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MINE SYSTEMS ANALYSIS - TERTIARY CHANNEL DEPOSITS
The Badger Hill Pit, San JuagyRidge, Nevada County, Calif.

- /oo 2/ N 74
Thys B, Johnson—' , William R. Sharp™ , and John N. Williams=

ABSTRACT

The mine system analysis and evaluation study presented in this
report was part of the U. S. Bureau of Mines' Tertiary chanmnel project
conducted under the Heavy Metals program. The Badger Hill pit, located
on the west end of the San Juan Ridge area, near Nevada City, California,
was the site of‘the Bureau's field work.

The objectives of this study were: (1) Determine potential altermative
mining systems for some of the large tertiary chammel gold-bearing gravel
deposits, and (2) Identify areas of technology where further investigation
would be merited because of their potential inclusion in a mining system
for such deposits.

The study involved the development of a mineralized block inmventory,
an economic block inventory, determination of optimum ultimate mining
limits and a preliminary economic mining system evaluation. Computer
programs were developed and utilized for each of the study phases

stated above.

L/ Operations Research Analyst, Division of Mine Systems Engineering,
Bureau of Mines, Denvew, Coloradc

2 . + Gt . . .

2/ Operations Research Analyst, Health and Safety Analysis Center,
Bureau of Mines; formerly Mining Engineer with Division of Mine
Systems Engineering, Bureau of Mines, Denver, Colorado

3  qs s s ; . . -
“/ Computer Systems Speclalist, Division of Mine Systems Engineering,
Bureau of Mines, Denver, Coloreado



The sampling program conducted at Badger Hill by the Bureau
Delineationvcroup together with confidential drill hole data provided by

the San Juan Gold Co. formed the basic gold values and distribution

formation from which a deposit model was developed.

he deposit was divided into‘minable block units and net ecsnuudc
values were assigned to each block for varicus configurations of both
open-pit and underground mining methods based on cost and performance
data provided by the various Bureau of Mines Resszarch Centers.

A number of controllable variebles such as: (1} Mining method
(open-pit and underground), (2) depth of mining cut, (3) production rate
and (&) equipment type and capacity were evaluated. The prime messuves
of effectiveness on wﬁich the mining systems where judged were discounted
cash flow rate of return and maximum utilizaticn of mnatural rescurces.

The analysis showed that underground mining of the Six-Mile Tervtiavy
channel gold-bearing gravel deposit under consideration was uneconomical
and did not permit maximum recovery of the resources within the chanunel.

It was also apparent that mining the Six-Mile Deposit for gold aloune
is uneconomical or at best marginmal at a gold price less fhan 550 per
ounece,

The analysis showed that the potential for an economic mining
cperation within the Six-Mile Deposit exists when the gravel rescurces
of the channel ave considered together with the gold. It was determined
that the highest rate of return would be reslized with a 20-year open-pit
mining operation yielding 745,000 ounces of gold and 55 mililion cubic

yards of usable gravei.
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The Tertiary Channel Project

paciienlar cwmphasis on gold, the Heavy Metals program was

ntlolly improving upon our domestic capacity to meet
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:sentiy dormant sources., Conservation of resources and

the other values of the land and environment were alsou

consideration in this program.

swean of Mines Tertiary Channel project, as an integral part

of the Heavy Metals program, was conducted during the period July 1968 -
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Tertiary River Chanmnels and Present River Systems.

ivcation of major deposits of exposed Tertiary Gravels,
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the appearance of having reasonably typical

and environment.
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Purpose of the Systems Study

The purpose of the systems analysis described in this report was
to: (1) Determine potential optimal mining systems for exploitation
of the Tertiary Channel gold-bearing gravel deposits and (2) Identify
areas of technology where further investigation would be required or
warranted because of their potential inclusion in an optimal total
mining system for such deposits.

The basic data on which the analysis was based was primarily
limited to that.prepared by the subsystem research groups as a reéult
of their field and laboratory work relative to this project. In most
cases this data'was very restrictive and limited to present-day technology.

The criterion used to select the potential optimum mining system
was rate of return on investment. The value of gold is considered to be

$35.00 per ounce throughout this report unless otherwise stated.

THE TERTIARY CHANNEL GOLD-BEARING GRAVEL DEPOSITS

General Geology

Tertiary channel deposits are alluvial placers that were forﬁed by
ancient streams during Tertiary age. The work of Lindgren in 1911 (8)
is still recognized as the most euthoritative publication on'the geology
of the Tertiary river system. Most subsequent reports are based on
Lindgren's wofk and it is to this reporh'tham the reader is referred for
a more detailed description than will be pgiven here.

The Tertiary gravels range from & few feet to as much as 600 feet
thick with widths up to 8,000 feet. Continuous lengths of channels
have been followed for 10 miles with interpolated lengths of 30 miles. It
is estimated that the ancient channels extend for a total lengtin of over

40O miles. Few exposed expanses of gravel remain entirely undisturbed by
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MINE SYSTEMS ANALYSIS

General Approach

block concept and 1s iliustrated by the flow chart in figure 4.

m

The following computer programs were developed and/or used during

this studys

1. Block Generation Program - developed specifically for this

this studv to

sach block ia the

Block inventory is

developed duxing this study,

Program - developed for general
i3 of nitimate underground mining limits., Technigques
5. deceribed in detail

pit uwltimate limit determination,
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Select
Best
Systems

Recommendations

FIGURE 4 .-Flow Chart of Tertiary Channel Mining System Evaluation Method.



it conitrollable variables counsidered for this study were:

ions of mining cut, {2) mining method, (3) production rate,

PPN

{2} ewnioment type and (5) equipment capacity. The noncoatrollable

purameiors considered were: (1) gold value and distribution, (2) material

oy

. . . . PR | . .
avel, sand and clay), (3) material mznaullltyn/ and {4} stratigraphy.

prime measure of effectiveness on which the optimum mining

is to be selected is discounted cash flow rate of return, assuming

& urdiorm annual distribubtion of the divect operating profit and an

tizi investment of the total capital cost. Investment payback years
was ue2d as a preliminary screening criteris.

(e
Pi4

(]

other factors to be considered as measures of effectiveness are
cungervation of natural vesources; health and safety of the miners and

as air and water pollution and surface

The major vhases of the evaluation method are: (1) Generation of a

;
I an

eneration o

oo,

2
g
5]

economic block inventory,

F

{4} evaluation.

:ylel minability is a parameter value which is defined in this
001t Lo be that which represents the eifect of a group of material
proveriies on the cost and performance of elements of a mining system.
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Dstimating gold for small volumes within the Tertiary Channcl

was one of the more difficult--yet e¢ssential--jobs for a meaninglul
evaluation of the Six-Mile property. Relationships for estimating that

part of the channel which was not covered by previous sampling progr

were developed from available data. The approach taken was to relate

gold values and distribution to physical naramcters suspected Lo conirol

the deposition and which could be readily measured. 'The most

iR

parameters were assumed to be: (1) Radius of curvature of the
channel, (2) slope of stream channel, and (3) width of stream channel. It
has been reported by Lindgren and observed many times over thal the gold
was generally concentrated near bedrock. This fact is readily observed
from drill-hole samples. However, a significant, statistical, difference
was c¢bserved to occur along the axis of the ancient stream chennel,

By trial and error, it was found that the following relationship

would give a statistically valid estimate of the average gold content

for the lower, gold-rich gravels (within 25 feet of bedrock):

(1) §=bl 1 (w +b_+e
1/2 S
R/
where Y = predicted gold coantent, mg/cubic yard
R = radius of curvature of stream channel, ft

S = slope of stream channel, ft/ft

W

width of stream channel, ft

o
i

313.3

b, = 1.24

random error

[¢]
i



Testing the hypothesis that bl = 0 using an F test, we may reject the
hypothesis with only a 5 percent chance of error. Therefore, the relstion-
ship was assumed to be statisticslly wvalid. Alsco, it appears intultively
sound, that is, reasonable when the parameters, R, 5, and W, are pernitted

to reach their upper and lower limits. Using this model for that portion

of the channel not covered bty previous sampling programs, the estin

varles from 250 to 2000 mg/ydB which are within the bouwnds of those de-
termined from the Bureau of Mines sampling program at Badger Hill., Tor
the upper white gravels sampling indicated an average gold content of about
40 mg/yd3 with no statistical evidence of longitudinal trend.

A1l drill-hole sample data exhibited a vertical trend, (figure €)

Figure 6. -~ Vertical trend exhibited by gold values in drill heoles for
Six-Mile Deposit.

with the gold content increasing with depth from an average 40 mg per cubic
yvard for the upper white gravels to the average predicted by equation (1)..

It - 15 also observed from the drill hole data that the contact between
the cemented lower blue gravels and the upper loose gravels generally occurred
at the same elevation as the 100 mg gold per cubic yard isogram.

Based on the location of the 100 mg gold per cubic yard cut—-off line

(lLoose-cemented gravel contact) and the calculated gold content (Y,

the following equation was derived to predict the average gold content at any

location within the cemented gravel horizon.



GOLD, Mg/Yd>x103

O Average Value within 5-foot Interval
All Data Included

50 100 150 200
DISTANCE FROM BEDROCK, FT.

FIGURE 6.-Vertical Trend Exhibited by Gold in Drill Holes for Six Mile Deposit.




(y - 12.5) (D - v) -
(2) AA z%—:“i—jgj-lOO + - i2.5) 12.5

= 7
2 -
N
where AA = average gold content mg/yd3
y = distance above bedrock, ft
D = distance from bedrock to hardpan, ft
Y = gold estimate for lower 25 ft, mg/yd3

Results of the Bureau of Mines sampling program indicated that
material type (clay, sand or gravel) greatly influenced the value and
gold distribution (9). In general it was found that the gold content
increased with the coarseness of the host material. Analysis of the
San Juan Gold Co. confidential data substantiated this conclusion

{figure 7).

Ffigure 7. - Typical Drill Hole Analysis from Six-Mile Deposit Illustrating
Dependence of Gold Values on Material Type.




20

80

70

60

4]
o

DISTANCE FROM BEDROCK, ft
»
o

[¢)
o

20

Fine gravel,sandy clay

Sandy clay

Fine gravel

Sand

Medium gravel

Coarse gravel

Fine gravel and clay

1 I

Medium gravel

Granite bedrock

2 4 3
GOLD CONTENT, Mg/Yd>x 10

FIGURE 7.-Typical Drill Hole Analysis from Six-Mile Deposit Lilustrating Dependence

of Gold Values on Material Type.



the feliowing equation was derived to modify the asvevags gold

content (4,

&

calculated by eguation (1)

s 2
Sarss®

2

Y

3) Ay = (1.5 By + 0.5 Py + 0.3 By) {4,)

where P, = percent gravel
i

g
¥

3 = percent sand

P = percent clay

This sguetion was used o generate gold comient for each block in
the ioventory balow the locse-cemented gravel comtact,
Abova the conitsact, the gold content of the gravel averaged 40 mg per

cubic yard. his wus assumed to be a good estimate of the mean but re-
quired an adjustment for the influence of hos¢ material type. The

following expression was derived to compensate for the host materisl in

the case of the loose gravels.

S

&) A, = 90 P, % 20 2, + 10 P,

whers A, = gold content, mg/yd3
7, = ratic of gravel to total volume,

P2 = patic saund to total volume.

?3 = yatio clay to total volums.

In total volume the loose gravels are generslly cousidered to b
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173 gravel, 1/3 sand and 1/3 clay and thus the above expression yislds
the assumed sverage of 40 mg per cubic yard. The above expressiocn was
used o geneveby gold content for the blocks in The upper gravels,

wrther varification is needed to fully demomstraete the usefulness

approach to model this type gravel deposit. However,
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were made froum drill hole logs provided by The San Juan Gold Co. which

consisted of samples taken at 6-inch to 3-foot intervals.

$ix-Mile Deposit: One, in the upper loose gravels the drill casing was

drivea ahcad and the material within the casing
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Figure 8. = Freguer

viion of sample volumes within upper
gravels im SiXQA @

Deposit.

Figure 9, « Frequency distvibution of sample volumes within lower
gravels im Six-Mile Deposit.

This implies, assuming

tent is greater than that

en in this report.

oi the gold particle distribution for the upper and lower
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in figuves 10 and 11. It is seen that for the respective
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frequency distribution of gold particles within lower
cemented gravels im Six-Mile Deposit.

tribution of gold particles within upper
in Six-Mile Deposit.
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rise to highly skewed distributions which

e sample volume decreases. For a further
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* how the skewness of & sample distribution may

he wolume of the sample, the reader is referred to Report

5669 Ly R. M. Becker and Scoitt W. Hazen, Jr. ().

be done to study the effects induced by
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FIGURE |1.- Frequency Distribution of Gold Particles within the Upper Loose Gravels in Six Mile Deposit.
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vibution is given in table 2., If the samples
are stratified velative to gesliogic CO?SLZ&L?LS, significant reduction
can be mede in the magniltude of standard deviation relative o the mean.

Stratifying the depusit into upper loose white gravels results in a gold

%,
o
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concentracion distribution showm in figure 12, With rvegard to this

figure the mean for the upper gravels was found to be 33 mg/yd3 with a

sutlon of galc content for upper loose
ile Deposit

on ¢f 53 mg/ydé”, For the lower gravels the gold concen-

tration wes distributed s illustrated in figure L3. Of particulsr

=

Figure 13. = Freguency distvibution of gold content for lower cemented
gravels in Six-Mile Deposit.

interest is the distribution of the total gold content relative to the
bedrock. Figure 14 illustrates the percent gold conitent against distance

stance from bedrock in
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For these particular drill hole samples sixty percent of

-
"

from bedrock.
the gold content is concentrated within 35 feet of bedrock, However,
contrary to expectations, the highest grade zomes are mot at the lowest

Y

place in the chanunel. {figure 15)

Figure 15, - Cumulative gold content versus distance from bedrock im
Six~Mile Depousit.

For the reader wishing a little more imsight intc the detailed

sampling information, refer to Appendixes 4 and B.

Economic Block Model

The data on which this analysis was based was supplied by Pittsburgh,
Spokane and Twin Cit%es Mining Research Centers, together with the Salt
Lake Metalluzgy Reseggch Center. All engineering estimates of'éost
were made relative to the 5ix-Mile Tertiary gravel deposit. Within
the limited manpower and budgetary constraints of this project, it
must be realized that it was not possible for the Centers involved to
exhaust all possible subsystem alternatives of mining this type deposit;

however, sufficient detail information was available to evaluate several
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outlined in the following pavegraphs., External environment and milling
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Surface Mining
The guidelines for anm open-pit mining operation were based on a
preliminary estimate of the final pit configuration which yielded
260,464,000 cubic yards of total material mined, of which 37,000,000
cubic yards was tightly cemented blue gravels and included 20,000,000
cubic yards of ore. A minebplant layout as shown in figure 16, was

e

assumed to simplify the flow of ore and waste material from the pit to

Figure 16. - Preliminary mine and facility layout for Six-Mile Deposit.

mill or waste dump areas and also to fix the flow of tailings disposal.
In addition, the potential ore deposit was subdivided into seven areas
to simplify estimating haulage costs. Information based upon a mining

life of 5, 10, and 20 ycars 1s summarized in the following sectionms.

Materials Handling

Preliminary operating cost and performance”data for the truck and
shovel combinations used in this study are given in table 2. The
truck-shovel combinations used were the least cost combinations provided

by the Material Handling Sub-Systems Design Group.

Unit Cost ($)

Shovel, 12 cu yd 660,000
Shovel, 8 cu yd 420,000
Truck, 200 ton (1,650 hp) 412,000
Truck, 120 ton (1,125 hp) 196,000

Truck, 62 ton (672 hp) 120,000
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TABLE 2. = Summarv of preliminary truck - shovel operating
data for Six-Mile Deposit

Mine Life

5 - 10 20

Bench Ht - Bench Ht Bench HE
30 40 50 30 40 50 30 40 50

Kours per yesw , 8000 {8000 [8000 {3000 |3000 {3000 {2000 |2000 {2000

Shovel -~ Size o g 1127 e 18 i Tz 8 iz iz

[

- Prod (cu.yds/hr) 865 11037 |73% 865 . [1037 [73h (865 1037 |73k

- Operating Cost ($/nr) | 17.06{23.76123.68]17.06{23.76123.68117.06 {23.76 23.68

- Operating Cost ($/cu.yd) 021 .o2] o3| .ozl .oz2| .03l .o2] .o2| .03

Tyucks - Size 62 1120 Tjeo0 162 hizo {200 162 Tizo 200

< Pro

o)

1 {ew.yds/eyele) A L T A o T A A L P I SR TS

- Operating Cost {($/cu.yad)

(A4

-~ Route 1 - ore 261 1Ty LT Le6F 0 1B oLatt et istb .t
_ ~ waste 250 16 164 Wehi o L1716 L2601 181 L2
- Route 2 - ore Y DR B B Y- 3 B S I B TSR B- )TN B
- waste .321 .21 204 L3721 .21t .20f L3231 .2l
- Route 3 - ore L3817 Lok .20 37 .ok 22 .39 .26 Iy
, - waste .3 .2 221 .36 .25 .22 L2827 W22
- Route b -~ ore .31 .20 .19 .31 .21 RS NG IR BRI
- wosthe .o0 b L1k .20 L1548 1k 23 16 1k
- Route 5 - ore S22 L1h ¢ LA5h ey TUAsT T as ) ik 17y .15
~ woste .13 .09 L10 .13 .10 .10 1h 1T, 10

- Route 6 - ore 227 U151 157 Le2 16y .15 PES S R
- waste 31091 .10% L13: 10§ .10 b L1 1L
- Toute 7 - ore 274 .k A0 et IRECH BT BTSN
- vaste 16 1L i 17 10 L1 181 .13 .12




Unit Cost (3§)

Dozer, Track (360 hp) | ‘ 71,000
Dozer, Wheel (360 hp) | 72,000
Grader {360 hp) . | 73,000
Conveyor Belt 1,000 ft (400 hp) 358,000
Truck, Fuel | 25,000
Fuel Storage Tank 15,000
Truck, Pickup 2,500
Fragmentation

Operating cost and performance data are listed below:
Blasting

Powder factor

0.4 1b/cu yd

Caps No. 6 Lead 30° = $66.00/1000
Caps No. 6 Lead 40° = 78,15/1000
Caps No. 6 Lead 50° = 90,30/1000

ANFO, Cartridge (30,000 1b. lots)

Drilling
9 in., Blast Holes
Burden = 25 ft

Spacing = 35 ft

Volume Broken Per Blast Hole
30 ft Bench - 972.,2 cu yd
40 ft Bench - 1296,3 cu yd

50 ft Bench - 1620.4 cu yd
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Hole Per Shift Drill
3¢ ft Bench - 3,730
40 ft Bench - 3.045

50 ft Bench - 2.562

Driiiing Cost

30 ft Bench - $0.0772/cu yd

40 ft Bench - 0.0709/cu yd

50 ft Bench - 0.0674/cu yd
Capital cost for a drill capable of drilling 9-inch holes to a depth of
60 ft at rates as given above are estimated at $150,000,
Pit Slopes

A bank slope of 65 degrees in the loose gravels and a bank slope

of up to 80 degrees in the tightly cemented gravel is assumed to stand
well. However, if a bench of sufficient width to allow for passage of
equipment is accouﬁted for an overall pit slope of 45 degrees from toe
of the bottom bench to the crest of the top bench would be required.
Although it is recognized some pit wall robbing may be possible as a
final stage of mining, it was not considered in this evaluation.

Safety & Environmental Control

One of the major environmental problems to be confronted by a
surface operation would be dust, because of the considerable amount
of minus 200-mesh silicious material which would propose a health
problem as well as excessive wear on machinery. Dust formation would
be most severe during the dry, warm summer months and would be
alleviated by a light service sprinkling 4-ton truck. The cost of such

a truck would be $7,500 including an operating cost of $5.00 per
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operating hour. Fume and smoke control costs are estimated to be
approximately 2 percent of thelequipment costs. All diesel equipment

to be used in the open pit area must meet Bureau of Mines specification
as to emission of gases., It is assumed that the contrel of gas and

dust emission in the pit will be continually monitored by the
engineering staff, It is also mandatory that all equipment has
installed noise suppression devices which comply with the Walsh-Healy
Public Contracts Act and would add approximately 1 percent to the
equipment costs. Noise suppression costs are contained iﬁ the equipment
costs.,

Perhaps the most significant environmental factor encountered at
the Tertiary gravel deposit will be that of controlling flow of subsurface
water., Many of the problems of ground water can be effectively met by
proper pit production scheduling. Drainage should be used to its

fullest to avoid costly drilling and pumping costs.

Underground Mining
Similar to the approach used in estimating costs for the open pit,
the underground operation assumed that the gold content was concentrated
near bedrock and involved a total of 4,720,000 cubic yards of material
to be mined, of which 720,000 cubic yards was waste and 4,000,000 cubic
yards was ore. Three mine-lifes were considered: 5, 10 and 20 years.

Ground Control

Both room and pillar and modified longwall methods of mining were
considered. The modified longwall method was developed by a single

entry partially in bedrock along the axis of the channel with three foot



26°

ventilation and escape shafts drilled in advance of the longwall panels.
The methéd considered two advancing open stopes on each side of the
main entry to the extent of ore, support being maintained by backfilling.
The room and pillar method considered three main entries with rooms
developed in the ore on the advance and pillar robbing on the retreat.
The major concerns in applying either of these two basic mining methods
to the Tertiary gravel is the extreme uncertainty to which the gold-
bearing stratas may be forecasted, particularly for small volumes needed
to design an underground system and extreme local variations in bedrock
or mining floor. Another area of concern is the effect that increasing
overburden pressures will have on multiple entries needed‘in an
operating mining system to be used within the Six-Mile Deposit.

Materials Handling

Similar to the open-pit, the subsurface plan was broken up into
29 areas from which travel times and costs were found to two different
points of portal entry dependent upon the area location. Transportation
costs varied as function of distance as illustrated by the operating
costs and performance information for telescopic trucks given in
table 3.

TABLE 3: Underground Haulage Cost and Performance Data for Six-Mile

Deposit
Minutes Cost per cu yd Minutes Cost per cu yd
Area per 5-yr  10~-yr  20-yr Area  per 5-yr 10-yr 20-yr
No . cycle level level level No. cycle level level level
1 . 8,27 $0.173 $0.179 $0.176 16 17.35 $0.362 $0.375 $0.369
2 10.54 220 <228 224 17 19.62 410 <425 Wal7
3 12.81 . 268 <277 272 18 21.89 457 STk L465

oy
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Minutes Cost per cu yd Minutes Cost per cu yd

Area per S5-yr  10-yr  20-yr Area per S5-yr 10-yr 20-yr
No. cycle level level level No. cycle level level level
4 15.08 .315 .3206 .320 19 24.16 .505 .533 .51l4
5 17.35 .362 .375 .369 20 26,43 .552 .572 .562
6 19.62 L4610 425 417 21 28.70 . 600 .621 .610
7 21.89 457 L74 .465 22 30.97 647 .670 .658
8 24,16 . 505 .533 514 23 8.27 .173 .179 176
9 26.43 .552 .572 .562 « 24 10,54 .220 .228 224
10 28.70 600 .621 .610 25 12,81 .268 W277 .272
11 30.97 647 .670 .658 26 15,08 .315 .326 .320
12 8.27 .173 .179 .176 27 17.35 .362 .375 .369
13 10.54 .220 .228 224 28 19,62 410 425 417
14 12.81 .268 277 W272 29 21.89 2457 L4740 465
15 15.08 .315 .326 .320

From the two external points the ore and waste material was transported by

larger trucks to the mill location.

The information given in table 4 is

typical of the truck performance and costs used in the study for the

portal to mill haulage.

TABLE 4: Portal to Mill Haulage Data for Underground Operations of Six-Mile
Deposit
Ore Waste
Portal Truck  Number Minutes Cost Number Minutes Cost
size, of per per of per per
ton trucks cycle cu yd trucks cycle cu yd
1 200 1 35.04 $0.179
1 62 1 10.88 .109
2 200 1 35.04 .179
2 62 1 10.88 .109
Capital costs are as indicated below:
8-ton Scooptrain $58,370
20-ton Telescopic Truck 65,380
Battery Powered Tractor 16,000
Supply Trailer 1,810

Loading Pocket & Transfer

Station

50,000
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Fragmentation

Drilling and blasting costs were based upon the following engineering
input for both room and pillar, and modified longwall mining methods.
Drilling costs for a cubic yard of gravel im place for three

tunnel geometries are given as follows:

Mining Ht Cost /{8 /cuyd)
Jackleg 6 1.20
Single~-Boom Jumbo " 6 1.05
Double~Boom Jumbo 12 0.69

Powder Factors varied from 1.5 lbs. explosive/cubic yd material in
place, for small 10" x 10° headings to 0.8 for larger 15' x 15' headings.
The powder factors decreased to 0.5 for an open face.

Safety and Operation Environmental Control

Similar to the surface, the major health problem would be the fine
silicious material inherent in the working environment which is magnified
by the confinement of the underground network of development and
production workings. Instrumentation to properly control and monitor
the mine environment was added to the cost of mining.

A major contribution to environmental costs to an underground
operation would be the cost of ventilation which is estimated to have
an initialécapital investment of $15,000 and a maximum operatingi
cost of $1.12/hour.

Smali submersible pumps would be required to control ground water
in and arocund the working faces. By properly designing the access
entries to allow gravity drainage considerable pumping costs would be
avoided. This could lead to considerable development in the bedrock

itself,



Related Subsystem
Two factors which would be common to either a surface or subsurface
mining technique would be the effects on the external enviromment and
the on-site beneficiation. Both of these subsystems may be treated
independently ofvthe actual mining subsystems; they only depend on the
total quantity minedvéf the flow of material per unit time.

External Environment

Many of the problems considered with regard to the external
environmental are concerned with intangible subjective evaluations at
this point in time; therefore, an additional 5 percent of total capital
was added as an additiomal cost to cover any unforeseen costs relative
to the potential envirommental problems. It would be mandatory for any
mining effort that the land must be restored to a’state equal to or
better than its preminingrstgte. Tailings Disposal costs are considered

to be part of beneficiation costs.

Beneficiation

Salt Lake Metallurgy Research Center was responsible'for evaluating
various treatment methods and their associated costs to recover gold
from the tightly cemented gravels of the Badger Hill deposit. Table 5
gives the operating and capital costs used in this study for the various

size operations.

TABLE 5. - Estimated capital and operating costs for gravel treatment
plant for Six-Mile Deposit

Length of Operation Capital Investment Operating Cost
Years ‘ $ x 10° per cubic yd
: ) loose cemented
5 ’ 18.20 $.17 $.27
10 9.20 .21 .31

20 4.85 .23 .33



Systems Evaluation

Evaluation Techniques

The selection of mining systems with the greatest potential for
economically exploiting the Tertiary channel gold-bearing gravel deposits
within the next ten years was based on:

1. 1970 Economics plus a gold price condition of ($35-70/0z).

2. Present miﬁing technology.

3. Maximum utiliiatién of resources.

Both open pit and underground mining systems were considered. Based
on the ecénomic parameters developed and assigned to each block during
the development of the economic block imventory, optimum ultimate mining
limits were determined for the Six-Mile Deposit (figure 4). The
techniques used to determine optimum mining limits for open pit and
underground operations are discussed in detail in (6) and (11) respectively.

The first rejection stage in the system evaluation phase was based
on the total operating economics of the optimum ultimate limit mining
plan. If operating costs exceeded the expected revenue a system was
rejected on tﬁe premise fﬁat no economically feasible operation could
exist with the particular mining system under consideration.

If, based on operating economics only, a potential economically
feasible mining operation existed, a determination of the requirements
such as equipment, physical plant and other elements requiring capitaliza-
tion was made. Estimates of the required initial capital costs together
with net operating revenue provided the data for the second criteria of

acceptance or rejection of mining systems. Payback period was used as a
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selection tool for this second rejection stage. A third stage evaluation
employedythe Discounted Cash Flow - Rate of Return criteria. The annual
cash flow; were determined by dividing the total net operating revenue

by the assumed life of the operation,

The mining systems which were judged acceptable through the third
rejection stage were considered to have the potential for economically
exploiting the Tertiary channel gold-bearing gravel deposits. Such
systems are considered to have significant potential and merit further
investigation.

Analysis and Results

Nine open'pit mining configurations were considered along with two
underground systems. The primary parameters considered for variation in
evaluation of the open-pit operations were bench height and mine life.
Mine life determined the production rate which in turn together with the
mining bench height influenced the selection of the mine equipment such
as drills, shovels, trucks, etc. The selection of equipment, size and
number, was made on the basis of that which would provide a required
production rate at the least cost under the specified mining conditions.

Similar procedures were followed in the analysis of the two under-
ground systems.

A summary of the evaluation results of the systems is given in
ta@le 6. The first column, Mining Method, gives a brief description
of the @ining method and operating configuration. The second column gives
the net return from mining, excluding capital costs (total revenue = total

operating costs). The last four columns provide total capital costs and
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total cuﬁic yards ore, waste and total material included in the minable
reserve. This evaluation was based on the 1970 gold price of $35 per
ounce with corrections for 900 fineness and a 90 percent mill recovery.

As seen from table 6, the open-pit mining system utilizing a 30 ft.
bench height does not result in an economical operation for any of the
production rates considered.

The remaining eight (methods 4-11) mining configurations considered
show a ﬁet"operétihg :éturn'but none have net operating return which
exceeds thé estimatediinitial capital expenditures. Thus none of the
systems considered are economically feasible. This does not imply that
no such systems,exiét nor under slightly different conditions an
economically feasible operation would not exist. In fact, open=<pit
mining using a bucket-wheel excavator should be given prime consideration
in further studies of the Tertiary channel deposits but was not considered
in this evaluation because of time constraints and lack of data.

The further analysis to be reported will attempt to show the effect
of variations in mining costs, gold price and full utilization of
valuable resources within the deposits on the minéble fesérvés‘énd the

economic feasibility of mining the Tertiary channel gravel deposits.

Undergroun& mining wil
B

. not receive further consideration in this
report as it is the authors® opinions that open-pit mining is more
favorable for this‘deposit and also that open-pit mining is more

consistent with the objective of total and wise utilization of our

natural resources in this particular case.



TABLE & = Summary economic - production data for evaluation
of Tertiary Channel Six-Mile Deposit

($ x 103) (5 x 103) _ 5 Cubic Yards Mined
Net Oper Total Total Cost ($ x 107) (x103)

. Mining Method Return Revenue Operating Capital Ore Waste Total

1. 5 yz, 0. P. - T -0 - No Economical Operation
30" Bench :

2. 10 yr; . P;’Tvv =Q- ' = No Economical Operation
30° Bench '

3. 20 yv, 0. B, =0 - Bo ) Economical Operation
30° Bench

bo 5 owr, G, T 2,246 7,882 5,638 10,528 4,607 23,503 28,11
430° Bench

5, 10 yr, 0. P, = 2,140 7,783 5,643 4,088 by 43 23,250 27,693
43" Bench ‘

6. 20 yv, 0. P, - 1,858 4,507 2,649 1,895 2,187 8,191 10,378
40° Bench ) .

7o 3 yr, O P 1,813 71,422 5.60% 11,058 5,155 1,571 26,726
50 * Bench

& 10 yr, G. P, = 1,603 7,235 5,632 : 4,511 4,702 21,829 26,531
50° Bench

$, 20 yr, O, P. = 1,4tk 3,715 2,271 1,880 2,335 6,057 8,392
50° Bench

16. Room and Pillav 835 5,867 5,03z 1.,50C 824 334 i,158
5¢° Mining Ht.

11, Modified Longwall 1,745 7,244 5,499 2,000 1,310 262 1,572

13" Mining Ht,
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Also, all further analysis will comsider only open-g

the most favorable situstion of

T=to
7

40 ft, benches as it appears this

those considered in this veport. {See Table &)}

A graph of the ratio of possible operating costs to the

estimates used in this study versus opervating returm shows that

costs would have to be rveduced by move than 75 pevcent in oxd

operation to be economically feasible, within a 5-year mining

<y

Figure 17. - Effect of Lowering Mining Costs on Economic Feasil
Six-Mile Deposit.

It also appears that operating costs would have to be reduced by more than

57 percent if & 10-year mining life is to be cons

behind this conclusion is based on the a

period cutoff and a rough calculation of the a¢

(1) Payback years = L x C
R

where C = Initial Capital Costs

=
li

Net Operating Return = Tota
Operating Cost

L = Yeavrs Mine Life

In the case where operating costs are vaduc

given with the initial estimste of operating co

reserve at a cost ratio of 1.0 is less than or agual

a cost ratio of 0.5. Tor any paerticular mine life ¢

monotonically increasing ce
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reduced. Therefore, 1f C xe
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FIGURE I7-Effect of Lowering Mining Costs on Economic Feasibility of Six Mile Deposit.
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reducad operating cost level we kaow thaty C» €.  Also,

total operating return, Ra, from an operation resulting from o roducing

costs, will be less than or equal to the total operating tting

from the total minable resevve at a lower operating cost,
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economical%y feasible operation for Tertisry chgansl deposits does
not merit further comsideration by itself,
The next p&zame%gr o receive conslderation is the price of
gold. Opg;ating return and minable reserve volumes are plotted agalnsu
gold price in figure 18. Alsc shown are the imitial capital cost

requirements for a 20-year mine life operation at various gold prices.

Figure 18, - Operating Return, Capital Costs and Minable Ysrds as a
Function of Gold Value for Six-Mile Depeosit.

At gold prices of 540 per ounce or less the net operating retumn
is approximately.egua§‘§o th%}initial capitel cos?s thus making mining
operations uneccncmig&% ét thése gold prices (figgfe 18). The data
plotted in figuze 18 also show thet at $50 per ounce gold estimated
capital costs aré $3,600 = 1@3 and operating veturms arve $59é0@ s lOBf
Using tﬁ@hpreviously given approximation for payback years gives an
estimated time for payback of 13.33 years with $50 per ounce gold,

(Payback vears = 20 x 5,500 x 107 = 13.33 years).

o

5,4000 x 10°
The payback period of 13.33 years implies an economic mining
operation for the Six-Mile Tertiery chamnel is not feasible under the

conditions assumed in this report.

Assuming a capital cost of $4 milijon and using the payback

[ 3

formule it was deterwmined thet a total net return of $16 x 10Y 4
vequired 1f & 20-year operation is to previde for payback withinm 3

years,
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FIGURE 18.-Operating Return,Capital Costs and Mineable Yards as a Function

of Gold Value for SixMile Deposit.



As seen from figure 18, such a return is not obtainsble for gold
prices within the range comsidered (less than 570 pet ounce},

Assuming a cabital cost of $3 million would require a net return of
$12 millionffof a 5-year payback. A total gold amount of 230,600
ounces was mined iﬁ ;he 540 gold operation so that a gold price of $81 per
ougce would be required for a 5-year payback period. | |

”AsSuming cépi;él costs as given for each operation at the different
gold priges, thus limiting the minable resérves correspondingly, and
working with a gold price of $70 per ounce the payback would be

as follows:

Years Payback

$35 gold reserve 7.65

i,
2, $40 gold reserve 6.28
3. $50 gold reserve _ 6.44
4, $60 gold reserve : 6.91
5

.. $70 gold reserve 7.71
The}pit limits for the $35;, $50, and $70 gold resexrves are shown

in figure 19.

Figure 19. - Ultimate Pit Limits for $35, $50, and $70 Gold Reserves.

Tbis:prgliminary analysis indicates that considering only gold
up to a price gf $BQ per ounce is not sufficient to provide for an
economically_feasible operation within the deposit under consideration.
At a gold pr;ce;greater than $80 per ounce a gold-mining operation
appearé fgasiblé. | )

Even with the potential for an economically feasible mining operation

at $80 per.ounce of gold such an operation could not satisfy one of the

~ o
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FIGURE [9.-Ultimate Pit Limits for $35, $50, and $70 Per Ounce Gold Reserves.
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important objectives of this study which is to maximize utilization
of our natural resources.

The Tertiary channel deposits have been reported to contain large
reserves of potentially useful sand and gravel (9). In all previous
evaluations discussed in this report such material has been considered
to be strictly waste. Mining waste contributes directly to the cost
of the operation but not to the brofits.

A graph of gravel value vs, operating return shows that capital
costs are approximately equal to total operation returns up to a

gravel value of $0.60 per cubic yard (figure 20). At a gravel value of

Figure 20. - Operating Return, Capital Cost and Minable Yards as a
Function of Gravel Value for Six-Mile Deposit.

$50.90 per cubic yard and gold at $35 per ounce, it is estimated that
the total net operating return would be $43.138 million with required
capital expenditures of $19.366 million. Using the payback criteria.
with a 20-year mine life, it was determined the payback period would
be 9.0 years. Such a payback period again implies the operation
would be uneconomical.

The conclusion reached here is that it would be uneconomical to
mine the Tertiary channel gold-bearing gravel deposits under the
conditions assumed in this study with a gold value of $35 per ounce
and a mine value of $0.90 or less per cubic yard of gravel,

The question still remains, however, is there a combination of
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increased gold and gravel values where mining of the Tertiary channel
gold-bearing gravel deposits would be potentially profitable.

In order to gain insight into the answer to the foregoing question
and to provide a check on the conclusions drawn concerning the profit-
ability of mining the Six-Mile Deposit with the payback criteria,
discounted cash flow rates of return were calculated for operations
resulting from various combinations of gold price and gravel values.

The discounted cash flow routine and computer program used are described

in I, C. 8495 (3). Results of the discounted cash flow analysis are

shown in table 7. The maximum rate of return shown in table 7 is 6.69
indicating the conclusions based on the payback criteria afe supported

by the rate of return criteria using profitable exploitation of the

Six-Mile Deposit at gold prices less the $70 per ounce for gold in combination
with gravel returns of $0.90 per yard or less does not appear favorable for
the operations considered under the assumptions of this investigation.

The basic data used for the cash flow analysis is listed in table 8.
The minable reserves used in each operation were determined on a net
operating return before depreciation, depletion or taxes. Considering
this, the minable reserves may have been larger than they should have
been, thus, the capital expenditures higher than actually required.
Reiteraﬁing through the minable reserves program accounting for capital
expenditures and taxes would of course provide a more accurate
analysis. However, it was felt an indication of the results of such a
study could be obtained more quickly by a discounted cash flow

evaluation of each operation using a gold price of $70 per ounce and a



Gold Value $/02

35

40

30

60

70

Gravel Value ¢/vd3

C 30 60 50
s o s 3.37
S oo e 3.17
——— m—— e 4.83

3.08 4,25 4,35 5.23
6.40 6.49 6.59 5.6%

TABLE 7; = Discounted cash flow rates of return for

operations at various combinations of
gravel values and gold prices.
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TABLE 8 . - Economic and reserve data for various mining operations
within Six-Mile Deposit.

Gravel Value (c/yd3)

0 ﬁ 30 ﬁ' 60 }5 90

Gold Price ($/o0z) ii Gold Price ($/cz} Gold Price ($/oz) Ii Gold Price ($/o0z)

351 40150 | 60| 70 !!35 40 1 50 |60 ) 701135 40 50160(70 ) 35 40| 50| 60 | 70
ore (yds® x 109) 2 6| 819 |10 | 20 | 40 | 50 | 62 70Jj96 115{124] 130 | 145 {1150 | 169 | 184 [195 | 210
Gravel (ydsS x 108) 2 51 618 9 18 | 36 | 45 | 55| 60 ]E 74 | 87 | 92 } 102113 “108 115}123 |129 }135
Gold (oz r}egc%gired) 11064 2308} 28541312.4330 43078 560 | 650 | 745|840 !is%a 690} 744 | 780 | 870 |1800.8/865.1929 4}967.1]100
Waste (yd> x 10%) ' 6 | 241 31]35] 40l 18 |33 | 45 | 48| 63 I 26 {35 39] 40{ 55 *4 39| 47 | 571 64 | 74
Opez’f Return ($ x 108) 2,0{3.0]5.418.4111.4}§ 3.7|5.6 | 7.3 {23.8}31.6[/14.0{16.122.3 40.0]48,7[143.1{47.1| 558 60.9{ 70.
‘Capital Cost ($ x 10%) 2.0§3.013.6{4.0} 4.40146.5{8.3 9.5 [10.7]11.9412.8{15.016.2]10.7/18.0{119.4{21.0122.8] 24.1]25.
Oper. Cost ($ x 10%) 2.2 16.618.8110.3112.40112.525,1132.3 {37.4/45.2}} 51.7/59.365.2 68| 80 [|821(91.0101.4}113,2{121,
Oper. Cost/yd3_Teta1 Materiall .27 .22 .24{ .24} .2501.33{.33 | .34 | .34{.34 || .42 ].40 ] .40] .40 | .40|j .43 | .43 | 42| .44 | .43
oz/yd3 ore  11.053.038].036] 035 .034]| .013.014 |.013 |.012 .014].006].006.006}.006].006 ||. 005 |.005] .005}.005 | .00
Oper. Return/Capital §$ 1.001.0f{1.5)2.1}2.6ff .8 .8 .8502.25265 1.1 1.2}1.5{2.35) 2.7} 2.212.2 2.4} 2.5 2.¢
Capital $/yd Total Material| .25! .10{.09] .09] .09l .12] .11}.10 |.10{.09} .10} .10} 10! .10{ .09{].10 {.10} .10{.09 }.09

* Return before depreciation, depletion and taxes !
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30,90 per yard gravel value. In each operation minable tonnages,
operating costs and capital costs were held as indicated in table 8.

The results of the discounted cash flow analysis are given in
table 9.

As indicated by the results of the discounted cash flow analysis,
the greatest return on investment would be obtained from an operation
as defined by the pit generated by using $60 per ounce gold value and
a gravel value of $0.30 per yard, This would involve mining a total
yardage of 110 million cubic yards, processing 62 million cubic yards
of gravel yielding 745,000 ounces of gold and 55 million yards of usable
gravel, The operating feturn (before depreciation, depletion and
taxes) would be $64,300,000. The pit configuration for such an

operation is illustrated in figure 21.

Figure 21. - Ultimate pit limits yielding highest rate of return
and maximum economic size for gold at $70 per ounce and
a gravel value of $.90 per cubic yard.

If a lesser rate of return were acceptable, say 10%, a larger
operation would be indicated. For example, an operation as indicated
by the $35 gold - $.90 gravel pit., Such an operation would yield a
10.69% ROI and a $71,000,000 total operating return. (See table 8
and figure 21)

The results of this anaiysis indicate that there exists a significant
potential for an economical mining venture in the Six~-Mile Deposit
which is consistent with the objective of maximum utilization of our

natural resources,



Pit
FEFHR Highest rate of return
(MMM Maximum economic size

N

Ultimate pit
Extent of gravel \

a 1000 2000 3000 4000
s I

Scale,teet

FIGURE 21.-Ultimate Pit Limits Yielding Highest Rate of Return and Maximum Economic Size for Gold at $70 Per Ounce and a Gravel Value of $.90 Per Cubic Yard.




TABIE 9 . - Discounted cash flow rates of return for various minable
reserves for Six-Mile gold~bearing gravel deposit with $70

gold and $50.90 gravel.

Gravel Values ($/yd.)

Gold

Price {$/0z) 0.0 0,30 . .60 .90
35 12.16 18.12 13.53 1C.69
49 i5.19 | i8.12 13.53 9.82
50 14,11 18.31 13.04 9.13
60 15.48 19.48 14,01 7.47
70 14.50 18.41 | 14,11 6.69

43



44

Proper mine plannlng and scheduling such that mining waste is
dumped back into the excavation would also yield an operation
consistent with the national goal of minimum land degradation from
mining. Due to the configuration of the Six-Mile Deposit such a plan
appears feasible, assuming 55 million yards of gravel will be marketed
leaving 55 million cubic yards for disposal. With a 50% swell factor
(55 x 1.5 = 82.5) this requires disposal space for 82.5 million cubic

yards, considerably less than the total mined volume of 110 million cubic

yards,



CONCLUSIONS

Based on the confidential data furnished by the San Juan Gold Co.,
the BuMines sampling program at Badger Hill and cost estimates determined
by the BuMines Research Centers from their field work ét Badger Hill,
the analysis conducted as reported in this study concluded:

i, Considerably more exﬁloration drilling is required to ‘accurately
determine the quantity and distribution of gold values through-
out the entire extent of the Six-Mile Deposit., Further dvilling
should be conducted to check the validity of previous drilling
results and to sample areas where no present sampling is avail-
able. fThe gold value estimates uéed for the presentvevaluatien
are felt to be comservative,

2, Considerably more sampling and testing work is nceded to determine
the quality and quentity of sand and gravel withim the Six~-Mile
Deposit, The estimates utilized in this study are felt to be
conservative,

3. Underground mining of the Six-Mile Deposit appears umneconomical,
Also, if economical, only a small portiom of the.entire deposit
would be included in the minable reserve, hence this type of
operation would not meet the objective of maximum utilization of
our matural resources.

& Open-pit‘mining appesars to meet all the OBjectives set forth in
this study.

5. Aa open-pilt mining operatiocn for gold alone appears marginal
up to & gold price of $80 per ounce using the operating and

capital cost estimates as given in this study.
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A 20-year open-pit mining operation, recovering gold and
gravel appears economically sound with a gold price of $70 per
ounce and $.90 per yard of gravel, The best operation wouid
involve mining a total of 110 yards yearly and about 55
miliion yards of usable gravel.

The minimum minable volume would be 110 million cubic yards

‘and the maximum 284 million cubic yards.

=3 N
yoid



12,

13.

REFERENCES

Alexander, T. Where Will We Put All That Garbage? Fortune,
Oct., 1967, pp. 149-151,

Becker, R. M. and S, W. Hazen., Statistics of Infinite Populatiom
as Applied to Mine Sampling. BuMines, RI 5669, 1961, 78 pp.

Bennett, H. J., J. G. Thompson, H. J. Quiring, and J. E. Toland.
Financial Evaluation of Mined Deposits Using Sensitivity and
Probabilistic Analysis Methods. BuMines IC 8495, 1570, 82 pp.

Goldman, H. ' sand and Gravel in California. California Division of
Mines and Geology. Bulletin 180-B, 1964, 58 pp.

Hammond, J. H. The Auriferous Gravels of California. State
Mineralogists Rept. 9, California Mining Bureau 1889, pp. 105-138.

Johnson, T, B, and W, R, Sharp. A Three Dimensional Dynamic
Programing Method for Optimal Ultimate Pit Design. BuMines RI 7553,
1971, 25 pp.

Johnson, T. B. and W. R. Sharp. A Total Systems Approach to
Conservation of Natural Resources ~ Mining Waste Disposal and
Land Reclamation. Internal.

Lindgren, W. The Tertiary Gravels of the Sierra Nevada of California.
Geological Survey Professional Paper 73, 1911, 226 pp.

McLellan, R. R., R, D. Berkenkotter, R. C. Wilmot, and R. L. Stahl.
Drilling and Sampling of Gold Bearing Gravel at Badger Hill,
Nevada County, California, BuMines, Open File Report,

Merwin, R. W, The Gold Resources in the Tertiary Gravels of
California. Heavy Metals Program, Situation Report 37, December 1967.

Sharp, We R. Design of an Ultimate Underground Mine Layout.
Colorado School of Mines. Thesis No. 1462, 1972,

Tibbetts, B, L., Jo. H, Scott. Geophysical Measurement of Gold
Bearing Gravels, Nevada County, California, BuMines, RI 7584, 1971,

Wallace, W. A., J. Dann, and M, C., Zerhouni. Planning for
Construction Materials in the Urban Environment. Presented at
ORSA Meeting, Denver, Colorado, 1969.



APPENDIX A. -~ Within 5-ft sample variation for typicsal

Sample Velume
Interval Yd 3
Ft
surface
0 to 5 0074
5 to 10 0074
10 to 15 .0237
15 to 20 .0326
20 to 25 .0210
- 25 to 30 .0286
30 to 35 0274
35 to 40 .0289
40 to 45 .0315
45 to 50 0315
50 to 55 .0304
55 to 60 0267
60 to 65 .,0210
65 to 70 .0205
70 to 75 1.0207
75 to 80 .0237
80 to 85 - 0430
85 to 90 .0370
90 to 95 .0316
95 to 100 ,0299
100 to 105 .0300
105 to 110 0204
110 to 115 - 0409
115 to 120 0409
120 to 125 .0385
125 to 130 0359
130 to 135 .0278
135 to 140 0252
140 to 145 0225
145 to 150 .0179
150 to 155 .0202
155 to 160 .0235
160 to 165 .0262
165 to 170 .0198
170 to 175 .0213
175 to 180 0348
180 to 185 0241
185 to 190 0296
190 to 195 0374
195 to 200 0327
200 to 205 .0389
205 to 210 0404
210 to 215 .0378

drill hole in Six~Mile Deposit

No. of
Gold Gold Value Stendard No. of
Particle Mg/vd Deviation Samples
Mg/vd 3
7 4.8 - 1
7 4,8 - 1
40 24,0 43.8 2
15 24,0 43,8 2
7 i7.6 8.0 2
16 26.4 19.7 3
i3 3.3 2.5 3
3 2,2 4,6 3
24 25,1 85.2 3
29 30.2 78.7 3
14 19.8 14,7 3
30 39.6 50,0 3
17 26.4 19,7 3
20 17.6 8.0 i
i1 25,1 45,9 2
20 30.2 78.7 3
30 50.3 45.9 2
20 30.2 22,5 3
6 2.9 1.3 2
3 2.9 6.1 3
17 17.6 9.7 3
5 i7.6 19.7 3
6 2.6 2.0 3
5 2.6 2,0 3
4 2.9 6.1 3
6 2.9 6.1 3
21 48,0 125.% 3
30 72.0 115.2 3
23 35.2 64,2 2
36 63.3 i01.4 3
12 8.8 4,0 2
14 13.2 9,8 3
11 7.5 5.6 3
13 12.6 11,5 2
13 21.1 15,7 3
5 21.1 15,7 3
8 10.6 7.9 3
12 10.6 7.9 3
i0 26.4 68,8 3
i8 26.4 68,8 3
i5 4.4 23.0 3
i3 9.6 25.0 3
8 i5.4 0.7 3



APPENDIX A, - Within 5-ft sample variation for typilcal
drill hole im Six-Mile Deposit

(Continued)
No. of
Sample Volume Gold Gold Value Standazd No, of
Interval Yd 3 Particle Mg/vd Deviatio; Samples
Ft _ Mg/Yd
surface
215 to 220 . 0481 , 29 43.2 21.5 3
220 to 225 0474 35 62.5 42.8 3
© 225 to 230 0333 i6 23,5 61.2 3
230 to 235 L0422 iz 10.6 7.9 3
235 to 240 .0459 13 i0.6 7.9 3
240 to 245 0467 5 13,2 5.8 3
245 to 250 0370 i0 8.8 18.4 3
250 to 255 0326 7 28.8 36.4 3
255 to 260 © .0296 8 28.8 36.4 3
260 to 265 .0322 16 97.7 179.5 3
265 to 270 0315 17 87.9 43.7 3
270 to 275 . 0247 8 21.1 15.7 3
275 to 280 .0368 il 21.1 15,7 3
280 to 285 0574 42 110,7 273.1 5
285 to 290 .0404 24 128.1 194.8 5
290 to 295 .0985 95 433,8 315.1 5
295 to 300 .0281 62 153.8 169.4 5
300 to 305 .0322 74 371.1 1000.4 5
305 to 310 0241 260 2061.2 650.6 5
310 to 315 .0393 550 7110.3 9748,3 5
315 to 320 0485 232 3118.7 5517.6 5
320 to 325 0404 20 531.2 465.9 5
325 to 330 ., .0930 455 3778.6 9938.4% 5
330 to 335 .0363 77 704.3 846.8 5
335 to 340 .0300 82 1124.9 1966.0 5
340 to 345 .0189 631 42045,5 109659.9 5
345 to 350 0159 3386 21429,5 446764 5
350 to 355 .0030 18 1125,0 1591.0 2

Bed Rock




APPENDIX B. - Stratified samples by material provertiss
for 5=ft drill hole samples within
Six-Mile Deposit

Material Code Statistics (Mg/Yd™)

Drill Size Mat. TN Mean Std Dev Std Esz Coaf Var

(Refer to Code Tabla) '
(4  (B) (C)

Total 1169 338.6 148.7 o3 D4

1 1 i 6 284.5 65.1 26.6 0.2
1 1 3 1z 542.2 235.3 70.9 0.4
1 i 4 & 269,7 104.4 52.2 D.4
1 2 2 i 611.0
1 2 3 i 420.0
1 2 4 4 213.0 37.4 18,7 5.2
1 3 4 2 390,5 201.5 142,53 0.5
2 1 1. 20 242.0 84,0 18,8 0.3
2 1 2 60 342.9 166,7 21.4 0.5
2 1 3 3 71 340.7 122.6 14.6 0.4
2 1 4 159 353.8 199.¢6 15.8 0.6
2 2 i 4 297.5 128.5 &a,7 0.4
2 2 2 8 268.0 75.2 26,5 8.3
2 23 17 382.6 11L.8 27 .1 0.3
2 2 4 85 328.2 136,2 14,8 0.4
2 3 2 5 316.8 126.3 36,5 Q.4
2 3 3 7 353.0 88.4 33.4 0.3
2 3 4 27 363.0 1i7.1 22.5 0.3
3 i i 18 327.7 119.3 8.1 G.4
3 1 2 29 370.¢ 125.8 23.4 0.3
3 1 3 41 342.8 128.6 20.1 0.4
3 1 4 141 347.6 162.5 13,7 0.5
3 2 1 7 207.9 126.6 48,6 0,6
3 2 2 13 413,7 215,11 59.7 0.5
3 2 3 14 292.4 81.3 21.7 063
3 2 4 170 343.4 121.8 9,3 0.4
3 3 2 4 423.2 i13.2 56,8 0.3
3 3 3 14 244, 2 46,6 13,5 0.2
3 3 4 26 348.3 165.3 32.4 0.5
& 1 1 4 374.0 262,9 L12i.4 0.6
4 1 2 1 326.0
& 1 3 6 316.0 114,6 46,8 by
4 1 4 34 341.2 143.3 26,6 J.4
4 2 1 L 259.0 o
4 2 Z & 364.0 187.2 66.2 0,5
4 2 3 5 231.2 96,1 43.0 0.4
A 2 & &7 315.2 134.7 19.7 0.4
4 3 1 1 248.0
4 3 2 4 428.5 196.4 88,2 0.5
4 3 3 2 211.0 52.3 37.0 0.2



APPENDIX 2, - Stratified SJMW&EQ by material properiias
for S5-ft drill hole samples within
Sis=

Bile Beposit {continued)

Material Code Statistics (Mg/yd”)
Drill Size Mat, SO Mo an 5td Dev  Std ﬁfﬁ Coaf VYavx

{Refer to Code Table}
(4) (B) (<}

Total

4 3 4 15 312.6 6L. 5 15.9 0.2

5 1 2 1 241.0

5 1 3 8 388.,1 164.0 58,0 0.4
5 1 4 10 296.5 87,0 7.8 3.3

5 2 1 2 159.,0 15,6 11,0 0.1

5 2 4 &3 312.1 00,8 28.0 0.3

5 3 3 i 311.0

5 3 4 8 382.7 10L.1 35,7 0.3

Driliing Charscteristics (4)

Code Description

i Running ground
Z Loose ground

3 Tight ground

& Very tight ground
5 Cemented grownd
Haterial Size {(B)

1 fine

2 Medium

3 Coarse
Material Type (C)

i Clay

2 Sandy clay

3 Sand

4 Gravel

€y L




