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ABSTRACT

This paper is & raview of those factors unique to mining in ths Arctic and subarctic. The
information was daveloped from an exhaustive Lliterature search and personsl visits to several
narthern mines in North Amarice.

Tha intent is to present s broad overview of meny aof thess factors, to fdentify and
gtfmulats consideration of parameters that are likaly to be averlooked by companies snd persons
without prior arctic experience. Topics of discussion {nclude exploration, cold weathsr plant
design, cold weather equipment operstian, blasting in permafrost, Living conditions and employ—
ae relations.

The appendices are a brief discussion of a number of the arctic and subarctic operations
in North America.

In brief, mining in narthern regtons is practical provided tha deposit has sufficient
value to support the higher construction, transportation and aparating costs associated with
tha remoteness and cald weather. Hirfng and retaining good employees and integrating the
natfve Lebor force into the operation have praoven ta be the most difficult problama, Equipment
and plant aparation ars problems mare easily solved.
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CHAPTER 1
INTRODUCTION
Definition

As man strives to increase the standard of Lliving for all people, the need for basic raw
materials and energy becomes more intense. This need has forced resource suppliers to the
remote and difficult areas of the world. The subject of this report, the Northland, is one
such remote and difficult region to be explored and exploited for the betterment of mankind.

Purpose and Scope

The purpose of this report is to present a brief discussion of many of the significant
aspects relating directly to mine development in the cold regions of North America. It is
hoped that a developer, after reviewing this report, will be aware of the problems of the
north.

Many mining companies and prospectors are actively engaged in exploration activity in the
subarctic and arctic areas. Some of their discoveries have been turned into profitable mines
and others will be in the future.

This report is a review of recent arctic and subarctic mining operations and other devel—
opments with respect to those parameters that are unique and significant to the Northland. The
information presented in this report was gathered through an extensive Literature search,
classroom work, personal interviaws, and field visits to mines in Alaska, Quebec, Labrador,
Yukon Territory, and Scandinavia. The report is a broad overview of many topics, each of which
require more space than is available here for complete analysis. The body of the report covers
the main topics in general, and the appendices contain specific descriptions of many northern
mines and development sites.

The amount of information presented in the appendices on each mine varies depending on the
literature available and the cooperation of saurces contacted. Also, the author was unabla to
visit all sites because of financial and time Limitations.

Arctic and Subarctic Ar D

A definition of the arctic and subarctic areas depends upon the background and purpose of
the author. A geographer may define the arctic as that area north of the Arctic Circle where,
on the longest day of the year, the sun fails to set. The tree line and tundra boundariss may

"be used by a forester. An economist may consider the extent of economic development and
agriculture. Meteorologists describe the arctic in terms of temperature and precipitation
averages and extremes. A geotechnical engineer may define the arctic as that area with discon-
tinuous permafrost. Johnson and Hartman (1971) in the Environmental Atlas of Alaska define the
Arctic as those lands that

"... have no months with mean monthly
temperatures greater than 50°F and at
least one month with a mean temperature
of 329F ar colder."

They further define the subarctic as those lands that
", .. have from one to four months with
monthly mean temperatures greater than

50°F and at least one month with a mean
temperature of 32°F or colder."

Because of the importancs of ground conditions in mine plarning and building foundation
design, the geotechnical definition will be used for setting the boundaries for this report.

1
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Table 1-1

Watson's Climatic Breakdown

of Alaska

ARCTIC CONTINENTAL TRANSITIONAL MARITIME
Mean Annual Temp +10 to 20°F +15 to 35°F +25 to 35°F +40°F
Temp Variation* +28 to 32°F +34 to 42°F +20 to 35°F +12 to 14°F
Mean Jan Min Temp 22 to 16°F 28 to 16°F 8 to 20°F 0 to +32°F
Mean Jan Max Temp 10 to +14°F 10 to +12°F +8 to 28°F 420 to 42°F
Mean July Min Temp +34 to 50°F +40 to 52°F +42 to 50°F +40 to 52°F
Mean July Max Temp +48 to 68°F +56 to 76°F +52 to 70°F +58 to 68°F
Total Precip 4 to 12" 8 to 20" 12 to 160" 40 to 220"
Total Smowfall 20 to 50" 50 to 70" 50 to 100" 50 to 200"
Humidity Low Low Medium High
Cloud Frequency Medium Low Medium High
Winds Expected Strong Light Medium Medium
Expected Jan 1650 1110 1110 to 970
Wind Chill** 1390
Degree Days 16,000 to 14,000 to 10,000 to 8,000 to
Heating + 20,000 18,000 14,000 10,000
Degree Days 5,000 to 5,000 to 2,000 to 0. to 500
Freezing ++ 8,500 7,500 6,500
Vegetation tundra/ stunted farming/ rain forest

grass forest forest

* Temperature variation from the mean. (times 2 equals the range)

*% Wind chill units: kilogram-calories per square meter per hour.

+ Degree days heating: degrees variation below 65°F times the number
of days below 65°F.

++ Degree days freezing: degrees variation below 32°F times the number

of days below 32°F

Table

1-1 is based on interpretation of informatiom presented in

The Environmental Atlas of Alaska (Johnson and Hartman, 1971).




Figura 1-1 shows 8 polar view of the arctic (continuous parmafrost) and subarctic (discon=-
tinuous permafrost) areas of tha Northern Hemisphera.

Johnson and Hartman, tn dascribing the climate of Alaska, rely on tha wark of C.E. Watson,
U.S. Weathar Bureau. Wetson prefserrad to divide the subarctic into continental end transi-
tional zones. Tahle 1-1 {s a summery of Watson's climatic breakdown of Alaska with tempara-—
ture, precipitatian and wind factars compared. The Maritime Zone includes all of Southaastern
Alaska, the Aleutien Islands, Kadiak Island and the coast along southern Alaska. Tha Transi-
tional Zone includes all of western Alaska south of Noma and the Susitna River, Cook Inlet and
Copper Aiver areas south of the Alaska Range. The Continsntsl Zone extands from the south
slope of the Brooks Rangs to the south sida of the Alasksa Range and west to McGrath. Finelly,
tha Arctic Zone includem all of the Brooks Aangs and areass narth, and extends southwest neerly
to Nome.

In Canada, tha Arctic sand suberctic areas axtend far to the south in mfdcontinant and
swing north naar the Atlentic Ocean. Scandinavia, deapite its northarn Location, has a tempe—
rate climate. Discontinuous permefrost 18 found in northern pletaau arees. Northarn Europaan
Russia has & Buberctic olimate. In Sibaria, the cold pole of the Northern Hemisphers is found
at Oymyakon (B88°N) whare the mean January temparature is —60°F with e record law of -g95°F,
Gold and diemonds are mined near Oymyekon (Hall, 1976].

The arctic and subarctic climate hes besn pushed far to the narth in Scandinavia and
westarn Ruseia by the warm ocsan currents from the Gulf of Mexico. The werm Japanese currant
influencea the climata itn westarn Canada, Alaska and sastsrn Sibaria.

Johnson snd Hartman correctly point out that parmaefrost below the Arctic tundra pravents
rainfall from soaking $into the ground, resulting in many shallow lskas, wat muskeg end signifi-
cant river run-off. Thie, when combined with the lLow sveporation rete and low winter transpi-
retion rates, pravides en adequats water supply despite a precipitation rate that would result
in arid condftions slsawhere.



CHAPTER 2
EXPLORATION AND DEVELOPMENT

ntr cti

In responss to the naed for ail, natural gas, coal and other minarals, exploration activi—
ty in arctic and subsrctic areas has intengified. Much of the area has been fnvestigatad only
superficiatly. The seasonal nature of arctic wacrking conditions dictates meticulous planning,
large invantories, back up aystems, and emergency supply sources.

Minaral exploration is big business in Canadian North. Eighteen million dallars were
spant in the Northwast Tarritorias {a 1874 an the search for base metats, uranium, gold and
sflvar. In the Yukan Territory, 12 million dollars wara spent. Exploretion activity in 1975
{ncreaged 25 million dollars 1n the Northwest Territories and 16 million dollars in the Yukon
Territories [North of 609, 1975),

Iraneportation and Supoly

In many cases, fully one hatf of the total exploration budget i{s davoted ta transportatiaon
(Grybeck, 1976]. Modes of transportation include bargs, cat train, snow road, hovercrsft and
tracked vehicles. Oue ta a lack of road and rail facilities and the seasonal nature of watar
transportation, axploration erews rely heavily on afr supparg.

Aircraft can provida year round service by utilizing ice runways on a leke or bay during
the winter and graval river bars in the summer. Light sircraft equipped with flosts can use
lakes and broad rivers. Ouring devalapment of tha rich iraon deposits at Mary River an Baffin
Ialand, Baffinlend Iron Mines Ltd. used tha frozen Sheardown Lake as a landing strip for
Nordair 0C-4 Canstellattan fraight service (Watts, and Megill, 1965). Nordair provides Boeing
737 sarvice to the Nanisivik development on Baffin Island. The Boeing 737 was landad on an
eight thousend foot {ce runway on Strathcona Sound while the 3.5 millfon dollar Arctic Clasa
"38" airport wae under congtructijon (Yatss, 1975), Taebls 2-1 displays a cost compsrison aof
available freight service from Edmonton, Alberta to Inuvik, Northwest Tarrfitories. Ths 1582
coat level is nearly twice that of 1875.

JABLE 2-1

Method Ercgm To Cosy £/L0 (187
Truck & Barge Edmantan Inuvik 5.0
Truck . . Edmonton Hay Rivar 16.5
Air Hay River Inuvik

Truck Edmgntan Whitehoraa 16.0
Afir whitehorse Inuvik

Afr freight Edmontan Inuvik 29.0
Air containar Edmanton Inuvik 22.0

source — Deyell (4876)

Exploretion craws ara aften servad by small planes like the Pipar PA-18 "Super Cub™ which
can land on rivar bars and bare ridges whioh wauld be unsuitable for other aircraft (Geybeck,
1978). Helicoptars, however, ars the main work horse of the exploration crew. Although the
raatal rata far @ halicopter of similar pay laad is appraximataly three times that af a f1ixad
wing craft, their gresater versatility snd applicsbility to minaral explaration has resulted in
wide accaptanca.

Cat trains and snow roads are uged In gtha arctic far moving heavy loads., Cat trains are
used in the winter months when the ground is frozen and protscted by a laysr of snow. Crawler



tractare smooth a pathwey and other tractors pull large sleds which carry freight. Increased
Labor cost and competition from large freight aircraft have reduced the usa of ecst treins.
Snow roads, bufld of compacted snaw and 1ce with a surface capsble of supparting a standard
highway tractor trailer can be used as an alternative to cat trains. Snow roads are built from
snow accumulated along snow fences, from reworkad snow in place ar from ertifical fca and snow.
Such & road wes used for supplying construction csmps during DEW Lina construction and later
during arctic oil development. Snow rosds often take advantage of tha flat surfsces of a
frozen river aor lake. Roads crossing river or laka ice asre often reinforced by increasing ths
ice thickness or by providing structursl reinforcement (Rhoads, 1973). Ica can be thickened by
clearing the snow to fncrease heet trensfer or by pumping watar on the road surface to freeze.
Brush, logs, and planks can also ba frozen into tha ice rosdway to increese its load carrying
capacity (Rhoeds, 1873).

Shipmente via watar routes on the arctic are highly seasonal. Barge traffic on Large
rivers can be utilized from June into October. Barge shipmant to the arctic coast from Saattle
can be carriaed out anly once esch ygar. The watar is ica~free anly long enough to allow
unloading and return. The navigation season {n Hudson Streit is restricted to the threa month
period from the end of July to tha and of October (Thurner, 1976). Shipments ta Little Carn—
wallis Island for develapment wark at tha Polaris Project are Limitad to six weeks in mid-
summer, Ships with specially strengthened hulls to withstand ice pressura ara required for
shipments in the Cenadien Arctic Islands (Redpath, 1974).

Hovercraft have been usad in the arctic to s Limited extent. Ouring the ofl pipeline
conetruction, hovercraft were used for moving freight acrges the Yukon River prior ta bridge
completion. Hovercraft are usad by tha o1l industry for axploration in the MacKenzia Dalta
regian of Canada. Hovercraft have saveral important limitations. Some of thesas are: Llimited
climbing and side-slope abiLity (510 percent), greast width in proportion to pay load capacity,
low obstacla olearance, and a wide turning radius needsd becsuse of aerodynamic staering.

About 489 percent of tha Alaskan population live in urban areea (Haglund, 1873}). Tha
sparsenges of the papulation is further illustrated by the fact that 4,498 peapie Llive in the
38, 281 squara mila North Slope Barough (Directory of Borough and City Officiala, 1975)l. An
operator cannot axpact to find fual, food and services in a small arctic village in quantity
for 8 summar long fiald effort. The resulting long supply lines require a larger than normal
{nventory on Bite.

Saononal Work

Explaration in the arctic is a seasonal effort. Fiald work is normally carried out in the
aummer months, May through September, taking adventage of the warm weather snd extanded day~
Light hours. Problems are morae severe in tha winter months. The expacted warking daylight
hours for any given month and Latitude can be found in Figure 2-1. The valuaes found aon this
chart are the numbseras of haours that outdoor activities can be performaed without artifical
Lighting (Johnaon and Hartman, 1971).

Another seasonal constraint imposad on srctic explaoration is the candition of tha tundra.
Low ground prassure vehiocles ara required for summer traverse of trundra sress. Teats reportad
by Burt (1971} {ndicete thet low ground pressura vehicles da not affact the dapth of thaw of
the activa layar ar the parmafrast, and the tracks requira reseeding only at pot holes. These
tests warae not parfaormed on sloping terrain. Tha use of these vehicles for reconnafssance
programs fs Limited by their slow speed, inability to traverse rough terrain, and high mainte—
nance.

Communications

The great distances involved in arctic work require good cammunication support. Readia
interferance can come from magnetic storms and associsted electrical disturbences. Long range
and nonline-of-sight cammunications raquire single stda band (8SB} radfas. The Geaclogical
Survay of Canade uses a CH25-55B recsiver transmitter at base camps located in the erctic. Fly
campe are equipped with small portabls SBX—11-SSB radios which are powerful enough to communi-
cate with the base camp (Kerr, 1874].
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Vary high frequency (VHF) radios are adequate for Line-of-sight and short distance use.

Light sircraft and helicopters ara aquipped with VHF radios which should be considered in tha
totsl communications systea.

Exoloration in the North

Permafrost will affect the results of saismic and self potential surveys [see Chapter 3).
Permafrost restricts upward migretion of ions, hindering geochemical prospecting (Wolff, 1973).
Wark by Allan and Harnbrook (1870) in the Coppermine River ragion of tha Northwest Territories
indicatas that copper ions do migrste in permafrost regions and thet meaningful anomalies can
ba found from large lLake water, stream sediment, and surface sofl samples. Geuchemical pros—
pecting may be aided by the rapid scil rising associated with solifluction and frost haaving
(Wolff, 1973 and Allen, 1870}. Natursl frost boils, arsas of broksen vegetation exposing mud
from tha C—horizon, provida good geochemical soil samples {Wolff, 1973).

Bacsuss of low precipitation, soma arsss {n the srctic and subaerctic were never glaciatad.
Thess areae presgent dirferent expleration probtems then glacieted regions, The nonglaciated
areas have had more time to weather, thus increasing tha {mpartance of wasthared byproducts of
minerals. It 18, moreaver, much emssisr to trace anomaelies back to their source where the soil
find not been transparted by glacial action {Aho, 1868].

In unglaciatad areas, soils are meturs end sgil semplings will be affactiva. On the other
hand, tha streams do not cut fresh rocks and the effectivenass of sadiment sampling {s reduced.
It should be notad, howsvar, that the cold climate inhibits weathering, and the depth of
waathering mey be lLess than in warmar regions. This makes gsochemical and geophyasical mathods
more affactive (Aha, 1968).



CHAPTER 3
PERMAFROST AND FROZEN GROUND

Parmafrost is any rock or soil mazerisl thet hes remained below 0°C (32°F) continuoualy
for two or more years (Farrians, Jr., 1969). This description is independent af moisture
content, arganic content ar soil characteristics. Parmafrost ground can bhe dry, contain ice
crystals and Lenses or be solid ice. Moisture contant, s0il gradation and soil tampsrature ars
{mportent factors when caonsidering the enginearing proparties of frozen ground.

Ice ocours in tha frozen ground as coetings oo suil graine, crystals, lenses, wgdges ar
masgive ice. Ice Lenses and Larger eress of masaiva ice ere formed by moistures migratian as
describad under the section on frost hsaves. Ice wedges form when surfsce watar enters a orack
{n the ground snd freezes. Repeated freazing and ffllfng formas ice wadges which ars triangulsr
in shapes and point downward. The top of the ice wedge triangle 1s at the bottom of the active
Layer. Ice wedges may grow until they connect with adjacant wedges. Since the ground can—
tracts in three dimenseions, the cracka form palygonal shapes, These palygons vary in s8izae
accarding to the tensila strength of the ground. fitca and Alter (1975) in dasoribing frozen
ground phenomenon give an excellent scoount of fce wedge formation.

The depth of parmafrost in an aree can be estimated when the mean annual tempereture and
tha‘?autharmal gradient are knawn, The average gesnthermal gradient is 3°C par 100 metars
(1.8°F per 100 feet) depth (Rfca, 71975). Tha actual gradient can be measured by placing a
thermo—couple etring in a vartical hale. Figurs 3~1 gives a graphical repraesantetion of the
permafrost tgmperature systam. Thus, the bottom of the parmafrost is the point at which tha
gradient crosses the 0%C Line. The cona Bhspe at ths top of the curve represents the Limits of
the seasonal variation. The bottom of the motive Leyer 18 the point at which tha warm side of
the cone curve crossee the 0°C line. The eactust ground temperatura curve will depend an the
seasan. Sea whiplash curve in Figuree 3—1. The sffeot of the warm summer temparature can
still be sasen in the ground temperature curva during tha wintar.

Superimposed upon this curve are tha effects of climatic history, vegetation, hydrology,
snow cover, forest fire history and man's act{ivity. Computer analysis of tamperature curva data
at Kapuskasing, Onterio revealad a werm climatio period from 900 to 1400 A.D., e cald pariad
from 1600 to 1750 A.D. and @ warm periagd from 18680 to 1840 A.D. (Jessop, 1872). Vegatatiaon
acts a8 an fnsulstion. When this insulatian {3 modified by fire, flood, or man's activity, the
tamparature balanca of the parmafrgst changes and csn reault in & drastic degradatfon in the
parmafrost.

Lakas dagp enough s0 that thay do not freaze tn the bottam have a thaw bulb beneaath tham
thet variee {n size depending upon tha age of tha lake. This thaw bulb snd the unfrozen watar
in the Lake can ba a sourca of watar, Very old Lakes have no permafrost baneath them. If a
Jake of thie kind should fill or bacoma drained, the parmafrost advences into the thaw bulb,
rafreazing the ground. As the rafreexing proocease eadvances from all directions, an area aof
unfrozen water may bs trapped, and the fraazing pressure forcas this water to tha surface
aventually farming an ice mound known a8 a pinga.

Water trapped beneath a thin (ayer of permafrogt may ba under artaslian pressure genaratad
from a nearby slopas. A source of warmth may melt the psrmafrost, releasing water undar pres-—
gure from benesth the parmafrost layer. A pingo asy also form if this artesian water reachas
the surface through a crack (Rica, 1971).

Tha relative impermeability of the parmafrost oftan results in a super saturated conditian
in tha aotiva layer. This satucratad sofl may creap dawn the slopa, causing many problems for
davalopera. This down slope movement, salifluction, can gccur on slopes as gentle 88 three
parcent (Farrians, 1969).

Erpst Heaveg

Newcamers ta the Narth are often puzzled to find that objects placed in the ground such ss
powar pales, meil box posts, survey monuments ar ridge piles risa out of tha ground aver a few
wintar asasons. Thase objacts are Jackad out of the ground by the ection of seeaconal frast.
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FIGURE 3-I
GEOTHERMAL GRADIENT IN PERMAFROST

Source-Rice (1971)
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The frost Jacking process requires fine—grained sail to promote water movement by cspillary
action. As tha cold begins to penetrete tha ground from the surface downward, soil freezes to
tha post. Watar in the ground migratea by caplllacy ection to the freezing front and forms {ice
lanses. These lenses usually (depending on permeebility) contfnue to grow after the freezing
isotharm has moved deaper becausa the high pressures in tha pores allow ths water to ramain
unfrozen at temperatures below D°C. The water migretee to crystallization centers where it
freezee in lenses. As these Lenses form and grow, the surface of the ground s pushed upward.
If the strength af tha ice band to the post (edfreeze strength) is greater than the resistance
forces, the post moves upward with the heaving ground. When ths ground begins to thaw (from
tha surfeca downward) it settles around the post, which is prevented from raturning to its
ariginal positian by the frozen soil benaath.

Thare ara several solutions ta this problem. Tha most affective being to sufficliently
anchor the objact tn insure sdaquate reatetive foroes to tha heaying action. Another commaon
golution is to place a material sround tha post within the active layar which prevents bonding
between tha heaving ground and the post. Anothar solution is tD prevent haave by removing the
frost suscaptible soil and replacing it with granular nanfrost susceptible soil. Anothar is to
kaap thea ground frozen or to keap it thawad. .

Frost haave action can also mave gofl dawn 8lope in a ratchat Lika action with tha safil
sliding down the elope during thawing (Brown and Pewa, 1973). Frost craep and salf{fluction are
examplas of maes wasting in permafrost arsas that muat be conasidared by davelopars.

Romds, runways, railroads, etc., built 1n cold ragions are Bubjectad ta this heaving
action which can render the faci({ty usaless. Caraful removal of the fire grained sail and
replacement with free draining cosrss—greined sand and gravel will prevent water migration ta
the freezing front and minimize heava, In the Spring, a road bad that had baen heaved upward
by ice sccumulation in fine—grained safl often develops frost boils and pot holes. The thawad
lanses {now water) are contained by the adjecent frozen ground and become apots of weakness
that mwill collapse from traffic laeds, forming soft muddy halas raferrad toa as froat boils.
Coarsa grained fill matarial provides a pathway through which tha watar can drain.

Enaineering Properties gof Frozen Scound

Frozen ground behaves rheologically whan subjsctad to a Load (strese), that is, tha
raaction {s strongly time and temparsturs dapendent (Vita, 1976). Frozan ground can bs dividadg
into three types: friesble frozen, plestic frozen and hard frozen (Phukan, 1976]). Friabta
frozen ground {8 coarsa grained with e low motsture content and behavae much (ike unfrozen
ground. Plastiec frozen ground has a significant unfroze na:a content and behaves
plastically. Hard frozen ground has tow campressinitity (10° o 10 em2/kg) and is firmly
cemented with ica. The transition tamparature betwasn hard and plestic frozaen ground variaa
with the soil type, Silty send is cansidered hard frozen i1f ft 1a coldar then minus G .3%c,
sandy loam is hard ‘frozen balow minus 0.6°C, cley Loam is hard frozen helow minus 1.8%C and
elay s hard frozen below minus 1.5C (Phukan, 1876).

Frozan ground {s s four phase material: goll particles, 1ce, unfrozan watar snd gas. As a
agil freezes, the water in tha larger voids freezes first but remains unfrozan in the smaller
voids and on the grain coatings. The firat wataer to freaeze is quite pure, increasing the
impuritiaes in tha ramsining water. The cepillery tansign in these smaller pores 18 higher and
as long as thay are connacted, watar will be dreawn through them. The increase in impurities
and the water pressura from the capi(lary tansion will depress tha freezing paint of the
unfrozen watar to as law as -5°C (239F). Thus the mechanism for ica Lanse growth within the
frozen layer 18 epparant. The water {8 unfrozen and mgbila aeven when the sofil appears frozen
(Phukan, 1878).

The greph in Figura 3-2 shows tha drop in sofl strangth with {noresse in temperature for
varigus frozen soil types. The advantagss of keeping tha soil frazen hard can caadily ba saeen.
This graph should not be used for design purposes, as only a dstailed site soils investigation
can provide adequate infarmation far a proper foundation design. Frozan ground {8 often at the
warm (weak) and of the tampaerature rangs and may axhibit plastic propsrtfes when loadad.
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Tha plestic proparties of frozen ground result in a creeap phenomenon whereby the ground
will subside slowly and continuously when Lloaded. Frozen ground daformation can be dfvided
into four parts: instantaneous daformation, primary, asecondary, and tartisry creap (Phukan,
1876). Primary creep is characterized by decreasing creep rate with time, secondery creep by
constant creep rate with time and tertisry creap by an {ncreasing creep rats untit feilurs (Saa
Figure 3-3). This figure is presented without a scela due to wide varistione in soil typs,
moisture content, tamperature, toad and soil density. The time to agnaet of tertiary creep
(failure] could be many yeaers {f the stress is low. Vyalaov and Sanger have devaloped methads
to estimete the onset of tartiary creep {Phukan, 1878},

Detecmination of Permefrost Extant

An estimats of the three dimensional axtent of psrmafrost is desirable in discontinucua
ragians because of the many undasireble machanical proparties of Frozen graund. Iron Ore
Campany of Canada has done extansive resaerch on this problem bacause of the added cost of
mining frazen ora at Knab Lske, Quebec. There 15 & merked increasa in the sanfc veloctftfas snd
alectrical resistivity of frozen ground s compasred with thewed ground (Garg, 1979). Tablae 3-1
campares the compressional-wave valocfties for frozan and unfrozen iron ora farmations at Knab—
Lake. Table 3-2 comparses the average resistivity for frozan and unfrozen iraon are et Knob
Laks.

JABLE 321
Valocity-Matars par Sacond
orp_ _Unfrezen Frozen
Leachad 1,372 5,486
unaltarsd 3,048 6,096

[aource: Gerg, 1873]

Iahie 3-2
Res{ntivity—Kohma par Mater
. . .
5 - 8% 1.53 23.8
10 - 18% 0.58 26.4

(source: Garg, 1873)

Tarrsin can also fndicata the presanca of permafrost. North facing alapas have a higher
probability of permafrgst than south facing 2lopes or areas of snow acoumulation. Vegatation
fa an insulatar which, if removed or disturbed, may resul® in permafrost degradation. Trees
provida a shade from tha sun, slow the cooling aeffeat of winde and rgduce snow cover. Watar
also has an effect on permafrost. Lakes that do not fraeza to the bottam do nat bave parma—
frost bensath them unless they are very new lLakes. Warm spring water {n pontact with frozen
ground quickly brings tha tamperature near 6°C, and frost is weak at this tamparature even
though the Latent heat in the {ce pravents 1t from thawing quickly. Snow covar alsa has an
affect on psrmafroet. Snow is 8 gQuod insulator end, depending on snowr pack daneity, can retard
frost advence in tha fall and retard thaw in the spring (Brown, 1969).
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Parmafrost Effect on Underaround Minina

Parmafrost can actuslly be an advantage in some minas by reducing ground weter flow and
increasing well strength. Undarground drilling requires the use of dust supression, bit Lubri-—
cation and cuttings remavsel. Drilling frozen ground presents prochleama. The addition of cal—
cium chloride or sodium ohloride depresses the freezing paint of water (sea Figure 3-4), but is
highly corrosive and necessitates frequent drill averhsul. Salt water also csuses skin jrrite—
tion to workars. At tha Black Angus Mine (Greentand) where the rock tempersture is minus B°C,
anough CaCl or NaCl is added to tha drill water to depress the fraezing point to minus 5.59
(Willson, 1873). Drill water and supply lines may be hested to keep the water flowfing, which
is the practice at United Keno Hill Mines. The drill steel must be kept moving and the wetar
flawing or tha ateael will fremza in the hole, regulting in the loss of hota and ateel. The
drill etesl must ba fmmediately withdrawn from ths hole when drilling {s stopped.

It is poesiblte to insulate problem aress with paolyurethana foem which protects the frozen
walle. Work by Dorman end Gooch (1870) at the Fox permafrost tunnel {Aleska) indicated success
by using two to three {nchas of foma insulation. Such insulatian fa successful {f provision is
made for & supercooling period in tha wintar. The Russtians have alao found the use of palyure—
thena fosm useful {n contralling wall thaw (Baha, 1974).

Parmafroat Effect on Surfaca Mining

Surfaca mines face alope stability, blasting, and dewstering problems when working in
frozen ground. A slope thet {s compatsnt whan frozen may become incampetent and fail whan
thawed. Oftan water from the active taysr, from within the permafrost or from below the
permafrost, 18 sncountesred. Unfrozen ground within and below tha parmafrost layar is csllad
talik., This weter may freeze in the drafnegs ditch, sump or pump lines. To keep the ditch
opan, werm water can be pipad sbove the ditch and deipped imto the ditch or salt may be addad.
Pump Lines must be drainad when not flowing.

Openings in frozen ground tend to fill with {ce 1n a few years 1f not kept active. When
firet cpanad, froat crystale will cover the walls, timbers and squipment, and ground water
moving through the mina will freeszs, eventually filling the minas., Thie can be used to an
advantage i{n sbandoned workings which 1f flooded will freeze and prevent ground subsidsnce.
Also, frozen mine backfillL may be strong encugh to allow complete mining of pillare.

Underaround Mine Yentilatian

Veantilatian air in underground minas in parmafroat regfons in winter and warm gir in
summer creates problems. Werm air circuleted through e frozen mine thaws the walla and roof,
often requiring increasad eupport messures. Also, large volumse of air required by the use of
Dfassl aquipment raleeses large quantities of heat and aggrevetes the problam. Over all, 1t fa
probebly bettar to maintain a minimum air temperatura of (ess than 09C {n frozen ground.
Heating alr {8 also axpansive. Tha vantilation aystem at Whiteahorsa Copper 18 designed far
123,000 cubic feat of afr par minuta hested by propans heaters capable of producing 12 millfan
B.T.U. per hour. The problems of blasting frozen ground are briefly covered undar the appro-
priate section of Chapter 6. Pit dawstering is a sarious prablem at Pina Point and Scheffar—
villes (see respective appandices). The preasance of parmafrost rastricts water flaw to the
dewatering welle, and the water in tha ore creatas problems far deilling, bissting, loading and
shipping.

ford Conatruction on Pormafragt

During the routa selection phase aof ronad plenning, extensive explorstary drilling will
fdentify areas of high tfcs ocontent. Routes should be planned with the objective of losating in
nonfrozen areas with free drainage meterie(. In many sreas of the erctic, frozen f{ce rich soil
can not be avoided. Excsellent results have been obtained by averlaying five faet of graval on
the natural ground, but cautfon {g sdvisad. If permafrost is naar 0°C, & Layer of grevel may
sbsorb sufficient hesat in summer to thicken the active layer. To avoid thie situation, or if
gravel fa scarce, styrofocam insulation can be Laid beneeth the gravel psd tao inauce that
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tharmal balance is mesintainaed. Cross drainagas culverts must be pleced sbove the permefrost
taval in the road embankment, ar thay wilt freeze eand remain frozen yesr—round.

Lataral drainage at the toe of the roadway embankment ghould he avatdad (Afken, 1972),
The ground at this point is nat protactaed by the gravel ped and will be subject to arosion.
Moving water {in a drainage ditch will accelerate thawing of parmafrost. Ditches may be con—
structed with sufficient coarse material tg prevent erosion.

Aoadwayse in subarctic sreas actually present a grester chatlenge then thosa in tha arctic
due to the incramsed depth of the activa layear. Naer Fajrbsnks, the active Layer in gravel can
be elaven feat deap (Keyas, 1971]. The solutfon 1s to build with nonfrost susceptabla materisl
containing less than S parcent minus 200 mesh s8izm (Phukan, 1878), peravide sdequats drainage,
and salect routes with care.
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CHAPTER 4

POWER

Most practical solutions to cold waather opsratian af equipment invalve either the direct
application of heat by electric heaters or storage in hested areas and buildings. The choice
of sources for eslectrical and thermal energy are of critical cancarn. The cold regions have a
wide variety of potential power sources, each with thair advantsges and disedvantages occa-—
sioned by construction costs, transpartation costs, labor costs or environmental Limitations.

Potential Power Sources

Potantial sourcea in Aleska include oil, natural gas, cosl, hydroelectric power, tidal
pawar, geotharmal power snd wind powar, 0il from Aleska's north slope and from fialds in Cook
Inlet is raefined at North Pole naar Fatrbanks and Nikishka neac Ancharage. Natural gas is
produced on the Kenal Peninsula and may be availsble from Prudhoe Bay in the near future.
Aleska also contains 170 millian acres which are potential oil and ges basins where Little
exploration has taken place. Coal 18 presently minad only in the Healy area, and provides most
af the electrical enargy for centrel Alaska. Thare are vast areas of potantially economic coal
in central and rorthern Alaska plue scettered small depasits. There are alsa 76 possible
hydroalectric siteas located sround the state which could produce 172 million megawatts, (1974
Alaska Power Survey). The Cook Inlast tides have potential to genarate one millon kw an a
cantinuous basis (Shinohara, 1975). Geothermal sources may ba tapped in many aress, but the
technology 18 lacking to make them compstitive with other sources. Likewise, wind power may
benafit from a technological breskthrough to meke economic praduction poseibles from Alaska's
more remots wind sites.

The Canadians have mads a concsntrated affort to develop their hydroelectric sites to
gupply power for communities sand industrial development. Hydropawar supplies large portions of
the energy needs of United Keno Hill Mines, Cyprus Anvil, Whitehorse Copper, Pina Point, giant
Yellowknife and the Qusbhec—Labrador mines. This emphasis on hydropewer continuas with several
Large projaects in the James Bay area. Although Canada does nat, as yat, have a Prudhpe bay,
oil and gas in commarcial quantities have been found in the MacKanzie River Dalta. Several
coal dapnsite ars known, but the small Tantalus Butte coal Mina, narth to Whitehorss, wes thas
only commarcial aperation {n northarn Canade. This coal was used to dry concentrata at the
Cyprus Anvil leed zinc mina.

Scandinavian countries also have abundant hydroelectric power sources. By exporting large
amounts of aluminum, magnesium and ferroalloys, Narway 18 essantially exparting power. Norway
imports metallurgical grade coal from the naarby Arctic Svalbard Islands for use in the ferro—
gilicon industry. O0il and natural gas in the Narth Seas insure e wider choice of power sources
{n Narthern Europe.

The choice of a power saurce for 8 new mina in a remote area is a Diesel generatar set.
The reason for this choice 1s the reality of tha high capital cost and long lead tima for
hydroalectric and steam boiler generstor installations. Dfesael sets are inexpensive, quick and
easy to set up, sssy to oparats, easy to expand by adding sets, and relieble. These advantages
offset the high cost of cbteining, trensporting, and storing Diesel fusl. Dfesal mators can be
maintained by the same employesss who maintain mohile equipment. Diesel generators make sxcel-
lant standby units. The use of water jacket heaters, glow plugs and automatic starting is
assurance that a reserve unit can assuma its full load within 10 saconds after a power failura.
Standby pawar is vital in the Arctic. A power Loss meang that water freezes and heaters cease
to function which can result in a complete avacuation of the site following a failure in
winter. Diesal powered stations are practical for logads up to the 20 m.w. range for short
periods of time (less than 20 years). Other powar sources should be investigated for Llargar
Laads or longar pariods of time.

To provide large quantitias of power quickly ta remats regions, the Soviets have daveloped
floating power stations (Floating Powar, 1978). These statians are ships fittad with 20 m.w.
gas turbine-pawerad generators built for arctic weathar conditions. The ships have a five foot
draft, and can navigate very shallow waters with the aid of pontoons. The ship is protected
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from ice pressure damage by 8 heated hull. Tha weste heat from pech unit is sufficient to hest
an arctic community of twenty thousand. With the many m{iles of coest Line and navigable rivers
in Alaska and Northern Canada, floating power ships like thsse mey find a use at small, short
life mines.

u;iLfﬁ! Qﬂmngﬂy Powas

If a mine wers close to an exiating power grid, it may be economical to run a transmission
Line and purchase powar fram a utility company. Mora than tikely, some sort of subsidy would
be requirad by the utflfty, but sush an agreamant may ylield the chespest powsr. A sixty-nina
kilovolt transmission Line can be constructed in Alsska for about $62,000 par mile, and substa-
tiogns built for sbout $10,000 per m.v.a. For longar digtances, 138 k.v. Ltnes can bha rua far
$77,000 per mile. Table 4-1 shows the Line loss as a function af load, dfstancs and line gize
(1974 Aleska Power Survey).

Hvdroelactric Powar

For hydropowar to be economical on a targe scale its cost must be amortized aver a long
period of time [+50 years). Larga stations cast abaut 8500 per fnstalled killowatt (1974
Alaska Power Survey).

The Cenadien government has found it bensficiel to build hydroslectric statfans to supply
power ta remate mine and town gites (Powaer for the North, 1974). The Northern Canada Power
Commission Act requires that the projects be salf-sustaining. Thus all capital, intersst and
operating costs ara paid by the usera during the lifa of the powar station. The Commiession has
e policy of working with the compenisa during the developwant of mining properties.

Hydroelectric pronctu have the advantagss of baing exempt from future fual price escala—
tions, being & clean powar source, and providing flood cantrol and racreation facilitfes.
Design aof dam sitea, however, must conaider fish and wildiife migration pattarns, changas fn
water quality, and tha wildlife feeding sreas inundated. In some locations, hydraelectrio
powar {8 the chaapast source of procass heat, ee {8 the cagse at the Unitsd Keno Hill Minas {n
the Yukon, Although oil {8 burned to supplemsnt the 5 m.w. dam at Mayo, elactricity, when it
i8 avaflable, is usad to produce stsam becsuas of ita low casgt.

Table 4-1 Relationship of Capebility, losses and Transmisston Distanca
for Assumad Loeding (Mw) snd losmez {X).

Line Laad  Irenamission Dystgnce (milas)
33—Kv Line 3 Mw 12 18 3o 61
3/0 Conductor 6 Mw 8 8 186 a0
9 Mw 4 8 10 20
B8~Kv Line 12 Mw 16 24 40 79
4/0 Conductor 18 Mw 11 16 a8 53
24 Mn 8 12 20 40
36 Ww 3 a 13 26
138-Kv Line 24 Mw 84 125 2089 -
477 MCM Conductar 48 Mw a2 63 104 208
72 Mw 28 42 70 139
98 Mw 21 a 52 104
144 Mw 14 2 35 70

- Line Loss = 3% 5% 10%

Source — Alaska Powsr Survay (1974)
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CHAPTER 5

COLD WEATHER PLANT DESIGN

Many operating problems in the north can be avofded by proper design of facilitias.
Deaign is always an importent aspect of development, but it is most impartant in cold regions
becauga of the seasonsl nature of shipping for building msterials and the necessity af
completing axterior construction during the summer manths. Thus a minor design mistake could
cost a whole year in delayed completion time.

Operations in the north require heated buildings, end given the high cost of fuel, trans~
portation, and storage, buildings are designed with minimum sxtarior surface area (Maclellan,
1972]). This can be accomplished by sharing wells for mill meintensnce shops, warehouses, power
stations and officess. A designer in Scandinavia carried this idese to the sxtreme, however, and
designad and built a plant so compactly that there was no rogm for maintenance, clean up of
belt spilla, or manitoring equipment. Living quarters should always ba separata from plant
buildings. Also, buildings must bas designed to accomadate the large inventorias and repair
shops necessary in remote locations.

Buildinge that era carefully designaed and well maintefined can be heetad economically. As
an exampla, heat can be recovared from ventilation air with heat exchangars.

Oue to the highly transient nature of narthern workers, high absentes rates and the low
industrial skill levels of native (Eskimo and Indian] warkers, designers should strive to keep
oparstion as simple as possible. Likewise, sase of maintenance is an impartant consideration.
The lower walls of buildings should be of heavy construction for protaction from snow removal
squipment (Bowling, 1972). This {s aspecielly important around major access doors, alse they
may be impossible to close bacause of a minor accident with smell mobile equipment.

It is best ta anclose all crushing, milling, and materials handling squipment ynsids
heated buildings. A heated mill allows the use of water spray for dust supreasion at its
source. A heaeted building eliminates tha need for auxillary heeters for grease, grease linas
end bearings. Radiant heaters are somatimes used in cold buildings, but ara not desireble ss
they can cause injuriaes to carsless workars., Heatad buildings insure that operators function
at tha deefrad efficiency and that repairs can ba performed in a reasonable length of tima and
in ressonable comfort.

Egundations

The foundation of an arctic building is axceedingly important. Some builders may be
fartunats anough to be abla to place foundatione on bedrock or graval which will be structural-
ly sound whethar frozen or not. The usual situation finds the huildar faced with & sitse
undarlain by fine grained frozsn ground that containa much ground ice. Thewing of this ground
will result in diffarential settlement and loss of building usefulness. Sotutians to this
problem vary with site geolagy. In sams cases, it is practical to remove the fine grained or
gilty frozen materfal and replace it with free dreining granular material which is stabla
githar frozan or thawed. Otherwisa, the solution Liss in keeaping the permafrast frozen by
preventing haat flow intoc the ground or by providing for refreezing. Light weight buildings
such as living querters are often alavated on pilas to prevent heat flow from the building to
the ground and to allow the cold wintar to refreeze the summar thaw. Heavier buildings can be
built on a thick gravel pad in which culvert pipes are buried (Riecs, 1975). These pipes are
left open and the cold winter air will refreseze the ground thawed during the summer. In the
warm symmer mantha, these pipes are blocked to reduce thew rete. Some systems like this will
require fans to improve the circulation, and will require protection from snow drifting aver
the ocutlats.

Systems have been designad to refreeza the ground in tha wintar with a series of frost
tubes placed beneath the foundation or in the pile formation. The ground is thus maintained in
8 frozen and stable stata (Galatse, 1978). A froat tuba is &8 simple device consisting of a
small diameter pipes with one and burisd in the ground and tha other end sxpossd to the cold
wintar air. The tube ie sealed on easch end and filled with a refrigerant, typicslly frson or
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ammonia, under pressure (Galate, 1978])., During winter when the air temperature is caldar than
tha ground temperatura, this gas condenses at the top of the tube and than flows to the base
whers it is again vaporized by the "wara" ground which s typically a few dagrees below
freazing. Thie eycling extracts heat from tha ground keeping tha ground frozen. During the
warm days of spring and summer, the gas does not condenge and the system {8 inoperative. With
the proper selection of tube gas and pressurs, the tempgraturse of condensatfan can be control-
led.

The ground can also be keapt frozen by a conventionsl refrigerstion system with pipes in
the foundation. However, this systam js subject to humen errar and mechanical breakdown and
requires asn energy sourca.

Tha use aof insulation alone beneeth a heant source will not prevent parmafrost from thawing
(Rice, 1975). Insulation only slows the thawing procasa. The usa of insulation can impraove
tha efficiency of ths refreeze system chosan to protaect the permafrost.

If it {8 necassary to construct a dam far a watar reservoir or tailings pond on perma-
froat, the dam should be destgned so that {t will function as it settles and can be repafrad
during seattlemant.

The best results will be obtafned by hiring an experianced frozen ground faundation
conaultant. He will recommend an axtensive soils invastigation progrem to detarmina the physi-—
cal propertias af the safl, and design e foundation adequata for the design Llpads.

Water Supply

The davelopar planning a town and industrial facility fn the north may find that providing
an adequate weter supply is challenging and expensive. An adequate system providas the conven-
ienca that people {n temperate climetas take for granted, that is, a system capable of
providing an uninterrupted supply of clsar, clesn, and good tasting weatar in sufficient quanti-
ty for daily use and for fire protesation. A good first estimate aof water use would be 80
gallons par man day plus fire protaction and extras such as street and vahicle washing, Llawn
watering, or industrial consumption (Rice, 1975).

Watar in the arotic i1s supplied from walls, Lakea, rivars, nea water, resarvoirs and
melted snow and fce. Arctic watar must be carefully treated, etored and distributad to prevent
fraezing and diseasa transmiseion. The d{fffculty and expanse in obtsining and distributing
watar ancpurages watsr conmarvation preceicas,

It i8 highly unlikaly that water of sufficient quality and quantity for community and
{ndustrisl purposas can be obtainad fram 8 well drillegd to below the permafrost level. Tha
permafrost layer {s thick, 540 metare (1770 feet) at Asbastos Hill, Quebec (Stawart, 1978), 380
meters (1180 feet) at Barrow (Rice, 1975), and often thicker (Brawn and Pewa, 1973). The wall
pipe will ba subjact to frsezing and ja difffcult end expansive ta thew., Mors oftan than nat,
the wall casing in permsnently frozen ground will paam through layers of {ce-rich fine greinasd
soil. Damage ta the casing mey result because af loss of soil strength 1f heat warse spplisd to
keep the wall flowing. Subpermafroet water fs often diffioult to locate, expensive to develop
and highly minaralized (AlLtar, 1968]. Iron and salt are tha moat common problem minerals found
(Rica, 1975).

The surface ice on arctia lakas typically reaches e maximum thickness of 1.8 to 2.4 metars
(6 to 8 feat) [Alter, 19689), Small shallow lakes fraeze ta the battam, but larger, desepar
lekas do not. Many, fncluding the afl {ndustry, the davelopers of the Distant Early Warning
Line redar stations, and residents of 8arrow have utilized these deep lakes for winter weatar
supply (Alter, 1969 snd Grundy, 1977). Probleams reault {f a Lake is heavily pumped and not
aufficiently recharged fram below. The lake water mey become unpotablae becsuse {mpurities tend
not to freeze in ths ice (Grundy, 1877). Larga water users are farced to movea from laka to lake
at {ncrassingly longer haulage distencee to ensure adequatea watser supply. Watar suppliad in
this mennsr {s lLabor intensive and therefora expangive.
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Large lekes and some large rivers which do not freeze to the bottom develop 8 thaw bulb
undarneath. It may be possible to drill into such a thaw bulb for watar. Lakes can be Located
with Lendset photograsphs ar by meking use of side looking rader (Grundy, 1977).

Frash water from sea water is possible although expensive. The Alaska Native Health
Sarvice Hospital complex at Kotzebus, Aleska uses salt water far toilat flushing and desslted
sea water far all other uses [Alter, 1965). The davelapers af the Polarfs Project on Little
Cornwallis Islend, N.W.T. used a desalfinization unit to supply fresh watar for camp usa [Red-
path, 1874). Nuclear powsr plant westse heat is utilized at McMurdo Station, Antarctica tn
produce fresh water from sea water [(Alter, 1969).

The melting of snow and ice can be used to supply Limited quantitias of frash water.
Weste heat from power generstars can be utilized for melting snow and ice, as at Byrd Station,
Antarctica (Atter, 1969). 0il axploration crews {n the arctic use ail fired snow melters as a
water sgurce at & cost of $1 par barrel of waeter [(Grundy, 1977). ESnow can be collected by snow
fences thus ueing the winds for snow transportation. These methaods are not practfcal for
community use. Over 400 pounds of ice would be raquired each day. Snow and ice are oftaen
ocontaminated by animals, birds, community refuse and collaction aquipment.

Dua to the impermesble naturs aof the frozen ground and Low evaporation rata, summar watar
flows are high despite the low precipitation rates (Jahnsan and Hartman, 1971). This abundant
water supply during the aummer months is stored by some peaple for winter use. QOne storage
method 18 a reservaoir. Raservairs can ba made by deepaning and diking an existing laka, by
excavsting e reservoir in a river flood plain, or by excavating one near the community. A
resarvoir must be deep enough to hold a seeson's raequirements benesth the Burface fce. Peser—
voira are baing successfully used by the oil industry on the Alssken north slope, and the Nocrth
Slopa Borough fs developing e reservoir for community use (Grundy, 1977). Summer watar can
also ba stored in heated tanks or indoar poole as British Patroleum is doing on the Alaskan
North Slopes. B.P. Alaska has fiva, one milLlion gallan haated storags tanks (Grundy, 1977).
As a part of B.P. Alaska's fire protection syetem for their permanent camp et Prudhoe 8ay,
water {8 stored in a swimming pool whers it servas a usaful function while in starsge (Rica,
1875).

Water treatment is accomplished by utilizing normsl temperste zone tachniques in heated
buildings. Arctic weter must often be clarified, softensd, deionized, aerstad, chlorinated,
fluoridated, or desalinized {Rice, 1975, Alter, 1988). A practical conservation preactice is to
reuss shawer and lsundry waste wster for toilet flushing (Rice, 1975)., This requires storage
ond dual piping systams and care must be teken to prevent drinking watar conteminatian. Toi-
lats that require lese watar than conventional units are available and should be usged.

Sewage Disposal

. Many orgenisme in sewage are not killad by fraezing and pathogans parsist in s viable
stata for long periods of time in a cold environment (Alter, 1973). Tha slow rate of dilution
of waates in tha arctic further incresses the likelihood of disease tranamission (Alter, 1969a)
from {mpraoparly handled sewage.

Sewage callection and trestment systems in the subarctic are little different from aystema
usaed {n the nartharn tier af states of the United States, Care is takan ta prevent Lline
freezeup by either heat addition or deep burial, and treatment plants are enclosed and hested.
Arctic systems are Limited by the permanently fraozen ground, shartaga of water, cold weathar,
lack af experienced operating and rapair parsonnal and cost of enargy end transpartation.

The col laction systems presently on the market cen ba clessad in four groups: the dry
typa, the salf—contained wet type, the flow—-through wet type, end the recirculating wet type
(Alter, 1969b). The dry type includes the old privy and the chember pot which are unaccepta—
ble. Chemical and incinarator toilets ars dry typa commodes which heve ador and disposal
problams. The wet type self-contained units flush ta a holding tank that must be emptied, but
lass aften than chemical or incinerstor toilets and the ador problem is more easily controlled.
The wet type, flow—through units include tha typical system found fn most modern homas and
systams that use combustible fluids for flushing and transporting weste directly to an {ncinar~
ator or bofler. Water transport unigs require large quantities af, and a collection systam
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that is protected from freezing, and collection methods using combustibla fluids that present a
fire hazard. The most promising units for the water poar arctic are the circulating wat typa
commodes. They reprasent the naxt step peat the wet salf-contained type by treating the wasta
with blological, chemical or physical processes st the point af origin. Tha residue is then
infrequently removad and discarded. There are meny variatione of these systams, including
vecuum traneport and collactian and positive pressure systems.

Central community sawage treatment can be dona by hiologicel mathods, physical—chemical
methads, or fnoineration (Rice, 1875}. Biological trestment, while common in warmer areas, {8
retarded by the cald, and the frozen state of the ground precludes edequate ggptic aysteme.
Tha cold retards anserocbic decomposition [septic) more so than aerobic procasses that work well
at warm 1ndear tamperaturee. Thees "sctivetsd aludge” and "extended aerstion" processes pro—
duca a sludge which ocen ba incinsrated. Physical-chemical treatment is a complax, asxpansive,
wetar treatmant techniqua. Incinaration is a practiocal alternative far the disposal of the
sludge produced by other treetment methaods.

In tha future, techniques may be daveloped to use the wastes far the supply of nitrogen to
the nitrogen poar erctic landscape (Rica and AlLtar, 1875).

Water Lines

Water Linas usad for fresh water distributicn, sewage callection snd tailings disposal are
very susceptible to freszing. Qnoe frozaen, 8 buried line fa difficult to axcavate, replace ar
thaw. Pipa {n the nonpermafrost areas may be buried balow the frost layer, cantinuously
circulatad, insulated or haatsd. In permafrost areas, bast rasults are aobtafned with the uae
of heated, atevataed utilidors. A utilidor syatem {e employed at tha United Kano HillL Company
town of Elsa in the Yukon Territory for weater, cewer, stasm heat, and electeicity distribution
with no problems. Burying the utilidor may result in parmafroat thew, utilidor sattlemant and
pipa breskege. Glinton Creak, Yukon Yerritory buried utilidors above ground whenever perms—
froet thaw failures were discavered.

At some northern locetions, {nsulatad watar supply lines are Laid on the ground. Pipes
leaid on the ground ara ipeulated with sither foem typa ar fiberglass fnsulaticn and have a
protactive covering. A rule of thumb at the Anvil Mine is to keep water flowing at saeven fast
per sacond to prevent fresze up an the coldest days. The nead for insulated pipe hes prompted
DuPont of Canada to develop & plastio prsinsulated pipa (0'Brisn, 1978). Early {ndications are
that thia pipe 18 wall suited for the job. The pips caomes in many diffsrant 8izes and insule—
tion thickness for use ae watar, sawer or corroaive meterifals Lines. The insulation, palyure—
thana foam, {8 Jacketad with either a plastic ar steel outer Layar. The pips has thermostati-
cally controllad haat traocing cables to prsvent freeze up and faciliate thew. In tasta whers
tha Lina wae frazenr and then thewed by heet trace, no rapei{ra were required becausas tha plastic
axpanded with the fca. This pipe (Sclaircor) is preasntly in use at tha Anvil Mina, in the
Yukan Tarritory.

Tailinags Ofgogsal

Spacial attention must be takan in the design of taflingse pands. Marely axtending the
diacherge line to the pond will result {n a buildup of frozen tajlings at the end of the pipa.
The eccumulatad frazan material will not melt completely during tha ahort summer and ovar
sevaral asgsang will prevant tha taflings pond Prom functioning affectively. A succaessful
design {ncludes sufficient pand depth to insure dischargs of tailings balow the surface ice.
One such dasign at Whitehorsa Copper utilizes a pond 9 to 12 meters (30 ta 40 feet) desp which
is completaly succasaful.

Belt Conyveyor Desiqn and Qperatian

At times, dasignars find {t neceseary to run canveyors from a waerm building ta a cold
outsida location. Ideally though, conveyars should be run entirely in the cald or entirely in
the warm. The freeze—thew cycle of the meterisl being handled will cause problems at transfar
pointa and witl buitd up on rollars, pullays and aon the balt. A belt operated in the cold may
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take 26 percent more power to operate than in the warm summer months (Dsztar, 1966). Addition—
al powser is needed because of the stiffness of the belt, incrsassed viscasity of the Lubricants,
{ncreaeed roller weight from build up, {ncressad stiffness of the lLoad and rubbing on the belt
by built up material on skirting, The Whitehorse Copper Mine uses heat to solve these prob—
lems. The conveyars are enclosed and the enclosures are used to distribute hot air fram one
building to the next. Another solution could include larger transfer paints, thersby raducfng
buildup and the nead far cold weather Lubricents, spot heating or the eddition of chemicals.
Chemicals may prevent freezing, but will fncreaese corrasion and may affect process chemicals {n
the mill. Spot heating creatas hazerds to oparators and mechanics and is usually inedequste.
Materfal will freeze to convantional rubber (agging more readily than to a steel pulley. A
thicker Laggtng will flex, breaking this frozen material. Tha use of proper cald weather
greases and oils is essential. A balt with summar gremse that is stopped on & cold day may not
rastart until spring. At Clintan Creek Mina, idler grease was changed four timaes a year to
fnsure continuous oparation.

Scheduling

The long cold winter months exert a cantrol aver transportation and conatructfon schedules
not seen in warmer areas, HRarely will an all weather highway or railroad be found anywhera
ngar an arctic project site. Most likely men and small supplies will be transported by plene
end & sessanal shipping mode will be usad far canstruction meterials. During the cold winter
months, 8leds pulled by crawlar tractars (cat trsins)l provide eccess. Thess traing leave faw
permanent scars on the country end are lass expansive than air freight. Frozen rivers and
Lakes provida a good running surface for most of the winter. Ouring the summer months, barges
can navigate meny arctic rivars, and ships can travel the arctic coast. Ouring the spring and
fall months, meny locations are raestricted to air travel only.

Devalopment 13 ususlly done on a tight schedule for cost or product naed. Unexpected
problems can severely hampar consetructfon schedulas and projscted start up dates. Disaster
struck the devalopers of tha Asbestoa Hill Mine when on Nov. 1, 1872 the Last barga from the
Last cargo ship averturned in 160 feet of watar. Over 150 tons of cargo were lost (Thurner,
1976). The matarial consisted of conveying equipment, process machinery and structural steel.
SBalvegs wes out of the queatian, end tha next ship cauld not arrive until summer. Tha material
had to be reordersed and flown to tha aita. Ths valua of the lost goods wss recovered through
{naurence, but the added cast of air freight wae not.

Limited autsida construction work {n cold weather alsa plays a part in tha scheduling of
matarials shipments. The ideal situation is to complete the foundation and basioc structure in
the warm mantha, and than finish inaide work during the wintar. Canstruction compeniaes in
Fairbenks would, in ths past, rush all summar to complete projaects only to have aman and tools
<{dle all winter. Recantly a great deal of effort has gone intn planning projects 8o thet tha
men work all year. Basic foundation work ig performsd in the werm months, but construction
procasda through the winter by working men in tha cald until productivity falls balow 85
parcent. Bayond this point, work proceeds in enclosures buiit of two by four Lumber and
palysthelene plastic. Plywood, insulation, end vapor barriers sre sometimes used. In windy
arges, guesat platas are addad to the framing. Tha building can then be heated by temporsrily
ingtallad hot air furnaces. The coets of heasting these structures is estimated to add about
two parcent to the bid cost. Hawever, utilizing workers in a yesr—round nonovertime basie more
than aoffsets the cast of heating.

Tha concept -af an enclosed work ares is carried another step by the cparators of the
Uafbelli Coal Mine at Healy, Aleseska. The erection of e new dragline is being accomplishad
inaide a fabricatad stael building to ineure proper walding environmant. Thea building is split
§0 that 1t can be alid apart to allow a crene to Lowar large components fnto place. The
conetruction schedule calls for tha dregline to outgrow the building by April, at which time {t
will be removed and the remainder of ths wark completad in the wermer spring wesather.
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CHAPTER 6

BLASTING FROZEN GROUND

When wetar in rock freezes it ohenges phese, attering the physical charactar of rock, and
therafore its reaction to blasting. Failure to conafder ths changed character of frozen rock
may result in the creation of large blacks end slabs which ars difffcutt to Load. Tha velooity
at which shack wevas travel through the rocks, the dynamic Young's modulus of elasticity,
Poisson's ratio, modulus of volume elastfcity, and other shesr modulus are all affectad.
Laboratory tasting can determine the values of these parameters to ingure that the blast 11
proparly deeignad.

Rack Breakage

Land (1972) describes the shock type breakaga process {n threa stagas, briefiy as fallawe:
Staga ona consists of a shock wave traveling at from 3,000 to 5,000 metars per second outward
from the hols. This shock creates radial cracks from the tangantial stresees. Tha seoond
stage consiste of a rebound shack from the free face that creatss a tension wave and aince rock
t{s weak in tension, primary faflure cracks davelap. Thesa first two stages condition the rocks
for stage three whareby sxpanding gases push the rock outward. This outward sxpansion produces
tension stress and hreekage occurs alang cracks produced {n Btages ane and twa.

Rocks fail by shock typs failure ar shear type failure depending upon tha relationship
between tha dynemic Lloading velocity or shock wave velocity, and tha seiesmic velocity of the
rock. Shock failure occurs when the shock wave velocity {e greater than the saismic velocity,
and shear failure gecurs when it ie less (Lang, 1978). Shear failure results in the rock
absorbing the explosive energy in plastic deformatinn rathar than fragmentstion. The rock then
breaks fn Large hlocks and aslabs. Therefore a well designed blast will produce @ shock wave
vatocity greater than the saismic velocity.

Blesting Frozen Ground

The seiemic velocitias of frozen ground ara increasad ovar those af thawed ground (Lsng,
1978, Gsrg, 1973); the amount of inoresse depands upan the maisture contant of the rock. Ory
frozen rocks show only a slight increese in velocity. Serious blasting prablems aocour whan the
moisture content of the frozan roock exceads aight psrcent (Lang, 1976). Tests at Knob Lake
showad that the greatest problems occour at & moisturs content of 15 to 18 parcent (Lang, 1876).

Table 6-1 displays the elastic oantrasts for the middle fron formation (MIF) at Knob Lske,
Quebec, at varying temperatures. The MIF ore {s essentiatly fine ta medium greined blue
heamatite and eilica with a moisture content ganarally from 5 to 8 parcent. The MIF ora mekes
up tha bulk of the ore at Knob Lake, and has 8 denaicy of 3.6 grams par cubic centimater (224
pounda per cubic foot). Poiassan's ratio fa the ratio of Lateral ta Longitudinal strain whan
longitudinal stress i8 applied. This {8 Bn ensrgy storags valua, snd battar fragmentstian can
be expected if the value is low (Lang and Farresu, 7972). Young's modulus ralates Load to
campreasion or expansion in the direction of the load. I1f Young's modulus is high, more ansrgy
must ba supplied to fracture the rock (Lang, 1972). The marked increase in all values in Table
8-1 for frozen aorsa has a detrimentsl effect on blasting. The increase in seismic velacity will
raquire exploaives with shock wave valtocitiaes sufficfantly high to ensure shock typa failure.
The {ncreasss in alesticity and Paisson’'s ratio indicate an increased capacity to shaorb anargy
whan frozen. Thia enargy sbsarption further hampars propaer fragmentation. HRegults similar to
those presantaed in Table 6-1 were found by testing the ore at the Asbastos RilLl Mine, Quebac
(Lang, 1976).

Failing to compensats for thase roock properties will result in the ore being broken into
big blocks and slabs. Excessive back break can aleg be expected, which can be contralled with
preshasring. Computar eveluatian of rook properties and explosive charescteristics will opti-
mfze blasting practica in frozen ground.

26



X X X X X X X X
(o) X (6] X (o] X (o) X
X X X X X X X X
(o) X o X o X (o) X
X X X X X X X X
\ O X o X (o X o X
\
FREE FACE

O - FULL DEPTH HOLES

X - FROST HOLES

FIGURE 6-1
DRILLING PATTERN FOR SEASONAL FROST

Source -Champagne (1977)
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The seasonsl frost Layer can be a problem in nanpermafrost areas. This samsonal frost
axtends to eight feet st Knob Lake, Quebesc, and requires ths use of frost holes for satisfacto—
ry results. Froast holes ara drilled batween standard full depth holes to the depth of frost.
If such holes are not usaed, lerge slabs of ore with high {ce content remain after thea blast. A
dack chargs, which is s charge euspended at the frost lLevel in a full depth hole, daes not
provide adequate fragmentation [(Champagna, 1977). Frost hales at Knab Laeke are Loeded with
about thirty pounds of AN/FO (Champagne, 1977). Figure 6—1 shows a common frost hole pattern.

Freezing af slurry and other water basa aexplosives occasion other blesting problems ra-—
latad to cold. Unlees these producte are gstored in haated bufldings they wit( be frozen, which
can damages the primer, end the slurry will not adequately fill the hole. Canadfan Industries
Ltd. davelopad a law temperature alurry in response to this need at Asbestoe Hill, Quebec.
This slurry, Polar Hydromex, remained flexible at minus 28°C (-20°F), warmed to rock tempera~
turs quickly and produced adequate detonatifon veloocity at Asbestos HiLl when the rock tempara—
tura wae minus 79C (+199F) (lang, 1878).

TABLE 8-1

Elaastic Constant Unfrozen Harg1naLLy Frozen Frazen

0% 0° to 0.8% 0.6%
Beiemic compreseional 2,103 w's 3,388 m/s 6,086 m/s
wave velocity
Saismic shear wave 1,098 m/s 1,823 w's 2,033 ws
valooity
Dynemic Young's 1.16 x 108 Ka, 2.16 x 10° 4,38 x 10° ka,
Modulus of elasticity cm om cm
Paisson's ratio 0.13 0.35 0.44

5 5] B

Madulus of volume 1.03 x 10 2.91 x 10 11.8 x 10
elasticity §£2 %ﬁa %ﬁz
{Bulk Modulua)
Shear modulus 0.44 105 kg 0.97 y 165 kg 1.52 5 105 kg

am cn om

. Source: Garg 1973.

Drilling cuttings used for steaming refsraeze befare blest time. Iran Ore Coapeny of
Canada hes had some troubles with frozen stammings breaking the primscord when the ground mavas
from a preceesding detonstfan. One solutfan f{s to use dry crughad cock for stamming which
rasults in better containmant, better fragmentation, a lowar powdsr factar, bettser back bresk
contral, and lLasa fly rock (Lang, 1866).




CHAPTER 7

COLD WEATHER OPERATION AND MAINTENANCE OF PLANT AND EQUIPMENT

The operation of a community or industrial installation fn the north is compticatad by
remoteness and Long cold wintars. Cald weather changes the characteriatics of metals, {n—
creases the viscosity of ligquids, stiffens hoses and cebles, and decreasaes employes productivi-
ty and morale. High winds decrease the wind chill temperature causing warm objects to cool
rapidly. High winds also cause snow to drift around buildings, roads, portals and warking
ereas. The ramoteness of these Locations dictates a large inventory of repair parts and
provigions for back-up systems. Tha weather, combined with the remotensss, results {n a very
high turnover rate and difficulty in recruiting employees with desired skills. Employese prob-
Lemes are deatt with in Chapter B of this report.

Solutions

The solutions to these problems ere meny end varying according to nesd, opsrator
preferance and exparience. Meticulous plenning, innovetive solutions and extensivae employae
training by management are keys to success. But, the ultimate success of cald westher opera—
tions rests with the employees.

In the fell of each year, maintamance supervisors concentrate on prepering equipment for
tha winter months. Componenta that are Likely to nesd replacement during the winter ars
replaced before winter sets in. At Pina Point N.W.T., dipper sticks, booms and shafts that are
known to fail in the cold are magnifluxed, and replaced if cracks are found (Scarborough,
1968). lubrication systems sre checked for warn componants and ta see that praper cald westher
products ara baing used. ALl protactive equipment and hestars are checked and replaced ar re—
paired. The firet cold spall of the season will raveal sress overlooksd end any weak Link in e
gystam. Thie results in a flurry of activity by the maintenance department.

During long cald spells it i3 necessary to provide heated storage for all equipment not
operating around the clock. Whenever possible, routine meintanance and repairs ara perfarmad
in heated shopas. An alternative to a heeted service building is e esrvice truck with a hsated
saection for all oil and grease starage, pumpe and hosas (sea Appendix J). If & breekdown
pecurs in the field, temporsry repairs are made ta aliow the disabled equipment to be tawed to
the heatad shop for proper repeire and warm up bafore starting. Bepairs undertaken in the open
on a sub—zero day with a strong wind will take much longer ta complete end run a higher risk of
being {mproparly performed. It is especially difficult to maks successful mejor welding re—
paire becauss of the need to apply Large quantities of heat to relieve stress.

The {mportaence af on-site maintenance capebility can not be overemphasized. Maintenance
dapartments, of necessity, develop the capability to do any rspaifr or rebuilding needed. Far
example, the meintensnce shop et Whitehorse Copper Mine cen buiid replacament hydrsulic cylin=
ders less-expensively on eite than they can buy tham (Jutronich, 1977). These homemada cylin—
ders are often better than naw becausa they have bean redesigned and modified to withestand
operating stresses actually experisnced. 8uch practices produce s maintenance crew with & high
Ltaval of proficiency end confidencs.

When ordering new equipment, all aveilable cold weather options are specified, including
high impmet T-1 steel components, insulated and heated cshs, antifreaze systems far airlines,
heetarg for coonlants and ails end motar protaction devices. To tha greatest extant passible,
equipment should be selected to ba compatible with tha existing fleet. Repair is simplified
and inventories ara reduced if all trucks have motors and transmissions aof thes ssma maks and
modal.

Some operators reduce loads during winter aparations. Six yard shovel buckets are re-
placed by five yard buckets end trucks carry Llighter loads (Scarborough, 1966). Operatars of
railroads have found that trafns need to he shortened becausa drawbars break {n the cold, and
it 18 difficult to keep the long air lines from freezing.




Another solution usad by some northern operetors is to shut down during the coldest weeks,
allowing extanded vacations and lesves. This periad {s used for plant and equipment mainte-
nance. Asbestos Hill in Arctic Quebec follows this plan, shutting down for six weeks (Demars,
1878).

The strong winds encountered at many arctic locetions may necessitate snow fences, special
Layouts or snow removal crewa., OilL well drilling crews in the arctic use snow fences as far as
8 miles up wind to keep drill pads cleer enough for work to proceed. Elevating roadwaeys 5 to 8
feet abave the surrounding terrain will keep the surface rassangbly cleer (Lucfani, 1875].

Extansive modificetions are nacessary for equipment to funetion properly in vary cold
weather (Burrows, 1974]. Door semsls may shatter in the cold 1f they loose their flexibitity.
Possible suitable materials include buna N, colorprena, EPDM snd silicones. Plastic bacomea
brittte in the cold and breaks easfly. Plastfic seatcovers bhecoma stiff and gplit; fabrio
seatcavers are more durable and are warmer to 8it on. Vehicle hases for 0il, cooleant, air etc,
need ta remain flaxible at the expected Lowar tempersturea. Many manufecturers make hases
auitabla far cold region use. Teflon, nylon, fibergltess, silicones and polycarbonates are
acceptable for such hoses and other companents. Oparator's cabs require extra heaters, insula-
tion and work Lights, and the equipmant should heve auxillary Lights to illuminate the work
area, Electrical wiring must remein flaxibls in the cold ar insulation will bresk and causa
shorts. Betteries, alternatars and atarters need to be heavy duty to hold up to the {ncreassd
demande of cold westher. Tubeless tires raquire tubes af natural rubber to prevent Lesskage.
Synthetic hydrocarbons parfaorm wall for lubricating fluids and greasss and arctic type SAE
1707E brake fluid is satisfactory. A higher brake pressure 18 needed to overcome the cold
stiffness. Fire extinguishers with CO, propellent will nat function in the cold, but nitrogen
charged units work well at minus 549C ?—65°FL

Cold Weather Steel

Normafl mild steal in mschine fremes and components bacomes brittle when exposed to caold
weather and may frecture when subjected to normal loada. Figure 7-1 depicts this change in
strese asrain responsa. The information {n Figure 7~1 is presentad without scale since the
values depend on steel type, loading rate and component geomatry [Van Vlack, 1976). Tempara-
ture—~induced brittlenass when combined with s s8treas riaer (notch, crack, other ares of stresa
cancentration) increasea tha probability of a failura. A major structural fellure in the
caldeat part af the winter means a very difficult repair Job. Figure 7-2 {ndicetes tha bahav—
igr of a ber {n tension with a Bmall erack. At roam temperature, the stress conoentration at
the base of tha creck is relieved by plestic flow (sse Figures 7-1). At very caold temperstures
the stress 18 not relieved and failure is rapid as the ultimete strein capability is exceasded.
Operators in caold regions specify alloy steel with accepteble cold weathar cherscteristics ta
gsolve this problem. USS T-1 is 8 quenchad tewparad, low oarbond tow nickal alloy stael, with
proven good servica in sub-zero temperatures to ainua 469C (-509F). T-1 steal is aften speci-
f1ed an new equipment and far replacement parts. For high stress parta, A.S.T.M. specificstion
A-203, A-300 (2 1/4 parcant nicket alloy) 1s suitahle for temperatures to minus 5§7°C (-709F)
(Dazter, 1985). Othar staels thez parform wall to minue 4B°C (-55°F) are I.N. 787, 4130, 4140,
and 1018, A36-FGP-K-N, LTM. A-537A, A-5378 and A-516-70-N {Burrows, 1874).

Gears of forged medium—carbon steel hava gxoesaive fafluras {n caold weether. Forged stael
gears have a8 grain orientation parellel to the gear ciroumferenca. Tha use of cast mangenese-—
molybdenum alloy, which hae a random grain arisntation with greater strength combinad with an
improved tooth design, has reduced failurea for tha Iron DOre Campany of Canede to aceeptabls
levels (Ritcey and Kilburn, 1968].

Arene of stress concentration can be identified from past failures, strein gesuge taesting
or design analysis. Once identified, thesa aress can be refnfarced or redesigned. During Fall
inspection these areas should ba included in an inspgction program so that any cracks can be
repairad (Woodle, at. al., 1963].

Oparator training for cold weathar operation fa tha maat {mpoctant factor in successful
winter oparation. The key word is *"gently™. Operatorda must avoid dumping large boulders or
frozen chunks into an empty truck bed. A large boulder draopped from a toader bucket can csuse
an impact load on loadar components bacause of the rapid unloading. Using a {oader as s dozer
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or ramming the bucket into a frozen pile may cause bucket failure {DeMelt, 1873). Careless and
thoughtless operators have no place et any mine, but can be doubly demsging to equipment in the
cold regions.

Rock Drills

Drills cause special prablems for pit operators because thetr Bize and Limfited traval
speed pracludes the use of heatad storage and service arees. To insure that drills which are
continuously exposed to the cold remain oparative, certain modiftcationa are made. Crews at
the Iron Ore Compeny of Canades at Schefferville strip new drilla to the frame snd rebuild them
for local winter conditons. The freme is extanded two feet and a machina hause built around
all of the componants. The machine house snd cab ares presgurized by attaching a culvert pips
to ths drill mast. A fen {5 fitted at the top [See Figure F~2 of Appendix F). The incoming
air is heated, and edditional heatara are installed in the cab for operatar comfort. Compres-—
sor coolant and Lubrfcation oil ere heated to ensure proper oparation at start up (Carr et.
al., 1864), Thess heaters shut off whan the compressor is on, and remain on when ths compres-—
sor is aff. Hadiant heaters keep tha hydreulic and autamatic Lubrication systems warking
properly.

Gear baxes that sre subjected only to occesional use are often fitted with electric
immersion heaters to keep tha oil warm enough to provida proper lubrication. Thermostats
should not be used on thesa haaters because they increase the chances of failure and add ta
matntensnce costs. Moset lubricants cen tolerate continuous heating all wintar without carbon—
izing if energy output {s kept balow eight watts per square inch of hesting surfaca (Carr et.
al., 19684).

Electric powared drills are usad whenever sufficient power is availabis. Movemant of ths
drill then requires movament of a trailing cabla, Nsoprsne cabla covers becoma brittle and
break in the cold. Satisfactory cable Life {s attained with the usa of & 680 parcent natural
rubber jacket maeting ASTM specification D532 (Carr, et.al., 1964), Nastural rubbsr is used
bacause tha tempersture et which brittleness occurs can be modified. Natursl rubber {s suscep—
tible to deterioration from sunlight end oil contamination, but this {8 leas of &8 problem than
the cold.

Shovels

Whenever prscticsl, shovals should be replabad by large rubbar tired front—-end Lloaders.
Loadars can utilize haated atorege and service areas along wlth the other mobfle aquipment.
The lower capital cast of a loader fleat may make a back up unit practical for the small
aperatar, insuring greater availab4lity. If the use of shovels cannot be avoided they shauld
be ordered with cold weather steel components,

L 4

The ora end westa at tha Iron Ore Company of Canada minas et Schaffarvilla, Ouebec ars wet
and sticky, reaulting {p material freezing to the asides of cold shovel buckets. Thawing this
material by burning oil-scaked straw may damage the manganeée stasl bucket. Elsctric hsaters
on the buckets have aolvad the sticking problem (See Figurea F-3 and F4 af Appendix F). Eight
1500 watt heaters were placed, two in each side and four on the bottom of the buckaet (Carr,
1864). Vibration, moisture and powsr supply prublems have bean salved by mounting the heatars
in blocks with a apecial heat resisting resillient compound around the connectiaon and caovering
them with s 1/2" plate af abrasfon resistant high strength ateel. Thiocker wear plates have
axperienced axpansion and cantraction problams.

8havel sticks have been broken in cold weather for reasons autlined above undar steel
reeponse to cold. Faflure of the sutamatic lubrication system an the atick causes damage that
resulte in areas af stress caoncentration. Iron Ore Cowpany af Canade solved this problem by
arderfng shovel sticks made from en AISI 4820 alloy steel centrifugally cest tuba, machined to
a 1/32" taolarance (Ritcey and Kitburn, 196S). An sutometic apray lubricatian system caombined
with strip heating also salved this problem. Strip heating of structural components should be
applied with caution gaince it may contribute to differential sxpangion and contraction snd
ceugse failurs (DaMalt, 1973].
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Repid weer and failure of swing-rack gears and pinions at Schefferville, Quebec, required
that the forged swing-rack geasrs be replaced with cast menganese malybdenum alloy gears. The
design of tha teeth wes changed (sae Figure 7-3) to achieve s larger radius of curvature at the
root of the teath, thereby reducing stress concentration (Carr, et.sl., 1964).

Shafts subjected to high impact (oads develop backlash and failure in the spline. Iron
Ore Campany of Canade solved this problem by using chrome-malybdenum ar chrome-nickel-malybde—
num alloys along with a redesign of the spline (see Figure 7-3). Use of an involute design
resulted {n reduced stress cancantration and greater shear aresa at the spline raot (Carr,
at.al., 19684).

Proper tubrication of shovel components ie asgential for continuoue operstion. Iroen Ora
Company of Canada found it necessary to radesign the automatic Lubrication systam on their
shovels at Schefferville, Quebec. Nuamber one grease was too thick to pump through automatic
greasa Lines in cold weather. Tha usa of gesr ofl did not provide adequate Lubriocation for
antifriction bearings, Gesr oil i3 naw pumped to all open snd slesve type bearings and bush-
ings. Antifriction bearings are greased by hand once aach month. The open gea® spray lubrica-
tion systems repeatedly froze, resulting in {nadequate Lubrication. This system has been
replacad by a drip system that is satisfactory. At Pine Paint Mines, heated Eddalube HOX30 is
brushed onto the exposed gears and haod rallers several times esach shift on very oold days
(Scarborough, 1966]. ALl metal lubrication tubes sre replaced with large diemetar matal-braid
Arsoquip high—prassurs hosa (Scarborough, 1968).

Track frames on shovels at Scheffarville and Pine Paint break repeatadly during cold
spells. Iron Ore Company of Canada has not had much success repairing the frames in ths field,
therefore new or repaired frames esre used e&s replscements. The broken freme is taken to the
heated shop, repeired and Left for one yeer out in tha elements. Apparently a one yser rest
allows strasses built up during the welding to dissipata. Repairsd frames, not allowed to
rast, felil shortly after reinstalletion.

Limiting tha strees on components 1e another meens af insuring cold westher operation. At
Pins Point, the woadan bumper blocks were replacad with rubber, and bucket siza was raducad
from 5§ to 4 cubfc yarda (Scarborough, 1966). Iron Ore Company of Canada {8 exparimenting with
Limit switchas to protact the shavels from atresses occasioned by inaxpariencad ar careless
aparstors. Stress on track frames cen be reduced by using a dozer to cleen up the working
erga. To avoid running over largs rocks, someone {8 amployesd to direct movements when relo-
cating a shoval. .

||:LIQB B“d loadars

Tha impact of the cald on highly mobfle equipment such as trucks, rubber tired loaders and
dozers is raduced by the use of heated buildings, proper Llubricants snd cdreful operation snd
maintensnce. Cabs fitted with extra insulation end heatars insure that oparators can work in
comfort, Cebs st Schefferville, Quebec have two hot water hesters totaling 50,000 BTU capacity
far oparator comfort and sdequste defrosting of windows (Mayer, 1966].

Haulage trucks univarsally have double wallad boxes made of T-1 steel with motor axhaust
passaed thraugh the spece batween the box walla. Spaciel stsel is nacassary to stand up to tha
impact af chunks during cold weather Loading. Tha exhaust gases heat the baox 8o that maist
matarial will not freeze to tha staal.

Protaction of motors is of special importance in cold weather. Meny oparators use only
water as an sngine coolant based on ths beliaf that besaring failure results should antifraeze
leak into tha motor oil. Since watar freszes quickly, an emergency shutdown in tha fiald
requirgs immediste drainagas of the systam. Refilling before restarting can be troubltesome and
the chancea of demage from human error {ncreases. Radiators af large capacity that are filled
with water mey freeze during normal winter operation, as happened at Schefferville, Quebec one
winter (Carr, et.al., 1984). The motar cooling system should have a tharmostaticelly control-—
led fan and radfator shutters. Iron QOre Company of Canads sets shutters at 82°C (185°F] with
the temperatura sensor Located at the bottom of tha radiator tank. If tha motor temperature is
allowed ta fluctuste over a wide rangs, the heads will davelaop cracks (Carr, at.al., 1964).
When antifreeze is used {t should meet aguipment manufacturers specification and be compatable
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with the chamicals on the coolent filters. Antifreeze should be mixed with a volumetric ratio
of 68 parcant antifreeze to 32 percent water to insure meximum protection (see Figure 7-4].

Dfesel motors should be equipped with shutdawn protection for engine averspeed, overheat
and low oil pressure. Thase devices should ba inspected daily to insure their propaer opers-—
tion. Early detection of antifreeze and air filter leaks and of component wear is possible if
motor oil {8 sampled and snelyzed periodically.

Rubber tired aquipment has certain opersting sdvantages {n the cold months. Haulage roads
are frozen hard by the cald and rolling resistance is reduced. Cald weather prevents tires
from overheating and reduces ply separation. Tires thet are too worn for summer use ar re-
treading are put back on in tha winter and worn out.

Haulage roads are uaually slippary in the Spring and Fall requiring trucks to be fittad
with a preegure limiting valve on the frant brakes to prevent skidding.

Truck losders may nesd to have immersion heaters placed in the hydraulic tanks bacsuss the
large volume of oil will not etey warm under winter use. As an alternative, hydraulic ofl can
bse diluted with kerosene or fuel oil. Diluted oil should always be replaced when tha coldest
winter waather is over ta prevent system demage. A better solution {s the use of typa A
automatic transmisaion fluid (Secerborough, 1988), or Conoco Dn—-600 synthetic Pluid (Burrows,
1974) ,

Bulldozers, Gradars and Diegel Mgtors

Many of the factors discussed abave for drills, shovels, trucks and loadars apply squally
woll to bulldozers, graders and diesal motors. Bulldazers, gradsra, and othar machinss that
have hydraulic cylinders axpossd to the weather ara subject to repeatsd seal failure. The use
of oil soskad leathesr (rawhide) seals reduces the incidence af faflure (Carr, et.al., 1964 and
Burrows, 1974). Most manufscturars of hoses maka products for low temparatures (Burrows,
1874).

Cabe are fitted with extra haeters to keep tha aperator comfortshlea and the froet off the
windowa. Motor rsdiator fens can he orderad with caversing capability so that warm radistor
and motor air can be blown towsrd the oparstor. Fabric radiator covers are available to cut
down the air flow over tha radistor to help maintain proper operating tempersture. GCare must
be taken that motors do not overhsat bacause the cover fs still in place during a warm periad.

Refineries meka diesel fuel far local conditiona and ambient temperatures. It is impor-
tent to specify fuat with s cloud point at lesst 10° below minimum expected temparsture. Tha
cloud point {8 the temparatura at which wax precipitetes from the fuel. Wex forme a matrix
thet will plug screens, filtar Linss, valves, pumps and {injectors. This is an {mportant
cona{deratian 1f an entira year's supply of diesal must be delivared at one time. A diesel
motor fuel system may have to be redesigned to includs the following factors: na restrictive
componants, companents pasitioned near the motor heet, fual recirculation to reduce wax buildup
in filters, aide curtains or enclosures to hald engine heat near accessories, remavable fuel
tank acreens, (arge fual linas with large radius bends, large water drain taps, and fuel tank
vent extended to heatad area to prevent frost plugging. The fuel tenk should be kept full to
prevent condensation. Fual shauld have a cloud point of at (east —65°F (MIR-F—451212, MIL-F
4800S5) and & sulfur cantant less than 0.2 percent (Carr, at.al., 1964), The application af
heat to fuel ahould be approached with csution. If the heating syatam ramaina on during
summer, viscosity of the fusl could bs lLowered to the point whare metering could be incorract.
The heated fuel may also form thermal decompusition products thet plug filters. There are flow
{mprovement and moistura absorbing fual additives availables to help insure satiafactory wintar
operation (Burrows, 1974).

Many operatare keep aquipment in heated storege or run it cantinuousiy. Equipment to be
idlad for several hours should be left at fest idle to reduce csrbon build~up and to meintain
proper temparature and oil pressure.

Cold weather starting may reguire the usa of low viascosity SAE 10W (series 3} motor oil
(Kidman, 1971]. For ease of operation, mechanical controls should be (ubricated with a winter
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grade grease (Kidman, 1871). Onoce operating, the motor oil should be checkad avery two haurs
and a good praventive maintenance and inspection schedule fallowed (Kidman, 1971).

TABLE 7-1
Battervy Temparature Efficiancy
+ 80°F 100%
50 82
80 66
20 58
10 50
0 42
- 10 33
- 20 21
- 30 13
- 40 5
- 80 i)

Sourcs — Rice, E.L., Personal Communicatfan, 1975.

At tha end af each ahift, ar more often {f necessary, bulldozaer tracks should bhe thor-
oughly cleaned to prevent the buildup aof frazen materjal. Operatars must be careful that frozan
chunks do not fall aver the blade end jam batween the hoist and blade causing hoist feilure.

Bailroad Operstion

Spacial modifications and pracedures ara nacessary for winter operation of raflroad equip—
maent. Cabe and cebooses must be insulated, fittad with sux{llary heaters, dafrastars, and
double pane windows (Woodle, et.al., 1863). Diesel motora raquire fuel and motaor housing
mogd{fication for low temparstures to insure proper motor oparating tempsraturss (Woadle,
at.al., 1983). Afr dryar have proven to be inedaquete to kesp moisture from freazing air braks
Lines (Waodle, at.al, 1963). Metheana alcohol 16 injected into tha matn air reearvoir at tha
rate af one quart each day for each Locomotive (Carr, et.al., 1964). The use of watar coolaed
compressors whioh aperate at a lower temperatura than air coolad compressore allows aftar—
coolers to do a more efficient Jab of eliminating moisture [Woodle, at.sl., 1863). Afr reser—
voirs can he fitted with automatic water drein valves (Carr, at.al., 1964]. Daspite these
precautions and beceusa of the reduced drew ber strength, train langthe are raduced in ths cold
months (Johnson, 1877). .

Treck sandara tand to fi{ll with snow and ice and should be fitted with flep type nozzles
(Woodle, at.al., 1963). Wheals must be closaely watched aince it 18 not uncomman to ses a car
that had been aftting {dle being pullted to the ore (oading point with wheels sliding. A
gliding wheel willt develop a flat spot that will pound the track, possibly fracturing & rail
(Woodle, at.al., 1963).

Most are and concentrataa transparted by rail are maved in apen gondola cars. These cars
fiLl with snow, ceusing the material to freeza during transpocrt. Tha mafeture in warm ore
loeded into catd railroad cars will migrete ta the outside of the load and freezea making a
"halo™ of frozen ore which is difficult to break (MacLellan, 1573]. Ors with an average
moistura content of sevan percent whan laaded may errive at the dastinat{on with twenty parcent
moisture content at the adges, ten percent moistura near tha adge and three percent mofsture at
the centar. Not only 18 untpading complicatad, but accurata sampling is difficult. Moist ore
frozean inta e railroad car must be heated before it {s unloaded. Usually ore cars need to be
ptaced in a heatad building snd thawed out before enloading. At Norande, cars from Flin flon
are stared in heated buildings ons day faor each day they are exposed to freezing temparatures
{MaclLellan, 1873). Car thawing time at Flin Flon 18 based on both exposure time and outsida
temperature. Tha Flin Flon building can thaw fifty cars with 8ix 2 mtllion BTU/hr. oil fired
and four 2 million BTU/hr. propane fired heaters. Ore cars arriving at Sept-Islas are thawed
in a four car shad with infrered heaters of six m{llion BTU/hr, total capacity (Carr, at.al.,
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1964), The use of wooden car lLiners only mekes cers more difficult to thew and unipad
(MacLsllan, 1973). Operators mey spray the inside surfsces of the car with oil, antifreeze or
salt salutfon ta facilitate unloading if the cars sre rotary dumped. If the car {8 to travel
through a renge of temperatures as when shippad from Lynn Lake to Vancouver, it 18 covered to
prevent mofsture build-up from raf{n and snow (Maclellan, 1873). Cers are also covered with
reinforced plestic throweway tarpasulins. Concentrate is algo protectad from precipitation and
dust loss with a sprsyed lLatex mixture (MaclLsllan, 1873).

Cars that sit sxposed ovar a winter or have filled with snow on a return trip are emptiad
bafore are loading. A returning car may have gone through several freezing and thewing cycles
and must be emptied by manual labor. Snow can ba remavad with & hand cperated snow blower and
shoval. Wwhen Iron Ore Company aof Canade halts ora ahipments at Knob Lske during the winter
months of Dacember to March, the ore cars fillL with enow (Carr, at.al., 1984). To afficiently
empty these cars of anow for start up, two surplus J47-19 |at enginas are mounted sbova the
tracks with the exhsust pointing into tha cars. The care are passad under thesa angines which
blow out the snow and melt the {ce asccumulation. The engines are surplus from B8-36 afrplanes,
and are modified to operate on diesel fuel. The exhaust temperature of these engines is
1276°F. Easch angine burng 35 gallons of fuel par hour at 40 percent speed; 245 gallons per
hour at 70 percent speed; and 505 gallans per hour at 86 percant spesd. Seventy percant spaed
wag found to be mast afficient.

8now accumulation around car wheala, tracks, end switches mey creste continuous problems.
Rasarve Mining Company uses electric heatsrs to kesp awitches oparating (Woodle, st.al., 1983].
Iran Ore Company of Canada at Scheffervilla built snow sheds for switches and car storage
(Carr, at.sl., 19684). The 3400 feet of sheds were replaced by & J47-19 Jet angine mounted in &
flatcar with the exhaust pointed down toward the track.
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CHAPTER 8

PERSONNEL AND INDUSTRIAL RELATIONS

Introduceion

Technical problems sssociated with cold weether operatisn are repidly being solved with
sound engineering and msnagement practices. The persannel problems ars not as easily saolved,
and represent the biggest datarrent to develapment of the narth. The Labor skills required
often cen not be found among the {ocal residents, snd labor must be recruited from the south.
Imported workers and their families can have troubla adjusting to the short daylight hours in
the wintar, the lLong periods of cold and wind, the lLong daylight hours in the summer, the
swarms af mosquitos end flies, and the isglation. Work in the arctic then, becomes sumething
temporary that one does befare he moves on to somathing else. For sams, the north country is
challenging and they learn to deal with the hardships in aorder to enjoy tha excitement, the
changing seasons, the year round recreation opportunities, beautiful scenery, and the natural
satting.

Local Labor

The cultursl differsnces of tha native people make it difficult te integrate them into tha
work farce. Colin Alexander (1976) quotas the farmer Cansdien Northern Affairs Ministar, Jeaen
Chratien as saying that employers should adjust their stendards to allow native people to take
leave for hunting or to come and go whan they Like. He further quotes Ewen Cotterill, formaer
Asgistant Commissionsar of the Northwest Territories, who studied parsannel policy in the gov—
arnment of the N.W.T. His conclusi{on was that the lowering of standarda for nativa peopls
repreasnted a form of paternalism which branded the natjves es inferior and ancoureged lLow
stendards. Murray Watts (1965), who hes been employing Eskimos since 1831, has complats faith
in their integrity, adaptability, and cspscity to become first class workers. Becsuse of the
outdoor nature af Mr, Watt's exploration work, many aof these Eskimos have become batter workers
than imported labor. The native northerner is a task—gorientsd person interested in completing
a Job, the results of which can be saan (Latz, 1968). He has difficulty with the employment
orientad concapt of industrial saciety where oftan no finished product is produced.

No easy solution has been found to the native employment problem. Poesibly the long tarm
solution Lias in improved education opportunities for young netives.

Tha native population hes not participated in many developments in the north. Many
Eskimoe Live near Asbestos Hill Mine in northern Quebec, yet none work thare. The Cansdian
government built a naw community adjacant to the company tawn of Schafferville, Duebec, for the
Montagnais and Naskap Indians, yet only 8 few work at the mine. Despites the favarable work
sachedule of one week an and ona week off, few Alaskan natives wark in the north slape ail
fields. Much wark snd caaparation between fndustry, governmant and native leseders is required
befors the natives can bm successfully integrsted intoc the waork forcae.

Impoctad Labor

Warkers for northarn development often coms from tha south bringing their required gkills
and experience ta the Job. Unfortunately, many find that lifa in tha north is not for them and
leave within a shart time. A Mining Associstion of Canads study aof labor turnaver and shartage
in Canadian mining {industry [Cawsey and Richardson, 1975] raported that average cost per new
employeae for recruitment and training is one thousand dallars. The high turnover rate assg~
ciated with northern mines is expensiva. This study also showed a relatianship betwsen both
employse aga and geographic location with turnaver. The turnaver rate for young skilled
workears remained high but dropped sharply aftar age forty. Labar turnaver problems {ncreasa
the furthar one gets from a majaer city, up to about 250 miles. Beyand 260 miles, turnover
becomes {ass of a problam. This Cansdian study also showed a higher turnover ratas for the
westarn provincas and northern territaories.

38



The manasgement at the Whitehorse Copper mine in the Yukon Territory deslt with ths lack of
skilled workers by hiring people 8s Leborers and training them in the skills for which they
show an aptitude ar interest. Most northarn operstions have a training program of some kind
but find that many employees, when trained, move south to take akilled jabs. The 8chefferville
mine hes recently lost meny skilled warkers to tha government subsidized jobs st the Syncruds,
Athapascan Tar Ssnds project and the Jemes Bey Hydroelectric projects.

Incentives

The first incentive that comaes to mind to sntice workers to tha narth is pay. In fact
wages are generally much highsr {n the narth than in urben centars. Professionals warking on
the north slope receive B parcentags of their monthly salary as a bonus. This banus is typ{-
cally 45 percent for Alegka cost of Living and up ta an additional 28 psrcent for north slope
duty.

The cost of Living 18 carrespandingly high {n the north, negeting much of what is gainad
by the highar wages. U.S. Depertment of Labor figures (1975) indicate the cost af Living in
Anchorage, Alaska ta be 28 ta 48 peroent ebove tha U.S. urben average, depending on the Living
standing. Fairbanka, Alaske is another 15.2 percent higher than Ancharage (Dixon, 1975). Tha
Federal Government pays its employases a nontaxable cest of Living adjustment of 22 percent in
Anchoraga and 25 pecrcent on Feirbanka. Most companiaes in small resource-cantared ocommunitiss {n
the north subsidize the employee's rent, food, transportation and sarvices ta reduece this high
cost of Living to 8 Level below those found 1n the south. Residents aof Farmant, Quebec buy
thefr homes from the company but pay only about one quarter of the cost {Fish, 1978). The
Cyprus Anvil Company subsidizes aach employee in the form of rent, medical servicea, graoceries,
and transportation costs (Merr, 1977). Single warkers at the Unitad Keno Hill Minss pay only
82.75 per dsy for roam and board (Dundas, 1977},

A further fncentive faund at meny northiern oparetionse ie Liberal vacatfion and Laave aof
absence benefits. The best example je the g¢il industry with the wesk aon - weak aff schedule
for production workare. An employee at United Keno HitlL Mines §s entitled to two weeks paid
vacation aftar the first year, and inareesing up to a maximum af 35 deys at the end of fourtesn
yaars. Three weeks leave without pey are alsg allowsd esch year (Dunbar, 1877). At the Wabush
Mine, Quebec, an smployee i8 aligible far five weeks vacetion by tha fifth yesr of work
[McGrath, 1977). After five years at the Anvil mine, an emplayse recsives a ane month haliday
bonus (Marr, 1977).

Other incentives include subsidfized or free trips to populetian centers, 1including auto
shipment. At Scheffarville, employeea sra entitled to free passage for thatr auto to Sept—lles
on the train (Garg, 1877). A married emplayee at Anvil can uae up to $1,100 in tax—freas air
fars each yaar (Marr, 1977),

Despita all ‘af thesa incentives, the turnaver rete remafnas high at most northarn sftea.
Table B-1 gives turnover rates for several lacations studied.
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TABLE 8-1

cation Company Turnover RAate Data
Southcentral Unfon 01t Co. 5.4 1st half 4875
Alaska 1.8 2nd half 1875
3.6 18t half 1876
*18.68 2nd half 1978
10.7 18t helf 1977
North Slops, British Petroleum 10 1977
Alaska
Healy, Alaska Ueibel L1 5 1877
Whitehorse, Y.T. Whitehorse Copper 10-20 skilled
200 Leborers 1977
Fero, Y.T. Cyprue Anvil 19.7 18t half 1977
Elsa, Y.T. United Keno Hill 14 aach month 1927
Scheffarville Iron Ore Company 30 par year 1977
Quebsc of Canads
Webush Labrador Wabush Mines 10 per year 1877
Asbestos Hill Agbeatas Hill B-8 par month 1877

Quebac

* British Petrolaum startsd hiring for north slope work.

The Mining Association af Caneda report quoted earlier (Cawsey, 1875) concludes with the
observetion that the chronic labor turnovar and shortage situstion ig an industry—wide problem
raquiring unian, government and industry cooperation. The M.A.C. report lists the following
reasons given by young people for not entering or not ataying in the mining industry: the
competition from welfare, the remote location of most mines, Little inducement to stay in the
induatry, Lleck of sccomodetions and amenitise for nonmaerried warkers at the mina sites and the
poor imege of the mining industry. Much is yat to be done to staebilize tha work farce in the
mining industry in the north.

Dealing Wish whe Cold

A 8tiff wind on a cold day creatss & dengesrous work situation. The wind doss not meke it
colder but does increase the rate of cooling. Teble X-2 (Rice, 1975) (ists ambient temparsture
versus wind speed and the resulting wind chill temperature. The wind chill tempersture is the
equivalent temperature under celm caonditions. Propar protactive claothing fs nacessary, and a
buddy system is best for spatting frost bita on axposed flesh. The protective clothing {is of
nacaaesity bulky and can become tangled in moving machinery that is improparly guarded.

Should a worker freeze an axtremity, it should be left frozen until bed cars is available.
If a foat is frozen, the victim will bacome a stretcher casa whan it i3 thawad. If frozen,
thawed and refrozen during evacuation, savere deamage will result. The first indication of
frostbites 1s a gray or yellow—white gspot an the skin which appesars bafare anything is fett, but
tha buddy can see it on exposed fleah. The f{rast sensation i8 numbnass rather than pain.
Frozen skin should never ba rubbed ta warm it, ae tissua damage may result. Warm watar is the
bast means of thawing frozen tissus. Blankats and heat packs arse also used. Snow, ice or
petroleum products should never be ueaed (Crippen and Davis, 1870). Frostbitten Llungs during
strenuous work in the cold is eimply not true (Rice, 1975). Best results ara ohtained when
workmen are properly tratned, propaerly equipped and usa the training and equipment provided.

Parsonnel Problems

The stress of working and Living in the cold together with the remoteness of Location
often results in parsonality problems. Furthermora, emotional problems are a major contribut—
ing factor to induatrisl accidents (Vincent, 1968).
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The smell town atmosphere af the company town is difficult for wivaes especially. OGoseip
travels quickly. If a family has same pcroblem, everyone knows about it (Bowman, 1977). Many
wives have trouble davelpping s sensa of belonging in the new community and feel isolated from
thais familias back home due to the distance {Vincent, 18689). This fseling of isclation and
Ltanaliness is often compounded when tha husband goes out with the boys to utilize the company
providad racreation facilities afier shifr (Vincent, 19689). These problams lesd to alcoholism,
drug abuse, and severe emotional problems which result in divorce and emplayee turnaver.
Vincent {1969) found, when studying the Schaffervilla mental health problems, that fully one
third of the admissions to the Local hogpftal wera besically emotional maladjustment. One
solution Lies in providing work ar community prajJect cholces for tha wives, and baby sitting
services so they can tske advantage of the opportunitiea (Bowman, 1577).
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CHAPTER 9

NORTHERN ACCOMODATIONS AND COMMUNITIES

Introduction

The population in tha North American Arctic i{s sparse. M{iping campanies conaidering
development of a prospect will in all Likelihood find no astablished community for emp loyee
residence. Tha choice will Likely be a camp or same type of a company sponsored town. 04l
field activity in Arctic Alaska has adopted exclusively a besic camp setup with a roteting crew
schedule. The mining {ndustry utiifzes camp faailities for hourly warkers combinad with family
houaing for staff. However, in the Canedian subarctic the trend is toward the integrstad
compsany town. A few oparatigna mey be close enough to take advantage of &h established Local
community. Whitehorse Copper Mines Ltd. is an example.

Camps

In developing the oil depoeits at Prudhoe Bay, single status housing was provided for all
employses. Employeas normally work slternate wesks of seven days, twalve hours per day, which
allows them a week with their families. Tranaportation to Prudhoe Bay is by afrcraft from
Ancharage (625 air miles ta the south), This schedule has resulted in & turnover rate of {ess
than ten parcent.

The camps are usually canstructad of prefabricatad units which are ready for use once
placed on a foundation and connscted to utilities. Unite come in a wide varifety: bunkhousas,
kitchens, dining halls, recreation rpoms or storege areea. Larger buildings are availlable that
fold away far shipmant, Anvil Minea Ltd., used two 40 foot by 100 faoot ATCO foldawey units for
a ssrvice buflding and standby power housa while driving decline at the Polaris Praject on
Little Corwallis Island. Foldaway buildings are esasy to ship, and the sesembly time required
ta hecome operational is relativaly short.

Campg With Homes

A camp facility oan be augmantad by family quartere for staff, omitting the usual town
sarvices such as schools, stares and churches. This approach 18 uead at the Asbestos Hill mine
{n Northarn Quabec. Tha Canads Tungsten mina in the Northwest Territories utflizes a similar
approech by providing a few storee and axpsanding recreation facilities and other sarvicee in
stagas. With thes continued success of the mine, the town of Tungsten will develop into a fully
intagrated community.

Company Tawn

The most common practice for s Lang tarm development in 8 remots region 1s a modifiad
company town, The objective ia to pravide s subsidized and sufitable place far a warker to
bring his family togethar with a pride aof ownsrship and proparty rights. Cerving a complata

community out of the wilderness {8 expenaive es all {nfrastructure cost is barne directly or
indirectly by tha daveloper.

A campany town 18 pleanned around the whole family [Lotz, 1968). It is essential that
wivas have an opportunity for actfvitias, both work and sacial (Bawman, 1977]). Wives from
Ouebec Cartier's firat company town, Gagnon, ware canaulted during the deaign stage af the tawn
of Fermant, which was built to serve the new Mount Wright mine in Quebec. As a result, haomas
in Fermont have mud rooms, basemaents, ample storage, planty of alectrical outlets, madern
bathroom and kitchen fixtures (Fisher, 1977, Fish, 1975h)., It ia fmportant thet hames are
built with a view of the yard from tha kitchen, because much af the wife's time is apant
praparing meals, whila supacvising tha children (lotz, 1868).

In sn effort to tnstill a sensa of belonging, meny compenies ara attempting to de-empha-
size tha "company town” fealing of the community. At Fermont, the homes are sold to employeea
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at Lesas than caost. When an amployee laavas, tha company guarantees to buy back the house if no
othar buyer can be found. At other towns asuch as Schaffarville and Faro, the company makes a
apscial effort to stay aut af the affairs of the town. The "company town" attitude can be
raducad 1f supply concessions are dgranted to outaide firms for graocaries, merchandisa and
community services. Townspeople will be most proud of a facility if they have built it them—
galvas rather than ralying on the company to provida thair evary nesd. E

The staff at Clinton Creek provided the author with many suggestions for an ideal company
town. It wee pointad cut that it is not & good situation when a warker socializeg exoclusively
with his co~workers. Tha solution may ba for the town to serve mare then ane employar. Women
adjust ta the company town Lifa much better {f thay hava employment or social opportunities
avajlable to tham. Often, single workers are housad in dormitories and sat at a central
cafeteria, isolated fram the married families. Possibly, singla amployess ehould be offared
emell apartmants that are aituatad near tha married employess hausing. This arrangemant would
more closely duplicate that of the outside world.

Ihe Catablishad Town

The majority of cammunitias in the north are quita amsall, and would not bs capebla af
absarbing the large influx aof residents sssocieted with & mine davalopment. Theraefors, the
devaloper may find it necessery to build additionat homse and subsidize the utility servicas
and school systems.

Geperal Considerations

Pratectiaon of the residente of a town or camp is the most important cansideration when
planning a community. Fire 18 the greatest threat to s ramota arctic lLocation. The low
humidity creates extramely well dried wood and fibar which can sot as a tindar (Rics, 1975).
Fire fighting 18 more difficult becausa of frazen water lines, the risk of frostbita, lack af
water, and the nsed for a Larger than normal crew for warm up rotation (Rice, 1975). Fira
prevention and detesction are alsoc important. Altarnative syatems muat ba providad far thet
time when s vital utility faile or {8 destroyed by fire. Each support systam musat be svaluated
with respact to a course of action to take {f f{ire should destroy that systam. The upparmost
quaesation ta, how will we feed and house thea residents until the rapairs ara complated ar
evacuation takes place?

In Laying out a town or camp, tha prevailing wintsr winds need to be considared. The
Qusbac Cartier town or Fermont, Quebec is protacted from the prevailing wind by s five stary
wind break building (ees Figure 8-1). Drifting snow can be reducad by positianing buildings
* with the narrow eide tawasrd the wind.

An economic analyais of fuel coets varaus wall thicknass will 1indicate the optimum smount
of insulation neesded. It {a very important to install a good vepor barrisr on the warm side of
the {nsulatiaon. Mofsturae migration into the {nsuletion will condensa and freeze at tha 0°C
{sotherm, and reducea tha insuleting value of the well, not to mention the watar thet will run
into the room whan spring arrives.

Windows in the Arctic are expangive. Dr. Elbert F. Rice of tha Civil Enginesring Depart-
ment of the Univarsity of Alaska eatfmatas that tha totsl cost per square fogot af a8 window {8
ten to fiftean times that of a wall. Windowa nead to be large enough to be used aa fire
nscapes and to ksep tha ocoupants content.

Canglusions

Unlees a rotating crew arrsngament is adopted, s develppar will be faced with tha plenning
of 8 complsta community or an aquivalent addition to an ax{asting community, Thie village must
be a people—centared community providing most of the amaenftises found in temperate regfone. Tha
devaloper must expact ta haavily subsidize ths community to {nsure ita success,
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APPENDIX A

CYPRUS ANVIL MINING CORPORATION LIMITED

The Anvil Mine, the Largest mina {n tha Yukon Territory, is an example af govarnment
coaperation with private anterprise §n develaping a mineral deposit in 8 remote region. Todey
the city of Faro, twalve miles fram the Anvil mina, {8 the second Largest community in the
Yukon. Tha Anvil lesd zinc mina Lias 130 miles north northsast of Whitehorsa in & picturesque
ares of rolling hills and beautiful lakes in the AavilL mountain rangs. The climete is aubarc-
tic with winter low tempersturss neer minue 46°C {-60°F) and midsummer high temperatures near
29°c (85°F). Average precipitation amounts to a scant fiftean inchae per year, half of which
ia snow.

Ming

The mine 18 8 singla Large open pit gparated si{x daye per week and thres shifts par day.
Daily production is nearly 11,000 tone of ore and 27,500 cubic yards of waste. Both ore and
wasate are loaded with five and fifteen cubic yard atentric shovals into 85 and 120 ton trucks.
Drilling is dona with three electric orills, driilfng nine inch diameatee holas aon an 18 foat by
18 foot grid in ore and a 22 foot by 22 foot grid in weate rock.

Mine squipment {8 arderad with the cald weather options offered by tha manufascturers, and
further modified by the Anvil maintenance department, based on past experiance. Thesa modifi-
cations include engine block heaters, engina ail heatars, differentiel oil heatars, transmis—
sion gil heatere and large ceb heatera. Heastars help keep the oil temperaturs in trensmisaton,
differantials ar gsar boxas abava outsids temperatura, but heated starage gfves the best
results.

Shavels and drills however, oannat be stored in haataed buildings. Strip heatsrs ara
placad an thae etick and boom; radiant heaters asre positioned for axtarnal gears. Boome and
dipper sticks of T-1 steal are spscifisd whan shovels ars orderad. When wat ora freszes to the
ghovel bucket, straw 18 burned in the buckat to melt the frozen materisl.

Welding repeirs must at times ba performed in tha sold. At the Anvil mins, an snclosure
{a Piret conatructad around the wark araa and then heetad. The welded pisce is preheated and
slowly brought back to smbient temperature so that stresees ara proparly relieved. The enclo—
gure also provides a mores comfortabla warking anvironment to ingsura afficfent rapairs and the
propar attention ta deteil.

Mineral Pracessing

Three products are produced at Anvil: Lesd concentrate, zinc concantrats, and mixed Lead—
zinc concentrats. Lead recovery i{s 81.3 percent, producing & 68 percent lesd concentrats with
20 ounces of silver par ton. Zinc racovary ie 80 parcent, producing a §4 parcent zinc concen—
trate. The aixed concentrate contains 29 parcant laad and 30 parcent zinc.

The entire concentrator js in a heatad building fnoluding fine ore storages and concentrate
thickanars. Proceses water for the mi(( fs supplied fram the one billion gallon resarvair built
{n Rosa Craak, and is pumped ana and one—half mi{les through an insulsatad 24" steal pfipe.
Temperstures of the pracess watar {s batween 1.1°C (34°F) and 4.4°C (40°F]. This low tampera—
tures hindars the flotation process, but is compensatad for with additional flotation plant
throughput or special reagent combf{nations,

I ransportat ! on

Tha dried concantrates are lLoadad into thirty ton capacity “"teardrop" ocontsiners which are
trucked ta Whitashorse 235 miles sway. ("Tsardrop” te suggestad by the parsbalic shape nf the
sluminum containers). At Whiteahores, ths containera are loadad onto traina for shipment to
Skagway, Alagka. The White Pese is a 110 mila long narrow-gauge rajlroad built early in tha
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century to serve the Klondike gold fields. Tha containers are covered to prevent dust loss or
snow sccumulation. At Skagwsy, the containers are dumped and the concentrate stored in a
100,000 ton cepsecity building to aweit shipment to Japen and several Europesn nations.

Supplies for the Anvil mine are brought to tha site vis saveral routes. White Pess con-
teiner shipe sail weekly from Vancouver to Skagway, then freight moves by rail to Whiteharse.
Supplies are also brought by truck via the Alaska Highwey. Goods are alsoc flawn to Whitehorsa
or to Faro. Therae are deily flights from Vancouver and Edmanton to Whitahorse and regular
flights to Faro. There {3 also dailty bus sarvice from Faro to Whitehorse. The Llang supply
Lines dictate a waerehouse inventory twice whet is common in Less remote arseas.

Parsonnal

The problems of attracting amployess with the needed skills, and of providing an environ—
ment in which they will stey, are s8s serfoua at Faro as st other remote mine sites. In the
early months of oparatian, employee turnaver rgte ranged up to 25 parcent per month. By 1971,
this figure had dropped ta 7 parcent per manth and to 3.3 parcant par month by 1877. The
turnaver is disproportionately high among the single employess, prompting tha company ta smpha-
gize family housing units, schools, and family fecilities.

Tha compaeny suhsidizes sach amployee to the extent of about saven thousand dollsrs each
yaar. Subsidies include rent, medical mxpenses and food cost. Esch married employee recaivas
$1,100 each year in tax free air fare. Employees are eligible to teke twenty—two days vacation
with pay end twenty—two deys leave without pay aach year. After five years of servica, an
additional one month's vecation is raceived as a bonus,

Govarnment Aid

BGovarnmant cooperation meds possible the develapmant of the Anvil prospect into the Anvil
Mine, thus praviding employment for over 450 people. The Canadian Federal Governmant built a
road to the ming sites, sxpanded electrical generating capecity of the Whitshorse Repids pawer
plant and buflt the power delivery netwark.

The Despartment of Manpowar also set up trade trafining schools. The objactive was to
provide job opportunities for the local natives, About thirty heve became stable amplayaea.

Eare

The town of Faro reprasents the company's determination to creete a modern family environ—
ment for thefr workers. Sfince ths Anvil depoait 18 in & remote l(occatian, a complaste comaunity
waa built whara none had exiated bafore. Conetructionebegan {n 1968 but the town was deatroyed
by a fire started by lLightning before tha first familiee could move in. The tawn wes rabuilt,
and familfes bagan moving in three months later, Todsy Faro is the second (argest community in
the Yukon, with a population of fiftesn hundred.

Faro has many modarn conveniencas including a school to grade twelve, @ well aquipped
community recreation canter, church facilittas, medical sarvices including dental, regulsar bus
and air service, and recreation and sarvice argenizations. The town is locatad twelve miles
from the mine. Concantretion trucks do not paas thraugh town anroute to Whitehorsa. Thus mine
operations have Little effact on town Life.

Baferances Cived:
Bottomley, 1977 "Anvil Mintng Corporatian”, 1987
Gragofre, Denis, 1877 "Cyprua Anvil Mining Corporation”, 1973
Marr, David, 1977 "Faro: Spring, Summer, Fall Winter”
Thurmand, 1971 "iargeat Yukan Mine", 1967
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APPENDIX B

ASBESTOS HILL, ASBEETOS CORPORATIDN LIMITED

Introduction

In a remata, wind swept, treelesss, tundre ares of the Ungava Penineula in Northern Quabec,
a rich ssbestos deposit has bean brought fnto full production. The mine, operated by the
Asbestoa Company of Canada, is Locatsd on the south side of Hudson Strait, 1,130 milas north of
Montreal. Even though it is located 300 miles south of tha Arctic Circle, (61948 nosrth Llati-
tude, 73°58' west langitude) the climeste end weather are arctic.

This ares of Northern Quebec {8 (argely undardeveloped with no roads, airports, railroads
or sizeable settlements. To bring the property inta production, virtually all infrastructure
was supplied by the developers. This factor necesaitated e larger than normal cspitsl expendi-
ture.

The mine fe an a plateau, 1,700 feet ebove sea lLevel, with frequant winds that reach
axtremas fn excess of 100 milaes par hour. Winter temparatures from November to April are in
the rangs af 0 to minua 55°F with wind chitl fectors 20° to 40° colder. Mesn summer tempera—
tures are in the upper forties with s faw deys raaching the seventies, The cold climate
results fn parmafrost to a depth of 540 meters (1800 feet). Tha rock temperatus 15 +189F in
the pit and +24°F at & depth of 700 feet. Tha sctive layer fs abaut 12 {nches thick.

Qoaratigne

The ore minaed at the Asbestos Hill mine i8 praocessed to an upgraded fiber at the mine
gite. The f1bar {8 hauled 42 milea in SO ton trucks to Deception Bay where it I8 Btorad in a
building capable of holding 80 percaent af one ysar's production. The fibar is than loaded an
ships of up to 50,000 OWT capaci{ty during the three month ahipping seeson {20 July through 20
Oct.) for shipment ta the finishing mitl at Nordenham, Germany. Thie arrangement {8 cost
effectfva becauss the plant construction coste werae (owaer in Europe than in tha Canadfan Arctic
and because the bulk shipment cost for ungradaed fiber i1s ona thrid that far containacrizad
finished f{bar. Ths three fibar grades produced are equivalent to Canadien 4J, 4T and 42. The
Europasn Location hes anahled customers ta reduce inventorias théat were nacesaary in thes past
dus to the long supply Llines from Sauth Africe, flussia or Caneda.

Iha Mine

Mara than 1.5 miLlion tona of 18 to 20 percant asbeptoe ore ara mined each yaar to praduce
the 250,000 tons per ysar of fiber exportad to Eurgpe. Ore {8 produced from a surfaca mine
with e stripping retio of about three ta one. Produatian will come from underground mining
whan the surface pit {s exhaused in 1982. The davelopment woFk for the underground mine was
begun in July, 1975 by contractors. Tha first phase entails driving 8000 faet of 15 by 10 foat
decline at —20 percant grede; 1,300 feet of 13 by 10 foot cross cuts; cutting 25 drill sta~
tions, and drilling 30,000 to 40,000 feat of d{amand dc{ll holaa. Timber{ng end rock bolting
are nacesgary for ground control,

Oue to the hersh wintar weathar, the pit aperations are shut down from o {d—Decembar to
early February. ALL repeirs that can be scheduled are performed during this six waaks shut
down, and maintsnance crews carry out mechnaicial checks ta insura that the equipment is raady
for atart up.

Dritling

Blast holes ara drilled with two rubbar tired Ingersali-fand Ori(lmaster T~4 drills end
two crawler mounted DM—4 models. Bit diameter is 6.5 {nches. Holss ara drilled on a @ by 11
faat gpacing pattern in ore (e pawder factor of 1.23 Lb. tan) and 156 by 17 foot pattern in
waste (a powder factor of 0.48 ib/ton). The everage powder factar for the mine is 0.56 Lb/ton.
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Bench height is forty feaet and is usually three rows wide with threa feet of subgrade drilling
necassary for propar floor control. At Thetford Asbastos Mine, about 1250 miles to the south,
the game 8ize holes are drilled on a 20 by 22 foot pattern which requires 50 percant less
drilling per ton of ore produced. The difference is due to the fact thset Asbestos Hill ore is
frozen and Thetford aore is not. Despita the frozen ground at Agbestos Hill, water sseps into
drill holes and freezes, necessitating Lomding the holes immediately after drilling.

Blasting (saee also Chepter 6)

Early in the operetion of the pit, it wes found thet bleeting frozen ore ressulted in many
aversized chunks, requiring secondery blesting and causad crushar fesd problems. There was
also extensive back breakags, complicating tha drilling of the next shot. LC. Lsng, Research
Engineer fram Canadian Industries Ltd., was assigned the tssk of thoroughly studying the
problem and recommending a solution. Ha found that the peckages slurry, Hydromex T-3, usad in
the holes was insdaquate. The 5-1/2" diameter cartridge, being frazen, would not fill tha 6-
1/2" hole, and when dropped inta tha hola would damage the lower primer. Daetonation of the
explosive charga was usually initiated by the second primer in the uppar part of the hota,
rasulting in poar blasting results. Canadfan Industries Ltd. developsd a special cold weather
slurry designsted Polar Hydramex which is soft and easy to handle at -20°F. The caonfinad
valocity of datonstion for Polar Hydromex at the temperstua of the ore, (+19°F], is 19,000 feet
per second. Palar Hydromex, evan when chilled ta —609F in cold waeathar, will warm up to rock
tempereture in 24 minutes after charging, {nsuring proper velocity and density upon detonation.
In the seme 24 minutes, Hydromex T-3 had warmed to only -40°F,

Rock subjected to dynamic Loseding will break in either shock or shear type fsilure. Shock
failure ocours when the disturbance or shock velocity 1s greater than the sonic velocity of the
matarial, and results in good fragmentation. If tha disturbance velocity is less then the
sonic velocity, the matarisl absorbs enargy in plastic deformetion rather than fragmentation.
Large blocks end slabs result from tha plestic shear—type faflure. The mechanical gropsrties
of the rock to bes bhlasted must be determined to fnecure that an explosive is selacted with
detonatfon propsrties to match the rock. Tests on dry matarials showed Little correlatian
between temparatura and sonie velacities of compressional (longitudinsl) and shaar (treneversa)
waves. However, tests on saturated samples show B Bharp incraage in sonic velocities of com-—
pressional and shear weves et tamperetures below freezing. Also, with decreasing temparature
there was an incressa in Young's modulus. Experiments et Iran Ore Compsny of Canads's Schaf-
farville M{ne indicetad that et a moisgsure cantent of eight parcent tha velocity increasae
became a problam and was moat serious between 15 and 18 percent. After meesuremants of in-situ
rack proparties, a computar model can examine the important variables of rock type, the explo-
sivea and the distribution, the energy density, specing, burden, coller, subgrade, delay pat-
tarng, and times. Application of the computer design resuttsd in goad fragmentetion, good pit
floor and good Loading conditions. Preshearing is used to control back—break. .

Lloeding and Hauling

Eight rubbar tirad front end lLoaders with S cubic yard buckets are used in the pit. Five
era uged on production; three are in resarve or asre usad for odd Jobs. Although subject to
decreasad production whan fragmentetion {a poor, the Losders have saverasl advantages over
ghovals. Lloaders can bs quickly remaved from the work srea prior to blasting, drivan to heated
garages for service and repairs, and quickly replaced by a epare unit. Thus breakdowns have
had little effect on praduction. Loader buckets ars '"V' tipped with interchangeabls teeth to
improve Lip wearsbility snd batter rock pile penetration.

8mall drills are usad for floar control and sacondary blasting. Whare passibla, the floar
{8 Leveled off with a D-8 tractor and ripper. A Catarplillar B248 rubber tired dozer 18 used
for pit road maintenance and clean up arcund loadasrs.

Dre and waste are heulasd from the mine in thirtaan 45 ton capacity trucks with an average
Load of 40 tons. Thrae trucks are usaed for ore haulage, nine for waste, and two are hald in
reserve.



ALl rubber tiresd equipment 16 fitted with tira chains to reduce Zire wesar and {ncrasase
traction on slippary roeds. Hoad sanding requirements hava bean reduced ajnce the chains were
inatalled. Anathar important advantage of cheins is tha reduction in the contamination of the
ora by rubber.

Equipment operators are getected and trained on site. Careful oparstion f{s emphasized to
insure against breakdowns caused by amiBuse {in cold weather.

Mill

The mitl has the capscity to process §,600 tons of ore per (24 hr) day yielding 1,200 tons
of ungraded fibsr. Ore from the pit is dumpad into a heated sluice end fed by s pan feedar to
a 4B by 60 inch jaw crusher with an open setting of B.S Iinchea. The ore i{s then passad thraugh
a clogad secondary crushing circuit and discharged to three rotary dryers. Two 80 inch by 59
foot dryere ara rated at 22 x 10 BTU and ane 120 inch by B0 foot unit is rated at 60 x 10
BTU. ALt are oil fired, and reduce the ma{stura content ta less than ons percent. Tha dry ors
is then stared in s 30,000 ton storage dome. Thig dame 18 a laminated wood beam structure
sheathed with plywood and asphalt paper.

The asbsetos mill circuit is af standard airlift separation design. The ungreded fibsr is
stared in 300,000 ton storage dome, Goth the dry ore and ungraded fiber starege damas ers
180 feet in diameter by 80 feet high. Esoch hes sixtsan Leminsted wooden archas cantafning
40,000 baerd fest of Lumber and 25,000 squars Peet of plywood decking and sheathing.

The mill is opereted by twelva men amoh shift, including four proceess controllars. A ten
man clean up crew worke on the day shift cnly.

The mill is not heated and the large quentities of air (40,000 cubic feet per minute) used
for drytng, espiration and dust control create law wind chfll temperatures near the inlet
louverse, The warm ore,; when exposed to the cald mill air, causes condensation tn tha dust
control eystem, Hot air {s added ta the dust hoods to solve or minimize this problem. Jaw
crusher grsase snd greass Lines ars alao heaated, and injectora on tha pressure lubricatfon
system are warmed with radiant hesting. Trouble with frozen chutas {s reduced by the use aof
abresfon resistant plestic liners such as steal-liner ar ultraclad. Rotary rubbesr brushes pre—
vent carry—back on conveyor balts.

Trucking Fibar

The fiber is truckad 42 miles to Deception Bay in spacially deaigned Kanwarth trucks with
s capacity of 50 tans. The frames ere wads of mengenesas steel and are lamfnated in three
Layars. This frame, more flexible than standard, {8 necessary ta stand up to the rough road
and cold weather. Each of these trucke has a 25 ton box on ths bad and pulls & 25 ton trailer.
The boxas are fitted with hinged covers to gravant loae of fiber.

The trucks are lLoeded with & front end loeder ineide the fiber storage dome. The Lloader
operator is protactaed from braeathing fiber by a fi(terad and pressurized cab.

The road to Deceptian Bay is elaveted sfx to afght feet and built along the high ground
which allows tha strong winds to keep tha surface blown free of snaw. When snow is clearad
from the roedway, it {8 pushed st least 200 fget downwind.

A quarry was opened fr 1874 to supply the f{(( mater{al to elevete the roed. This quarry
has {ts awn portable crusher and screening plant and in two years supplied 250,000 tons of road
material. The quarry {ia operated only in the summsr mopths.

The trucks are unlpeded insfide a 225,000 ton storage building st Deception Bay. The
building is 760 fest long, 305 feet wide and 146 faat high and cavers 5.3 aoraes withaut any
intarmediate oolumns. The framework uses 36 glve-laminatsd archea snd contains 1,800,000 board
feat of wood plus 600,000 board feat of (aminatad struts and sewn purlins. The covering
conaists of 400,000 square feet of corrugated steel,
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The storage buildings are of leminated wood because this size of bufiding could not have
been designed of stael, fabricated and del{vered in the required length of tima.

Shipment of Fibarse

The fiber is reclaimed by conveyor belt and loaded on ships of up to 50,000 ton capacity.
The wharf coneists af three rock filled steel pipe cells 70 feat in diameter and 80 feat high
for protaction againat the Large ice forces generated by incoming tidee carrying sea ice.

The toadad ships trevel ta Nordenham, Garmany whera the fiber is stored in a 225,000 ton
shed. The ungraded fiber is then clessified and merketad in Europe.

Accomgdationg

The original plan called for an intagrated townsits at Asbestos HilLl, but this idaa was
droppad when it wes decided to bufld the finishing mill et Nordenham, Germany. ATCO-type
portabte cemp buildings are used at Deception Bay and Asbeatos Hill., Thase buildings are
aelavated four feet abave the ground to protect the parmafrost, and avoid the damage thst would
result from permafrost degradatian.

Ouring peak activity in the sumnmer months when ships bring in supplies for the yesr and an
entire year's fiber production {s lLoaded out, the terminal crew totals 45 warkers, but reduces
to ten during ths guiet winter months. Deception Bay has & Landing strip, communicatian redio,
8 1 mnw diesel power station, 8 B.6 million gallon tank farm and two maintenance shipe in
eddition to the cargo and handling facilities and camp.

25,000 gallons af watar per week sra trucked 27 milee from & deep weter lsks. A Pres—0-
Jact system collects sewaga. The system has 2 holding tank which whan full, is emptied by
compreesed air, in a rapid flushing action, through the @awage discharga lina.

The cemp which accomudates the mine snd mill crew housas an avarage of 350 men for the 43
production weaks. The powar station at the mina site hes a cepacity af 4850 kw. Water {s
heuled ten milees in s 5,000 gallon cepacity sxhaust hested tank truck from a dasp water Lake.
Two tanks, with s combinad capacity of 450,000 gallane, hold water sufficient for 12 ta 15
days. This water can be usad for fira protection. Watar is heated snd recirculated 1n inau—
latad pipes through heatsd utilidors for domestic, plent, snd fira pratectian. Long utilidors
which are suasceptible to freezing are heated by circulating ethylene glycol. Sawage lLinas run
through thesa utilidars. The sewags tresatmant plant is an oxygenetion typs using chlorine to
raduce all remafining bactaria.

Tha main repair shap, the plant shop, the warehouaa and pump house, sre all centrally
heated by a circulating glycol system which 18 wermed by heat axchengers on the diesel genera-
tors or by fual fired furnsces of which there are nearly 100.

Asbestos Hill hes a nurgs on site and Twin Otter medi—vac sarvice ta the Frobisher Bay
hospital 250 miles away.

Sanior staff are supplied with family housing and their families aften spend thes summer st
Asbastos Hill. This has caonteibuted to a very low ataff turnover rata.

Mappower

Even though there {s a sizeable Eskimo population §in the arse, none work for tha company,
and only a few took jobs during construction. This {s a problem comman to narthern oparations.

Turnover ratae ars rathar high despite good wages and Libaral benafita. In 1975, the
maintanance dapartmant hirad 216 man to fill 105 jobs. The foraman lavel of superviaion is the
most difficult to fillL. Faremen from Thetford Mines are frequently used until maen can ba
trained for the job. The turnaver rate for foreman is etill 25 psrcent per year. Employee
turnover rate halds steady at 10 parcent per month. Each person rescts to Life in a remote
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camp differently and high turnover must bs axpectad to continue. When camp employeas (ive,
eat, work and spend recreation hours with the same people, personalities are Llikaly to clash
and emotionel wesknesses will become apparent.

Workers spend 38 weeks each year on the jab with @ guarentee of B0 hours work each week.
Tha remaining 14 weeks ara used for compensetion teave and annual vacetion. Employses are
normally expected to work on site for ninaty day pariods of time. Only a minimum nacessary
staff {e located at Asbestos Hill, with all possible staff locatad in Montreal. Mast sngi-
neering services are performed from the campany officas at tha Thatford Mines.

Heferancesa Cited:
Demecour, 1977 Rouesin, 1976
Demers, 1976 Saundera, 1878
Foster, 1976 Stawart, 15768
Graesar, 1978 Thurner, 1878
Lang, 1976 Trapanfar, 1976

luciani, 1976
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APPENDIX €

THE BLACK ANGEL MINE

lasroduction

Named for a dark rack structure shapad Like sn angel high abovae the Marmorilik Fjord, the
Bleck Angei mine 18 tha first targe—scala tndustrial devalaopment in Greanland. The mine ia
locatad at the junction of the Marmorilik and Ouamarujuk Fjords and the portal is 2000 feat up
a ngarly vertical face ovarlooking the Mermorilik FJard.

Locatad 71° North Latitude, tha mine 18 owned by Greenex A/S, a Danish compsny which s a
wholly awned subsidiary of Vasggron Minea Ltd. of Canade. Cominca Ltd. {s the operatiaons
mangger and hae a 62.5 percent intarest {n Vestgron.

Lead and xinc sulfides were identified in the talus at the foot of the cliff airca 1830,
but it wes not until a mountaineering team acaled the cliff in the mid—s8ixties that the out—~
cropings were diascovered.

This area in Weet Graanland haa an arctic climate and although the mine is lLocatad on tide
water, shipping fa prevented fram Decembar to June by ses ics.

Davalopment

When development began, the rafitted former Cansdian Arctic patrol veasal S.S. C.0. Haowe
was anchared fn Marmarilik Fjord. Thfs shfp was used s a floating camp and warehousa far tha
sixty men work crew.

Two portals were oollarad 2000 feet up the cl{ff with the halp of halfcoptars and Swiassa
climbers. Esch portal 18 now fittad with a cebleway, ona for men and materials; the othar for
ore. The cableways etratch acroes the fjord ta tha conoentrstor,

The reamote s{te ragquired all infrastructure to ba built where nothing existed before,
including a town site, concantretor, cancentrata staraga and handling fecilitias, docke, powar
plant and sea water desalinfization plant. The total investment to bring thia proparty inta
praduction wae $61.2 milltan.

Mipna

A room and pillar mining methad is used. Appraximstely fiftean percant of ths ore is left
in pillars. Ore 1a hauled to the amainline trenspart tunnal by dissel powsred Load—haul—dump
unite. Heulages in the mainline tunnel itsalf is by diesel Locomotive with Grandby typs mine
cars. All primary and secondary crushing fasilities, repaefr ships snd other main service
functions are located undarground. Waste rock is dfscerded into the fjord thraugh openings
blasted in the rock face.

Wat deilling is with Jumbos and convantional handheld drille. Salt watar ie used to
pravent freezing of tha drill water. Calcium chloride or sodium chloride is added to the watar
in suffictent quantity to deprees the fraazing point to sbout 22°F. Orilling with selt weter
causas corrosion and skin frritatfon,

MiLL

The canaantrator was originally located at the Douglass Cresk Mins aof Caminco Amarican Inc.
i{n Montana. Thera it was disassembled and shipped to Greenland. Sea water ie used in tha
flotation process rsquiring alteration af some concentrator camponents to minimize corrogion.
The filter cake {ia washed with fresh wetar to reduce the chlorine cantant in the concentrata.



Facilities are provided to store seaven manths' of concentrate production since {ce blocks
the fjord from December through June.

Parsonnel and Accompdationg

After start up, Canadian amployees were rapleced with Greenlandic and Danish workars.
Technical and prafesgional employssa are drawn from Scandinavian mining and tachnical schools.

Moat of the 250 employees ara houged in bunkhouses. There {8 also s recraation center
with a residant docior.

Rafergnce Citad:
"Black Angel Canadian...", 1976
"Black Angel in Production™, 1873
"Sarta Engel...", 1872
whites and Johnson, 1973

willeon, 1973
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APPENDIX D

Caneda Tungsten Mining Corporatiaon Ltd.

Ingroductign

Canade's only producing tungsten mine is Loceted on the FlLat Rivar in Narthwest Terri-
toriee 130 air mfles north of Watson Lake, Yukon Territasry. The mipe 18 two miles from ths
Yukon border and 180 miles by road froam the nearest town of Watson Leske. The road {s main-
tained by the Yukon Government to within forty miles of the mine. Canada Tungsten maintains
the last forty milas.

Located at B82° North Latitude in the Selwyn Mountaina, tha site has s subarctic climate,
with reacordad temperature extremes from minue 49°F to plus 909F. The ground is snow frae fram
late May to Late September. Ouring en avarsge winter, five feet of snow can be expected.

Mine

The open pit mine produced 1.35 million tona of ore avereging 1.84 percent %03, The mine
was locetad at S000 foot elavatfan in a cirque on the west side of the Flat Rivar Vallaey, Mill
feed for the full year was mined during the snow frae perjod from mid Junae to Late Septamber.
Ore for winter mitling was crushed and stockptled. The stockpile was reclaimed with a North—
west 1 1/2 cubjc yard ehoval.

The underground deposit was found se e result of a Btepout drilling program. feserves are
estimeted at 4.5 million tons of 1.60 percant WO, and 0.25 percent coppar. The axtent af the
ore haa nat bean fully delineated. The cre body f8 mined by room and piliar mathods. The
pillars are 50 by BO feat; roome are 30 feet wide. The ore {s taken in 20 foot banches. Up to
four benches ara plenned whare ths deposit is thickest. Tha method will be changed in areas
where the ore body dips st an angle greater then 25 parcant. Mined arsad sre to bes filled with
waste and the p{llare recovared by longhole methods from below. Ground control 18 with rock
bolts with straps and Pencing where necessary. Tha ventilation air {a hestad ta plus SO0°F by a
12 m{llion B.T.U. per hour prapens burner. In December, 15,000 gallone of propans are burnad
to heat sn averaga of 140,000 cubic feet of mir per minute.

Mill

Flotation, gravity separation, roasting end magnatic separation procasess are sll used st
tha concentrator., Tha concentrata, averaging fn exodes of 76 percent WO,, 18 placed in twa tan
plywood crates which are trucked direoctly to Vancouver or to Fort Nelson for tranafer to rail
car.

Weste heat from dissel electric unita iz uvtilized to heat the concentrating process water.
Also, weter from tha thicksners and sattling tanks fs racirpulated.

Bersonpnal and Accomodations

The work force presently numbars 189 men inctuding staff and sBummer halp. Single smploy-
ee8 Live in Atca style trailer bunkhouss units. Twanty-eight families ara accomodatad {n
houses and tawnhauses. There are plans to build mara, aince family workers are baing ancour—
agad.

Fringe benefits include subsidized retajl grocary stores, recreation facilities and a
wmadical clinfc. The normal work week is 48 haours with overtime for hours aver forty. Single
status employeea are allowed four raund trip air fares to Vencouver ar Edmonton each year.
Employess are eligible for two weeksa peid vacation after one year of sarvice. In sddition, tan
days to two weeks of (save without pay are allowad after each three months sarved. Longavity is
remarded with additianal pay and vecation bonuses.
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APPENDIX E

CASSIAR ASBESTOS CORPORATION LIMITED
CLINTON CREEK MINE

The farthsst narth open pit mine in North America wes the Clinton Creek mine in the Yukon
Tarritory. Located at lLatftude 84° sor North, Clinton Creek, only 140 m1les south af the
Arctic Circla, has a subarctic climate. Clinton Creek is about 64 mfles from Dawson and four
hundred mites from Whitehorse by road.

Temparaturas range fram 30°C (BBOF) in the summer to minua 52°C (-82°F) in the wintar.
Eight months of freezing weather insurse widaspread permafrost with depths of sbout 200 faet in
some places. Average annual precipitation is twelve inchas, nine of which are rain.

The mine and mill wera shut down in 797B due ta deplation of economically recaverable are.

Clinton Cregk Mine

Mining wes by open pit from two pits producing 2,110,000 tons of ora sach yesr. Produo—
tion was schaduled three shifts each day, stx days per weak. Ore from the pit was trucked to a
primary crushar near the mina end then transported to the fiber mill via a 5,281 foot tramway.

Holea were drilled on e 20 foot by 20 foot grid (8% holes) ar 22 foot by 23 foot grid (8-
7/8" hales) in are. Waste was drillad an a pattaern of from 18 by 18 foot to 26 by 34 foot.
Burden and spacing depended upan rock type and drill diameter. In areas of parmefrost, the
burden end spaoing were reduced one half. ALl production wae from balow the permafrost level.

The ore was losded into trucks with eithar a fiva cubic yard alectric shovel or ten cubic
yard front—end loeder and hauled directly to the primary crusher looated near the pit perime-
tar.

Mina Eguipment

Equipment was madifisd for cold operation, and operators were instructad in cold waathar
pracadures. Success at Clinton Creek dapended upon employes knowladge of condfitions and proce-
durse thus eliminating high stress on vulnarable psrta., Regular checks wers mads of vulnarable
parte for orecka and signa of wear.

Strip heaters for shaval componenta were not used at Clinton GCreek, beceusa menagemant
believad that thay causad Hifferential axpansion and contraction. Wet ore that freezes to
shavel buckets §s thawed by fuel oil pourad aver the frazen ore, and fgnitad.

To keep hydraulic systams functioning, special ail was used or the summer oil was dilutad.
The hydraulic otlL in the drills wae replaced with Imparifal Univis J43 which was an airoraft
undercarriage hydraulic ail. The hydrsulic ail for ten cubic yard laaders wes ditutad with up
to thirty percant keraoscene.

During tha weaks af axtreme cold tha shavels and loadera wee Bssignad ta (gad tha easily
dug ore. The harder digging was laft until the temperature wes above minus 28°C (-20°F). In
this way, components were nat highly stressed when the metal wae brittle. No shovael sticks
wera broken at the Tlinton Crask minae.

One way stressas were reduced an truck companents at tha Clinton Creek mine wae to insure
that the haulages roads wers greded. To prevent the parking braks from freezing {n tha brakad
position, the trucks wers parked in e deprassion {n the service area with the brake off.
Diessl motaors ware equippad with amscgancy shut off devices which sctivatad in the avent of
engina overspeed, ovarheating ar Loss af lubricatian prassure. Thaee shut off devices were
chacked esch day.



The primary crushing plant was locatad near the pit and included a 122 centimeter {48
inch] by 152 centimetar (60 inch) overhead accentric jaw crusher, scrsen and gecondary crushar
in a hested building. A heavy curtein of belting was suspended abave the feeder between the
building and the dump bin, to kaep the dust and cold alr out of the crusher building, [s88
Figure E=1). This curtain had a reinforced window which allowed the crusher oparator to
observe the trucks while dumping.

ALl heavy equipment was serviced and rspaired in the centrally lLocatsd garegs. The
sarvice garsge was heated by a hot water circulation system located in the floor. This praved
to be a very affective methad of heating a servica gersga.

Ore Trem

The crushed ore was Loaded inta buckats of 1900 k{logrems (1.8 tons] capacity, end trammed
181D meters (5,280 feet) to the mill which waes 160 metars (500 feet] abova tha crusher building
(ses Figure E-2). The Longest unsupported span wes 6§70 meters (2,200 feaet) and the maximum
height above the ground was 76 maters (250 feet]l. During the winter months the maist ors froze
to the bucket wall and trsp doar. This frozen are conttnued to build up, reducing the capscity
of the bucket and overloaded the return cabte. Tharafore, twelve of the sighty—four buckets
were removed from the Line each day and stored in a heatad building for 24 hours ta allow the
ora to theaw.

The tram buckets dumped tha ore inta a scrsaning and crushing circuit where rock and fiber
ware firat separated. Thirty parcent of the mill feed wae removad as waste {n this circuit and
sent to ths taflings pile. The rock containing the fiber wee dried to thrae parcent mofsturs,
and stared for mill feed. The mill produced thres grades of fibsr CT, CY and CZ. The mill wes
hested by the waste hsat from tha alactrical motors that drove the process air fans.

The conveyor belts that transport ora to and from the dry ore storage building, and the
waste to tha teilings dump, oparated at smbisnt tempesrature. The lubricants in the bearings
and gear boxes were changed four timee each year to {nsure proper Lubrication, ON60D was usad
during the cold waeks. If the Lubricants ware not changad, a stapped belt would prove extreme—
ly difficult to restart. The {ncreasad tansion causaed by the cold on {mproperty Lubricatad
conveyors resulted in belts baing pulled apart at the factory aplice.

Iransportation

Gradad fibar was trucked ta Whitahorse whare it was loadad onto the Whits Pass and Yukon
narrow guage raflroad for shipment to Skagway, Alasks. In Skagway the fiber wae loedad aboard
container ships for traensport to Vancouvar, British Calumbia. Traffic to and from the mine
crosged the Yukon River at Dawgon City. This wes accomplished in the {ce-~free summar wmontha by
a government farry and by en ice bridge when the Yukon wae frozen. During breskup snd freeze
up of the river bath of these methods were precluded.

An airpart with a 1615 meter (5,300 foot} runway served the mine and had twice weekly
acheduled service to Whitaharsa.

Powsr

Electrical powsr was genarated by five 1,400 kilowatt Ruston and Hornsby Diesel slectric
units. There wes also ane 500 kw Catarpillar Diesal electric unit. Wssts heat from the powaer
house was used to heat the larger buildings in town.

The Town of Clinton Creek

Five miles from the mine, on the banks of tha Fortymile Rivar, tha company built a commu-—
nity with a population of 445. Clinton Cresk waes a madarn town leid out {n & wildernass
setting with meany sarvices, including a four bed hospital.
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| FIGURE E-1
CURTﬁIN ABROVE PAN FEEDER

FIGURE E~2
ORE TRAM
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The buildings in tha town wers all built on pile foundations because of the permafrost.
These piles are placed in 6.7 meter (22 faot) drilled holes and sre backfilled. Utilities were
brought te homes in utilidors which were originally underground but were relocated abave ground
when problems arose. The residants often sgkirted the buildings for aesthetic reasons ar far
increased storage cepacity (ses Figure E-3). Skirting the buildings preventad proper freeze
back of the ground during the winter and permafrost degradetion resulted. Other problems
developad from thawing of ground around the utilidors. Not only did the utilidors fail but
thay thawed the support of the foundatian piles (see Figure E-4).

Company palicy wes to sell the houses to the employeas, but after the mine wes shut down,
the campany bought the homes to insure that the employees did not Lose money.

Pergonngl

Labor turnover was a8 problem Just as it mas at any remote northarn Location. To insure
that the best available men ware hirad, prospective employees were put through s selective
hiring process and a selective probationary period. New unskilled smployess were also given an
extensive training program. Maeny of the workers were from foreign countries, often as many as
twenty—-five different nationalities were represented at one time, among them, many Yugosla-
vigns. To help these emplaoyees succesed, the campany offerd classes in English and trade
qualifications, and assisted in transfer to new jobs when the mine closed.

The town wes lafd out with dormitories for single workers in one area and married family
housing in enothar which discouraged mixing. It would creete a more natural lLiving environment
to integrate the housing, and of fer small apartmants to the single employeas aloang with the
regulsr family housing.

Despite the fact that the employses sociaslized with the same people with whom they work,
there was Little troubla. There were no police in Clinton Creek end the nsarest Canadian Rayal
Mounted Pulice Post was in Dawson.

Beferences Cited:
Battge, 1975 "Casaiar Asbestos Corporation...", 1977
Bowman, 1877 “"Casafar Asbastos Corp. Ltd., The Clinton Creek Mine, 1977

DeMelt, 1973
Kingsten, 1977
Murray, 1977
Vincent, 1977

Waters, 1977
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| FIGURE E-3
HOMES ON PILE FOUNDATION, NOTE SKIRTING

FIGURE E-4
BURIED UTILIDOR CAUSED THAWING OF FROZEN GRODND
SUPPORT FOR FOUNDATION PILE AND PILE MOVEMENT RESULTED




APPENDIX F

IRDON ORE COMPANY OF CANADA

The Iron Ore Company of Canade was formed in 19439 by Cansdian and U.S. steel companfes
with a capital investment of 25B million dollars to develop the iron ore deposits near Knab
Lake, Quebec. The company began construction in 1850 of a 357 mile railroad, two hydroelectric
power plants, & permanent town and a 10 million ton per yesar ore terminal at Sept-Iles on the
Saint Lawrence River and town snd mina fecilites et Schefferville [see Figure F—1). Highgrade
ore at Knob Lake is crushed and loaded directly into railroed cars for shipment to Sept-Iles
where it is Lloaded for shipment directly to the smelter. Currently this direct shipping ors,
principally nonbessemer and manganifarous, averages 54 percent iraon. Low grade (5D parcent
iron) ore mined at Knab Lake is concentrated and pellitized at Sept-Iles.

Knop Loke Mineg

Mining in the Knab Lake area is by opan pit from seven pits at five locations spread 24
miles alang the Quebec-Labrador border, Production in 1976 was 8,870,000 (ong tons of which
3,528,000 long tons were processad into pellets. The individual pits are not permenent. The
daesired production Level is maintained by opening new pits as oldar pits are minad out {see
Figura F-1 a).

The Ferriman North and Fleming Number Three mines are in Quebec, whereas tha two pits at
Redmond and the two at Timmins are located in Labrador. The Rows pit straddles the border
which compticetes record keeping. Esch of the five mines has its own crushing, screening and
loading pltant, its own maintenenca shop and its own engineering and suparvision staff. Blast
holes ere drilled with 9 7/8" electric powered drills. Shot rock is Loaded by five 10 cubic
yard and fiva B8 cubic yard shovels into thirty—four 120 ton diesael electric haulage trucks.
Ore production extends from April to mid—November, and waste removsel is scheduled 12 months of
the year. The overall stripping retio 18 two tons of waste to eech ton of ore. Each drill
hots {8 samplad by a Leboratory technician for iron caontent to delinsate ore from weste for the
production ehovels.

In 1973 & concentrator and palletizing plant came on streem at Sapt-Iles to procass
Schefferville lean ore. Knob Lake reserves now total 370 million tone. O0Ore s in forty-six
separate deposits ranging in size from one millian to fifty million tons.

These deposite are locatad on the continental divide in an ares of rolling hills with many
Llakes. Scheffarville is an the southarn aedge aof the discontinuous permafrost zone and has a
subarctic climats. The mean annual temperature is 24°%F, and precipitation amounts ta 29.3
ifnches per year. Snow fall amountsa to about 130 inches. The high alevation of the area
axposes tha minaea to high winds all year. In most months, the avaragae wind velocity is ten
niles per hour.

Dus to the remotsness of the location, warehouse inventory is higher and approximates five
to six million dollars. An sxtensive invaentory of drfll and shovel components is kapt on hand
for rapid repairs. Components such 8s motors or track fremes can be repaired in a heeted shop
mora efficiently than in the field under wintar conditiona.

Ming Dawataring

Watar in the ora ceuses meny problams in this subarctic location. Water in blast holes
requiras tha use of sxpensive slurry explosives, and wet holes tend to cave. During the winter
months, the wet ora freezes on tha ground aftar a shat, and also freezes to the shovel bucket.
Wet ore loeded into railroad cars compacts and freezes and is difficult ta unloed. Water also
causes muddy roads in the pit, increasing wear on tires and braskes. Holding pit slopas at an
acceptabla angle is quite difficult when the walls asre saturatad.

It {8 important to dewatsr the ore before mining. This is accomplished by cantrolling
surface watar and by drilling wells in and around the periphery of the pit. Wall location is
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determined by pit design, geology, hydrolegy, field tests, a finite element anslysis computar
program and by the evaluation of well performance., Thare are presently thirty—saven waells in
operation with a total pumping capacity of 27,042 U.S. gallons per minute. Wells vary in depth
from 200 to 700 feet and have 12 inch dismeter casings. Discharge Lines are carefully laid to
insure proper drainags whan shut down beceuse of cotd. Tha low point in the line has a tee

gate valve which is anclosed, insulated end heated. Pumpe normally run tontinucusly, end the
gteady flow of water prevants freezing. Pumps are protected fram fly rock and cold with an
insulated and heated metal snclosure.

Althaugh wells are usually guite effective in lowering the watar table on the pit, other
measures are taken to cope with the wet conditions. These include holding shots to a small
size in the wintar ta insure that ore cen be Loaded out before it freezes solid, and shovel
buckets that are heatad to prevent ore ar waets buildup. Drainage ditches and sumps help to
control water and keep heulage ruoeds dry,

Alteretion has s varying affect on the porosity and permeability of the verious rock
tayers. One third of the ore rocks are porous but drain poorly, the other two thirds drain
readily. The altered slates are ralatively impermaeble. Thesa conditions complicata pit
dewatering, and discontinuous parmafrost furthaer camplicates the job. When permafrost is
encounterad, wells ara drilled to below the froat level and sand pointe area used for the water
above the frozan Layer.

B(asting

DrilL hales in unfrozen rock are spacad on a 27 x 27 foot grid. Bench height is 38 feet
with s8ix feat of subgrade drilling. Ouring the winter months, frost holes are used to break up
tha seasonal frost layesr. A frost hole is & short hole drillad aonly to the depth of frost
penatration. Frost holas break up the seasonal frost layer without the necessity of closing
the normal hols spacing. W{ithout frost holes, large slabs of frozen ore are prevalent in the
blested rock. Frost holes ere drilled between saoh full depth hole and between rows of holes,
for a total of thres froat holea for sach depth hole (ase Chaptar 6]. A row of frost hales is
pleced st the shot parimetar to control back break and pravent frozen chunks from hanging on
the edge. The mine supervisor veries the burden, apacing, subgrade and locstion of fraost holes
with the weather and geology. Dry holes are bulk Loaded from mixing truck capeble of discharg—
ing ANFO or AL/AN/FO. Althaugh more expansive, AL/AN/FO ia preferrad bascause of its greater
waight strength. Wet holes are loaded with a slurry.in 50 Lb. bags which increases the explo—
siva cost by a factor of threa or four. The Hydromex alurry ie stared in a hestad building to
insure proper plastic qualities when Laaded {n cold weather.

Shots are primed with primacord and the holeas ars stemmed with cuttings. Oftsn the stam-,
ming will freeze between Loading time and detonation. If dalays sre longer than 1§ milli-
seconds the first hole to go will move the frgzen stemming matarial in Later holes far enough
ta causs misfires. The use of dry cruahed rack for stamming eliminstes this problam and
rasults {n better containment, better fragmentation, a lLower powdar factar, batter break can—
trol, and lees fly rack.

Drills

The nine alactrically powarad hlast haole drills ware extensively rebuilt for cold weathsr
befare being put in sarvica. The drill ia stripped to the frame which ia then extended two
feat s0 that &8 machine housa c¢en be built to enclosa the machinery and provide a walkway
insida. A 24" culvert pipe is run ta the top of the mast and fitted with a fan to force dust
free air into the machine housa (see Figure F-2}], During cold months, the air is heated to
insura prgper operation of drill components., Hadiant heatars above the (ubricetion and hydrau-—
lic storege tanks end pumps supplamant the heated eir. The compreasgor oil and coolant have
immergion heaters that stay on whan the unit 18 naot aperating and switch off during operation.
The compreesor mein bearing Lubricatian syatem 18 changed from spissh type to pressurs type to
insura proper tubrication. Cuttings and fca which pack around the stem wranches baelow—deck
cause 8 never anding gperating problem. The installation af s notched drill collar and the use
of two wedgas not only eliminatee the problem, but raducas tha danger of losing s stam down tha
hole. The dust collector i8 replaced with a fan and curtain arrengement to prevent freeze up
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of the coliector. Tanner ges 1s injectad in the air system ta prevent air lLine freaze up.
Trailing cables are 60 percent naturel rubbesr to prevent the cracking associsted with naoprene
in the cold.

Shgvels

Five 10 cubic yerd and five 6 cubic yard electric shovels are used to load are and waste.
These shovals are modifiad for cold weather operation. The oparatar's cab is insulated and
fitted with heaters. To prevent wet ore from freezing on the bucket, alectric haatars arae
attachad to the bucket aides and bottom. The cepacity of these heaters totala 12 kw (ase
. Figures F-3 and F-4).

To prevent failure of a dipper stick in cold weather, the standard stick {s raplaced with
a centrifugally cast tube of AISI 4620 allaoy machined to a tolarance of 1/32 af an inch and
wermed with trace heaters. The company iz experimenting with Limit awitches, to protect the
sttck from inaxperienced or caraless operstors. The forgad swingrack gear is replaced with a
cast rack of manganese—~molybdenum alloy with an {mproved tooth design. Shafts subjeot to high
impact Loads are replaced with shafta of chrome-malybdenum or ohrome-nicksl-malybdanum alloys,
and the splines are changed to an involute design (sas Chaptar 7).

Proper Lubrication of the shovals was a diffifcult problem. The opan gear and atick spray
nozzles were replaced with a drip gystem. The automatic system now pumps Lightweight oil to
the stick, open gears and aleava typs bushings. Antifriction bearings ares hand Lubricated with
gresse onca aach month.

The sids frames on tha shovels bresk on an average of ona sat each winter sSeason. Rapair
results hava besn 8o poor thet naw or rebuilt frames are allowed ta sit for a yeer baforae bsing
reusad.

Mobile Eauipment

Mobile squipment {8 kept running all winter except when brought to a heated building for
sarvica and repair. Operator cabs are insulated and fittad with larger heatara, Equipment
fittad with air activiatad davices heve systems ta ramove moisture ta prevent freeze up. Afr
hesters, sutomatic tank drainages valvae ar alcohol {njectors serve this purpose. Hydraulic
systeme that da not ganerate oparsting heat are diluted with karosens (as on the graders],
heated (as an the loadaers], or changed to a L(ighter waight (a8 on the bulldozars].

Parmefrost at Knob Lake

As mentioned slsswhere, the ares is at the southarn edges of the diescontinuous parmefrgst
2one. Although tha town of Schaffarville {s not located on parmafrost, amany of the pits hava
ancountarsd parmafrost to depths of 290 feet.

Due to the saturatsd conditions of the rocks {n the area, the permafrost sreas have layars
of {ce in the ore. The frozen ors is difficult to mine ecanamically since 1t will not drain
when wells are drilled nearby, and its mechenicel properties require more axplLosivas on 8
closer pattern for good breakege. During drilling, compressed sir is used to clear the hole of
cuttings. Compressed afr is hot after campression and thews tha walls of the holas during
drilling which results in sloughing. Wet aloughing holes are loaded promptly with the more
expanetve slurry to insure praper datonstiaon.

Due to the added expansas of mining frozen ore, it i8 often laft in favar of unfrozen are.
Howaver, as new pits ara opened slong the wind—awapt ridgas taward tha north, the proportion af
frozen are incresses. It has therefore becoms important ta know the three dimenaiocnal dfatri-
butian of parmafroat in a pit during tha planning etage. Om Barg, of Iron Ore Company of
Canada, hae written several papera degcribing the ressarch done at Knob Lske to predict perms—
frost distribution. Predictions are mads on the hasig af measurements of ground tamparature,
topogrsephy, drainage, vegetatian, anow dapth and geophysical properties. There {8 e signifi-
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FIGURE F-3
HEATED SHOVEL BUCKET

FIGURE F-4
HEATED SHOVEL BUCKET




cant increase in saismic veloctity and slect¢rical resistivity in frozeo ground which cen be used
to delineate parmafrost boundaries. .

The knowladge of permafroat distribution is used ta predict drilling and explosiva casts,
to avoid setting a dewatering wall in permafrost, and in design of the pit slopes. The geophy-
sical dets also show depths to bedrock which ars necessary for fgundetion design end eetimates
of amount of aoverburden that must be removad.

Jown of Scheffervi(le

Located at the tatftuda 54°49' north and longituda 86950" waet, Schafferville ie 1n the
subarctic area of northern Quebec. The town waee built solely for the iron ore development in
the Knob Laka area. The populatian ia abhout 4,500 including soma 800 Montagnais (Franch
spaaking) end Nsekap (English speaking) Indfans. The homes are cgmpany owned, and ars ranted
to employeas for from 385 to $100 per month.

The effeirs of the town ere directad by an alectad meyar 8nd four aldarmen who ere respon—
sible ta the Quebec government under the Towna Act. Afthough tha company attempts to stay aut
of town affairs, they did suppart the town when thay overgpent faor tha Arctic Winter Games held
at Scheffsrville, in 1976.

Schafferville hse three churchea, three schools, two banks, a theatre, two hotals, restau—
rants, hardware stors, service atatian, depertment stores Bnd grocery store. Therse are aiso
two commercial buildfngs housing numerous small shaps. The town aleo has a polica and fire
atation, post offfce, snd town hall, The thirty—nine bad hospital 16 staffad with two doctors.
Two commercial mirLines serve Schafferville on 8 defly basis. The town operstes a sports and
cultural center which provides hockey, skating, broombekk, bowling, swimmipg poal, curling,
tibrary and workshapa for paining, soculpture, acting, photography and handiecrefts. Outdoor
activities include beseball, asoccer, tennig, down hill and crosg country skiing. The Canedian
Broadcasting Carporation provides radia snd talavision in bath French and English. Since there
is no road connection to Schefferville, residents ship thair sutomobiles vis railromd to Sept-
Ilas for use aon vecations. The eéchools provide clagsea in French and Engligh through grade
elevan. Students must sttand boarding schoal to finish thei{r high schaol sducstion.

In 1972 the Canadisn Government built a 108 unit settiement ad]acent to the compsny tawn
to houss tha local Indian population. The Indians formarly Lived in an inedequate villege a
few miles from town.

Scheffervilles hes becomes tha servica csntser of many groupe engaged in minaral exploraetian
{n northern Quebec and Labrador. McGill University opesrstaeé a subsrotic research Llaboratory st
Schefferville to study parmaefrost and to canduot anthropological studies.

Powsr for Schaffarvillie comas from 8 campany owned hydroeteotric plant at Menihak, 30
niles south of Scheffarville. Eech sluice gats ia protected from freezing by alectric heaters
of 144 watts total cepacity. Tha trensmiseion Lina spacing wes {nocreaead fram 17 inchas ta 12
{nchees and than to 31 inchea and in some oases 51 inchas becausa of tha high winda. There are
three 1,000 kw standby diesel generators lgoatad at Menihak. These units sra kept ready for
quick starts with goaolent and lubricant heatara.

sonn 1

Recruiting and training an adequats work force {g a mast difficult probiem. Vincent, {n
studying the work force in 1968 statas that virtually all workarg ceme from small villages
along the Saint Lawrence or from the Maritime Provinoes. Only at the managemant Laval can
individuals be found wha came from citias. Although the weges ere high for aeastern Canada {85
to 89 per hour] tha turnover rata hage rieen to 30 parcent (as opposed to 135 parcent in 1887) ae
the ekilled workars find better paying Jgbs at the tar eands project in Alberta ar the hydra—
slactric project naer Jsmes Bay. Both of these projects ere government financed end pay higher
wages.
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To insure an adequate supply of skilled workers, there ara training and apprenticeship
programs for the yaung ungkillad warkera., 0Often, howaver, these skiliad amployees move south
when treined. Thare are some Partugese workers who work for twenty years and then retire to
Portugal, Because of government suppart and the cultural differences, very few Indians work at
the mina, although those who do are good workars.

In 1878 the avarage work force was 1115. The men work fogurteen days and then have two
days off. The mine operates threa shifts, seven days per week. Premium pay is time and ane
half far tha firet four hours over forty snd double time over forty—four.

Most winter work {s performed in heated buildings or from heated cabs. Orns big exception
{8 mejor repairs on drills and shovels which cannot be brought inside. Temporary snclosures of
flameproaf canvas are seracted and hesated. These sarve to protect against wind and low tempera-
tures, but ara, at most, merginally effactive bacause of tha size of equipment to bs rapairad.
Mechanfcs hava baen supplied with mobfle repair trucks that are fitted with haated Lunch rooms.

Beferengas Cited:
Champagna, 1877 Marrison, 1977
Garg, 1977 Vincent, 1977

Memen, 1962
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APPENDIX 6

PINE POINT MINES

ngr n

Pine Point Mines is a recently develaped lead-zinc open pit mine in the subarctic. Fig~
ure G-1 shaws the location on the sauth share of the Great Slave Lske between the townas af Hay
River and Fort Aesolution in the Mackenzie District of the Northwest Territories, Canada. The
topography is gently ralling with sccub jack pine, black spruce and willow with large areas af
open gswamp. Situated 60052 North, Pine Pgint experiences subarctic conditions with an average
temperature for January and Februsry of minus 26°F, The srea i8 in tha discontinuous parma—~
frost zone with minimum winter temperatures nser minus 50°F,

Operation

Two of tha first three ore bodiea uncovered during development containad vary high grade
are in the centera. In November and Decamher of 1964, 14,080 tons of high grede ore were
shipped to Comonco smelters at Trail and Kimberly. The ore graded 18.6 parcent lead and 25.8
percant zinc, netting Pina Paoint 31 mil(ion. High grade are, grading 22.5 percent Laad and
29.1 percant zinc and amounting to 364,000 tona, was shipped in 1965, In 1965, shipments of
cancentrate and high grada are nstted Pine Point 822 mil(ion, enabling the investment in the
mine and maill to be paid off during the tune up period. The 1966 earnings wera $34.2 million,
and on March 1, 1965, the mine qualified for the three year tax examption on all incoma.
Further, the property ecquired from Pyramid qualified as a separate mine and was granted a
three year exemption on the condition that the mine was suitably expanded or a new mill con-
structed. The expension came on line in 1969, bringing cspecity to 8,000 tons per day and by
1872, capacity was up to 11,000 t.p.d.

Tha production scheduls {s four million tons of ore each year, with a stripping ratio of
two to one. The stripping conaists of five million tons of waste rock and three million tons
of overburden. Before mining begina, wells sre drilted arcund the parimeter of each ore body.
Theee welle are 250 to 350 feet deep with 80 ta 100 horsepower pumps producing 200 to 1000
gallons par minuta. The Low cost hydropower ellows this axtenseive dewataring systam to be
econgmically faasible. The ore {8 soft and friable, so drilling and blasting present few
problems. Mining is done in 35 foot benches using shovels, loaders and trucks.

The ore {s dumped directly into 8 42 inch by 66 inch gyratory primary crusher, where 1t is
crushaed to minug 5.5 inchesa. The ore 18 then screensad to plug and minus 3.4 inch with tha
overaize going to two secondary crushars. Mr., RA.. Jobnson presents a detsiled description of
the frozen ore thawing process which is briefly gutiined below. From mid-Decembar until the
end of March cne-half of the aore (475 tons par hour) passes through a thawer and the other half
bypassas {t. The thewar is a cylindar 10 faet in diemeter and 60 fesat lLaong. It rotates at
3.85 rpm and has @ maximum capacity af 650 tona per hour. The thawer burns hutane at 100 to
120 U.S. gallons per hour equivalent to 1D miltion BTU/hr which is one—fourth its maximum
heating capacity. The unit {s fitted with four scrubbers to remove the dust from the exhaust.
This aystem has worked with na problems, and there {s na curtailment of production during
winter months. Once thawad, ore i{s mixad and stared in the fine are bins. Tha ore i3 then
concentrated by conventianal methnds, yielding a lead concentrates that is 80 percent lLead and a
zinc concentrate that is B0 percent zinc.

utign

J.W.B. Scarbarough describes tha stepe taksn at Pine Point to deal with tha westher
conditions to insure year round, unintarrupted operatiaon., When new squipment js arderad it is
fitted with cold weather aptiona and all mobile squipment is atorad {n haated buildings.

Tha power shovals hava boams and dipper sticks made af T-1 stesl, insuring good impact
strangth ta —40%, Wooden bumpers have been replaced with rubber to reduce {mpact. The caba
are wall insulated and fitted with good heatars. ALL metal lubrication tubes and sic ({nas ars
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replaced with large diametar, metsl-brsided, Aeraquip high—pressure hoss. During the winter
months, the five cubic yard buckets sre exchanged for four cubic yard buckets. Seversl track
frame caatings were broken a8 a result of tha extrame cold and diffiocult digging conditions.
To avaid such costly breakdowns during cold weather, sreas of difficult digging are leveled by
dozer prior to maving tha ghovel to the faca. In the fell, all ocritical shafts, booms and
sticks ara "magna-fluxed"” to detect cracks so thet repeira cen be mada before cold weether
arrives.

The twelve Euclid quarry truoks are aquipped with quarry—-typa exhaust hsated T-1 steal
boxes. The cebs are fitted with extra insulation snd extra heaters. The motor is kept st the
proper operating temperature by a thermostatically controlled fan and radiator shutter and by
engine hood side guards. The crawler tractors ara equipped with raversible radiator fens to
help keep operators warm, Traectors that are not in use are stored in a heated building and
those used outaide are kept running 24 hours par day. Tha only wintar maintenance problem on
the tractors {s the hydraulic fluid seals which Leak 1n cold westhsr. The rotary drilt has a
haated cab, and the drill machinery 15 enclased to pratect the air and hydraulic systems from
the cold.

Speofal precautions are taken to insure that the aequipment is proparly Lubricatad in the
critical cold months, Imperfal O1L Van Eatan is used for tha sticka, stides and hook rollers
on the shovela. During pariocds of axtrems caold, haated Essolube HOX3Q 1s hrushed on to the
axposed rotating gears and hook rallers eavaral times gasch shift., Bushings are Lubricated with
Esso Lotemp Molly greese. The hydraulic systems on most aquipment use Esso automatic Transmis—
afon Fluid Typs A. If the hydreulic system does not build up hest during operation, such as on
the "air—trac” drills, tha fluid is dilutad with P-40 diesel fuel. Truaks use ATF type A in
the tranamieeion as well as in the hydraulic system and G.P. 80 gear lube 18 used in the gear
boxes. Tha tractare use 0-3-30 ofl in the matore, hydrauylics, transmission and final drives.

The Pina Point formula for successful wintar operation ie to aorder cold weether options,

usa T-1 steal, reduca loadd, (including those on quarry trucks), utiliza heasted starage, insure
the propar lubrication end thaw tha frozen are.

Conclusion

It required government subsidies for powar and trenspartation to changa this property from
a praspact to an opesrating mfne. Thie gperatian hse made a signif{ocant contribution ta tha
davalopmant of nartharn Canada and to the strangth of the Canadien aeconomy. There is a strong
possibility that the incraased praduction will nasrty pay far tha railroed extansian to the
Breat Slave Lake through greatar than anticipatad fraight volume. Tha history af this property
{Llustrates the role that mineral developmant can play in the north.

Raferencea Citaed:
Barazer, 1968
Homulos, 19E6
Hurdls, 1967
Johnson, 1972
Jordon, 1988
Scarboraugh, 1986

Stephena, 1966
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APPENDIX H

UNITED KENO HILL MINES LIMITED

The United Keno HilLL Mines sre located in central Yukon Territory, Caneda, near the towns
of Elsa end Keno. Elsa is 285 miles narth of Whitaharse and 200 mjlas south of the Arctic
circle. The climate {8 subarctic. Temperature extremes of minus 62°C (-80°F) to plus 35°%C
(86°F) hava been recorded at the town af Mayo, which lies twenty—eight miles to the south (see
Figure H-1). Tempersture extremes at Elsa vary from minus 51°C (-609F) to 27°C (809F). The
mean annual temperature ia minus 1°C (30°F). Much of the area is underlein by permafrost,
often several hundrad feet thick. A few places on south facing slapes are free aof permafrost.

Silver, lesd, zinc end cadmium area minad from seversl small deposits by underground
methods. Tha aore {s concentratad at Elsa and trucked to Whitehorse whara i1t is Loaded on
raflroad cars for shipment to Skagway, Alaska, then by ship to Vancouver, British Columbia,
where it 1a transpoted by rail to various smelters depending on which metal is i{n the shipmant.

History

The first eilver ore was discovered in the area fn 1906 by gald prospactors Leaving tha
declining Dawson area.

The Farrimen North end Fleming Number Three mines were mined out in the winter of 1914~
1915, and interest in the area ran high. In 1919 more discoverias were made and activity
fncreased as the Treadwell Yukon Company snd Kana HillL Mining Compsny worked in the area. ALl
production stopped in 1942 when reserves were exhausted. In 1945 Keno Hill Mining Company
purchased the Treadwall haldinge and Later reorgenized aa Un{ted Keno HilLl Mines Limited.
Production hes continued since than,

Exploration is a maejJar part of tha cparation, as the ora Lias in smell pockeats and veine.
Resarves are reraly sufficient for more than one year. The high price and expanding demand for
silver insures continued axploretian and mining in this ares.

Kang HiLL Mines

All ore comas from underground mines lLocated on Galena Hill and Keno Hill. Preasntly,
production 18 from the Husky, No Cash, ELasa, Dixia, and Keno Mines. The mining mathods usad
vary with ground conditions but are mainly cut end fill at the Husky end squaers set stopping at
the othear locations. Expariments ara undarwey ta detarmine the feasibility of mining near-
surfaca ore by pit mathads. Tha test site is neer the Keno Mine and appsars to be successful.
Howevar, this surfaca ore ia oxidized and therafora difficult to concentrata.

ALL mining takes plece {n frozen ground, requiring spaciel techniques. DOrilling is nat
interrupted until the hole is complets, otharwise the rod will freeze in place. Holes are
loaded sgon after they are drilled or ice would fill the hala. Salt ie added to the drill
water and afr Lines are heated with heat tapa. The frozen rock requires more eaxplosives snd
closer hola spacing ta fnsure proper hreakagas. Shats are kept emakl to insure that thay can be
loaded bafore freazing.

Openinga in the frozen rocks quickly fill with water which freezes, closing the cpaning.
Aress that are not being worked soon become {mpassable. In the areas heing activaly minad,
salt #6 used on the tracks and cars is taken to have pumps remove water befare it can freeze.
Much of this water comas from the rocks hut gsoma candanses out af the air. Warm ventilation
eéir quiokly cools to its dew point and fce crystals form on the walls and timbers (sea Figurs
H=2). This frost buflds up until it intarfares with rail car passags. As new arsas are mined,
tha gealogiss must kesp the mine map up to deta bafore tha frast covers the rock.

Tha frozen racks contaefn vains of fce saversl inches thick (see Figurs H-3). The 1ce in
thie photo was found in the Keno mine among rock layers in a recently worksd area mara then 100
feet below the ground sirface.
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FIGURE H-1
SIGN OUTSIDE MAYO
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FIGURE H-3
ICE LENSES FOUND IN BEDROCK
(PHOTOGRAPHED OUTSIDE OF PORTAL)

FIGURE H-4
SNOW SHED OVER KENO MINE PORTAL
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remaing quita high, naarly fourteen percent per manth. Wages effective Saptembar 1877 range
from over 38.50 per hour to oveer $10.00 par haur. Benefite inolude 2 yearly air fare to
Edmontan ar Vencouver for bath emplaoyaes and spousas, Liberal Lleava privilages and vacation
benafits, elaven pald halidaya, good insurance and psnaion plans.

Raferences Citad:
Dundas, 18977 "Collective Labor Agrsement...”, 1878 .

Godfrey, 1977 "Currant Oparaticna At Unitad Keno HWilL", 1981

Holzupfel, 1877 "YUnited Keno HilL Minea Limited...", 1878
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FIGURE H-6
FLOOR SETTLEMENT AS PERMAFROST MELTS



APPENDIX I

USIBELLI COAL MINE INC.

Many aspacts of Alasks's anly yaar round mine ware covered in the Mineral Industry Re—
search Laboratory Raport to the United States Departmaent af the Interior Bursau of Mines by
Lynch, Johansan, Lambert end Walff on June 30, 1978. Although Alasks hags a tramendous poten—
ttal for mineral and fuel development, problams with tand ownership, land freezes, gavernmental
discouragsment, taxation, transportation and labor casts have prevented new minaes from opening.
Except for a few ceasonal gold mines, the Usibell{ Coal Minae is the only full scale yeer round
mining venture in Alaska now.

The Usiballi Location, Just saven miles from the Alaska Ratlroad and 120 mfles from
Fairbenks, hes contributaed to ite succass. The mine is locatsd in the Healy Creek Velley near
the community of Haaly. Rail, auto and air trenepartation are available, insuring adequate
cennaction with Feirbanks and Ancharage.

Heely, at 63%s52'N letitude, fa in the subarctic, Temperatures range down to minus 549 (-
659F). The cold is compounded by high winds ta 80 kilometaers (S0 miles) per haur,

Coal from the Usibelli Mine provides the bese loed power for most of central Alaska. The
coal 18 burnad for heat and alectricty by the University of Alaska, cammunity of Fetfrbanks,
Fort Wainwright, Eileson Atr Farca Base and Clear Air Farce Base. Same coal {8 burnsed at e
power plant near the mine ownad by Golden Valley Electric Association, and electricity is
tranamittad to Fairbenks ovar a 13B kv line.

Geology

The coal beds dip from 45° narth in the Healy Creek araa to flat lying batwaan Healy and
Lignite Creeks, just to the north, In the Healy Creek area, Number One bed ranges from 12 to
31 meters (40 to 100 feet) in thicknass; Number Two bed 3 to S maters {10 to 30 feat); and
Numbar Three bad 2.4 ta § maters (8 to 18 feet). In the Lignita Craeek eres Numbar One seam 1is
15 to 25 faet in thicknass, Nuamber Two seam, 6 to 10 faat, Number Thraee seeam, 12 to 26 feat,
Number Four seem, 20 to 31 feat, Numbear Fiva gseam, 0 to 8 fast and Number 6i{x saam, 20 to 23
feat. Tha coal beds Lia in the Tertisry Coal Bering 8roup which consists of poorly consolfi—
dated sandstones, conglomerates, siltstones and claya. Thim group is averlain by poorly consoc—
Lidstad gravels which are unconformahly overlain by glaciofluvial gravels. The thirtsen recog-
nized coal eeams of the Nenana Cosl Fiald are satimatasd to contain approximately sevan billion
tons, down to s depth of 3000 feet.

* The coal is ranked subbituminous "C" with a heating valua of 7500 to 8000 BTU per pound.
It haa approximataely 20 to 25 percent moisture and 8 to 15 percent ash. Like mpost Alaskan
coel, the coal minad at Healy {8 very low tn sulfur (ebout 0.1% to 0.3%) and thus {s enviran—
mentally acocaptable. Stripping of the gravel layers 1a hampecad by permafrost, Tha coal,
howaver, ia mostly unfrozen or ica free, and does nat praesent sapecisl mining problama.

Mining

Coal mining in this area has bean continucus since 1919, by both undergraound end opan pit
methods. Since 1960, all production has came from surface mines. Congsumar demand for coal is
graatest fn the winter months at 50,000 tons per month, dropping to 40,000 tons fn mideummer.

Early atripping wes done by hydraulicking. Later the ovarburden was remaoved by a variaty
of methods. Most commonly it was ripped ar bulldozed to a pile, then lLoedad antao trucks with
frant and Loadars. After the coal was uncovered, It was loeded inta trucks by front and
loadars. The Internatiaonal Payhauler trucks hava intarchangesble baxas, ana far hauling coal
and one for hauling waste. The coal and weete trucks are loaded by ten cubic yard Payloedars.
Efght trucks are asgignad to winter cosl productinon and two to waste heulage. Coal 18 hauled
to the Haaly Mine Mouth power plant ar to the reil tipple. No caal washing {s baing dons now,
and nana is plennad for the future.
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Mined out aress are filled with waste from new pits, ocontoured and seeded. Seeding and
ferttlizing is done from an afrplene and has proven quite successful. A herd of Dall sheep
come to these reclaimsd sites to feed and are oftan sean grazing adjacent to sress where noisy
aquipment is working. Moose are also common in tha area.

During cold weather all equipment 18 housed {n heated buildings when not operating.
40,000 square feet of heatad storege is available for this purpose. Equipment is serviced
twice daily from a mobile service truck. This truck is specially designed and built for the
mine. It has & heatad bhox ssction thet houses all grease, ofl, pumps and hosee (sea Figura I-
1].

The cold weather ectually has some advantages; roesds are smooth and hard, reducing truck
rolling resistance, and are aesily maintsined. In the spring snd during the rainy pariods the
roads become soft and material may elide down from cut banks, partially blocking psssage. For
these reasons ths mine ussg Internatifonal Payhaular f{fty ton trucks becauee of their four
wheel drive feature.

On the ather hand, the cold reduces worker efficiency and the usaeful Life of equipment.
Construction of large minfng machines, such as Usiballi's 33 yard walking dregline, may requira
apecial meessuras because of the cold wintar weather. Construction of Usibelli's draglina was
started in a heated building that was split at the center and could be openad for installation
of Llarge components and then closed and rehested during cold weether. This allaowed critical
welds to be made under proper conditions and kept worker afficiency st an acceptable Llevel.

The town of Usibelli is alao the Location of the company offices, shops, heated storage
buildings and some company housing. In 1877 Usibell{ coal mine leaced s sectfon of tand fram
the Alaske Raflroad which wae subdivided and improved with roads, telsphone and elsctrical
Lines. Ustballi hss sublessed the property to both mine employses and other local people wha
have constructad permenent dwellings. Thie subdivieion is known as Tri-Valley Subdivision and
now forms the nucleus of the residsntial development in the Hsaly srea. Nuwerous state land
disposals in the area recently, slong with the development of Tri-Valley subdivision, ensures
tha futura availability of suitable residential Land.

Poregnnal

The Usibelli Coal Mine hes a very Low turnaver rate when compared to athar cald region
operations. The rate increassd during the Alyeaka pipaline construction period but has stabi-
lizad since. Wages at this Alsekan mine aversge twenty—-five percent sbove western mines and
forty percent above sastern mines. Most amploysee work fifty hours per weaek, which contributes
to high yearly wages.

Workers are able to associate with employees from tha railroad maintenance crews, highway
maintenance crews, and power plant warkars in Healy. This gives a naeded veriety that may not
be found at other northern mining towns, snd contributes to thes low employae turnaver rate.
Baferencag Cited:

Canwell, 1976

Denton, 1877

Lynch, at.al., 1976

"Ysibelli...", 1873

Usibelli, 1875

Usibelli, 1977

Correspandeance with Chief Menager, Stave Denton, August 1982.
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FIGURE I-1
SERVICE TRUCK WITH HEATED SERVICE COMPARTMENT

FIGURE I-2
ERECTION OF HEATED BUILDING FOR
WINTER DRAGLINE CONSTRUCTION

a1



APPENDIX J

WHITEHORSE COPPER MINES LIMITED

Ingroductign

Seven miles from Whitehorsa in the Yukon River Valley, Whitehorse Copper Mines Ltd.
praduces capper, gold and silver frem an underground mine. Whitehorse, Yukon Tarritory is in
the subarctic with a mean snnual temperature of minus 1°C (30.5°F}. Usuasl high temperatures in
the summar are 18°C to 21°C (65°F to 70°F) with extremes of 279C (BO®F). Winter temperatures
rangs to minus 409C (-40°F) with & record low of minus 52°C (-61%F). The average total preci-
pitation is 42 centimaters (16.5 inches) par year including approximately 127 centimeters (50
inches) snow. Althaugh loceted in the discontinuous permafrost zone, tha mina is not affected
by frozen ground.

Ihe Ming

The method of underground mining is sublevel blesthols stopping. The primary crusher is
tocatad underground. Tha ore i8 trammed to the ore chutes by nine cubic yard, Low profile,
losd haul dump units which entar the mine via a declina. The crushaed aore and waste ara hoisted
to the surface in a fourteen foot diameter circular shaft.

The ventilation air {8 heated in the wintar manths to insure comfortsble working condi-
tions. The large air valuma {123,000 cubjc feet par minuta) required by tha use of diesal
equipment dictates heatere of 12 million BTU per hour cspacity. The air is heatad by propane,
then circulated down the shaft through the mines and exhausted up the decline. The oil fired
furneces formarly used ware replaced by propane burpers whan rising ail prices made it cheapar
to truck propesne from Alberta. As a bonus, savings are made on maintenance costs. The cost of
maintaining the oil burners wes high; the propsne burners are cheaper to meintain. Tha propane
must be pumped from the storage tenke when temperatures fall betow minus 26°C (-15°F). Figure
J=1 shows the propane tanks, burner end duct to the head frame.

Congentrator

Tha crusher building and mill ware not heated during the period of apen pit ore produc—
tion. Thie situation creatad maintsnanca, dust control and operating problems. In e cold
enviranmant, maintenanos people do not work se carafully or es8 repidly se in a werm senviron—
mant, With a cold mi{l, water aprey cannot be used for dust control, and crushing frozen ore
often creates mare dust than crushing unfrozesn ore. Problem spots that requira heat, such as a
grease pump, were heaated by infrared heaters. These heatsrs provad to be a hazard to mill
aperationg and to maintananca personnel.

At the same time that the mill wes rastarted in 1972, using warm underground are, insula—
tion snd heeters wera fnstallad in the crusher bufilding, mill and convayar gallerifes. Sixty
thousand cubic faet af air par minute 1 heated by a 7 million BTU capecity prapane furnacs,
and circulated through the mill, crushing plant, cosrsa are stockpilte and fina ore bin. The
canveyor galleries are enclosed and utilized for warm air distribution. The temperature is
kept above 59C (419F) at all times, providing comfort far oparatars and maintenance personnel,
and allowing for successful dust supression with water spray.

The milling circuit includes s S000 ton Live capacity coarsa ore stockpile (see Figura J-
2). This stockpilae is protectad from freezing by an insulated and heated "tent" which was
constructad from matarial on hand by plant maintesnance personnel. It consists of a rigid
center pole with cables strung to anchors located at the parimeter of the stackpila. Tha
cables support carrugetad matal roofing and three inches of fibarglass ingulatian. Heat is
supplfaed to the enclosure thraugh tha ore reclaiming conveyor tunnel. This saves having to deal
with frozen ore in the storaga pils.

#inus 0.95 cantimetar (3/8 inch) ore jg stared in a cylindrical, 5000 ton live capacity,
fine ore bin. In the past, ore would freeze in tha bin during the cold months, Ratriaval
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FIGURE J-1
MILL WATER STORAGE TANK (LEFT), HEADFRAME AND VENTILATION
AIR HEATER (CENTER) AND PROPANE STORAGE TANK (RLGHT)

FIGURE J-2
COVERED COARSE ORE STOCKPILE




raquired a crew af up to twelve laborers working from benesth tha bin. Since the bins have
been insulated and heated, reclaiming is an automatic operation (ssa Figure J-3). This was
accomplished by installing 7.5 centimeters of fibarglass insulation on the outside of the bin
and covering that with corrugated metal siding. A 7.8 centimeter (3 inch) air spsce was left
batween the insulation and tha orfginal outside wall, [now insids the insulation]. Warm air is
spiraled around the bin in this air space to maintain the temparature above freezing.

One hundred ta one hundred twenty tons of cancentrate grading from 35 to 45 parcent copper
are recovered from a mill feed of 2,400 tons per day. The concentrate is shipped in 25 ton
contatners on tha Whita Pass and Yukon Reilroad to Skagway, Alaska and then by freighter to
Vancouver, B.C., whers it is transfarcred to gondola cars for rail shipment to Flin Flon,
Manitaba.

Smalter credits are received for tha precious metal recovered in tha concentrate. The
average concentreta grade is 0.8 ounce gold and 7.0 ounce silvar. Ccerse gold is also re-
covered from tha grinding circuit, mill liners and dump boxes; nuggate ars hend—picked. Fine
gold concentrate is sold to an indapendant precious metals refinery. Approximetely 130C ounces
of caarse gold were recoverad hy this method in the first six months af 1877,

BilL Teiijnagg

The Large but shallow tailings pond proved to ba ineffictent bacause of ice buildup at the
discharge Line. In 1975, the maintenance department began construction of an sarth filled dam
in a ataep sided valtey downstream from the ariginal pond. By kesping the pond depth in the 8
to 12 maters {30 o 40 feset) range the icing problem has baen elimineted. During the winter
months tailings are discharged below the ica level, insuring that the solids will settla out
and not be frozen in a bloak of ica.

Eighty percent of tha tailinge watar is reclaimed from & pond below the dam. Water from
the Yukon River and the mina drainages system supplies the remeining 20 percent. The pumphose
is floated in tha reclaim pand on styrofoam hlocks (see Figure J-4). Water is circulatad to
underwater heatera to keep the area around the pumphouse ice free.

Watar pumped at Whitehorsa Copper is carried to steal pipes laid on the ground surfaca,
insulated with foil-backsd fibergless insulstian and covered with febrsne for weathar protec—
tion. Surface lLinea are used for esse of thawing and rapair. Approximatsly 1,200,000 gallons
per day are pumped to an unheated uninsulated wood stove tank (see Figurs J-1] for mill use.

Macehousing and Supply

The remote location af this mina, together with the Llack of sarvices aveilable in White—
haree, nacassitatas a large warsahouse inventory. The value of goods atored at tha mine was
$1,087,000 on June 1, 19768. Transportation costs to Whitehorse are presentad in Table J-1.

TABLE J-1
Ship From Coet Shipping Time
Edmanton (truck] $17/cwt (hundred weight) 3 days
Vencouver [truck) $18/cwt 3 days
Vancauvar (ship & rail) $ 6/cwt 7 days
Air Exprese 333/cwt 4 days

Werehouse inventory is being computarized to better control the large inventary.
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FIGURE J-3
HEATED AND INSULATED FINE ORE BIN

FIGURE J-4
RECLAIM POND FLOATING PUMP HOUSE
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Bower

Electrical powar 1s generated locally at the Whitehorse Rapids hydroelectric plant on the
Yukan ARiver by the Northern Canada Power Commission. Average manthly consumption in 1975 was
2,684,000 kwh. The requirements for crushing, milling and recycling of water averaga 24.7 kwh
per ton of ors. The power cogt in 1977 wae approximetely three cents per kilowatt hour.

Maintenance

Maintenance can be provided by bringing skilled people from outside an organization on an
as needed basis or by keeping men with the required skills on the payroll. Whitehorse Copper
management believes the Latter method is most effective. An employee centeared appraach is
taken in developing the required in—houss skills through sppranticeship training pragrams.
They also give Liberal tncentives for cost saving idess. This attitude has paid off 88 the
mafintenance departmaent can do nearly every rapair requirsd from building hydraulic cylindars to
rebuflding diesel motors. The department also parfarms construction work such as installing a
new underground crusher, building a cover for the coarse ore stockpile and maving 120,008 cubic
yards of material each year for tailings dam construction. Underground loading units could be
traded for new models, but for about the same price the loader can be rebuilt by company
personnel.

Parsonnal

The Whitehorse Copper mine fs fortunate to be lLocated agn the Alaska Highwaey and only
elevan kilometars (7 miles) fram Whitehorsse, the largest city i{n the Yukon Terrftory. Althaugh
not many skillsd workers are available in Whitehorse [(pop. 12,000) there are young men aveils—
ble to start as Laborers eand gain the required skills. Laborers aarn $8.50 per hour but can
advence rapidly ss skills are Learned and earn more. For exampla, the flotatfon operstors earn
$9.10 per hour. This emphaais on training plus the proximity ta a relativaly large city has
rasulted in a turnover rate of 10 to 20 percent for skillad clesses, which is Law for a
northern opsration.

Refsrencas Cited:
Bent, 1977 Tenney, 1977
Fenton, 1977 Watson, 1977

Gilroy, 1977
Jutronich, 1977

Linzey, 1877
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APPENDIX K

OTHER CANADIAN MINES

Introduction

In this section sevaral other mining propsrties locatad in the caold regfone of North
America are briefly describad. These propertiss wara chasen for inclusion bacsuse each has
some unique or significsnt charectaristic. Other nartharn mines were omitted from this discus—
sion becauss not enough information {s available for them.

Arvik Mine

The farthest north mine in North America 18 the Palaris Mine owned by Arvik Minsas and
managed by Cominco. This rich Laed zine mine 18 locatad on Little Cornwallis Island sixty
milee north of Rasolute, Northwest Territoriea (see Figura X-1). The climate {8 arctic with a
mesn annual temperature of 28%F. Twenty miltion tana of 20 percent combined Lead zinc ore hes
been identified.

The shipping sesson at Arvik {8 l(imited to 6ix weeks, but even sc the shipa have
strengthenad hulle for ice Lloads snd, at times, rely on ice breakar gupport. ALL buildinga
wara prefabriceted. A desslinization unit pravides frash water. Orilling fe with eslt water
at a concantration of ana pound of calcium chlonride par gellon af saa mater.

In 1973, » dock wee built from ics for use in shipping s large bulk sample obtainsd during
davelopment work. The dock waa conatructad by building layars of wasts rock and frash watar
ice. The fresh watar fca doss not melt in thae cold salt water of the Arctic Ocean. The waste
rock preventa the dock from floating.

During development of the underground mine, a record was set by J.S. Radpath, Ltd. for
daclina driving. In ons month, the 24 man crew advancad 1302 equivalent feet and {n 85 days,
3387 feat. Two Low profile twa cubio ysrd loadsrs and ane low profile 13 ton dump truck were
usad in driving the nine by fifteen foot apening.

Cagsjar Asbestos

The Cassiar Asbestos mine 18 located near the summit of McDama Mountain in narthern
British Columbia. The mina is awned and gperated by Ceesisar Ashestos Corparatfan Ltd. It fis
located 100 miles southweast of Watson Lake, Yukon Territory (sge Figure K~1]. Tha remote
mountain location and tha fact that the tawn ie shedad by the mountains gives Casaiar many
charectaristics of a aubarctic location. Qre 18 brought from the mountein mina to the mill on
an serial tramway 2.9 miles long with a 2500 foot drop 1n alevation.

Lika many other ramote mfne Locations, Cessiar expariences a high Labar turnaver which at
timag approaches 200 parcent per year. To halp cope with this problem the company has an
extengfva training program to adapt the nawcamers,

Exploration in the Coppermine Afver Aree

Copparmina is 2 small town on the Arctic coest of the Northwest Tarritorfes [sse Figure K-
1). Meny companies ars active in mineral exploration in thia area, but the anly surface accass
ie 8 winter rosd from Hay Rivar, whieh crossaa many lakas. Daposits of copper are have been
found which may develop into mineable ore.

Saveral axplaoration techniques and {ideae adaptable ta permafroat areas have baen desvelcped
or verified In the Caopparmine River sres. The use of induced polarization metheds has proven
affective as they did at Pine Paint (eaa Appendix G). Permafrast may indead Limit westhering
and lesching but geochemical exploration methoda ara nevertheless usefui. Continuous perma-—
froat in tha arctic contains thaw bulbs' around larger lakes and rivers, allawing cat{on move-—
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ment. Frost heave, solifluction end frast boils also act as physical dispersion agents. A
sample from a frost boil gives 8 semple from the B ggil horizon. Work in tha Coppermina Rivar
Area indicates that buried depostts in the Arctic may be detectable {f they intersect tha thaw
bulb of a Lake or rivar.

Great Bear lake Area

Great Bear Lake, Northwest Tarritaries, is the site for two neighboring minss, the Echo
Bay and ths Eldarado (see Figure K~t]. Ffrior to World War II, radium axide was mined in this
area. Later, the amphesis switched to ursnium. Until 1980, the Eldorado Mining and Refining
Company mined uranium. When rasarves wers depletad the mine wes closed. In search of silver
tha Echo Bey mine wes opened nearby in 1864, and the Eldoredo Mill was reactiviated to concen—
trate the silver ora. The concantrator recoversd 98 parcent of the sitvar from the ore averag-
fng S0 to 100 ocunces of silver per ton. The Echo Bay mine was depleted in 1974, Stince than
the Eldorado mine has raeocpansd ae a s{lver mine.

The shipping season for the Eldoredo Mine 18 by water routes for two and one half manthe
in the summar and two and one half months by truck over a winter road.

Giant Yellow Knife

Gold hae bhaen mined nesar Ysllowknife, Northwest Tarritories, since 1838. Mining fa pre—
sently being conducted on Great Slave Laka by Cominco at the Con and Rycon Minas and by Giant
Yallowknife Gold Mines Ltd. ALl aining {s by underground methads.

At the Giant Yallowknife mine, gold {s concentrated in a rossting procsss that lesves an
arsenic trioxide byproduct. The permefrost, which extands to 270 feat, i8 utilized for the
atorage of this arsenic trioxide. Large rooms are excavated in psrmafrost in the greenstone
hanging well. The permefrost pravents ground water movemant.

The temperature of tha ventilation air f{e contralled by oil firaed hesters. When {t {is
neceessary to extend s stope to the overburden lavel, cold air 18 circulated ta the stopa until
it 18 minad out to prevant roof collepse due ta thawing of the overburden. Onoce minad cut the
atope {s sealed.

Granduc

Nawmont mining and Americsn Swelting and Refining own the Granduc Qperating Company which
operatss tha Graduc Coppar Mine, 25 air miles north of Stewert, British Columbia (see Figurs K-
1). The mine is located high in the Coast Mpuntains in an area of permafroat, ice fields and
heavy snowa. The average anaw fall et the millL site {8 700 inches of wet haavy snow aach year,
Accesa to tha mina 18 in two aditse; one 7000 feet long end the ather 54,500 feet Long. In 1969
resgrves wera eatimeted at 43 million teons af 1.73 percent copper.

The heavy snowfall creats an avalanche danger thst was not racagnized until 1965 when an
avalanche destroyed tha mine camp snd took twenty—six lives. Tha camp was rebuflt but is used
anly during the months of March 1 to Novembar 1S when the avalancha danger is low.

Granisle Cagpar

The Gransila Coppar Mina is located on McDonald Islend {n Babine Lske, British Calumbtsa
(8ee Figure K-1]. The mine is operated by Granby Mining Company Ltd. Hers the tailings
dispossl problem has been solved by constructing two dikes hatwaen two samall islands and
filling tha resulting pond. Eighty parcent af the tailings wataer is reclaimed for reuse in the
mill.

Access to the island, 6,500 feet from shore, ta by barga. Tha barge route is kept open in
tha winter whan lake ica grows to 24 {inches by suspending 6,500 feat of psrfarated pipe to near
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the leks battom and pumping air through the pips. The rising column af sir bubbles brings warm
watar from the lake bottom to the surface, creating sn ice free channel. ;

d Irgn Mj

A large-scale high—grade iron deposit exista 350 miles north of the Arctic Circle on
Baffin Island, Northwest Territories (see Figurs K-1]. Reserves ere estimated to be 127 million
tons of B8 percent iron. Although the property is awaiting better market conditions, much
detailed exploration work hes been carried out. Ouring this period the aperatfon hes bean
supported by aircraft Landing on s frozen Lake adjacent to the camp. The leke airfield is
uaeble until early July each year. Many Local Eskimos wera hired and trainad far the work.
The project mansgers sre well pleased with the perfarmance of these workers.

Nanisfvik

The Mineral Resources Intarnational Ltd. cooperated with the Canadian government to devel-
op this Lead zinc deposit located on Baffin Island (sae Figure K~1). The shipping season is
limited to August and Septembar, requiring extensive storage facilites and rapid ship Loading

facilities. Reserves are estimatasd to be 6.60 million tons of 14.7 parcent combined lead zfnec.
The minfng is by undarground methods.

Becsuse of the meny benefits that development of thie deposit would bring to the pedple aof
Canada, the government agrsed to finance same of the infrastructure in exchange far an 18
parcent interest in the proparty. The government participation included financing of tha
airpaort, roeds, dock and town fecilities. As part of thas agreement, the company must wark
toward emplayment of Inuit natives for 60 percent of the crew.

During develapment of the deaposit before the airfield wase constructed, air suppart tn-
cluded twin ottar, DC-3 and 737 aircraft Llanding on Strathcana Sound. Tha frozen ore is baing
dritleg dry to sliminete the problems associatad with using sslt watar for the drills. Powar
plant waete hest is used to dry concsntrates and the mill procesas wetsr 1g heated.

Norch Rapkin

Narth Rankin Nickel Mines Ltd. 15 Loceatad 82948' Narth Latitude, 320 milas narth of
Churchtll, Menitobs, on Hudson Bay near Rankin Inlet [see Figure K-1). The mine was clasad 1in
1863, after ten yearas of praduction, when the reserves warae depleted. The nickel content of
the ore wes 3.14 parcent, and for copper was 0,92 percent. Drilling in the underground mina
wae with salt water obtained from a waell drilled ta below the parmafrost lavel. This salt
watar was twice a8 saline aB sea water. The drills using this weter required frequant Lubrice—
tion and periacdic ovarhaul, Mined ocut areas werae hackfilled with ice which froze asolid,
allowing mining of the pillars. Tha are was milled in a pebble mill, aeliminating the need to
ship etaal balls to the mina.

Local native Eskimos were trainsd for many of the Jobs and supplied with houses superior
to the oneg they ware accustomed to in the village. Thia servad as an incantive to work 8t the
mine but unfaertunately, when the mine closad, tha trained native workers wers unamployed again.
Some found wark canning fish or meking art objeots.

Ihe Quebec Labrador Iron Mines

Threa compenies produce iron ore from the Quebsc Labrador border area. Production began in
the mid 1960'a with the deavalopment of Iron Ore Compeny in Canada's Knob Lake deposit, das-
cribed {n Appendix F. Othsr mines south of Scheffarviile (Knob Lake] inciude Iron Ore Company
of Canada's Carol Mine at Labredor City, Webush Mine's Scully Mina at Wabush City, Quebec
Cartier's Lac Jeanine and Fira Laka Minas at Gagnon, and its Mount Wright mine at Fremont (saa
Figures K-1 and F~1). The fron is shipped by rafl from alit three to ports on tha St. Lawrence
Seaway. Thesae mines have no permsfrost and experience faw cald westher probtems. Thay all
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order cold waeather steal components on squfipment, use heated cabs end ut{lize laow viscosity
Lubricants {n the winter months.

Thea mine at Lec Jeanine is now depletad and gshut down, but when it wes in aperation it was
the only mine in the world to utilize a trolly to assist the diesel algctric trucks. This
enables them to travel the eight perceant grade et 14 to 16 m.p.h. as opposed to 4 to B8 m.p.h.
unassistad.

The mina at Mount Wright 1s new, commencing cparation {n 1975, It utilizes s computer
control system for scheduling trucka. Likewisgs the town of Fermont wes dasigned with ths
lesasons learned at Gagnan in mind. Wives of psraonnel at Gagnon were cansuitad and their
suggestions were incorpaorated in tha design of Fermont townsita. This aresa of Quebac has
strong winda year round, and the deaigners of Fermant took this into account. Dn the up wind
side of the town e 2,600 foot long five story building acts as e very aeffactive wind soreen,

Jentalug Butte Cosl Ming

Cyprus Anvil Mining operated s emall coal mine near Carmecks, Yukon Tarritary. This coel
was usaed to dry the concentrete produced at the Anvil Mina. Coel is bsck—hauled to Anvil by
the concentrete trucks returning from Whitshoras. Mining of tha steaply dipping seam is by
underground room and pillar methods. Most af tha work is done by hand. The mineable undar—
ground depasit ie now minad out. Coel was hsulaed te the bunkar in wooden cars af one and ane
hatf ton cepacity. These cars were pulled by ® bettery pawered locomotive. Mine ocutput wes
saventy tona per day. The mine utilized chiefly Local Indian workers who wera not required to
work every dey. They worked when they wishad, tha chief requirement being that they arrange to
have @ minimum number show up sech deay to insure productian. The mine supsrintandent, the mine
foramen and a few experienced miners providad continuity and farmed the backbane af tha work
force. :

The coal wase dry and few problems wars encountered handling it during the cald sesson.
The excallent netural ventiletion in the mine helped provida a sefe working stmoephera.
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