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PLACER MINING fN ALASKA 

METHODS AND COSTS A T  OPERATIONS USING HYDRAULIC AND MECHANICAL 
EXCAVATION EQUIPMENT WITH NONFLOATING WASHING PLANTS1 

BRUCE I .  THOMAS,2 DONALD J. COOK,3 ERNEST WOLFF? AND WlLLIAM H.  KERNS4 

Summary and Introduction 

T HIS PAPER, one of a series on placer mining in Alaska, describes mining 
methods and gives unit costs at operations where hydraulic and mechanical 
excavation equipment is used with nonfloating washing plants. The min- 

ing methods described were developed during the last 30 years to cope with 
conditions peculiar to arctic and subarctic regions and we now used by a large 
segment of the placer mining industry in Alaska. 

The operations described have been classified into three main categories: 
Those having sluices at a bedrock level, those having sluices above bedrock, 
and those having mobile nonfloating washing plants (dryland dredges). 
Diesel-powered bulldozers and draglines convey or elevate gold-bearing gravel 
to the sluices, remove tailings, and strip waste gravel and other overburden. 
Diesel-powered centrifugal pumps supply water for sluicing and hydraulic 
stripping. Detailed descriptions and unit costs are presented for 14 operations 
to illustrate the numerous arrangements under the first 2 categories. 

The volume of material moved during a mining season and the unit cost 
per cubic yard at these operations ranges from 3,000 cubic yards at a unit cost 
of $2.54 per cubic yard for a bulldozer-sluiceplate combination to 260,000 cubic 
yards at a unit cost of $0.16 per cubic yard for a bulldozer-dragline-hopper 
combination. Specific data were not available for illustration of a dryland 
dredge operation. 

Purington's comprehensive report on placer mining methods and costs, 
based upon field studies made in 1904, was accepted as authoritative for 
Alaskan practice for more than 20 years. Detailed field investigations con- 
ducted on all types of placer mining from 1922 through 1924 resulted in the 
publication of a second comprehensive report on placer mining methods and 
costs in A la~ka .~  Since the publication of these reports, marked changes have 
been made in placer mining methods and techniques owing, primarily, to 
the development of highly mobile excavating equipment and portable pump- 
ing units. 

In 1953 the School of Mines Research Department of the University of 
Maska began the collection of present-day placer mining methods and wst 
data to illustrate the changes that have taken place in the techniques used by 
one phase of the placer mining industry--opencut placer mining. The coopera- 

1 Work on manuscript completed April 1958. 
%Mining engineer Bureau of Mires .Juneau, Alaska. 
3 Research associkte, Schqol of  inks, University of Alaska, College, Alaska. 
* Supervismg commodity-~ndustry analyst, Bureau of Mines, Region 111, Denver, Colo. (Formerly 

at Juneau. Alaska.) 
Purington, C. W. ,  Methods and Costs of Gravel and Placer Xining in Alaska : Geol. Survey Bull. 

2 f i R  1905 279 nn - - -, - - - - , - . - 
0 ~ i m m l e r , ~ ~ o r r n a n  L., Placer Mining Methods and Costs in Alaska : Bureau of Mines, Bull. 257, 

1627, 236 pp. 



tion of the Federal Bureau of Mines was sought in compiling and publishing 
these data. This circular is presented, therefore, to supplement and to modern- 
ize a portion of the last comprehensive publication on placer mining in Alaska. 
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HISTORY AND 
Before 1930 opencut pla& mines operated 

with cumbersome steam-powered shovels, 
scrapers, draglines, cableway excavators, and 
reciprocating and pulsometer pumps. The de- 
velopment of the lightweight diesel engine, 
which resulted in the advent of diesel-powered 
bulldozers, draglines, and pumps, brought 
about a revolution in opencut placer mining 
methods in Alaska. The introduction in the 
mid-30's of efficient mobile excavating equip- 
ment and portable centrifugal pump units made 
i t  possible to work many deposits that could 
not be mined by the earlier more cumbersome 
machines. Improvements in gravel washing 
and recovery systems were developed simul- 
taneously. Readily movable steel sluiceboxes 
with hoppers and grizzlies, mounted on steel 
trestles with skids, replaced awkward and less 
desirable wooden structures. The steel sluice- 
plate, often called a slick plate, was one of the 
most influential improvements; it was respon- 
sible for the development of simple and flexible 
mining techniques. The use of portable diesel- 
driven centrifugal pumps allowed the recircula- 
tion of waste water to supplement limited water 
supplies. Utilization of draglines and bull- 
dozers in combination with established hydrau- 
lic methods facilitated the removal of both 
frozen and thawed overburden as well as the 
handling of gravel and bedrock during sluicing. 
Improved dryland dredges, using revolving 
trommels and stacker conveyors mounted on 
crawler-type tracks, were developed into suc- 

PRODUCTION 
cessful washing and recovery devices a t  several 1 
properties. I I 

Operation of placer mines using hydraulic 
and mechanical excavation equipment with non- 
floating washing plants increased significantly 
in the early 40's; approximately 15 percent of I 
the total production in Alaska is now re- I 

covered by these methods. Despite increasingly I 

adverse economic factors, a consistent total 
yearly gold production is achieved by mines 
employing these methods. A 12-year summary 
of production from opencut placer mines using 
these methods is shown in table 1. 

TABLE 1.-Placer gold production from mines 
using hydraulic and mechnica l  equipment 
w i th  nonfloatina washing plants, in Alaska 

Number of 
mines 

Gravel 
washed, 

:ubic yard: 

518,500 
2, Cr31,000 
2,905,000 
4,170,000 
3,392, M)O 
4,908, 509 
2, 667, 000 
2,137,000 
3,591,000 
2, RM, 300 
3,:90,000 
2,295,200 

Value of Value of gold 
gold re- recovered per 
covered cubic yard of 

gravel 

Total ........ ............ 34,931,500 19,580,640 I 1.561 

1 Average. 

CLIMATE 
Placer mining in Alaska is  carried on hot; the wintersarefrigid. Perennially frozen 

throughout the Yukon and Kuskokwim River ground (permafrost) covers much of the area. 
basins and in the Seward Peninsula region of ~h~ operating for opencut placer min- 
Alaska. Climatic conditions in this area, which ing ranges from to 140 days each year. comprises most of central Alaska soath of the 
Brooks range, vary from place to place. I n  During e x c e ~ t ~ ~ ~ ~ ~ ~ ~  dry summers, Pro- 
general, i t  can be classed as an area of light ductive operations at some mines may be re- 
precipitation and extreme variations in tern- stricted to a innch shorter period because of 
perature. The summers range from warm to water shortage 



LABOR AND WAGES 
The number of men engaged in mines using 

hydraulic and mechanical equipment with non- 
floating washing plants ranged from 500 to 650 
from 19% to 1950 inclusive and 300 t o  350 from 
1951 to 1956 inclusive. From 2 to 12 men are 
required to operate mines of this type, but few 
mines employ more than 8. The local supply 
of skilled and unskilled labor usually is not 
enough to meet the demands of the mine opera- 
tors. Workers therefore are recruited from the 
larger centers of population ; transportation ex- 

enses to the mines and return usually are paid iy the employer if the employee works until 
the close of the mining season. I f  not avail- 
able locally, skilled workmen are brought in 
from the States. Partner-owners who do their 
own preparatory work and hire only such labor 
as is needed during the comparatively short 
sluicing season operate many of the more suc- 
cessful mines. 

Wages generally are lower than those paid 
by other industries in Alaska. This imposes 
a decided handicap on the operators in the re- 
cruitment of labor. There is no established 
placer mining wage scale, and consequently 
wages vary slightly from district to district. 
Base wages range from $1.25 per hour for un- 
skilled labor to $2.75 per hour for skilled work- 
men. The average base wage approximates 
$1.75 to $2.00 per hour. Some operators pay 
top wages to key personnel ; others offer a bonus 
based upon gross production or length of con- 
tinuous service. Most mines are operated 9 to 
10 hours per shift and 7 days per week during 
the sluicing season. A t  some mines board and 
lodging is furnished a t  no cost to  the employee; 
where charges are made for board and lodging, 
they range from $2.50 to $4.00 per day. 

MINING METHODS AND ARRANGEMENTS 
Many perennially frozen and thawed buried 

gold placer deposits in Alaska cannot be mined 
profitably without modern earthmoving equip- 
ment. I n  general, such equipment is used to 
mine deposits where the size, depth, and char- 
acter of gravel and topography and conditions 
of bedrock prohibit dredging or where an in- 
adequate continuous water supply prohibits 
hydraulicking. Bulldozers, draglines, scrap- 
ers, and centrifugal pumps are used skillfully 
in combination with hydraulic methods to mine 
these deposits by opencut methods. The choice 
of excavation equipment, recovery system, and 
arrangement of the mining method is based 
essentially upon the size, tenor, and physical 
characteristics of the deposits as well as on the 
water supply. Often i t  may be practical to 
apply one of several arrangements to mining 
these deposits; the ultimate choice depending 
on the funds available for initial capital in- 
vestment and the personal preference of the - 
operator. 

EQUIPMENT 
Earthmoving equipment and centrifugal 

pumps are powered almost exclusively by diesel 
engines. Bulldozers and draglines of various 
makes and sizes constitute the most common 
types of mechanical earthmoving equipment. 
Slack line scrapers, carryalls, and back hoes 
have limited utility and are used only in special 
mining arrangements. 

BULLDOZERS 

Bulldozers used exclusively or in combina- 
tion with other earthmoving equipment are 

employed in all phases of opencut placer min- 
ing. They are used for stripping muck and 
barren gravel overburden; pushing pay dirt 
to sluiceboxes ; stacking taihng ; constructing 
ditches, drains, and roads; and for freighting 
and general hauling. Rippers affixed to bull- 
dozer blades successfully excavate bedrock 
where gold has penetrated fractures and joints. 

The tractor sizes range from 60 to 180 h , 
but the 150-hp. models generally are used. T k e 
length of the bulldozer blades conforms to the 
size of the tractors; straight dozer blades are 
preferred because angle dozers have less load 
capacity. Hydraulic-type bulldozers are pre- 
ferred to the cable type because of the cutting 
advantage due to more effective downward 
pressure. 

DRAGLINES 

Draglines, although less mobile than bull- 
dozers, can move dirt a t  lower cost per unit. 
Because of high initial cost, however, their use 
is limited to those operations having enough 
reserves to warrant the additional expenditure 
for equipment. Draglines are used essentially 
for the same purposes as bulldozers. The llh- 
cu. yd. bucket capacity is preferred a t  most 
placer mines although the y4-, I-, and 2-cu. yd. 
sizes are not uncommon. 

CENTRIFUGAL PUMPS 

Diesel-driven centrifugal-pump units usu- 
ally are mounted on skids for ready portability. 
Most pumps employed at Alaskan placer mines 
are of the single-stage type with double en- 



trance volute and bronze impellers; cast-steel 
cases are split horizontally for easy access. Ca- 
pacities range from 2,500 to  3,500 g.p.m. at 
heads of 80 to 100 feet. Trash or semisolids 
pumps of the single-entrance type with cast- 
steel impellers and rubber-lined cases are used 
a t  some operations. 

HYDRAULIC GIANTS 

Hydraulic giants are of conventional design ; 
lightweight models are preferred to heavier 
models with cast-steel bases and goosenecks. 
Giant sizes 1 and 2, with deflectors on the larger 
No. 2 machines, are most common. Labor-sav- 
ing automatic giants are employed a t  some 
mines; their use is not prevalent, however, be- 
cause of high initial cost. 

ARRANGEMENTS 
For convenience this report classifies placer 

mining methods according to the position of 
the sluiceboxes in relation to bedrock. They 
are further identified by the combination and 
arrangement of the earthmoving equipment 
used in the mining process. 

SLUICEBOXES O N  BEDROCK 

When hydraulic methods are used in conjunc- 
tion with earthmoving equipment, sluiceboxes 
are set on bedrock. Pay gravels are washed 
into the sluiceboxes by hydraulic giants. 
Wings attached to the head of the sluices fa- 
cilitate the operation by converging the mate- 
rial into the throat of the boxes. Figure 1 il- 
lustrates a typical installation of a sluicebox 
on bedrock. 

A combination of bulldozer and hydraulic 
methods of moving gravel is most commonly 
used by sluice-on-bedrock operations. The 
methods of employing equipment vary among 
different operators, but two general arrange- 
ments prevail. At  some plants one or more 
hydraulic giants mine the gold-bearing gravel 
and wash it into the sluicebox; a bulldozer re- 
moves and stacks tailing. A t  other plants bull- 
dozers push gravel into position where it can be 
washed into the sluicebox by hydraulic giant 
(fig. 2) ; the tailing is stacked by hydraulic 
giant, by the same bulldozer that assists in feed- 
ing the sluice, by a second bulldozer (fig. 3), 
or by a cable excavator. A typical hydraulic- 
bulrdozer arrangement is shown in figure 4. 

At  larger operations a dragline often is used 
in combination with hydraulicking and bull- 
dozing. I n  the most popular arrangement 
goldbearing gravel is pushed into position by 
bulldozer and is washed into the sluice by hy- 

draulic giant; tailing is stacked by dragline 
(fig. 5). 

SLUICEBOXES ABOVE BEDROCK 

Sluiceboxes above bedrock provide mobility 
and flexibility of arrangement and eliminate 
the digging of deep bedrock drains. Such 
sluices may be mounted either on steel trestles 
or  on gravel ramps. Trestle-mounted sluices 
(often called elevated sluices) are fed by a 
hopper equip ed with a grizzly to eliminate 
oversize. A gagline supplies hopper feed, and 
a bulldozer spreads the tailing. The trestles 
are designed to provide the necessar gradient 
and commonly are mounted on ski cf s (fig. 6). 
Sluiceboxes on gravel ramps are used in con- 
junction with a sluiceplate. The sluiceplate 
is a simple rectangular steel box tapered out a t  
one end so that i t  can be attached to the head 
of a sluicebox (figs. 7 and 8). The sluiceplate 
and sluicebox commonly form a single skid- 
mounted unit that is set on a gravel ramp 
formed to provide the proper gradient. A bull- 
dozer ushes gravel over the side or the upper f end; s uice water enters a t  right an les to or  
against the direction of gravel feed ( f gs. 9 and 
10). The use of sluiceboxes mounted on 
trestles diminished shortly after introduction 
of the sluiceplate, which, originally, was de- 
vised to eliminate the necessity of feeding 
sluices by hydraulic giants when mining with 
bulldozers. 

The simplest minin plan utilizing sluice- 
plates employs a bull 8 ozer as the only dirt- 
moving equipment. Pay gravel is pushed onto 
the sluiceplate where it is broken up and 
washed into the sluice. The same bulldozer or 
a second one stacks the tailing as i t  accumu- 
lates in the sump below the Gil  box. When 
water supply is adequate for continuous sluicing 
and when the reserves of ore warrant addi- 
tional expenditure for equipment, a dragline 
may be used to stack tailing. At  a few opera- 
tions where high gravel ramps are used sluice- 
plates are fed by dragline while another drag- 
line stacks tailing. Mining arrangements and 
the various combinations of equipment used are 
illustrated in figures 11 to 17, inclusive. 

SLUICES ABOVE BEDROCK, MOBILE 

There are three successful mobile dryland 
washing plants operating in Alaska. These 
plants consist basically of a hopper, revolving 
trommel, table sluices, and stackers. The en- 
tire unit is mounted in a steel frame supported 
on crawler treads. Fed by a 11h-cu. yd. drag- 
line (fig. l a ) ,  these plants can handle up to 
3,000 cubic yards daily. Treatment costs per 
unit are invariably lower than those of smaller 
volume operations. 
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WATER SUPPLY pressure is obtained by centrifugal pumps or, in 
some instances, by high head ditches. Where 

As previously noted, the source, amount, and tvater is scarce, i t  may be recirculated from 
of are factors polids (fig, 19) or  impounded in reser- 

in deterini~iinp tlie ruining equipment and ar- 
rangement n~ost suitable for economic opera- voii s (fig. 21). IY11ere tile topography is fa- 
tion. TV:itel. for  ttotll striIjpillg ancl slllici1ig vuraltle, vater  may I J ~  collveyetl direct t~ the 
commorily is tra~ispurted by pipelines in whicii sluiceplate by diversioli ditches (fig. 20). 

EXAMPLES OF MINING METHODS AND COSTS 
The 14 mines cIescribec1 are typical of the 

various placer operations tliat use mechanical 
excavation eq~ripment. These mines were se- 
lected fronl the most active mining clistrictq 
(fig. 22) ; their identity tias been withheld at  
the request of the operxtors. Five mines were 
selected to i1lwtr:~te sluice-on-bedrock opera- 
tion wing  E~ydraulic-).)ullclozer arrartgernents. 
The remalninp mines ernploy sluices elevated 
above bedrock. Examples are given of bull- 
dozer-clragline-lto~~~'er, bulldozer-sl~iiceplate, 
bulldozer-dragline-sluiceplate, and d o lr  b 1 e 
dragliue-sluiceplate a~~rangeinents. IIetailetl 
description has been liniited to that necessary 
to adequately present the procedures used at 
the various oper:ttions and to point out those 
procedures that are peculiar to certain opera- 
tions. 

The unit cost figures reflect direct operating 
costs and were colnputecl from total expendi- 
tures, as reported by indiviclual operators, for 
handling a given volume of material during a 
certain period. Unless otherwise noted, this 
is for  a, full operating season. A t  certain prop- 
erties the only labor performed is that of work- 
ing partners; therefore, allowances have been 
made for  their wages before computing R final 
cost figure so that all unit costs could he pre- 
sented on a comparative basis. 

SLUICES ON BEDROCK 

HYDRAULIC-BULLDOZER OPERATION 

MINE 1-CIRCLE DISTRICT 

A t  this mine the  deposg is a stream and 
bench placer composed of gravel 8 feet deep, 
containittg some I~oulders and resting on a low 
gradient hedrock. Two partners operate the 
property I I I ~ P ~  a lease agreement that irirludes 
the use of a ditch, penstock, pipeline, and camp 
buildings. Equipment includes two No. 2 
monitors, a No. 1 monitor, a medium-size diesel- 
powered bulldozer, and a. %-yard cableway 
bucket scraper run by a double drum hoist 
powered by a 4-cylinder gasoline engine. 

The  plaiit setup is shown in figure 23. Two 
parallel cuts are norked alternately; each cut is 
'76 feet nide and 100 feet long. The bulldozer 
is itsed to strip 1 feet of h i - r en  gravel from 
tlie pay section, and tlie pay gravel is washed 
into the slt~ice h u e s  I J ~  the three giants (fig. 
24). Becattee na ter  supply is linlitetl, it is nec- 
essary to use a splasl~ systeni (intermittent use) 
during rnost of the season. Sluicing continues 
for  about 2 l~ours, the time of one splash; the 
time betneeri ?plashes is utilized to remove 
boulders from the cut arlcl to stack tailing with 
the bucket scraper. One of the giants is placed 
so that it may he used to flatten tailing piles as 
well as to move gravel to tlie sluiceboxes. 

D ~ ~ r i r i g  a 1-moiith period one cut was mined; 
2,220 cu. yd. of material was stripped and 
sluiced from 7,500 sq. f t .  of bedrock. The bull- 
dozer was operated 42 hours; 68 hours were 
spent sluicing, and 68 hours stacking tailing. 
The sunirnary of approxiniate operating ex- 
penditures for  this 1-month period is as 
follows: 
Gasoline (135 gal. f@ 41Y2 cents) ------------- $56 
Diesel fuel (74  gal. @ 3.3% cents) ------------ 25 
Lutwicants ---------------------------------- 10 
Reymirs to equ ip~r~en t  ......................... 200 
Board and lodging (2 men, 30 days) 1% 

Total ................................. 441 

Cost of mining, not including labor, was 20 
cents per cuhic yard. Tile partners worked 

1 
520 man-hours. Wages of $700 per rrioiitli for 

1 
each partner wo~tlcl raise the cost of mining to 
83 cents per cubic yard. 

MINE 2-CIRCLE DISTRICT 

Two ~)ar tners  operate this mine uncler a 
lease agreement. Tlle deposit is a permanently 
f r o z ~ n  bench placer tliat averages 27 feet in 
deptlt and is covered by 1 to 2 feet of muck 
overburden. T l ~ e  gold is fairly coarse and is 
corice~itrated just above the schist bedrock; 
about 22 feet of overlying gravel is barren. 

The  operators have invested approximately 
$27,000 in equipment which iricludes two bull- 
dozers; four No. 2 giants; five sections of 
wooden sluices each 12 feet long, 28 inches 
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FIGURE 22.-Placer Slining Districts of Alaska. 
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FIGURE 23.-Plan View of Mine 1. 

Water from hydraulic giants thaws the muck 
overburden and upper 22 feet of barren gravel. 
As the gravel thaws, i t  is piled into windrows 
by the giants, and the bulldozer moves i t  into 
worked-out areas or  beyond the pay limits. 
The  gold-bearing gravels of the lower 5 feet 
of the deposit and enough bedrock (about 2 
feet) to assure recovering the gold that pene- 
trates into ioirit fractures are mined and con- 
veyed to  the sluiceboxes by hydraulic giants. 
During the sluicing periods, one partner op- 
erates the giants while the other stacks tailing 
with the b~~lldozer. Approximately 6,000 cw. 
yd. of gravel was sluiced during 151 9-hour 
days of the 1953 mining season, the first year 
of operation on the bencl~. 

The following sumn~arizes approximate ex- 
penditures for the 1953 season : 
Repair parts for mining equipment ---------- $3.320 
Fuel ...................................... 1,693 
Freight (not including oil and gas) ---------- 593 
Board and lodging .......................... 400 
Trucks .................................... 400 
Miscellaneous .............................. 500 

The repair costs were excessive because of 
a major breakdown that  required the installa- 
tion of a new crankshaft, pistons, and liners in 
a tractor. Because breakdowns of this type 
seldom occur, the normal repair cost averages 
$1,300 per year. The average total annual op- 
erating cost is $4,900, excluding wage allow- 
:trice, for the treatmeot of 6,000 cu. yd. of gravel, 
or. an avel-age cost of 82 cents per cu. yd. I f  
the \\ages of the tar'tners totaled $8,000, the 
unit cost ivould be g2.15 per cu. yd. 

MINE 3-FAIRBANKS DISTRICT 

The tle~)osit a t  this mine is frozen, covered 
\\it11 brush, and cotlsists of about 10 feet of 
slide rock and muck covering 10 feet of clay- 
bearing gravel, which is sticky and hard to 
\i:rsh. All the gold is found in the lower 5 feet 
of gravel. 

Appruximately $40,000 is invested in equip- 
t ~ ~ e t ~ t ,  camp buildings, and other facilities. The 
hydraulic plant consists of one-quarter mile of 
ditch, 3,000 feet of slip-joint hydraulic pipe, 
two No. 2 giants, alld a diesel-clrive~i 12- by 10- 
inch centrifugal pump. Tlie washing p l a l~ t  in- 
cludes a steel sluice 72 feet long by 30 inches 





wide fitted with a steel mouthpiece and angle- 
iron riflies. The final 16 feet of sluicebox is 
covered witti cocoa matting overlaid with 
punched steel plate. Arc arid gas welding out- 
fits a11t1 I , i ic t  ellaneons haurltools comprise the 
shop e q l ~ i l ~ i ~ ~ e n t .  A I$!-ton truck, a. pickup, 
and two ''go oie~ils" are 1iser1 for freighting and 
general 11:~iiliiig. Clamp acconirn~dations con- 
sist of n riirssliouse and a bunkhouse. 

Bulltloz~rs ctrip brush, muck and slide over- 
burden, arid harreri g~-avel from t h ~  pay streak 
as thaning by nattiral means allows. The pay 
streak is about 5 feet thick and 100 feet wide. 
I t  is mined across its entire triclth by advancirig 
upstreatn niaking successive cuts 100 to 120 feet 
long. A bnlldozrr pushes gravel to the nmuth- 
piece where it is fed to the sluicebox hy water 
frorn No. 2 giant (fig. 25). The sluicehoxes 
are set on hetlrock. -The second b~~lldozer  
stacks the tailing. 

The water attppl? is liniitecl, and it is neces- 
sary to collect the sluice water in a settling 
pond and recirculate it by pump. Makeup 
water comes from the nearhy creek and from 
a more tlistant tributary by ditch zncl pipeline. 
The owner ar~cl tmo employees moved about 
16,000 cu. ycl. of ninterixl in 150 days of each 
season in both 1947 and 1048. This  included 
8,000 cu. yd. of rnrrt>k and sIide overburden, 
4,800 (11. yd.  of barrel1 gravel, and 5,200 cu. yd. 
of pay gravel that was sluiced. The average 
cost of seasonal operation was as  follows: 
Repair pnrts--------_---------------------- $2,500 
Fuel and lubricants ------------------------- 950 
Lzbor ..................................... 4,200 
Board and lodging -------------------------- 1,200 
Miscellnneoas ------------------------------ 500 

Total -------------------------------- 9,350 

The unit cost approximated 58 cents per cu. 
yd. ;  a $4,000 wage per season for  the owner 
would raise the cost to 84 cents per cu. yd. 

HYDRAULIC-BULLDOZER-DRAGLINE 
OPERATION 

MINE 4-IDITAROD DISTRICT 

A creek placer deposit, most of which had 
been n~inetl previously by other opencut meth- 
ods, was morketl using an Ilyciraulic-bulldozer- 
dragline arra~lgernent. The deposit consists of 
12 to 14 feet of gravel cornposed of quartz, 
morizonite arid t~asalt m d  some santlstone arid 
shale; there is no muck overburden. Although 
the deposit contains a few boulders, most of 
the material is well-worn gravel of medium 
size. When mining in old opencut workings, 
a11 the gravel is sluiced; when virgin ground 
is worked, some barren gravel is stripped be- 
fore sluicing. I n  places i t  is necessary t a  dig 

3 to 4 feet of blocky monzonite bedrock to re- 
cover gold from depressions and crevices. The  
bedrock grade is alniost flat, which makes 
drainage a major problem. 

Approsirnatel y $175,000 has been invested in 
mining ni:~chinery and various equipment, 
camp structures, and general improvements to 
the property. The  equipment iricludes two 
large bulldozers, a. lighter tractor for hauling, 
a dragline with a I$$-yard bucket, an excavator 
with a 11/2;ynrd back hoe, a 280-hp. water- 
driven turbine connected to a 16- by 14-inch 
turbine p ~ r r i p  having a rated capacity of 5,000 
g.p:rn. and a 30-kw. generator, three sets of 
slu~ceboses, eight hydraulic giants, 2 miles of 
hydraulic pipe, four hydraulic elevators, and 
gold-processing equipment including retort 
and amalgamation barrel. The plant arid 
b~litdin s inclurIe a complete machine shop with i lathe, r rill press? electric welder, and other 
tools; a well-equipped messhall with electric 
stove, refrigerator, deep freeze, and wa.liing 
mnchine; and bunkhouses for  em loyees. 

A ditch system, 5 miles long. deyivers a water 
supply more than adequate for  mining opera- 
tions. Water  drops 33 feet through a 36-inch 
penstock to operate the turbine. The turbine 
by means of linked chain drives turns both the 
centrifugal pump that supplies water for sluic- 
ing operations and the generator that furnishes 
electricity for  all the needs of the camp and 
shop. 

The  gold-recovery system consists of five 
steel sluiceboxes, each 12 feet long, with a head 
box and wings. These sluiceboxes are 34 inches 
wide and are set on a grade of 1 inch per foot. 
Patented angle-iron transverse riffles are under- 
laid with cocoa matting for the entire length 
of the sluice. No amalgxmation is attempted 
during the sluicing, hut some mercury is picked 
up  from old workings. 

At this operation tlie mining rriethocl de- 
pends a great deal on the condrtions in each 
cut. Because it is riot always possible to main- 
tain natural drainage, it often is necessary to 
modify tlie mining method and layout. I n  
addition, the changing character of the ma- 
terial from virgin ground with barren over- 
burden to old tailings containing polcl through- 
out preclutles the adoption of a standardized 
mining method. The  arrangement employed 
usuaily includes a combination of dragline, 
bullclozer, arid hydraulicking or  hydraulic eIe- 
vator. 

The  gentle gradient of the creek does not 
allow natural drainage if the sluiceboxes are 
placed on bedrock; therefore, a special place- 
ment t&micjue is used. Before setting up the 
sluicehoxes, a trench is dug in pay dir t  and 
backfilled with barren gravel. This trenching 
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FIGURE 25.-Plan View of Mine 3. 

and backfilling is done by a 154-yard hack hoe. 
The back hoe also is utilized to move the sluice- 
boxes. 

,2 No. 2 hydraulic giant is placed a t  the 
head of the sliliw to n ~ s l l  and sluice the gl;i\els 
pushed t o  i t  hy two hnlldozers. The  back lloe 
is ~ ~ s e c l  for  sq11i11'in.g up the cut and dig.gi~ig tlie 
hard rocky hedrock. It :llso is used per~otiically 
for removing 1;trge boulders. The  hyctraulic 
l ift  ~ ~ s u n l l y  is used to keep the cat dry. A 1?/2- 
c*ul)ic-ynld h c k e t  riragline stacks the tailing. 
111 certain cuts tlie h x e s  are so lligll on the 
ramp that  it is Ilecaess:bry to use a hydrnnlic ele- 
vator to  l i f t  the gold-hearing gravel t o  the 
sluice; under these conditions the giant noz- 
zling into the elevator is fed hy the bulldozer, 
:lnd the hick hoe is wed  to square up the cut 
:inti liaiitlle tlie boulders. At  otller 1)lnces the  
hack hoe lifts pay dirt  to the hullclozers work- 
i n g  ooli the level of the giant. 

During u recent se:1son when olily old tail- 
~ n g s  were norlied, the two partners and their 
six em1)loyees (three dozer operators, one noz- 
zle mrui, olle cook m d  one general 1:lborer) 
tre:lteti ~ p p r o x i ~ ~ ~ n t e l y  160,001) cu. yd. of gravel 
~n 120 10-hour days. Opemting expenses, not 

including wages for  the two partners, were re- 
ported ns follows : 

The ciirect cost per cu.  yd. was approxi- 
mately 25 rents. Wages of $8,000 for  the two 
partners nould raise the operating cost per cu. 
yd. to  about 30 c ~ n t s .  

MINE 5-FAIRBANKS DISTRICT 

,I permnnently frozen ancient buried chan- 
nel in tills district is I)ei~ig reworked by modern 
placer methocts. The ground was drift-mined 
in  the early dilys, and much ire is foand filling 
the old drifts and roonls. The depth of the de- 
posit varies consiclera1Ay; however, the aver- 
ijge depth I\ as $5 feet over an ;Lren mined in a 
recent season. A typical section mined con- 
tained 20 feet of muck, 20 feet of slide rock, 4 
feet of gravel and 1 foot of bedrock. 



Approximately $58,000 is invested in ma- 
chinery aiid equipment, consisting principally 
of the following items: 2,000 feet of slipjoint 
hydrxulic pipe, three No. 2 giants; one steel 
sluice, 34 inches \vide by 75 feet long with angle- 
iron riffles, trioutli piece, and wings; one diesel- 
powered 12- by 10-inch centrifugal pump; two 
large bulldozers; one 1%-yard dragline; two 
pickup trucks and one truck with tstndenl rear 
end atid front-nlleel drive. 

The  camp consists of t n o  cabins and a small 
shop equipped with arc arld acetylene welders 
and sniall liancltools. 

Strippitig was started 3 years in aclvance of 
milling :tnd is contiiiued yenrly so that e~iough 
gravel t an  be exposed each season for work the 
next surnrner. The rriuck and slide overburden 
is broken by a ttullclozer, and the fine material 
removed hytlral~lic~ally. ,4 dragline side-casts 
tlie accumulated slide rc~ck from the cut. 

Gravel is mined in successive cuts, IFsO feet 
wide by 400 feet long, advancing upstream. 
The sluice is set in bedrock along the center line 
of the previol~s cut, and the wings and rnouth- 
piece adjoin the virgin ground. Bulldozers 
push gravel t o  the rnoutllpiece, where a giant 
feeds it to the sluice; the dragline stacks the 
tailing. A pump recirculates water to the 
giant ;  sluice water comes directly from the 
creek. 

Three partners working 9 hours per day op- 
erate this property; occasionally, they trade 
work with neighboring miners. The following 
are expenses for a recent season : 

Total ................................ 9,000 

Freight costs are included. During the season 
a total of about 104,409 cu, yd. of material was 
moved, of which 91,000 cu. yd. was muck and 
slide and 13,400 cu yd. was gravel. The unit 
cost was 8.6 cents per cu. yd. for strippirig and 
sluicing; $12,000 for the wages of the partners 
would raise the unit cost to 20 cents per cu. yd. 
The unit cost is relatively low for a small 
operation because a large percentage of the 
material handled is muck, readily stripped by 
liydraulicking. 

SLUICES ELEVATED ABOVE 
BEDROCK 

BULLDOZER-DRAGLINEHOPPER OPERATION 

MINE 6-FAIRBANKS DISTRICT 

Ail elevated sluice setup with dragline-bull- 
dozer-hopper arrangerrient is used for mining 
a permanently frozer~ creek deposit composed 

of 40 feet of muck covering 10 feet of medium 
gravel. Two partners do all the preparatory 
work a t  this operation, but they are assisted 
by three erriployees during the sluicing season. 

h j~proxin~ate ly  $ii5,000 is invested in earth- 
~noving, liydraulic, plant, and accessory equip- 
ment a ~ i d  carrip facilities. The  equipment in- 
cludes one elevated sluice 34 inches wide by 
70 feet long with hopper and automatic giant, 
3,000 feet of hyclraulic pipe, seven No. 2 giants, 
a diesel-powered 12- by 10-inch centrifugal 
pump, a 10- by 10-inch centrifugal pump, one 
large bulIdozer, one l lh-yard clragline, one 
sirialler tractor for  hauling, and a shop com- 
plete with sinall tools and electric and gas weld- 
ing equipment. 

The  gravel deposit thaws readilv when ex- 
eosed solar l&. I f  the muck "overburden 
is rernoved at least 1 year before mining, tlie 
gravel can be dug with little interference from 
frost. Water delivered to hydraulic giants un- 
der gravity head is used to strip the muck. 
Pumps supply pressure when gravity water is 
scarce. 

Barren gravel 2 to 4 feet thick covers the pay 
streak. As  soon as the exposed barren gravel 
thaws 6 inches or  more, a bulldozer removes 
i t  and the dragline casts i t  beyond the pay 
limits. Pay  gravel is mined from cuts cover- 
ing areas 40,000 to 50,000 sq. ft. The elevated 
sluice, fed by dragline, is moved parallel to  the 
cut on EL road built on side-cast barren gravel. 
The end of the sluice is angled so that the 
tailings drop in the worked-out areas (fig. 26). 
A pump recirculates water for sluicing from a 
settling pond built downstrestrn from the rnin- 
ing area. 

Operating expenses for  sluicing and for a 
small amount of gravel stripping in a recent 
season were as follows : 
General labor---------_--------------------- $840 
Cook -------------------------------------- 1,500 
Fuel and lubricsants ------------------------- 1,800 
Board and lodging . . . . . . . . . . . . . . . . . . . . . . . .  1,600 
Freight ------------------------------------ 467 
Repair parts ------------------------------- 5,123 
Accounting and legal ........................ 503 
Misc~ellaneous .............................. 867 

Total -------------------------------- 13,000 

Deferred muck stripping costing $10,000 in- 
creases operating expenses to $82,000 per year. 
For  this expenditure 287,000 yards of muck 
was stripped from 66,000 ru. ycl. of gravel arid 
bedrock. Approximately 14,000 cu. yd. of 
gravel was side-cast and about 52,000 cu. yd. 
was sl~~icet l .  Tlie cost for moving ruuck was 
7.1 cents per cn. ~ ( 1 . :  for sluicirig and side 
casting gravel the cost was 19.5 cents per cu. 
yd. The cost for  sluicing only was slightly 
liigher-about 23 cents per cu, yd. The two 



partners drev ;t  tot,^: of $10,000 3s salaries. If 
this cost \\ere [lib icir~f rve111y 1)et neen thr stri1)- 
ping anci t11'1\\i11g o)~)ei.iltio~is, the c40st per UI. 

ytl. wo~iltl 1)e 9 1 0  10 c * r ~ ~ t s  f o ~  st1 i p l~ ing  ~ n i ~ c l i  
:11ii1 27 celits for  sllticing ,l~iil  sti 'ipi)ii~g p t v e l .  
r \ I h e  average cost foi. all 111ateria1 111oretl is 
about 13 w i t s  per c o n .  3 d. 

BULLDOZER-SLUICEPLATE OPERATION 

MINE 7-CIRCLE DISTRICT 

deep. Tile f i l  st 31)-foot set-t io11 imit xins longi- 
tur1in;tl ilc)n-i,ril riffles; tlie r em~~i l l i ng  sections 
I I ~ L V P  tl';%ll>\.t?l'be i ~ t ~ i i  riWes iiit11 ~iot(-Iled upper 
sill f , ~ t  es. 'I';le ~lotclleil I i f k s  are  reported to  
iil(w,lhe tllr rwovel y of fj~ie golti when heavy 
s,lllti is e~lcoiinter.ed ( fig. 27). The sluiceplate 
is 21 fret Ioliy 1)y f i  feet wide and 11as sides 3 
fret Iiiph (fig. 28). 

X 1)11lldozer st]-ips, ~l i i~les ,  feeds the sluice- 
~,l;ite, n~ id  removes the taili~ig. 31uicing i s  in- 
termittent; ~ ' t t e r  is s Z a l c e  mii is ~ ~ c ~ u r n u l a t e d  
i 11 a11 I I ~ "  r"eitl~l reswvoi~. I~et  ween splashes. In  
this ~liill~ilel', cvits 150 l)y 200 by 10 feet are  
~nined  ill fifteeu Y-lio~ir shifts. 

E s l ) r ~ ~ c h t w e s  for o l ~ e  season were reported 
to he: 

Total ................................ 5,947 

Ahout 6,000 cu. yd. of muck and gravel was 
stripped, and about 12,000 cu. yd. sluiced clur- 
iilg the season. The 18,000 cu. yd. was moved 
:it a o~ i i t  cost of 33 cents per cu. yd. Wages of 
$10,000 for. the owners would raise the uni t  cost 
to 80 c4ents per cu. yd. 

Old C u t  

F I ~ V R E  26.-Plan View of Mine 6. 







Ground preparntion is relatively simple; 
muck is rp~rroretl ly prorrnrl~luicing, and har- 
ren upper gravels are stripped to a depth of 6 
feet by ~ I I I ~ I o z P I ~ s .  Indivi(l11a1 mining blocks 
or  cuts cnter K0,OOO to lO0,OC)O sq. f t .  of I-~eclrock, 
and each I~lock is tliirietl successively in n domn- 
stream direc~ticm. Before s i~~i r i r ig ,  a c1rnirlag.e 
ditch is dllp to hetlroc~k around the perimeter 
of each cut. Tllis clitcll serves to drain the cnts 
dm-ing their ewa\atioll. Slrticehoses a l ~ d  the 
sluiceplate are set 011 a gravel ranip that is built 
up  with I)ar.ien gravel hy backfilling a trench 
excavated to I)etlrock in virgin gronnd. The 
sluiceboses are on the upstream side of tlle ruts 
and discharge i tlto a drain (fig. 29).  Two bull- 
dozers convey prurel in front of the sluiceplate, 
where i t  is fed hy n t l l irrl  bulJdozer. A clmp- 
line stacks the tailing. Water for  sluicing is 
impoundd. upstrean1 from the cuts ant1 con- 
veyed by pipeline ~ tnder  pressure from a cen- 
trifugal p11~11) :it tlle rate of 3,500 g.p.m. 

The recovery system consists of four 12-foot 
sluiceboxes and %I feet of riffles in the s1uic.e- 
plate. The- sl~ricelroxes are 36 inches wide by 
18 inches deep and co~istrrlcted of ?/16-inch steel 
plate and 7 k-inch steel for inside h e r - s .  The 
upper box hns lo~igi t~~cl iual  riffles covered by 
punch plates with .?k-inch perforationc; two 
boxes have longitudirial riffles of cocoa matting, 
and the last box has punch plate above cocoa 
matting. The gold xnlalgxnlates readily: for 
each polinct of gold recovered I$!! to ljh pounds 
of mercury is 11secl. 

T w o  owners a r ~ d  four employees at this op- 
eration ~ o r k  12-hour shifts dur.ing a lniriing 
season of I20 days. A breakclown of the costs 
of this operation is not available, but it is re- 
ported thnt rnateriat is moved for  about 23 
cents per cu. yd. 

MINE 11-CIRCLE DISTRICT 

The urifroxen creek placer at this mine con- 
sists of 4 to 7 feet of fairly coarse angular 
gr..avel overlain by I to  5 feet nf  moss and muck. 
Flne-grained gold is concentrated in the lower 
2 feet of gravel aud the top 3 feet of intensely 
u eathered schist ktlrock. 

The operators are working under a lease 
agreement that permits the use of certain 
hydraulic eq11ir)nwnt and briildings on the 
property. Al~out  $!29,000 has heen invested i n  
addi t io~tal  eq~li[hi~lent, which consists of a 
medium-sized I~ulldoxer, a %-pard dt,qplir~e, an 
11- by 9-inc'h tlicw1-powered centr.ifugn1 pump, 

200-ampere nrc weldrr, a pic-klip trlick, hy- 
draulic pi rte, slu iwhows, riffles, and a sluice- 
plate. 

The moss cover is stripped by b111Idozer and 
muck overburden is removed by hyclrnulicking. 

The rlrngliii~ cide-casts barren upper gravels 
r n o ~ w l  into rmsitioil t ~ y  thp bullrtozer. Pay  
gravels nrid hetlrock are Iiytlraulic8ked to the 
s!uieep1:itr, n l l r ~  (1 tliey are fed t ~ y  l~ullrlozer ; 
the dragline ~txci ts  tlle tailing (fig. 20 ) .  This  
~rllrlc~ial nletliod of r i ~ i i l i ~ i ~  is ernployetl because 
t ~ a r r s t ~ o r t i ~ l y  the png rlirt to the sl~iiceplate 
wit!) XI-ater (fig.  31) \~reaks  down the clayey 
bedrock so that erlrlosecl gold particles are re- 
Ieaqe(I to  per mit tlic3ir free settling in the rifles, 
vil~ich results in  Illore efficient recovery. 

T11e rerovrlv systenl ronsists of three sluice- 
b o ~ e s ,  XI  inches wide by 10 feet long. The 
first two sltiicel~oses !law two layers of trans- 
verqe T-i l  on r lftlrs, and  the last box has one 
lager of t r n l ~ ~ r e r s e  T-iroil r%%es covered with 
y'-inch peiforntecl plate, which serves as an  
undercur 1 pnt. There are also 14 feet of trarts- 
verse T-iltrn riffles in the sluiceplate. \JTater 
for striptlirrg and sluiring is supplied I y  grav- 
ity frorn R ([itch that has its intake abollt 1 mile 
upstrearn from the operations. Water  from 
the creek t~c~low the intake is c lm~~neled directly 
to the sltiiceplate. When water ic: plentiful, 
two No. 9 giants convey gravel alld bedrock up 
to the sl~li&plnte, but when the supply dimin- 
ishes, one giant shoots water into the sluice- 
water channel. When water is scarce, i t  is 
necessary to  recirculate it to  the sluice by pump- 
ing from a settling pond downstream from the 
cut. 

One of the two partners, two hired miners, 
and a cook operate this property. During a 
recent season of 150 ckys, this crew worked 10 
h o ~ ~ r ~  per st1 if t. The expen tlitures were about 
as follows : 
Repair partg ---_---------------------------- $2,500 
L?ttor -__--------_-------------__------------ 9,520 
Furl and Inbricanta . . . . . . . . . . . . . . . . . . . . . . .  2,890 
Board and lodging .......................... 2,500 
FrPight - - - - _ _ - - - - - - - - - - - _ - - - - - - - - - - -  1,500 
hliscellarieo~~s ---__----_-_-----_------------ 2, 090 -- 

Total __---------_-----_-------------- 21,000 

Rppro~in ia te ly  20,000 cu. yd. of owrburclen 
was strippetl, and 20,000 cn. ycl. of pay dirt 
sluiced at a cost of 52 cents per cu. yd. Wages 
of $4,000 for the norking partner would raise 
the cost per cu. ytl. to  63 cents. 

MINE 12-FAIRBANKS DISTRICT 

?'hi.: r 1 1 i t 1 ~  is a perrrlariently frozen narrow- 
creek plat~er in a leatlilp accwsihle area about 
50 n~iles  frwn thp city of Fair!~anks. The  de- 
posit is 30 t o  35 feet (lee11 and (wisiqts of gravel 
containing layers of rslay and marly sr11a11 houl- 
clers. The  p l ( l  is very lille ant1 is distributed 
t l l r u u g l ~ o ~ ~ t  t l i ~  lo we^. '2.0 feet of the gravel sec- 
t ion. 

About $ ~ ( J U , O O O  is i n ~ e s t e d  i l l  equipment and 
lntilclings. Equipment ~IICIII(IPS two 3 arge bull- 
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FIGURE 29.-Plan View of hline 10. 

dozers, a 1%-cubic-yaid dragline, a 10- by 10- 
incli ce~itrifugtd t r i d i  p11111p powered by a die- 
sel engine, 800 feet of slip-joint h j ch t l l i c  
pipe, 80 feet of steel sluiceboxes ( 4 3  inc.lles vide 
by 21 inclie.; I i ig l~) ,  ;itid a 2ofoot  sqnaye sluice- 
plate \tit11 &-foot sides. 'T11ree ca1rip ljuildi~igs 
a ~ d  a shop conipletely equipped n i t l l  electr~c 
a ~ ~ d  gas velding outfits, overheitd criwe, tiiesel- 
electric ponerpla~i t ,  lathe, grinders, c ~ ~ i d  mis- 
cellaneons Iii~~ititools colnplement the niini~ig 
operat ion. 

Before slniciiig, bt11ldoze1.s :inti ;I dragline 
reniove 10 to 15 feet of I);irlxen gravel. I n  the 
rnin~ilg procesb t o l j ,~lldoze~ s 1&511 pay gravel 
to the upller e ~ t d  of the s1uicepl:tte and the 
drapline sti~clis tlie tillling (fig. 3 2 ) .  Water 
is sc:trce, hut enougl~ for  sluicii~g is assured by 
using i i  reservoir and recirculating the water by 
a centrifugal plunip. 

Sticky clay with the fine gold mnlies recovery 
clificult. T o  f : \e i l~tate  1)realitlown of the clay 
before its e n t ~ y  into the slnicel)l:tt~, n snlall 
amount of water is added to the gr;tvel ill the 
cut so that the c1:~y lmwnes  :r seniiflnid mass. 
The sluicel~oxes ,\re set on a g a t l e  of I t i  iilclies 
to 10 feet. Tl)e f i r i t  box ha5 puncalled plate 
over Ileii\'y ~ ; I I I L  ,is, tlle nest f o m  sect~ons i r~~gle-  
iron riffles, and the I ~ s t  tlwee sections punched 
plate above cocoa rr~attilig. 

The crew consists of two bulldozer operators, 
:I ch*agli~ie operator, a sluice tender, and the 
oviirr.  Operating expe~ises for  a recent sea- 
so11 \\ ere approximately as  f o l l o ~ s  : 

R e l ~ s i r  itarts __------------------------------ $7,200 
Labor ___-__------------------------------- 13,700 
Fuel aud 1ubric:ants _--___-_-- - - - - - - - - - - - - - - - -  4,300 
Tiises, hoani and lodging and ~l~iscellaneous-_ -- 8, 200 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33,MO 

MINE 13-FAIRBANKS DISTRICT 

A hnlldozer-sluiceplate-(lragli~~e plant is used 
for mining an ancielit, permallently frozen, 
hnrietl, l)ei~cll placer deposit adjacent t o  a wide 
pay strei~li, which hnd t)em nijned by dredging. 
The deposit cont:\ins 10 feet of gravel resting 
on a schist bedl.ock and is covered by 60 feet of 
muck, tvbich is about one-third ice. 
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FIGURE 30.-Plan View of Mine 11. 

The entire plant represents an  investment of 
$52,000 and includes one 11/2-cu.-yd. dragline, 
two bulldozers (one large and one rnedium- 
sized), a 11/2-.ton flatbed truck, six giants, 4,000 
feet of slip-joint hydraulic pipe. one diesel- 
powered 12- by 10-inch centrifugal pump, a 
string of four sluiceboses, and a specially de- 
signed sluicepIate 8 feet wide hy 20 feet long 
wit11 riffles down the center and three built-in 
adjust able nozzles. 

Muck s t r i~~p i r ip  is nreoniplished by first re- 
moving the n i o ~  cover ~ r i t h  bulldozers and 
then using n coruhination of hydraulicking m c l  
g r o u n d  sluicing. 

Grvi~r~rl  sluicing is r t~rr ied on by controllir~p 
the vwter frorn n creek tlmt had been rhanneled 
ngainst the toe of a high ninck hxnk exposed 
during grorind 11ret~w-ations for the preview 
tlretlg~ng trper:rt iotl. Before Ilgtlrnulicking, the 
muck is shatt~1wZ  rid broken into large hlocks 
by Irlnstinp. This i s  :tc~~o~nplislied by making- 
two Iiorizontal, 5-inr.11-diameter toe holes, one 
CiO feet lolip mltl t he other 90. They are spaced 
20 feet apart at the collar and are cut b,v an 
auger, one irl a direction norrnal to the face of 
the luuck hank and the other a t  all angle of 
45" to the  farbe. The holes are loaded with 
cordite (11 cases in each hole) and discharged 

separately. The  effective radius of each blast 
is approximately 100 feet. These blasts break 
the frozen muck into large blocks and shatter 
and fracture muck in place. The resultant pnrt- 
ing planes develop air and water courses within 
the rnuclr a r d  hasten the t h ~ w i n g  process. Hy- 
dra~l l ic  removal is accomplishect by pumping 
to giants near the toe of the blastecl area. 

Gravel is mined from three cuts, each 150 
feet wide and 100 feet long. Bulldozers push 
the gravel t o  the sluiceplnte, ant1 the rl~agline 
stacks the tailing. Water for sluicing is sup- 
plied under pressure to the sluiceplate by cen- 
trifugal pump. 

The crew consists of a forernan-tractor op- 
erator, a second tractor operator, R dragline 
operator, and a laborer. I n  120 days (1,200 
hours) about 75,000 cu. yd. of muck was 
s t r i p p d ,  and 8b011t 17,400 cu. ycl. of gravel arlcl 
bedrock sluiced. The operating espenses are 
itemized ns follows : 
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FIGURE 32.-Plan View of Mine 12. 

doned hecause of its bulk and weight, and a 
sluiceplate arrangement substituted. The 
sluiceplate and boxes are on a ramp made by 
excavating a trench to bedrock in virgin ground, 
and then backfilling it with barren gmval. A 
dragline is used to feed the sluicepl~lte with 
grave1 pushed into position by bulldozers; the 
tailing is stacked by another dragline (fig. 33).  
Wat?r. for stripping is furnished by gravity 
from R ditch, and sluice water is recirculated by 
pumping. 

The operating crew corlsists of two dragline 
operators, two bulldozers operators, one pump 

tender, one nozzlemnn, and three working part- 
ners. The appr.oximate expenditures for  a full 
seasoti are listed below: 
Repair parts---_------------------_- $7,000 
Diesel oil. gasoline, and  lubricants ------------ 4, 000 
Lat)or--_--_--_------_---------------------- 10,000 
Board and lodging ---_----------------------- 3,500 
Miscellaneous ------------------------------- .500 

About 200,000 cu. yd. of muck and gravel was 
moved at  R unit cost of 12.5 cents per cu. yd. 
Wages of $12,000 for the partners ~ ~ o u l d  raise 
the unit cost to 18.5 cents per cu. yd. 





SUMMARY OF COSTS 
F o r  purposes of comparison, costs of opera- 

tions a t  these niines are surnnlarized and tabu- 
lated in table 2. 

TABLE 2.-h'u?wnary of costs 

Total vol- I umeof 
mater~el 

Mine No sluiced and 
stripped, 

r u i m  
yards 

Total Pni t  cost 
'\penilt- per cubic 

turee pard, 
cents 

-- 

Total pr- 

x uvagrs o 
operators 

Unit costs 
per cubic 
yard, in- 
cluding 

allowance 
for waaes of 
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