Placer Mine Model for the Steese-White PMSES Study
Prepared by Thomas W. Camm
dll .:<-r j

The model is based on usi ng ",dratJl;e exea't'ateFs to remove pay

grav~.

Dozers will be used to move pay gravel to the plant and overburden to the
Front-end. loaders will f~ed the plant. The model includes a

spoil pile.

sluice plant for primary tr.eatment with tabling of sluice concentrates for
final cleanup (fig. I). T\'() settling ponds will be required.

Used equiprrent

costs were used for this study.
To allow for the unique conditions of Alaska, a capital cost factor of
2.3 was used, and a labor adjustrrent factor of 1.412 (Bottge, 1986). The
mines operate 12 hId, 100 d/yr, plus 2 weeks preparation prior to mining
for overburden removal and site preparation.

In'it1ally, it has been assumed

50% of rock moved is non-paying overburden; however, later in the discussion,
a factor will be given which allows costs to be adjusted for depth and thus,
percent waste.
Given these resource tonnages and capacities, a general capacity
relationship has 'been determined.
Capacity (LeY/h)
where LCY/h
and Tpg

= loose

= Resource

= 0.1814(Tpg)0~4429

cubic yards per hour
in rretric tons pay gravel

The life of a prospective operation can also be determined from this
relationship by dividing the annual capacity in metric tons into the total
resource.
Life

= Tpg/[0.1814(Tpg)0. 4429 100(12)(1.342)]
= [(Tpg)0.5571]/292.13

Costs were generated using the 'Cost Estimating Handbook for Small
Placer Mines,' BuMines OFR 17-87.
all costs in January 1987 dollars.
2,684,000, and 13,420,000

mt

Escalation factors were applied to express
Deposit sizes of 27,000, 134,000, 805,000,

were used for the evaluation.

Corresponding·

plant capacities of 20, 25, 75, 150, and 250 LCY/h were evaluated to generate
the model. The mine life varies from one season for 27,000 mt to 29 yr for
deposits of 13,420,000 mt.
Using these parameters, capital and operating costs were generated fQr
each of the five capacities.

Each of these costs then had to be analyzed

and divided into capital and operating costs for both mining and milling.
These four subcategories were then divided among the following individual
cost categories:

labor, equipment, steel, fuel, and construction materials.

These individual costs were then evaluated using regression analysis, and
the final 17 equations 1n table 1 were developed.

Each of these equations

is based on moving an equal amount of pay gravel and overburden.

For

circumstances where a higher stripping ratio is expected, the depth factor
must be applied.
The mine and mill capital and operating costs are summarized in
table 1. All costs are in January 1987 dollars.
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TABLE 1. - Placer model cost equations
Mine capital
cost, $

Mi 11 capital
cost, $

Mine operating
cost, $/mt

Mi 11 operat i ng
cost, $/mt

299.6{X)O.3413

2,745.9{X)O.2578

277.7(X)-O.4173

30.457(X)-O.2400

Equipment •.••••••• 11,87l.2{X)O~2729

ll,861.0{X)O.2220

Category
Labor •.•...•.•.•.•

1.633(X)-O.0938

9.631(X)-O.2405

1.186(X)-O.1059

7.727(X)O.2207

Steel •••••••••••••

O.300(X)O.5281

Fuel •.••••••••.••

2.718{X)O.5276

l47.2(X)O.2804

Construction
materials.

6.308(X)O.4192

1,476.3(X)O.2460

x = Total

5.449(X)-O.2105

resource in metric tons.

To convert $/mt to $/LCY, multiply operating cost x 1.342 mt/LCY.

O.184{X)-O.1909

Oepth Factor
To account for va ryi ng amounts of overburden, a depth factor wa s
developed for mine capital and operating cost curves.

Similar adjustment

to mill operating and capital costs has not been made as increased
overburden removal while keeping pay gravel volume constant will have no
affect on these costs.
Volume of (1)

= width x depth x length = w x d x L

= 1/2 a d = 1/2(d/2)d = (d 2/4) x
Volume of (3) = same as (2) = (d 2/4) x L
Volume of (2)+(3) = 2 (d 2/4) x L = (d 2/2) x L
Total volume = (wd + d2/2) x L

Volume of (2)

L

~---MM

Assuming a constant average width in all cases of 100 ft,
Volume

= (lOOd

+ d2/2) x L

To calculate length (L), we must know the size of the resource (Tpg).

If we

assume that the pay zone has a constant thickness of 10 feet and using a
conversion factor of 1.53 mt/bcy, we can determine L by the following equation:
Tonnage (mt) of pay gravel (Tpg)

= 56.7

= (100

x 10 x L) (1.53 mt/bcy)/(27 ft 3/bcy)

L

L (tn feet)

= Tpg/56.7

Tonnage (mt) of overburden (Tov)

= (lOOd + d2/2)(L)(1.53)/27 ft 3/bcy

= (5.67 d t 0.03 d2)(L)
Stripping Ratio (S)
S

= mt overburden/mt pay gravel = Tov/Tpg

= (5.67d + 0.03 d2 ) (L)/Tpg

\J1ere Tpg = deposit resource (T) in mt
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TABLE 3. - Placer model cost equations with depth factors

egory

Mine--capital
cost, $

- MflT capifal
cost, $

300.8(X)O.3413(S)O.2432

2,745.9(X)O.2578

ipment •••••••• 11,693.1(X)O.2729(S)O.7076

11,861.0(X)O.2220

or............

el............

O.302(X)O.5281(S)O.2670

1............

2.734(X)O.5276(S)O.2670

struction
erials.

6.308(X)O.4192

Mine operating
cost, $/mt
273.0(X)-O.4l73(S)O.0856

Mill operating
cost, $/mt
30.457(X)-O.2400

5.269(X)-O.2105(S)O.4739

1.633(X)-O.0938

9.32~(X)-O.2405(S)O.4565

.1. l86(X)-0.1059

7.727(X)O.2207
l47.2(X)O.2804
1,476.3(X)O.2460

Stripping ratio.
Total resource in metric tons.

convert $/mt to $/LCY, multiply operating cost x 1.342 mt/LCY.

0.184(X)-0.1909
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Appendix - Manpower, Fuel & Acreage requirements
MANPOWER
Using the operating cost equations for mining and milling labor, calculate
Yo in $/mt.

= 1.342(S/mt)

x (lcy/hr) / $22.15/hr(mine)
S22.03/hr(mill)
where lcy/hr capacity = 0.1814(T pg )0.4429
Tpg = tons pay gravel in deposit

# workers

Assume 90% of fuel categ6ry is for fuel, and the other 10% for lube and
misc. Using the operating cost equations for mining and milling. fuel cost,
calculate Yo in $/mt.
# gallons of fuel required = (S/mt) x Tpg / ($2.14/gal)

where Tpg = tons pay gravel in deposit
S/mt = Yo for fuel costs
$2.14/gal = assumed cost of fuel at site
ACREAGE
To calculate acreage disturbed, use the depth factor equations:

= [(w + d)
w = width of

Area (acres)
where

x L x 1.5] / (43,560ft 2/acre)

pay gravel (ft)
d = depth of overburden (ft)
L = length of pay gravel zone (ft) = Tpg /S6.7 (from depth factor)
Tp9 = tons pay gravel
1.5 = lncrease area 50% to account for spoil piles, mill site, and
settling ponds
To convert ac~es to hectares, multiply Area (acres) x 0.405 hectares/acre
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DESCRIPTIVE HODEL OF PLACER Au-peE
By Warren E. leend
DESCRIPTION Elellental gold and platinum-group alloys in grains and (rare·ly) nuggets in gravel,
3and, 3ilt,
and clay,
and their consolidated equivalents, in alluvial, beach, eOlian, and (rarely)
giaCial
depOSits
~see (ig. 195).
GENERAL REFERENCES

Boyle (1979), Welh (1973), Lindgren (1911) .•

GEOLOGICAL ENVIRONMENT
Rock Types importance.
Alluvial gravel and conglomerate with white quartz clasts.
seCondary
Textures

Sand and sandstone o(

Coarse clastic.

Age Range

Cenozoic.

Older depOSits lIay have been (ormed but their preservation is unlikely.

DepOSitional Environment High-energy alluVial where gradients (latten and riv,r velocities lessen,
as at the inSide o( meanders, below rapids and (aIls, beneath bouldtrs, and in vegetation mats.
Winnowing action of surf caused Au concentrations in raised, present, and submerged beaches.
Tectonic Setting(s) Tertiary conglomerates along major fault zones, shield areas where erosion has
proceeded (or a long time producing multicycle sediments; high-level terrace gravels.
ASSOCiated Deposit Types Black sands (magnetite, ilmenite, chromite); yellow sands (zircon,
monazite). Au placers commonly derive (rom various Au vein-type deposits as well as porphyry
Copper, Cu skarn, and polymetallic replacement depOSits.
DEPOSIT DESCRIPTION
Mineralogt orAu,ilmenite.
platinum-iron alloys, osmium-iridium alloys; gold commonly with attached quartz,
magnetite,
Texture/Structure Flattened, rounded edges, (laky, (lour gold extremely fine grained (lakes; very
rarely equidimensional nuggets.
Ore Controls Highest Au values at base of gravel deposits in various gold "traps" such as natural
riffles in (loor of river or stream, (ractured bedrock, slate, schist, phyllIte, dikes, be1ding
planes, all structures trending transverse to direction o( water flow. Au concentrations also
OCCur within gravel depOSits above clay layers that constrain the downward migration o( Au
particles.
Ceochemical Signature AnOmalous high amounts of Ag, As, Hg, Sb, Cu, Fe, S, and heavy minerals
magnetite, chromite, Ilmenite, hematite, pyrite, Zircon, garnet, rutile. Au nuggets have
decreaSing Ag content with distance (rom source.
EXAMPLES
S1erra Nevada, USC A
Victoria, AUVT

(Lindgren, 1911; hend, 19711)
(Knight, 1975)
CRADE AND TON~ACE HODEL OF PLACER Au-PCE
By Creta J. Orris and James D. BlIss

REFERENCE

Orris and Bliss (1985).

COMMENTS Placers used for this model .re predominantly Quaternary in age and allUVial in nature.
lny o~ the placer depOsits contain a mix of depOSitional environments and energy level--deposits
long minor tributaries have been worked with depOSits downstream on a higher order stream, bench
lor terrace) gravels have been mined with more recent deposits on valley (loor.
Some o( the
placers included in this model were (ormed by complex glacial-fluvial processes. DepOSits not
261

39a--Con.
luded in this model are those primarily cataloged as desert placers, pre-Tertiary or Tertiary
~lacers, beach placers, eolian placers, residual placers, eluvial placers, and gravel-plain
u~posits.
These types, however, may be minor components or those deposits selected to be
included. In most cases, the grade and tonnage rigures are ror districts or for placer operations
~Ithin one mile (1.6 km) of one another.
For some placers, early production rigures were missing
due to poor records or early gold rush work. In most cases, reserve rigures (ir a reserve is
kno~n) are not available. Some tonnage rigures were estimated from approximate site or workings.
~ome grades were based on very limited information and in some cases extrapolated from information
on manpower rigures, type of equipment used, and estlmates or the total contained gold produced.
Cutoff grades are dependent on the mining ~ethods used to exploit placers. Methods or placer
mining included in this model are as diverse as the depOSitional environment. These methods
include panning, sluicing, hydraulic mining, and dredging. Oraglines were used to mine so~e
placers. Cut-orr grades are also dependent on the value or gold during the period, or periods, or
operation.
Some placer deposits were excluded due to grade or tonnage rigures not compatible with the
majority of placers found in the model. Placers exploited through drirt mining exhibit grades that
~rt too large and tonnages that are too small to be included in this model.
Similarly, the large
regional placers formed at the Junction or mountainous areas and an adjacent plain or valley were
excluded because they can be mined with large-volume dredges which are economic at grades not
viable under other conditions. Both grades and tonnages of these placers are incompatible with
this model.
Placer sites were initially recorded in terms or cubic meters and the grades recorded as grams
per cubic meter. In order to conrorm to other deposit lIIodels herein, deposit volume. and grades
have been converted to metric tons and grams per metric ton using 2.0 metric tons per cubic meter-the average density of wet sand and gravel. Cold grade is correlated with tonnage (I' • -0.35) and
with silver grade (I' : 0.66, n • 16). See figs. 196, 191.
DEPOSITS
~e.

•

.ong Creek
Alma (Hills) Placer
Araluen Valley
Bannack
Big BadJa River
Dlue River
Boulder River
Bullrun Placer
Buxton Creek
Camanche
Cobweb Diggings
Copper Basin
Corduroy Creek
Crooked Creek
Cullengoral
Deep Gravel
Dixie Placer
El Dorado
Elkhorn Creek
Elliston
Fa 11 Creek
Foots Creek
Forest Creek
French Gulch
George Pre:el
Ceorgla Gulch
Cold Run (Summit Co.)
Gold Run (Boulder Co.)
Colden Rule
'River
•
Praire

a
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Country
AUNS
USCG
AUNS
USMT
AUNS
USCG
USHT
USOR
CNBC
USCA
AUNS
USAZ
USIO
USIO
AUNS
USOR
USOR
USHT
USHT
USHT
USID
USOR
USOR
USCG
USlD
USCG
USCG
USCO·
USID
USUT
USMT

Name
Humbug Creek
Hundred Dollar Gulch
Iowa Gulch
Jembaicumbene Creek
Jordan Creek
lamb Creek
llano de Oro
lowe Placer
Lower Beaver Creek
lowland Creek
lynx Creek
Hissouri Creek
Hitche 11 Creek
Nugget Creek (South Fork)
Ophir
Pactolus
Picuris
Pioneer
Prickly Pear Creek
Rio Challana.
Rio Chimate
Rio Tuichi (upper reach)
Rio Yolosano
Rio Yuyo
Sand Creek
Schissler Creek
Snowstorm area
Sterling Creek
Sumpter Bar
Swan River
T93-R17W Placer

Country
USOR
USlO
USCG
AUNS
USIO
USlO
USOR
USCG

usee
USHT
USAZ
USCG
USHT
USIO
USHT
USCG
USNH
USHT
USHT
BLVA
BlVA
BlVA
BlVA
BlVA
USlO
USIO
USCG
USOR
USOR
US CO
USCG

Ie

•

usm

V.:rllilioll River
IIc II ingLon

',Iornbat.

AUNS

erC!!\(

AUtlS

Youn9.r rocks or
udim.nls

Ttrti~rv und(ston.)
or 9r~vtl (con9Iomtr,tt)
productd bV firsl ptriod
of

~~~;;l

M,hmorphic rocks conhinin9
90ld - qu.rtz ",ins

Cold .1 bu. of t,rr~c. 9nv.1
'nd slrumbtd 9nv.1
I 105 km

, 19ure 195. Cartoon cross .section .showing three stages
concentration" typ1cal or placer Au-PCE depo.sits.
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