
model file for storage and accumulation. The Planner 

program, like the Reserve program, includes provision 
for varying cut-off grade, mining recovery and mill­
ing recovery. The Planner program has an additional 
sequence which estimates mill product distribution 
and tonnages in any increment or plan. This sequence 
is the result of comparing C.C.R.G. length distribu­
tion in areas mined out with mill production during 
the same period. The results are a forced fit due to 
the small data base and the exercise is par t of an on­
going data accumulation and evaluation program. 
Due to the preliminary nature of the study, product 
distr ibutions for periods shorter than one year are 
suspect until proved otherwise. An Increment Adder 
program is used to combine individual plans into 
larger time periods. Monthly plans can be combined 
to form quarterly or annual increments, annual plans 
can be combined into five-year increments and five-
year plans can be combined to produce a life-of-mine 
schedule. 

Paralleling the computer-assisted planning system, 
a computer-based production statist ics system was 
developed to upgrade and streamline the manual 
tabulation of cumulative daily mine production and 
equipment usage data. The system provides: 
1. A base for evaluation and improvement of mine 
operating costs. 
2. A productivity base or index for production units. 
3. An index of daily, month-to-date and year-to-date 
mine production. 
4. Equipment performance data used to modify mining 
plans and schedules. 
5. Identification of problem areas during production 
short-falls. 

Input for the system consists of daily entries of 
equipment number, bench, operating hours per ac­
count, ore and waste load count feet drilled, and main­
tenance hours for each production unit (drills, shovels, 
loaders, trucks, dozers and g raders ) . Daily entries 
are made on a shift basis from operators ' t ime cards, 
mine shift reports and equipment availability reports. 
Output, through several different programs and em­
ploying historical truck factors, consists of the fol­
lowing. 
1. Daily Product ion: Short summary of daily and 
month-to-date production, with variance from budget. 
2. Production Summary : Ore and waste removed from 
each bench on a daily, month-to-date and year-to-date 
basis. 
3. Daily Shift Summary : On a bench basis, shows foot­
age drilled, ore and waste removal, truck/shovel con­
figurations and equipment operating hours. The sum­
mary is used to evaluate individual shift performance 
and to locate problem areas. 
4. Equipment Summary : For each pr imary produc­
tion unit, the summary shows operating hours, main­
tenance hours, standby hours, yards moved or feet 
drilled, yards or feet per operating hour, mechanical 
availability, use of availability and effective utiliza­
tion. All the above are summarized on a daily, month-
to-date and year-to-date basis. 

A year-to-date 1977 equipment summary is included 
as Table 1. 

For reference and clarification, the following should 
be noted: 
1. Hours are based on an 8-*iour shift, a 24-hour day and 
a 354-day year (365 days less 11 statutory holidays). 
2. Maintenance hours include both scheduled and un­
scheduled repairs and servicing. 
3. Standby hours are obtained by difference (8 hours less 
operating hours less maintenance hours). 
4. Rcy (bank cu. yds) includes ore in yards. 
5. Mechanical availability is defined as (operating hours 



TABLE 1 - Year-to-Date Equipment Summary (November 30,1977) 

DRILLS: 

Unit 
Oper. 
Hours 

Mtce. 
Hours 

Stdby 
Hours 

Feet 
Drld. 

Feet/ 
Op. Hr. 

Mech. 
Avail. 

Use of 
Avail. 

Eff. 
Util. 

701 40R 1180.5 
3742.7 
3037.4 
982.0 

8942.6 

4030.0 
1552.2 
3032.5 

298.0 

8912.7 

1917.3 
2529.1 
1754.1 
6544.0 

12744.7 

47373 
209115 
156008 
36533 

449029 

40 
56 
51 
37 

50 

48.5 
80.2 
61.2 
96.2 

70.9 

31.1 
59.7 
63.4 
13.0 

41.2 

15.1 
47.8 
38.8 
12.6 

29.2 

705 GD80. . 
1180.5 
3742.7 
3037.4 
982.0 

8942.6 

4030.0 
1552.2 
3032.5 

298.0 

8912.7 

1917.3 
2529.1 
1754.1 
6544.0 

12744.7 

47373 
209115 
156008 
36533 

449029 

40 
56 
51 
37 

50 

48.5 
80.2 
61.2 
96.2 

70.9 

31.1 
59.7 
63.4 
13.0 

41.2 

15.1 
47.8 
38.8 
12.6 

29.2 

707 RR105 

1180.5 
3742.7 
3037.4 
982.0 

8942.6 

4030.0 
1552.2 
3032.5 

298.0 

8912.7 

1917.3 
2529.1 
1754.1 
6544.0 

12744.7 

47373 
209115 
156008 
36533 

449029 

40 
56 
51 
37 

50 

48.5 
80.2 
61.2 
96.2 

70.9 

31.1 
59.7 
63.4 
13.0 

41.2 

15.1 
47.8 
38.8 
12.6 

29.2 

709 45R... . 

1180.5 
3742.7 
3037.4 
982.0 

8942.6 

4030.0 
1552.2 
3032.5 

298.0 

8912.7 

1917.3 
2529.1 
1754.1 
6544.0 

12744.7 

47373 
209115 
156008 
36533 

449029 

40 
56 
51 
37 

50 

48.5 
80.2 
61.2 
96.2 

70.9 

31.1 
59.7 
63.4 
13.0 

41.2 

15.1 
47.8 
38.8 
12.6 

29.2 Total 

1180.5 
3742.7 
3037.4 
982.0 

8942.6 

4030.0 
1552.2 
3032.5 

298.0 

8912.7 

1917.3 
2529.1 
1754.1 
6544.0 

12744.7 

47373 
209115 
156008 
36533 

449029 

40 
56 
51 
37 

50 

48.5 
80.2 
61.2 
96.2 

70.9 

31.1 
59.7 
63.4 
13.0 

41.2 

15.1 
47.8 
38.8 
12.6 

29.2 

SHOVELS: 

Unit 
Oper. 
Hours 

Mtce. 
Hours 

Stdby 
Hours Bey 

Bey/ 
Op. Hr. 

Mech. 
Avail. 

Use of 
Avail. 

Eff. 
Util. 

2 PH1400 —4.5 y d . . 
Total 

656.5 
656.5 

664.5 
664.5 

5503.0 
5503.0 

110244 
110244 

168 
168 

91.5 
91.5 

9.2 
9.2 

8.4 
8.4 

3PH1900AL-
5 PH1900AL -

Total 

11 yd 
11yd 

4965.7 
4976.5 

9942.5 

1324.2 
1332.2 

2656.4 

534.1 
1515.3 

3049.4 

1962904 
1899424 

3862328 

395 
382 

388 

83.1 
83.0 

83.0 

76.4 
76.6 

76.5 

63.5 
63.6 

63.5 

LOADERS: 

Unit 
Oper. 
Hours 

Mtce. 
Hours 

Stdby 
Hours Bch 

Bey/ 
Op. Hr. 

Mech. 
Avail. 

Use of 
Avail. 

Eff. 
Util. 

480 H-400-C -
481 Cat 992 — 
483 Cat 992 — 

Total 

10 yd. 
10 yd. 
10 yd. 

2410.3 
4854.7 

468.5 

7733.5 

2874.5 
2354.8 

89.5 

5318.8 

1843.2 
614.5 
138.0 

2595.7 

348869 
954819 
108585 

1412273 

145 
197 
232 

183 

63.3 
69.9 
98.9 

66.0 

48.7 
88.8 
6.1 

74.9 

30.8 
62.0 
6.0 

49.4 

TRUCKS: 

Unit 
Oper. 
Hours 

Mtce. 
Hours 

Stdby 
Hours 

Ore 
Tons 

Waste 
Bey 

Total 
Bey 

Bey/ 
Op. Hr. 

Mech. 
Avail. 

Use of 
Avail. 

Eff. 
Util. 

43 Wabco 50T. 
44 Wabco 50T. 
45 Wabco 50T. 
46 Wabco 50T. 
47 Wabco 50T. 

Total 

561.0 
1138.0 
2122.5 
3389.9 
3530.4 

10741.8 

1562.5 
1122.5 
925.0 

1073.5 
1438.0 

6121.5 

5700.5 
5563.5 
4776.5 
3360.6 
2855.6 

22256.7 

12162 
66495 

143471 
240946 
301602 

764676 

17433 
31518 
64202 

115710 
98481 

327344 

22408 
58721 

122895 
214279 
221864 

640166 

40 
52 
58 
63 
63 

60 

80.0 
85.7 
88.2 
86.3 
81.6 

84.4 

9.0 
17.0 
30.8 
50.2 
55.3 

32.6 

7.2 
14.5 
27.1 
43.3 
45.1 

27.5 

43 Wabco 50T. 
44 Wabco 50T. 
45 Wabco 50T. 
46 Wabco 50T. 
47 Wabco 50T. 

Total 

561.0 
1138.0 
2122.5 
3389.9 
3530.4 

10741.8 

1562.5 
1122.5 
925.0 

1073.5 
1438.0 

6121.5 

5700.5 
5563.5 
4776.5 
3360.6 
2855.6 

22256.7 

12162 
66495 

143471 
240946 
301602 

764676 

17433 
31518 
64202 

115710 
98481 

327344 

22408 
58721 

122895 
214279 
221864 

640166 

40 
52 
58 
63 
63 

60 

80.0 
85.7 
88.2 
86.3 
81.6 

84.4 

9.0 
17.0 
30.8 
50.2 
55.3 

32.6 

7.2 
14.5 
27.1 
43.3 
45.1 

27.5 

43 Wabco 50T. 
44 Wabco 50T. 
45 Wabco 50T. 
46 Wabco 50T. 
47 Wabco 50T. 

Total 

561.0 
1138.0 
2122.5 
3389.9 
3530.4 

10741.8 

1562.5 
1122.5 
925.0 

1073.5 
1438.0 

6121.5 

5700.5 
5563.5 
4776.5 
3360.6 
2855.6 

22256.7 

12162 
66495 

143471 
240946 
301602 

764676 

17433 
31518 
64202 

115710 
98481 

327344 

22408 
58721 

122895 
214279 
221864 

640166 

40 
52 
58 
63 
63 

60 

80.0 
85.7 
88.2 
86.3 
81.6 

84.4 

9.0 
17.0 
30.8 
50.2 
55.3 

32.6 

7.2 
14.5 
27.1 
43.3 
45.1 

27.5 

43 Wabco 50T. 
44 Wabco 50T. 
45 Wabco 50T. 
46 Wabco 50T. 
47 Wabco 50T. 

Total 

561.0 
1138.0 
2122.5 
3389.9 
3530.4 

10741.8 

1562.5 
1122.5 
925.0 

1073.5 
1438.0 

6121.5 

5700.5 
5563.5 
4776.5 
3360.6 
2855.6 

22256.7 

12162 
66495 

143471 
240946 
301602 

764676 

17433 
31518 
64202 

115710 
98481 

327344 

22408 
58721 

122895 
214279 
221864 

640166 

40 
52 
58 
63 
63 

60 

80.0 
85.7 
88.2 
86.3 
81.6 

84.4 

9.0 
17.0 
30.8 
50.2 
55.3 

32.6 

7.2 
14.5 
27.1 
43.3 
45.1 

27.5 

43 Wabco 50T. 
44 Wabco 50T. 
45 Wabco 50T. 
46 Wabco 50T. 
47 Wabco 50T. 

Total 

561.0 
1138.0 
2122.5 
3389.9 
3530.4 

10741.8 

1562.5 
1122.5 
925.0 

1073.5 
1438.0 

6121.5 

5700.5 
5563.5 
4776.5 
3360.6 
2855.6 

22256.7 

12162 
66495 

143471 
240946 
301602 

764676 

17433 
31518 
64202 

115710 
98481 

327344 

22408 
58721 

122895 
214279 
221864 

640166 

40 
52 
58 
63 
63 

60 

80.0 
85.7 
88.2 
86.3 
81.6 

84.4 

9.0 
17.0 
30.8 
50.2 
55.3 

32.6 

7.2 
14.5 
27.1 
43.3 
45.1 

27.5 

43 Wabco 50T. 
44 Wabco 50T. 
45 Wabco 50T. 
46 Wabco 50T. 
47 Wabco 50T. 

Total 

561.0 
1138.0 
2122.5 
3389.9 
3530.4 

10741.8 

1562.5 
1122.5 
925.0 

1073.5 
1438.0 

6121.5 

5700.5 
5563.5 
4776.5 
3360.6 
2855.6 

22256.7 

12162 
66495 

143471 
240946 
301602 

764676 

17433 
31518 
64202 

115710 
98481 

327344 

22408 
58721 

122895 
214279 
221864 

640166 

40 
52 
58 
63 
63 

60 

80.0 
85.7 
88.2 
86.3 
81.6 

84.4 

9.0 
17.0 
30.8 
50.2 
55.3 

32.6 

7.2 
14.5 
27.1 
43.3 
45.1 

27.5 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

50 Wabco 75T. 
51 Wabco 75T. 
52 Wabco 75T. 
53 Wabco 75T. 
54 Wabco 75T. 
55 Wabco 75T. 
56 Euclid R85. 
57 Euclid R85. 
58 Euclid R85. 
59 Euclid R85. 
60 Euclid R85. 
61 Euclid R85. 
62 Euclid R85. 
63 Euclid R85. 

Total 

2066.5 
2743.7 
2284.5 
1625.5 
1969.2 
2160.4 
3736.1 
3437.0 
3158.5 
3289.0 
3505.7 
2980.5 

3815.0 

40313.6 

1813.5 
975.0 

1901.0 
3135.0 
1564.0 
1705.0 
1727.5 
2139.5 
2820.5 
2784.5 
1715.0 
2951.0 
2205.0 
1996.0 

29304.5 

3944.0 
4105.3 
3638.5 
3063.5 
4290.8 
3958.6 
2360.4 
2247.5 
1845.0 
1750.5 
2603.3 
1892.5 
2205.0 
2013.0 

39917.9 

47982 
126720 
97218 
59994 
36564 
35046 

660 
2303 
6732 
1056 
1914 
858 

3300 
3564 

423911 

198400 
251425 
195250 
135475 
183525 
202175 
438125 
419625 
366050 
359400 
414575 
381800 
424750 
426125 

4396700 

216575 
299425 
232075 
158200 
197375 
215450 
438375 
420498 
368600 
359800 
415300 
382125 
426000 
427475 

4557273 

105 
109 
102 
97 

100 
100 
117 
122 
117 
109 
118 
128 
120 
112 

113 

76.8 
87.5 
75.7 
59.9 
80.0 
78.2 
77.9 
72.7 
64.0 
64.4 
78.1 
62.3 
73.5 
74.5 

73.2 

34.4 
40.1 
38.6 
34.7 
31.5 
35.2 
61.3 
60.5 
63.1 
65.3 
57.4 
61.2 
61.6 
65.5 

50.2 

26.4 
35.1 
29.2 
20.8 
25.2 
27.6 
47.8 
43.9 
40.4 
42.0 
44.8 
38.1 
45.3 
48.8 

36.8 

+ standby hours)/(total hours). 
6. Use of availability is defined as (operating hours)/ 
(operating hours -f standby hours). 
7. Effective utilization is defined as (operating hours)/ 
(total hours). 

The production statistics system, as currently de­
veloped, will be expanded and incorporated into a 
larger corporate computer system expected to be on 
line in 1978. In addition to the two basic computer 
systems described, development is continuing on ap­
plications to reserve reconciliation, grade-block recon­
ciliation, C.C.R.G. length distribution correlation with 
mill products, survey plotting, graphical plotting and 
rock mechanics. 

Summary 
The computer-assisted mine planning system de­

veloped at Cassiar is the foundation for a sound en­
gineering supplement to mine production. The system 

is by no means complete and additional development is 
required, particularly in the area of fibre length 
distribution. 
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"THE CASSIAR STORY" 

Mining 
Gillyeard J. Leathley, General Mine Superintendent, 
Cassiar Asbestos Corporation Limited, 
Cassiar, B.C. 

Abstract 
The Cassiar Asbestos mine is situated on McDame 

Mountain in northern B.C. at a mean elevation of 6000 ft 
(1830 m), some 6 miles (9.6 km) from the townsite/mill 
complex. Asbestos ore production averages 1,200,000 tons 
at 9% R.M.G. (Recoverable Mine Grade) and waste produc­
tion is 6,000,000 cu. yd annually. 

Waste is loaded by P&H 1900 AL 11-cu.-yd shovels and 
transported by 75-ton and 85-ton end-dump trucks to the 
waste dumps. The ore is loaded by a 992 Caterpillar 10-cu-yd 
front-end loader into 50-ton and 75-ton trucks, which trans­
port it to the crushing plant located at the mine. The ore is 
transported by a 15,370-ft (4685-m) tramline to the mill 
complex. 

Introduction 
THE CASSIAR OPEN-PIT MINE is situated at a 
mean elevation of 6000 ft (1830 m) on McDame 
Mountain, 6 road miles (9.6 km) from the main mill / 
plant complex. The access road rises some 2350 ft 
(716 m) from the plantsite to the mine by means of 
a series of t igh t switchbacks. Constant grading is 
required with a Caterpillar 16G grader to ensure that 
drainage ditches are kept clear to deal with a heavy 
spring snow melt and an annual summer rainfall of 
12 in. (300 mm) . During winter, the grader is equip­
ped with a front snow blade, as well as a rear-mounted 
hydraulically operated snow wing, and the use of t i re 

^ Gillyeard J. Leathley was born and 
*" iWu educated in Scotland. He graduated 

m ^ » from Glasgow's Royal College of Sci-
M ence and Technology, with a Higher 

\w/^rWStum National Certificate in mining and 
mine surveying. He joined the Na­
tional Coal Board (Scotland) in 1952 
and worked as a mine surveyor and 
work study engineer in underground 

.^tm ^ B ^ ^ lhi»»-_ coal mines. In 19(12. he .joined Anglo 
B &2j± American Corporation, Zambia, as a 

■ ■ * R « H R learner mine official and was later 
assistant manager, Open Pit Division of AMCO, respon­
sible for open-pit coal and copper mines. Returning to 
Scotland in 1967, he joined a rock excavation company 
in the United Kingdom and served as a director of the 
company until 1971. At that time, he became mine tech­
nical superintendent of Guyana Bauxite in South Amer­
ica, progressing to general mine superintendent in 1972. 
In this position, he was responsible for the operation of 
six nationally owned bauxite mines producing 5,000,000 
tons of bauxite annually, with the removal of 30,000,000 
cu. yds of overburden. Experience in the operation of 
bucketwheel excavators, walking draglines and rail min­
ing was gained at this time. 

In 1975, Mr. Leathley joined Cassiar Asbestos Corpora­
tion Limited as chief engineer. He is now general mine 
superintendent responsible for the complete operation of 
the engineering and mines departments. He is a member 
of the CIM. 
Keywords: Cassiar mine, Asbestos, Open-pit mining, 
Drilling, Blasting, Lauding, Haulage, Mining methods, 
Dewatering, Crushing. 

chains is standard to deal with 13 ft (400 cm) of 
snowfall annually (Fig. 1) . 

Personnel are t ransported to the mine by a 45-seater 
manhaul bus, supplemented by 4x4 pickups equipped 
with 14-seat passenger carry cabs. The pickups allow 
operators to change over at the equipment location, 
reducing equipment downtime. 

The 1977 production was 1,321,065 tons of ore and 
6,874,201 cu. yds of waste rock, which meant a strip­
ping ratio of 1 ton of ore to 5.20 cu. yds of waste. The 
five-year mining plan, which is updated and revised 
as sales commitments and mining conditions dictate, 
envisages approximately the same magnitude of ore 
for the next 14 years, with waste production conti­
nuing at 6,000,000 cu. yds until Phase 9 waste is 
excavated by the end of 1985. 

An increase in waste-rock production, dictated by 
the introduction of additional milling facilities re­
quir ing an increase in asbestos ore, as well as an in­
creasing str ipping ratio, led to the introduction of a 
1900 AL P&H ll-cu.-yd shovel in October, 1974. An 
additional 1900 AL P&H ll-cu.-yd shovel was intro­
duced in October, 1975. This necessitated pi t electri­
fication, which was completed in October, 1974, and 
the introduction of a fleet of 85-ton Euclid trucks. 

The following figures give some indication of the 
progress of the mine since production commenced in 
1954: 

Waste Cubic 
Ore Tons Yards 

1954-1960 2,266,761 2,977,458 
1960-1970 7,907,277 17,217,172 
1970-1975 5,376,551 13,786,669 
1975 - December 1977 2,244,616 13,600,575 

TOTAL REMOVED 17,795,205 47,581,874 

REMAINING TO END OF PLANNED 
PIT LIFE: 16,277,000 48,042,000 

The phase mining plan dictates meticulous planning 
of ore and waste scheduling to ensure a continuous 
supply of ore to the mill, especially during the inter-
phase period. Phase mining configurations a re shown 
in the paper dealing with the planning operation. 

The assistant mine superintendent and the general 
foreman - mine, work very closely with the planning 
and geology departments to ensure tha t long-range 
plans and monthly schedules are adhered to. I t is the 
responsibility of this group to ensure that adequate 
ore supplies are available to blend low- and high-grade 
areas or supply ore from a high-grade, long-fibre area 
if a spinning-grade fibre run is required in the mill. 
A planning meeting to relay this information to the 
mine shift foreman is held every two weeks to allow 
discussion and examination of the developed plans. 
Mill requirements regarding the type and /or blending 
of ore required are marked daily on a location plan in 
the mine shift foreman's office at the mine. If the 
mine foreman must deviate from this plan, he is re­
quired to inform the mill shift foreman immediately 
to allow the mill to relocate the ore in the dry rock 
storage to a more suitable area. No designated ore 
can be discarded unless agreed to by the geology de­
partment . A monthly reconciliation of ore predicted 
by the geologist, and typed by him from production 
drilling and actual ore mined, is carried out to ensure 
tha t a minimum amount of ore is discarded. Unfor-



FIGURE 1 —Winter-time operations at the Cassiar pit. 

tunately, the pit configuration allows very limited 
stockpiling of low-grade ore, with the result tha t 
maximum in-pit blending must be utilized. 

Because a hot change is practiced on the equipment 
at the mine and the operators report on shift a t the 
mine dry, situated at the mill/plant complex, the on-
going-offcoming shift foremen have only a few minu­
tes to discuss problem areas. To alleviate this as much 
as possible, a detailed log is wri t ten out by the general 
foreman, prior to the afternoon shift reporting. The 
general foreman normally also verbally instructs the 
ongoing foreman. The offgoing foreman will telephone 
the ongoing foreman at the mine dry, detailing the 
situation regarding equipment and problems a t the 
end of his shift. 

The pickups supplied to supervisory personnel a re 
equipped with a two-way radio system, enabling them 
to maintain contact with all loading equipment, drills, 
the crusher, the pit maintenance shop and the mil l / 
plant complex. 

A shift report, recording equipment hours, truck 
loads and equipment availability, is filled in by each 
mine shift foreman. An equipment availability report 
compiled by the maintenance depar tment a t the mine 
is countersigned by the mine shift foreman. Equip­
ment operators ' t ime cards, the shift report and the 
availability report are scrutinized daily by the mine 
clerk to ensure that equipment operating hours and 
loads are compatible from the various information 
sources. These are then entered into a Hewlett 
Packard desk computer. This information is invaluable 
for compiling availability and performance statist ics 
on equipment for future planning and can be quickly 
recalled at any time. 

Total mine labour force is 160 persons, including 
mine production supervision. At the present time, the 
waste crews work six days on, followed by two rest 
days, the ore crew works five days on, with two rest 
days. Supervisors rotate with thei r own crews of 

approximately 30 persons. The drill and blast foreman 
and the crushing plant foreman work dayshift, Monday 
to Friday. 

High labour turnover necessitates the employment 
of two t ra ining foremen to ensure tha t an adequate 
supply of trained operators are available for produc­
tion requirements. 

Drilling 
Drilling was originally carried out using Ingersoll-

Rand Drill Masters, with 5-in. or 6 ^ - i n . down-the-
hole hammers, on ore and waste benches. The major 
waste drilling was carried out using a Bucyrus-Erie 
30R rotary drill with 6%-in. bits. A Bucyrus-Erie 
40R rotary drill, using 9-in. bits, was introduced in 
1964. In 1970, the Bucyrus-Erie 30R was retired and 
an additional Bucyrus-Erie 40R was introduced. Both 
BE 40R drills were diesel-electric powered. 

A new 24-kv powerline to the pit was installed in 
October, 1974, and the following drills are now used 
for pr imary waste dri l l ing: 

1 Gardner-Denver GD80 electirc 54-ft single-pass drill 
steel, 9-7/8-in hole 

1 Bucyrus-Erie 45R electric 32'/2-ft drill steel, 
9-7/8-in. hole 

The single-pass GD80 drill is equipped with a GD 
SJWG 1750-cfm compressor, derated to 1400 cfm at 
55 ps i ; the BE 45R has an Allis-Chalmers 17-L 1310-
cfm compressor at 40 psi. Because both units are 
equipped with oversized compressors, no difficulty 
has been encountered in clearing drill cuttings in 
55-ft-deep holes, even in fractured rock. The drill pipe 
used on the GD80 is 8%-in. diameter, single-pass, 54-
ft (16.5-m) long with 5V2-in. A.P.I, thread ,driven 
from the drill deck, using hydraulic rotary drive, em­
ploying two wedges which fit into machined slots on 
the drill pipe. The BE 45R has s tandard 8%-in.-dia-
meter pipe, using 6-in. B.E.C.O. thread. A swivel-
mount shock sub is used on the BE 45R to reduce 
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shock loading on the mast and rotation drive assem­
bly. The roller stabilizers used on all drills are the 
tungsten-carbide studded roller type and are not 
normally repaired. Hole depth recorders are provided 
on both electric units. 

Records of drill bit life are kept to ensure that ade­
quate life is being obtained from the tricone rotary 
tungsten-carbide bits. The grade of bit used is 
changed, depending on the rock formation being drilled 
(serpentine, footwall argillites, hanging-wall argil-
l i tes/jade and volcanic formations) . Bearing failure 
is the major reason for a bit being discarded — not 
loss of gauge or button failure — as the material 
being drilled is not highly abrasive. Some at tempts 
have been made to replace bearings, without a g rea t 
deal of success. 

Dust suppression is available at all t imes of the 
year for both operator and equipment intake air. The 
BE 40R drills were originally equipped with Rotoclone 
dust collectors, but these were removed and a water 
dust suppression system installed. 

The GD 80 drill was introduced in February, 1975. 
I t has a fully pressurized operator 's cab and machine 
house, and was originally equipped with a pulse air-
type bag collector. High air bailing velocity exiting 
from the drill-hole collar, coupled with drill holes 
that contained water, combined to render it ineffective 
due to dust particles freezing and blinding the filter 
bags in the baghouse. Water obtained from the hot 
water waste supply at the powerplant is trucked to the 
drills at the mine and kept heated in 600-gallon tanks 
fitted onto the drills. Water lines are insulated and 
wrapped with electric heat tape, and a blow-down 
valve is fitted on each drill allowing the operator to 
purge the water lines at shift change or pr ior to 
switching off power to the drills. 

Drilling pat terns are varied depending on the rock 
competency, the depth being drilled and the frag­
mentation required for loading. All drill pat terns a re 
laid out in accordance with the drill and blast fore­
man's instructions, with the assistance of the survey 
crew, who report to the short-term planning engineer. 

A f irst line of drill holes, adjacent to the back line 
of the previous blast, is laid out by instrument. This 
is normally 20 ft (6.09 m) to 25 ft (7.6 m) from the 
previous blast holes, depending on the bench height 
and backbreak. The drill line delineating the back line 
of the new blast is also laid out by instrument and 
the intermediate holes are tape measured and marked 
for drilling with the appropriate total depth of hole 
required, including subgrade drilling. 

Various pa t te rns have been tried, including square 
and staggered pat terns , with different burden and 
spacing ratios. However, a 22-ft (6.7-m) by 22-ft 
square pat tern appears to give consistent fragmenta­
tion results when drilling 45-ft (13.7-m) deep benches. 
This is reduced to 18 ft (5.5 m) by 18 ft on a 30-ft 
(9.1 m) deep bench and fur ther reduced if drilling 
ramps. The drilling of a subgrade of 5 ft (1.5 m) is 
practised in waste rock on the hanging wall; in the 
softer argi l l i te /serpent ine rocks, a 3-ft (0.91-m) sub-
grade is drilled. No sub-grade is normally required in 
the asbestos ore. In winter, the drill holes are covered 
with wooden discs or plastic bags filled with snow to 
prevent snow from enter ing the drill hole and causing 
a loss in depth. Redrilling of holes represents about 
10% of total drilling and is due to broken ground, 
collars of holes collapsing or ingress of water. 

Secondary drilling is carried out by using a Gard-

TABLE 1 — Equipment Details 

Unit Manufacturer Details Productivity 

Drills 
1 
1 
1 

Gardner-Denver 
Robbins 
Bucyrus-Erie 

G D 8 0 - 9 % in. hole 
RR10S — 9 in. hole 
45R - 9% in. hole 

45 ft/hr 
40 ft/hr 
45 ft/hr 

Shovels 
2 P&H 1900 AL — 11-yd 400 cu. yds/hr 

Trucks 
5 
6 
8 

Wabco 
Wabco 
Euclid 

Haulpak — 50-ton 
Haulpak — 75-ton 
R85 — 85-ton 

Loaders 
2 Caterpillar 992B - 10-yd 220 cu. yds/hr 

Tractors 
1 
2 
2 
1 

Caterpillar 
Caterpillar 
Caterpillar 
Caterpillar 

D8K — Ripper 
D8K-Winch 
D9H — Ripper 
825 - R T 

Graders 
2 Caterpillar 16G — snow wings 

and plow 

ner-Denver Air t rac equipped with a PR123 percussion/ 
rotary hammer, drilling a 21/2-in. hole and blasting 
with 2-in. by 16-in. Powerfrac. Secondary drilling on 
grade level is not significant except in the higher 
pit elevations, where the volcanic and jade intrusions 
are extremely difficult to blast effectively. Large 
oversized blocks of ore and waste are drilled with 
a Schram drill mounted on a rubber-t ired tractor, 
utilizing 1^4-in. chisel-pointed drill steel. 

Primary Blasting 
The blast pat tern is influenced by the pit configura­

tion. The wider the bench, the more efficiently the 
blast can be designed to combine maximum yardage 
broken with good fragmentation and minimize the 
amount of moving that must be done by the electric 
shovels and drills. By ensur ing t ha t the drill pa t te rn 
is correctly laid out, the holes a re drilled to the re­
quired depth and are charged properly with the ex­
plosive; choke blasts of up to 400,000 cu. yds have 
been blasted with excellent results. 

All explosives are loaded in accordance with the 
drill and blast foreman's instructions and loading of 
holes is carried out by only one team of blasters to 
ensure consistent results, with a high degree of 
safety. 

Ammonium ni t ra te is delivered to the mine by 
means of a bulk carrier , offloaded at the storage area 
into two 105-ton storage silos by the use of a low-
pressure blower (7 ps i ) , and then gravi ty loaded into 
the Amerind Mackissic 10-ton or 15-ton ANFO truck 
units for t ransporta t ion to the open pit, 3 miles (4.8 
km) away. 

Laboratory tests are carried out at regular intervals 
to ensure tha t consistent quanti t ies of diesel fuel are 
being metered to obtain the required 5.7% diesel fuel 
addition to the ammonium ni t ra te prill. 

Maximum use is made of the ammonium ni t ra te fuel 
oil mixture ( A N F O ) , in spite of water being encoun­
tered in the holes. In the summer, wet holes can 
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FIGURE 2 — Cross section of a typical blasthole. 
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FIGURE 3 —Typical blast initiation. 

constitute 40% of all holes loaded. Borehole dewater-
ing is carried out using a Canadian Industr ies Lim­
ited borehole dewatering unit, powered by a hydraulic 
pump, driving a Prosser Hymergible pump rated a t 
65 gallons per minute a t 150-ft (45.7-m) head. The 
unit is mounted on a 4x4 pickup (two similar uni ts 
are available). When using ANFO in wet holes, the 
hole is pumped dry, and a double-wall, 9-in.-diameter, 
.004-mill.-thick polyethylene liner is inserted. A base 
charge of either packaged slurry Hydromex T3 or 
aluminized ANFO is inserted; the charge is 150 to 
200 lb, depending on the material to be blasted. The 
hole is then column-charged with ANFO, insert ing 
three 1-lb procore pr imers (F ig . 2 ) . If it is found to 
be impossible to dewater a drill hole successfully, 
packaged slurry is substituted, using basically the 
same charging configuration as shown in F igure 2. 
No allowance is made for the difference in relative 
weight or bulk strength of the Hydromex packaged 
slurry. ANFO comprises 8 5 % of the explosives con­
sumed on site, with excellent fragmentation results. 

The charging ratio is varied, depending on the type 
of rock being blasted. However, an average powder 
factor to ensure good fragmentation is of the order 
of 1.3 lb per cu. yd. Reinforced primacord is used, 
employing a single downhole line and single t runk lines 
connecting the holes. The delays used are the 15- or 
25-m.s. primacord type, depending on whether the blast 
has a free face or a choke blast. Init iation is in a "V" 
pattern, as shown (Fig . 3 ) . High-speed filming of 
blasts on site have confirmed tha t the hole spacing, 
charge pat terns, blasting ratios and delays being used 
are in accordance with the computerized program de­
veloped by the explosives manufacturers , Canadian 
Industries Limited. 

The charging ratio, although appearing slightly 
high, has ensured good fragmentation of muck piles 
and high loading ra tes with minimum stress on the 
shovel, and has produced suitable material for front-
end loader applications. This also produces a sized ma­
terial , ensuring tha t a smooth dump area and bench 
level can be maintained, thus reducing t i re wear. 

Wall control between catchments is of major con­
cern, with controlled blasting or perimeter blasting 
having been practised at various t imes. The present 
practice is to survey in the drill line delineating the 
catchment crest ; this line is normally offset 15 ft 
(4.6 m) away from the designed crest line. Spacing 
of holes is reduced to 15 ft (4.6 m) on th is line and no 
subdrilling is carried out directly above a crest or 
catchment. The next production line of drill holes will 
be set out parallel to this line and 15 ft (4.6 m) distant , 
but with the normal 22-ft (6.7-m) spacing being used 
on the blast pattern. 

The holes on the drill line are charged with 250 lb 
of 8-in.-diameter packaged slurry and partially back 
stemmed with drill cut t ings ; the next row of blast 
holes are charged according to the standard hole 
charge for tha t part icular blast pat tern. Where pos­
sible, the drill-line holes a re detonated in groups, using 
15-m.s. delays. Experiments continue using different 
hole spacings, the possible use of ANFO in cardboard 
tubes of 6-in. diameter and the use of pr imadets . 

Scaling of walls is carried out by using a complete 
track pad from an old shovel, attached to a Caterpillar 
D8 or D9 t rac tor blade by means of a swivel which 
allows the track to turn and prevent it from riding up 
the face when in use. A ship's anchor chain of 4-in.-
diameter links, having a t i re secured to the t ra i l ing 
end, has also been used in a similar manner with suc­
cess (Fig. 4 ) . 



Truck Loading 
Waste-rock loading is carried out using two 1900 AL 

P&H ll-cu.-yd electric shovels, power being supplied 
from one of two 3000-KVA sub-stations, located in the 
pit, depending on shovel location. Power transmission 
from the main diesel power plant, located 6 miles (9.6 
km) away, is by 24-kv pole line. Power to the shovel is 
carried by No. 2 A.W.G.S.H.G. 5-kv trai l ing cable a t 
4160 volts. The cable is lifted off the ground a t all pot 
head connectors to ensure that it is visible during 
winter snow as well as to keep the pot heads dry 
during the spring snow melting period. 

Shovel maintenance, which is scheduled at 8-12 hours 
per week during daylight hours, coupled with pre­
planning major overhauls, has ensured good mechan­
ical availability for a northern location; it is currently 
running at 8 1 % since the inception of the shovels. 
Major spare items have been purchased recently to 
ensure tha t components can be sent for overhaul with­
out reducing the mechanical availability of the ma­
chine. Hoist cables with socketed ends, and also a bail 
pin unit without sheaves, have been installed to reduce 
the t ime required to change broken hoist ropes. 

Shovels and other major equipment units are 
equipped with radios to ensure contact with the mine 
shift foreman or the mine garage in the event tha t 
re pairs are required. The high standard of radio main­
tenance has assisted in ensuring excellent control of 
operations and minimizing downtime on equipment. 

A Caterpillar 824 rubber-t ired tractor is used for 
cleaning up rock spillage around the shovels, moving 
cables during blasting operations and generally assist­
ing in material movement. To maintain an acceptable 
grade elevation, Caterpillar D9G tractors are equipped 
with single-shank rippers. The digging limits with 
reference to the toe or crest positions are marked by 
stakes in the field and a daily reference survey is 
carried out by the surveyors to ensure that str ict 
adherence to the line and level is maintained. 

To supplement the waste rock production units, a 
Caterpillar 992 lO-cu.-yd front-end loader is used dur­
ing the periods when the shovels a re not available. 
Special emphasis is also placed on keeping the catch­
ments clean, using the 992 front-end loaders (Fig. 5) , 
to ensure tha t equipment or personnel working below 
the waste-rock excavation levels can work with safety. 
The 992 front-end loader was selected on the basis 
tha t it can load 50-ton, 75-ton and 85-ton trucks with 
ease, thus complementing the shovels. 

When using the Caterpillar 992 front-end loader, a 
dramatic increase in production has been achieved 
when a D8 or D9 t rac tor is deployed in pushing rock 
to the loader. The additional cost of using the t ractor 
is more than compensated for by the increased produc­
tion. A t ractor is always used with the loader during 
catchment cleaning operations. 

Shovel production is running at 400 cu. yds per hour. 
However, when mining the less-competent serpentine 
rock associated with the orebody, production of 540 cu. 
yds per hour is not uncommon. 

All support equipment is Caterpillar supplied and 
maintained on a contract basis by Finning Tractor and 
Equipment Co. Ltd., Vancouver. A spare par ts depot 
is located at the plant complex and a repair facility has 
been built in the pit. 

Haulage 
The haulage fleet employed on waste rock consists 

of eight R85 Euclids of 85-ton capacity, powered by 
Detroit Diesel 16V 92T 820-hp series engines with 

FIGURE 4—A. N. prill storage silos—total capacity 210 tons. 

FIGURE 5 — Caterpillar 922 front-end loader cleaning catch­
ments to avoid rock spills onto the ore faces below. 

DP8961 Allison transmissions, as well as six Wabco 
75-ton-capacity trucks powered by VTA 1710-12V 
700-hp Cummins engines with Allison DP8961 t rans ­
missions. 

The 14 t rucks are assigned to hanging-wall waste 
production. Normally, nine trucks are required to 
service the two 1900 AL P&H shovels and the Cater­
pillar 992 front-end loader. Trucks are double-side 
loaded by the shovels whenever possible. Studies car­
ried out indicated t ha t a 40% increase in production 
can be obtained as compared to single-side loading. 
The shovel or drill t rai l ing cables are protected a t 
truck crossing points by insert ing the cable in an 
Irathene elastomeric crossover pad containing a slot 
for the cable. A s t r ip insert is placed in the slot to 
protect the cable, and the pad is covered by fine rock 
to protect the pad from damage during cold weather 
(Fig. 6) . 

Haul ramps are designed 70 ft (21 m) wide a t an 
8-10% grade and are graded by a Caterpillar 16G 
grader , using serrated ice blades in winter. Grading 
on the dumps is maintained by D8 t rac tors with the 
assistance of the grader. A dump person is employed 
when trucks are dumping over the edge. All dump 
areas are lighted a t night by portable l ight un i t s ; the 



slumping and cracking of the dumps dictate the need 
for good maintenance practices. Haul lengths vary 
depending on location, with averages of 2500 ft 
(762 m) one way, uphill hauls comprising about 50% 
of the production time. 

Tire wear is a major concern during spring and 
summer, as the combination of water and extremely 
sharp-edged rock fragments cause serious t i re damage 
unless the roads are well graded and drainage ditches 
installed. A revised t i re maintenance program begun 
one year ago with the assistance of a major t i re supply 
company is already paying dividends. I t is proposed 
to extend this t i re maintenance program whereby a 
contract will be entered into with a t i r e company and 
tires will be supplied on a unit-cost-per-hour basis. 

Chains are used on graders and some support ve­
hicles, such as the mobile lubrication truck which serv­
ices the equipment in the field. Major repairs to trucks 
are carried out in the mine garage, located in the pit. 
The facility consists of five truck bays, a welding bay 
and a steam bay. 

Ore Mining 
Mining of ore is carr ied out 260 days per year, th ree 

shifts per day, with two days of scheduled mainte­
nance each week on the crushing plant and tramline. 
The daily production ra te is 5000 tons, with an aver­
age recoverable mine grade (R.M.G.) of 9%. 

Drilling of the ore and serpentine host rock is per­
formed with a diesel-powered Robbins RIOS, mounted 
on an International TD25 tractor, utilizing a 9-in.-dia­
meter hole and capable of drilling 60 ft (18.2 m) if 
required. Pr ior to drilling, the area is levelled and 
prepared for the surveyors to mark out the required 
drill pat tern. Pa t te rns vary from 22 ft (6.7 m) by 22 ft 
in the summer to 18 ft (5.5 m) by 18 ft in the winter 
months on a 30-ft. (9.1-m) deep bench. The top 3 to 4 
feet of the ore bench are saturated with water dur ing 
the summer, therefore, once freezing conditions pre­
vail, this portion freezes and is very difficult to frag­
ment dur ing blasting. On occasion, holes 8 ft (2.4 m) 
deep are drilled between each row of production blast 
holes, charged with 25 lb of explosives and blasted with 
the main blast to t ry to alleviate the problem of large 
blocks of ore being produced after blasting. This 
blocky ore is extremely difficult to fragment in the 
jaw crusher. To help reduce orebody saturat ion caused 
by water, ditches and culverts are installed in the sum­
mer to control and direct water to the dewatering 
sump. 

FIGURE 6 — Double-side shovel loading after a typical blast. 

The ore mining sequence is dictated by the sales 
commitments, and a three-month mining plan is drawn 
up each month and revised as required. Blending of 
ore in the pit is practised under the supervision of the 
mine geologist, with all information required being 
recorded in the mine foreman's office. 

Contamination of ore by foreign objects cannot be 
tolerated and great care is taken to ensure cleanliness, 
both on the ore bench and during the ore crushing 
cycle. 

No subgrade drilling is practised, as the ore is 
relatively easy to blast a t a normal charging rat io of 
0.4 lb per ton. Whenever possible, ANFO is used, with 
excellent results. Drill holes are not normally pumped 
in the asbestos ore, as no polyethylene liners can be 
used. A special explosive, "Cilgel", has a package 
covering that conflagrates during the blast. All blast 
initiations are carried out using a capped fuse attached 
to primacord in preference to electric blasting, thus 
preventing ore contamination by lead wires. After the 
blast, the bench is levelled to ensure that during winter 
any heavy snowfall can be cleaned off the ore prior to 
sending it to the crushing plant. Fragmentat ion of the 
asbestos ore is controlled to ensure maximum rejection 
at the mill concentrator, thus ensuring tha t no un­
necessary rock is dried or milled. A 30% rock rejec­
tion is the scheduled target a t the concentrator. 

Loading of the ore is carried out with a Caterpillar 
992 front-end loader, equipped with a lO-cu.-yd bucket 
and beadless t i res (linked tracks similar to tractor 
pads) , which have proved effective in reducing t i r e 
spin, thus reducing rubber contamination in the ore. 
Whenever possible, serpentine waste rock is made 
available to enable the loader to load ore and waste. 
As the loader is radio equipped, the crusher operator 
can direct the ore trucks to waste and inform the 
loader operator when the next requires ore. 

The ore haulage fleet consists of five 50-ton Wabco 
trucks, equipped with VTA 1710 12V 635-hp Cummins 
engines and Allison 6061 transmissions. Normally, two 
trucks are running during the ore cycle. If waste is 
available close by, an additional truck is added to the 
fleet. Truck counts are taken of the ore hauled to the 
crusher; a survey check is made and the ore is weighed 
at the mill. This has established tha t the 50-ton Wabco 
trucks average 44 tons per load. Haul roads are kept 
a t an 8-10% gradient whenever possible. Salt and 
sand are used during winter months and crushed 
gravel is spread on the main footwall haul road to 
ensure good drainage. 

Dewatering 
Pumping is required to ensure tha t the ore is kept 

as dry as possible (so tha t less fuel will be required 
for ore-drying) and to ensure good access to the ore 
dur ing the spring melting and the summer ra in 
periods. Snow is normally cleaned from the catchments 
and the pit area in April to minimize the inflow of 
water from the snow melt. A truck equipped with a 
4000-gallon tank is used to haul water out of the pit 
until such time as the electric submersible pumps and 
the 8-in.-diameter pipeline can be installed (in May) 
without freezing problems. A 2250B Flygt pump, rated 
at 700 gallons per minute, with a combined static and 
friction head of 215 ft (65.5 m) , is installed in the 
sump at the pit bottom (5570-ft elevation on Phase 7) . 
The pump is installed on a base made from 6-in. T 
beams to ensure tha t the suction inlet is clear of the 
sump bottom, as the long asbestos fibre tends to block 
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FIGURE 7 — Cassiar's crushing and concentrating plant flowsheet. 

the inlet openings of the pump if left on the sump 
bottom, wi th subsequent overheating of the pump, 
which will destroy the seals. 

The 8-in.-diameter pipeline is 2500 ft (762 m) in 
length, fitted with a check valve to protect the pump 
from water backflow pressure and discharges at the 
northwest corner of the pit. P i t configuration prohibits 
pump discharges a t any other location for safety 
reasons regarding dump lubrication. 

Crushing 
Crushing is carried out a t the pit , the t rucks dump­

ing onto a variable-speed 54-in.-wide plate feeder, dis­
charging onto a tuning-fork grizzly, with the oversize 
+6-in. going into a 42- by 48-in. Diamond jaw crusher, 
set a t a 5-in.-opening. All crushing operations (Fig . 7) 
are controlled from a cabin located above the 54-in. 
plate feeder. The operator can visually observe and 
control the t rucks dumping, and can also observe the 
feed discharging into the jaw crusher by means of 
a 30-in.-diameter convex mirror . T.V. camera monitors 
have been installed in the operator 's cabin, 
which allows the monitoring of strategic locations in 
the crushing cycle. Indicator lights display equipment 
running and ammeters connected to conveyor drive 
motors show overload conditions. The conveyors a re 
equipped with zero speed switches, which should t r ip 
the motor in the event of belt slippage. 

The flowsheet (Fig. 7) depicts the complete crush­
ing operation, which is controlled by a crew of four 
persons, including the tramline operator. Radio com­
munications and a paging system are available in the 
crushing plant, t ramline loading station and tramline 
discharge terminal . Crushed product delivered to the 
tramline for t ransporta t ion to the mill has a nominal 

size of -3-in. after having passed through the 4-ft 
s tandard Symons cone crusher. 

Dust lifts a re installed a t all major conveyor 
t ransfer points, the air being supplied by two 8000-cfm 
Wheelabrator baghouses, operating at 2-in. W/G, dis­
charging back onto the conveyor system. The pr imary 
crushing plant walls have recently been covered with 
20-gauge galvanized sheeting, which reduces the ad­
herence of dust to the inside walls and also enhances 
the inside appearance with an increased lighting effect. 
A Hoffman 4000-cfm vacuum cleaning system oper­
a t ing a t 11.5-in. W / G has been in operation for 2 years 
and is extremely useful in collecting dust or spillage up 
to a maximum fraction size of half an inch. A pr imary 
separator has been installed in the pr imary crushing 
area. Discharge is through airlocks and the collected 
material is discarded to the waste dump, due to h igh 
contamination by foreign objects. A piping system 
provides 2-in.-diameter inlets a t strategically located 
points to allow use of the vacuum system in all areas 
of the pr imary and secondary crushing plants. 

Heat ing the crushing plant is essential in winter . I t 
is accomplished by oil-fired hot air in conjunction with 
propane radiant heaters . Transfer points are heated 
with a propane blow torch fitted securely inside an 
8-in.-diameter pipe. 

The flowsheet depicts the route of the crushed as­
bestos ore, which is conducted from the cone crusher / 
Tyrock screens to the tramline loading station by two 
30-in.-wide belts. An al ternate route is available for 
the ore in the event of a major period of downtime 
experienced on the tramline. This consists of a bypass 
chute onto a 30-in.-wide belt dumping on a stockpile 
capable of stocking 5000 tons. The ore can then be 
t ransported to the wet rock stockpile at the mill by 
truck. 

- 29 -



"THE CASSIAR STORY" 

The Tramline 
Peter C. Jones, Plant Superintendent, 
Cassiar Asbestos Corporation Limited, 
Cassiar, B.C. 

Abstract 
Owing to the inadequacy of the ore transport system at 

Cassiar in the late 1960's, a new facility was required. This 
paper traces the various alternatives considered and gives 
a description of the tramline as installed. The problems 
encountered, changes made and future modifications are 
discussed in detail, together with the effects these have on 
maintenance and operations. 

Introduction 
I N 1971, owing to the increased production and in­
adequacy of the present system, a study was started on 
the best method of t ranspor t ing ore the 3 miles (4.8 
km) between the mine and mill. At that time, a Breco 
continuous bi-cable t ramline was being used. However, 
its 100-tons-per-hour capacity, which had been more 
than sufficient a t its installation in 1956, was in­
adequate and was having to be augmented by trucking. 

Included in the study were possible changes in the 
crushing and concentration plant, which were then 
situated at the mine site (Fig. 1) . 

Three basic proposals were considered, together with 
thei r var ia t ions: a new tramline, a conveyor and truck­
ing. For each proposal and variation, estimates were 
made of capital and operating costs and estimated rate 
of yield over a 16-year life (Table 1) . 

After fur ther study, it was decided tha t the design 
parameters should be for an ore mining ra te of 
1,200,000 tons per year, with the concentrator at the 
mill. This would allow for a steady drier feed, resulting 
in increased drier efficiency. On this basis, a closer 
cost study was undertaken. 

The conveyor-belt option was rejected on the basis 
that its capital cost was too high and the amount of 
ore to be moved would be too low to take advantage 
of this method of high-volume delivery. The local topo­
graphy also ruled against a conveyor. 
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Four tramline companies were asked to submit 
proposals. Of these, two were for two-section tramlines 
similar to the existing system and the tramline a t 
Cassiar Asbestos Corporation's Yukon property a t 
Clinton Creek, one was for a single-section t ramway 
using two track ropes and the fourth was for a single-
section t ramway of new design utilizing two track 
and two haul ropes. 

One of the two-section tramlines was rejected on the 
basis of delivery, and the fourth proposal was rejected 
because it was an untried design. The final choice 
was therefore between two tramlines and t rucking 
(Table 2) . 

As can be seen, both tramlines offered considerable 
savings over trucking, with the single-section Inter­
state proposal showing the best rate of yield. In Feb­
ruary, 1974, an agreement was signed with Inters ta te 
Equipment Corporation to supply an aerial t ramway 
system (Fig. 2 ) . 

The system would t ranspor t ore in 142 cars at 300 
tons per hour over a slope distance of 15,370 ft 
(4685 m) and a vertical distance of 2130 ft (650 m) . 

Drive was to be B.C. thyr i s te r controller to allow 
easy slow-speed s tar t ing and variable speed for in­
spection and maintenance. Pr ior to s ta r t ing fabrica­
tion, the drive was changed because during detailed 
engineering it was realised that the voltage swings 
caused by shovels in the pit combined with this d r ive / 
regenerative application would lead to a frequent 
blowing of the thyr is ter protection fuses or the thy-
ris ters themselves. The choice then was between a 
more expensive Ward-Leonard control system or an 
induction motor drive with a separate pony motor for 
slow-speed operation. As commissioned, the drive con­
sisted of two 300-hp 550-volt 900-rpm induction motors 
driving dual-input shafts of a Falk gear reducer, one 
motor being designed to s ta r t on reduced voltage. The 
driveshaft of the gear reducer drives a 188-in.-diame-
ter drive wheel at 12.45 rpm, giving a tramline speed 
of 600 fpm. Spring-loaded grips on the drive wheel 
grip the t ramline haul rope, thus t ransmi t t ing the 
drive during s ta r t ing and the required braking during 
full-loaded running. Emergency and service braking 
are provided by two brake bands acting on the drum — 
similar to many shaft hoists. Tension is kept in the 
haul rope by using a weighted travelling truck-type 
constant tension uni t a t the discharge. This moves a 
total of 20 ft (6.1 m ) , giving 40 ft (12.2 m) of take-up. 

A 75-hp pony motor was fitted for 100-fpm running 
and initial s tar t ing. This suffered from several disad­
vantages. For maintenance, the fixed-speed operation 
led to extended time for greasing, as the cars moved 
at a slow pace and full s tar t-up procedures had to be 
followed after every stop. Worse still, after prolonged 
shutdown of the system in sub-zero weather the pony 
system would not provide sufficient torque to move the 
tramline. On at least one occasion, the t ramline had 
to be towed with a 'Cat' and the buckets manually filled 
until the tramline had sufficient inertia to be started. 

These problems eventually led to the design and 
installation of an hydraulic pony motor drive in 1977. 
In this system, two hydraulic motors power shaft 
extensions on the motor via air-operated clutches. The 
hydraulic system brings the tramline up to about 180 
f t /min. (24.4 m / m ) , a t which time the main motors 
a re started and the clutches disengage the hydraulic 
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FIGURE 1 —Flowsheet of the rock plant, 1970. 

TABLE 1 — Comparison of Delivery Methods at Cassiar 

1 2 3 4 5 6 7 
SYSTEM PRESENT T-L TRUCKS T-L CONV. TRUCKS 

Location of Crusher Mine Mine Mill Mine Mine Mill 
Location of Rock Reject Mine Mill Mill Mill Mill Mill Mill 

Unit Costs Loading Bay 0.21 0.21 0.175 0.17 0.17 0.17 
(Dollars) 

Haul to Primj Crusher 0.25 0.25 0.144 0.144 
Primary Crushing 0.67 0.15 0.28 0.14 0.14 0.26 
Concentration 0.18 0.17 0.17 
Delivery to Mill Area 0.887 0.30 0.54 0.27 0.135 0.54 
Dryer Saving (Deduct) 
TOTAL 2.017 0.09 0.995 0.894 0.759 0.97 

Dollars Cost per Year 2,420,000 1,310,000 1,197,000 1,340,000 1,140,000 1,140,000 
Savings per Year 1,110,000 1,223,000 1,680,000 1,880,000 1,560,000 
Power Savings 60,000 75,000 37,500 
Total Savings per Year 1,170,000 1,223,000 1,755,000 1,917,500 1,560,000 
After-Tax Savings 

Capital For Delivery System 2,660,000 1,833,000 2,910,000 4,750,000 1,064,000 
For Cone. Plant 2,000,000 2,500,000 2,200,000 2,200,000 2,700,000 
For Dryer 450,000 450,000 450,000 
Tailings Disposal 

(1700 ft) 340,000 340,000 340,000 340,000 340,000 

TOTAL 
Rate of 
Yield 
(16-Yr Life) 

Capital/Savings 7.1 6.36 5.6 6.28 5.93 Rate of 
Yield 
(16-Yr Life) Rate of Yield 18.6% 20.7% 23.4% 21% 22.2% 

Notes: 1. At the 1500,000 ton per year rate, assume costs for the present system would be the same per ton. Cost per year = $3,020,000 
2. Assume $0.07 per ton to stabilize the rock reject pile. 
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FIGURE 2 —The tramline system at Cassiar. 

system from the normal drive. The high torque capab­
ilities of this system have overcome star t-up problems 
and the infinitely variable speed between 0 and 180 
fpm (forward or reverse) has cut greasing time from 
16 hours to 8. 

Loading 
The tramline loading is fully automatic (Fig. 3 ) . 

Ore is transported from the crushing plant by conveyor 
and fed into a 100-ton-capacity bin. The bin is heated 
to prevent freezing of the ore, and kept empty to avoid 
freezing whenever the tramline is shut down. From 
the bin apron, feeders feed two counter-weighted air-
operated 40-cu.-ft (1.12-m*) loading hoppers. The 
feeder is interlocked so that the apron feeder is shut 
off when the hopper reaches a pre-set weight. 

TABLE 2 — Financial Comparison of Delivery Systems 

Case 1 2 3 4 

Mine Rate Per Year 1,200,000 1,200,000 1,200,000 1,200,000 
Delivery Rate Per Year 900,000 1,200,000 1,200,000 1,200,000 

Method Present Trucks T. Line A 
(Riblet) 

T. Line B 
(Interstate) 

Unit Cost ($) 1.38 0.79 0.44 0.31 
Cost per Year ($) 1,242,000 948,000 528,000 372,000 
Savings per Year ($) 294,000 714,000 870,000 
After-Tax Savings ($) 176,000 458,000 552,000 
Capital Required ($) 3,223,000 3,973,000 4,313,000 
Ratio — Capital Exp. 

to Income 
after Tax 18.27 8.66 7.81 

Rate of Yield - % 6.2 15.8 17.5 

*Costs in 1973 ($) 

As the car comes into the loading area, it passes 
an infra-red photo cell which activates a t imer set to 
open the loader hopper as the car passes below. The 
control system allows loading to be done automatically 
from either one or both hoppers alternately or man­
ually. 

A system of belts below the loading area removes 
any spillage. 

Cars 
The 142, 40-cu.-ft (1.12-m3) t ramcars are each 

mounted on two axles, with a two-wheel bogie at each 
end (Fig . 4 ) . The initial wheels were a mixture of cast 
and fabricated units mounted on roller bearings. Below 
each truck are two brackets for a t tachment of the 
21

/4-iri- open socket fitted to each end of the 214-ft 
(65.2-m) long, 214-in. (6x25 Langs lay) haulage rope. 
The socket is attached below the car with a steel pin 
through a bushing. 

The f i rs t modification made to the cars was the 
addition of a three-piece ^- in . - th ick polyethylene lin­
ing to help prevent the ore sticking during the altern­
ately freezing and thawing weather conditions. This 
sticking has been fur ther alleviated by installing a 
four-nozzle automatic blowpipe at the discharge ter­
minal. The combination of these two have been effect­
ive and have reduced spillage of ore from the cars. 

After only a short period of running, the pins hold­
ing the haul-rope sockets to the cars were found to 
be spalling badly, preventing free movement of the 
socket. Several different designs of pin were used, but 
the only effective method of stopping the problem was 
to grease the pins at three-week intervals. Cassiar 
has recently modified a few t ramcars and fitted bear­
ings for the pin to rotate in; however, a t this t ime we 
cannot say whether this will be successful. 

A third area of modification on the t ramcars is the 
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FIGURE 3 —Tramline loading terminal. 
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FIGURE 4 — Cross sections of a 40-cu.-ft tramcar. 

wheels. Experience to date indicates the useful life of 
the original wheels (Fig. 5) to be about 2.5-3 x 106 

tons. At this stage, the wheels would either have to be 
replaced with new units or built up and machined. 
Because of this, and in an effort to reduce track rope 
wear, Cassiar has, over the last six months, been 
experimenting with lined wheels. 

The f irst type were made by machining out the 
rope tread of the original wheels and moulding in a 
polyurethene liner. Later, a split wheel of steel and 
aluminum was designed which would take a removable 
' t ire ' . I t is also fitted with a cartridge-type bear ing 
for ease of maintenance. This design has allowed the 

Hub 

Grooved treads for 
running on rope. 

New wheel with Polyurethone treod 
Steel side plote 
Polyurethone tire 

Original cast steel or 
fabricated wheels 

Axle bushing 

External treads 
for running on 
rails •, 

Timken bearings 

FIGURE 5 —The tramcar wheel assembly. 

company to easily change t i re materials in order to 
test for the best compound. Present estimates show a 
life expectancy of about 1 x 106 tons per t i re . 

Track Ropes and Towers 
The tramline is divided into five rope sections, be­

tween anchor points : from the load terminal to Tower 
3 is 2500 ft (762 m ) ; Tower 3 to Tower 8 is 4000 ft 
(1219 m ) ; Tower 8 to Tower 11 is 2500 ft (762 m ) ; 
Tower 11 to Tower 14 is 2500 ft (762 m ) ; and Tower 
14 to the discharge is 4000 ft (1219 m) . The original 
installation was fitted with 2-in. locked-coil ropes for 
the top (loaded) ropes and 1%-in. ropes on the re turn 
side. The ropes are held at either end in the anchor 
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TABLE 3 — Track Cables Tonnage Report 

Section 1 

Loading Terminal to Tower Number 3 
Bottom Right and Left 
1st Cable l-5/8 in. 

196,454 tons. Failure, broken wires 
2nd Cable l-5/8 in. 

413,764 tons. Failure, broken wires 
3rd Cable 2 in. 

710,218 tons. Failure, broken wires 
2nd Cable 2-'/2 in. 

1,221,793 tons 

Section 2 

Tower Number 3 to Tower Number 8 
Bottom Right and Left 
1st Cable l-5/8 in. 

413,764 tons. Changed to larger cable. 
2nd Cable 2 in. 

1,344,217 tons 
Top Right and Left 
1st Cable 2 in. 

1,931,557 tons 

Section 3 

Tower Number 8 to Tower Number 11 
Bottom Right and Left 
1st Cable l-5/8 in. 

1,401,355 tons. Failure, broken wires 
2nd Cable l-5/8 in. 

530, 602 tons 
Top Right and Left 
1st Cable 2 in. 

1,931,957 tons 

Section 4 

Tower Number 11 to Tower Number 14 
Bottom Right and Left 
1st Cable l-5/8 in. 

1,621,600 tons. Failure, broken wires 
2nd Cable 2 in. 

310,357 tons 
Top Right and Left 
1st Cable 2 in. 

1,931,957 tons 

Section 5 

Tower Number 11 to Discharge Terminal 
Bottom Right and Left 
1st Cable l-5/8 in. 

1,180,000 tons. Failure, broken wires 
2nd Cable l-5/8 in. 

751,957 tons 
Top Right and Left 
Same as Section 4 

FIGURE 7 — Approach of car to tower . 

towers and also fastened by clamps into the saddles of 
the pivoted-base intermediate towers (Fig. 6). 

To fully understand the problems encountered with 
track ropes, it is necessary to consider some of the 
problems unique to Cassiar. There are currently no 
Canadian standards applicable to industrial t ramlines; 
instead, the s tandard for passenger tramlines is used, 
neglecting areas dealing specifically with passenger 
service. 

One of the areas covered by the above standard 
(CSA Z98) calls for a rope safety factor of 3.3. How­
ever, the rope, being fixed a t both ends, al ters its ten­
sion with temperature . A 4000-ft (1219-m) long sec­
tion may change length by as much as 12 in. (30.5 cm) 
with a 28°C temperature change, a temperature 
change which may be experienced within a 24-hour 
period at Cassiar. 

FIGURE 6 — Tramcar anchor tower. 
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On a hot day, the rope sag means that cars approach­
ing a tower climb steeply as they enter the saddle and 
descend similarly at the exit. This will produce very 
high loadings on the rope at this point (Fig. 7 ) . Con­
versely, if the rope is Pensioned sufficiently to over­
come this, a drop in temperature can increase the rope 
tension past the yield point of the rope. 

Because of these problems and the necessity to stay 
within the 3.3 safety factor, rope sizes are being in­
creased to 2.28 in. (58 mm) and 2 in. (51 mm) on the 
top and bottom respectively (Fig . 7 ) . 

Approach and exit angles, wear on the rope as the 
car comes out of the tower, rail wear within the tower 
and terminals, and methods of solving these problems 
are open to many theories. In an at tempt to gather as 
much information as possible, we have used a high­
speed movie of the tramline, slowed down to show the 
rope and car movement. We are also embarking on a 
test, together with help from Wire Rope Industries 
Limited and Noranda Research, to place an instru­
mented t ramcar in operation which will record car 
wheel loadings at points along the route. It is hoped 
that this information will help the company to design 
saddle and tower configurations to increase the present 
short rope life (Table 3) to at least 6,000,000 tons. 

Apar t from the increased rope diameters, we have 
already tried or are in the design stages of other 
modifications to better the original configurations. 

On two towers on the top sections of the tramline, 
20-ft (6.1-m) extension pivoting rails were fitted to 
help support the car entering the tower and relieve 
the rope of the strain. However, experience is showing 
that ra ther than alleviate the problem of rope s t rand 
breakages these a re jus t being moved another 20 ft 
(6.1 m) far ther along the line. On two towers we are 
now experimenting with a longer saddle of larger 
radius, to give a more gradual change in rope-saddle-
rope transit ion. 

Although these new saddle designs have only been 
installed for a few months, they appear to be having 
the desired effect, and more will shortly be fitted 
(Fig. 8 ) . 

As mentioned earlier in the text, increases in am­
bient temperature can cause sagging. This, in fact, 
caused a derailment on the 1060-ft (323-m) long top 
span of the tramline, when the line became unstable. 
A tie-down system was then installed to increase the 
stability, but on hot days it is still sometimes necessary 
to shut down the tramline due to sway in this section. 

The permanent solution will be to install an ad­
ditional tower to reduce the length of the span. This 
has now been designed and will be installed during the 
summer of 1978. While the extra tower was being 
designed, alternative designs were also produced for 
the other towers in the top section, changing the 
profile to a more gentle one and embodying the new 
saddle design (Fig. 9) . If put into practice this change 
should further extend rope life. 

Discharge Terminal 
The discharge terminal is an enclosed steel s t ructure 

providing a steel framework for the 10-ft-diameter 
urethane-lined floating tail sheave and the discharge 
hopper (Fig. 10). The hopper is designed to receive 
ore from any location of the tail sheave. Below the 
hopper is a 60-in. reversible belt which directs the 
ore ei ther via belt to the concentrator or via a radial 
stacking conveyor onto a wet-rock stockpile. An ultra­
sonic level detector within the hopper signals the bin 
high-low levels. 

Electrical 
As described under the drive system, two 300-hp 

575-volt induction motors drive through a Falk reduc­
tion gear box. Under full load, the motors regenerate, 
about 400 kw/hr . The hydraulic pony drive is powered 
by two 100-hp motors, the variable-rate pumps being 
controlled by a 'Moog'-type controller. 

Safety systems on the tramline, consisting of over-
speed, underspeed and axle limit switches, all originate 
shutdown and braking through an undervoltage relay. 
Speed read-outs are provided by an 'Airpax' system. 

Now in the design stages is a derailment alarm and 

NEW RAILS, 60' RADIUS-20'LONG 

Track rope 

TRACK ROPE SUPPORTED BY FULL LENGTH SADDLE - 60 ' RADIUS 

L © 

SECTION THRU 
NEW SADDLE AND RAIL COMBINATION 

OLD RAILS, COMBINATION 25' AND 40' RADII -12' LONG 

D D 
Trock rope 

TRACK ROPE SUPPORTED BY TWO SHORT SADDLES-12' RADIUS 

FIGURE 8 — Old and new tower saddles and rails. 
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shutdown system to be fitted to all towers, because a t 
present a derailment could destroy several towers 
before the underspeed relay initiated a shutdown. 

Maintenance 
As may be expected from reading this paper, main­

tenance requirements are extremely heavy. A crew 
of 11 men, with a foreman and general foreman, look 
after the mechanical maintenance requirements of the 

crusher and tramline. The tramline works on a five-
day, three-shift basis, with two days normally sched­
uled for maintenance. In addition to these two days, 
additional time is scheduled as required for major 
work. 

During the time the tramline is operational, the 
track ropes are lubricated by a special oiler car which 
is permanently fastened in the s tr ing of t ramcars . The 
car wheel operates a pump to apply lubricant to the 

EXISTING PROFILE AND NEW PROFILE 
Upper Section of Tramline 

^ ,,u. 0F*> 

0& ,^° 
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FIGURE 9 — Existing profile and new profile for the upper section of the tramline. 
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FIGURE 10 — Tramline discharge terminal. 
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t rack ropes. Haul-rope lubrication is provided by drip 
feeders at the loading and discharge terminals. Pe­
riodic t ightening of bolts in s t ructures and constant 
checking of the track ropes is also achieved during 
the running cycle. 

Perhaps the most time-consuming area of main­
tenance is that concerned with the track and haulage 
ropes. As soon as a broken wire is spotted on a track 
rope, a metal cuff must be fitted before the wire comes 
out of lock. As may be expected from studying the 
entry and exit of the car from a tower, the majority of 
the damage occurs within 20 to 30 ft (6.1 m to 9.15 m) 
of the tower. To relieve constant wear on the rope in 
one area, a program of rope slipping is carried out on 
a scheduled basis. Generally the rope is slipped in its 
direction of travel, but this is sometimes changed in 
order to 'bury ' the damage within the saddle area. 
Rope slipping and retensioning now takes about la/2 
days/rope, as the rope may be moved 10 ft (3 m) to 
12 ft (3.5 m) , a t 6 inches (15.25 cm) at a t ime. Ten-
sioning itself is a time-consuming i tem; this is done 
at least twice a year, in fall and spring. The tension 
is adjusted by means of hydraulic jacks to a pre-set 
value. (Table 4 ) . 

However, because of the friction between rope and 
saddle, the rope must first be broken free, often with 
the use of a chain hoist. Getting the rope to the r igh t 
tension and properly balanced with its par tner can be 
a long and f rus t ra t ing exercise. Although grease fit­
t ings are designed into the new type of saddles to help 
reduce friction, it is very obvious tha t we must design 
something to speed up the slipping and tensioning 
process. 

Once a rope develops too many broken strands in an 
area, it must be replaced. The method employed for 
replacing the bottom ropes is to f irs t suspend the cars 
from the top ropes using load binders and chains. A 
winch, the new rope and the empty drum are then 
positioned at one end, with a second winch at the other 
end. The old rope is pulled out and wound directly onto 
the empty drum. At the same time, a rope from the 
winch at the fore-end is attached to the old rope and 
pulled through the towers. Once the old rope is moved 
out of the way, the end of the new rope is attached to 
the winch line and pulled back into place. The initial 
tension of 80,000 lb is put into the new rope by using 
the winch and an 8:1 block and tackle. Final tensioning 
is done using hydraulic jacks. 

Changing the top ropes requires a different tech­
nique. On the f irs t at tempt, the cars were pulled back 
from the section being changed. However, the haul 
ropes became so tangled that it was later decided to 
remove all the cars from tha t section and store them 
on the ground. This obviously is a time-consuming job. 
On the next rope change, we plan to install a dummy 
rope to support the cars during the change. How suc­
cessful this will be we can only guess — having not 
yet tr ied it. 

Haul-rope inspection is also done visually, with a 
close inspection every three weeks when the cars and 
pins are greased. The replacement program being used 
for haul ropes is to have the ends cut off, resocketed 
and tested at about 1.5 x 106 tons and to replace the 
whole rope at about 3 x 106 tons. As we have only car­
ried 2 x 10° tons on the t ramline to date, it is impos­
sible to say if this is the r ight formula. I t is, however, 
recommended by the manufacturer of the ropes and 
other operations. 

Up until now, all the in-situ rope tests have been 
visual, but we hope to t ry a tramcar-mounted electro-

The Cassiar tramline, with typical mountain scenery in the 
background. 

TABLE 4 — Chart of Tensions for Ropes 

Temp. 
(Deg. 

Of) 

Tension in Spring 
(Tension in Kips) 

Temp. 
(Deg. 
Of) 

Tension in Fall 
(Tension in Kips) 

Temp. 
(Deg. 

Of) 

2-i/4-in. 
Top 

Track 

2-in. 
Bottom 
Track 

Temp. 
(Deg. 
Of) 

2-1/4 - i n . 
Top 

Track 

2-in. 
Bottom 

Track 

- 2 0 
0 

20 
40 
60 

190 
180 
170 
160 
150 

145 
138 
131 
124 
117 

- 4 0 
- 2 0 

0 
20 
40 

190 
180 
170 
160 
150 

145 
138 
131 
124 
117 

magnetic unit in the near future. If successful, this 
would indicate any broken strands inside the rope as 
well as on the surface. 

Other maintenance procedures, such as shimming 
tower rails to maintain a good rail rope transi t ion 
or changing the grip units on the drive wheel, are still 
being done on an as-required basis until we have suf­
ficient information to indicate the best t iming. In fact, 
with the number of modifications now being incor­
porated, it will probably be at least two more years 
before we will be able to formulate a reliable scheduled 
maintenance program. 



"THE CASSIAR STORY" 

Milling 
David C. Cook, General Mill Superintendent, 
Cassiar Asbestos Corporation Limited, 
Cassiar, B.C. 

Abstract 
The milling complex, situated just east of the Cassiar 

townsite, receives raw ore from the tramline and processes 
it into 105,000 tons per year of milled asbestos fibre. The 
ore is passed through a concentrator, where a barren rock 
fraction is removed. The concentrated ore, representing 70% 
of the feed, is dried, stored and then milled into nine separ­
ate fibre classifications. The finished product is packaged into 
100-lb bags and loaded into trucks in one-ton units. New 
air-handling facilities were added in 1977 to provide additional 
air for environmental control. 

Introduction 
THE ASBESTOS ORE, delivered by the tramline at 
the ra te of 300 tons per hour, is received through the 
discharge terminal into the concentrator building 
(Figs. 1 and 2) where the processing of the ore into 
the finished product begins. Milling consists of con­
centration, drying, storing and the actual separation 
of the fibre from the rock by means of screening, 
aspiration and fiberization. The aspirated fibre is 
cleaned and graded by means of horizontal gyratory 
screens and ro tary dedusters (paddle t rommels) . 

The mill produces nine direct-milling grades, clas­
sified according to length and dust content, five of 
them being produced concurrently. Special fibres, 
which are dictated by customer preference, number 
over twenty, and are variat ions of the nine basic 
grades. After classification, the fibre is packaged in 
100-lb woven polyethylene bags, sewn, palletized and 
strapped into one-ton packages. The strapped pallets 
are stored for shipment by truck to Whitehorse, Y.T., 
or F o r t Nelson, B.C. 

The mill complex is comprised of several intercon­
nected, but distinct, s t ruc tures (F ig . 3 ) . The original 
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mill building, with the associated dryer and dry-rock 
storage s t ructure , was built in 1954 and produced two 
grades of fibre. I t had a daily capacity of 150 tons of 
ore, which was trucked directly from the mine. The 
mill was gradually expanded until 1970, when a 132- by 
128-f t addition was built. I t was then producing a total 
of eight fibre grades, four concurrently, and handling 
3000 tons of ore per day. 

The 1970 laminated wood mill building was designed 
t o : 
(1) obtain improvements in packaging and material 
handling; 
(2) improve the production of spinning and cement 
g rades ; 
(3) allow the production of an additional fibre grade; 
(4) improve environmental conditions. 

The mill a i r building was built in 1977 to improve 
environmental conditions. 

Milling Principles 
Recovery of asbestos fibre is based on the physical 

differences between the fibre and the host serpentine 
rock. The fibre and rock are chemically alike and, in 
the rock state as mined, of equal specific gravity. Only 
by making use of the fibrous nature of the asbestos, 
through the process of fiberization to change i ts ap­
parent specific gravity, can it be effectively separated 
from the host rock. 

The value of the fibre is primarily dependent upon 
length (Fig. 4) , so the milling process is designed to 
separate the fibre from the rock as early as possible 
in the circuit to prevent fibre degradation. 

In order to maintain fibre quality, care must be 
taken through the mining and milling operation to 
preserve fibre length and to create a minimum amount 
of damage and dust impregnation in the fibre. Long 
spinning fibre is the highest quality and is released 
early in the milling process; therefore, the ore must 
be treated carefully until the aspiration from the in­
itial mill screens. This is achieved by minimal hand­
ling, gentle crushing, and drying at controlled tem­
peratures and moisture content. 

As all the separation is physical, contamination by 
any fibrous materials, such as wood, paper or other 
light material , which could be aspirated with the fibre, 
has to be eliminated at the source. The ore delivered to 
the mill is passed over large-mesh screens to remove 
the longer fibre before any fiberization. All fibre is 
aspirated through hoods to cyclone collectors. The 
cyclones make use of centrifugal force to separate the 
fibre from the aspirated air . The fibre is discharged 
through rotary valves to horizontal cleaning screens, 
where the fine rocks are dropped out. Fibre is fur ther 
cleaned and classified with the selection of screen 
meshes on horizontal gyratory and horizontal cylin­
drical screens equipped with counter-rotat ing beaters. 
These trommel dedusters are under negative pressure 
and the fine dust, released by the action of the beaters, 
is removed to the dust system. 

Final aspirat ion is through air classifiers in which 
the last traces of fine rock particles still remaining 
in the fibre are removed. 

Fibre grade is controlled by ore selection in the pit, 
blending from storage, and circuit and screen mesh 
changes. 
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FIGURE 1—The tramline discharge terminal at the concentrator. 

In all stages of milling, dust control is a major con­
sideration, with the use of enclosures and maintenance 
of negative pressures within the enclosures through 
the dust collection system. 

All processes — drying, ventilation, dust control, 
aspiration, conveying, separation and fibre cleaning — 
require large volumes of air , a major consideration in 
an asbestos milling operation. 

Concentrator and Dryer Circuit (Fig. 5) 
The tramline buckets which deliver the ore from 

the mine drop it onto a 60-in. reversible feed belt 
which forms par t of the tramline discharge hopper. 
This belt normally discharges the ore to the 36-in. con­
centrator feed belt, past a magnetic conveyor, metal 
detector and weightometer, to a 6- by 12-ft single-deck 
Tyrock screen fitted with a 1^4-in. by 4-in. opening. 
The undersize from the Tyrock screen is discharged to 
a 30-in. belt feeding the dryer circuit. The oversize 
is sent to an APK60 Hazemag impact crusher, dis- FIGURE 2 —The Cassiar mill buildings. 
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FIGURE 3 — Site plan for the Cassiar mill buildings. 
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charging to a second 6-ft by 12-ft Tyrock screen fitted 
with a 1-in. slotted punched plate deck. The undersize 
of the secondary screens goes to the dryer circuit ; 
the oversize, consisting of primari ly barren rock, is 
transported to an APK50 Hazemag which discharges 
to a third Tyrock screen. The undersize is passed over 
three push-pull-type fluid-bed classifiers in parallel, 
which remove the fibre released by the Hazemags. The 
middle size of the te r t ia ry screen may, by means of a 
splitter, be sent directly ei ther to tailings or, if it 
contains sufficient fibre, be passed over the fluid-bed 
classifiers with the undersize. Approximately 30% of 
the feed to the concentrator is rejected as oversize 

$ 
P R I C E /TON 

4 .000 

3.000 

2,000 

1.000 

0.1" 0.2" 0 3' 04 " 0 5' FIBRE 
LENGTH 

FIGURE 4 — Relat ionship of f ib re length to market value per 
ton . 

from the t e r t i a ry screen and fluid-bed classifiers. The 
fibre from the classifiers is aspirated to a 9-ft-dia-
meter cyclone, which discharges to the dryer feed belt. 
Should any problem occur within the concentrator or 
dryer circuit, the 60-in. belt feeder, through interlocks, 
discharges to an outside stockpile by means of a 
stacker conveyor, thus maintaining tramline delivery. 

The stockpile is reclaimed with a 6-yd front-end 
loader feeding a grizzly and vibrat ing feeder to the 
36-in. concentrator feed belt. 

The concentrated product, representing approxi­
mately 70% of the concentrated feed, is passed over 
two single-deck Dillon screens in parallel, fitted with 
slotted %-in. punched plate decks. The screen oversize 
is sent directly to conveyors feeding the dry rock 
storage. The undersize is conveyed to one or more of 
three oil-fired horizontal rotary dryers. The ore, which 
is received at up to 12% moisture, is dried to under 
21/4% moisture at an average oil consumption of one 
gallon per ton of dryer feed. The dried ore and Dillon 
screen oversize are distributed by a travelling t r ipper 
conveyor to the 100,000-ton-capacity dry-rock storage 
building. The building is an inverted Bailey t russ 
s tructure, 480 ft (146 m) long, 150 ft (45.7 m) wide 
and 74 ft (22.5 m) high. The slope of the trusses is 
41 degrees, which conforms to the angle of repose of 
the ore pile. 

The conveying system feeding the dryers and dry-
rock storage is par t of the original plant and its de­
signed capacity has now been exceeded. I t is planned 
to replace all conveyors between the concentrator and 
the mill with a new circuit. 

Reclaiming from dry-rock storage is accomplished 
with a 6-yd front-end loader dumping into drawpoints 
located on the centre-line of the building above the re-
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2. SCREEN 
3. IMPACT CRUSHER 
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6. FAN 
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8. DRYER 

TRAMLINE DISCHARGE 

/ \ STOCKPILE 

DRY ROCK STORAGE 

CONCENTRATOR CIRCUIT 

FIGURE 5 — Concent ra tor and d rye r c i rcu i t . 
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ROCK CIRCUIT FIBRE CIRCu'T 
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a 
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TYPICAL FLOW LINE 
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FIGURE 6 — Typical flowsheet for asbestos fibre at Cassiar. 

claim tunnel, which runs the full length of the dry-
rock storage. These drawpoints discharge onto vari­
able-speed belt feeders, which feed the reclaim belt. 

Milling Circuit (Fig. 6) 
The reclaim belt from dry-rock storage discharges 

into two rotary distr ibutors , each of which feed three 
horizontal gyratory double-deck Hall screens. These 
primary mill screens are fitted with a two-mesh top 
deck screen and an 18-mesh screen on the bottom deck. 
The f irst fibre is lifted from the top deck at the dis­
charge end by air through an aspirat ing hood (Fig. 7) 
and is conveyed through ducting to a 7-ft-diameter 
cyclone. This f irs t aspiration is designed to pick up 
all of the released fibre, thus preventing damage by 
further crushing. To ensure aspiration of all the fibre, 
a certain amount of rock is necessarily lifted at the 
same time and this rock is eliminated in subsequent 
screening and aspiration stages. 

The cyclone collector is designed to separate the 
fibre from the air by means of centrifugal action. The 
fibre drops through the cone of the cyclone and is dis­
charged through a six-bladed rotary airlock. The air 
and dust are vented through the central core of the 
cyclone to a fan which discharges to a fabric dust 
filter. The cyclone is not designed to be highly effi­
cient, as it also acts as a fibre cleaner, removing some 
of the finer dust, thus improving the fibre quality 
during the air-conveying cycle. 

The oversize rock from the pr imary screens is 
crushed in two 3-ft short-head cone crushers in paral­
lel. The cone crusher product is elevated to four addi­
tional screens in closed circuit with the crushers. These 
screens are also fitted with a two-mesh screen panel 

FIGURE 7— Primary mill screens with aspirating hoods. 

and the aspirated fibre from these screens is conveyed 
to similar cyclones in the initial fibre circuit. The 
fibre lifted from the two-mesh screen decks is directed 
to the group three or spinning fibre cleaning circuit. 

The middle size of both the pr imary and secondary 
screens discharges onto six screens fitted with a top 
screen deck of four mesh. Aspiration from these 
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FIGURE 8 — Dedusters in the spinning (A) fibre circuit. 

FIGURE 9—Bauer air classifiers in the cement (AK) fibre 
circuit. 

screens is the first lift into the cement fibre grade. All 
screens in the rock circuit a r e double decked, with 
aspiration from the top deck. The oversize from the 
third set of screens after aspiration goes to three ver­
tical impact mills called 'fiberizers'. These mills re­
ceive rock by gravity, and hammers attached to a ver­
tical shaft throw the rock against serrated liners of 
manganese steel. The impact releases fibre from the 
host rock, which is aspirated from the screen receiving 
the fiberizer discharge. The process of screening, 
aspiration and fiberization is carried on through two 
additional stages in the primary rock circuit on pro­
gressively finer mesh screens. 

The aspirated fibre from the rock circuit is dis­
charged from the cyclone to cleaning screens. A typical 
flowline would have the cyclone discharging to a series 
of rotary paddle trommels, commonly known as de-
dusters. These machines consist of a horizontal cylin­
drical screen, 36 inches in diameter and approximately 
9 ft long, in a dust-t ight enclosure and under negative 
pressure. 

The fibre is introduced into one end of the hori­
zontal revolving screen (Fig. 8) and is subject to the 
action of paddle arms rotat ing in the opposite direc­
tion. The paddles beat the fibre against the screen 
and dust aspiration from the top of the enclosure 

FIGURE 10 — Packaged asbestos after pressure packing. 

removes the liberated dust. The shorter fibres fall 
through the screen and are conveyed to subsequently 
shorter fibre grades. The oversize of the screen, which 
has been cleaned and graded, is conveyed onto addi­
tional horizontal gyratory Hall screens, and then as­
pirated to the final product cyclone. This process of 
cleaning fibre is repeated with some variation for each 
of the five basic fibre grades. In all grades, except 
the spinning fibre, the final aspiration is through air 
classifiers of one type or another (Fig. 9 ) . These 
classifiers complete the removal of the fine gr i t which 
has not been cleaned in the screening process. 

The fibre aspirated to the final product collector is 
discharged into a 6-ton live-bottom bin, which is used 
for final blending before bagging. The live-bottom bins 
discharge via screws to weigh hoppers, where the fibre 
is weighed into 100-lb portions prior to delivery to the 
bagging machines. Fibre, which has an approximate 
density of 5 to 10 lb per cu. ft at this stage, is dis­
charged into a vertical chamber, where it is compressed 
by a hydraulic plunger or ram. The pressure-packed 
fibre, which then has a density of approximately 40 lb 
per cu. ft, is ejected through a horizontal spout into 
a woven polyethylene bag, the approximate package 
size being 24 by 16 by 8 in. The actual size of the 
package varies according to the grade and openness 
of the fibre. The fibre package is then sewn, sorted 
into various grades, palletized into one-ton lots, 
strapped and sent to fibre storage to await tes t results 
prior to shipment (Figs . 10 and 11). 

Specialty Grades 
Fibre as milled has a specific surface area of ap­

proximately 4000 cm2 per gram. Manufacturing pro­
cesses in both spinning and cement fibre plants require 
fibre openness from 4000 to JO,000 cm2 per gram. 
Within the milling circuit, facilities are provided on a 
small scale to t rea t a portion of the basic fibre grades 
to produce a more highly opened specialty grade. This 
opening process is achieved by passing the fibre 
through high-speed, specially designed impact fans. 
The opening is done only after fibre specifications 
have been met on basic grade, preserving the fibre 
quality and preventing degradation by inclusion of 
rock and dust particles. 



Quality Control 
With the highly competitive na ture of today's 

market and its demand for high s tandards of quality 
and uniformity, it becomes quality control's function 
to ensure tha t all fibre shipments a re within the 
narrow limits specified for all grades produced. A 
close continuous liaison among mine, mill and quality 
control is required to ensure that properly blended ore 
is delivered to meet the demands of the production 
schedule. Quality control must also maintain a relation­
ship with the sales department to assist in customer 
problems, which may include fibre quality, bag 
weights and packaging. 

During the course of its work, quality control uses 
many different tests and procedures in both wet and 
dry tests, such as Bauer McNett, T & N Classifier, 
filtration rate, wet volume and buoyancy, surface area, 
Quebec Standard Test, dry bulk, colour, magnetic, Ro-
tap, gr i t determination and the modified Suter Webb 
test. 

To maintain fibre quality, regular samples are 
taken of both the finished product and the fibre at 
various stages of the milling process. The maintenance 
of uniformity in fibre quality is of prime importance, 
and this is maintained by sett ing all fibre specifica­
tions within narrow limits demanded for maximum 
and minimum shipping standards. 

Fibre samples are taken immediately before the 
bagging operation on each grade. These samples are 
composited and tested for various fibre qualities. The 
fibre is tested for dry screen analysis, wet screen 
analysis, fibre length, -200 mesh content and surface 
area. In the spinning grades, length of fibre is an 
important characterist ic and a small sample is taken 
and physically combed on the modified Suter Webb, 
with the fibres separated in various lengths. The dry 
tests, although more relative than absolute, are used 
as a quick test of fibre quality and production control. 
Wet screen analysis, which is the better evaluation of 
fibre length and dust content, is a longer process. 
For cement fibre grade, the more important fibre qual­
ities are s trength, fibre length, fil tering rate and dust 
content. Fi l t rat ion ra tes are important, because fast-
filtering fibre will allow faster production in the 
customers' plants. 

Facilities exist a t the plant to fabricate asbestos 
cement plaques, which are used to evaluate the action 
of Cassiar fibre in an asbestos cement product. Basic 
research has been done in this field to determine the 
optimum condition for the various cement fibres to 
yield ultimate s t rength. 

Air-Handling System 
The total a i r handled in the milling process is over 

660,600 cfm, representing 80 tons of a i r for each ton 
of fibre produced. Approximately 80% of the air is 
used for processing; 20% is used for environmental 
dust control. 

CONCENTRATOR AND DRYER CIRCUIT 
Process and hygiene air in the concentrator and 

dryer circuit is generated by seven individual fans 
aspirat ing from seven individual pulse-type fabric 
filter collectors. The fans are located on the clean-air 
side of the dust collectors. All t ransfer points and 
screen enclosures are fitted with dust take-offs having 
a pick-up velocity of 300 ft (91.5 m) per minute. 

Air, used in the drying circuit both for drying the 
ore and dust control, is drawn through three pulse-

FIGURE 11—Strapping machine with a one-ton unit of 
cement (AK) fibre. 

type dust collectors equipped with Nomex filter fab­
rics. This allows the operating temperature to exceed 
400°F. The bag collectors are insulated to maintain 
the temperature above the dew point. The total a i r 
handled in the dryer and concentrator circuits is 
160,000 cfm. 

MILL CIRCUIT 
More than 500,000 cfm of a i r is required for the mill 

operation. This a i r is generated by approximately 40 
fans pulling air from individual cyclones assisted by 
five booster fans to maintain a negative pressure in­
side the gathering plenums. The system now used at 
Cassiar is designated as a push-pull air-handling sys­
tem. The individual fans create a negative pressure 
from the pick-up point to the inlet of the fan. From 
this point, the fan pushes air toward booster fans 
which are operating at the end of major plenums. The 
inlet to the booster fans may be slightly negative or 
positive, depending on air conditions and conditions 
in the dust filter. The booster fans push air a t a posi­
tive pressure of up to 6-in. water gauge through 
fabric filters located in the 1954 mill ground floor; a i r 
must find its own way through various openings to 
the aspirat ing point. 

Modifications to the original fabric air filter system 
installed in 1956 have permitted an increase in its 
capacity from 230,000 to the present 500,000 cfm. 
This has been achieved by additional units, fabric 
selection and increased cloth area with the use of 
smaller-diameter filter tubes. Increased air-to-cloth 
ratio has resulted in a high pressure drop across the 
filtering units. 

In 1975, additional a i r was required to improve 
product t ransport and to meet t ighter environmental 
regulations in regard to air-borne asbestos dust. Stu­
dies were made of various alternatives, with the most 
obvious being expansion of the present system. This 
was ruled out on environmental considerations due to 
the location of the fabric filter on the bottom floor 
of the original mill. In most mills the mill air is re­
circulated, and the air re turning to the top floor of 
the 1970 mill has to pass all floors, where contamina­
tion could be picked up and dispersed over a wide area. 
Velocity in s tairways is excessive. There is difficulty 
in balancing the fan system with different fan charac­
teristics. With the pressure system, any circuit tha t 
is required to be isolated for the purpose of repair ing 
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The Cassiar Asbestos mill, with the mountains in the back­
ground. 

Truck-loads of packaged asbestos fibre leaving the plantsite. 

ducts is affected by pressure from other fans in the 
system, which cause major dust dispersions. When 
mill fans are shut down for weekly maintenance, the 
push system discharges dust into the air through 
all openings. 

The second alternative was to install a pull-through 
system. Instead of blowing dusty air through the filter, 
fans are used to draw clean air through the filter 
fabric. I t was desirable to install fan plenums and 
dust collector uni ts a t the top of the mill, as they 
would be closer to the 7th-floor cyclones, which handle 
over 85% of the mill air . However, because it is a 
t imber s tructure, the 1970 mill could not support the 
extra weight. A separate building was constructed in 
1977 to supply 480,000 cfm for process and environ­
mental air in the 1970 mill. The adjacent location added 
an approximate 2-in. loss to the proposed system. An 
additional floor was added to the 1970 mill to house 
the air plenums collecting air from the cyclones and 
dust r isers . Three plenums feed an air manifold, 
which distributes the dusty air to eight 54-in.-dia­
meter downcomers to the mill a i r building. Dust-
laden air passes through two settling chambers be­
fore being discharged to nine hoppers under the au­
tomatic shaker-type bag filter. The dust collected 
from the bags falls into the hopper, from which it is 
then conveyed by screw conveyors and belts to a pug 
mill, where it is wetted and discharged to tailings. 
With the high settlement ra te in the plenums, gra in 
loadings of two gra ins per cu. ft are expected — or 2 

tons per hour of collected dust. The air is generated 
by four Chicago blower fans of 120,000-cfm capacity 
each, operated at a negative pressure of 16 in. water 
gauge. The clean air is distributed through the fans 
into a vertical clean a i r plenum, where it is returned 
through louvered opening to each floor or discharged 
to the atmosphere as desired. The ground floor of the 
mill air building houses the mill maintenance shop. 
The second floor contains the quality control labo­
ra tory and the mill offices. 

Mill Modifications 
With the connection of the new mill a i r building, 

additional air is available for processing and for en­
vironmental dust control. Mill circuits in the 1970 mill 
were redesigned to make use of the additional a i r to 
improve working conditions. The ducts and aspira t ing 
lines were rerouted to eliminate long horizontal runs 
and permit additional dust take-offs. Dust take-offs 
have been revised to reduce pick-up velocities to 300 
to 400 ft per minute. This aids in keeping t ranspor t 
velocities low and reduces loss of fibre values within 
the system. 

Leaks in ducts and chutes are a major source of the 
environmental contamination within the mill. High 
conveying velocities in ducts of the aspira t ing and 
dust collection system cause high wear and result in 
short duct life. Various liners, including Ni-hard and 
rubber, have been used to overcome these problems. 
Recent experience has shown the superiority of cera­
mic liners, and new installations are being equipped 
with these l iners a t elbows and t ransi t ion areas . 
Screen enclosures have been modified based on oper­
ating experience at Cassiar and other asbestos mines. 
These modifications are designed to more effectively 
contain the dust normally associated with the gyra t ing 
screens at both feed and discharge points. Similar 
modifications have been designed on inspection door 
and conveyor enclosures. 

In order to maintain an effective dust system, long 
horizontal lines have been avoided. During 1977, eight 
vertical dust r isers were located in close proximity 
to dust sources to reduce the horizontal distances. 
These risers extend from the ground floor to the dusty 
air plenums on the 8th floor. 

Tailings Disposal 
As 90% of the mill feed as well as 30% of the con­

centrator feed is discarded as waste, material handling 
of dry, finely ground rock is another major environ­
mental problem. Various methods have geen tried to 
wet the tailings for dust control. 

The only successful t rea tment to date has been to 
collect all the waste components in one bin and t r ea t 
them a t a controlled ra te through a pug mill f i t ted 
with water sprays. Some problems are encountered 
with the automation of sprays, which causes sticking 
and freezing to the exposed conveyor belt. 

The milling process a t Cassiar has, within the last 
two years, undergone major redesign and modification 
of machinery and processes. The improvements in en­
vironmental control and production facilities will 
maintain and improve Cassiar 's position in the supply 
of quality asbestos fibre. 

Projected improvements and capital expenditures 
over the next three years are designed for environ­
mental improvement, increased recovery from the mill 
feed, and improvement of fibre quality and customer 
service. 
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"THE CASSIAR STORY" 

Maintenance 
Peter C. Jones, Plant Superintendent, 
Cassiar Asbestos Corporation Limited, 
Cassiar, B.C. 

Abstract 
The paper gives a broad view of the maintenance proce­

dures at the Cassiar Asbestos Corporation property. Com­
parisons are drawn to indicate the changes in facilities and 
approach that have evolved over the last 25 years while 
coping with the northern British Columbia climatic conditions. 
Special emphasis has been placed on the importance of the 
support groups providing services for both the mine site and 
the town. 

Maintenance 
THE STEADY GROWTH OF CASSIAR over the last 
25 years has left us with a mixture of old and new. 
The shops are widely spaced out, which leads to super­
visory problems. Add to this the normal problems of 
supply delivery and shortage of skilled manpower and 
one can imagine the problems tha t supervisors are 
faced with in order to maintain continuity. The super­
visory force is strong, as indicated by the organization 
chart (Fig. 1) . 

The snow-capped peaks provide 
these large haulage trucks. 

scenic background for 

Keywords: Cassiar Mine, Asbestos, Maintenance, Con­
centrators, Power plants, Electrical systems, Plumbing. 
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FIGURE 1 — Organization chart at Cassiar. 
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The Mine 
The mine mechanical department is responsible for 

the maintenance of 19 trucks in the 50- to 85-ton class, 
two ll-cu.-yd shovels, and two electric and two diesel-
driven blast hole drills. Until 1974, the garage con­
sisted of a 32-ft (9.1-m) by 40-ft (12.1-m) building 
in the mine area. Most maintenance was done in the 

FIGURE 2 — Field service vehicle. 

FIGURE 3 — New manifold design for hydraulic packers. 

TABLE 1 -- Diesel Generating Units 

Rated Output (kw) Speed 
Engine No. Engine Type @ 0.8 Pf (rpm) 

8 Mirrless KISS 5 972 450 
9 Ruston 8ATC 900 514 

10 Ruston Hornsby 9ATC 1400 514 
11 " 1400 514 
12 " 1400 514 
13 " 1400 514 
14 " 1400 514 
15 " 1400 514 
16 1400 514 

field; consequently, there was poor maintenance in 
cold, especially 40°C below, weather. 

In 1974, a new two-bay garage was opened and two 
years later was expanded to a five-bay unit with a 
separate steam bay and welding area. The garage is 
fitted with a 10-ton crane, centralized lubrication sys­
tem for the service bay and underfloor, and infra-red 
heat ing systems to give bet ter working conditions. In 
1977, a new lunchroom, changeroom and office were 
constructed on a mezzanine floor. 

In-field servicing is done using a specially fitted 
lube van complete with hose reels, compressor, etc. 
(Fig. 2 ) . 

The graders , front-end loaders and bulldozers a re 
maintained under a separate lease and maintenance 
contract with Finning Tractor and Equipment Co. 
Ltd., Caterpillar distr ibutor for Brit ish Columbia 
and Yukon. 

Winter conditions dictate tha t major work on shovels 
and drills be accomplished between June and Septem­
ber. As can be imagined, the intense cold weather 
provides its own problems. Freezing of water and air 
lines, brakes, etc., are frequent problems, especially if 
a heater fails or if there is a power outage. Trucks 
are left with their engines running when not being 
driven to keep them warm. 

The better facilities have naturally led to greater 
efficiency, but an added help has been the many in­
novative and progressive ideas put into practice by 
Cassiar 's employees. These range from the centralized 
lubrication and transmission oil empty-and-fill f i t t ings 
on each truck to the modified hydraulic deck drive on 
a hydraulic-electric drill. 

Crusher and Tramline 
The crusher and tramline are maintained by a spe­

cial crew under an assistant superintendent, because 
of the amount of work which has to be done to im­
prove the tramline and br ing unit costs within reason­
able limits. (Maintenance of the t ramline is dealt with 
in a separate paper.) 

Mill and Concentrator 
Asbestos milling consists essentially of separation 

and fiberization using screens, crushers, fiberizers and 
other specialized equipment peculiar to asbestos. A 
major project in recent years has been the concerted 
effort to reduce respirable dust. A separate crew, 
within the maintenance department, is responsible for 
this project within the mill. 

Because of the age of some par t s of the mill, 
changing circuits, and lack of room, the accessibility 
for maintenance in some areas leaves much to be de­
sired. Compounding th is problem is the lack of parallel 
circuits in some areas, which means that the total mill 
has to be shut down to perform maintenance. Addition­
ally, the breakdown of any one of a large number 
of machines may drastically reduce or even stop pro­
duction. 

Good planning and a close working relationship with 
operating personnel are necessary to maintain a high 
degree of availability. Communications between super­
visors and key personnel a re maintained by using two-
way FM radios. 

In the mill, as in other areas of the operation, 
modification to the exist ing machinery made by main­
tenance and operating personnel is helping to increase 
availability and efficiency. 
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Trucks Tramline Shovels 

A prime example of this is the hydraulic pressure 
packing system. Faced with continuous electrical prob­
lems from the electrical control system and leaks and 
failures from the hydraulic piping, Cassiar staff re­
designed and simplified the electrical circuit and had 
a solid manifold built for the hydraulic circuit on 
which are mounted all the control solenoids (Fig. 3 ) . 

This type of change, together with the use of new 
lining materials in heavy wear points, different types 
of belts, etc., is beginning to result in very noticeable 
improvements in the operation. 

Power Plant 
One of the important par ts of Cassiar 's operation is 

its powerplant. Without it we would have no electricity 
or steam heat in the plant, the mine or the townsite. 

The powerplant started in 1952 as a small log cabin 
housing two small diesel generators of 50-kw capacity. 
By the mid 60's, the plant had grown to an 80-ft 
(24.4-m) by 82-ft (25-m) Butler building housing eight 
2300-volt diesel generators with a total capacity of 
3673 kw. Power was then distributed to the mill, 
plant and townsite via four 2300-volt feeders. The 
mining shovels and drills, being either diesel powered 
or having separate diesel generators, were not con­
nected to the powerplant system. There was, however, 

a 13.8-kv overhead line with step-up and step-down 
transformers to supply mine auxiliary power and the 
crushing plant. 

Ten years later, the power consumption at the site 
has risen from 1964's output of 14 x 106 kw hours to 
the present 43.3 x 106 kw hours, with a projected in­
crease of 12.9 x 10H kw hours /year due to a new plant 
in 1978. To keep up with this, the size of the diesel 
generat ing units has had to be changed and an extra 
bay added to the building. There are now nine units 
installed, with a total rated capacity of 11,672 kw. Only 
one of these dates back to 1964. (Table 1 and Fig. 4.) 

All units generate at 2300 volts and feed onto an 
ITE switchboard, with feeders supplying the mine, 
mill, townsite and powerplant auxiliaries. 

I t is a simple statement to say tha t additional en­
gines have been installed to cope with a threefold in­
crease in power. However, many other changes have 
had to be made to cope with the increased installations. 

A new control room, new crane and lube systems 
have been installed over the past 18 months. Within 
the next few months, a new engine cooling system will 
be commissioned, using forced-draught cooling towers 
in a closed-loop system. The present system, one tha t 
has been in use for many years with little change, is 
open ended. Cooling water is pumped from a nearby 

FIGURE 5 — 1400-kw generator in the powerhouse. FIGURE 6—Main 2300-volt switchboard in the new control 
room. 
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stream through the engines (some not fitted with heat 
exchangers) and back into a make-up sump, with 
eventual discharge back to the stream. To cope with 
the previously mentioned increase in 1978, two 600-kw 
and one 800-kw portable units are being connected into 
the main switchboard (Fig. 5 ) . The reason for using 
mobile units, which are more expensive to operate, is 
tha t they will tide us over until five Huston Hornsby 
9 ATC engines (Fig. 6) currently operating at Clinton 
Creek become available in mid 1978 when that property 
ceases operation. 

Besides generat ing electricity, the powerplant runs 
compressors which are rated at 1000 and 650 cfm 
respectively, with the air being piped to different 
locations in the plant. Because of increased usage, a 
new 1200-cfm compressor is contemplated for next 
year. 

Steam is generated in two ways — by eight waste-
heat boilers on the diesel generator engine exhausts 
and by two 200-hp package boilers. Both systems feed 
a steam header maintained at about 50 to 80 psi. Each 
of these systems produces about half of the total re­
quirement. 

Electrical (Fig. 7) 
The majori ty of the distr ibution around the plant-

site and townsite is 2300 volts, which is stepped down 
to 550 volts and 110 volts for supplies to motors, 
heating, lighting, etc. Electricity supply to the mine 
is a t 24 kv via a step-up t ransformer outside the 
powerplant. The reason for this is to minimize losses 
on the long transmission line to the open pit. Main 
distribution within the pit is a t 4160 volts. 

The electrical depar tment is split into three sections 
— mine, mill and plant — to cover the area fully. 
Those sections covering the mine and mill have elec­
tr icians available on a three-shift, seven-day/week 
basis. The number of personnel and responsibilities of 
the electrical section have increased over the years in 
line with increased reliance on electrical power. This is 
particularly t rue in the mine area, as shovels and drills 
have changed over from diesel to electric power. Be­
cause the townsite is also supplied and serviced by the 
company, and the number of residences has increased, 
this area is now taking a considerable amount of t ime. 
The power requirement of the town has increased by 
65% in the last twelve months! 

Plumbing and Sewage 
Water for the townsite is supplied from a single 

pumphouse equipped with one 75-hp and two 30-hp 
pumps, with a back-up diesel unit in case of power 
failure. Total pumping capacity is 875 gpm. At one 
time, this pumphouse also supplied cooling for the 
powerhouse, but this water is now supplied from a 
separate pumphouse. Water distribution throughout 
the townsite is supplied via a 6-in. main line with 4-in. 
branch lines. The unused water is re turned to the 
stream. Pressure is maintained at 60 psi by a pre-set 
pressure-regulat ing valve at the outlet. 

Because of the extreme winter cold, any water lines 
which are not run with steam lines have to be buried 
to at least 8-ft (2.44 m) to combat freezing. 

The majority of the sewage is handled using ei ther 
individual or collective septic t anks ; good natural 
drainage makes this an effective system. 

A single 25,000-gal.-per-day sewage t rea tment plant 
handles effluent from the kitchen, the laundry and 
some of the single quarters . 

Garbage collection is handled by the company using 
a modern compacter truck which delivers to the gar­
bage disposal area. The process utilizes specially made 
bulk containers in both the plant and townsite. Use of 
such modern equipment speeds up service and reduces 
manpower requirements. 

Shops 
The machine shop, carpenter shop and equipment 

shop are all well equipped with machinery to make re­
placement par ts on site when necessary. Because of 
the lack of entrepreneurs within the district, special 
a r rangements are made to perform machining and 
carpentry work for outsiders. Modernization in shop 
layout, lunchrooms, l ighting and ventilation systems 
has been one of the recent improvements. 

The machine shop includes lathes with up to 28-in. 
swing and 120-in. bed, broacher, shaper, rolls, welding 
and cutt ing facilities, and even a small forge. Although 
the capital cost of this equipment is high and its util­
ization is low, the money saved by being able to make 
par ts for production machinery (air-freight ing a par t 
may take a week) more than justifies the expense. 

Pick-ups and other service and small production 
vehicles are maintained in the equipment garage. The 
small t ruck fleet numbers 54 and the additional t rucks 
and vehicles 30, including 980 Cat. loaders and a Cat. 
14G grader . 

To lessen the inconvenience of losing an item of 
production t ranspor t on day shift, the shop works two 
shifts to enable pick-up trucks to be serviced when 
they are not normally in use. 

Carpentry requirements vary from making signs 
to cabinet making. The shop is equipped to meet all 
requirements and also has a paint bay which will ac­
commodate objects up to the size of a pick-up truck. 

Maintenance Control 
Maintenance control is effected by way of a work-

order system. A person requiring a task to be per­
formed by a maintenance crew ini t iates a work order. 
Depending on the na ture and extent of the work, cer­
tain approvals must be obtained from the departments 
involved before the job s ta r t s . 

One copy of the work order goes to the supervisor 
performing the task, one copy goes to the maintenance 
planner and one remains with the originator. The fore­
man uses his work-order backlog to set priorities, plan 
the daily assignments for his crew, requisition mate­
rials, and determine his manpower and overtime re­
quirements. The planner uses a copy of the work order 
to maintain records of work in process and work 
backlogs. On completion of a job, the field copy of the 
work order is sent to the planner, who then can gener­
ate data on repair costs and frequencies and report on 
changes and modifications. 

A preventive maintenance scheme has been intro­
duced in the mill which will be the basis for control 
of all repetitive inspection and repair on mill produc­
tion machinery. A base frequency of eight weeks was 
adopted on most of the equipment and check sheets 
are issued to coincide with the regular weekly shut­
down day. Major maintenance work is scheduled on 
a longer frequency, such as annually or semi-annually. 
Although this program currently represents a theoret­
i c a l approach to scheduled maintenance, its real worth 
will be realized as changes in content and frequency 
are made in response to equipment problems and 
malfunctions. 



"THE CASSIAR STORY" 

The Environment 
Melvin S. Taylor, Chief Engineer-Environmental, 
Cassiar Asbestos Corporation Limited, 
Cassiar, B.C. 

Abstract 
The environmental control program at Cassiar Mine is an 

active one involving government, unions and company 
personnel all working together to achieve a goal — "A clean 
and safe working environment". This can only be achieved 
by utilizing three of Cassiar's most important resources; i.e., 
people, time and money. Past environmental programs have 
more than proved that the goal can be reached and, with 
the future programs now in progress, Cassiar Asbestos will 
achieve its environmental goals. 

Introduction 
CASSIAR ASBESTOS CORPORATION LIMITED 
operates the only asbestos mine in Brit ish Columbia. 
The plantsite and town are located in close juxtaposi­
tion, creating special environmental considerations. 
Cassiar's environmental and health record has been 
very good. In over 25 years of asbestos mining and 
milling operations at Cassiar, B.C., there has not been 
one reported case of an asbestos-related disease. 

Until the late 1960's, little was known about the 
effects of asbestos on the respiratory system. Some 
clarification has been gained as the result of exten­
sive medical and technical research, certainly enough 
to establish that the excessive inhalation of asbestos 
fibre over extended periods of time may be detri­
mental to health. 

To reduce this possible hazard to a minimum, 
Cassiar Asbestos has undertaken an extensive program 
of construction, monitoring and maintenance to meet 
government environmental standards. 

Environmental Control at Cassiar 
Since the inception of the mine in 1953, Cassiar As­

bestos has carried out preventive medical programs 
by performing pre-employment and employee chest X-
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rays. The medical testing facilities are located at 
Cassiar, and definite guidelines are followed to exam­
ine employees for possible ill-effects which might 
result from asbestos dust exposure. To fur ther these 
studies and to confirm tha t no asbestos-related di­
seases had been found, Cassiar Asbestos recently com­
pleted a survey of employees to determine the effects 
of asbestos exposure. 

This survey, independently conducted by Dr. Stefan 
Grzybowski and staff from the University of Brit ish 
Columbia, involved employees who have worked a t 
Cassiar for a period of ten years or more. This ten-
year classification was arbi t rar i ly chosen, as it appears 
to be the earliest time period in which an asbestos-
related disease is likely to appear. The survey included 
a lung function test, chest X-rays, sputum tests, blood 
samples and an examination of employees case his­
tories and employment records. 

I t has been established tha t there is a definite rela­
tionship between the inhalation of asbestos, cigarette 
smoking and respiratory problems. One medical au­
thori ty stated tha t the excessive inhalation of asbestos 
fibre can lead to asbestosis. He concluded by saying, 
however, tha t curiously it seems to occur most often 
in those asbestos workers who smoke. Fur ther , it is 
reported that asbestos workers who smoke incur about 
92 times the risk of dying of a bronchogenic carcinoma 
as do those who neither work with asbestos nor smoke. 

In view of the mounting evidence linking cigarettes 
to respiratory diseases, Cassiar Asbestos developed a 
realistic program to help those employees who want 
to quit smoking. This campaign met with encouraging 
success and included a public-participation campaign 
at Whitehorse, Yukon. The program has recently been 
upgraded and intensified and is being conducted by a 
smoking-cessation consultant, with the assistance of 
Cassiar personnel who have 'kicked the habit ' . 

At the Cassiar Mine, a large number of dust-produ­
cing areas have been brought under control. Areas tha t 
are not yet under control have been identified and dust 
control programs are underway. In these lat ter areas, 
employees are required to wear masks. 

Dust Monitoring 
Dust monitoring surveys were carried out at Cassiar 

Asbestos Corporation from 1953 to 1962 by the Work­
ers Compensation Board of B.C. and then from 1963 
to date by the Ministry of Mines and Petroleum Re­
sources. 

Recognizing the importance of dust control and 
measurement, Cassiar Asbestos adopted, in 1970, the 
midget impinger — the best known device for sampling 
air-borne dust at tha t t ime. Cassiar used this method 
to conduct its own first plant-wide survey in 1971. 

The midget impinger bubbles dust particules 
through isopropyl alcohol, impinging the particles to 
the bottom of a collection tube. Dust samples thus 
obtained are then mounted on slides and counted using 
a 100X microscope and recorded in million particles 
per cubic foot. 

Subsequently, in 1973, the improved filter membrane 
technique was adopted. This method enables the actual 
asbestos fibre to be counted, whereas the midget im­
pinger includes all types of dust. The filter membrane 
technique, which was developed by the National Inst i-
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FIGURE 1—The agglomeration system ahead of the tailings pile. 

tu te of Safety and Health in the U.S., is now used 
throughout the asbestos industry. It involves passing 
two litres of a i r per minute through a filter membrane 
which entraps the fibre. The filter is then mounted on 
a microscopic slide and fibres are counted by using a 
450 to 600X microscope and recorded as fibre per cubic 
centimeter ( f /cc) . 

Cassiar's new mill air building provides 480,000 cfm of pro­
cess and ventilating air. 

FIGURE 2 —Diversion of Troutline Creek in 1976. 

Since June 1973, with the introduction of the filter 
membrane technique of sampling, Cassiar has reduced 
its average fibre counts from approximately 16.0 to 
less than 5 f/cc by inst i tut ing concrete environmental 
programs along with education of the employees on the 
proper handling of asbestos fibre. I t was not until the 
early 1970's that engineers were able to develop the 
necessary improved technology to reduce dust emis­
sions. In some instances, the technology is still to be 
attained. 

Company Action Taken 
By 1974, Cassiar had embarked on a program to 

meet government s tandards wherever possible by 
practical economics and existing technology. The fol­
lowing are examples of action taken. 
(a) Pr ior to 1973, wet collectors or cyclone collectors 
were known as providing the best suitable emission 
control techniques for hot gases from ore dryer stacks. 
However, with the development of filter fabrics for 
dry collection of high-particulate hot gases, bag filter 
units were adopted and proved to outperform conven­
tional wet cyclone collectors. In 1973, Cassiar reduced 
emissions from i ts ore dryer stacks by removing i ts 
conventional cyclone collectors on three rotary dryers 
and installing bag f i l ters ; this reduced emissions from 
300 l b /h r to less than 25 lb /h r per dryer stack. 
(b) In 1974, Cassiar directed its at tention to con­
trolling dust emissions from the tailings pile. To 
reduce these emissions, an agglomeration system — or 
pug mill — was installed (Fig. 1) . This reduced emis­
sions to an acceptable level; there was no visible dust 
on discharge to the storage pile. I t is now planned to 
install a second pug mill to wet other low-grade fines 
emanat ing from other product processing operations. 
(c) To avoid possible contamination of the town's 
water supply, Cassiar re-routed Troutline Creek in 
1976. This involved bulldozing a new creek bed and 
diverting the flow of water away from the low-grade 
storage pile (Fig. 2 ) . The new water course has been 
seeded with suitable grasses and legumes to restore the 
beauty of the landscape. 
(d) In 1977, Cassiar completed the construction of a 
changehouse (Fig . 3) for employees enter ing or leav­
ing the plant. This facility is designed to prevent em­
ployees from carrying free asbestos fibre into thei r 
homes. 
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FIGURE 3 — Interior of the changehouse. 

(e) During 1977, Cassiar completed a $7,000,000 mill 
a i r building, which provides 480,000 cfm (13,440 m3) 
of process and ventilating air. Construction of this 
building s tar ted in late 1975. It was in its final break-
in stage in late 1977 (see colour photo). 
(f) The new mill a i r building will provide additional 
a i r for the processing operation and all the equipment 
enclosures now being installed in the mill. Equipment 
enclosures will include the enclosing of conveyors, 
screens, pressure packers or any piece of equipment 
used in the processing of asbestos that may emit dust 
into the mill atmosphere. Cassiar has installed three 
central vacuum systems throughout the plant for 
cleaning equipment and floors. 
(g) To avoid contamination in the townsite from 
vehicles travelling from plantsite to townsite a truck-
wash was constructed in 1977. All vehicles coming out 
of the mine area must pass through the wash area to 
be cleaned prior to passing into the town. 

These are only a few of the environmental projects 
in which Cassiar is involved. To continually improve 
its dust emissions from 1970 to 1977, Cassiar Asbestos 
Corporation has spent in excess of 13.5 million dollars 
for capital-cost improvements. Within the next few 
years, the company is expected to spend in excess of 
$500,000 annually to control plant emissions through 
a continuous program of upgrading its existing facil­
ities. All new installations will be equipped with en­
vironmental control machinery, representing a fur ther 
heavy investment. 

The environmental control department at Cassiar 
has trained unionized employees in the methods of 
collecting and analyzing dust counts under company 
supervision (Fig. 4 ) . Every two months a survey of 
the complete plant is done by the qualified union em­
ployees. These results are forwarded to the British 
Columbia Ministry of Mines and Petroleum Resources 
as official records. 

Also, in 1975, the company formed a Cassiar Mine 
Environmental Control Committee consisting of com­
pany and union representatives. This committee is re­
sponsible for surveillance of dust control measures and 
ensuring tha t the environmental control programs are 
progressing satisfactorily. The committee carries out 
an inspection of the plant once a month and then meets 
with management to discuss all phases of environ­
mental control. 

Medical tests are mandatory at Cassiar. 

FIGURE 4 — An environmental technologist counting fibres 
per cc through a 600X microscope in Cassiar's modern 
environmental control laboratory. 

In addition, Cassiar Asbestos and the United Steel-
workers of America approached the provincial govern­
ment with a proposal to form an asbestos environ­
mental committee consisting of company, union and 
government representatives to evaluate environmental 
control programs and standards, and to analyze the 
environmental aspects of dust control a t Cassiar. 

In 1975, Cassiar joined the Quebec Asbestos Mining 
Association as a member of an environmental control 
group. This par t of the QAMA shares information on 
dust control systems and improved techniques for test­
ing air-borne asbestos fibre. The committee also evalu­
ates the test ing methods and instruments for asbestos 
sampling, as well as the health of employees. Cassiar 
is actively involved in research on the ill-effects of 
asbestos on health and is contributing its share to the 
funding of the Association and its work. 

Since 1974, Cassiar has produced realistic programs 
to control its industrial and domestic environment. I ts 
goal is to surpass government s tandards. I t s aim is to 
ensure that company employees and their families have 
a pleasant, safe and healthy place in which to work 
and live. 
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