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APPENDIX A - roI'ENI'IAL MINERAL SUPPLY ANALYSIS MEmOOOU::X;Y 

'The development of the ~tential SUWly analytic system has advanced 

to the ~int that quantitative estinates of economically recoverable 

resources can be made as the final step of the traditional regional 

mineral resource assessment process. In 1983, the a::M arxl the ACGGS 

jointly developed a Irethcxiology to quantitatively assess the ~tential for 

undiscovered yet economically recoverable minerals within a designated 

geographic area. 'This Irethcxiology was first applied in the assessment of 

the undiscovered mineral ~tential of the ¥antishna Hills, Alaska (White 

et al., 1987). At that time the assessment procedure canbined a series of 

technical judgements regardin;J the major geologic, en:Jineerin; arxl 

economic factors that influenced the occurrence arxl exploitation of 

mineral resources in the ¥antishna Hills area. Since then the Irethcxiology 

has been further developed arxl enhanced, particularly with respect to the 

engineerin; arxl economic analysis corrp::>nents. 'The resultin; Potential 

Supply Analysis System (PSAS) was recently used to evaluate the economic 

~tential of selected types of un::liscovered precious-Iretal deposits in the 

Tonopah quac:1.ran:Jle of Nevada (Gunther, et al., 1988) arxl, with some 

enhancements, has been used to estimate the economic value of the 

undiscovered mineral ~tential of the WMNRly'SNCA study area. 

'The PSAS has been designed to ack:lress five basic questions alx>ut the 

mineral ~tential of an area: 

1) What alternative states of geologic nature are possible in the area 

of interest (e. g. How many an:l what types of un::liscovered deposits 

could be present an:l what might be their grade, tonnage an:l depth 

attributes?)?; 
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2) Given uncertainty regarding the true state of geologic nature, what 

quantities of ecxJncmically recoverable minerals could be contained in 

the region's mineral en:iowment?; 

3) HC1N many an:i what types of mining an:i milling operations might 

occur urxier alternative ecxJncmic an:i policy con::litions?; 

4) HC1N would alternative levels of mining activity affect selected 

local ecxJncmies of the region?; an:i 

5) What is the ~ ecxJnanic value of the mining activity which 

might occur in the area? 

The PSAS draws on much of the available mineral-related data for the 

region being evaluated. In so doing, it synthesizes the assorted 

technical data an:i information fran maps an:i studies which, by themselves, 

tell only part of the story, an:i are often difficult for the non-scientist 

to interpret. The major results of a potential SURlly analysis include 

probabilistic estbnates of the quantities an:i values of cutlto:li.ties which 

might be prcx:iuced fran the un::liscovered deposits in an area, assumirg that 

they will be discovered. The awlication of the analytical comp::ments of 

the PSAS to the WMNRA/SNCA study area is discussed belC1N. 

overJiew 

An overJiew of the PSAS is presented in Figure A-1. The conceptual 

frarrework of the System is nultidisciplinary an:i consists of foor major 

components: 1) a geologic analysis carp::ment which identifies the 

significant deposit types, or mineral terranes, present in an area of 

interest an:i produces probabilistic estbnates of their associated mineral 

resource characteristics; 2) an erl3'ineeri.ng analysis catp::>nent which 

yields the awropriate mine/mill methods, associated mineral recovery 
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Figure A-I. The Potential Supply Analysis System 
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factors, an:! developnent an:! prcduction cost estimates; 3) a set of 

economic an:! policy analysis assumptions an::l alternative metal price 

scenarios which describe the blsiness an::l economic envi.rcrnnents wi thin 

which future mineral-related activities are assumed to oc:x::ur; an::l 4) a 

Potential SUpply Analysis catplter Model which integrates the products of 

the first three analytical c:arp::lnents to statistically estimate the 

quantities an::l values of the un::tiscovered but potentially recoverable 

mineral resources which may exist within an area. The m:xlel expresses the 

1..U1Certainty associated with the geologic an::l economic results in the form 

of probability distributions. 

Geologic Analysis Conp:>nent. The geologic analysis c:arp::lnent of the 

WMNRA,ISNCA assessment is depicted in figure A-2. The primary objectives 

of the geologic analysis were to identify those lan::ls within the study 

area which are geologically favorable for specific types of un::tiscovered 

mineral deposits an::l to provide probabilistic estimates of their 

associated mineral resource characteristics. The results of USGS field 

work in the WMNRA, a:M field work on the placer potential in roth the 

WMNRA an::l the SNCA, an:! field work done by the AJX;GS in the Lime Peak-Mt. 

Prin:Ue areas which overlap the bourx1ary between the WMNRA an::l the SNCA1 

provided iIrportant contributions to this analysis. 

Based on their review an::l interpretation of carpiled data, geologists 

identified eight major types of mineral deposits which could be present in 

the remaining errlowment2 of the study area: alkalic-associated gold 

I For additional information see Administrative Reoort on the Mineral 
ResaJrCe Assessrrent for Part of the WMNRA Alaska, USGS, 1987 an:! Mineral 
Assessment of the Lime Peak-Mt. Prin:Ue Area, Alaska, state of Alaska, 
cepartment of Natural Resrurces , Division of Geological an:! Geophysical 
~eys, Volume I, 5eptember, 1987. 
Errlowment is defined as the sum of the Ii'1ysical quantities of eadl 

mineral contained in urrliscoverecl deposits of specified types subject to 
limits on grade, tonnage, an:! depth. 

-- ----------------. 
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deposits, gold placers, gold veins, polymetallic veins, se::timent-hosted 

lead-zinc deposits, tin greisens, tun:Jsten skarns am uranium deposits. 

'These types of dep:lsits typically contain vcuyirq annmts of gold (Au), 

lead (Fb), rare earth oxides (Rro), silver (Ag), tantalum (Ta), thorium 

('Th), tin (Sn), tungsten (W), uranium (U308) am zinc (Zn). 

Assessment teams3 developed probabilistic estilnates of the resource 

characteristics associated with each of the eight deposit types by 

selectirq or statistically estilnatirq an a{::prq:>riate grade-tonnage deposit 

IOCldel, by assessirq the rnnnber of urdiscovered dep:lsits that ca.1l.d exist 

in the area, am by establishing maxinum depth, tonnage am grade limits. 

'These data were used to probabilistically estilnate the mineral en:lowment 

of the study area am provided the basic geologic inplts to the Potential 

SlWly Analysis System. ~ix B contains the quantitative mineral 

resource characteristics assessed durirq this ~ of the study. 

ErfJineerirg Analysis. 'The engineerirq analysis c:arponent of the PSAS is 

depicted in figure A-3. 'The prilnary objectives of the engineerirg 

analysis were to identify specific mine-mill configurations which would be 

apprq:>riate to the developnent am re.ccvery of metals fran each of the 

prospective deposit types: specify the comitions urxier which each of the 

configurations ~d be utilized: establish the metal re.ccveries that 

ca.1l.d be adrleved: am provide estilnates of associated developnent, 

production, transportation, infrastructure am post-mill processirg costs 

apprq:>riate to a central Alaska settirg. 'Ihe analysis was based on 

3Geologic assessment teams included R.B. ~n, T.D. Light am C.D. 
Rinehart of the USGS: G. Fessel, L. Blrns, arxi T. Smith of the Alaska 
Division of Geological am Geq:tlysical SUZVeys arxi R. Newberry of the U. 
of Ak.: am S. Fechner am M. Balin of the U. S. B.lreau of Mines. 
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infonnation conc::ernin:J the eight prospective types of deposits which were 

identified duri.n;J the geologic analysis, an:i engineeri.n;J an:i cost data for 

al ternati ve mi.nin:.; an:i milli.n;J rrethcds that might be a~ropriate to the 

developnent an:i production of these types of deposits in Alaska. 

Based on their review an:i evaluation of the geologic characteristics 

of the assessed deposit types an:i the c:atpiled engineeri.n;J data, B:M 

stafr4 selected seven mi.nin:.; rrethcds an:i faJr general milli.n;J 

(beneficiation) rrethcds that could be used to develop deposits of the type 

predicted to exist in the study area. 'Ibe seven mine rrethcds included 

small tonnage open-pit, large tonnage open-pit, rcx:m-an:i-pillar, 

cut-an:i-fill, shrinkage stcpi.n;J, vertical crater retreat (vrn), an:i 

placer; the faJr general mill (beneficiation) rrethcds were carbon-in-p.llp 

(CIP) processi.n;J, flotation, heap leachi.n;J, an:i gravity. rroividual mill 

rncxiels were constructed based on one or rrore of these techniques. 

Table A-1 shows the specific mine-mill configurations assigned to each 

deposit type. ~ti.n;J an:i capital cost functions were developed for 

each mine an:i mill rrethod usi.n;J the B:M Cost F.stiInati.n;J System, or CES 

(BureaU of Mines, 1987). 'Ihree infrastructure cost rncxiels were also 

developed to enable the major additional infrastructure costs which would 

be associated with variaJS types an:i sizes of mi.nin:.; operations in central 

Alaska to be taken into ac:c:amt. 'Ibe resultant sets of cost functions 

provided the means for estiInati.n;J develqJnent, prc:duction ani 

infrastructure costs which reflect the tonnage, grade an:i depth 

characteristics of the deposits which could exist in the WMNRA,ISNCA study 

area. Apperrlix C provides a detailed description of the cost rncxiels which 

were developed dur~ this fXlase of the study. 

4'Ibe en;Jineer~ analysis was perfonned by B. GosI~, T. canm, N. 
Wetzel ani S. steli>ins of the Western Field ~tions Center. 
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Table A-I. Dep:lsit ':rypes am Associated Mine am Mill Methcx:1s 

~posit Recovered Mine Mill 
type COI!m!KXli. ties methcx:1s methcx:1s 

Alkalic-associated Au cpan-pit Heap leaching 
gold vrn CIP processin;J 

Gold placer Au Placer Placer 

Gold vein Au,Pq cpan-pit Heap leaching 
c.ut-am-fill CIP processin;J 

vrn 

Polymetallic Fb, zn, Pq qJen-pit Polymetallic 
vein c.ut-am-fill flotation 

Sediment-hosted Fb, Zn, Pq cpan-pit Fb-Zn flotation 
Fb-Zn Rcan-am-pillar 

Tin greisen Sn, Ta, Pq qJen-pit Sn flotation; 
c.ut-am-fill gravity 

vrn 

~sten skanl W, Au cpan-pit W flotation 
Shrinkage stope W gravity 

vrn 

Uranium U, REX) cpan-pit REX) flotation 
vrn 



Economic Analysis Assumptions ard Mineral Price Scenarios. '!he third set 

of inputs to the Potential SUWly Analysis System consisted of a set of 

economic analysis a.sstm1ptions ard bIo metal price scenarios. Table A-2 

lists the econanic ard policy a.sstm1ptions used for the analysis. Arrj of 

the a.sstm1ptions can be ~ed in order to test the sensitivity of the 

assessment results to different metal prices, for ~le, or to ~es 

in the assumed cost structure. An inp:>rtant a.sstm1ption in the present 

analysis is that all deposits in the mineral erx:lowment are discoverErl. In 

reality, some of the 1.lJ"discovered deposits rema:inin;J in the erx:lowment may 

not be discovered for rrany years into the future ard sane perhaps never. 

'!he results of the potential ~ly analysis, therefore, reflect the 

maximum mineral production that woold be expected to occur fran the study 

area, given what the geologists presently know abcut the geology of the 

area ard given the particular developnent cost ard metal price a.sstm1ptions 

utilized. 

Two price scenarios (table A-3) were employed to shOlN the influence 

that an increase in contained metal prices could have on the potential 

SUWly of minerals fran yet-to-be discovered deposits in the study area. 

'!he current metal price scenario was based on 1987 average annual market 

prices for the nine metals whidl could be produced fran the specific types 

of deposits predicted to exist within the study area. '!he high price 

scenario consisted of prices equal to btu times the 1987 average annual 

market price for eadl metal. Prices for rrost of the metals included in 

the analysis have been this high, or higher, during the past ten years. 

'!he Potential SUmly Analysis Corrp..lter Mcx:1el. 'Ihe results of the geologic 

ard eIl3"ineer~ analyses, the econanic am policy analysis a.sstm1ptions, 
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Table A-2. Ecoronic ani Policy Analysis AssLmptions 

Exploration, Develognent ani Prcx:1uction Assunptions: 

-- All deposits are known to exist in year 1 

-- Regional exploration costs = $0.0 

-- Operat~ unit consists of a mine ani a mill plus infrastructure 

-- lead-time to production is 2-6 years 

-- capital costs e>q:>ensed equally over their respective mine, mill, 
or infrastructure consb:uction peric:xi 

-- Deposits are fully produce::l at a constant rate over the life of 
the mine 

- Constant costs ani prices 

-- Required rate of retuIn = 15% 

Development Decision criteria: Net Present Value of deposit> 0.0 

Acti vitv Area BoI.Jnjaries: 

- As designated in BIM Resource Management Plans for the White 
Mountains National Recreation Area ani the steese National 
Conservation Area 

Mineral Price Scenarios: 

- 1987 average annual metal market prices will prevail 

- Prices equal to bJo times the 1987 average annual metal market 
prices will prevail 

Envirornnental Requirements: 

- Mine/mill tedmologies confonn to current envirorunental laws 
ani regulations 

- Arrf site specific enviromnental requirements can be catplied with 
at no significant additional cost 

A-ll 
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Table A-3. Metal Price Scenarios 

current Price Scenario High Price Scenario 
Commodity (1987 Average Annual Prices) (TWo times 1987 Prices) 

Gold ($/oz) $444.00 $888.00 

Lead ($/lb) 0.36 0.72 

RID ($/lb) 1.00 2.00 

Silver ($/oz) 7.20 14.40 

Tantalum ($/lb) 22.00 44.00 

Tin ($/lb) 4.18 8.36 

'I'urqsten ($/lb) 2.87 5.74 

Uranium ($/lb) 16.55 33.10 

zinc ($/lb) 0.42 0.84 



ani the price scenarios ootlined above provide the basic i.npJts to the 

Potential SUWly Analysis catplter Model (PSACl-t). 'lbe nmel. incol'pOrates 

a statistical prcx::edure, called a Monte carlo sinulation, which canbines 

the geologic, en;ineeri.rg, ani econanic factors to produce probabilistic 

estimates of the potentially recoverable resa.m::es in the ~SNCA S'tlDy 

area. 

In oveIView, the PSACM first sil'lulates one possible state of geologic 

nature by establishi.rq a number of un:tiscovered deposits ani their 

associated tonnage, grade ani depth attrib.ltes. 'Ibis is done by samplirx] 

fran the mineral resource probability distri.b.Itions for each of the eight 

deposit types. '!he resultirx] grade ani tonnage assigrments for each of 

the un::liscovered deposits in the sil'lulated state of nature are used to 

cc:rcp.1te associated anamts of ore ani contained metals (e.g. the mineral 

errlowment). 'lbe attrib.ltes of each un::liscovered deposit are then 

evaluated fran an en;Jineeri.rg ani econanic perspective to detennine 

whether they could SIJR)Ort profitable developnent ani production, asstnnin:J 

that the deposit was discovered. A mine life is calculated based on the 

deposit size, ani the net present value of an aWrq>riately-sized min.in;J 

operation is determined. '!he mine-mill configuration is based on the 

sinulated deposit's depth, size ani mineralogy. For those deposits at 

depths where either a surface or an urrle.rgrt::mrl operation wc:W.d be 

technically feasible, the l~ cost min.in;J nethod is awlied. 'lbe 

quantities of :recoverable metals are a furx:tion of the beneficiation 

nethod. If the CCITp.lted net present value is greater than or equal to 

zero at an a.sstnned 15% c:liscamt rate, the deposit is considered to be 

potentially econanic. '!his evaluation process continues until the 

econanic feasibility of each urdiscovered deposit has been evaluated. 
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'Ibis process of sinulatin;J arrl evaluatin;J a possible geologic state of 

nature is calle:l a 'pass' arrl is repeated nany times. 'Ihe results of each 

pass are save:l, aggL egated , arrl used to ruild prdoability distributions 

'Nhich describe the potential quantities arrl econanic value of metals 'Nhich 

might be pL'Oducej fran the study area as TNel.1 as the various types of 

mi.nin;J activity 'Nhich might cx:x:uL'. Additional infonnation concernirg the 

structure arrl execution of the PSACM is provided in AWen:tix D. 

Presentation of Results 

'Ihe probabilistic results of the potential SUWly analysis are 

presented 00th in tables arrl grapucally. In- sane cases, when shown 

grapucally the exceedance chance is plotted against the ran;Je of 

potentially recoverable metal quantities or values. When sha.m tal::W.arly, 

fractile values. 'Ihe exceedanoe chance is the chance that the quantity or 

value of a particular metal produced will be equal to or greater than the 

annmt shown. '!his concept is illustrated in figure A-4. In this 

hypothetical exanple, the gralil presented is a fully risked probability 

cmve. 'Ihat is, it reflects the possibility that there might not be any 

urrliscovered deposits in the area 'Nhich contain metal A, as well as the 

possibility that sane or all of the urrliscovered deposits 'Nhich do contain 

metal A might IXJt be ecoJanlC to produce, ~ that they were 

discovered. As is shown, these prdoability cmves are typically highly 

skewed taNard the ICM prc:bability, high resoorce values. '!his inticates 

that while no or only small quantities of a particular metal are likely to 

be econanically recoverable fran an area, there usually does remain sane 

chance for relatively large quantities of the metal to exist arrl be 
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produced. '!he chance for production will increase as the market price for 

the contained rret:al increases. 

Although the probability curve fonnat is not easy to canpreherxi, it is 

essential for portray~ the uncertainties an:i risks inherent in a 

potential ~ly analysis. In figure A-4, the exceedance chance is 

presented on the vertical axis an:i ran;JeS fran 0.0, or no chance, to 1.0, 

or 100 percent chance. '!he quantity of metal A produced is presented on 

the horizontal axis an:i rar¥3'es fran a mi.nimJm of 10 tmits to a maximum of 

160 tmits. (Ten tmits or fewer are considered here to be insignificant 

values an:i are treated as zero.) '!he curve represents the set of possible 

production quantities, ordered fran srrallest to largest an:i shows the 

uncertainty in the rar¥3'e of quantities of metal A whim might be produced, 

given what the geologists know abc:ut the geology of the assessed area an:i 

given an assumed cost an:i price structure. 

In this exarrple, there is only a 0.5 chance that the area contains 

producible annmts of metal A. In other words, if there were 100 

geologically favorable areas like the one represented in this exarrple, 

only 50 (50 percent) WOlld have producible quantities of metal A in the 

rar¥3'e fran 10 to 160 tmits, an:i if all 100 areas were fully explored, the 

average ano.mt of metal A produced WOlld be 32 tmits. '!his is the 

aritlmetic mean of the 50 zeros an:i the 50 values fran the 10 to 160 unit 

rar¥3'e. 

To interpret a partio..ll.ar point on the curve, such as point A, the 

minim.nn quantity produced is read fran the horizontal axis. '!hus, point A 

on the curve in:licates that there is a 0.30 chance (30 percent dlance) of 

the area contain.i..rg IOOre than 60 producible tmits of metal A. Similarly, 
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point B on the curve iniicates that there is a 0.12 chance (12 percent 

chance) of the area contai.nirq m::>re than 96 producible units of metal A. 

Because of statistical considerations, agglegation of the results for 

several deposit types into a cx::alip::site potential SUWly appraisal is not 

intuitive. For instance, ard as the t.a1:xJ.lar results will confinn, 

averages may be added, rut this is not true for estimates at the 95th, the 

5th ard other fractile levels. SUmmation of several probability ClllVes is 

possible, rut only by the use of appropriate statistical methods. 'Ihe 

potential SUWly estimates presented later in this report will refer 

either to the iniividual deposit types assessed ard the specific metals 

which they can contain, or to those lards which are open or closed to 

mineral acx:ess within the ~SNCA study area, or to the study area as a 

whole. In the latter two cases, the associated ag;;JIegate or CXltp:site 

results were developed as part of the foklnte carlo prcx::ess described above. 
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APPENDIX B - MINERAL RESaJRCE CliARACI'ERIsrICS OF 'mE MAJOR TYPES OF 

UNDISCOVERED DEFQSI'IS rn 'mE WMNRA/SNCA S'ItJDY AREA 

A quantitative mineral assessment was performed in order to provide 

the geolcgic data required as input to the potential SUWly analysis of 

the White Mountains National Recreation Area (WMNRA) an:! the steese 

National Conservation Area (SNCA). '!he a~raisal efforts were focused on 

those parts of the WMNRA an:! the SNCA which are currently classified as 

primitive or semi-primitive an:! are, therefore, largely unavailable for 

mineral exploration an:! developnent. '!be area studied was a~rox.i.mately 

1. 24 million acres an:! included all of the WMNRA an:! the western part of 

the North SNCA (fig. B-1). 

Probabilistic estimates of the mineral resource characteristics 

associated with the significant mineral terranes in the WMNRA/SNCA study 

area were provided by geolcgists from the u. s. Geolcgical SUrvey (USGS), 

an:! from the Bureau of Mines (a::M) an:! the Alaska Division of Geolcgical 

and. Geophysical SUrveys (Arx;GS). '!be estimates were based on the results 

of on-the~ field p~ performed for the study an:! previosly, and 

which incltx1ed detailed geolcgic ma~i.rq, geochemical an:! geotnysical 

studies, ani examinations of known mineral cx::currences. '!be resource 

characteristics are statistically canbined with appropriate mine, mill and 

infrastructure cost m::xiels to quantitatively estimate the potential supply 

of minerals from the assessed mineral terranes urrler various econanic 

corrlitions. 
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Figure B-1. Location of appraisal areas in west-c"entral Circle Quadrangle 
(ADGGS) amd east-central Livengood Quadrangle (USGS). Area of study includes 
the White Mountains National Recreation Area (WMNRA) and the western part of 
the Steese National Conservation Area (SNCA-North). 
Source: Smith, T.E. et al., 1987. 



USGS Mineral Resource Assessment for Part of the White z.tJuntains 

National Recreation Area 

'!he USGS assessed the mineral potential for awroxirnately three­

fourths or about 860 sq mi of the ~ (fig. B-1). '!he study area 

included all of the ~ that lies within the Liverq:x:x:l Quadrargle, arx:l 

the northern- arx:l southerrurost parts of the ~ whidl are located in the 

Circle Quadrargle. '!he assessment of the remain:in;J one-foorth of the 

WMNRA was carried out by the Ar:x;GS. '!he a:::M assessed the potential for 

gold placer deposits throughout the study area. 

'!he assessrrent methodology used by the USGS is described by Drew arx:l 

others (1986). Based on the results of an accelerated program of field 

naw:in;J, geochemical arx:l geqi1ysical SUIVey:in;J, arx:l mineral resa.m:e 

investigations1 corrlucted dur:in;J 1986 arx:l 1987, the follow:in;J seven 

najor types of deposits were predicted to exist in the USGS study area 

(fig. B-2): 

( 1) tin greisens (TRAer I) , 

(2) uranil.IllV'thorium rare-earth element deposits (TRAer II), 

(3) tun;r.;ten skarn deposits (TRAer III), 

(4) polymetallic vein deposits (TRACIS VA arx:l VB) , 

(5) lode gold deposits (TRAer VI) , 

(6) placer gold deposits (TRAer VII), arx:l 

(7) sedimentary exhalative zinc-lead deposits (TRAer VIII). 

'!he reso.u:ce characteristics which USGS geologists expect to be associated 

I see Administrative Report on the Mineral Resoorce Assessment for Part 
of the White Mountains National Recreation Area Alaska. U.s. Geological 
survey. 1987, 130 w. 
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in the WMNRA· Assessed by the US Geological Survey 
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with each of these deJXlSit types are presented in Tables B-1a through 

B-1g. Each table specifies the location of the favorable area, the 

deposit probabilities, an:! the deposit size, depth, an:! grade 

characteristics for one of the deposit types. For IOClSt of the deposit 

types the probability that one or lOOre un:liscovered deposits exist is 

small due primarily to the overall lack of evidence of mineralization in 

the exp::>SE!d rocks an:! the degree of weathering that has occurred. 

Estimates of the existence an:! of the rn.mIber of UJ"¥iiscovered deposits 

might be different if lOOre were known a1:xJut the subsurface. '!he deposit 

characteristics a~ropriate to each deposit type were determined using the 

concept of geologic deposit IOOdels. 2 Most of the deposit IOOdels are 

based on similar IOOdels fourrl in u.s. Geological SUIvey 8.llletin 1693 (Cox 

an:! Singer, 1986). 

'!he estimates shown in Tables B-1 were used to probabilistically 

estimate both the P'lysical quantities of in-place mineral resources (e.g. 

the mineral en:iOWliellt) an:! the P'lysical quantities of econanically 

recoverable resources (e.g. the potential mineral stWly) contained in the 

associated mineral terranes. 

2A geologic deposit nmel is defined as the set of attributes c::c:moc>n to 
a particular class of mineral deposit. 
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Table B-1a. Tin Greisen ResaJrce Cllaracteristics - USGS 

I. Favorable Area 

TRAer I - cache Mamtain pluton 

II. Deoosit Probabilities 

Probability at least one urrliscovered deposit exists: .10 

Given existence of tll'Xtiscovered deposits, 
probability that the number equals 

or exceeds the given number 
.9 .5 .1 

Number of 
urrliscovered deposits 1 1 

III. Deoosit Cllaracteristics 

A. Deposit Size 
unit of measure: metric tons 
Deposit size distribution fonn: I..cwgnonnal * 
Distribution average: 13.08896 
Standard deviation: 1.653285 
Max.iImJm tormage: 7.7 million tons 

B. Deposit Depth 
unit of measure: meters 
Deposit depth distribution fonn: Unifonn 
Maximum depth: 1000 meters 

c. contained Metals 
Tin (Sn): 

Probability Sn is present: 1. 0 
Unit of measure: pet 
Grade distribution fonn: I..cwgnonnal 
Distribution average: -6.2146 
standard deviation: 0.77949 
Correlatioo with size: -0. 1713 7 
Maxinum grade: .6 pet 

1 

* When distributions are of the fonn "I..cwgnonnal," parameters given are 
for the nonnal distribution derived fran the original data. Parameters 
for the original distribution (average, IOOde, median, standard 
deviation, etc.) may be derived usirg awropriate fonrula. 
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Table B-lb. 'Ihoril.lIlljRare Earth Oxide Resalrce C11ara.cteristics - USGS 

I. Favorable Area 

TRAer II - Roy Creek syenite 

II. Deposit Probabilities 

Probability at least one un:iiscovered deposit exists: 0.10 

Given existence of un:iiscovered deposits, 
probability that the number equals 

or exceeds the given number 
.9 .5 .1 

Number of 
un:iiscovered deposits 1 1 

III. Deposit O1aracteristics 

A. Deposit Size 
unit of measure: metric tons 
Deposit size distriJ:Jution fonn: IDgnonnal 
Distribution average: 15.54893 
Standard deviation: 1.297286 
Maxinum tonnage: 44.3 million tons 

B. Deposit Depth 

Unit of measure: meters 
Deposit depth distriJ:Jution fonn: Unifonn 
Maximum depth: 1000 meters 

c. Contained Metals 
'Ihorium ('Ih<?2): 

Pra:lability 'Ih02 is present: 1. 0 
Unit of measure: pet 
Grade distriJ:Jution fonn: IDgnonnal 
DistriJ:Jution average: -5.52146 
standard deviation: 1.215203 
Correlation with size: -0.35472 
Maxinum grade: 4.0 pet 

Rare Earth Oxides (RED): 
Probability REDEi are present: 1.0 
Unit of measure: pet 
Grade distriD.ltion fom: I.ogr'X:)mal 
Distribution average: -5.29831 
Standard deviation: 0.821028 
Correlation with size: -0.49514 
Maxinum grade: 2.0 pet 

1 
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Table B-1c. 'l'I..1n:Jsten Skarn Resa.lrce Characteristics - USGS 

I. Favorable Area 

TRAer III - Area surroon:iin;J Victoria lbmtain pluton 

II. Ceposit Prcbabilities 

Probability at least one un:tiscovered deposit exists: 0.05 

Given existence of un:liscovered deposits, 
probability that the number equals 

or exceeds the given number 
.9 .5 .1 

Number of 
un:liscovered deposits 1 1 

III. Ceposit Olaracteristics 

A. DeJX)Sit Size 
unit of measure: metric tons 
Deposit size distribution fom: Lognonna.l. 
Distribution average: 13.73104 
Standard deviation: 1.834717 
Maximum tonnage: 57 million tons 

B. Deposit Depth 
Unit of measure: meters 
Deposit depth distribution fom: Unifom 
Maximum depth: 1000 meters 

c. Contained Metals 
~ (~3): 

Prcbability ~3 is present: 1.0 
Unit of measure: pet 
Grade distribution fom: Lognonnal 
Distribution average: -5.11599 
standard deviation: 0.628682 
Correlation with size: -0.00684 
Maxinum grade: 1.7 pet 

1 
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Table B-1d. Polymetallic vein Resource <llaracteristics - USGS 

I. Favorable Areas 

TRAer VA - Delineated area in west-central part of WMNRA 
TRAer VB - Delineated area in north-eastem part of WMNRA 

II. Deposit Probabilities 

Probability at least one urxtiscovered ~it exists: 0.50 

Given existence of urxtiscovered deposits, 
probability that the number equals 

or exceeds the given number 
.9 .5 .1 

Number of 
urrliscovered deposits 1 1 

III. Deposit <llaracteristics 

A. Deposit Size 
Unit of measure: metric tons 
Deposit size distril:xItion form: Lognonnal 
Distril:xItion average: 9.064869 
Standard deviation: 1.589224 
Max:inum tonnage: 2.46 million tons 

B. Deposit Depth 
Unit of measure: meters 
Deposit depth distril:xItion form: Uniform 
Max:inum depth: 1000 meters 

c. Contained Metals 
Lead (R»: 

Probability R> is present: 1.0 
Unit of measure: pet 
Grade distril:xItion form: Lognonnal 
Distril:xItion average: -2.56394 
Standard deviation: 1.333506 
Correlation with size: -0.31540 
Maxinum grade: 72.0 pet 

zinc (Zn): 
Prcbability Zn is present: 0.8 
Unit of measure: pet 
Grade distril:xItion form: Lognonnal 
Distril:xItion average: -4.26869 
Standard deviation: 0.958364 
Correlation with size: 0.456194 
Max:inum grade: 8 • 9 pet 

Silver (Ag): 
Probability Ag is present: 0.99 
unit of measure: gjmt 
Grade distrib.rt:ion form: I.Dgnonna.1. 
Distribution average: -6.32800 
Standard deviation: 1.195239 
Correlation with size: -0.34015 
Maxim..nn grade: 25,500 gjmt 

2 
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Table B-1e. Lexie Gold Resalrce Characteristics - USGS 

I. Favorable Area 

TRAer VI - Delineated area in sart:hcentral. am southeastem part of WMNRA 

II. Deposit Probabilities 

Probability at least one un:tiscovered deposit exists: 0.10 

Number of 
un:tiscovered deposits 

A. Deposit Size 

Given existerx::e of un:tiscovered deposits, 
prcbability that the number equals 

or exceeds the given number 
.9 .5 .1 

1 1 2 

III. Deposit Characteristics 

Unit of measure: metric tons 
Deposit size distr:ibution fom: Lognonnal 
Distribution average: 9.798127 
Standard deviation: 2.892991 
Max:i.rrum tonnage: 1.68 million tons 

B. Deposit Depth 
Unit of measure: meters 
Deposit depth distribution fom: Unifom 
Maximum depth: 1000 meters 

c. contained Metals 
Gold (Au): 

PrOOability Au is present: 1.0 
Unit of measure: g/mt 
Grade distribution fom: Logno:rma.l 
Distribution average: -11. 0429 
standard deviation: 0.820331 
COrrelation with size: -0.54417 
Maxinum grade: 150 g/mt 
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Table B-1f. Placer Gold Resalrce Characteristics - USGS 

I. Favorable Area 

TRAer VII - Delineate::i river drainages in sa.rt:hern part of WMNRA 

II. Deposit Probabilities 

Probability at least one un:tiscx::were:i deposit exists: 0.50 

Number of 
urrliSCOV'ere:i deposits 

A. Deoosit Size 

Given existence of urxtiSCOV'ere:i deposits, 
probability that the rn.nnber equals 

or exceeds the given rn.nnber 
.9 .5 .1 

1 2 3 

III. Deoosit O1aracteristics 

Unit of measure: metric tons 
Deposit size distrib.Ition form: Lognonnal. 
Distrib.Ition average: 10.95080 
Standard deviation: 1.589224 
Max.:inum tonnage: 1.8 million tons 

B. Deoosit Depth 
Not assessed 

c. Contained Metals 
Gold (Au): 

Probability Au is present: 1. 0 
Unit of measure: gjmt 
Grade distriJ:ution form: Lognormal 
Distrib.Ition average: -13.8800 
~ deviation: 1.627333 
COrrelation with size: -0.62442 
Max:im.ml grade: 16 gjmt 
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Table B-1g. Sedimentary Exhalative ResaJrce Cl1aracteristics - USGS 

I. Favorable Area 

TRAer VIII - Delineated area in northeast:errmnst part of WMNRA 

II. Deposit Probabilities 

Probability at least one un:liscovere::l deposit exists: 0.10 

Given existerx::e of un::ii.scovered deposits, 
probability that the number equals 

or exceeds the given number 
.9 .5 .1 

Number of 
urxtiscovere::l deposits 1 1 

III. Deposit Cl1aracteristics 

A. Deposit Size 
Unit of measure: metric tons 
Deposit size distril:ution form: lDgnormal 
Distribution average: 16.67771 
Staniard deviation: 1. 376849 
Maxi.num tonnage: 270 million tons 

B. Deposit Depth 
Unit of measure: meters 
Deposit depth distribution form: Uniform 
Max.im..nn depth: 1000 meters 

c. Contained Metals 
Lead (fb): 

Probability fb is present: 1. 0 
Unit of measure: pet 
Grade distribution form: lDgnormal 
Distribution average: -3.47215 
Staniard deviation: 0.576819 
Correlation with size: 0.192253 
Max.im..nn grade: 11. 3 pet 

Zm:: (Zn): 
PrOOability Zn is present: 1.0 
Unit of measure: pet 
Grade distribution form: ~rmal 
Distribution average: -2.81341 
Staniard deviation: 0.545646 
COrrelation with size: 0.053664 
Max.im..nn grade: 19. 0 pet 

Silver (Ag): 
Probability Ag is present: .86 
Unit of measure: g/mt 
Grade distribution form: Lognonnal 
Distribution average: -9.88368 
Staniard deviation: 0.639801 
COrrelation with size: 0.082500 
Max.im..nn grade: 240 gjmt 

1 
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ACGGS/a::M Mineral Resource Assessment for Part of the White Mountains 

National Recreation Area am Part of the steese National Conservation Area 

'!be ACGGS assessed the mineral potential of awroximately 550 sq mi 

in the west-central Circle Quacirargle (fig. B-1). '!be study area is 

referred to as the Lirre Peak-Mt. Prin::lle area am included the 

approxiInately one-fourth of the WMNRA not included in the USGS assessment 

as well as a small portion of the western North SNCA. '!be area was 

previously known to contain tin, uranium, ~ am gold occurrences. 

'!be a::M assessed the placer gold potential of mnnerous river drainages in 

the WMNRA am in a part of the North SNCA. '!be results of both 

assessrrents are reported jointly because the same assessment methodology 

was used by both agencies. 

'lbe assessment methodology used by the AOOGS am the a::M is described 

by White am others (1987) am Burns am others (1987). Based on the 

results of field mawinJ, geochemical am geqi1.ysical surveyinJ, am 

mineral resource investigations3 the follC1;tlinJ six major types of 

deposits were predicted to exist in the AOOGS study area (fig. B-3): 

(1) tin greisens ('ffiACI'S IA, IB, IC, ID am IE), 

(2) ~tin skan1 deposits ('mAC! II), 

(3) ~ld skan1 deposits ('mAC! III), 

(4) uranium rare-eart.h element deposits ('mACIS rIA am IVB), 

(5) stratal:x:m'rl gold deposits ('mAC! V), am 

(6) alkalic gold deposits ('mACIS VIA, VIB am VIC). 

3Smith, et ale Mineral Assessment of the Lirre Peak-Mt. Prin::lle Area, 
Alaska. Sept. 1987. 
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e 'The resoorce characteristics whidl. are expected to be associated with each 

of these deposit types are presented in Tables B-2a through B-2f. Each 

table includes the location of the favorable area, the prospect an:l 

deposit probabilities, an:l the deposit size, depth, an:l grade 

characteristics for one of the deposit types. Probabilistic estimates 

were made by ccxrparin; various attr:ib.rt:es of the abseJ:ved geology, 

geochemistry, an:l mineralization with similar, well-stu:lied minin:;J 

districts worldwide. For many of the dep::sit types the probability that 

one or rrore urrliscovered dep::sits exist is relatively large. 'This is 

because the favorable areas are geologically similar to other areas known 

to contain deposits an:l because of the existence of many prospects with 

high mineral values. 'The deposit characteristics aRJrqJriate to each 

deposit type were determined usin; the concept of a geologic deposit 

rrodel. 

'The KM assessed the placer gold potential of the WMNRA an:l of the 

western part of the North SNCA (fig. B-4). 'The area is known to contain 

at least one active bench placer mine. Based on the analysis of a large 

mnnber of stream sediment sanples the stu:ly area was considered favorable 

for the cx::currence of bJo types of urrliscovered gold placer deposits: (1) 

bench placers an:l (2) alluvial placers. 'The resource characteristics 

which are expected to be associated with each of these types of placer 

deposits are presented in Table B-3. 

'The infonnation shc1.m in Tables B-2 an:l Table B-3 was used to 

prcbabilistically estimate both the quantities of in-place resc:AJrCeS (e.g. 

the mineral errlowment) arrl. the quantities of the recoverable resources 

(e.g. the potential mineral suwly) contained in the associated mineral 

terranes. 
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Table B-2a. Tin Greisen Resruroe Olaracteristics - Am;s 

I. Favorable Areas 

TRAer IA -Lime Peak pluton I (57% in ~; 43% in SNCA) : 
Probability delineated area is favorable for tin greisens: 1.0 

Given the area is favorable, 
prOOability that the number of prospects 

equals or exceeds the given number 
1. a .95 .75 .5 .25 . 05 . 01 . a 

Number of prospects 2 3 5 6 7 8 9 10 

TRAer IB - Lime Peak pluton II (62% in!HffiAi 38% SNCA): 
Probability delineated area is favorable for tin greisens: .75 

Given the area is favorable, 
prOOability that the rn.nnber of prospects 

equals or exceeds the given number 
1.0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 1 1 2 2 3 3 4 

TRAer Ie - Moont Prin:lle pluton (50% in~; 34% in SNCA): 
Probability delineated area is favorable for tin greisens: .6 

Given area is favorable, 
prOOability that the number of prospects 

equals or exceeds the given rn.nnber 

5 

1.0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects- 1 1 2 2 3 3 4 5 

TRAer ID - NE part of the Quartz cr pluton (2% in ~; 98% in SNCA): 
Probability delineated area is favorable for tin greisens: .4 

Given area is favorable, 
prOOability that the rn.nnber of prospects 

equals or exceeds the given number 
1.0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 1 1 1 1 1 2 2 
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Table B-2a. (continued) 

TRAer IE - SW part of the Quartz Cr pluton (99% in ~; 1% in SNCA) : 
Probability delineated area is favorable for tin greisens: .1 

Given area is favorable, 
prc:ilability that the rn.nnber of prospects 

equals or exceeds the given rn.nnber 
1. 0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 1 1 2 2 2 3 3 4 

II. DeJX)Sit Probability 

Probability a prospect is a deposit (e.g. is at least 400,000 
short tons with an average tin grade of at least .13 percent): .375 

III. Deposit O1aracteristics 

A. DeJX)Sit Size: 
unit of measure: millions of short tons 
De~it size distril:JUtion: 

1.0 

prc:ilability that the de~it size 
equals or exceeds the given value 

.95 .75 .50 .25 .05 .01 .0 

De~it size .4 .6 2.0 7.2 20.0 90.0 105.0 110.0 

B. DeJX)Sit Depth: 
De~it depth distril:JUtion fonn: Unifonn 
Rarqe of values: 60 - 600 meters (QJartz Creek am Mt. Prirrlle) 

60 - 300 meters (Lime Peak) 

c. Contained Metals: Tin (Sn), Tantalmn (Ta), Silver (Ag), 'I\.lngsten 
(~3) 

PrtiJability Sn 
PrtiJability Ta 
PrtiJability Aq 
PrtiJability ~3 

is present: 
is present: 
is present: 
is present: 

1.00 
.10 
.66 
.10 

prciJability that the average contained metal 
grade equals or exceeds the given rn.nnber 

1.0 .95 .75,- .50 .25 .05 .01 

Sn grade .13 .16 .21 .28 .37 .50 .55 
Ta grade .0005 .0007 .002 .005 .01 .03 .04 
Ag grade .024 .03 .06 .15 .33 .54 .58 
~3 grade .10 .12 .17 .20 .30 .43 .48 

unit of 
measure 

.0 

.60 pet 

.05 pet 

.60 tr oz/st 

.50 pet 
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Table B-2b. ~in Skinn Olaracteristics - AOOGS 

I. Favorable Area 

TRAer II - Quartz Creek pluton - Northeast ern (100% in SNCAl: 
Probability delineated area is favorable for t:urY;sten-tin skams: 0.5 

Given the area. is favorable, 
prcbability that the l'lllIli:ler of prospects 

equals or exceeds the given number 
1.0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 4 4 5 6 7 8 9 10 

II. Deposit Probability 

Probability a prospect is a deposit (e.g. is at least 6,300 short 
tons with an average turqsten grade of at least .15 percent) : .06 

III. Deposit Olaracteristics 

A. Deposit Size: 
Unit of measure: millions of short tons 
Deposit size distribution: 

1.0 

prcbability that the deposit size 
equals or exceeds the given value 

.95 .75 .50 .25 .05 .01 .0 

Deposit size .0063 .021 .28 1.1 5.0 42.0 80.0 90.0 

B. 

c. 

Deposit Depth: 
Deposit depth distribution fonn: Unifonn 
Rarqe of values: 30 - 600 meters 

Contained ~ls: ~sten (l'l)3)' Tin (Sn) 
Probabil~ty l'l)3 ~ present: 1.00 
Probability Sn is present: .90 

pl:"Ci:)ability that the average contained metal 
grade equals or exceeds the given number 

1.0 .95 .75 . .50 .25 .05 .01 

l'l)3 grade .15 .20 .25 .33 .42 .55 .58 
Sn grade .08 .12 .27 .40 .50 .65 .72 

Unit of 
measure 

.0 

.60 pet 

.75 pet 
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Table B-2c. 'I'l.lnJSten~ld Skarn Olaracteristics - AOOGS 

I. Favorable Area 

TRAer III - Pinnell Trail area (74% in SNCA): 
Probability delineated area is favorable for tungsten-gold skarns: 1. 0 

Given the area is favorable, 
probability that the number of prospects 

equals or exceeds the given number 
1. 0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 5 6 7 10 12 20 22 25 

II. Deposit Probability 

Probability a prospect is a deposit (e.g. is at least 6,300 short 
tons with an average turqsten grade of at least .15 percent) : .5 

III. Deposit Olaracteristics 

A. Deposit Size: 
unit of measure: millions of short tons 
Deposit size distribltion: 

probability that the deposit size 
equals or exceeds the given value 

1.0 .95 .75 .50 .25 .05 .01 

Deposit size .0063 .021 .25 .60 1.0 2.0 4.5 

B. Deposit Depth: 

c. 

Deposit depth distribltion fonn: Unifonn 
Range of values: 0 - 300 meters 

Contained ~s: ~ ~), Gold (Au) 
Probabill.ty ~3 15 P : 1.00 
Probability Au is present: .50 

probability that the average contained metal 
grade equals or exceeds the given number 

1.0 .95 .75: .50 .25 .05 .01 

~3 grade .15 .28 .46 .62 1.0 1.35 2.0 
Au grade .003 .005 .008 .01 .015 .03 .04 

.0 

2.3 
1.0 

.0 

5.0 

Unit of 
measure 

pet 
tr oz/st 
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Table B-2d. Uranitnn Resoorce Cllaracteristics - AOOGS 

I. Favorable Areas 

'!'FACT IVA - Lime Peak - Mt. Pri.n:lle area (S6% in WMNRA; 14% in SNCA) : 
Probability delineated area is favorable for Uranium-Rare earths: 0.1 

Given the area is favorable, 
probability that the number of prospects 

equals or exceeds the given number 
1.0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 1 1 1 1 1 1 1 2 

'!'FACT !VB - Syenite near western ~ of North Steese (10% in WMNRA) : 
Probability delineated area is favorable for Uranium-Rare earths: 1.0 

Given the area is favorable, 
probability that the number of prospects' 

equals or exceeds the given number 
1.0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 1 1 1 1 2 2 2 3 

II. Deposit Probability 

Probability a prospect is a deposit (e.g. is at least 10,000 short 
tons with an average uranitnn grade of at least .02 percent): 1. 0 

III. Deposit Cllaracteristics 

A. Deoosit Size: 
Unit of measure: millions of short tons 
Deposit size distril:ution: 

probability that the deposit size 
equals or exceeds the given value 

1.0 .95 .75 .50 .25 .05 .01 

Deposit size .01 .OS .30 1.0 3.0 5.0 15.0 

.0 

30.0 
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Table B-2d. (continued) 

B. Deposit Depth: 
Deposit depth distribution fom: Unifom 
Ran;Je of values: 0 - 600 rreters 

c. Contained Metals: Uranium (U30S)' Rare Earth Oxides (REX:» 
Probability U30S is present: 1.0 
Probability REX:> is present: 1.0 

probability that the average contained rretal unit of 
grade equals or exrpeds the given number measure 

1. 0 .95 .75 .50 .25 .05 .01 .0 

U30S grade .02 .035 • OS .13 
REX:> grade .006 .03 .10 .30 

.1S .35 .64 

.70 1.1 1.5 
.71 
loS 

pet 
pet 
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Table B-2e. stratal:xmx:l Gold RescA.lrCe Olaracteristics - AIX:;GS 

I. Favorable Area 

TRAer V - Hope creek area (37% in SNCAl: 
Probability delineated area is favorable for stratal:x:m'rl gold: 1.0 

Given the area is favorable, 
prOOability that the number of prospects 

equals or exceeds the given number 
1.0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 1 1 1 1 1 1 2 3 

II. I)aposit Probability 

Probability a prospect is a deposit (e.g. is at least 4,000 short . 
tons with an average gold grade of at least .005 tr ozjst): 1. 0 

III. I)aposit C11aracteristics 

A. I)aposit Size: 
Unit of rreasure: millions of short tons 
I)aposit size distribution: 

1.0 

prOOability that the deposit size 
equals or exceeds the given value 

.95 .75 .50 .25 .05 .01 .0 

I)aposit size .004 .07 .30 .94 4.0 25.0 150.0 160.0 

B. I)aposit I)apth: 
Ceposit depth distribItion fom: Unifom 
Range of values: 60 - 300 meters 

C. Contained Metals: Gold (Au), Silver (Ag) 
Prcbability Au is present: 1.0 
Prcbability Ag is present: 1. 0 

probability that the average cx:>ntained metal 
grade equals or exceeds the given number 

1.0 .95 .75 .50 .25 .05 .01 

Au grade .005 .01 .12 .30 .50 .80 1.0 
}q grade .005 .008 .02 .05 .088 .50 1.6 

Unit of 
measure 

.0 

1.2 tr ozjst 
1.8 tr ozjst 
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Table B-2f. Alkalic Gold Resalrce Characteristics - ACGGS 

I. Favorable Areas 

TAAcr VIA - Table Mountain I (99% in SNCA): 
Probability delineated area is favorable for alkalic gold: .40 

Given the area is favorable, 
probability that the m.nnber of prospects 

equals or exceeds the given m.nnber 
1.0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 1 1 2 2 2 2 3 

TAAcr VIB - Table Mountain II (80% in SNCA) : 
Probability delineated area is favorable for alkalic gold: 1. 0 

Given the area is favorable, 
probability that the m.nnber of prospects 

equals or exceeds the given m.nnber 

3 

1. 0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 1 1 1 2 2 2 2 

TAAcr VIC - Q.]artz creek area (90% in ~; 10% in SNCA) : 
Probability delineated area is favorable for alkalic gold: .20 

Given the area is favorable, 
probability that the m.nnber of prospects 

equals or exceeds the given m.nnber 

2 

1.0 .95 .75 .5 .25 .05 .01 .0 

Number of prospects 1 1 1 1 1 1 1 1 

II. Deposit Probabilities 

Probability a Table Mtn prospect is a deposit (e.g. is at least 100,000 
short tons with an average gold grade of at least .006 tr oz/st): 0.68 

Probability a ~ cr prospect is a deposit (e.g. is at least 100,000 
short tons with an average gold grade of at least .006 tr oz/st): 0.56 
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Table B-2f. (Continued) 

III. Deposit Olaracteristics 

A. Deposit Size: 
Unit of measure: millions of short tons 
Deposit size distril:ution: 

prOOability that the deposit size 
equals or exceeds the given value 

1.0 .95 .75 .50 .25 .05 .01 .0 

Deposit size .1 1.0 4.0 10.0 20.0 30.0 

B. Deposit Depth: 
Deposit depth distril:ution form: Uniform 
Range of values: 0 - 300 meters 

c. contained Metals: Gold (Au) 
Probability Au is present: 1.0 

60.0 100.0 

probability that the average contained metal unit of 
grade equals or exceeds the given number measure 

1. 0 .95 . 75 .50 .25 .05 .01 .0 

Au grade .006 .007 .015 .03 .08 .15 .20 .25 tr oz/st 
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Table B-3. Placer Gold Rescm'Ce Olaracteristics - OCM 

I. Favorable Areas 

A. Bench placers (95% in WMNRAi 5% in SNCA): 
Probability river drainages are favorable for urxtiscovered bench 
placer gold deposits: 1.0 

Given the area. is favorable, 
probability that the rn.mtIer of prospects 

equals or exceeds the given number 
1. 0 .95 • 75 .5 .25 .05 .01 .0 

Number of prospects 20 23 27 30 35 40 43 

B. Bench placers - known deposit on Beaver creek (100% in WMNRA): 
Probability Beaver Cr is favorable for placer gold: 1. 0 

Given the area. is favorable, 
probability that the number of prospects 

equals or exceeds the given number 

50 

1.0 .95 .75 .5 .25 .05 .01 .0 

Number of deposits 1 1 1 1 1 1 1 

c. stream aravels (73% in WMNRAi 27% in SNCA): 
Probability drainages are favorable for placer gold: 1. 0 

Given the area is favorable, 
probability that the number of prospects 

equals or exceeds the given number 

1 

1. 0 .95 • 75 .5 .25 .05 .01 .0 

Number of prospects 1 2 4 6 7 8 13 15 

II. Deposit Probabilities 

Prdbabili~ a bench prospect is a deposit (e.g. is at least sg,ooo 
yds with an average gold grade of at least .0007 oz/yd ): .05 
(Probability is 1.0 for known Beaver Cr deposit) 

Prdbabili~ a stream gravel prospect is a deposit (e.g. is aj least 15,000 
yds with an average gold grade of at least .001 Oz/yd ): 1. 0 
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Table B-3. (Continued) 

IIIa. Deposit Olaracteristics - Bench Placers 

A. Deposit Size: 
Unit of measure: millions of yds3 
Deposit size distribution: 

prcbability that the deposit size 
equals or exceeds the given value 

1.0 .95 .75 .50 .25 .05 .01 

Deposit size .050 .10 .40 .50 .60 .80 .90 

B. Contained Metals: Gold (Au) 
Prcbability Au is present: 1.0 

prcbability that the average contained metal 
grade equals or exceeds the given mnnber 

1.0 .95 .75 .50 .25 .05 .01 .0 

.0 

1.00 

Unit of 
measure 

Au grade .0007 .002 .004 .0095 .015 .02 .03 .044 oz/yd3 

IIIb. Deposit Olaracteristics - stream Gravels 

A. Deposit Size: 
Unit of measure: millions yds3 
Deposit size distribution: 

prcbability that the deposit size 
equals or exceeds the given value 

1.0 .95 .75'.50 .25 .05 .01 

Deposit size .015 .020 1.0 3.0 

B. Contained Metals: Gold (Au) 
Prcbability Au is present: 1. 0 

6.0 8.0 12.0 

.0 

17.0 

prcbability that the average contained metal Unit of 
grade equals or exceeds the given number measure 

1.0 .95 .75 .50 .25 .05 .01 .0 

Au grade .001 .0015 .0019 .0026 .004 .009 .035 .045 oz/yd3 
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APPENDIX c. - ENGINEERING a:sr ANALYSIS FOR '!HE 

WMNRA/SNC'A S'IUDY ARFA 

staff in the 8:M's Brarx:h of EB;Jineerin;J ani Ec:orx:mic Analysis in 

Spokane, washi.n;Jton1 developed seven mine ncdels ani nine mill 

(beneficiation) ncdels for estimatin;J the costs asscx:iated with exploitin;J 

the eight types of deposits predicted to exist in the WMNRA/SNC'A study 

area (table C-1). 'lllree infrastructure cost nn:lels were also developed to 

allow the major additional infrastructure costs asscx:iated with various 

types ani sizes of mi.nirg operations in central Alaska to be taken into 

account. 

Placer mine ani mill mdels were constructed usin;J the "Cost 

Estimatin;J HaOObook for Small Placer Mines" (St:eti>ins, 1987). Cost mdels 

for the other mine ani mill methods ani the infrastructure requirements 

were constructed usin;J actual cost data au;mented by the 8:M's Cost 

Estimatin;J System, or CES (Blreau of Mines, 1987). All costs were 

converted to January 1987 dollars ani adjusted to reflect the increased 

expense of developnent an:i operation in central Alaska. Placer capital 

costs were escalated by a factor of 2.3 ani placer labor costs were 

adjusted by a factor of 1.412 (Bottge, 1986); non-placer labor costs were 

escalated by a factor of 1.75 ani all other non-placer costs were 

increased by a factor of 1.5, with the exception of fuel an:i lubricant 

costs which were considered c:c:llpll"able to those in the lower 48 states. 

To estimate the full cost of mi.ni.rq activity asscx:iated with a particular 

deposit, the aR'ropriate mine, mill an:i infrastructure ncdels were 

LIhe erqineerin;J analysis team consisted of &.1rton Goslin;J, 'Ihanas camm, 
Nicholas Wetzel ani scott St:eti>ins. 
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Table C-l. Deposit Types am Associated Mine am Mill Methods 

Peoosit Type 

Polymetallic 
Vein 

Skarn 

Sedbnent-hosted 
Exhalative 

Alkalic Associated 
Gold 

Tin Greisen 

Placer Gold 

Rare Earths 

Vein Gold 

VCR = Vertical Crater Retreat 

MiniIg Miens 

CIt am Fill 
VCR > 2000 mtjd 

~Pit 
Shrinkage stopin;J 
VCR > 2000 mtjd 

<:pen-Pit 
Roan am Pillar 

~Pit 
VCR 

~Pit 
CIt am Fill 
VCR > 2000 mtjd 

Placer 

~Pit 
VCR > 2000 mtjd 

~Pit 
CIt am Fill 
VCR > 2000 mtjd 

Millirp Options 

Polymetallic 
Flotation 

W Flotation 
or Gravity 

RJ-Zn Flotation 

Heap I.eac:hi.nj 
or CIP 

Sn Flotation! 
Gravity 

Placer 

REX> Flotation 

Heap I.eac:hi.nj 
or CIP 
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canbined. 

Mine Cost z.b:iels 

Cost IOOdels were developed for seven min.i.n;J methods: (1) small 

tonnage open-pit, (2) large tonnage open-pit, (3) roam and pillar, (4) cut 

and fill, (5) shrinkage stopi.n;1, (6) vertical crater retreat (VCR), and 

(7) placer. In order to develop the cost IOOdels, sinplifyi.n;1 asstIl'!'ptions 

were made about orebody geanetries. Except for polymetallic vein, tin 

greisen, vein gold and gold placer deposits, the orebcdy was assumed to be 

a horizontal, ciro..1l.ar-shaped disk havi.n;1 a vertical thickness equal to 

half the ciro..1l.ar radius in plan vier«. For vein gold deposits, tin 

greisen deposits and polymetallic vein deposits, a si.n;1le, 

vertically-oriented, tabular-shaped vein havi.n;1 a 1en;Jth:width:depth ratio 

of 20:1:100 was assumed; and for placer deposits, a pay zone havi.n;1 an 

average width of 100 ft and a thickness of 10 ft was assumed. 

For each mine IOOdel, representative daily tonnages, based on expected 

resource rarges for each deposit type and an annual operati.n;1 rate of 350 

days (100 days in the case of placers), were use:i to generate mine costs 

for eight cost categories: labor, equipnent., steel, ltnnber, fuel, 

chemicals, iniustrial materials, and constl:uction materials. Cost IOOdels 

were develcp:rl by fitti.n;1 each category of costs into general equations of 

the form Y=AX.B, where X = tonnage, A and B are constants estilnated 

through a geanetric regression analysis, and Y = cost. Depth factors were 

subseqUently incorporatec1 into the no1els as ~rcpriate, yielairJ;J a set 

of operating and capital cost equations for each of the six mine IOOdels as 
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a function of resam::e tonnage, T, or daily capacity, X, ani deposit 

depth, d. 

0Jrin;J eadl year of production it is assumed that acklitional capital 

expen::litures will be incurred equal to six percent of the original capital 

investJnent for surface mines, ani five percent of the origi.nal: capital 

investJnent for 1..U'Xlergram:l mines. 

Finally, are rect:Nery is assumed to be 100 percent for all uniergroun::i 

mine methods. 

Open-Pit Mine Models. 

In order to make volumetric calculations ani derive a striJ;:.Pin;J-ratio 

equation to include depth as a variable in the c:pm-pit cost ItCXiel, the 

followin;J assurr¢ions were made: (1) are ani waste have the same specific 

gravity, (2) the pit slqJe is equal to 35 de;p: :es, (3) the pit wall 

intersects the orebody at its vertical midpoint ani then steepens to 60 

de3l:ees, ani (4) the uwer surface of the disk-shapecl orebcx:ly is parallel 

to the grourrl surface, which is flat. Fran the generalized orebody shape 

ani these assurrptions, a relationship was derived for determi.n.irq the 

striJ;:.Pin;J ratio as a function of deposit are tonnage ani depth of burial. 

SR = 5.9631 (De + 0.5943~/3)3 - 1.0381 

T 

where: SR = striJ;:.Pin;J ratio 

De = depth to tc:p of orebody in meters 

T = total metric tons of are in deposit 

Ole to the geanetIy of the nxxiel, this equation was fooni to be valid for 

striJ;:.Pln:J ratios (waste: are) greater than 0.2:1. In effect, lesser values 
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can only exist if the ore1:xx:ly protJ:uJes above the surface. Based on the 

m::del geanetry, an ore recovery of 93.12 pet was calculated. 

'The estiInated tonnage of ore mined per day, X, including waste, is a 

function of the orelxx:iy size am was calculated by a~ly~ Taylor's Rule. 

Taylor's Rule: 

L (mine life yrs) = 0.2(FT)1/4 

where: T = total tonnage of ore in deposit 

F = open-pit ore recovery factor = 0.9312 

am, assumi.n;J 350 ~t~ days per year: 

X = metric tons/day (ore) = FT 

L(350) 

SUbstitutirg for L am F: 

X = C.9312Tl 3/4 

70 

since the mini.n; method for a small open-pit mine differs fran that 

for a large mine, two open-pit cost m::dels were develcp:!d, a small tonnage 

m::del am a large tonnage m::del. Given the asstIllption that there is no 

substantial cost differential between mini.n; ore am mini.n; waste, the 

cost m::dels were develc.p:d based on total tonnage of ore am waste mined 

daily irrespective of the prt:p:)rtion of ore am waste mined. 'The tonnage 

rates selected for baseline costirg of the small tonnage m::del ran;;ed from 

1,000 to 10,000 mt/d ore am waste, am ranged fran 10,000 to 100,000 mt/d 

ore am waste for the large tonnage m::del. Revised CES fonnulas were used 

to derive the ~tirg am capital costs for varioos mine capacities in 

these ranges. 'Ihese values were then used to develop equations awlicable 

to small tonnage operations am equations awlicable to large tonnage 
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q::erations through geanetric regression. lhe resultant cost IOOdels 

(tables C-2a ani C-2b) can be used to estimate mini.rq costs on a per ton 

of are ani waste mined basis. 

With the detennination of the striwi.n;J ratio ani given the tons of 

are ani waste mined per day, the total capital cost ani the ~ti.n;J cost 

per ton of are can be estimated by cati:>:inin;J the cost equations in table 

C-2a or C-2b with the followi.n;J general cost fonrul.as: 

Mine operati.n;J cost per metric ton of are = (SR+1) (Yo) 

Mine capital cost = Yc 

starti.n;J with these general equations ani substituti.n;J the derived values 

of Y shown in table C-2a, for exanple, then substituti.n;J for X ani 

inserti.n;J the striwi.n;J ratio equation where awrcpriate yields the 

operatin] ani capital costs for a small tonnage open-pit mine. 

Room am Pillar Mine Model. 

'Il1e roan-ani pillar mine IOOdel assurres the use of jtnnbo drills for 

production ani drift develcpnent, ani rock belts for wall SUWOrt. 

Front-erd loaders, trucks, ani ~ trans are used to neve are to the are 

storage pocket. 

To develop the IOOdel, daily tonnages of 900, 9,000, ani 27,000 mt/d of 

are 'Nere used. It was assumed that an aatitional 0.8 pet of material 

walld be rerooved as waste (7, 72, 216 mt/d waste, respectively). 'lhese 

daily capacities conespon:i to are reseIVes of 2.5 million, 55 million, 

ani 236 million mt. 'Il1e estimated costs of eadl mine capacity 'Nere based 

C-6 



COst 
Conponent 

labor 
Equipnent 
Steel 
Fuel 
Chemical 
Irrlustrial 
Materials 

Construction 
Materials 

Table C-2a. Small Tonnage ~-Pit Mine cost Medel 
(1,000-10,000 mt/d ore and waste) 

capital cost, $ 
Equation 

122599.0(X)0.5145 
290421.0(X) 0.4449 

4526.0(X)0.5054 
9134.0(X)0.5737 

15139.0(X)0.5055 

247.0(X)0.6031 

172290.0(X)0.3290 

<:pmit~ cost, $/mt 
Equation 

88.8300(X)-0.3361 
9.6400(X)-o·1399 

12.9400(X)-0.4797 
28.7900(X)-o·4245 
46.1600(X)-0.4930 

4.0425(X)-0.3947 

NA 

x = Total metric tons of ore and waste mined daily 
NA = Not applicable 

cost 
Conponent 

labor 
Equipnent 
Steel 
Fuel 
Chemical 
Irdustrial 
Materials 

Construction 
Materials 

Table C-2b. large Tonnage ~-Pit Mine cost Medel 
(10,000-100,000 mt/d ore and waste) 

capital cost, $ 
Equation 

69568. 00 (X) 0.5263 
102019.00(X) 0.5526 

25.38(X)0.9764 
2105.00(X) 0.6094 
230.00(X)0.8906 

208.00(X)0.6219 

56797. 00 (X) 0.4505 

<:pmit~ cost, $/mt 
Equation 

99.5200(X)-0.4045 
2.2660(X)-0.00122 
0.1064 (X)-o·04153 
6.2960(X)-0.4065 
0.5581(X)-0.0931 

3.4710(X)-0.3782 

NA 

x = Total metric tons of ore and waste mined daily 
NA = Not cq:plicable 
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on actual. labor, SUWly, ani equipnent costs for i.n::tividual unit processes 

an:i adjusted to reflect the higher costs typical of an Alaskan operation. 

'!hese values were used to develqJ a set of operatin;J an:i capital cost 

equations for mines with adit entry (table C-3a) thralgh geanetric 

regression. For mines with shaft entry, a depth variable was incorp:>rated 

in the cost curves. '!he adjusted cost equations are shown in table C-3b 

an:i assume the use of one production shaft, plus the installation of one 

canbination ventilation shaft/escapeway,. '!he depth variable, d, is the 

depth of the shaft in meters. '!he cost II'Odels are considered val'id for 

deposit sizes, T, raJ"¥;Jin;J fran 53,000 to 160,0'00,000 mt, with 

con:esporx:lirg daily capacities, X, of 50 to 20,000 mt/d. 

Given a known are reserve tonnage, the capacity of a mine can be 

detennined usin;J Taylor's Rule. Ore rect:JIIerj is assumed to be 100 pet. 

Orx:e the daily are tonnage is calculated, the ClR)rq;>riate cost m:xlel can 

be used to estimate the varioos operatin;J ani capital cost c::x:rtpJnents. 

'!he total operatin;J cost in dollars per mt/d of are an:i the total capital 

cost in dollars are calculated by ~ up the associated cost 

carp:>nents • 

cut an:i Fill Mine MXlel. 

'!his mine mdel. is based on cut an:i fill stopin;J with hydraulic 

backfill. Jackleg drills an:i st:c:pn-s are used for production, ani small 

jllllix:ls for drift develcpnent. Slushers ItrlVe the ore fran the s1:q)e to the 

are dlutes, !..HIS ItrlVe the ore fran the dlutes to the ore storage pockets. 

To develqJ the II'Odel, daily tormages of 400, 1,320, ani 4,000 mt/d of 

are were used. It was assumed that an additional annmt of material 

(4, 26, an:i 38 mt/d respectively) walld be ren¥JVed as waste. 'Ihese 
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Table C-3a. Roan ani Pillar With Mit Entry Cost Model 

Cost 
Component 

capital Cost, $ 
Equation 

~tirg Cost, $/rnt 
Equation 

Labor 
Equipnent 
Steel 
l1.Imber 
Fuel 
Irrlustrial 
Materials 

Construction 
Materials 

11958.0(T)0.3544 
31067.7(T) 0.3990 
7474.0(T)0.3205 

27.6(T)0.4080 
843.3(T)0.3217 

10746.0(T)0.3250 

2256.4(T)0.4001 

T = Total resa.rrce in metric tons 

146.849(T)-o·1618 
3.836(T)-0.0880 
4.955(T)-0.0745 
0.014(T)-0.0681 
1.897(T)-0.0936 

9.814(T)-0.0743 

0.065(T)-0.0733 

Table C-3b. Roan ani Pillar With Shaft Entry Cost Model 

Cost 
Component 

Labor 
Equipnent 

Steel 
l1.Imber 
Fuel 
Irrlustrial 

capital Cost, $ 
Equation 

11958.0(T)0.3544 + 4693(d) 
31067.7(T)0.3990 + 

9,080 080 + 2100(d) 
7474.0(T) .j2 5 + 478 (d) 

27.6(T)0.4080 + 13 (d) 
843.3(T)0.3217 + 226(d) 

Materials 10746.0(T)0.3250 + 436 (d) 

424 (d) 
Construction 

Materials 2256.4(T)0.4001 + 

T = Total resa.rrce in metric tons 
d = depth of shaft in meters 

Cperatirg Cost, $/rnt 
Equation 

146.849(T)-o·1618 + 1.78 
3.836(T)-0.0880 + O.OOl(d) 

4.955(T)-0.0745 
0.014(T)-0.0681 
1.897(T)-0.0936 + .0003(d) 

9.814(T)-0.0743 

0.065(T)-0.0733 + 0.27 
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daily capacities cone:: .... potd to are reset'Ves of 1 million, 5 million, ard 

19 million mt. '!he estilna:ted costs of each mine capacity ·Nere based on 

actual labor, SUW1Y, an:! equipnent costs for irxli.vidual unit processes 

an:! adjusted to reflect the higher costs typical of an Alaskan operation. 

'These values were used to devel~ a set of operatirq an:! capital cost 

equations for mines with adit entry (table C-4a) ~ geanetric 

regzession. For mines with shaft entry, a depth variable was incorporated 

in the cost curves. '!he adjusted cost equations are shown in table C-4b 

ard assume the use of one production shaft, plus the installation of one 

cc:mbination ventilation shaft/escapeway. 'The cost rrOOel.s are considered 

valid for d~it sizes ran:Jirq fran 53,000. to 62,000,000 mt, with 

conespordirq daily capacities, X, of 50 to 10,000 mt/d. 

Given a known are reset'Ve tonnage, the capacity ard mine life of a cut 

C-10 

an:! fill mine were detemined usirq Taylor's Rule. Ore recovery of 100 ... _ 

pet is assmned. 'The operatirq ard capital cost c:::arp:ll'1e1'ts were estiltated 

usirq the awropriate cost rrOOel.. ~tirq cost is in dollars per mt/d, 

capital cost is in total dollars, ard d is the depth of the shaft in 

rreters. 

Shrinkage Stopirg Mine z.t:xiel.. 

'!he shrinkage S't:q)irq mine rrOOel. assumes a vertical orebody. Jackleg 

ard S't:q)er drills are used for production ard drift developnent, ard rock 

bolts are used for wall SURX>rt. IHlls are used to l'OC!Ve the ore to the are 

storage pocket. 

To devel~ the IOOdel, daily tormages of 200, 1,000, ard 3,000 mt/d 

were used. '1hese daily capacities conesponi to are reset'Ves of 337,400, 

2,884,900, ard 12,482,200 mt. 'The estiltated costs of each mine capacity 



Table C-4a. Olt am Fill With Mit Entry Cost Model 

Cost capital Cost, $ ~ti.rg Cost, $/rnt 
CoitILXJnent Eauation Eauation 

labor 2839.6(T)0.5033 2249.8(T)-0.2365 
Equipnent 92873.0(T)0.3589 381.0(T)-0.3653 
steel 50.4(T)0.5362 1083.8(T)-0.4049 
I.1.1mber 26.6(T)0.4533 3.27(T)-0.0417 
FUel 7.2(T)0.4909 56.2(T)-0.3279 
Irxlustrial 
Materials 127.4(T)0.5311 6.79(T)-O·0939 

Construction 
2709.8(T)0.4726 23.9(T)-0.1295 Materials 

T = Total rescurce in metric tons 

Table C-4b. cut am Fill With Shaft Entry Cost Model 

Cost capital Cost, $ ~tin:J Cost, $/rnt 
Cgtponent Equation Equation 

labor 2839.6(T)0.5033 + 4693(d) 2249.80(T)-o·2365 + 1.78 
Equipnent 92873.0(T)0.3589 + 381.00(T)-0.3653 + O.OOl(d) 

9,°80 9~9 + 2100(d) 
Steel 50.4(T)·~ + 478 (d) 
I1.mtler 26.6(T)0.4533 + 13 (d) 
FUel 7.2(T)0.4909 + 226(d) 
Irxlustrial 
Materials 127.4(T)0.5311 + 436(d) 

ConstJ:uctioo 
Materials 2709.8(T)0.4726 + 424 (d) 

T = Total resc:m-ce in metric tons 
d = depth of shaft in meters 

1083.80(T)-0.4049 
3.27(T)-0.0417 

56.20(T)-0.3279 + .0003 (d) 

6.79(T)-0.0939 

23.90(T)-0.1295 + 0.27 
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were based on actual labor, SUWly, and equipnent CXlSts for irrlividual 

unit processes and adjusted to reflect the higher CXlSts typical of an 

Alaskan operation. 'Ihese values were used to develop a set of operating 

and capital cost equations for a mine with adit entIy (table c-Sa) through 

gearetric regxession. For mines with shaft entIy, a depth variable was 

incoqJOrated into the equations. Based on using one production shaft, 

plus the installation of one canbination ventiliation shaft/escapeway, the 

adjusted cost equations are shown in table C-Sb. 'lbese cost rrodels are 

considered valid for daily capacities, X, ran;Jing fran 50 to 20,000 mt/d. 

Given a known ore reseJ:Ve tonnage, the capacity and mine life of a 

shrinkage stq:le mine were detenni.ned using Taylor's Rule. ore rect:Ner'j is 

assumed to be 100 pet. 'lbe operating and capital cost catp:)nents were 

est:ima.ted using the ClR>ropriate cost m::ldel. 'lbe operating cost carp:ments 

are in dollars per mt/d ore and the capital cost c::x:rrp:Jnents are in total 

dollars. 

Vertical Crater Retreat (VCR) Mine l-txiel. 

'lbe VCR m:xlel also assumes a vertical orebody. Down-the-hole ani 

jumbo drills were used for production and drift develc:pnent, and rock 

bolts were used for wall SURXlrt. Front-errl loaders, trucks, and scoop 

trams were used to 100Ye the ore to the ore storage pocket. 

To derive the cost equations, daily tonnages of 650, 1,300, and 2,600 

mt/d were used. 'lhese daily capacities conespon:i to ore reseJ:Ves of 

1,624,000, 4,093,000, and 10,314,000 mt of ore. 'lbe est:ima.ted capital and 

operating costs for these mine capacities were based on actual labor, 

SUR>ly, and equipnent costs for irrlividual unit processes and adjusted to 

reflect the higher costs typical of an Alaskan operation. 'lbese values 
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Table c-Sa. Shrinkage st:qle With Adit Entry Cost Model 

Cost 
Cgnponent 

capit,al Cost, $ 
Equation 

q,eratin;J Cost, $/mt 
Equation 

labor 
Equipnent 
Steel 
IlImber 
Fuel 
In:h.tstrial 
Materials 

Construction 
Materials 

8762.90(T) 0.4286 
22142.50(T) 0.4114 

192.70(T) 0.4737 
17.20(T)0.6042 
38.09(T)0.3844 

678.80(T)0.4319 

6530.60(T) 0.4123 

T = Total resource in metric tons 

801.400(T)~0.2654 
15.850(T)-0.1954 
11.660(T)-0.1508 
9.481(T)-0.1978 

12.740(T)-O·2076 

22.030(T)-o·1136 

55.240(T)-0.2107 

Table C-5b. Shrinkage Step! With Shaft Entry Cost Model 

Cost 
Cgnponent 

capital Cost, $ 
Equation 

labor 
Equipnent 

"8762.90(T)0.4286 + 4693(d) 
22142.50(T)0.4114 

Steel 
IlImber 
Fuel 
In:h.tstrial 
Materials 

Constructicn 

+ 9,080 000 + 2100(d) 
192.70(T) .4737 + 478 (d) 

17.20(T)0.6042 + 13 (d) 
38.09(T)0.3844 + 226(d) 

678.80(T)0.4319 + 436(d) 

Materials 6530.60(T)0.4123 + 424 (d) 

T = Total resource in metric tons 
d = depth of shaft in meters· 

q,eratin;J Cost, $/rnt 
Equation 

801.400(T)-0.2654 + 1.78 
15.850(T)-o·1954 + O.OOl(d) 

11.660(T)-0.1508 
9.481(T)-o·1978 

12.740(T)-o·2076 + .0003(d) 

22.030(T)-o·1136 

55.240(T)-0.2107 + 0.27 
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were then used to develql a set of operatirg an:! capital cost equations 

for mines with aclit entry (table C-6a) t:hrc:u3h gecmetric re:.p:ession. For 

mines with shaft entzy, a depth variable was incozporated into the cost 

m::xiel. Cost equations based on usin;J alE! production shaft plus the 

installation of one CCI'IiJination ventilatioo shaft/escapeway are shown in 

table C-6b. 'Illese IrOdels are considered valid for daily capacities, x, 

rangin;J fram 500 to 20,000 mt/d. 

Given a known ore rese!:Ve tonnage, the mine life an:! capacity were 

determined usin;J Taylor's Rule. Ore recovery is assumed to be 100 pet. 

'!he operatin;J an:! capital costs were estllnated usin;J the a,wropriate cost 

m::xiel. 

Placer Mine Model. 

'!he placer IrOdel is based on usin;J dozers to m=we pay gravel to the 

plant an:! overt:urden to the spoil pile. 

In order to make volumetric calculations an:! derive a striR'in;J-ratio 

equation to include depth of overt:urden as a variable in the cost IOOClels, 

a generalized deposit shape havin;J a constant average width of 100 ft an:i 

a constant pay zone thickness of 10 ft was assumed. Fran this generalized 

deposit shape a relationship was derived for striR'in;J ratio (S) as a 

fun:::tion of deposit size an:! depth of oveIb.lrden. 

S - ~ = (5.67d + 0.03~lJla = (5.67d + 0.03~1 

where: Tov = mt of oveIb.lrden 

'rpg = mt of pay gravel 

d = depth of overt:urden 

56.7 
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Table C-6a. vertical Crater Retreat with Adit Entry Cost Model 

Cost 
Corrponent 

capital Cost, $ 
Equation 

Operatin;J Cost, $/mt 
Equation 

labor 
Equipnent 
Steel 
I1lmber 
Fuel 
Irxlustrial 
Materials 

Construction 
Materials 

3613.100(T)0.4892 
5346.500(T) 0.5081 

41. 360(T) 0.5546 
1.465(T)0.6791 
4.696(T)0.5261 

100. 700 (T) 0.5520 

3845. 100 (T) 0.4502 

T = Total resource in metric tons 

398.500(T)-0.2270 
7.891(T)-0.1546 
0.942(T)-0.0054 
0.210(T)+O·0208 
8.340(T)-o·1817 

5.366(T)-O·0314 

14.190 (T) -0.·1328 

Table C-6b. vertical Crater Retreat With Shaft Entry Cost Model 

Cost 
Corrponent 

labor 
Equipnent 

Steel 
I1lmber 
Fuel 
Irxlustrial 

capital Cost, $ 
Equation 

3613.100(T)0.4892 + 4693(d) 
5346. 500 (T) 0.5081 

+ 9,080 000 + 2100(d) 
41.360(T) .~546 + 478 (d) 
1.465(T)0.6791 + 13 (d) 
4.696(T)0.5261 + 226(d) 

Materials 100.700(T)0.5520 + 436(d) 

424 (d) 
Construction 

Materials 3845.100(T)0.4502 + 

T = Total resc:urce in metric tons 
d = depth of shaft in meters 

Operatin;J Cost, $/mt 
Equation 

398.500(T)-0.2270 + 1.78 
7.891(T)-0.1546 + O.OOl(d) 

0.942 (T)-0.0054 
0.210(T)+0.0208 
8.340(T)-0.1817 + .0003(d) 

5.366(T)-0.0314 

14.190(T)-o·1328 + 0.27 
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L = l~ of deposit in ft = Tpg/56.7 

'!he estil'llated loose cubic yards of gravel mined per hOJr (LC'i/h), X, 

is a function of placer size an:l was calallated by awly~ the follow~ 

folTlllla: 

X = LC'i/h gravel = 0.1814(TPg)0.4429 

Placer mines are assumed to ~te 12 hid, 100 d/yr, plus a two week 

start-up period for overburden rem:JVal an:l site preparation. us~ a 

. factor of 1. 342 to convert fran LC'i to mt, the mine life is calallated as 

follows: 

L = (mine life yrs) = Troo. 5571 = ~ 

(12) (100) (X) (1.342) 292.13 

'!he tonnage rates selected for baseline oost~ were 27,000, 134,000, 

805,000, 2,684,000, an:l 13,420,000 mt. Us~ the above fonrul.as, these 

tonnages con:e:."'J?On:i to plant capacities of 20, 25, 75, 150, an:l 250 LC'ijhr 

an:l mine lives of fran 1 seasal to 32 yrs. '!he estil'llated costs of each 

mine capacity were based at actual. labor, SlWly an:l equipnent costs for 

the various mrit pzocesses an:l adjusted to reflect the higher costs of an 

Alaskan cpmltioo. 'Ihese values were used to develcp a set of capital an:l 

cperat~ cost equatioos t:hrc:u3h geanetric Iegzession. '!he resultant cost 

IOOdel, shown in table C-7a, can be used to estil'llate placer mini.n;J costs on 

a per ton of gravel mined basis. 

Given a placer deposit of known tonnage, the daily capacity an:l mine 

life were determined by us~ the above fonrul.as. '!he mini.n;J cost IOOdel 

C-16 



Table C-7a. placer Mine COst !oi:ldel 
(50 pet pay gravel) 

COst 
Coup:?nent 

capital COst, $ 
Equation 

Operatin] COst, $/mt 
Equation 

Labor 
Equipnent 
Steel 
FUel 
Construction 

Materials 

299.600(T) 0.3413 
11871. 200 (T) 0.2729 

0.300(T)0.5281 
2.718(T)0.5276 

6.308(T)0.4192 

T = Total resource in rretric tons 
NA = Not applicable 

277.700(T)-0.4173 
5.449(T)-o·2105 

NA 
9.631(T)-0.2405 

NA 

Table C-7b. Placer Mine COst lbiel with Strippin] Ratio 

COst 
carponent 

Labor 
Equipnent 
Steel 

capital COst, $ 
Equation 

300.800(T)0.3413(S)0.2432 
11693.100(T)0.2729(S)0.7076 

0.302(T)0.5281(S)0.2670 
2.734(T)0.5276(S)0.2670 Fuel 

Construction 
6.308(T)O.4193 Materials 

T = Total resource in metric tons 
S = strippin] ratio 
NA = Not applicable 

Operatin] Cost, $/mt 
Equation 

273.000(T)-o.2270(S) 0.0856 
5.269(T)-O.2105(S)0.4739 

NA 
9.323(T)-O·2405(S)0.4565 

NA 
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shown in table C-7a was used to estimate the total capital costs am the 

operat~ cost per ton of gravel. 'Ihese equations assume that 50 pet of 

the rock IOCIVed is non-payin;J overt::urden. For circumstances in which a 

higher strit:Pin;J ratio is expected, a depth factor nust be at:Plied. '!he 

appropriate equations adjusted for strit:Pin;J ratio are shown in table 

C-7b. '!hese IOOdels are considered valid for daily capacities ran;~ from 

100 to 10,000 mt/d. 

Mill Cost M:ldel.s 

'!he procedure for developin;J mill cost IOOdel.s <It:Propriate for each of 

the ore deposit types was similar to that for Ininin}. In general, m:del.s 

were developed us~ fc:ur millin;J techniques: (1) cart:xn-in-pllp (CIP) 

gold leacl"lin], (2) heap leachin;J, (3) gravity, am (4) flotation. 

Irdividual mill IOOdels for each deposit type used one or mre of these 

techniques • 

'!he choice of mill methodes) was based on the ore type or contained 

metal grade(s) of the paricular deposit type. r:aily tonnage ran;es were 

based on the ran;e for the co~ ~ method. Table C-1 

identifies the mill IOOdel.(s) <It:Plied to each deposit type. Cost equations 

were develqai for six capital am operatirq cost~: labor, 

equipnent, steel, fuel, in:lustrial materials, am constJ:uction materials; 

am 'INere used to estimate the capital am operatirq costs at varioos mill 

feed rates, x. 

OJrirq eadl year of production it is assumed that adlitional capital 

expen:litures will be incurred equal to three percent of the original 
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capital investment for the mill to replace ~mcut ani obsolescent 

equipnent. 

carbon-in-rulp (CIP) Gold I.eachim Mill. 

'!he final product of this millirq method is dore' OOllion. '!he mill 

configuration includes: 

(1) a crushi.n;J plant which prepares mine-run ore for the mill, 

(2) a grin:tin:;J circuit which reduces ore to 80 percent passirq 200 

mesh, 

(3) a cartX:>n-in-p.llp gold rea:Nerj curo..tit, ani 

( 4) a taili.rqs disposal system. 

'!he equations developed estbnate costs for CIP processirq of ores 

containirq aR'roximately 0.09 to 0.7 tr oz gold/ton (3 to 24 g gold/mt) 

ani minor ano.mts of silver. IncltxJed in the costs are the successive 

unit prcx::esses of thic:ken.in; of the sluny of grooni ore; cyanide 

agitation leach.i.rg; wood-chip ani trash screenin;J; adso~ion of precious 

rretals by activated c:x:x:::onut cartx:>n; camtera.lrrent cartx:>n transfer; 

screenin;J for separation of charcoal fran p.llp; hot caustic cyanide 

striR'irq of carbon; carbon acid ~ ani regeneration by heatirq ani 

~; electrowi.nni..rg on steel wool cathodes; carbon colUl'l'U'l scaverqer 

rea:Nerj fran bleed streams ani tailirq return water used in the process; 

ani OOllion refinirq ani castirq, includi.rq slag processirq. cyanide is 

not regenerated fran the barren solution in the process. 

It is assumed that the mill ¥lOO.ld q;lerate 24 hoors/day, 365 

days/year. It is also assumed that this method ¥lOO.ld rea:Ner 90 pet of 

the gold in the mill feed ani 61 pet of the silver. 

'!he i.rxiepenient variable in the capital ani q;lerat~ cost equations 
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is capacity in metric tons of mine-run ore per day. To make the 

transition fran a given resaJrce tonnage to metric tons per day, Taylor's 

Rule was used. 

L (mill life yrs) = 0.2 (T) 1/4 

where: T = total tonnage of ore in deposit 

am then: 

x = mt/d = T 

L(365) 

= T 

.2 (T) 1/4 (350) 

=~ * 350 

70 365 

Once the daily capacity, X, of the mill was detenninecl, the cost m:x1el 

shown in table C-8 was used to estimated the mill's capital am operatin;J 

costs. '!he equations shown are considered valid for mill feed rates 

ran;in;J fran 50 to 20,000 mt/d. 

Heap Leachirg. 

'Ibis mill m:xiel was designed to treat ores c:ontainin;J less that 0.09 

tr oz of gold per st. '!he mill is assumed to include: 

(1) a Cl:'\lShin;J plant which prepares mine-run ore for leadti..n;J, 

(2) leach pads with foor layers of 1inin;J to prevent leakage am 

insulate the pennafrost below the pads, 

(3) a solutioo distri1::utioo am collection system, 

( 4) a coonter-current decantatioo gold rect:Nery system, am 

(5) a disdlarge water treatment system. 

For this mill m:x1el, it is assumed that run-of-mine ore is leadled in 

a heap leachi..rq plant or facility with a barren cyanide solution that 

C-20 



C-21 

Table C-8. caroon-in-PUl.p Gold I.eadl Mill Cost M::del 

Cost capital Cost, $ ~tin;;J Cost, $/rnt 
COitl1X>nent Eauation Eauation 

Labor 98593.10(X)0.674 664.349(T)-0.565 
Equipnent 118274.38 (X) 0.661 6.004(X)-0.146 
steel 34895.44 (X) 0.599 0.818(X)-0.028 
Fuel 1. 29 (X) 1. 408 6.860(X)-0.520 
In:iustrial 

0.58 (X) 1.417 41.895(X) -0.412 Materials 
Construction 

Materials 47882.63 (X) 0.652 0.141(X)-0.002 

X = Mill feed rate, metric tons per day 



slCMly percolates thrcu'jl the heaps to dissolve the gold values to produce 

a pregnant solution. '!be pregnant solution is then ~ thrcu'jl C01UIlU1S 

containirg activated charcoal where the gold is adsorbed on cartx:>n 

particles. Loaded carl:x>n is striJ;P3d in a striwirg column to recover the 

precious metal with a hot caustic cyanide solution. 'lbe high-grade strip 

solution then reports to electrow~ cells where the gold is recovered 

on steel wool cathodes, which are then smelted to recover dore' bullion. 

'!be dore' bullion is the final product am is shiJ;P3d to a refinery. 

It is assumed that the mill will cpmlte 24 hours/day, 180 days/year 

to avoid freeze-up of the cpmltion durirg winter rronths. It is also 

assumed that the heaps are drained prior to shut-down at the erx:l of the 

cpmltirg season. 'Ibis mill method is expected to recover 70 pet of the 

gold in the mill feed am 45 pet of the silver. 
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Table C-9 presents the cpmltirg am cost equations develqlE!d for this 'e 
mill method. '!be irdepen:ient variable in these equations is capacity in 

metric tons of mine-run-ore per day which was calallated usirg the 

fonnulas derived above. '!be IOOdel. is considered valid for mill feed rates 

ran;Jirg fran 50 am 1,000 mt/d. 

'I'l.ln:Jsten Oxide Gravity Mill Mcx:lel. 

'lbe derived costs pertain to the production of tun;Jsten concentrates 

fran ore CCI'Itaini.rx.J awroximately 1. 5 pet \tl)3. '!be mill configuration 

is assumed to include: 

(1) a bJo-stage crl.lShin;J plant to prepare mine-run-ore for grin:ting, 

(2) a duplex mineral jig to recover a high grade sam am hutch 

corx::ertrate prior to grirrli..rl], 

(3) a rod mill grin:ting plant to prepare crushed ore for tablirg, 



cost 
Component 

Labor 
Equipnent 
Steel 
Fuel 
Imustrial 
Materials 

Construction 
Materials 

Table C-9. Heap Leach Mill cost z.txlel. 

capital cost, $ 
Equation 

7391.22 (X) 0.861 
2959.31(X)0.894 

826.43(X)0.854 
43.40(X)0.935 

17.21(X)0.954 

1218.99(X)0.983 

Operatin;J cost, $/rnt 
Equation 

117.525(X)~0.386 
9.818(T)-0.292 
0.030(X)-0.307 
5.560(X)-o·429 

30.759(X)-0.405 

0.398(X)-0.088 

X = Mill feed rate, metric tons per day 
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(4) a tablin:r circuit han::Uin; foor size fractions - coarse, medium, 

fine, arxi slimes, 

(5) a sulfide float cell to reroove sulfides fran the tun;Jsten 

concentrate prior to thickenin;J arxi ch:yin;, 

( 6) a fresh water reservoir, arxi 

(7) a tailin;s disposal system. 

Included in the CXlSts are the successive unit processes of Cl:'UShi..nl, 

sizin;, j iggin;, rod mill gr:irxiirq, spiral classification, table 

concentration, thickenin;J, arxi ch:yin;. Final tun;Jsten concentrates assay 

at 60 pet ~3 with an 86 pet circuit reo::Nery. 

'The mill is assumed to operate 24 haJrs/day, 365 days/year. 'The 

Cl:'UShi..nl plant operates 16 hours/day, 365 days/year. All por.tJer is 

generate::! on site usin; diesel generators. 
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Table C-10 presents the capital arxi operatin; cost equations developed "e 
for this mill. capital CXlSts are estiInate::! in total dollar aroount, arxi 

operatin; costs in dollars per metric ton of mill feed. '!be m:::de1 is 

considered valid for feed rates fran 50 to 500 mt/d. 

Rare Earth Oxide Flotation Mill Model. 

'!his mill IOOdel is designed to produce rare earth oxide concentrates 

fran ore cont.ainin} ~roxi.mate1y 5.0 pet rare earth minerals. 'The mill 

configuratioo is assumed to inclu:1e: 

(1) a Cl:'UShi..nl plant to prepare mine-run ore for mill feed, 

(2) a mill where crushed ore is grall'd, concentrated by flotation, 

dewatereci arxi dried, 

(3) a storage 1:W.lclin:j where the concentrate is ba<};Jed ani stockpiled 

for shipnent, 



Table C-10. 'I'l.lr¥3Sten Oxide Gravity Mill Cost ~ 

Cost 
Cgrponent 

Labor 
Equipnent 
Steel 
Fuel 
Irrlustrial 
Materials 

Construction 
Materials 

capital Cost, $ 
Equation 

97481.0(X) 0.5437 
103998.0(X) 0.5086 
29548.0(X) 0.5151 

7153.0(X)0.55 

1436.0(X)0.6777 

20165.0(X)0.5741 

X = Mill feed rate in metric tons per day 
NA = Not awlicable 

q,eratin; Cost, $/mt 
Equation 

178.290(X)-0.3835 
34.000(X)-0.4079 
2.116(X)-0.1099 
1.166 (X) -0. 3966 

.340(X)-0.0 

NA 
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( 4) a fresh water reserroir, arxi 

(5) a tailin;Js djsrosal system. 

Initially, mine-run ore is crushed to minus 10 an in a jaw crusher, 

then fed to a vibrat~ screen ani cone crusher in closed circuit to 

prcx:iuoe a minus 16 nm product. 'Ihe crushed ore is conveyed to a surge bin 

for subsequent feed to the mill. 

At the mill, crushed ore is fed to a ball mill in closed circuit with 

a cyclone. 'Ihe ball mill grirrls the ore to 90 pet passirg 325 mesh ani 

100 pet passirg 150 mesh. G~ ore passes to corxtition.in;;J tanks, where 

reagents ani steam are added in four separate stages. 'Ihe corxtitioned 

feed is then passed t.hJ:"algh rougher, cleaner, ani scaven:Jer flotation 

cells. Flotation cells use a fatty acid collector at a temperature of 

about 95 degrees C, ani are maintained at a J;iI of between 8 ani 9 with 

soda ash. 

After flotation, rare earth oxide concentrates pass to a thickener, 

then to dnnn filters. Con:entrates are further dried in rotary dnnns 

usirg heat fran the power generation plant. 'lbe dried concentrate, which 

contains 60 pet RED ani represents awroxilnately 70 pet reo:Nery, is 

conveyed to storage bins in a separate concentrate storage tuildirg. In 

the storage tuildirg, the con:entrate is bagged ani stcx::kpiled for 

shiprent. 

If uranium minerals are present in the ore, then a nitric acid leach 

ciro.rlt may be added to recover them fran the tails of the flotation 

mill. 'Ihese tails pass to a series of spirals used to concentrate a:rrj 

uranium minerals that might be present. '!his con:entrate flows to a leach 

plant where uranium am thorian are leache:i usi.n;J nitric acid, then 

separated in a solvent extraction ciro.rlt. Uranium minerals are then 
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precipitated am dried to produce a final concentrate. It is estilnated 

that awroxiJnately 75 pet of the uranium minerals are rec::overe:i fran an 

are that contains awroxiInately 0.1 pet uranium minerals. 

Either mill is assumed to operate 24 hours/day, 365 days/year. '!he 

crusher plant operates 16 hr/day, 365 days/yr. Make-up water is StJR)lied 

fran a reseJ:Voir designed to provide fresh water year ram:l. An estilnated 

65 pet of mill water is recycled fran the thickener , filter, am tailirqs 

pon:1. 

rue to the unusual problems of mi.nin.J am millirq in extreme clilnates 

am at rert¥Jte locations several special features were incorporated in the 

m:xlel: (1) all power is generated onsite usirq diesel generators; (2) the 

mill am concentrate storage l::uilci.in;s are const.n1cte:i in IOOdular form at 

the point of ~, then transported to the site; (3) covere:i storage 

is provided for awroxiInately 90 days of concentrate production in case 

shlwirq is interrupted by severe weather; (4) a fresh water reseJ:Vior 

StJR)lies water even urrler freeze con:1itions; am (5) the tailirqs facility 

is designed to contain the entire volume of mill waste produced over the 

life of the operation in order to eliminate the winter freeze-up potential 

of open air spigots- whim are typically used to l::uild up tailirqs dams. 

'!he operatin} am capital cost equations developed for this mill IOOdel 

withoot am with a uranium rec::overy circuit are shown in tables C-lla am 

C-llb. '!hey are valid for mill feed rates ~irq fran 50 to 20,000 

mt/d. capital costs are estilnated in total dollars am operatirq costs in 

dollars per mt mill feed. 

Polymetallic SUlfide Flotation Mill Model. 

'!his mill IOOdel was designed to treat ores containin} canbinations of 
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Table C-lla. Rare Earth OXide Flotation Mill Cost Medel 

Cost 
Cgrponent 

capital Cost, $ 
Equation 

~tin3 Cost, $/mt 
Equation 

labor 
Equipnent 
Steel 
Fuel 
Irxhlstrial 
Materials 

Construction 
Materials 

6921.0(X)0.972 
16S5S.0(X)0.S04 

6165.0(X)0.756 
360.0(X) 1.045 

19S.0(X)0.961 

2692.0(X)0.S67 

x = Mill feed rate iIi metric tons per day 
NA = Not ~licable 

1705.12 (X)-o·715 
4S.04(X)-0.362 

1.74(X)-0.22S 
3.93(X)-o·369 

3.99(X)-0.0 

NA-

Table C-llb. Rare Earth OXide Flotation Mill Cost Mcdel 
with Uranimn Rec::Nery circuit 

Cost capital Cost, $ 
CUIIXJnent Equation 

labor 9341.0(X)0.94S 
Equipnent 35665.0(X)0.751 
Steel 6175.0(X)0.755 
Fuel 360.0(X)1.045 
Irxhlstrial 

197.0(X)0.961 Materials 
Construction 

7364.0(X)0.S15 Materials 

X = Mill feed rate in metric tons per day 
NA = Not ~licable 

~tin3 Cost, 
Eauation 

1617.07(X)-o·655 
39.43(X)-0.304 

L 75 (X) -0.229 
27.32(X)-0.433 

S.70(X)-0.040 

NA 

$/mt 

- --- -------------" 
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cq::peI', lead, ani zin=, al~ with minor annmts of gold ani silver. 'Ihe 

mill configuration is assumed to include: 

(1) a crushi.n;J plant which prepares mine-nm ore for feed to the mill, 

(2) a mill where crushed ore is grami, concentrated by flotation, 

then dewatered to produce ~, lead, and zinc concentrates, 

(3) a fresh water reservoir, and 

(4) a tailin;s disposal system. 

Initially, mine-nm ore is crushed and sized in a series of crushers 

and vibrat:irq screens to awroximately minus 5/8 inch. crushed ore is 

grami in a series of rOO mills and passed thro.lgh a bank of cyclones for 

size separation. CYclone oversize is regrc::mxl us:irq ball mills then 

~ back to the cyclones lll1til a minus 200 mesh flotation feed is 

OOtained. CYclone 1..11"rlersize is mixed with cyanide to depress zinc 

minerals, then passed to a series of rcugher cells where the lead~ 

minerals are floated. ~ is then separated fran lead in another bank 

of cells where reagents are added to depress the lead. 

All three concentrates are l1p3rClded by additional flotation in sets of 

ra.Igher and cleaner cells. Middlin;s fran ra.Igher cells and tails fran 

cleaner cells are recirculated to irrprove recovery. All concentrates are 

thickened and dried prior to stockpil:irq for shipnent. 'Ibis mill method 

is assumed to recover 88 pet of the lead, 85 pet of the zinc, 85 pet of 

the <::e:g)er, 78 pet of the gold and 73 pet of the silver in the mill feed. 

'!he mill is assumed to ~te 24 hoors/day, 365 days/year. ~t:irq 

cost estimates are based upon anticipated labor, equipnent, and SlWly 

needs for various mill feed rates. Operatirg and capital cost equations 

are presented in table C-12 ani are considered valid for cperatirg rates 

between 50 ani 10,000 mt/d. capital costs are reported in total dollar 
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Table C-12. Polymetallic SUlfide Flotation Mill Cost Model 

Cost 
canponent 

Lal::x:>r 
Equipnent 
Steel 
Fuel 
Irx:hJstrial 
Materials 

Construction 
Materials 

capital Cost, $ 
Equation 

26657.81(X) 0.813 
36921.25(X)0.725 
6853.19(X)Q·826 
1811. 91(X) 0.840 

971.83 (X) 0.735 

5425. 68 (X) 0.834 

X = Mill feed rate in metric tons per day 
NA = Not applicable 

~tirg Cost, $/mt 
Equation 

342.407(X)-o·583 
41.140 (X) -0.330 
0.049(X)-0.082 
2.381(X)-o·272 

0.971(X)-0.0 

NA 
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a.nnmt; ~tin;J costs are reported in dollars per mt mill feed. 

Lead-zinc Flotation Mill Model. 

'!his mill IOOdel is designed to produce separate lead am zinc 

concentrates fran ore containin;J between 4.0 am 9.0 pet lead am fran 6.0 

to 12.0 pet zinc. Main ore constituents are assumed to be galena am 

SIilalerite. Mill configuration is assumed to incl1.Xie: 

(1) a crushin;J plant whidl prepares mine-run ore for feed to the mill, 

(2) a mill where crushed ore is grourrl, concentrated by flotation, am 

dewatered to produce lead am zinc concentrates, 

(3) a fresh water reseIVOir, am 

(4) a tailin:;Js disposal system. 

Initially, mine-run ore is crushed am sized in a series of crushers 

am vibratin:J screens to a~roximately minus 5/8 inch. Crushed ore is 

then grourrl in rod mills am passed t:.hrc:ugh a bank of cyclones. cyclone 

oversize is grourrl in ball mills then ];:U11p3Id back to the cyclones until a 

minus 200 mesh flotation feed is OOtained. CYClone urxiersize is mixed 

with cyanide to depress zinc minerals, then passed to lead rt'A.lgher 

flotation cells where lead minerals are floated. Lead rt'A.lgher 

concentrates pass to a bank of cleaner cells where lead minerals are 

further c:cn:::entrated. Tails fran the cleaner cells am middlin:;Js fran the 

rougher cells are re-circ:ulated t:.hrc:ugh the lead flotation circuit. Fran 

the cleaner cells, lead concentrates are thickened an::i dried prior to 

stockpilin:J for shipnent. 

zinc ridl tails fran the lead rt'A.lgher cells flow to a zinc flotation 

circuit. ZiIx: minerals are reactivated with cqpar sulfate then passEd to 

e . a series of ziIx: rt'A.lgher cells where the ziIx: is floated. Ralgher 
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concentrates flow to cleaner cells where z:irw= minerals are further 

concentrated. Tails fran the cleaner cells am mick:llin;s fran the rougher 

cells are re-circulated thrc:u;h the z:irw= flotation circuit. Tails fran 

the zinc rougher cells flow to the tailin;s poni. Zinc concentrates are 

thickened am dried prior to stockpil~. 

'!he mill is assumed to q:lerate 24 hoors/day, 365 days/year am to 

produce a 75 pet lead concentrate am a 60 pet z:irw= concentrate. '!he 

~ plant is assumed to operate at the same schedule, b.It is ,_:qui~ 

with higher capacity madlinery to hanUe fluctuations in mine production. 

AJ;:proximately 95 pet of the lead, 83.5 pet of the z:irw=, am 95 pet of the 

silver present in the initial feed are recovered. 

'!he cost equations presented in table C-13 were used to estimate 

capital am operatin3' costs at various mill feed rates. '!hey are 

considered valid for feed rates Ian1in3' fran 50 to 20,000 mt/d. 

'I'llrx:Jsten Oxide Flotation Mill. 

'!his mill is designed to produce b.Jn;sten concentrates fran ore 

containing approximately 0.5 pet ~3. Mill configuration is assumed to 

include: 

(1) a three-stage ~ plant to prepare mill-nm ore for grin:lirg, 

(2) a ~ grin:ti.rg plant where crushed ore is gro.mi by both rod 

am ball mills, 

(3) a flotatial plant with dewaterin3' am dryin3', 

( 4) a fresh water reserroir, am 

(5) a tailin3's disposal system. 

Initially, mine-nm ore is crushed an::l sized in a series of crushers 

an:l vihratin3' screens to a~roximately mirrus 3/4 inch. crushed ore is 
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Table C-13. Lead-Zinc Flotation Mill Cost Model 

Cost 
Cgtponent 

I..abor 
Equipnent 
Steel 
FUel 
Irxiustrial 
Materials 

Construction 
Materials 

capital Cost, $ 
Equation 

23404.0(X)0.817 
33672.0(X)0.716 
6099.0(X)0.830 
3057.0(X)0.845 

874.0(X)0.727 

4801.0(X) 0.839 

x = Mill feed rate in metric tons per day 
NA = Not awlicable 

~tinq Cost, $/mt 
Equation 

456.963 (X)-0.609 
37.284(X)-o·332 
0.051(X)-o·084 
2.280(X)-o·297 

0.891(X)-O·0 

NA 
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then gram:! in a series of ball rcxi mills ani passed through a bank of 

cyclones for size separation. Optimum grind for flotation feed is 65 to 

100 mesh. 

Grc:mx:i ore is corxtitioned in three stages prior to beirq fed to the 

flotation cells. '!he corxtitioned p..1l.p is then concentrated in'sets of 

rougher ani cleaner flotation cells. '!he concentrate is thickened ani 

dried prior to shipnent. '!he dried concentrates are assumed to contain 15 

pet ~3 with a circuit recovery of 88 pet. 

'!he mill is assumed to c:parate 24 boors/day, 365 days/year.' '!he 

crushirq plant is assumed to c:parate 16 hours/day, 365 days/year. Make-up 

water for the mill is SlJR)lied fran a reservior designed to provide fresh 

water year rc:mx:i. All power is generated on site usirq diesel generators. 

Table C-14 presents the capital ani q)eratirq cost equations developed 

for this mill. '!hey are considered valid for mill feed rates ran;irq from 

500 to 5,000 mt/d. 

Tin Greisen Flotation/Gravity Mill MOdel. 

'!his mill is designed to produce three products: a low-grade tin 

flotation product, a high-grade tin product, ani a sulfide flotation 

product. Mill feed grade was assumed to be 1.25 pet Sn with recoverable 

silver ani tantalum potentially present. '!he general millirq scheme 

includes: 

(1) a t:hree-stage crushirq plant, 

(2) a sirqle-stage pr:ilnazr gri.n:li.rg circuit, 

(3) bulk sulfide float foll~ by regrini ani cleaner flotation to 

develq> tin,ltantalunVsilver concentrate, 

(4) tablirq of bulk sulfide float tails to recover high-grade tin 
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Table C-14. 'I\lr'¥;JSten OXide Flotation Mill Cost Medel 

Cost capital Cost, $ 
Coitwnent Eauation 

Labor 29103.0(X)O.7745 
Equipment 52338.0(X)O.659 
Steel 15443.0(X)O.659 
Fuel 1681. ° (X) 0.819 
Irxiustrial 
Materials 148.0(X)1.072 

construction 
Materials 4427.0(X)O.852 

X = Mill feed rate in metric tons per day 
NA = Not applicable 

ClJeratirg Cost, $/mt 
Eauation 

635.340(X)-O.5552 
7.546(X)-O.2065 
2.143(X)-O.1391 
O.759(X)-O.3591 

6.460(X)-o.o 

NA 
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concentrate , 

(5) tin flotation of all fines to rec::over low-grade float tin product, 

(6) a fresh water resezvoir, ani 

(7) tailirgs disposal ani water recyclin:] facilities. 

Mill-run ore is crushed ani sized in a series of crushers ani 

vibratin:] screens to minus 3/8 iIrh. '!he crushed ore is then grourrl in 

one or rrore ball mills, in parallel, to minus 100 mesh for preparation of 

l:ulk sulfide float feed. 

'!he grourrl ore is con::ti tioned by ad:lin; the required reagents ani then 

sent to the l:ulk flotation cell bank. Tails fran this flotation unit are 

directed to the gravity section of the plant where the tin mineral 

cassiterite is rec::overed t.hro.lgh tablin:]. '!he l:ulk sulfide coroantrates 

are regra.ll"d to allow reduction of concentrate gan;JUe content t.hro.lgh a 

secorn flotation stage in cleaner cells. 

'!he table coroantrates are regra.ll"d ani sent to a small flotation bank 

to remJVe residual sulfides ani are then sent to the dewaterin:] section to 

be filtered ani dried. Table tails ani fines scalped fran the table feed 

report to the tin flotation section where a low-grade product is rec::overed 

in two stages. Total tin rec::overy is a~roximately 65 pet. 

Table C-15 presents the capital ani q:leratin:] cost equations developej 

for this mill. '!hey are considered valid for feed rates ran;Jin:] fran 50 

to 20,000 mt:/d. 

Placer Mill MOdel. 

In this roodel front-en:i loaders feed a sluice for primal:y treatment 

ani sluice concentrates are tabled for final cleanup. 'IWo settl:i.n;J porxls 

are required. 
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Table C-15. Tin Greisen Mill Cost f.b:lel. 

Cost 
Cgtponent 

labor 
Equipnent 
Steel 
Fuel 
In:iustrial 
Materials 

Const.nlction 
Materials 

capital Cost, $ 
Equation 

75621.O(X)0.71777 
61423.o(X)0.6986 
17491.O(X) 0.7458 

5166.o(X)0.7454 

3213.O(X)0.6151 

9oo76.o(X) 0.4984 

x = Mill feed rate in metric tons per day 
NA = Not awlicable 

Operatin;J Cost, $/mt 
Equation 

84.540(X)-O·3667 
49.710(X)-0.35051 

0.975(X)-O·0 
7.229(X)-0.41283 

4.242(X)-0.09827 

NA . 
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As for the placer mine m:xiel, the tannage rates used for baseline 

costing were 27,000, 134,000, 805,000, 2,684,000, and 13,420,000 mt, which 

corresporxl to plant capacities of 20, 25, 75, 150, and 250 ICY/h. The 

estbnated costs of eadl mill capacity were based on actual labor, SUWly 

'am equipnent costs for the varioos \.mit processes and adjusted to reflect 

the higher costs of an Alaskan operatioo. 'lhese values were used to 

develop a set of capital am operatin;J cost equations thra.Igh geanetric 

Iegzession. 'lbe resultant cost ITCdel, shown in table C-8a, can be used to 

estbnate placer millin;J costs on a per ton of gravel mined basis. 

Given a placer deposit of knc:Jwn tannage, the daily capacity is 

detenn.inecl am the millin;J cost ITCdel shown in table C-16 is used to 

estbnate the total capitals and the operatin;J cost per mt of gravel. 'lbe 

cost ITCdel is considere:i valid for mill feed rates ran;in;J fran 500 to 

20,000 mt/d. 

Infrastructure Require.rrents 

Ole to the renDt.e location of potential minin:J am millin;J sites in 

central Alaska, infrastructure costs are expected to be significantly 

higher than these normally incurre:i in similar types of minin:J operations 

in the lC1tWer 48 states. In general, the magnituie of these costs will be 

a function of the type and size of the ~ operatioo, and will include 

the constIuction and maintenance of access roads, carrp facilities, and 

on-site power generation facilities. 

In order to eJCplicitly take account of these additional costs, three 

infrastructure cost ITCdels were develcp:d: (1) one for surface mines; (2) 
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Table C-16. Placer Mill Cost Model 

Cost 
Cgrgxment 

labor 
Equiprent 
Steel 
FUel 
Construction 

Materials 

c:api tal Cost, $ 
Equation 

2745.900(T) 0.2578 
11861.000(T) 0.2220 

7.727(T)0.2207 
147.200(T) 0.2804 

1476.300(T)0.2460 

T = Total. resource in metric tons 
NA = Not a~licable 

Operatirq Cost, $/mt 
Equation 

30.457(T)-0.2400 
1. 633 (T) -0.0938 

NA 
1. 186(T)-0. 1059 

0. 184 (T)-O. 1909 
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one for low tamage un:iergrcun:l mines, such as a cut-an::l-fill mine; an::l 

(3) one for high tamage un:iergrcun:l mines, such as a roan-an::l-pillar 

mine. To develql eadl mxlel., various daily tonnages an::l mine methods were 

used to derive the associated infrastructure costs. Regional cost factors 

were used to escalate these costs to reflect the in::reased expense of 

infrastructure developrent in Alaska. ~tirg an::l capital cost 

equations were then developed for eadl infrastructure m:xiel through the 

use of geanetric tegl:ession. 

'!he infrastructure cost IOCldel for surface m:inin;J operations is 

presented in table C-17a. '!he equations are considered valid for daily 

tonnages ran;Jirg fran 1,000 to 100,000 mt/d. '!he infrastructure cost 

m:xiel for low tonnage un:iergrcun:l m:inin;J operations is shown in table 

C-l7b. '!his m:xiel is awropriate for all low tonnage m:inin;J operations, 

inclu::li..n;J shrinkage S'tq>irg, cut an::l fill, an::l square set mini.rg. It is 

considered valid for daily tonnages ran;Jirg fran 200 to 5, 000 mt/d. 

Finally, the infrastructure cost m:xiel for high tonnage l.U'Xie.rgroon:l minirg 

operations is shown in table C-17c. '!his mxlel. is awropriate for all 

high tonnage mining operation, inclu::li..n;J roan an::l pillar, verical crater 

retreat, an::l block cavirg. It is considered valid for daily tonnages 

ran;Jing from 2,000 to 50,000 mt/d. 

To detemine the full cost of m:inin;J activity associated with a 

particular deposit, the awropriate infrastructure m:xiel was CCIIi:>ined with 

the awlicable mine an::l mill m:xiels. A road toll charge of $.60/per ton 

of ore mined was also awlied. 



Table C-17a. SUrface Mine Infrastt:ucture Cost M::ldel 

Cost capital Cost, $ ~tin;J Cost, $/mt 
CoitlLOnent Eauation Eauation 

labor 597164.0(X) 0.4158 126.64(X)-0.6333 
Equipnent 109597.0(X) 0.5365 16.45(X)-0.4138 
Steel 57301.0(X)0.0462 9.87 (X) -1. 0074 
Fuel 22814.0(X)0.4396 15.52(X)-0.3360 
Olemicals 23094.0(X)0.4620 9.15(X)-0.2611 
In:lustrial 
Materials 12389.0(X) 0.4485 103.90(X)-0.5522 

Construction 
Materials 312122.0(X)0.4833 NA 

Table C-17b. SInall UmergrcA.ll'Xi Mine InfrastJ:ucture Cost Model 

Cost 
carponent 

labor 
Equipnent 
Steel 
Fuel 
Olemicals 
In:lustrial 
Materials 

Construction 
Materials 

capital Cost, $ 
Equation 

495283.0(X) 0.5241 
170884.0(X)0.5013 
72575.0(X)0.0153 
94708.0(X)0.2461 

117469.0(X) 0.2388 

5247.0(X)0.5775 

285314.0(X)0.5742 

~tin;J Cost, $/mt 
Equation 

150.99(X)-o·5753 
28.17(X)-0.4469 

47.71(X)~·4419 
10.58(X)-0.2706 

79.60(X)-0.4227 

NA 

Table C-17c. large Urx:lex."grc:m' Mine Infrastt:ucture Cost Model 

labor 
Equipnent 
steel 
Fuel 
<llemi.cals 

Irrlustrial 
Materials 

Construction 
Materials 

capital Cost, $ 
Equation 

495799.0(X) 0.4916 
166391.0(X) 0.5050 

71071.0(X)0.0186 
86637.0(X) 0.2597 

106549.0(X) 0.2537 

4493.0(X)0.5587 

265549.0(X)O.5529 

X = Metric tons of ore mined daily 
NA = Not awlicable 

~tin;J Cost, $/mt 
Equation 

157.51(X)-0.6118 
26.05(X)-0.4453 

NA 
45.70(X)-0.4357 
10.52(X)-o.2698 

67.94(X)-o·4411 

NA 
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APPENDIX D. - DESCRIPI'ICN OF '!HE rorENI'IAL SUPPLY 

ANALYSIS a::MR.1l'ER MJDEL 

The Potential Suwly Analysis Ccmprt:er f.b:le1. (PSA01:) is 

ccxied in FORmAN ani runs on an HM 3090 mainframe. '!he program 

simulates ani evaluates the potential SUWly of minerals fran a 

particular geogra~c region by canbi.nin;J specific prcbability 

estimates of geologists, mini.rg erqineers ani mineral econanists 

in a Monte carlo simulation. A prospective deposit is defined 

by raman sarrpl~ fran prcbability distril::utions to detennine 

its depth, tons of ore, contained metals ani their respective 

average grades. A state of nature (SON) is defined by the 

collection of deposits sinulated dur~ a s~le pass of the 

IOOdel. Monte carlo tec:hniques are used to generate a large 

ntmlber of SONS. 

Each SON is evaluated to detennine the portion of the 

mineral en:iowment which might be econanically prcxiuced unjer 

certain cost ani metal price assunptions. Mine, mill ani 

infrastIucture cost IOOdels are used to cx::rrp.rt:e the costs of 

extract~ ani prooess~ the metals contained in each sinulated 

deposit. Ann.1a.l cash flows are carp.lted ani the net present 

value (NPJ) is detennined. A deposit is assumed to be 

econanically feasible if its NPV is greater than or equal to 

zero. '!he recoverable metal quantities ani NPV for each 

econanic deposit are aca.mulated ani used to develop prcbability 

distributions of the quantities ani values of the potentially 

econanic rescurces fran the area. 
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Irp.rt: Requirements 

'!he i.npIt data for the PSAQi cor.sists of two data files 

(tables Irl am Ir2). Table Irl describes the geograIiUc, 

geologic arrl erqineerinq data needed for the simulation, as well 

as data which direct the execution of the simulation, such as' 

control codes for the Monte carlo simulation am econanic 

evaluation, file names am options am report options. 

'!he geograIiUc data describes how the region is to be 

evaluated fran a geograIiUc or activity area perspective. An 

activity area is a geograIiUcally baJrxied section of the larger 

area. It may include portions of, or all of, one or lOOre of the 

specific mineral terranes beinq considered in the evaluation. 

'!he activity area designation is particularly inp:>rtant when 

alternative lam-use classifications are beinq considered. '!he 

geologic data describes the mineral terranes or deposit types 

which are beinq evaluated. Each mineral terrane to be evaluated 

is described by probability distrihrt:ions which specify the 

number of potential prospects or deposits, deposit sizes, 

depths, am the average grades for each of the contained 

metals. Ergineerinq i.npIts define the canbinations of mine, 

mill am infrastructure cost nw:xlel.s that are to be used for the 

econanic evaluation of specific types of deposits. 

'!he secorn data file (table 1>-2) specifies the metal prices 

am units infonnation. 
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Table D-l. '!he Potential ~ly Analysis carp.rt:.er fotx3el. Inp.lt File. 

I. Simulation Control rata 

Record 1: 

TITlE ti tie of the potential SUWly sinulation 

Record 2: 

ISEED startirq seed for raman rn.mi:ler generator 

NI'ERR rn.mi:;)er of terranes (deposit types) 

NFRAC number of c::utpIt fractiles for l:"eSWrCe 

en:lowment data 

NAcr number of activity areas 

NPASS rn.mi:ler of M:mte carlo passes 

IFIRSK do full-risk reportirq for ecax:mi.c runs 

o -> no 

1 -> yes 

level of ~ialal print 

0 -> no ~onal print 

1 -> inp.tt echo dlec:k 

2 -> inp.tt echo check plus SCN lists 

NCXHfr rn.mi:ler of catments 

IEXX.N 0 -> erx:lowment sinulation only 

1 -> sinulate ec:oncmics 

DISFAC discnmtirq factor for 'Calculatirq NP\1 

Format 

ABO 

IIO 

I4 

I4 

I4 

I4 

I4 

I4 

I4 

I4 

FS.3 
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(Table 0-1. cont.) 

Record 3: 

PRICEFL title of price file 

ISONFIIE SON file cption 

0 -> do not create nor use a SON file 

1 -> create a SON file 

2 -> read a specified SON file 

SONFIIE SON file name 

IECXlNFIL EX:nJ file cption 

0 -> do not create an EX:nJ file 

1 -> create an ECX:f.l file 

E<:nWIIE EX:nJ file name 

IIOFIIE IO file cption 

0 -> do not create an IO file 

1 -> create an IO file 

IOFIIE IO file name 

Record 4: 

FA(ll) up to 11 rutp.lt prci:lability fractiles 

II. Activity Area rata 

Record 1 to l.-+tPPl': 

name of activity area 

inclu::le in regional SI..mIlIiUY 

'i,YES,N,OO 

ASONINC incltxle in state-of-nature file 

'i,YES,N,OO 

Records 1+NAC1'±1 'to l+NACTtl+NO:tfll': 

a::H!ENI' cc:rrment to be printed 

Fonnat 

A20 

II 

A20 

II 

A20 

II 

A20 

1lF7.4 

A20 

A3 

A3 

ABO 
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(,rable 0-1. cont.) 

III. Mineral Terrane tBta (repeated NI'ERR times) 

Terrane record 0: 

duImny ccmnent record for inp.It only 

Terrane record 1: 

'J:'mR terrane name A20 

OI'YPE deposit type A20 

N~ rn.mi:ler of CCiiiLLXlities potentially present I4 

NK>rS rn.mi:ler of infjmine/mill IOOdel cartJinations 

(may be 0 for an en:lowment run) 

TSONINC include terrane in results 

Y,YES,N,OO 

Terrane record 2: 

ACTPR:>B given that a deposit exists, prOOability 

that a deposit within this terrane will 

F4 

A3 

be within each activity area 15F6. 3 

Terrane record 3: 

AFCTR rn.mi:ler of factors which detemine regional 

favorability (up to 5) 12 

factor values 

Terrana reco;d 4: 

fi&lI() prOOability that a prospect is a deposit 

DEPPI«J prOOability of un:tiscovered deposits 

~ rn.mi:ler of prospects distr:ibJtion 

5F6.3 

F6.3 

F6.3 

8F8.l 
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(Table 0-1. catt.) 

Terrane record 5 (all values specified in millions of tons) : 

'TONMIN mininum tonnage (for non-cxl distribltions) FIO.3 

~ naxi.n'IJln tonnage (for non-cxl distrib.rtions) FIO.3 

'IONI"iPE type of distrib.rtioo for tonnage AlO 

CD -> c:xnlitional pl:'Oballility 

(fractiles ) 

-> nonnal (mean, std. dev.) 

-> logJ'X)nnal 

-> logJ'X)rmal correlated to another 

distrib.rtioo (mean, std. dev., rho) 

UNI~ -> uniform (min, nax) 

tJNI<NCN{ -> sinulation stops 

CDroN comiticna.l deposit tonnage distrihltion 

(or parameters) 

Terrane recon:l 6: 

DPmMIN mininum depth 

DPIHMAX maxi:aun depth 

DPnfl'IiPE type of distrihltioo for depth 

COOPIH ccn:liticna.l deposit depth distrihltioo 

Terrane m' I%d 7 thrc:ulh 7±Nl1XS: 

nmm infrastructure mdel subroutine name 

mine nxx1el subrc:1ttine name 

mill 100del subroutine name 

p:JSt mill IOOdel 

SF1!.1 

FlO.3 

FlO.3 

AlO 

SFll.! 

A6 

A6 

A6 

A6 
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(Table 0-1. cent.) 

CSYMB 

PSlND 

CUiilitxli ty syntxJl 

type of CXJOimxlity 

Pl -> primary cumtxlity 

P -> prima.ry CCiiiir;:dity 

S -> secx:n:!ary CUiluocl.ity 

ClC.'CImB CUiiltxlity oocurrence prcXlability 

GruJfiN mi.ninIJm grade (for ncn-a:l distrihltions) 

GRAI:MAX maxiJ'Ium grade (for ncn-a:l distrihltions) 

GRDI'YPE type of distrihltioo for grade 

AVGGRD average grade distrihltioo 

(fractiles or parameters) 

A2 

A2 

FS.S 

FlO.6 

FlO.6 

AlO 

8FlO.6 
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Table tr2. catm:xtity Price File Description. 

VARIABIE NAME DESCRIPl'ICti T'iPE & FORMAT 

1- cmME CcmtD:lity name Al~ic 

(Line 1, A20) 

2. CSYM camo:lity synml Al~ic 

(Line 1, A2) 

3. GFCI'R Grade conversia'l Real 

(Line 1, F4.0) 

4. PRICE camo:lity lDti.t price Real 

(Line 1, FlO.3) 

5. KaJNI'IS ()Jtplt lDti.ts label. Integer 

in:iicator (Line 1, I2) 

I«XJNITS = 01 a. 10EJ tons 

I«XJNITS = 02 b. 10EJ oz 

I«XJNITS = 03- c. tons 

6. CFC1'R ()Jtplt conversion factor Real 

(Line 1, F9.6) 

7. OOI'PRICE ()Jtplt price label. Al~ic 

e.g. ($0. 19/1b) , ($12.10/oz) (Line 1, AU) 

Note: Items 1 thrcu;jl 7 are repeated OlD! for each potentially recoverable 

CUliliOdi.ty assessed. 
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Model Descripticn 

Each repetition or ''pass'' of the model s:i.nu1.ates one p::ssible 

state of nature. Information about the geologic en:1owment an:i 

econanica.lly recoverable resoo.rces is saved for each SON an:i 

each deposit an:i used to develq> outplt distribltions by terrane 

an:i by activity area. Figure 0-1 provides a flow dlart of the 

ccrrp.rt:.er program. In general, the prog:r:am perfOI'IlS the 

followirg steps durirg each pass to generate an:i evaluate a 

feasible state of nature: 

1. Sanl>le against the regional favorability prc:iJability to 

s:i.nu1.ate if a partio.1l.ar terrane is favorable for the 

formation of dep::Jsits in this state of nature. 

2. If the terrane is favorable, sanple fran the llllIttler of 

prospects distribltion to detennine the llllIttler of 

prospects to be tested. 

3. For each prospect, semple against the deposit 

likelihood prc:iJability to determine if the prospect 

meets the threshold size, depth an:i grade criteria to 

be CCI1Siderecl a deposit. 

4. If the prospect is a dep::Jsit, semple fran the deposit 

size dist:ril:JUtiat to determine the tonnage of ore 

presellt. 

5. Sanple fran the dep::Jsit depth distribltion. 

6. Detenn:ine which activity area contains the deposit 

by semplirg fran a uniform (0,1) distribltion. 
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7. 5aItple against eadt prinary am secon::1ary a::alllLXtity 

ocx:urrerx::e prd::lability to detemine whidl a::alllLXlities 

are present in the deposit. 

a. Semple the average grade distrib.rt:ioo for eadl 

a::allllodi. ty present. 

9. carp.rt:e the en:iowment of eadl CCitmoxlity as ore tonnage 

times average grade. 

10. For each mine/mill/infrasb:uct:ure c::x::t'I'binatioo 

possibility, calculate the net present value (NPV) of 

the deposit as shc1.vn in steps 11 thralgh 15. Select 

the m:inin:;J am millinJ methods whidl result in the 

largest NPV. If the NPV is greater than zero, it is 

assnmed that the deposit is an eoouanically viable 

operation. 

11. calculate the capital am q:erati.rg costs for 

infrastructure, m:inin:;J am millinJ. 

12. For eadl metal present, oarp.rt:e the rec:cvered metal as 

quantity times average grade times mine rea:Nery factor 

times mill rec:cvery factor times postmill rea:Nery 

factor. calculate the revenue as total recovered metal 

times price times the postJnill paid-for proportioo. 

13. CDIp1te the transportatioo, treatment am reinvestment 

ccst:s. 

14. CarpJte annual. cash flow for the develqment am 

prcxh1ction years. 
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15. Use the djscnmtirq factor to calculate the NPJ of the 

cash flow. (step; 3 thrrugh 15 are repeated for eadl 

Plospect) 

16. Acc:urrlllate totals across all ec:oncxnic deposits (steps 1 

thrrugh 16 are repeated for eadl deposit type). 

17. Aca.mulate totals across all deposit types. 

18. calculate SUlTItIaIY statistics an::l print results. 
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OOMPI..E EXXltQ1IC ANALYSIS OF A Hm1IHETICAL TIN GlWSEN DEKSIT 

In order to illustrate the evaluatia'l plo:~dllres used to 

detenn.ine if a deposit ~d be potentially econc:mic (steps 10 

1:hl:'algh 15 above, a hypothetical tin greisen deposit is examined 

belOfN. calculations are performed to detel:mi.ne if the deposit 

is potentially econanic to develcp am produce. '1he PIocedure 

is based upon cash f10fN analysis am includes a deteIminatiat of 

the least-cost m:ini.n;; method. Anomts of each metal recovered 

am associated market values are also detel:mined. 

'nle ~ysical characteristics of the EOO!l'I'ple deposit are as 

follows: 

ore body size: 

depth of burial of ore body: 

average tin grade: 

average silver grade: 

85,000,000 metric tons, 

120 meters, 

0.4 pet, am 

0.3 troy oonces per 

short ton. 

'nlese values are within the parameters specified for potential 

deposits of this type in the Lime Peak area. 

'!he econanic evaluation of the deposit consists of feAlI' steps: 

Step 1. calculate mine life am daily cperat~ rate, 

Step 2. catplte capital am c.para~ CXlSts for 

infrastJ:ucture, the mine am the mill, 

step 3. Detemine postmill recoveries, treatment am 

transportation CXlSts, am revenues to the 

mine/mill a.mer/~tor, am 
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step 4. cala.1l.ate annual cash flows am the net present 

value (NPl). 

'Ihese steps are performed for eadl feasible mi.nin;J method. '!he 

least-cost mi.nin;J rrethod is the one which yields the greatest 

NPIl. For tin greisen deposits in the stu:iy area, there are 

three possible mi.nin;J rrethods: cpen pit (surface), cut an:i fill 

(un:lergroonj.), or vertical crater retreat (un:leJ:groI.lm). '!he 

at:Propriate un:leJ:groI.lm mi.nin;J n-ethod is detennined by the size 

of the deposit. If the rate of productiat is less than 2,000 

metric tons per day, cut am fill is used. ot:hel:wise, vertical 

crater retreat is the selected un:leJ:groI.lm mi.nin;J method. 'Ihus, 

for a specific tin greisen deposit, two sets of cala.1l.ations are 

made: one for open pit ~tions am one for the at:Propriate 

un:leJ:groI.lm miniIg n-ethod. 

step 1: cala.1l.ate Mine Life an:i Ceily Operatim Rate 

'Ihe mine life is cala.1l.ated usin; Taylor's rule: 

L = 0.2 * (FT)0.25 

where T is the ore body size in metric toos 

am F is the mine rf!DJVe.r'j factor. 

For this study, mine recaverj is assumed to be 100 pet for 

uOOergroun:i mines am 93.l2 pet for open pit mines. 'nlus, the 

mine life for the hypothetical deposit is 18 years if it is 

develqlPd as an open pit mine' am 19 years if it is develc:p!d as 

an \lI'rlergrooni mine. 
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Metric tons of ore mined per day is calculated as 

TPD = (FT)0.75 /70. 

'Ibis equals 12,646 metric tons per day for the exanple deposit 

ani si.rx:e it exceeds the 2,000 TPD o.It-off value for use of the 

o.It-ani-fill method, vertical crater retreat is the ~riate 

un:iergraJn:l min.in;J method for this deposit. 'llle metric tons of 

ore mined per day for open-pit operatioos is 11,988. In open 

pit min.in;J, the total tons mined per day is the I1Ulli:le.r of tans 

of ore mined per day times one plus the striR>i.rq ratio. 

Assum:irq an ore body gecmetry of a loz~ with fixed 

proportions , 

SR = (5.9361/T) (D+O.5943~3)3_1.0381 

where SR is the striR>l.rg ratio, 

T is the ore body size in metric tons, ani 

o is the depth to the tq) of the deposit in 

meters. 

'Ihus for the exanple deposit, the striR>i.rq ratio is 1.851 am 

the total ta'lS of ore am waste mined per day is 46,168. 
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step 2: 03] culate Capita] am Operatim costs 

usin; the equatioos fran ~ c, the costs are as follows: 

Cban Pit Urrlergrgm:l 

Infrastructure capital $150,333,870 $157,451,523 

Infrastructure Opcosts $25,607,538 $18,136,720 

Mine capital $71,381,382 $113,781,073 

Mine Opcosts $64,648,579 $65,284,807 

Mill capital $138,987,579 $144,290,761 

Mill Opcosts $31,208,134 $32,477,700. 

'!he operatin; costs are calculated al an annual basis by 

Imlltiplyin; the operatin; cost per ton by the total l1l1JliJer of 

tons mined annually. 

step 3: calculate Revenues, Postmill Recoveries, am ib?tmill Cost 

Open Pit Urrlergrg.up 

Tons of ore mined annually, rat 4,195,816 4,426,100 

tiD 

grade 0.004 .0.004 

recovered frail mine, mt 16,783.26 17,704.40 

mill ret:X:NerY factor 0.75 0.75 

recx:wered fran mill, rat 12,587.45 13,278.30 

Transportatial charges $/mt $218.00 $218.00 

transportatial charges $2,744,064 $2,894,669 
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postmill ret:XNery factor 0.98 0.98 

available to market, mt 12,335.70 13,012.73 

price, $/lb $8.36 8.36 

price, $/mt $18,425.44 $18,425.44 

annual value on market $227,290,70 $239,765,350 

paid for rate 0.95 0.95 

revenues to mine operator $215,926,165 $227,777,082 

Silver 

grade 0.0000102857 0.0000102857 

recovered fran mine, mt 43.15690 45.52554 

mill recovery factor 0.70 0.70 . 

recovered fran mill, mt 30.20983 31.86788 

postJn.ill recovery factor 0.98 0.98 

available to market, mt 29.60564 31.23052 

price, $/troy o.mce $14.40 $14.40 

price, $/mt $462,840.00 $462,840.00 

annual value on market $13,702,672 $14,454,733 

paid for rate 0.70 0.70 

revenues to mine operator $9,591,871 $10,118,313 

Tons of ora mined anraJally is calculated as tons of ore mined 

per day tiJIas 350 days of c::peraticn per year. Treatment charges 

are assessed for saDB CUlilrocU.ties in the stlxty area an:l are 

calculated in the same fashicn as t.ransplrtation charges. 
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step 4: rel culate Ann! ml cash fig« an;l Net Present Value 

The rncxiel. assumes that a three year period is neoessazy prior 

to arrt mine, mill or infrastructure develqment in order to do 

exploration, perform feasibility studies an;l c:arplete the 

permittiIq process. '!his lag period may be different for other 

deposit types. 

For an qJen pit operation, developnent of the mine, the mill 

an;l infrastructure is assumed to take two years. nms half of 

the total capital costs are spent in each of the two develqment 

years. 

For an un:iergro.ln:l operation, develqment of the mine is 

assumed to take three years; mill an;l infrastructure develqment 

is assumed to take two years. One third of the mine capital 

costs are therefore spent in the first year of develqment. In 

the second an;l third years of develqment, CI'le third of the mine 

capital costs an;l one half of the mill an;l infrastructure 

capital costs are spent. 

For the exanple deposit, the cash fIg« for the years prior to 

production is as follows: 

~ Qten Pit Un::le.rgra.1n:i 

1 0 0 

2 0 0 

3 0 0 

4 -180,351,424 -37,927,024 

5 -180,351,424 -188,798,166 

6 productiCll begins -188,798,166 

D-19 



Once production begins, annual cash flow is oarp.rt:ed fran the folla.ving 

c:x::rtpments: 

Open Pit 

Tin revenues $215,926,165 

Silver revenues 9,591,871 

Transportation costs -$2,744,064 

Road toll charges -$2,517,490 

($0.60/ton of ore mined annually) 

Opcosts 

Infrastructure 

Mine 

Mill 

-$25,607,538 

-$64,648,579 

-$31,208,134 

Urdergrgmd 

$227,777,082 

$10,118,313 

-$2,894,669 

-$2,655,660 

-$18,136,720 

-$65,284,807 

-$32,477,700 

Reinvestlnent as a percentaqe of original capital costs 

3 pet info -$4,510,016 -$4, 723,546 

5 pet mine -$3,569,069 NA 

6 pet mine NA -$6,826,864 

3 pet mill -$4,169,627 -$4,328, 723 

Total Annual cash Flow $86,543,519 $100,566,706 

'!he cp!n pit cpmltiCl'l has a producing life of 18 years. 'lhus 

the q:en pit cpmltia'l has a cash flow of $86,543,519 for years 

6 thrc:u;)h 23. '!he un::lergraJni cpmltion has a produc:ing life of 

19 years. 'lhus years 7 thrc:u;)h 25 have a cash flow of 

$100,566,706. 
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Net present value is cala1l.ated fran the cash flCX¥'S usiIg a 

djsca.mtin;J factor of 15 pet. '!his rate inclujes both expected 

inflation an:! a rate of return on investment for the mine/mill 

owner/operator. '!his djscamtiIg factor can be chan;Jed in the 

potential SUWly analysis CCItplter program. 

Net present value is the sum over all years of the cash flow 

times a discamtin;J ItIlltiplier. '!he djscnmtin;J ltIlltiplier is 

calculated as 

OM = 1/(1+0F)**(YR) 

where OM is the dj scamtin;J ltIlltiplier, 

OF is the djSCX"mlti.rq factor as a dec:iJDal value, 

YR is the year. 

Usin;J this methcxi, the net present value of the cpm pit 

operation equals $88,032,390 an:! the net present value of the 

un:le.rgra.Jrd operation equals $95,026,778. 'lherefore, for this 

deposit the least cost method of develq:ment is by un:le.rgra.Jrd 

mini.n;. 
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APPElIDIX E- CliARACTERISTICS OF rormrIAILY EO:tQoIIC DEI05I'IS 

IN '!HE WMNRA/SNCA S'IUDY AREA 

Additional infonnation regardj..n; the mineral supply potential of the 

assessed deposit types in the WMNRA/SNCA study area is presented in this 

~. '!he infonnation CCI'I1?iled for each deposit type in:ludes a map 

which shows the location of those area(s) identified as geologically 

favorable for the specific type of deposit and irxticates their relative 

likelihood of containin;J potentially econanic resources; sumnary 

statistics which describe the size and contained metal attribItes of 

potentially econanic deposits of that type at current contained metal 

prices; sunma:ry statistics which describe the size and contained metal 

attribItes of potentially econc:mic dep:sits at two-tilnes-current metal 

prices; and the types, average life and net present value (NPV) of the 

associated minirq and mill~ ~tions. 

Potentially Econanic Tin Greisen Deposits 

Figure E-l shows those tracts of land in the study area which have 

been identified as geologically favorable for the occurrenc::e of tin 

greisen deposits. Specifically, the pennissive areas are in the vicinity 

of cadle M:Jm1tain, Li:me Peak, ~ creek and Mt. Prin::ll.e. Deposits of 

this type typically CCX'ltain varioos amoonts of tin, tantalum, ~ and 

silver. Tin, tantalum and tur"gsten are designated critical and strategic 

minerals. 
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Figure E-l. Likelihood of Eeonolnic Tin Grei~en Depo~i L~ in 
Lhe Sludy Area at Two TilllCS Currenl Prices 
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'!he results of the potential SlWly analysis in:ticate that the 

un:iiscovered tin greisen deposits which may exist within the identified 

favorable areas are not e>cpeeted to contain ecoronically recoverable 

resoorces at current mineral prices (table E-1). 

At bIo-times-current contained metal prices the results of the 

potential ~ly analysis in:ticate that there is abalt a 20 percent charK::e 

that sane of the uniiscovered tin greisen dep:::sits which might exist 

within the sttxiy area ccul.d contain ec:x:n::mi.cally recoverable metals (table 

E-1). Econanic deposits are JTCSt likely to exist in the vicinity of Lime 

Peak (15 percent chance) ani least likely to exist in the vicinity of 

cadle foblntain (fig. E-1). Given that they do exist, at the 90 percent 

confidence level, ecoronic dep:::sits are estimated to ran;e fran 

~roximately 26 million to 99 million tons of ore in size, with an 

average size of 66 million tons of ore, ani contain fran 110 thaJsan:l to 

350 thousan::l tons of recoverable tin, with an average of 229 t:hc:A.1san1 

tons, ani fran 480 thousan::l to 25 million recoverable ourx::es of silver, 

with an average of 6.8 million ourx::es. '!here is also a very small d1ance 

that recoverble quantities of tantalum cxlll1.d be present. 'I\.ln;sten is 

typically not recovered fran this type of dep:::sit. Given that deposit 

developnent does occur, at two times current contained metal prices, on 

average, the marKet value of production is estimate:i to be ~roximately 

$139.7 millime 

At this price level the total l1Ul'Ii::ler of potentially ecouc:mic tin 

greisen deposits is estimated to ~ fran one to three, given that such 

deposits do exist. '!he min:inj am mill~ methods used in the develqment 

of deposits of this type typically consist of either an open-pit, VCR or 

cut-am-fill mine, depen:tin:;J on the size ani depth of the deposit, in 
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Table E-1. Olaracteristics of Potentially Eccn:Jni.c 
Tin Greisen Deposits 

F'racti1es 
Econgnic Deposit Attrib.ttes Average 95% 50% 5% 

A. At Olrrent Prices Csn-$4.18/lb. Ta-$22.00/lb. Ag-$6.20/oz): 

Likelihood of at least one ecx:n::mic deposit: 0.0 

B. At '!'No Times current Prices (Sn-$8.36/lb; Ta-$44.00/lb; Ag-$14.40/oz): 

Likelihood of at least one ecx:n::mic deposit: 0.2 
Likelihood of econc:mi.c activity in Li:me Peak area: 0.15 

Eooncmic Deposit Siz! (106 st) 
Recaverable sn (10 st) 
Recoverable }q (103 oz) 
Recoverable Ta (103 st) 

Quartz Cr area: 0.03 
Mt. Prin:Ue area: 0.02 
cache Mtn area: 0.0 

66.6 
229.1 

6789.2 
.4 

26.0 70.0 
110.0 240.0 
480.0 .3200.0 

0.0 0.0 

Corxlitional 00. of ecannic deposits: 1 to 3 
Min:i.n;J methods: Gpm-pit, OIt-ani-fill or VCR 

99.0 
350.0 

25000.0 
2.4 

Millin;J methods: sn flotation or gravity with a silver ret:XNerY circuit 
Mine life: 12 to 20 years 

Net present value of deposit ($106) 111.3 8.9 100.0 270.0 
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CClti:)ination with either a tin gravity or flotation mill plus a silver 

recavery circuit, deper¥:l.in;J on the grades of the contained metals. '!he 

mine life is estimated rarqe fran 12 to 20 years, with an average of 17 

years. '!he net present value, or eoonanic value, of a prospective mini.n;J 

operation is estimated to range fran $8.9 million to $270 million, at the 

90 percent confidence level, with an average value of $111.3 million. 

Potentially Econanic Alkalic-associated Gold Deposits 

Figure E-2 shows those tracts of lam in the sb.xiy area which have 

been identified as favorable for the cxx::urrence of alkalic-associated gold 

deposits. '!he areas are in the vicinity of QJartz Creek am Table 

lbmtain. ~its of this type contain various anomts of gold am are 

rul..k mineable. 

'!he results of the potential supply analysis at current gold prices 

irrlicate that there is only a 4 percent d'laR::e that sane of the 

alkalic-associated gold deposits which might exist in the sb.xiy area could 

contain ec:onanically recoverable gold (table E-2). Given that such 

deposits do exist, they are more lilcel.y to be present in the vicinity of 

Table lb.mta.in thah in the vicinity of QJartz Creek. At the 90 percent 

confidence level, eccu:mic deposits are estimated to range in size fran 12 

million to 60 milliat ta'ls of ore, with an average size of 29 million 

ta'ls, am contain fran 2.5 million to 9.8 million runces of recoverable 

gold, with an average of 4.8 milliat runces. Given that deposit 

develqment does cx:x::ur, there is a 95 percent d'larx:le that the value of the 

gold produced could exceed $1.1 billion at gold prices of $444.00/0Z. 
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Figure E-2. Likelihood of ECOl10111ic Alkalic-associaled (;old 
Deposi ls ill lhe Sludy Area a l Two Tirnes Curl'cnl Prices 
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Table E-2. Olaracteristics ot Potentially Econanic 
Alkalic-associated Gold Deposits 

Fractiles 
Econanic Ceposit Attributes Average 95% 50% 5% 

A. At Olrrent Prices (Au-$444. OO/oz) : 

Likelihood ot at least one ecxmani.c deposit: 0.04 
Likelihood of econanic activity in ~ cr area: 0.005 

Table Mtn area: 0.035 

Eooncmic Deposit Siz, (106 st) 
Recoverable Au (10 oz) 

29.1 12.0 25.0 60.0 
4794.4 2500.0 4200.0 9800.0 

Contitional no. of econanic deposits: 1 
~ methods: ~it or VCR 
Millin:; methods: Heap leachin:3' or CIP leachin:3' 
Mine life: 10 to 19 years 

73.9 220.0 330.0 

B. At 'I\¥o TiInes QJrrent Prices (Au-$888.00/oz): 

Likelihood of at least one ecxmani.c deposit: 0.22 
Likelihood of econanic activity in ~ cr area: 0.02 

Table Mtn area: 0.20 

670.0 

Econamic Deposit Siz, (106 st) 
Recoverable Au (10 oz) 

18.7 3.8 17.0 46.0 
2231.6 600.0 1900.0 4900.0 

Contitional no. of ecxxnnic deposits: 1 to 3 
~ methods: ~it or VCR 
Millin:; methods: Heap leachi.n:] or CIP leachi.n:] 
Mine life: 7 to 19 years 

Net present value ot deposit ($106) 134.3 3.2 84.0 440.0 
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At this price level only one potentially ecx:o::mic alkalic-associated 

gold depcsit is estilnated to exist, given that sudl deposits do exist. 

'The m.ini.rq an:i mil I in; methods used in the devel~ of this type of 

deposit typically consist of either an c:pm-pit or VCR mine, depen::ti..rg on 

the size an:i depth of the deposit, in c:x::ati)ination with either heap or CIP 

leac.hi.n3', depen:tirg on the grade of the gold. '!he mine life is estimated 

to rarge fran 10 to 19 years, with an average mine life of 14 years. At 

current gold prices, the net present value of a plospective mining 

operation is estimated to rarge fran $220 million to $670 million, at the 

90 percent confidence level, with an average value of $73.9 million. 

At t\tt'O times current gold prices the results of the potential S\Wly 

analysis iniicate that there is a significantly higher likelihood (a 22 

percent chaooe) that sane of the alkalic-associated gold deposits whidl 

might exist in the stu::ly area could c.a'\tain eccranically reccve.rable 

metals (table E-2). Again, given that such deposits do exist, they are 

far rore likely to be present in the vicinity of Table ~in than in 

the vicinity of ~ creek (fig. E-2). S:irx:e sane of the smaller 

deposits becane econc:mic to produce at this higher gold price, at the 90 

percent confidence level, ecouanic deposits are now estilnated to ran;e in 

size fran 3.8 millioo to 46 million tons of ore, with an average size of 

18.7 millioo talS, an:i c.a'\tain fran 600 thousani to 4.9 millioo amces of 

recoverable gold, with an average of 2.2 million oon:es. Shc:uld deposit 

developnent occur, there is a 95 percent chance that, at twice current 

gold prices, or $888.00/oz, the value of the gold produced CCAlld exceed 

$532 million 
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At this price level the total 1'11.l1ltIer of potentially ecxa lCIlIic 

alkalic-asscx:iated gold deposits is estimated to rarqe fran one to three. 

'Ihe IIliniI'q ard millin;r methods ~ to be used are the same as above, 

hC1NeVer, because smaller deposits becane eoonanic to produce, the mine 

life is rt:1tI estimated to rarqe fran 7 to 19 years, with an average mine 

life of 12 years. At trNo times aJrrent gold prices, the net present value 

of a plospective IIliniI'q cp!I'ation is estimated to rarqe fran $3.2 million 

to $440 million, at the 90 percent confic:len=e level, with an average value 

of $134.3 million. 

Potentially Econanic Sed:ilnent-hosted Lead-Zinc Deposits 

Figure E-3 shows the tract of lard in the study area \Vhi.c:h has been 

identified as geologically favorable for the occurrence of sedi.ment-hosted 

lead-zinc deposits. Specifically, the permissive area is located in the 

northeastemrrost part of the~. Deposits of this type typically 

contain variC\lS annmts of lead, zinc ard silver. Lead ard zinc are 

classified as critical ard strate:Jic minerals. 

'!he results of the potential SUWly analysis in:ticate that the 

un:tiscovered lead-zinc deposits \Vhi.c:h might exist within the identified 

favorable area are not ~ to contain eoonanically rec:cveralJle 

resoorces at current metal prices (table E-3) • 

At trNo times the current contained metal prices the results of the 

potential SUWly analysis in:licate that there is aba1t a 7 percent chaIx::e 

that at least one of the un.:lisc:x:were lead-zinc deposits \Vhi.c:h might exist 

e . cculd contain econc:mically recoverable metals (fig. E-3,table E-3). At 
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Figure E-3. Likelihood of Econornic Sedilnenl- hosled PL-Zn 
Deposits in lhe Sludy Area at Two Tilnes Currenl Prices 
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Table E-3. Characteristics of Potentially F.cxn:mic 
Sediment-hcsted Lead-Zinc: Deposits 

F'ractiles 
Ecorgnic Deposit Attributes AVerage 95% 50% 5% 

A. At current Prices (R>-$0.36/lb, Zn-$0.42/lb, pq-$6.20/oz): 

Likelihood of at least one eoc:n:::mic deposit: 0.0 

B. At 'l\t,1O Times current Prices (R>-$O. ?a/lb, Zn-$0.84/lb, pq-$14.40/ozl: 

Likelihood of at least one econcmic deposit: 0.074 

Eooncmic Deposit Siz~ (106 st) 
Recoverable Fb (10 st) 
Recoverable Zn (103 st) 
Recoverable Aq (106 oz) 

48.8 
2148.9 
2705.5 

86.9 

con:ti.tional no. of econani.c deposits: 1 
MiIti.n1 methods: ~-pit or Roan-am-pillar 

6.2 27.0 
140.0 950.0 
340.0 1600.0 

3.9 46.0 

180.0 
8400.0 
8900.0 

290.0 

Millirg methods: R>-Zn flotatioo with a silver reccNerj circuit 
Mine life: 8 to 35 years 

Net present value of deposit ($106) 359.35 13.0 190.0 1400.0 
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the 90 percent confiderx:e level, ecot"X:IIlic depcsits of this type are 

estimated to ran;Je fran 6.2 million to 180 million tons of ore in size, 

with an average size of 48.8 million tons of ore, ard contain fran 140 

thoosarxi to 8.4 million tons of rec:cverable tons of lead, with an average 

of 2. 1 million tons, fran 340 t:haJsan:i to 8.9 million tons of rec:cverable 

zinc, with an average of 2.7 millioo toos, ard fran 3.9 million to 290 

million ounces of rec:cverable silver, with an average of 87 million 

ounces. Given that deposit developnent does oc:x::ur, 00 average, the value 

of production is estimated to be ~roximately $8.9 bUlioo. 

At twice current contained metal prices the maxin'llm nuni:ler of 

potentially econanic lead-zinc deposits is estimated to be one, given that 

such ~its do exist. 'nle ~ ard mill~ methods used in the 

develqrnent of deposits of this type typically consist of either an 

cp!I'l-pit or ~ard-pillar mine, ~ 00 the size ard depth of the 

deposit, in c:x::rrbination with a Fb-Zn flotatioo mill whidl may inclu::1e a 

silver rec:cvery c.iraJit deperx:tin;J upon the silver grade. 'nle mine life is 

estimated ra.n:Je fran 8 to 25 years, with an average of 15 years. '!he net 

present value, or econcmic value, of a prospective ~ cperation is 

estimated to ran;Je fran $13 millial to $1.4 billial, at the 90 percent 

confidence level, with an average value of $359 million. 

Potentially Econanic Vein Gold Deposits 

Figure E-4 shows those tracts of lani in the study area whidl have 

been identified as geologically favorable for the occ:urrenc::e of vein gold 

deposits. Specifically, the largest permissive area exterds across the 
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Figure E-4. Likelihood of Econolllic Vein Gold DeposiLs ill 
lhe SLudy Area at Two Titnes CurrenL Prices 
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so.rthem part of the VIo1NPA, with a smaller area located in the vicinity of 

Hcpe creek in ~ part of the North SNCA. Deposits of this type 

typically contain variCAlS al1DJl"lts of gold an:! silver. 

'!he results of the potential SURJly analysis at the assumed current 

gold an:! silver prices i.n::ticate that there is only al:x:ut an 8 percent 

d1anoe that at least one vein gold deposit could exist in the study area 

which contains econanically :reoaverable metals (table E-4). Given that 

sudl deposits do exist, it is esti1nated that they are mre likely to exist 

in the vicinity of Hq;:e creek tnan in the ~ (fiq. E-4). At the 90 

percent confidence level, ecollanic deposits in the Hq;:e Creek area are 

esti1nated to ran;Je in size fran 1.2 millioo tons to 130 millioo tons of 

ore, with an average size of 27 millioo toos, ani contain fran 870 

thousarxi to 52 millioo CJl.D"K:leS of recoverable gold, with an average of 11. 2 

million CJl.D"K:leS an:! fran 22 thousarxi to 12 millioo CJl.D"K:leS of recoverable 

silver, with an average of 2.3 millioo a.1I'a!S. Given that deposit 

develcprent does occur at 0Jrrel'lt gold an:! silver prices, the value of 

production is estilnated, on average, to be ~rox.imately $5 billion. 

At current prices the maxinum I1lllliJer of potentially econani.c vein gold 

deposits is esti1nated to be bolo, qiven that such deposits do exist. '!he 

mining ani millin; methods used in the develqment of this type of deposit 

typically oc:nIist of either an cpm-pit or Olt-ani-fill mine, depeniirg on 

the size am depth of the deposit, in CCIlilinatiat with either heap or CIP 

leachin;J, depeniin;J 00 the grade of the gold. 'Ille mine life is estimated 

to rarge fran 6 to 22 years, with an average of 12 years. At current gold 

an:! silver prices, the net preSent value of a prospective mining cpmltion 

is estimated to rarge fran $7.7 milliat to $2.5 billioo, at the 90 percent 

CX)Jlficlence level, with an average value of $538 millioo. 
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Table E-4. Characteristics of Potentially Ea:n:lnic 
Vein Gold Deposits 

Fractiles 
Econanic Deposit AttribItes Average 95% 50% 5% 

A. At 0Jrrent Prices (Au-S444.00/oz. kJ-S6.20/oz): 

Likelihood of at least one ecxlIlCIIlic deposit: 0.076 
Likelihood of econanic activity in south ~: 0.002 

Hcp! cr area: 0.074 

Eccn:mic Deposit Siz~ IIq)e cr (106 st) 
Recoverable Au (10 oz) 
Recoverable }q (106 oz) 

27.0 
11.2 
2.4 

corx:ti tional no. of ec:x:JI'OIli.c deposits: 1 to 2 
Mini.rg methods: ~it or Olt-ani-fill 
Mill~ methods: Heap lea~ or CIP lea~ 
Mine life: 6 to 22 years 

1.2 
0.9 
0.0 

14.0 
4.9 
0.3 

·130.0 
52.0 
12.0 

Net present value of deposit ($106) 538.2 7.7 220.0 2500.0 

B. At Two Times CUrrent Prices (Au-S888.00/oz. kJ-S14.40/oz): 

Likelihood of at least one econc:mic deposit: 0.15 
Likelihood of econanic activity in south ~: 0.008 

Hcp! cr area: 0.142 

0.3 3.6 100.0 Eccn:mic Deposit Siz! Hope cr (106 st) 16.4 
R.eccverable Au (10 oz) 6268.5 
Recoverable}q (103 oz) 1457.2 

230.0 1500.0 30000.0 
5.4 140.0 5800.0 

corx:titional no. of eexu:mic deposits: 1 to 2 
Minin;J methods: ~k-pit or Olt-ani-fill 
Mill~ methods: Heap leadlirg or CIP leadlirg 
Mine life: 4 to 22 years 

Net present value of deposit ($106) 736.8 4.3 160.0 3200.0 
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At bIo times current gold ani silver prices the results of the 

IXJtential SUR?ly analysis irrlicate that there is abaIt a 15 percent chance 

that sane of the gold vein deposits whidl might exist in the stu:ly area 

COlld contain econanically recoverable netals (table E-4). h;Jain, given 

that sudl deposits do exist, they are far mre likely to be present in the 

vicinity of Hc:pe Creek than in the ~ (fig. E-4). At the 90 percent 

confidence level, because smaller deposits becaTe eoorani.c to produce at 

higher prices, the ecollClnic deposit size rarges fran .3 million to 100 

million tons of ore, with an average size of 16.4 million tons, ani 

contains fran 230 t.l'lalsand to 30 million ouzx:es of recaverable gold, with 

an average of 6.3 million ouzx:es, ani fran 5.4 t.l'lalsand to 5.8 million 

ouzx:es of recoverable silver, with an average of 1.5 million ounces. 

Should deposit develqment cx:x::ur, there is a 95 percent chance that the 

value of the gold produced wcW.d exceed $204.2 milliat at twice current 

gold prices, or $888.00/oz, ani a 95 percent dlanc::e that the value of the 

silver produced wcW.d exceed $.32 milliat at twice current silver prices, 

or $14.40/oz. 

At bIo times current prices the naxim.Im nurri:ler of potentially econanic 

vein gold deposits is estiIDated to be two, given that such deposits do 

exist. '!he mi.niIq ani millirg methods used to produce these deposits are 

the same as above, hc:IfIII'ever, because smaller deposits beCCllle econ:::mi.c to 

produce, the mi.ne life is l'KJW estimated to ran;Je fran 4 to 22 years, with 

an average ot 10 years. At this price level, the net present value, or 

ecxn:mic value, of a prospective minin;J ~tion is estilnated to rarqe 

fran $4.3 million to $3.2 biliion, at the 90 percent confidence level, 

with an average value of $737 million. 
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Potentially Econanic ~ Skarn Deposits 

Figure E-5 shows those tracts of larx:l in the study area whidl have 

been identified as geologically favorable for the occ:urrence of tun;sten 

skarn deposits. Specifically, the permissive areas are in the 

oortheastern corner of the Vl-1NRA, in the vicinity of the lJR)er Quartz 

Creek arx:l in the vicinity of Table M:Ilmtain. Deposits of this type 

typically contain varioos azramts of ~, tin arx:l gold. ~ is 

classified as a critical arx:l strategic mineral. 

The results of the potential SlJR)ly analysis Wicate that the 

unii.scovered t:un3sten skarn deposits whidl may exist within the identified 

favorable areas are not expected to contain econanically recoverable 

resources at current contained metal prices (table E-5). 

Even at bIo-tiIres-am:ent t:un3sten prices the results of the potential 

SlJR)ly analysis Wicate that there is only alxut a 3 percent d'larx:e that 

sane of the un:tiscovered ~ skarn deposits whidl might exist within 

the study area coold contain eccu:mically recoverable metals (table E-5). 

Econanic deposits are IOOSt likely to exist in the vicinity of Table 

l-bmtain (fig. E-5). At the 90 percent confiden::e level, potentially 

E!CXlIanic deposits in this area are estimated to raI"ge fran .4 million to 

4.2 millia'l taw of ore in size, with an average size of 1. 8 million tons 

of ore, arx:l c:x:ntain fran 1.6 tho.lsan:i to 70 tho.lsan:i tons of recoverable 

t1Jn;Jsten, with an average of 28 thousani tons arx:l fran 0 to 950 thousani 

CllI"k::IeS of recoverable gold, with an average of 174.2 thousani omces. 

Althcu;)h this deposit may contain quantities of tin, it is not asstnned to 

be recovered. Given that develcpnent ocx:urs, there is a 50 percent chance 
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Figure E-5. Likelihood of E~onornic Tungslen Skarn D()posi ls 
in the Sludy Area al Two Tinles Current Prices 
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Table E-5. Characteristics of Potentially Eccn:mic 
'I\Jn;Sten Skarn Deposits 

Fractiles 
Econanic Deposit Attributes Average 95% 50% 5% 

A. At Olrrent Prices CW-S2.87/lb. Au-S444.00/oz): 

Likelihood of at least one ecoucl'Ilic deposit: 0.0 

B. At 'l\vo Times Olrrent Prices CW-S5.74/lb. Au-S888.00/oz): 

Likelihood of at least one ecxn:mic dep:lsit: 0.029 
Likelihood of ecxn:mic activity in the MmA: 0.001 

Q.Jartz cr area: 0.0 
Table Mtn area: 0.028 

Econani.c Deposit Siz~l Mtn (106 st) 
Recoverable W (10 st) 
Recoverable Au (103 oz) 

1.8 
28.0 

174.2 

Corxlitional no. of ecouanic dep:lsits: 1 

0.4 
1.6 
0.0 

Minin;J methods: Open-pit, VCR or Shrinkage stc:pa . 
Mill~ methods: W flotatial/gravity 
Mine life: 4 to 11 years 

Net present value of deposit ($106) 28.9 0.2 

1.6 
19.0 
26.0 

9.6 

4.2 
70.0 

950.0 

160.0 
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that a deposit will yield at least $218 million dollars in tl.Jn;Jsten values 

ani a 50 percent chance that it will yield at least $23.1 million in gold 

values. 

At this price level the max:i.num 1'1l.JIri:)er of potentially econanic 

t:un;Jsten skarn deposits is estimated to be one, given that suc;::h deposits 

do exist. 'lbe m:i.nin;J ani millirq methods used in the develcpnent of 

deposits of this type typically consist of either an c:pm-pit, VCR or 

shrinkage stq:le mine, depe.rdin;J on the size ani depth of the deposit, in 

CCIIi:>ination with either a tl.ln;)sten gravity or flotation mill depe.rdin;J on 

the grade of the tl.ln;)sten. '!he mine life is estimated to ran:Je fran 4 to 

11 years, with an average of 7 years. '!he net ~esent value, or ecalClnic 

value, of a prospective mi.ni.D;J cperatioo is estimated to ran:Je fran $.2 

million to $160 million, at the 90 percent confiderx:a level, with an 

average value of $28.9 million. 

Potentially Econcmic Polymetallic Vein Deposits 

Figure E-6 shows those lards within the stu:ly area which are 

considered geologically favorable for the ocx::urrerx:e of polymetallic vein 

deposits. Deposits of this type typically contain various aIOOlU'1ts of 

lead, z.i.n: ani silver. Lead ani zinc are classified as critical ani 

strategic minerals. 

'!he results of the potential Sl.g)ly analysis in:iicate that the 

un:ti.scovered polymetallic velli deposits whidl might exist within the 

identified favorable areas are not expected to contain econanically 

recoverable resources at the assnmed current contained metal prices (table 

E-6. 
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Figure E-6. Likelihood of Ecollolnic PolYllleLallic Vein DeposiL:; 
in Lhe SLudy Area aL Two Tinles CurrenL Prices 
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Table E-6. Cllaracteristics of Potentially F.conc:mic 
Polymetallic Vein Deposits . 

Fractiles 
Ecorgnic Deposit Attrib.Ites Average 95% 50% 5% 

A. At QJrrent Prices (R;)-$0.36/lb, Zn-$0.42/lb, PR-$6.20/oz): 

Likelihood of at least one ecouanic dep:sit: 0.0 

B. At TWo Times CUrrent Prices (R;)-$0.72/lb; Zn-$0.84/lb; PR-$14.40/0Z): 

Likelihood of at least one ec:.xn:mic deposit in the~: 0.024 

Ec::cnani.c Deposit Siz, (103 st) 90.0 9.0 40.0 
Recoverable Fb (10 st) 5.7 0.1 1.6 
Recoverable Zn (103 st) 1.1 0.0 0.4 
Recoverable Aq (106 oz) 8.2 2.9 6.4 

Corxtitional no. of econanic deposits: 1 
Mi.nin; methods: Open-pit or Clt-ani-fill 
Millin; methods: Polymetallic flotatiCl1 
Mine life: 2 to 5 years 

Net present value of deposit ($106) 13.2 0.8 8.0 

440.0 
26.0 
4.4 

20.0 

52.0 
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At bIo times the current cart:ained metal prices the results of the 

potential supply analysis i.rxticate that there is still only about a 2 

percent d'la.rxe that at least one of the un::liscovered polymetallic vein 

deposits which might exist could cart:ain ecxxonically recoverable Ireta.ls 

(fig. E-6, table E-6). At the 90 percent confideR::e level, ecxxonic 

deposits of this type are estimated to ran;e fran 9 thcusard to 440 

thousan:i tons of ore in size, with an average size of 90 thousan:i tons of 

ore, an::l contain fran .14 thousand to 26 thousand t.a1s of recoverable 

lead, with an average of 5.7 thousan:i t.a1s, fran .01 thcusard to 4.4 

thousan:i tons of recoverable zin::, with an average of 1.1 thcusard tons, 

an::l fran 2.9 million to 20 million amces of recoverable silver, with an 

average of 8.2 million amces. Given that deposit develqment does occur, 

on average, the value of production is estimated to be ~tely 

$128.3 million. 

At this higher price level the maxjnlDn 1"1lmi:Ier of potentially ecxxonic 

polymtallic vein deposits is estimated to be one, given that sudl deposits 

do exist. '!he minin;J am millin;J methods used in the develcpnent of 

deposits of this type typically (X)I'lSist of either an open-pit or 

m-am-fill mine, depen:Un:} on the size am depth of the deposit, in 

c:::ati>ination with a polymetallic flotation mill. 'I11e mine life is 

estimated rarqa freD 2 to 5 years, with an average of 3 years. '!he net 

present value, or ecx:uanic value, of sudl a plqxspective minin;J cpmltion 

is estiJDated to ran:JB fran $.8 milliat to $52 milliat, at the 90 percent 

confiderx::e level, with an average value of $13.2 milliat. 
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Potentially Econanic uranium Deposits 

Figure E-7 shc::Jw's those tracts of land in the stlXly area whim have 

been identified as geologically favorable for the occurrence of uranium' 

deposits. Spec:ificially, the penn:i.ssive areas are located in the general 

vicinity of Lime Peak, Quartz Creek and Ht. Prin:lle, and in the vicinity 

of the PDy Creek syenite. Deposits of this type typically contain varialS 

ano.mts of uranium, thorium, and rare earth oxides (REX». Rare earth 

oxides are currently lll'XH!r consideratiCX'l for acXlition to the list of 

critical and strategic minerals. 

'!he results of the potential SllR'ly analysis inticate that the 

urr:lisccvered uranium deposits whim may exist in the identified favorable 

areas are not ~ to c::a'1tain ecaanically recoverable resaJrCeS at 

current metal prices (table E-7). 

At two times the current ccntained metal prices the results of the 

potential SllR'ly analysis inticate that there is still ally about a 2 

percent d'larx::e that at least ale of the urr:lisccvered uranium deposits 

whim might exist could c::a'1tain eooranically recoverable metals (fig. E-7, 

table E-7). At the 90 percent confider¥::e level, ecaanic deposits of this 

type are estimated to rarge fran .8 milliCX'l to 13 million tons of ore in 

size, with an average size of 4.5 milliCX'l tons of ore, and ccntain fran 

3.1 thCJusan:l to 25 thCJusan:l tons of recoverable U30S' with an average 

of 10.2 thCJusan:l tons, and fran . S thCJusan:l to 57 thCJusan:l tons of 

recoverable REX) , with an average of 17.3 thCJusan:l tons. 'Ihorium is 

assumed not to be recovered. Given that deposit develcpnent does occur, 

on average, the value of production is estimated to be aRlroximately 

$744.4 million. 
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Figure £-7, Likelihood of Econolnic Urani UIH Depo~i ls in 

lhe Sludy Area a l Two Tilnes Curren l Pl'ices 
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Table E-7. Olaracteristics of Potentially Ecorn:n.ic 
Uranium Deposits 

Fractiles 
Econanic Deposit Attribrt:es Average 95% 50% 5% 

A. At current Prices (U~8-$16.55/lb, REX>=$l.OO/lbl: 

Likelihood of at least one eCOIIICl'nic deposit: O. 0 

B. At TWo Times current Prices CU~8-$33 .10/lb, Rro-$2. OO/lb) : 

L.i.kelihood of at least one ecxn::mic deposit in the~: 0.025 
Likelihood of ecxn::mi.c activity in L Pk/Qtz CrjMt Prin area: 0·.011 

vicinity of PDy Cr syenite: 0.015 

Ecanamic Deposit Size
3

(106 st) 
Recoverable U308 (10

3 
st) 

Recoverable RED (10 st) 

4.5 
10.2 
17.3 

Corxtitional no. of ecauc:mic deposits: 1 
Minin;J methods: ~it or VCR 

0.8 
3.1 
0.8 

3.2 
7.5 
8.7 

13.0 
25.0 
57.0 

Mill~ methods: RED flotation with a uranium rea::Nerj circuit 
Mine life: 5 to 14 years 

Net present value of deposit ($106) 59.7 2.7 30.0 220.0 
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At this higher price level the ma."lCjmm l"JllIIi:)er of p:Jtentially eexxanic 

deposits is estimated to be one, given that such deposits do exist. '!he 

rrU.ninI and millin;J methods used in the develq:ment of deposits of this 

type typically consist of either an open-pit or VCR mine, ~ on the 

size and depth of the deposit, in c:.cJIi)ination with an REX) flotation mill 

which may incllXie a uranium reo::Nerj circuit depen:lin:} upon the uranium 

grade. 'Ihe mine life is estimated to ran;Je fran 5 to 14 years, with an 

average of 9 years. '!he net present value of a prospective minin;J 

~tion is estimated to I'al'XJe fran $2.7 million to $220 million, at the 

90 percent confidence level, with an average value of $59.7 million. 

Potentially Eccn::mic Placer Gold Deposits 

Placer gold potential is widely distr:il::uted in streaIrtleds t:hrc:u;Jha.lt 

the stl:dy area. In general, b¥o types of placer deposits are predicted to 

exist within the stu:iy area, bench placer cleIxJsits and stream gravel 

deposits. 8erdl placer deposits are krx7.rm to exist in the Beaver creek 

and Nane creek areas. 

'Ihe results of the potential SUWly analysis i.n:ticate that there is a 

60 percent chance that undiscovered placer deposits OCAlld contain 

ecxn::I1li.cally recaverable gold at the assun'ed the current price of $444/0Z, 

given that such deposits do exist (table E-S). At the 90 percent 

confidence level, ecalClllic placer deposits are estimated to contain fran 

1.1 thousan:i to 152.5 thousan:i a.IJ'res of recaverable gold. Given that 

such deposits exist in the stu:iy area, fran one to 5 are expected to be 

econc:mic. 'Ihe average mine life of a prospective placer c:p!I'ation is 
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Table E-S. Cllaracteristic:s of Potentially Ec:cn:Inic 
Gold Placer ~its 

Fractiles 
Econanic Deposit Attributes Average 95% 50% 5% 

A. At QJrrent Prices (Au-$444.00Ioz): 

Likelihood of at least one ecoJ anic deposit: 0.58 

Econanic Deposit Siz, (106 st) 2.0 0.01 
Recoverable Au (10 oz) 29.S 1.10 

Comitional no. of ec:onanic deposits: 1 to 5 
Min.in;J methods: Placer 
Millin;J methods: Placer 
Average mine life: S years 

Net present value of deposit ($106) 1.9 0.03 

B. At Two Times CUrrent Prices (Au-$888.00Ioz): 

Likelihood of at least one eca ICIIlic depqsi t: 0.94 

Ecanamic Deposit Siz, (106 st) 2.6 0.02 
Recoverable Au (10 oz) 18.5 0.40 

Comitional no. of ecalCll1i.c deposits: 1 to 9 
Min.in;J methods: Placer 
Millin;J methods: Placer 
Average mine life: 10 years 

Net present value of deposit ($106) 2.4 0.07 

0.75 
9.30 

0.47 

0.S2 
7.00 

1.10 

10.2 
152.5 

9.S 

10.9 
72.1 

11.4 
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estilllate:i to be 8 years. '!he total net present value of a placer mine at 

this price level is estimated to ~ fran $30 thousand to $9.8 million, 

at the 90 percent confidence level, with an average value of $1.9 million. 

At twu-ti.mes-current gold prices the results of the potential S1JR)ly 

analysis inticate that there is about a 94 percent chan:::e that 

un:tiscovered placer gold deposits exist 'Nhidl TNO.1ld be ecaauic to produce 

if they W'ere discovered (table E-8). At the 90 percent conficienoe level, 

ec:onanic deposits are estimated contain fran .4 tho.lsan:i oorces to 72.1 

thousarrl ounces of recoverable gold. 'llle number of ecaanic deposits, 

given that such deposits do exist, is estimated to ran;e fran one to 

nine. 'llle placer mine life is estimated to average 10 years. 'llle total 

net present value, of a prospective placer mine at this price level is 

estimated to rarge fran $70 thousand to $11.4 milliat, at the 90 percent 

conficierre level, with an average value of $2.4 milliat. 
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APPENDIX F. DETAILED RESULTS OF THE ANALYSIS OF ELEVEN 

PROSPECTIVE ACTIVITY AREAS WITHIN THE WMNRA/SNCA STUDY ARE 

F-l 

This appendix provides more detailed results of the 

potential supply analysis of eleven activity areas (referred to 

here as blocks) within the White Mountains National Recreation 

Area (WMNRA) and the Steese National Conservation Area (SNCA) 

study area. The quantities and values of undiscovered 

economically recoverable minerals which could be contained 

wihtin each of the delineated areas were estimated. These 

estimates are measures of the mineral and economic consequences 

of closing each block to mineral entry. The terranes, 

identified by the U.S. Geological Survey, the Alaska Division of 

Geological and Geophysical Surveys and the U.S. Bureau of Mines 

are shown in Figures F-1 and F-2, and the eleven blocks, defined 

by the BLM, are shown in Figure F-3. The eleven blocks and the 

deposit types and metals they may contain are listed in Table 

F-1. Detailed discussions of the area and its geology, the 

methodology used for this study and the results of other 

analyses are provided in the main body of the paper, in other 

appendices or in the references provided. 

Results of the Analysis 

The results of the analyses of each of the eleven blocks are 

presented graphically in three parts: 1) resource endowment; 
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Figure F-l. Mineral Terranes Iden Lified and Assessed 
in The While MOlllllains National Hecreation Ar('a 

and The Sleese National Consprvalion Area· 
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Figure F-~3. Blocks Identified for Individual Analysis In 
The White Mounlains National Hecrealion Area and 

The Steese Nalional Conservalion Area 
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Table F-1. Evaluation Blocks and Component Mineral Terranes 

Block 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Deposit Types 

Polymetallic Vein 

Tin Greisen 

Tungsten Skarn 

Sediment-hosted 

Polymetallic Vein 

Tin Greisen 

Rare Earths 

Rare Earths 

Tin Greisen 

Tungsten Skarn 

Alkalic-associated Gold 

Rare Earths 

Tungsten Skarn 

Vein Gold 

Alkalic-associated Gold 

Tin Greisen 

Rare Earths 

Vein Gold 

Placer Gold 

Potentially Recoverable Metals 

Lead, Zinc and Silver 

Tin 

Tungsten 

Lead, Zinc and Silver 

Lead, Zinc and Silver 

Tin, Silver and Tantalum 

Uranium and Rare Earth Oxides 

Uranium and Rare Earth Oxides 

Tin, Silver and Tantalum 

Tungsten and Tin 

Gold 

Uranium and Rare Earth Oxides 

Tungsten and Gold 

Gold and Silver 

Gold 

Tin, Silver and Tantalum 

Uranium and Rare Earth oxides 

Gold 

Gold 



2) economic analysis at current prices; and 3) economic analysis 

of price sensitivity at up to three times current prices. Table 

F-2 provides definitions of the terms used. The first part, the 

resource endowment, shows the location of the block, the types 

of mineral deposits and metals that may exist in that block, and 

the mineral endowment characteristics of the block: the 

probability that deposits exist, the quantities of ore which may 

be contained in the block and the physical quantities of each 

metal which may be present in the block. The results are 

presented as averages and ranges to indicate the uncertainty 

inherent in estimates of undiscovered mineral resources. 

In the second and third parts of the results, it is assumed 

that the blocks are available for mineral exploration and 

development, and that any deposits which do exist are, in fact, 

discovered. Thus, the results show the total quantities and 

values of metals that may be recovered in the absence of 

land-use or other restrictions. The second part, the economic 

analysis results at current prices, summarizes the range of 

mining and milling activities that might occur in the block, 

given the estimated costs and average annual metal prices of 

1987 (Table F-3). The information presented includes the 

probability that economic deposits exist, the range of 

quantities of ore and metals which could be produced assuming 

economic deposits do exist, and the net present values 

associated with production. These values are a measure of the 

relative attractiveness of the block to an explorationist or 

mining company, .as well as an indication of the value of lost 
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Table F-2. Terms and Definitions as used in this Appendix 

Resource Endowment the amount of mineral resources contained in 
undiscovered deposits in the study area. 

Probability of One or More Deposits - the likelihood that at 
least one undiscovered deposit exists. 

Probability That Deposits Exist - the likelihood that exactly 0, 
1, 2, etc. undiscovered deposits exist. 

Quantities 
Average - the average quantity of ore or metal that is 

simulated, including those cases where the amount 
is zero. 

95% - there is a 95% chance that the actual physical 
quantity will be this amount or more. 

50% - there is a 50% chance that the actual physical 
quantity will be this amount or more. 

5% - there is a 5% chance that the actual physical 
quantity will be this amount or more. 

Economic Analysis: Current Prices 

Economic Deposit - a mineral deposit which, if developed and 
produced under stated economic conditions, would have a net 
present value greater than zero. That is, it would yield larger 
discounted revenues than discounted costs (using a 15% discount 
rate) . 

Probability That Economic Deposits Exist - the likelihood that at 
least one undiscovered economic deposit exists. 

Probability of Economic Deposits - the likelihood that exactly 
0, 1, etc. economically recoverable undiscovered deposits exist. 

Quantity Measures refer to the amount of metal recovered from an 
economic deposit. Average values are for deposits of similar 
type. E.g. average recoverable gold is an average for all 
recoverable gold deposits, not for gold and uranium deposits. 

Net Present Value - discounted revenues minus discounted costs, 
using a 15% discount rate. 

Economic Analysis; Price sensitivity 

Probability of Economic Activity - the likelihood that at least 
one undiscovered economic deposit exists, at prices up to three 
times current levels. 

Values and Quantities: 

Fully Risked - Average Net Present Value and Metal 
Production over the price range, including those cases where 
the amounts and quantities are zero. 

Conditional - Average Net Present Value and Metal Production 
over the price range, for deposits of the same type that are 
economically recoverable. 



* 

Table F-3. Commodities and Prices Addressed in The Study 

Three Times 

Commodity Current Prices * Current Prices 

Tin ($/lb) $4.18 $12.54 

Gold ($/oz) $444.00 $1332.00 

Silver ($/oz) $7.20 $21. 60 

Zinc ( $/lb) $0.42 $1.26 

Lead ($/lb) $0.36 $1. 08 

Tungsten ($/ lb) $2.87 $8.61. 

Rare Earth Oxides ( $/lb) $1.00 $3.00 

Uranium ($/lb) $16.55 $49.65 

Tantalum ($/lb) $22.00 $66.00 

Based on 1987 average metal prices. 
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metal production should the block be withdrawn from mineral 

activity. 

The final part, the economic analysis of price sensitivity, 

focuses on the change in economic attractiveness of the block in 

response to increasing prices for the potentially recoverable 

metals which the block may contain. Prices up to three times 

the levels addressed in part two are tested, while costs of 

production are held constant. This sensitivity analysis allows 

examination of changes in the probability of economtc activity, 

quantities recovered and the values of production as prices 

increase, and is an indicator of the "threshold" price, or the 

price levels necessary to induce economic activity. 

The results are presented below for each of the eleven 

blocks evaluated. It should be emphasized that the results 

presented here reflect the current extent of knowledge of the 

geology of the area (as expressed by the 'assessments of 

participating geologists). Wide ranges of values in the results 

indicate a greater degree of uncertainty than narrow ranges, and 

could be reduced by additional fieldwork and/or new 

understanding of deposit formation processes. Economic results 

assume technology and environmental requirements as of January, 

1988, and could be affected by new mining techniques or 

regulations. Sensitivity analyses for these and other issues are 

possible but are not addressed in this appendix. 
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BLOCK 1 

Block 1, in the western portion of the WMNRA, includes one 
terrane with potential for polymetallic vein deposits which 
could contain varing amounts of silver, lead and zinc. There is 
approximately one chance in ten that the terrane actually 
contains any deposits, and there may be as many as two deposits 
in the endowment. The fully risked average quantity of metals 
contained in undiscovered deposits in the block ranges from 
zero, if no deposits exist, to 185 thousand troy ounces of 
silver, 90 short tons of zinc, and 330 tons of lead. There is a 
5% chance the amount of silver will exceed 590 thousand troy 
ounces, that the quantity of zinc will exceed 140 tons, and that 
the amount of lead will be equal to or greater than 890 short 
tons. 

There is less than one chance in one hundred of an 
economically recoverable deposit at current prices, and it is 
unlikely that more than one such deposit would exist. If an 
economic deposit does exist, it will produce (on average) about 
18 million troy ounces of silver, three thousand tons of zinc, 
20 thous~nd tons of lead, with a net present value of $8 
million. 

The probablility of economic activity increases only 
slightly with increases in price, remaining less than 2% at 
three times current prices. The fully risked NPV averages less 
than $1 million, although if a deposit is found, average NPV may 
exceed $20 million. No more than one economic deposit is 
likely, and, if one is found, the range of quantities of metal 
that may be produced are: silver, 7 to 22 million ounces; lead, 
5 to ~o thousand short tons, and; zinc, 2 to 4 thousand short 
tons. 

1 In some blocks, the number of deposits or economic deposits 
was too few to construct reliable probability distributions. 
These cases are indicated by a asterisk ("*") in the following 
tables to distinguish them from cases in which the values or 
quantities simulated were zero. 

2 Note that, while the average quantities of metal produced 
(fully risked) increase with increases in the price index, the 
conditional averages tend to decrease at higher prices. Both 
relationships are the result of the fact that, at higher prices, 
smaller and/or lower grade deposits become economically 
recoverable. Thus, total quantities and fully risked averages 
increase. But the conditional averages, which show averages for 
a single deposit, decrease, reflecting both large, rich deposits 
and small, low grade deposits. (An occasional exception to this 
occurs when a large, low grade deposit becomes economic. See 
Block 5, Rare Earths, for an example.) 
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Block 1 Mineral Resource Endowment 
Gen eral 

Deposits 

0.8 

0.6 

0.4 

0.2 

o 

Quantities 

Location Deposit Types: 

Polymetallic Vein 

Contained Metals 

Silver 

Lead 

Zinc 

Probability That Deposits Exist 

c:J Polymetallic Vein 

o 1 2 

Number of Deposits 

Probability of One or More Deposits = 0.11 

Metals Contained in 
Average 

Endowment (Fully Risked) 
95% 50% 5% 

Silver 185 0 0 590 
(ThousandS of Troy Ounces) 

Zinc .09 0 0 .14 
(ThousandS of Short Tons) 

Lead .33 0 0 .89 
(Thousands of Short Tons) 
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Block 1 Economic Analysis: Current Price e 
Economic Deposits 

Probability That Economic Deposits Exist 

c:::J Polymetallic Vein 

0.8 

0.6 

0.4-

0.2 

o 
o 2 

Nu mber of Deposits 
Probability of One or More Economic Deposits - 0.002 

Quantities and Values 

Total Recoverable Metals and NPV (Conditional) 

Quantities Average 95% 50% 5% 

Silver 17861 :+: :+: :+: 
(Thousands of Troy Ounces) 

Zinc 3 :+: :+: :+: 
(Thousands of Short Tons) 

Lead 20 :+: :+: :+: 
(ThousandS of Short Tons) 

NPV 8 :+: :+: :+: 
(Millions of 1987 Dollars) 

:+: Not Enough Observations for Meaningful Fractiles 
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Block 1 Economic Analysis: Price Sensitivity 
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Block 1 Economic Analysis: Price Sensitivity 
Quantities: Lead 
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BLOCK 2 

Block 2 is in the Cache Mountain area in central WMNRA. It 
includes one terrane which is favorable for tin greisen deposits 
with contained tin. There is approximately one chance in ten 
that a deposit exists, with an average of 400 short tons and a 
5% chance of more than 960 short tons of tin. 

An economic deposit is unlikely at any price level up to 
three times that occurring in mid-1987. 
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Block 2 Mineral Resource Endowment 
General 

Location Depos it Types: 

Tin Greisens 

Contained Metals 

Tin 

Oeposits 
Probability That Deposits Exist 

c::::J PolymetalliC Vein 
0 .. 

0.8 

0.+ 

0.1 

o 

Number of Deposits 

Probability of One or More Deposits - .10 

Quantities 

Metals Contained in Endowment (Fully Risked) 

Average 95% 50% 5% 

Tin .4 o o .96 
(ThousandS of Short Tons) 
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Block 2 Economic Analysis: Current Prices 

Economic Deposits 

No Economic Deposits Simulated at Current Prices 

Quantities and Values 

No Economic Deposits Simulated at Current Prices 
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Block 2 Economic Analysis: Price Sensitivity 

No Economic Deposits Simulated at Prices up to Three Times Current 

Values 

No Economic Deposits Simulated at Prices up to Three Times Current ~e 

Quantities: 

No Economic Deposits Simulated at Prices up to Three Times Current 



BLOCK 3 

Block 3 is in north eastern WMNRA. It contains one terrane 
with the potential for tungsten skarn deposits and tungsten 
production. There is approximately one chance in one hundred 
that a deposit exists, and the block contains an average of 830 
short tons of tungsten. 

An economic deposit is unlikely at current prices. 
As prices increase, the probability of economic activity 

rises slightly, but remains less than 1t. Assuming an economic 
deposit is found, the average NPV may be as large-as $30 
million, and the amount of tungsten produced (given a deposit 
exists) ranges from 50 to 85 thousand short tons. 
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Block 3 Mineral Resource Endowment 
General 

Deposits 

0.. 

0.. 

0.4 

Quantities 

Location Depos it Typces: 

Tungsten Skarn 

Contained Metdls 

Tungsten 

Probability That Deposits Exist 

o Tungsten Skarn 

o 
Number of Deposits 

Probability of One or More Deposits - .01 

Metals Contained in Endowment (Fully Risked) 

Average 95% 50% 5% 

o o Tunasten .83 
(Thouso1!.dS of Short Tons) 

o 
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Block 3 Economic Analysis: Current Prices 

Economic Deposits 

No Economic Deposits Simulated at Current Prices 

Quantities and Values 

No Economic Deposits Simulated at Current Prices 
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Block 3 Economic Analysis: Price Sensitivity 
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BLOCK 4 

Block 4 is in the northeastern portion of the WMNRA. It 
includes two terranes, one with the potential for sedimentary 
exhalative and the other with the potential for polymetalic vein 
deposits. Both types of deposits can contain varying amounts of 
silver, lead and zinc. There is approximately one chance in two 
that a deposit exists, and there may be as many as 3 deposits in 
the endowment. On average, the block contains 7.6 million troy 
ounces of silver, 260 thousand short tons of zinc, and 180 
thousand tons of lead. There is a 5% chance for over 28 million 
ounces of silver, 1.1 million tons of zinc, and 610 thousand 
short tons of lead. 

The chances for an economic deposit of either type at 
current prices are less than one in one hundred. Assuming that 
an economic deposit exists, it will produce (on average) almost 
280 million troy ounces of silver, 2.5 million tons of zinc, 1.4 
million tons of lead, and have a net present value of $66 
million. 

The probablility of economic activity increases steadily 
with increases in price, providing better than one chance in ten 
(14%) at three times current prices. The fully risked NPV 
increases to more than $60 million~ and the conditional NPV to 
more than $450 million. Assuming that economic deposits are 
found, the average quantities of metal produced are: silver, 
from 20 to almost 300 million ounces; lead, from 1 to 1.6 
million short tons, and; zinc, from 1.2 to 3.8 million short 
tons. 

Block 4 ranks third in terms of the average net present 
value at current prices, and first in terms of economic 
significance at three times current prices. It is fifth in 
terms of the likelihood of economic activity at current prices 
and fifth at three times current prices. 
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Block 4 Mineral Resource Endowment 
General 

Location Deposit Types: 

Polymetallic Vein 

Sedimentary Exhalative 

Contained Metqls 

Silver 

Lead 

Zinc 

Deposits 
Probability That Deposits Exist 

c::J Polymetallic Vein 

c:::J Sedimentary Exhalative 
0.8 

.. - .All Deposit Type. 

0.6 

0.4 

0.2 

0 
0 1 2 J 

Number of Deposits 

Probability of One or More Deposits - .46 

Quantities 
Metals Contained in Endowment (Fully Risked) 

Average 95% 50% 5% 

Silver 7571 0 0 28000 
(Thousands of Troy Ounces) 

Zinc 257 0 0 1100 
(Thousands of Short Tons) 

Lead 180 0 0 610 
(ThousandS of Short Tons) 
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Block 4 Economic Analysis: Current Price 

Economic Deposits 

Probability That Economic Deposits Exist 

O.S 

0.6 

0 .... 

0.2 

o 
o 

c::J Polymetallic Vein 

D Sedimentary Exhalative 
_ .All Deposit Types 

2 

Number of Deposits 
Probability of One or More Economic Deposits 

Quantities and Values 

0.005 

Total Recoverable Metals and NPV (Conditional) 

Quantities Average 95% 50% 5% 

Silver 286757 * * * (ThousandS of Troy Ounces) 

Zinc 2507 * * * (ThousandS of Short Tons) 

Lead 1423 * * * (Thousands of Short Tons) 

NPV 66 * * (Millions of 1987 Dollars) 

* Not Enough Observations for Meaningful Fractiles 
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Block 4 Economic Analysis: Price Sensitivity 
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Block 4 Economic Anal SIS: Price Sensi tivi t 
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BLOCK 5 

Block 5 is in eastern WMNRA. It has two terranes with the 
potential for tin greisen and rare earth deposits. These types 
of deposits typically contain varying amounts of tin, silver, 
tantalum, tungsten, uranium and rare earths. There is a 94% 
chance that at least one deposit exists, with tin greisens being 
far more likely than the rare earth deposits. As many as eight 
deposits may exist, possibly one rare earth deposit and the 
remainder tin greisens. On average, the block contains 163 
thousand short tons of tin, 500 tons of tantalum, 14 thousand 
tons of tungsten, 200 tons each of uranium and rare earths, and 
over 7.5 million troy ounces of silver. 

At current prices, there is an estimated one chance in one 
thousand of an economically recoverable deposit. If an economic 
rare earth deposit does exist, it will produce (on average) 93 
thousand tons of uranium, and 41 thousand tons of rare earth 
oxides with a NPV of $267 million. Tin greisens ar~ unlikely to 
be economic at current prices. . 

The probablility of economic activity increases 
substantially with increases in price, providing almost one 
chance in two (42%) at three times current prices. The fully 
risked average NPV increases to almost $100 million, and the 
conditional average NPV ranges from aproximately $25 million to 
almost $350 million. Assuming that economic deposits are found, 
the approximate quantities of metal produced from both types of 
deposits are: tin, from 150 to over 400 thousand tons; silver, 
from 5 to 15 million troy ounces; tantalum, up to 9 thousand 
short tons; rare earths, from 17 to 40 thousand tons, and; 
uranium, from 40 to 140 thousand short tons. 

While, at current prices, block 5 is ranked low in the 
likelihood of economic activity, at higher prices the block is 
the third most likely to experience development, and sixth in 
terms of conditional economic importance. 
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Block 5 Nlineral Resource Endowment 
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Block 5 Economic Analysis: Current Price e 

Economic Deposits 

CJ Tin Grelsens 

I c::::::J Rare Earths 

(;5 
I - All Deposits 
I 

I 
l... 

(] 6 L 
i 
I , 
r , 
i 

0.4 -

0.2 

J 
012 

I\ju~ber of Deposits 
Probobilitv of One cr More Economic Oeposits 

,.-, n ("1 \ / (-, I I '.::> S 
--l I '--A ,\...; I I--A _ 

r- . 

:"X!S: 

T" 1- ~! 
I 'J : ... '--..l' R e c 0 v ere b I e \11 eta i son d ~,J P \j (C 0 n d it; c ~, G : \ 

~ .~. 

Average 95% ~OC7 ~ -
UI !nnt'l!'::>S -, -; 
, ~ '-", \... I 1 __ J /0 ..-! / ') 

Tin 0 0 0 0 
':-'1:)usandS :)f Short Tons) 

Silver 0 0 0 I" v 
lThousands of Troy Ounces) 

Tantalum 0 0 0 '\ 
\--' 

(ThousandS of Short Tons) 

Tungsten 0 0 0 0 
)ThOUSanqs of Short Tons) 

Jranlum 93 * * '" (ThousandS of Short Tons) 

!~ore E crt h s 4'1 * * * (ThousandS. of Short Tons) 

!\jPV 267 * * * (\1illions :)f 1987 Dollars) 

* 0Jct Enough Observations for rv1eoningful F roctil es 



F-31 

Block 5 Economic Analysis: Price Sensitivity 
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Block 5 Economic Anal sis: Price Sensitivit 
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Block 5 Economic Analysis: Price Sensitivity 
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BLOCK 6 

Block 6 is in central WMNRA. It has one terrane with the 
potential for rare earths deposits, containing uranium, thorium 
and rare earth oxides. Geologists were virtually certain that 
at least one deposit exists, and there may be as many as 3 
deposits in the endowment. On average, the block is estimated 
to contain 4 thousand tons of uranium and 16 thousand short tons 
of rare earth oxides. There is a 5% chance that 15 thousand 
short tons of uranium and 62 thousand tons of rare earths are 
contained in the block. 

The chances for an economic deposit are approximately one in 
fifty at current prices. If an economically recoverable deposit 
does exist, it will produce (on average) 21 thousand tons of 
uranium, and 12 thousand tons of rare earth oxides with a NPV of 
$27 million. 

The probablility of economic activity increases to 3% as 
prices approach three times the current level. The fully risked 
NPV increases to approximately $3 million, and the conditional 
NPV to $81 million. Assuming an economic deposit is found, the 
approximate quantities of metal produced are: rare earths, from 
12 to 22 thousand tons, and; uranium, from 7 to 21 thousand 
short tons. 

This block is ranked fifth in terms of the likelihood of 
development at current prices, and seventh in terms of average 
NPV. At higher prices, it is the seventh most likely to be 
developed, and seventh in terms of average NPV. 
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Block 6 Economic Analysis: Current Price 
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Block 6 Economic Analysis: Price Sensitivity 
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Block 6 Economic Analysis: Price Sensitivity 
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BLOCK 7 

Block 7 is in east central WMNRA and western North SNCA. It 
contains four terranes with the potential for tin greisen, 
tungsten skarn, alkalic-associated gold and rare earth 
deposits. These types of deposits contain varying amounts of 
tin, silver, tantalum, gold, tungsten, uranium and rare earth 
oxides. Based on the results of the geologic assessments, there 
is a one in two chance that at least one undiscovered deposit 
exists, with tin greisen and tungsten skarn the most likely. Up 
to four deposits of all types may exist in the endowment. On 
average, the quantities of metals contained in all types of 
deposits in the block are: silver, 1.3 million troy ounces; 
gold, 86 thousand troy ounces; tin, 33 thousand short tons; 
tungsten, 8 thousand tons; rare earths, 600 tons; uranium, 300 
tons, and tantalum, 100 short tons. 

There is approximately one chance in one hundred for 
economically recoverable deposits at current prices,.and there 
may be as many as 2 deposits (one rare earths and one 
alkalic-associated gold). If such deposits do exist, metals 
produced from the block include (on average) 3.8 million troy 
ounces of gold, 45 thousand tons of uranium, 47 thousand short 
tons of rare earth oxides. Average NPV for all types of 
deposits is $63 million. 

The probablility of economic activity increases to 
approximately 14% as prices approach three times current 
prices. The fully risked average NPV increases to approximately 
$6 million, and the conditional average NPV to $175 million. 
Assuming that economic deposits are found, the approximate 
quantities of metal produced from the block are: gold, 2 to 4 
million troy ounces; silver, from 1 to 10 million troy ounces; 
tantalum, from 100 to 600 thousand short tons; tungsten, from 3 
to 5 thousand short tons; tin, from 150 to 400 thousand short 
tons; rare earths, from 60 to 100 thousand tons, and; uranium, 
from 18 to almost 90 thousand short tons. 
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Block 7 Economic A.nalysis: Current Price 
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Block 7 Economic Anal SIS: Price Sensitivit 
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Block 7 Economic Analysis: Price Sensitivity 
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Block 7 Economic Analysis: Price Sensitivity 
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BLOCK 8 

Block 8, in the southern portion of the North SNCA, has 
three terranes with the potential for tungsten skarn, vein gold 
and alkalic-associated gold deposits. Contained metals include 
silver, tungsten and gold. It is almost certain that at least 
one deposit exists (a tungsten skarn deposit is most likely), 
and there may be as many as 17 deposits in the endowment. On 
average, the block contains almost 2 million troy ounces of 
gold, 370 thousand ounces of silver, and 23 thousand short tons 
of tungsten in all types of deposits. 
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The chance of one or more economic deposits at current 
prices is better than 1 in 10. If economic deposits do exist, 
production from the block could include (on average) 8.1 million 
troy ounces of gold, 2.1 million troy ounces of silver and 7 
thousand tons of tungsten. The average NPV of recoverable 
deposits is $347 million. 

The probablility of economic activity increases t,o more than 
52% as prices approach three times current prices. The fully 
risked average NPV increases to approximately $240 million. The 
conditional average NPV to $300-$350 million. Assuming that 
economic deposits are found, the approximate quantities of metal 
produced are: gold, 3 to over 60 million troy ounces; silver, 
from 1 to 6 million troy ounces; and tungsten, from 7 to 37 
thousand short tons. 

Block 8 is ranked second in terms of the likelihood of 
development at current and higher prices, second in average net 
present value at current prices, and third in NPV at higher 
prices. 
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Block 8 Economic Analysis: Current Price 
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Block 8 Economic Analysis: Price Sensitivity 
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Block 8 Economic Anal SIS: Price Sensitivit 
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BLOCK 9 

Block 9 is located in the southeastern portion of the WMNRA 
and the southwestern portion of the North SNCA. It includes two 
terranes having potential for tin greisen and rare earth 
deposits. contained metals include tin, silver, tantalum, 
tungsten, uranium and rare earths. The probability that at 
least one deposit exists is 32%, and there may be as many as 
three tin greisens and one rare earth deposit. The block's 
endowment contains (on average), 24 thousand short tons of tin, 
over 1.1 million troy ounces of silver, 3 thousand tons of 
tungsten, 100 tons each of tantalum and uranium, and 200 tons of 
rare earth oxides. 

The chance of an economic deposit at current prices is 1 in 
500. If an economically recoverable deposit does exist, it will 
be a rare earth deposit, and produce (on average) 9 thousands 
short tons of rare earths, 16 thousand short tons of uranium, 
with an average NPV of $34 million. 

The probablility of economic activity within the block 
increases to approximately 8% as prices approach three times 
current prices. The fully risked average NPV increases to 
approximately $14 million, and the conditional average NPV to 
$175 million. Assuming that economic deposits exist, the 
approximate quantities of metal produced from the block are: 
tin, 200 to 350 thousand short tons: silver, from 7 to 22 
million troy ounces: tantalum, from 100 to 400 short tons: rare 
earths, from 8 to 16 thousand short tons, and: uranium, from 10 
to 19 thousand short tons. 
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Block 9 wIineral Resource Endowment 
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Block 9 Economic Analysis: Current Price e 
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Block 9 Economic Analysis: Price Sensitivity 
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Block 9 Economic Anal SIS: Price Sensitivit 
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Block 9 Economic Analysis: Price Sensitivity 
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BLOCK 10 

Block 10 is located in the southern portion of the WMNRA and 
has one terrane with the potential for lode gold deposits. The 
probability that at least one deposit exists is 9%, and there 
could be as many as two. The block contains an average of 42 
thousand troy ounces of gold in the endowment. 

The chance of an economic deposit at current prices is 1 in 
500, and there is unlikely to be more than one. If an 
economically recoverable deposit does exist, it will produce (on 
average) almost 14 million troy ounces of gold with an average 
NPV of almost $600 million. 

The probablility of economic activity remains less than 1% 
as prices approach three times current prices. The fully risked 
average NPV increases to approximately $6 million, and the 
conditional average NPV ranges from $150 to $600 million. 
Assuming an economic deposit is found, the approximate quantity 
of gold produced is 7 to 25 million troy ounces. 

Block 10 ranks one or two in terms of net present value if 
an economic deposit exists (depending on the assumed prices), 
but in the lower 25% of the blocks in terms of the likelihood of 
economic activity. 
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Block 10 Economic Analysis: Current Prices 

Economic Deposits 

Probability That Economic Deposits Exist 
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Block 10 Economic Analysis: Price Sensitivity 
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BLOCK 11 

Block 11 contains indications of gold placer potential 
throughout the WMNRA and in the eastern portion of the North 
SNCA. However, the majority of this potential is associated 
with upper Beaver Creek, Nome Creek and their tributaries, which 
generally coincide with Block 10 of the analysis. Placers were 
evaluated seperatelty since the RMPs treats placers differently 
than lode deposits. A leasing alternative is allowed for lode 
deposits in semi-primitive areas, but development pf placers is 
limited to valid existing claims since the passage of ANILCA. 
It is certain that at least one deposit exists, and there may be 
as many as 23 placers in the study area. A fully risked average 
of 101 thousand troy ounces are contained in the endowment, with 
a 5% chance that there is more than 270 thousand ounces. 

There is a 60% chance of an economic deposit at current 
prices, and there may be as many as five. On average, 29 
thousand troy ounces of gold could be produced from economically 
recoverable deposits, yielding $3 million in NPV. 

The probablility of economic activity approaches certainty 
(98%) as prices approach three times current prices. The fully 
risked NPV increases to approximately $13 million, as does the 
conditional NPV (since there is very little chance that no 
placers would be produced). In economic deposits, the quantity 
of recoverable gold ranges from 20 to over 70 thousand troy 
ounces. 

Block 11 is the most likely to generate economic activity 
under any price assumption, but ranks low in terms of average 
net present value. 
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Block 11 Economic Analysis: Current Prices e 
Economic Deposits 
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Block 11 Economic Analysis: Price Sensitivity 
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APPENDIX G- ESTIMATION OF DIRECT AND nIDIREcr REX:;IONAL 

ECONCMIC IMPACIS ON 'I1IE AIASKAN EalNCMY AS A RESULT OF 

MINERAL DEVEIDmENl' IN 'I1IE WMNRA;SCNA S'IUDY AREA 

'Illis apperxlix describes the methodology used to allocate to various 

sectors of the Fairbanks regional econany, the construction ani operating 

expen:litures associated with p::>tentially profitable mineral deIXlSits in the 

WMNRA/SNCA study area, ani to estiInate the resultant errployment, ecunings, and 

outplt inpacts upon the regional econany. '!be profitability of prospective 

deIXlSits is detennined by the PSAS (Apperrlix A) ani the associated regional 

econanic inpacts are estiInated using IPASS (Apperrlix H). Potential direct ani 

total inpacts (direct plus Wirect) are presented for the four deIXlSit types 

considered to be IOOSt significant in the Steese-white study area. 

'Ihe methodology is presented, by exarrple, using a hyp::>thetical 

sedimentary-exhalative lead-zinc deIXlSit having the follO'w'ing geologic 

characteristics : 

Size: 77.2 million metric tons 

Depth: 2 meters 

Grade of zinc: 

Grade of silver: 

Grade of lead: 

5.8% 

60 gjmetric ton 

5.2% 

Profitability of Hypothetical DeIXlSit 

Minim ani Millirn Costs 

capital ani annual operating costs were estiInated for the above deIXlSit 

using the mine, mill, ani infrastructure cost IOOdels describErl in A{::perrlix C. 

'Ihe mining method used is open pit. '!be mine is assumed to operate 350 days 
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per year at an annual production rate of 3,903,103 metric tons of ore. 

'!he milling method used is lead-zinc flotation. '!he mill is assumed to 

operate 365 days per year at a daily mill fee:i rate of 10,693 metric tons. 

'The metal recovery rates are assumed to be 83.5% for zinc, 95% for silver and 

95% for lead. 

Infrastnlcture costs include construction of access roads, a campsite for 

the work force, and waste water treatment facilities. 

Table 1 shows the capital costs associated with the construction of the 

mine, mill, and infrastnlcture, and annual operating costs on a dollar per 

metric ton of ore mined or processed. Table 2 shows the annual operating 

costs by cost category for the mine, mill and infrastnlcture, the annual 

reinvestment costs, and the total annual costs (annual operatiIq costs plus 

reinvestment costs) • 

Post-mill Considerations 

'!he post mill recovery rates are assumed to be 98% for zinc, 98% for 

silver and 98% for lead. 

'The "revenue rate" is a factor included in srrelter contracts which 

indicates how much revenue is received by the mine operator from the operator 

of the srrelter or processor. '!he anomt of the revenue rate deperds on 

market corditions for metals. '!he anomt of revenue paid by the processor is 

prior to deductions for treatment and transportation d1arges. '!he revenue 

rate is assumed to be 80% for zinc, 90% for silver and 90% for lead. 

'!he treatment d1arges for each metal are assumed to be $300.00 per metric 

ton of zinc, nothiIq for silver~ and $200.00 per metric ton of lead. 

'!he transportation d1arges for each metal are assumed to be $163.00 per 

metric ton of zinc, nothing for silver, and $131.00 per metric ton of lead. 
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TABLE 1. Mine, Mill and Infrastructure Costs by Cost Category 

Mine Costs(1) II Mill Costs(2) II Infrastructure Costs(3) II 
---------------------- II -----------_._--------- II ------------------------- II 

Cost Capital Operating II Capital Operating II Capital Operating II 
Category Costs(4) Costs(5) II Costs(4) Costs(5) II Costs(4) Costs(5) II 
---------------------- ------------------------------ -----------~------.----------------------------------- -------------

Labor S10,528,293 S2.10 $45,822,507 S1.61 
Equipment S19,840,323 S2.29 S25,829,549 S1.71 
Steel S280,992 SO.07 S13,471,809 SO.02 
L\.JTber SO SO.OO SO SO.OO 
Fuel and Lube Oil S703,712 SO.13 S7,760,675 SO.14 
Industrial Mtls S78,461 SO.09 $742,471 SO.09 
Construction Mtls S4, 171,952 SO.OO S11,528,188 SO.OO 
Chemicals S1,122,245 SO.23 SO SO.OO 

Total S36,725,978 $4.91 S105, 155, 199 $3.57 

~otes: 

(1) The mine costs are based on the open pit method of mining. 
(2) The mill costs are based on the shale hosted lead zinc float method of milling. 
(3) The infrastructure costs are based on the open pit method of mining. 
(4) Capital costs are total expenditures. 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

(5) Operating costs are presented in dollars per metric ton of ore mined or processed. 

II 
S31,501,386 SO.30 II 
S18,279,820 SO.32 II 

$89,027 SO.OO II 
SO SO.OO II 

S1,510,138 SO.63 II 
S1 ,892,757 SO.76 II 

S892,720 SO.53 II 
S31,343,263 SO.OO II 

II 
S85,509, ", S2.54 II 



Table 2. Annual Operating Costs by Cost Category 

Cost 
Category 

Labor 
Equipment 
Steel 
L\Eber 
Fuel and Lube Oi l 
Industrial Mtls 
Construction Mtls 
Chemicals 

Total 

Notes: 

Annual 
Operating 
Costs(1) 

$17,936,398 
$19,356,779 

$442,049 
$0 

$4,255,417 
$3,390,434 

$0 
$4,795,948 

$50,1n,025 

Annual 
Reinvestment 
Costs(2) 

$2,951,415 
$2,513,700 

$423,684 
$0 

$320,347 
$53,764 

$1,536,460 
$124,118 

$7,923,488 

II Total 
II Annual 
I I Operating 
I I Costs(3) 

$20,887,813 
$21,810,479 

$865,733 
$0 

$4,575,764 
$3,444,198 
$1,536,460 
$4,920,066 

$58,100,513 

(1) Annual Operating Costs are calculated by summing together mine, mill, and 
infrastructure operating costs for each cost category then multiplying by annual 
production rate. 

(2) Reinvestment of capital costs are additional funds to cover 
replacement of work equipment, spare parts, etc., and are computed as 
follows: 

6 percent of mine capital cost item 
+ 3 percent of mill capital cost item 
+ 3 percent of infrastructure capital cost item 

(3) Annual operating expenses are computed by summing together 
annual operating costs and reinvestment cost factor for each cost 
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calculation of Annual Costs 

A. M.inirq and Millin:J Costs 

Costs associated with the construction of the mine begin in year 4. In 

years 1 through 3, exploration and pennittin:J activities take place. '!hese 

costs are not estimated. One-half of the capital costs for the construction 

of the mine ($36,725,978) is spent in each year of the mine cOnstruction phase 

(years 4 and 5). One half of the capital costs of the mill construction 

($105,155,199) arx:l one half of the capital costs of the infrastructure 

construction ($85, 509 , 111) is spent in year 4. '!he remairlirq 50% of 

construction costs for the mill arx:l infrastructure are spent in year 5. 

In year 6, the mine begins operatin:J. Annual operatin:J costs total 

$50,177,025 of which $23,877,200 is for the mine, $13,966,658 is for the mill 

and $12,333,167 is for the infrastructure. In addition, there are 

reinvestIrent expenses totalin:J $7,923,488. Reinvestment costs are based on 6 

percent of the mine capital cost ($2,203,559); 3 percent of the mill capital 

cost ($3,154,656); arx:l 3 percent of the infrastructure capital cost 

($2,565,273). 

Total annual operatin:J expenses are the stnn of the capital reinvestIrent 

expenses and the annual operatin:J costs. '!he annual operatin; expenses 

associated with this mineral deposit is $58,100,513. 

B. Treatment and Transportation Charges 

Treatment and transportation charges are calculated by multiplyin; the 

annual prOOuction of the mine times the grade of the Wliliality times the mill 

recovery rate times the post mill recovery rate times the treatIrent and 

transportation charge. 



Treatment charges for zinc, for example, are calculated in the following 

manner: 

3,903,103 mine production (metric tons of ore) 

x .05756 grade of zinc 

224,663 metric tons of contained zinc 

x .835 mill recovery rate 

187,593 metric tons of recovered zinc 

x .98 post mill recovery rate 

183,841 metric tons of recovered zinc 

x $ 300 dollars per metric ton of recovered zinc 

$55,152,424 treatment charges for zinc 

'!he transportation charge calculation for zinc is as follows: 

3,903,103 mine production (metric tons of ore) 

x .05756 grade of zinc 

224,663 metric tons of contained zinc 

x .835 mill recovery rate 

187,593 metric tons of recovered zinc 

x .98 post mill recovery rate 

183,841 metric tons of recovered zinc 

x 163 dollars per metric ton of recovered zinc 

$29,966,150 transportation charges for zinc 
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Total annual treatment am transportation charges for zinc are 

$85,118,574. Annual treatment charges ($37,521,777) am transportation 

charges ($24,576,764) are calculated in a similar rranne.r for lead, with total 

treatment am transportation charges for lead equallirg $62,098,541. It is 

asstnned there are no treatment am transportation charges for precious metals 

(gold am silver). 

calculation of Annual Revenues 

It is asstnned that the prices paid for each metal recovered (zinc, silver, 

am lead) are 2 times the current average annual 1987 price of these metals: 

Zinc- $.84 per pam:i or $1,680.00 per short ton 

Silver- $14.40 per troy ounce or $419,990.40 per short ton 

Lead- $.72 per pam:i or $1,440.00 per short ton 

Revenues fran the mine begin in year 6, the first year of production. 

Years 1 through 3 are used for pennittirg am exploration. Year 4 is the 

first year of mine construction, mill construction, am infrastructure 

construction. Year 5 is the secorrl year of mine, mill, am infrastructure 

construction. 

Revenues are generated for 18 years (the life of the mine) am are 

calculated. by multiplyirg the annual ore production of the mine (3,903,103 

metric tons) times the grade of the ore times 1.102 (to convert from metric 

tons to short tons) times the mill recovery rate times the post mill recovery 

rate times the revenue rate times the price of the CXlllllcdity in dollars per 

short ton of metal. '!he revenue calculation for zinc is shown below: 
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3,903,103 mine production (rretric tons of ore) 

x .05756 grade of zinc 

224,663 rretric tons of contained zinc 

x 1.102 conversion factor (rretric tons to short tons) 

247,578 short tons of contained zinc 

x .835 mill reccvery rate 

206,728 short tons of :recovered zinc 

x .98 p::st mill :recovery rate 

202,593 short tons of :recovered zinc 

x .80 revenue rate (pet zinc smelter operator pays for) 

162,075 short tons of :recovered zinc 

x 1,680.0 dollars per short ton of zinc 

$272,285,310 Annual Revenue for zinc 
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Usi.rq similar procedures for silver am lead, annual revenue for silver is 

$90,818,530 am annual revenue for lead is $267,941,511. Annual revenues fram 

the deposit total approximately $631.0 million. 

calculation of Discounted cash Flow 

Annual cash flow duri.rq the production years of the mine is equal to 

annual revenues minus annual operati.rq costs, treatment charges am 

transportation charges, or, in this example, $425.7 million. Assumi.rq a 

discount rate of 15 percent, total net present value (NJ?V) for this deposit at 

twice current prices is $1. 351 billion. 



Allocation of Construction anj ~tin;J Expen:litures 

to Sectors of the Alaskan Regional Econany 

Once a deposit has been detennined profitable, the regional economic 

impacts associated with its construction ani operation can be estimated using 

the Interactive Policy Analysis simulation system (IPASS) , a regional 

input-outplt econanic rrodel. 

'!he IPASS rrodel estimates growth in the entire regional economy, as a 

result of introducin;J new mi.ni.rq activity into the region. Specifically, 

IPASS estimates cl"larqes in employment, eami..rx;Js, anj outprt for all imustries 

in the region due to mineral developnemt anj operation over the life of the 

proj ect (on a year-by-year basis) (see AWen:lix H) . 

Inputs to the IPASS Medel 

Input to the IPASS nxxlel is detennined by expen::li tures occurrin;J in the 

two phases of deposit developnent (mine construction ani mine operation) . 

Dlrin;J Fhase I (years 4 ani 5), the capital costs associated with the 

construction of the mine, mill anj infrastzucture are expen:ied. Dlring Fhase 

2 (years 6 through the life of the deposit) prcxiuction takes place. Dlring 

each year of phase 2, expen::litures include mine, mill, ani infrastJ:ucture 

operatin;J costs plus reinvestment expenses of 6 percent of mine capital cost, 

3 percent of mill capital cost, anj 3 percent of infrastzucture capital cost. 

G-'J 

Annual expen::litures associated with each phase are divided into nine broad 

categories: labor, equipnent, steel items, lumber, fuel anj lube oil, 

imustrial materials, construction materials, chemicals, anj food 



(Table 3). Experditures in these categories are then broken down to show 

purchases fran specific irrlustrial sectors of the regional econany. 

Distribution of Expenditures Alroncr Irrlustrial Sectors 

G- LO 

To estilnate the econanic iIrpacts on regional irrlustrial sectors from 

mineral deposit develq;mmt ani operation, expen:litures can be allocated. to 75 

sectors of the regional econany, to irrlicate which specific iIrlustries 

received. increased purchases as a result of the new mini.rg activity. When 

this distribution is made, ratios showin;J the dollar ano.mt ~ from 

each irrlustIy versus the total mineral irrlustIy expen:litures are c:arp1ted ani 

used to develop the mineral irrlustIy's production :function. 'nlese production 

:functions are then used to c::arp.rt:e total iIrpacts in the IPASS IOOdel (Apperxiix 

H). To facilitate CCIlTpltations in IPASS, these 75 sectors were reclassified. 

into 28 sectors. 

'nle experrliture distribution scheme to the 75 sectors in the Fall:banks 

regional econany is shown in Table 4. sane categories of expen:litures are 

fully allocated to a s.in;Jle sector. For exrurple, 100 percent of fuel ani lube 

oil costs are assigned to petroleum refin.irg (sector 41). other categories of 

experrlitures, such as constnlction material expen:litures, are allocated to 

several irrlustrial sectors. 

Table 5 shows the distribution of costs in the exrurple of the lead zinc 

deposit. 'Ihese levels ani patterns of irrlustIy purchases, as well as any 

constraints within the regional econany, such as the number of available 

workers, are used by IPASS to estimate c.hanJes in errployment, eamin:Js ani 

outt:ut. 



Table 3. Annual Expenditures by Phase of Development 

Cost 
Category 

Labor 
Equipment 
Steel 
Ll..JTlber 
Fuel and Lube Oil 
Industrial Mtls 
Construction Mtls 
Chemicals 
Food 

Total 

Notes: 

Phase 1 (1) I I Phase 2 (2) 

II 
S43,926,093 II S20,887,813 
S31, 974 ,846 II S21,870,479 
$6,920,914 II S865,733 

SO II SO 
$4,987,263 II $4,575,764 

S771,144 II S3,099,778 
S23,521,701 II S1,536,460 
S1,507,501 II $4,920,066 

$85,683 II S344,420 

II 
$113,695,145 II S58,100,513 

(1) Phase 1 covers the activities in years 4 and 5, the first 
and second years of mine, mill, and infrastructure development 

(2) Phase 2 covers year 6 and beyond until the deposit IS 
exhausted. The activities include mine, mill, and infrastructure 
operation and reinvestment of capital expenses. 
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Table 4. Allocation of Costs by Industrial Sector 

Sector Sector 
Number Description 

1 Agricultural Products 
2 Forestry 
3 Fisheries 
4 Agricultural Services 
5 Copper Mining 
6 Lead and Zinc Mining 
7 Gold Mining 
8 Silver Mining 
9 DUIII1Y Sector 

10 DUIII1Y Sector 
11 DUIII1Y Sector 
12 DUIII1Y Sector 
13 DUIII1Y Sector 
14 DUIII1Y Sector 
15 DUIII1Y Sector 
16 DUIII1Y Sector 
17 DUIII1Y Sector 
18 Other Metal Mining 
19 Metal Mining Services 
20 Coal Mining 
21 Crude Petroleum 
22 Natural Gas 
23 Limestone 
24 Other Stone 
25 Sand and Gravel 
26 Miscellaneous Minerals 
27 Non-Metal Services 
28 Chemical Fertilizer 
29 Mining Construction 
30 Other New Construction 
31 Oil and Gas Repair and Maint. 
32 Other Repair and Maintenance 

Cost 
Allocation 

20 X of Food 

5 X of Construction Materials 

5 X of Construction Materials 

10 X of each cost category (labor, equipment, etc.) 
10 X of Construction Materials 

G-12 



Table 4. Allocation of Costs by Industrial Sector (continued) 

Sector Sector 
~umber Description 

33 Preserved Seafood 
34 Fresh and Frozen Seafood 
35 Other Food Processing 
36 Texti les 
37 Logging 

38 lIood Products 

39 Pulp and Paper 
40 Printing and Publishing 

Cost 
Allocation 

5 X of Food 

20 X of Lumber 

80 X of Lumber 
10 X of Construction Materials 

41 Petroleum Refining 100 X of Fuel and Lube Oil 

42 Chemicals, Rubber, Plastics, 10 X of Construction Materials 
Leather, and Tires 100 X of Chemicals 

43 Manufactured Stone Products 15 X of Construction Materials 
including Cement and Glass 

44 Primary Metals 
45 Fabricated Metals 

46 ~on-Electrical Machinery 
47 Electrical Machinery 

48 Transportation Equi~nt 
49 Other Manufacturing 

20 X of Steel 
80 X of Steel 
25 X of Construction Materials 

50 X of Equi~nt 
20 X of Equi~nt 
10 X of Construction Materials 

30 X of Equi~nt 
100 X of Industrial Materials 
10 X of Construction Materials 
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Table 4. Allocation of Costs by Industrial Sector (continued) 

Sector Sector 
Number Description 

Notes: 

50 Railroads 
51 Local Transportation 
52 Truck Transportation 
53 Water Transportation 
54 Air Transportation 
55 Pipelines 
56 Transportation Services 

57 Communication 

58 Electrical Utilities 
59 Gas Utilities 
60 Water Services 

61 Wholesale Trade 
62 Eating and Drinking Estab. 
63 Other Retail Trade 
64 Finance and Insurance 
65 Real Estate 
66 Lodging 
67 Personal Services 
68 Business Services 
69 Auto Services 
70 Movies and Recreation 
71 Health Services 
72 Education and Non-Profit 
73 Government Enterprises 
74 Used Goods 
75 Administrative Government 

Cost 
Allocation 

5 X of Sl.II1 
20 X of Sl.II1 
10 X of Sl.II1 
20 X of Sl.II1 
35 X of Sl.II1 

10 X of Sl.II1 

1 (1) 

1 X of each cost category (labor, equipment, etc.) 

10.2 X of Sl.II1 2 (2) + 19 X of Food 
5.1 X of Sl.II1 2 
10.2 X of Sl.II1 2 + 56 X of Food 
12.3 X of Sl.II1 2 
18.4 X of Sl.II1 2 
5.1 X of Sl.II1 2 
2 X of Sl.II1 2 
15.3 X of Sl.II1 2 
12.3 X of Sl.II1 2 
1 X of Sl.II1 2 

X of Sl.II1 2 

X of Sl.II1 2 
6.1 X of Sl.II1 2 

(1) Sl.II1 1 = 28.6 X of the Sl.ll1 of Sectors 1 through 49 
(2) Sl.II1 2 = 21.5 X of the Sl.ll1 of the cost categories (labor, equipment, etc.) plus communication 
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Table 5. Distribution of Costs Among Industrial Sectors 
(Costs are presented in January 1987 dollars) 

Sector Sector 
Number Description 

1 AGRICULTURAL PRODUCTS 
2 FORESTRY 
3 FISHERIES 
4 AGRICULTURAL SERVICES 
5 COPPER MINING 
6 LEAD AND ZINC MINING 
7 GOLD MINING 
8 SILVER MINING 
9 MINE-DUMMY 

10 MINE-DUMMY 
11 MINE-DUMMY 
12 MINE-DUMMY 
13 MINE-DUMMY 
14 MINE-DUMMY 
15 MINE-DUMMY 
16 MINE-DUMMY 
17 MINE-DUMMY 
18 OTHER METAL MINING 
19 METAL MINING SERVICES 
20 COAL MINING 
21 CRUDE PETROLEUM 
22 NATURAL GAS 
23 LIMESTONE 
24 OTHER STONE 
25 SAND AND GRAVEL 
26 MISCELLANEOUS MINERALS 
27 NON-METAL SERVICES 
28 CHEMICAL FERTILIZER 
29 MINING CONSTRUCTION 
30 OTHER NEW CONSTRUCTION 
31 OIL AND GAS REPAIR AND MAINTENANCE 
32 OTHER REPAIR AND MAINTENANCE 

Phase 1 

$12,235 

1839,725 

1839,725 

18,117,833 
$1,679,449 

Phase 2 

$49,183 

$54,852 

$54,852 

$4,148,377 
$109,703 
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Table 5. Distribution ot Costs Among Industrial Sectors (continued) 
(Costs are presented in January 1987 dollars) 

Sector Sector 
Number Description 

33 PRESERVED SEAFOOD 
34 FRESH AND FROZEN SEAFOOD 
35 OTHER FOOD PROCESSING 
36 TEXTILES 
37 LOGGING 
38 WOOD PRODUCTS 
39 PULP AND PAPER 
40 PRINTING AND PUBLISHING 
41 PETROLEUM REFINING 
42 CHEM, RUBBER, PLAS, LEATH, TIRES 
43 MAN. STONE PROD INCL. CEMENT, GLASS 
44 PRIMARY METALS 
45 FABRICATED METALS 
46 NON-ELECTRICAL MACHINERY 
47 ELECTRICAL MACHINERY 
48 TRANSPORTATION EQUIPMENT 
49 OTHER MANUFACTURING 
50 RAILROADS 
51 LOCAL TRANSPORTATION 
52 TRUCK TRANSPORT 
53 WATER TRANSPORT 
54 AIR TRANSPORT 
55 PIPELINES 
56 TRANSPORTATION SERVICES 
57 C()oMJN I CA TI ON 
58 ELECTRICAL UTILITIES 
59 GAS UTILITIES 
60 WATER SERVICES 

Phase 1 

53,OS'} 

50 
51,679,449 

53,560,905 
52,755,805 
52,519,174 

5988,307 
sa, 151 ,850 

511,415,020 
$6,245,457 
$6,849,012 
52,230,046 
51,159,363 
$4,637,450 
52,318,725 
54,637,450 
sa,115,538 

50 
52,318,725 
51,136,951 
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Phase 2 

512,296 

50 
5109,703 

53,267,096 
53,622,630 

5164,555 
5123,627 
5768,765 

57,807,761 
53,232,808 
$4,684,657 
52,322,945 

$611,531 
52,446,126 
51,223,063 
52,446,126 
$4,280,720 

50 
51,223,063 

5581,005 



Table 5. Distribution of Costs Among Industrial Sectors (continued) 
(Costs are presented in January 1987 dollars) 

Sector Sector 
Number Description 

61 WHOLESALE 
62 EATING AND DRINKING 
63 OTHER RETAIL 
64 FINANCE AND INSURANCE 
65 REAL ESTATE 
66 LOOGING 
67 PERSONAL SERVICE 
68 BUSINESS SERVICES 
69 AUTO SERVICES 
70 MOVIES AND RECREATION 
71 HEALTH SERVICES 
72 EDUCATION AND NON·PROFIT 
73 GOVERNMENT ENTERPRISES 
74 USED GOOOS 
75 ADMINISTRATIVE GOVERNMENT 

TOTALS 

Expenditures in Sectors 1 - 75 

Labor Expenditures 

Total 

Phase 1 

$2,534,548 
$1,259,134 
$2,566,250 
$3,036,735 
S4,542,758 
$1,259,134 

$493,778 
$3,m,402 
$3,036,735 

$246,889 
$246,889 

$0 
$246,889 

$1,506,023 
$0 

$106,964,417 

$43,926,093 

$150,890,510 

Phase 2 

$1,352,325 
$643,443 

$1,479,761 
$1,551,833 
$2,321,441 

$643,443 
$252,331 

$1,930,329 
$1,551,833 

$126,165 
$126,165 

$0 
$126,165 
$769,608 

$0 

$56,220,284 

$20,887,813 

$77,108,097 

Note: The total expenditures spent in the local economy are greater than the expenditures shown in Table 3 
due to the fact that services, construction management and communication are additional items, 
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not accounted for in the cost estimating method used to estimate items such as labor, fuel, and equipment. 
Services, construction management, and communication add 32.7X to the total expenditures in the local economy. 
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Estimated Direct ani Total Regional Economic IIrpacts Associated 

with Various Types ani Sizes of Mineral Deposits 

'!his section shows estimates of direct ani total regional economic ilnpacts 

associated with the develq;rnent of four types of deposits in the WMNRA/SNCA 

study area: alkalic-associated gold deposits; gold placer deposits; 

sedimentary ~ative lead-zinc deposits; arx:l tin greisens. An array of 

deposit sizes were evaluated (Table 6). '!he estimates were developed singly 

for each size an:i type of mine. Analyses of different types an:i sizes of 

mines are possible but were not developed as part of this effort since they 

would require assurt"ptions regardirg the ti.m:in;J of exploration an:i 

developrent. Tables 7 through 17 shc:Jr.v the annual rnnnber of workers employed 

at the mine an:i in the region as a result of the developrent of the deposit 

(includes the workers at the mine), the anomt of wages paid to the workers at ~ 
the mine arx:l in the region, arx:l the total dollar output of product generated 

at the mine an:i in the region econany. 



Table 6. Description of Mineral Deposits Analyzed 

Depos i t 
Type 

Recoverable 
Metals 

Size of Deposit 
(in mill ion mt) 

Mining 
Method 

Milling 
Method 

Net Present Value 
(in million 1987 S) 

===================================================================a============================ 
Alkal ic Gold IGold 16.000 VCR (1) CIP (2) S50.200 

I 
I 58.400 VCR CIP S102.000 

I 
I 89.100 VCR CIP ($7.500) 

================================================================================================ 
Placer Gold IGold 0.145 Placer Placer SO.040 

I 
I 0.566 Placer Placer SO.516 

I 
I 1.231 Placer Placer SO.854 

================================================================================================ 
Sedimentary IZinc, Silver I 13.800 R-P (3) Pb-Zn Float (4) S331.90 
Lead Zinc ILead I 

I I 
I I n.180 OP (5) Pb-Zn Float S1,352.00 

================================================================================================ 
Tin Greisen ITin, Si lver 46.700 VCR Sn Float (6) S88.60 

I 
I 69.300 OP Sn Float saO.OO 

I 
I 95.500 VCR Sn Float S39.60 

================================================================================================ 

Notes: 
(1) Vertical Crater Retreat 
(2) Carbon in Pulp Leaching 
(3) Room and Pillar 
(4) Lead - Zinc Flotation 
(5) Open Pit 
(6) Tin Float - Gravity 
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Table 7. Estimate of Impacts resulting from Development 
of Small Alkalic Gold Deposit (16 million metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
----------------------------_._------- ----_._-----------------------------
El!1)loyment Earnings Output El!1)loyment Earnings Output 

OOO's 5 ) ( OOO's 5 ) OOO's 5 )( OOO's S ) 

1987 0 SO.O SO.O 0 50.0 SO.O 
1988 0 SO.O 50.0 0 50.0 50.0 
1989 0 SO.O SO.O 0 SO.O SO.O 
1990 0 SO.O SO.O 0 SO.O SO.O 
1991 35 14,078.0 S24,510.0 121 S5,942.5 S30,576.5 
1992 463 S27,576.0 S108,004.0 1019 536,400.3 S135,626.5 
1993 463 527,576.0 S108,004.0 1261 142,742.8 S155,525.8 
1994 245 S23,485.0 S65,656.0 n4 538,045.7 S108,989.0 
1995 245 523,485.0 S65,656.0 725 S36,636.6 5101,766.8 
1996 245 523,485.0 S65,656.0 728 536,871.5 5104,393.0 
1997 245 S23,485.0 S65,656.0 715 S36,401.8 S103,736.5 
1998 245 S23,485.0 S65,656.0 706 S36,401.8 S103,079.9 
1999 245 S23,485.0 S65,656.0 706 S36,401.8 5103,736.5 
2000 245 S23,485.0 165,656.0 698 S36,401.8 S103,736.5 
2001 245 523,485.0 $65,656.0 679 $35,697.2 S101,110.2 
2002 245 523,485.0 S65,656.0 688 S36,401.8 5104,393.0 
2003 245 $23,485.0 S65,656.0 654 $34,992.7 S98,484.0 
2004 245 S23,485.0 S65,656.0 649 534,992.7 599,140.6 
2005 245 S23,485.0 S65,656.0 639 S34,757.8 598,484.0 
2006 245 S23,485.0 S65,656.0 630 534,523.0 S97,827.4 

Average 259 S22,783.4 S68,3n.9 712 534,600.7 S103,162.9 
CUIlJlative 5364,535.0 S1,094,046.0 5553,611.4 S1,650,606.2 

Note: Earnings and Output figures are presented in 1982 dollars. 
Construction period· 1991 to 1993 
Mine Operation period· 1994 to 2006 
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Table 8. Estimate of Impacts resulting from Development 
of Medium Alkalic Gold Deposit (58.4 million metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
._----.------------------------------- -----------------------------------------
E~loyment Earnings Output E~loyment Earnings Output 

OOO's S ) OOO's S ) ( OOO's S ) . ( OOO's S ) 

1987 0 SO.O SO.O 0 0 0 
1988 0 $0.0 $0.0 0 0 0 
1989 0 $0.0 $0.0 0 0 0 
1990 0 $0.0 $0.0 0 0 0 
1991 61 S7,349.0 $42,168.0 209 S10,535.8 $52,530.3 
1992 877 148,620.0 $190,320.0 1886 $63,692.2 $239,803.2 
1993 877 $48,620.0 $190,320.0 2315 $75,361.0 $274,060.8 
1994 439 143,208.0 $129,417.0 1387 $69,132.8 $207,067.2 
1995 439 143,208.0 $129,417.0 1348 $67,836.6 $199,302.2 
1996 439 $43,208.0 $129,417.0 1343 $67,836.6 $201,890.5 
1997 439 143,208.0 $129,417.0 1335 $67,836.6 $201,890.5 
1998 439 143,208.0 $129,417.0 1321 $67,836.6 $201,890.5 
1999 439 143,208.0 $129,417.0 1317 $67,836.6 $201,890.5 
2000 439 143,208.0 $129,417.0 1313 $67,836.6 $203,184.7 
2001 439 $43,208.0 $129,417.0 1264 $66,540.3 $196,713.8 
2002 439 143,208.0 $129,417.0 1282 $67,836.6 $203,184.7 
2003 439 143,208.0 S129,417.0 1216 $64,812.0 S191,537.2 
2004 439 143,208.0 S129,417.0 1207 $65,244.1 $194,125.5 
2005 439 143,208.0 S129,417.0 1190 $64,379.9 $191,537.2 
2006 439 143,208.0 S129,417.0 lln $63,947.8 $190,243.0 
2007 439 143,208.0 $129,417.0 1159 $63,947.8 $190,243.0 
2008 439 143,208.0 $129,417.0 1150 $63,947.8 $190,243.0 
2009 439 143,208.0 $129,417.0 1141 $63,515.8 S190,243.0 
2010 439 143,208.0 S129,417.0 1133 $63,515.8 $190,243.0 

Average 464 141,956.3 $131,144.9 1284 $63,671.5 $195,591.2 
Cl.IIlJlative $839,125.0 $2,622,897.0 S1,273,429.1 $3,911,823.8 

Note: Earni ngs and OUtput figures are pre:sented in 1982 dollars. 
Construction period· 1991 to 1993 
Mine Operation period· 1994 to 2010 
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Table 9. Estimate of Impacts resulting from Development 
of Large Alkalic Gold Deposit (89.1 million metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
~--- ... -------.-- .. ---------.----------- -----------------------------------------
Employment Earnings Output Employment Earnings· Output 

ODD's 5 ) ODD's 5 ) ODD's 5 ) ODD's 5 ) 

1987 0 $0.0 $0.0 0 $0.0 $0.0 
1988 0 $0.0 $0.0 0 $0.0 $0.0 
1989 0 $0.0 $0.0 0 50.0 50.0 
1990 0 $0.0 50.0 0 50.0 $0.0 
1991 73 $8,917.0 550,788.0 250 512,751.2 $63,250.8 
1992 1080 558,599.0 $229,735.0 2300 576,764.7 5286,729.9 
1993 1080 558,599.0 5229,735.0 2819 591,414.4 $333,115.8 
1994 532 $53,062.0 5162,582.0 1676 $84,368.6 5255,253.7 
1995 532 553,062.0 $162,582.0 1660 $83,838.0 $250,376.3 
1996 532 553,062.0 $162,582.0 1655 $83,838.0 $252,002.1 
1997 532 553,062.0 $162,582.0 1644 $83,838.0 $252,002.1 
1998 532 $53,062.0 $162,582.0 1633 $83,838.0 $252,002.1 
1999 532 $53,062.0 5162,582.0 1623 $83,838.0 $253,627.9 
2000 532 $53,062.0 $162,582.0 1617 $83,838.0 $253,627.9 
2001 532 $53,062.0 5162,582.0 1559 581,715.5 $247,124.6 
2002 532 553,062.0 $162,582.0 1580 $83,838.0 $255,253.7 
2003 532 553,062.0 $162,582.0 1500 $80,123.6 $240,621.4 
2004 532 553,062.0 5162,582.0 1484 $80,123.6 $242,247.2 
2005 532 553,062.0 $162,582.0 1463 $79,593.0 $240,621.4 
2006 532 $53,062.0 5162,582.0 1442 579,062.4 5238,995.5 
2007 532 553,062.0 $162,582.0 1426 $78,531.8 $237,369.7 
2008 532 $53,062.0 5162,582.0 1415 $78,531.8 $237,369.7 
2009 532 553,062.0 $162,582.0 1404 $78,531.8 $238,995.5 
2010 532 553,062.0 $162,582.0 1394 $78,531.8 $238,995.5 
2011 532 $53,062.0 $162,582.0 1383 $78,531.8 $238,995.5 
2012 532 553,062.0 5162,582.0 1373 $78,001.1 $238,995.5 

Average 561 $51,558.8 $163,605.3 1559 578,338.3 $243,071.5 
CLIIlJlative 51,134,293.0 $3)599,316.0 $1,723,442.7 $5,347,574.0 

~ote: Earnings and Output figures are presented in 1982 dollars. 
Construction Period· 1991 to 1993 
Mine Operation period· 1994 to 2012 



Table 10. Estimate of Impacts resulting from Development 
of Small Placer Gold Deposit <145,184 metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
--------------------------------------- -------------------------------.-------
E~loyment Earnings Output E~loyment Earnings Output 

OOO's S ) OOO's S ) OOO's S ) < OOO's S ) 

1987 0 SO.O SO.O 0 SO.O $0.0 
1988 0 $0.0 $0.0 0 $0.0 $0.0 
1989 4 $64.0 $490.0 6 S103.7 $615.6 
1990 3 $48.0 S107.0 4 $72.0 $176.4 
1991 3 $48.0 $107.0 4 $68.2 $157.0 
1992 3 $48.0 $107.0 4 $66.7 $158.6 
1993 3 $48.0 $107.0 4 165.8 $154.7 
1994 3 $48.0 S107.0 4 165.8 S156.7 
1995 3 S48.0 S107.0 4 165.3 S154.7 
1996 3 $48.0 S107.0 4 163.8 S151.2 
1997 3 S48.0 S107.0 4 $64.8 S154.5 
1998 3 $48.0 S107.0 4 163.4 S150.8 
1999 3 $48.0 S107.0 4 163.4 '150.0 

Average 3 $49.5 S141.8 4 169.3 '198.2 
CLmJlative '544.0 S1,560.0 S762.7 $2,180.3 

Note: Earnings and Output figures are presented in 1982 dollars. 
Construction period· 1989 
Mine Operation period· 1990 to 1999 
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Table 11. Estimate of I~acts resulting from Development 
of Medium Placer Gold Deposit (556,236 metric tons) 

Direct I~acts of Development Total I~cts Upon Regional Economy 
----------_._._------------------------ ---------------------------------------
E~loyment Earnings Output E~loyment Earnings Output 

OOO's S ) OOO's S ) 000' s S ). OOO's S ) 

1987 0 SO.O SO.O 0 SO.O $0.0 
1988 0 $0.0 $0.0 0 SO.O $0.0 
1989 4 $92.0 $685.0 6 S147.5 $860.4 
1990 5 S116.0 S264.0 7 $160.2 S392.7 
1991 5 S116.0 S264.0 7 $163.9 S392.6 
1992 5 S116.0 S264.0 7 S163.6 S399.9 
1993 5 S116.0 S264.0 7 S163.6 S397.6 
1994 5 S116.0 S264.0 7 S166.3 $405.9 
1995 5 S116.0 S264.0 7 S164.9 $401. 7 
1996 5 S116.0 S264.0 7 S162.6 $393.6 
1997 5 S116.0 S264.0 7 S163.6 $403.4 
1998 5 S116.0 $264.0 7 S161.8 S394.0 
1999 5 $116.0 S264.0 7 S161.5 $393.0 

Average 5 S113.8 S302.3 7 S161.8 $439.5 
Cl.mJlative S1,252.0 S3,325.0 S1,779.4 $4,834.7 

Note: Earnings and Output figures are presented in 1982 dollars. 
Construction period - 1989 
Mine Operation period - 1990 to 1999 
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Table 12. Estimate of Impacts resulting from Development 
of Large Placer Gold Deposit (1.23 million metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
-.~.-----.--.-------------------------- ---------------------------------------
Employment Earnings Output Employment Earnings Output 

DOD's S ) ODD's S ) ODD's S ) ODD's S ) 

1987 0 SO.O SO.O 0 SO.O SO.O 
1988 0 SO.O SO.O 0 SO.O $0.0 
1989 4 $115.0 $836.0 7 $181. 7 $1,047.6 
1990 7 $199.0 $464.0 10 $262.7 $652.4 
1991 7 $199.0 $464.0 10 $280.6 $691.4 
1992 7 $199.0 $464.0 10 $282.6 $709.9 
1993 7 $199.0 $464.0 10 $286.4 $709.9 
1994 7 S199.0 $464.0 10 S288.6 S723.8 
1995 7 S199.0 $464.0 10 S286.6 $719.2 
1996 7 S199.0 $464.0 10 S282.6 S705.3 
1997 7 S199.0 $464.0 10 S287.5 $723.8 
1998 7 S199.0 $464.0 10 $282.7 S705.3 
1999 7 S199.0 $464.0 10 S282.5 $705.3 

Average 7 S191.4 $497.8 10 S273.1 $735.8 
Cl.IIlJlative S2,105.0 $5,476.0 $3,004.3 $8,093.9 

~ote: Earnings and Output figures are presented in 1982 dollars. 
Construction period· 1989 
Mine Operation period - 1990 to 1999 
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Table 13. Estimate of Impacts resulting from Development 
of Small Sedimentary Exhalative Lead Zinc Deposit (13.82 million metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
--------------------._._ .... _------- ---------------------------------------
Employment Earnings Output Employment Earnings Output 

OOO's 5 ) OOO's 5 ) OOO's 5 ) OOO's 5 ) 

1987 0 50.0 50.0 0 50.0 50.0 
1988 0 50.0 50.0 0 50.0 50.0 
1989 0 50.0 50.0 0 $0.0 50.0 
1990 0 50.0 50.0 0 $0.0 50.0 
1991 23 52,623.0 521,322.0 97 54,316.7 526,841.3 
1992 541 522,149.0 $86,201.0 1066 529,015.2 $108,613.3 
1993 541 522,149.0 $86,201.0 1239 $33,666.5 5122,405.4 
1994 276 518,615.0 554,486.0 679 529,784.0 587,722.5 
1995 276 518,615.0 554,486.0 657 529,039.4 583,363.6 
1996 276 518,615.0 $54,486.0 657 $29,039.4 584,998.2 
1997 276 518,615.0 554,486.0 651 529,039.4 584,998.2 
1998 276 518,615.0 554,486.0 643· 528,853.3 584,453.3 
1999 276 518,615.0 554,486.0 640 528,853.3 584,453.3 
2000 276 518,615.0 554,486.0 635 528,853.3 $84,453.3 
2001 276 $18,615.0 $54,486.0 621 $28,294.8 $82,818.7 
2002 276 518,615.0 $54,486.0 624 $28,853.3 $84,998.2 
2003 276 $18,615.0 554,486.0 599 527,550.2 $80,094.4 
2004 276 518,615.0 554,486.0 596 527,736.4 581,184.1 
2005 276 518,615.0 554,486.0 588 527,550.2 $80,639.3 

Average 294 518,020.1 556,503.7 666 527,363.0 584,135.8 
Cl.mJlative $270,301.0 $847,556.0 5410,445.1 51,262,037.0 

Note: Earnings and Output figures are presented in 1982 dollars. 
Construction period - 1991 to 1993 
Mine Operation period - 1994 to 2005 
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Table 14. Estimate of Impacts resulting from Development 
of Large Sedimentary Exhalative Lead Zinc Deposit (77.2 million metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
-------------------------------------- ---------------------------------------
E~loyment Earnings Output E~loyment Earnings Output 

OOO's S ) OOO's S ) OOO's S ) OOO's S ) 

1987 0 SO.O SO.O 0 SO.O SO.O 
1988 0 SO.O SO.O 0 SO.O SO.O 
1989 0 SO.O $0.0 0 $0.0 $0.0 
1990 0 SO.O SO.O 0 SO.O SO.O 
1991 1008 S39,858.0 S146,965.0 2388 $49,896.7 S179,429.9 
1992 1008 S39,858.0 S146,965.0 2695 S57,827.2 S202,983.1 
1993 443 S18,953.0 S75,249.0 1045 S35,442.1 S124,160.8 
1994 443 S18,953.0 $75,249.0 944 $32,788.7 S113,626.0 
1995 443 S18,953.0 S75,249.0 917 S32,220.1 $113,626.0 
1996 443 S18,953.0 S75,249.0 895 S31,462.0 S112,121.0 
1997 443 S18,953.0 S75,249.0 882 S31,272.4 S11',368.5 
1998 443 S18,953.0 S75,249.0 873 S31,082.9 S110,616.0 
1999 443 S18,953.0 $75,249.0 868 S31,082.9 $111,368.5 
2000 443 $18,953.0 S75,249.0 859 S30,893.4 S"',368.5 
2001 443 $18,953.0 $75,249.0 837 S30,135.3 $108,358.6 
2002 443 S18,953.0 S75,249.0 837 S30,514.3 S110,616.0 
2003 443 $18,953.0 S75,249.0 806 S29,187.6 $104,596.1 
2004 443 $18,953.0 $75,249.0 802 $29,187.6 $105,348.6 
2005 443 $18,953.0 $75,249.0 793 $28,998.1 $104,596.1 
2006 443 S18,953.0 S75,249.0 780 $28,619.0 S103,843.6 _ 
2007 443 $18,953.0 $75,249.0 77S $28,429.5 $103,091.1 
2008 443 S18,953.0 $75,249.0 766 S28,429.5 $103,091.1 
2009 443 $18,953.0 $75,249.0 762 $28,429.5 $103,091.1 
2010 443 $18,953.0 $75,249.0 758 $28,240.0 $103,091.1 

Average 500 $21,043.5 $82,420.6 1014 $32,706.9 $117,019.6 
Cl.mJlative $420,870.0 S1,648,412.0 $654,138.9 $2,340,392.0 

Note: Earnings and Output figures are presented in 1982 dollars. 
Construction period· 1991 to 1992 
Mine Operation period· 1993 to 2010 
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Table 15. Estimate of Impacts resulting from Development 
of Small Tin Greisen Deposit (46.7 million metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
.. _---------._._._----_._.-._-_._. __ .- -----------------------------------------
Employment Earnings Output Employment Earnings Output 

000' s S ) ( OOO's S ) OOO's S ) OOO's S ) 

1987 0 SO.O SO.O 0 SO.O SO.O 
1988 0 SO.O SO.O 0 SO.O SO.O 
1989 0 SO.O SO.O 0 SO.O SO.O 
1990 0 SO.O SO.O 0 SO.O SO.O 
1991 56 16,708.0 S38,474.0 191 S9,614.1 $47,924.8 
1992 1250 S53,019.0 S185,911.0 913 167,334.1 S232,388.8 
1993 1250 S53,019.0 S185,911.0 1463 S81,649.3 S275,148.3 
1994 500 S37,223.0 S121,100.0 1585 166,629.2 S209,503.0 
1995 500 S37,223.0 S121,100.0 1365 161,045.7 S186,494.0 
1996 500 S37,223.0 S121,100.0 1320 S59,929.0 S185,283.0 
1997 500 S37,223.0 5121,100.0 1290 559,184.6 S184,072.0 
1998 500 S37,223.0 S121,100.0 1280 559,184.6 S185,283.0 
1999 500 537,223.0 5121,100.0 1275 559,184.6 S185,283.0 
2000 500 537,223.0 5121,100.0 1270 559,184.6 5186,494.0 
2001 500 537,223.0 5121,100.0 1230 557,695.7 5180,439.0 
2002 500 537,223.0 S121,100.0 1240 558,812.3 5186,494.0 
2003 500 S37,223.0 S121,100.0 1180 S56,206.7 S175,595.0 
2004 500 537,223.0 5121,100.0 1170 S56,579.0 S176,806.0 
2005 500 S37,223.0 5121,100.0 1155 555,834.5 S175,595.0 
2006 500 537,223.0 5121,100.0 1140 $-55,462.3 S174,384.0 
2007 500 537,223.0 5121,100.0 1125 555,090.0 S173,173.0 
2008 500 S37,223.0 5121,100.0 1115 555,090.0 5173,173.0 
2009 500 537,223.0 5121,100.0 1110 S55,090.0 5174,384.0 
2010 500 S37,223.0 S121,100.0 1105 555,090.0 5174,384.0 

Average 553 537,276.9 5123,449.8 1176 557,194.5 5182,115.0 
ClIrulative . 5745,537.0 52,468,996.0 51,143,890.3 53,642,300.8 

Note: Earnings and Output figures are presented in 1982 dollars. 
Construction period· 1991 to 1993 
Mine Operation period· 1994 to 2010 
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Table 16. Estimate of Impacts resulting from Development 
of Medium Tin Greisen Deposit (69.3 million metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
-.-.-.-------------------------------- ---------------------------------------
E~loyment Earnings Output E~loyment Earnings Output 

OOO's S ) OOO's S ) OOO's S ) OOO's S ) 

1987 0 50.0 50.0 0 50.0 50.0 
1988 0 50.0 50.0 0 50.0 50.0 
1989 0 50.0 50.0 0 $0.0 $0.0 
1990 0 $0.0 $0.0 0 $0.0 50.0 
1991 958 549,915.0 5185,8n.0 2385 562,524.7 5226,708.1 
1992 958 549,915.0 5185,8n.0 2823 $73,921.5 $260,622.9 
1993 522 $27,566.0 $121,781.0 1420 $52,099.7 $194,849.6 
1994 522 $27,566.0 $121,781.0 1300 549,067.5 $182,671.5 
1995 522 $27,566.0 5121,781.0 1274 548,516.2 $182,671.5 
1996 522 $27,566.0 $121,781.0 1242 547,689.2 $180,235.9 
1997 522 527,566.0 $121,781.0 1221 547,137.9 $179,018.1 
1998 522 527,566.0 5121,781.0 1211 546,862.2 5179,018.1 
1999 522 527,566.0 $121,781.0 1201 546,862.2 5180,235.9 
2000 522 $27,566.0 $121,781.0 1195 546,862.2 5180,235.9 
2001 522 $27,566.0 5121,781.0 1154 545,483.9 $174,146.8 
2002 522 $27,566.0 $121,781.0 1159 546,310.9 51n,800.3 
2003 522 $27,566.0 $121,781.0 1107 544,105.6 $169,275.6 
2004 522 527,566.0 5121,781.0 1096 544,105.6 $170,493.4 
2005 522 $27,566.0 $121,781.0 1081 543,554.3 5169,275.6 
2006 522 527,566.0 $121,781.0 1065 543,278.6 $166,840.0 
2007 522 $27,566.0 5121,781.0 1054 543,003.0 5166,840.0 
2008 522 527,566.0 5121,781.0 1044 542,n7.3 $166,840.0 
2009 522 $27,566.0 $121,781.0 1039 542,727.3 $166,840.0 
2010 522 $27,566.0 $121,781.0 1028 542,451.6 5166,840.0 

Average 566 $29,800.9 $128,190.1 1305 547,964.6 $182,072.9 
ClIllJlative 5596,018.0 52,563,802.0 5959,291.3 $3,641,458.9 

~ote: Earnings and Output figures are presented in 1982 dollars. 
Construction period - 1991 to 1992 
Mine Operation period - 1993 to 2010 
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Table 17. Estimate of Impacts resulting from Development 
of large Tin Greisen Deposit (95.5 million metric tons) 

Direct Impacts of Development Total Impacts Upon Regional Economy 
---.---------------------------.-------- ---------------------------_._-----------
E~loyment Earnings Output E~loyment Earnings Output 

000'5 S ) 000'5 S ) OOO's S ) 000'5 S ) 

1987 0 SO.O SO.O 0 SO.O SO.O 
1988 0 SO.O SO.O 0 SO.O SO.O 
1989 0 SO.O SO.O 0 SO.O SO.O 
1990 0 SO.O SO.O 0 SO.O SO.O 
1991 75 $9,224.0 $52,438.0 258 S13,180.6 165,302.9 
1992 1796 S73,631.0 $257,388.0 1922 S93,511.4 S318,579.3 
1993 1796 S73,631.0 S257,388.0 2640 S112,655.4 S378,360.4 
1994 706 S54,177.0 $180,491.0 2146 S93,184.4 S297,810.1 
1995 706 S54,177.0 S180,491.0 1956 $88,308.5 S277,956.1 
1996 706 S54,177.0 $180,491.0 1906 S87,225.0 S274,346.3 
1997 706 S54,177.0 S180,491.0 1871 S86,683.2 S274,346.3 
1998 706 S54,177.0 S180,491.0 1864 S86,683.2 S274,346.3 
1999 706 S54,177.0 S180,491.0 1850 S86,683.2 S276,151.2 
2000 706 S54,177.0 S180,491.0 1843 S86,683.2 S276,151.2 
2001 706 S54,l77.0 S180,491.0 1779 $84,516.1 S268,931.6 
2002 706 S54,177.0 S180,491.0 1800 S86,141.4 S277,956.1 
2003 706 S54,177.0 S180,491.0 1716 S82,349.0 S261,711.9 
2004 706 S54,l77.0 S180,491.0 1694 S82,349.0 S263,516.9 
2005 706 S54,l77.0 S180,491.0 1673 S81,807.3 $261,711.9 
2006 706 S54,177.0 S180,491.0 1645 S81,265.5 $259,907.0 
2007 706 $54,177.0 S180,491.0 1631 S80,723.7 S258,102.1 
2008 706 S54,177.0 S180,491.0 1617 S80,723.7 S258,102.1 
2009 706 S54,177.0 S180,491.0 1610 S80,723.7 S258, 102. 1 
2010 706 S54,177.0 $180,491.0 1596 S80,182.0 S258,102.1 
2011 706 S54,l77.0 $180,491.0 1581 S80,182.0 $258,102.1 
2012 706 $54,177.0 S180,491.0 1567 S80,182.0 $258,102.1 
2013 706 S54,177.0 S180,491.0 1553 $79,640.2 S258, 102. 1 

Average 773 S53,914.2 S181,610.2 1727 S82,416.7 $265,817.4 
Cl.mJlative $1,240,026.0 $4 .. 177,034.0 $1,895,583.8 16, 113, 800 . 7 

Note: Earnings and Output figures are presents in 1982 dollars. 
Construction period· 1991 to 1993 
Mine Operation period· 1994 to 2013 



APPENDIX H. RIDIONAL ECX>NCMIC MJDEIS 

USED ill '!HE WMNRA,/SNCA SIUDY 

The 8.J.reau of Mines has regional econanic m::x:lels for three areas of 

Alaska: the entire state, Greater Fairbanks, am Greater Anchorage. 'Ihese 

models are year recursive, mul tisector simulation m::x:lels in the Keynesian 

tradition. Potential mining activity impacts are estilrated by incorporating 

mine developrrent am prc:duction scenarios in the base forecast of regional 

derrarrl. 'Ihe costs of the new' mining activity must be specified 'in detail. 

Since the re;ional econanic impacts of mineral developnent in the 

WMNRA,ISNCA study area are expected to be concentrated in the Fairbanks area, 

the Greater Fairbanks m::x:lel was used to estilrate these impacts. 

H-l 

overview of m::x:lel structure 

The Fairbanks regional m::x:lel is an interactive J;X>licy analysis simulation 

system (IPASS). I 'Ihe m::x:lel is driven by exogenously forecasted derrarrl. 

Mining scenarios are added to exogenous dernan:i for arrj or all years of the 

forecast. Model outputs provide estilrates of the ch.arqes in regional 

employment, incame, taxes, am outplt (prc:duction) as a result of alternative 

mineral developnent J;X>licies. 

1j'Ihis m::x:lel was developed by Wil.l:m" Maki am Associates, with SURX'rt from 

the U. S. Forest Service am is dOCLml911ted in a report enti tied "Role of Mining 

and Mineral Developnent in the Alaska Econany Analyzed by the InteriIrlustry 

Methcxl", June 1987. 



'!he IOOdel. consists of several m:rlules for data harxUing an::l for reporting 

results as well as a number of m:rlules which contain equations representing 

economic relationships. 'Ihe economic ITOdules are: (1) the primary inputs 

IOOdule, (2) the final demarrls IOOdule, (3) the investments m::dule, (4) the 

other government ITOdule, (5) the regional ~ts ItDdule, (6) the population 

ITOdule, an::l (7) the labor force am errployment m:::xlul.e. Each of these modules 

is described briefly below. 

Prllnal:y inputs IOOdule 

'Ihe prinru:y inputs IOOdule calculates value added to in:lustries by sector, 

ilTIports to the region, depreciation, business incane, an::l personal incane. 

Value added is a function of outp.Its times sector value added factors. 

Imports required by each irdustry sector are equal to sector ouq:ut times 

a sector inp::>rt rate. 

Depreciation of capital stock equals sector outplt levels times sector 

depreciation factors. 

B..lsiness ~ (before incane taxes) is defined as value added less 

employee c::orrpmsation am in:ti.rect business taxes. 

Income taxes for businesses are calculated as business ~ less 

depreciation times the incane tax rate. Net business incane is defined as 

business incane less incane taxes. If sector net business income is negative, 

there is not eno.1gh 1OOl1eY to cover taxes an::l wages. '!he deficit is 

subtracted fran previous year's aca.mulated net business income. In:li.rect 

business taxes equal sector out:p.It times the irdirect tax rate (which nay be 

upjated annually) . 

Incane from labor is def:inej as e.rrployee carpensation an:i equals eamings 

per worker multiplied by actual employment "for each in:lustry sector. Total 
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employee c:orrpensation for all sectors is related to total personal income. 

Transfers such as welfare payments are implicitly taken account of in the 

fina.l derr.aI"rls calculations. 

Final derr.aI"rls module 

Mining scenarios am other exogenous forces dri virg the regional models 

enter via the final derr.aI"rls module. 'The final derr.aI"rls module calculates the 

levels of following seven types of deman:i for each year of the forecast 

period: 

1. Personal col"lSlnTption expen:litures (FeE) include current col"lSlnTption and 

household durable goods. Total FeE is a function of pcp1lation am income 

levels over time. It equals the previrus year FeE total plus the portion of 

added disposable personal incane not saved. Disposable personal incane for 

the current year is a function of incane elasticities am the previous year 

personal income. A linking variable that relates increase in FeE am increase 

in m.nnbers of wage earners is calculated. FeE is broken out by sector by 

taking the corresporxii.rg vector for the previous year am modifyirg it by the 

linking FeE/employment variable am the pcp1lation cl'la.n;Je for the previous two 

years. 

2. Gross private capital fonnation (GPCF) includes tangible business 

investments. capital for pollution abatement may be specified separately. 

Total GFCF for each irrlustry is the sum of expansion am replacement 

investment as well as capital. '!his rnodule breaks out those goods am 

sel:Vices coI1Sl..mlE!d as capital. 1he investment rnodule is concerned with the 

other catregories of investment. 'The total GFCF vector is multiplied by a 

matrix of capital coefficients. 'The resultirg vector gives the investment 

goods deman:ied by sector. 
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3. Cllanges in business inventories are estimated as ~es in irxiustry 

sector outputs for the previous 2 years times a ratio of inventories to output 

levels. 

4. Exports from the region are the product of U. S. output arrl regional 

market share for the current year. 

5. state arrl local govenunent e>cperxtitures for all p.rrposes (transfers 

such as welfare payments are excluded) are a function of previous year's 

expenditures times ~e in popllation, ~e in personal i.ncc:Ires, arrl a 

parameter for growth not otherwise accounted for. 

6. Federal govenunent expenditures for all p.rrposes (except transfers) 

forecasted using an exogenous growth rate. 

7. other exogenously specified demanjs, such as the levels of Ininin:J 

activities in scenarios are written into the final demanjs IOOdule directly for 

each year. 

InvestJnent mcxlule 

Estimates of capital stock variables affect both demarrl arrl supply sides 

of the IOOdel. 'Ihe investment IOOdule calculates investment by irrlustrial 

sector for expansion, which is triggered by excess demarrl for the sector in 

the previous year, arrl for replacement, which is a function of depreciation. 

For each sector of i.rrlustry there is a current year investJnent limit. 

'Ihis limit is a function of previous year's net business incane times the 

borrowings leverage ratio, plus accumulated earnings times the liquidity 

preference ratio. Althoogh nonnally positive, the limit can be zero or 

negative for a sector that is chronically loosing ITDney; in such a case, no 

investJnent in that sector is penni tted. 



- -- ~-------------------------------------. 

When investment is possible, reinvestment, whidl is equal to the previous 

year's depreciation, has priority over expansion investment. Expansion 

investment equals the previous year's excess demarrl for the sector times the 

ratio of capital to output. It is zero when excess demarrl is less than or 

equal to zero. 

'The total capital stock for each in::iust.ry sector equals the previous 

year's stock plus investments net of depreciation. OJrrent year stock times 

the capi tal-output ratio yields the maximum output for that sector penni tted 

by the current year stock. 'The IYKXiel distinguishes between capital stocks and 

investments in productive and pollution control capital. 

other goverrunent module 

'This module estimates activity levels of certain p.lblic sectors. "other" 

goverrunent refers to goverrunent related variables other than experoi ture and 

taxes. OJrrent year p.lblic sector civilian employment equals previous year's 

employment multiplied by change in p::pllation, incane, and a parameter for 

growth not otherwise accounted for. Public sector employment and output are 

not constrained by capital or labor availability. Total wages and salaries in 

public sectors are a function of employment and earni.n:Js per worker for that 

sector. 

Regional out:p..rt module 

'The regional output module uses the interin::iust.ry matrix to calculate 

demarrls for irrlustrial productS and sezvices. capacities for in::iust.ry sectors 

in the current year are defined as the maximum outp.Its possible with the given 

capital stocks. '!hey are estimated as current year productive capital stocks 

divided by the capital-output ratios for eadl sector. 
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outp.It demarrled is a function of final demarxls. '!he vector of total final 

demands for i.rrlustiy sectors is rcul.tiplied by the matrix of inverse 

coefficients for i.rrlustiy sectors. If ootpJt demanded is less than the output 

permitted by the capacity constraint, out:t:ut is set equal to that demarrled. 

If ou~t deman:.ied is greater than the ootpJt permitted by the capacity 

constraint, then the IOOdel balances demarrl to SUWly by adjusti.rg the 

exogenous demarrl, exports. As a result local demarrls have higher priority 

over exports. 

Population module 

'!he pop,liation module estimates regional pc:p.1lation for 66 one year age 

classes. '!he 66th class includes ages 65 ani over. Migration of workers in 

ani out of the region is sunmed over occupational classes, ani total 

migrations are equal to total worker migrations notified by ratios of numbers 

of average household members to rn.nnbers of workers migrating. '!hese total 

migrations are broken out by the 66 age classes elistin:Juished by male ani 

female. Migration is then added to pc:p.1lation of the previoos year aged one 

year. Births are a function of female pc:p.1lation. Deaths are estimated for 

both male ani female pc:p.1lation. 

Labor force ani enployment module 

'!his module calo.1l.ates labor force ani i.rrlustiy errployment by sector and 

oca.Ipational categozy. Elrployment demarrled by i.rrlustiy sector in the current 

year equals i.rrlustiy ooqm: eli Vided by a.rt:put per worker. out:p.rt per worker 

in the current year equals that of the previoos year notified by annual ~e 

in worker outp.It per hoor, ~e in hoors worked per week, ani d'la.n;1e in 

weeks worked per year. sector errployment demarded is broken out by 
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occupational class usin; distribItion parameters. '!he distri.b..ttion of workers 

by occupational class for the current year is estimated fran the previous 

year's estimate m:xlified by migration d1aracteristics. '!he total labor force 

is estimated by applyin; labor force participation rates (which are adjusted 

for armual growth) to the pq::ulation an:i distribItin; workers to the various 

occupational classes. 

Employment deman:1ed by occupation an:i labor force by cx::cupation are 

compared, an:i e.rrployment is equal to the lesser of the UNo. EIrployment is 

broken out by irxiustry sectors usin; distribItion parameters. '!here fore , a 

shortfall in any one occupation class has negative effects on all irrlustries. 

Where employment is constrained, a labor-constrained level of sector output is 

calculated as e.rrployment times outpJt per worker. Sector excess deman:1 an:i 

constrained supply must be balanced by reducin; export deman:1. Where there is 

excess labor supply, there is Ul"lel't'ployment, equal to the labor force minus 

actual e.rrployment. In the event of excess deman:1 (positive or negative) for 

labor, migration is irrluced. '!he numbers of in or outmigrants are calculated 

as a function of excess deman:1. 

Specifyin; M:inirg Activity scenarios 

A minin; activity scenario for the WMNRA/SNCA study is specified in tenns 

of the annual ~tures required to develop a prospective type an:i sized 

deposit within the study area. For instance, one scenario specified was for a 

small placer minin; operation am another scenario specified was for a large 

tin greisen deposit. OVerall, 11 representative types an:i sizes of mining 

operations were analyzed. 'Ihree iIrportant asstmptions are made conc:emin;J 

min~-related ~tures: 



(1) Regional ilrpacts are a function of p.u:d1ases of SUWlies am seJ:Vices, 

am e.arnirgs by mine workers. '!hese are included in their entirety in total 

experrlitures; in subsequent calculations, the regional model spearates out 

those p.u:d1ases made fran SUWliers outside the region. Property taxes am 

other taxes paid to local or state governments, if a:rrt, are assumed to have 

regional in'pacts; therefore, these are included in expen:litures; federal 

government taxes are anitted.. Because future mi.nin;J activities are not 

significantly detennined by locally retained e.arnirgs, si.rx::e needed capital 

can be obtained fran outside the region, am since IOOSt hOJSeholds receiving 

dividen::is are outside the region it is assumed that profits have no regional 

ilTpact am are omitted. fran total expen:liture. 

(2) Whereas, in the en;rineering IOOdel, the various types of costs are 

in:lepen:lently related. to mine size, the sarre a~roadl is not feasible in the 
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regional models. Instead, costs of all types Irl.lSt be directly proportional to ~ 
mine size, or (in other words) they nust have fixed shares of total 

experrliture. Each deposit type, therefore, has costs am expen:litures 

specified for several sizes, e.g. large, medium am small. 

(3) C\ltput of mining sectors in the WMNRAISNCA is not errlogenously 

constrained by capital or labor availability. It is assumed that a:rrt such 

constraints are taken into account when scenarios are exogenously specified. 

'!he programning that allows exogenc:::m; mi.nin;J scenarios to drive the model 

has been designed by the Blreau of Mines, am it continues to evolve with 

e><perience in sinulating minerals develc:pnent. At the present time, it is 

contained in a program named "Prefin" (for the Fairbanks area). In Appendix 

G, the preparation of cost equations for mining activities is described. '!he 

cost equations are based on typical mines defined in terms of CXlllllo:lities 

mined, tedmologies used, am capacities. 



In "Prefin," the cost equation for the ~ activity to be simulated is 

written, am earnirqs am numbers of workers are also specified. A vector of 

import parameters is used to reduce inputs by the arra.mt not purchased 

locally. Min~ output as specified in scenarios need not match that 

specified for the "typical" mine defined for data preparation p.rrposes, since 

"Prefin" expresses costs as a fraction of output. 

Inputs are aggl~ted to the IOCldel' s sector scheme am written into the 

interin::lustry matrix for the region. Further cala.llations yield inverse 

coefficients for the 28 sectors. If desired, errployment is converted to "full 

time equivalent" units; in the version of the program called "Pretest," 

errployrnent rerrains expressed in numbers of workers. ('!his difference is 

significant only for seasonal minirxJ activities.) '!he inverse coefficients 

am errployment am earnirqs ratios are recorded in a separate file to be 

called upon dur~ simulations. 

In IPASS simulations, the first steps involve writirxJ the inverse 

coefficient files that are required by the simulation into the 1987 database. 

Levels of output are specified armually in the course of the simulation. 

overview of the Datamse 

'!he Fairbanks IPASS IOCldel includes over a hurrlreci pararneters am 

variables, sane of which have been mentioned in the prececli.rg paragraphs. 'The 

database contains values for these variables for the Fairbanks region for the 

base year. '!he Fairbanks IOCldei has 28 irrlustrial sectors (the Alaska state 

IOCldel has 75 sectors am the greater Anchorage IOCldel has 28 sectors). For 

some variables there are several sources of data; fer others, there are only 

data at the national level, ani the regional values nust be estimated from 

these. 
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An important source of data are the U. S. Forest Service "IMPlAN" IOCldels, 

which include interirx:lustry tables for various regions. 'Ihe IMPlAN m:xiels are 

described in Forest SeJ:vice p.1blications, such as, IMPI..AN Version 2.0 (USDA. 

Forest SeJ:vice, Ft. Collins, Colorado). 

'Ihe benc.hrrBrk year for the datareses is 1985. Since the base year for 

simulations is 1987, the 1985 databases were calibrated to 1987. 'Ihat is, 

forecasts from 1985 to 1987 were made am the results checked against data on 

errployment am earnings for 1987; where significant discrepancies were noted, 

certain database values were IOCldified, am another forecast made. Updating 

the databases to 1987 by this method is necessary until final 1987 data 

becomes available. 'Ihe updates to 1987 er:KXJUI'ltered unique difficulties due to 

the recession in Alaska in this period. 

In the final datamses, all dollars are 1982 dollars. Where necessary, 

regional producer or consumer price in:tices were used for conversions. 

Remarks on the IMPlAN data used 

IMPI.AN system was used to derive absorption ani byproducts matrices for 

the regions, as well as final deman:i am prinm:y i..rlp.lts data. 'Ihese two 

matrices are provided by IMPI.AN for the year 1985. 'Ihe initial versions of 

the matrices are for year 1982. 'Ihey are "altered" to 1985 usir'g IMPI.AN 

p~. 

'Ihe initial IMPI.AN interirx:lustry data were based x:nainly on national ani 

local census data. Additional data for 1982 ani 1985 were obtained from the 

Alaska Deparbrent of labor Research ani Analysis Section for erployment ani 

eamings. rata on a.rt:plts of certain sectors (i.e. agriculture, m.i.nirg, 

forestry, ani fishi.rg) were gathered ani transportation irx:lustry variable 

values adjusted. 
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'These new data replaced values given by IMPIAN. In:iustry outp.lts were 

reestimated (by means of output/e.arn.i.n;Js ratios) us~ state earnirqs data and 

other i.nccane variables were adjusted to retain their original proportion of 

output. Errployment also was set equal to state data. Inp:>rts and exports 

were adjusted to equalize total i.np.Its and total Cll.l'tp.lts for all sectors. 

Database for the Fairbanks model 

'The follow~ pages, reproduced fran the contractor report cited earlier 

in this ~ix, provide additional infonnation on the output, errployment, 

ean1~S and i.nccane variables that are used in the IPASS model. 'The database 

for 1985 for the Greater Fairbanks model is also presented. 



Data sources for selected variables and parameters H-12 

Output, employment, earnings, and incomes data that are part of 

the regional interindustry models are discussed in the preceding 

paragraphs. More details on those and other data are given in the 

following pages, reproduced from the University of Minnesota contract 

report cited in the section on "Background." 



IPASS CONVENTIONS 

. . "Bookkeepl.ng" Parameters 

The IPASS database includes several parameters that are not 

used in calculations, but which serve as a framework for the 

rest of the model. They are: 

2.1 NAMER: 

2.2 NAMER1: 

2.3 IYEAR: 

2.4 NIS: 

2.5 NOC: 

2.6 INDUSNi: 

2.7 NOCUPlj: 

2.8 NOCUP2j: 

The first ten characters of the name of the 
region. 

The rest of the name of the region (up to ten 
more characters). 

The "base year" of the simulation--that is, the 

year of record for the variables in the database. 

The number of industrial sectors to be modelled. 
NIS may not exceed 75. 

The number of occupational groups to be 

modelled. There must be a minimum of six and no 

more than nine (the Census Bureau uses the 

latter). 

The name given to each industrial sector i. 

INDUSNi may not exceed 18 characters. 

The first six characters of the name given to 

occupational group j. 

The rest of the name given to occupation j (up to 

six more characters). 
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subscripts Used 

A variety of subscripts are used w'ith the variables and parameters 

discussed in this manual. 

The years for which the simulation is run are denoted with the 

subscript t. By IPASS convention, the most recently-completed year of 

simulation is denoted by "t"; the year previous by "t-l"; and the 

current year of the simulation by "t+l". Also by convention, t=O for 

the simulation's base year, t=l for the first year, and so on. 

Industrial sector is denoted by i and sometimes also· by k. The 

subscripts j and sometimes m are used for occupational group. The 

subscript representing age is a and ranges from 1 to 66, where a=l 

corresponds to age 0-1, 2 to age 1-2, ... , 64 to age 64-65, and 65 to 

age 65 and above. (Note that a is greater by one than the 

chronological age of those in each age class.) Some variables are 

divided into age groups, with a subscript of g. Sex is subscripted by 

s. Finally, certain parameters are allowed to vary across four or fiv1lt 

time intervals, which are denoted by v. 

"Ml" Variables" 

A number of IPASS variables represent "last year's" value of some 

other variable. All of these contain the letters "Ml," for current 

year minus one, in their data name. 

Other IPASS Conventions: 

All variables and parameters refer specifically to the study 

region, unless their definition states otherwise. 

All monetary variables not otherwise specified are expressed in 

thousands of dollars ($lOOO's). 

"Census" is used in this manual as shorthand for the decennial 

Census of Population. 
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Rates of Change 

Certain parameters in the database represent the expected annual 

rate-of-change in particular variables. Note that all of these 

parameters are expressed as fractional increases (or, if negative, 

fractional decreases) in the related variable. The rate-of-change 

parameters are used by IPASS in the following manner (where VAR is the 

associated variable and v stands for the appropriate time interval): 

VARt +1 = VARt * (1 + RATE-OF-CHANGEv ) . 

Manual Organization 

For the IPASS variables and parameters that were collected from 
outside sources, the format is: 

Variable or parameter name: 

Data: 

Procedure: compilation or calculation procedure. 

Identity: the equation used to formulate the variable or paramenter 



Investment Module 

Data Sources and Derivation Methods 

Data: 

Procedure: 

Procedure: 

3.3 XDi 

Procedure: 

Procedure: 

3.5 XLi 

Procedure: 

3.6 XTOT 

Procedure: 

(Regional gross output for the base year, for 
each industrial sector i): 

Obtained from the gross output column of the 
Alaska regional I/O table. 

XNIS ' by IPASS convention, was set equal to 
employee earnings in sector NIS (EARNNIS ). 

(Regional gross output for the year before the 

base or the current year, for each sector i) : 

In the absence of data for XM1, this was 

approximated by setting it to O.97*Xi. 

(Gross output required to meet final demand, for 

each sector i): 

Initially this variable was set to 1.03*Xi. 

(Maximum gross output given current capital 
stocks, for each sector i): 

This was set equal to 1.06*Xi. 

(Maximum gross output given current labor force 

constraints, for each sector i): 

This was set to Xi for the base year. 

(Total regional gross output for all sectors): 

This variable is the sum of Xi (3.1) for all 

sectors. 
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3.7 PRCAPi 

Data: 

Procedure: 

Identity: 

3.8 PACAPi 

Data: 

Procedure: 

Identity: 

3.9 CAPPRRi 

Data: 

(Production capital stock, for each sector i): 

Production capital/output ratio derived for 
parameter CAPPRRi(3.9). 

Alaska regional gross output (Xsi (3.4)). 

The national production capital/output ratio was 

multipled by the output supply constraint XSi' 

The resulting number is production capital stock 
for each regional industry. Units are in 
thousands of dollars. 

PRCAp· = CAPPRR· * Xs. 111 

(Pollution-abatement capital stock, for each 
sector i): 

Pollution abatement capital/output ratio derived 
for parameter CAPPAR (3.10). 

Alaska regional gross output (Xsi (3.1)). 

The national production capital/output ratio was 

multipled by the output supply constraint XSi' 
The resulting number is pollution abatement 
capital stock for each Alaska industry. Units 
are in thousands of dollars. 

(Production capital/output ratio at full 
capacity, for each sector i: 

U.s. Capital stocks Database 1985, Office of 

Business Analysis (OBA), USDC, Washington D.C. 

Unpublished Data, Office of Economic Growth and 

Projections, BLS, U.s. Department of Labor, 
Washington D.C. 
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Procedure: 

Identity: 

3.10 CAPPARi 

Data: 

Procedure: 

The OBA gross private capital stocks for plant 

and equipment data and the BLS data was 

resectored to 28 Alaska regional industries using 
a LOTUS conversion program. Nonmanufacturing 
data was not available for 1981 and 1982 so the 
1980 values for each industry were inflated to 

1981 and 1982 values using a u.S. output 

deflater. 

Using the period 1979 to 1982, total u.S. gross 
stocks were divided by u.S. output for each 

year. The lowest value from the period was 
selected for each industry representing full 

capacity' capital/output. 

CAPPRRi = u.S. Private Gross Stocks i / 

USGOi 

(Pollution-abatement capital/output ratio at full 

capacity, for each sector i): 

Capital stocks Database 1985, Office of Business 
Analysis, USDC, Washington D.C. 
Unpublished Data, Office of Economic Growth and 
Projections, B.L.S., washington D.C. 

The OBA pollution abatement gross capital stocks 

for plant and equipment data and the BLS data was 
resectored to 28 Alaska regional industries using 

a LOTUS conversion program. Nonmanufacturing 

pollution abatement data is not available on the 

OBA tapes. 

Pollution abatement capital for nonmanufacturing 

was estimated by using data from two Survey of 

Current Business articles: "Plant and Equipment 
Expenditures by Business for Pollution Abatement, 
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Identity: 

3.11 DEPRPRi 

Data: 

Procedure: 

1981 and Planned 1982", June 1982; "Plant and 
Equipment Expenditures by Business for Pollution 
Abatement, 1973-80 and Planned 1981", June 1981. 

The percent of pollution abatement capital stock 

to private capital stock was derived for 

nonmanufacturing. This percentage was then 

applied to u.s. pollution abatement gross stocks 

data for nonmanufacturing for the period 1979 to 

1982. The result was a pollution capital 

estimate for the missing nonmanufacturing' 

sectors. 

Using the period 1979 to 1982, total pollution 

abatement capital stocks were divided by U.S. 

output for each year. The lowest value was 

selected for each industry, representing full 

capacity pollution abatement capital/output. The 

U.S. ratio was applied to the Alaska subregions. 

CAPPARi =U.S. Pollution Abatement Gross 

Stocksi/USGOi 

(Depreciation rate for production capital, 

expressed as a fraction of gross output, for each 

sector i): 

U.S. capital Stocks Database 1985, Office of 

Business Analysis, USDC, Washington D.C. 

U.S. output Data, Office of Economic Growth and 

Projections, B.L.S., Washington D.C. 

Data from the period 1979 to 1982 was used. 

Private capital replacement investment was 

divided by U.S. gross output lagged one period. 

The average for the period for each industry was 
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Identity: 

3.12 DEPRPAi 

Data: 

Procedure: 

calculated. The average depreciation rate formed 

the capital depreciation parameter. 

DEPRPRi=Replacement Investmenti (t) / 

USGOi (t-1) 

(Depreciation rate for pollution-abatement 
capital, expressed as a fraction of the product 

of gross output and the ratio PACAPi/PRCAPi' 
for each sector i): 

u.s. Capital stocks Database, Office of Business 

Analysis, USDC, Washington D.C. 

u.s. Output Data, Office of Economic Growth and 

Projections, B.L.S., Washington D.C. 

The OBA replacement investment in plant and 

equipment for pollution abatement, data was 

resectored to 28 Alaska regional industries using 

a LOTUS conversion program. 

One problem with the capital stocks data is that 

nonmanufacturing pollution abatement data is not 
available on the OBA tapes. To counter this, 

pollution abatement replacement investment for 

nonmanufacturing was estimated by using data from 

two Survey of Current Business articles: Plant 

and Equipment Expenditures by Business for 

Pollution Abatement, 1981 and Planned 1982, June 

1982; Plant and Equipment Expenditures by 

Business for Pollution Abatement, 1973-80 and 

Planned 1981, 'June 1981. 

The percent of pollution abatement capital stock 

to private capital stock was derived for 

nonmanufacturing from the Survey of Current 
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3.13 EINVPRi 

Procedure: 

3.14 EINVPAi 

Procedure: 

3.15 RINVPRi 

Procedure: 

3.16 RINVPAi 

Procedure: 

3.17 PCHCORi 

Procedure: 

3.18 INVLMAi 

Business articles. This percent was then applied 

to the remaining nonmanufacturing sectors to 

derive an estimate of Replacement investment. 

Replacement investment was then divided by u.s. 
gross output lagged one period. The average for 

the period for each industry was calculated. The 
average depreciation rate formed the pollution 
abatement depreciation rate parameter.U.S. 

(Expansion investment in production capital, for 
each sector i): 

This variable was initially set to zero. 

(Expansion investment in pollution-abatement 

capital, for each sector i): 

This variable was initially set to zero. 

(Replacement investment in production capital, 

for each sector i): 

This variable was initially set to zero. 

(Replacement investment in pollution abatement 
capital, for each sector i): 

This variable was initially set to zero. 

(Annual rate of change in CAPPRRi) : 

This parameter is not currently used and was set 

to zero. 

(Liquidity preference --that is, investment limit 

for accumulated net business income [retained 
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Procedure: 

3.19 INVLMCi 

Procedure: 

Note: 

earnings], expressed as the fraction reinvested, 
for each sector i): 

The value for this parameter, prior to 

calibration, was set to 0.5 for all sectors. 

(Investment leverage ratio) This represents the 
investment limit for current net business income, 
expressed as a multiple of net business income, 
for each sector i): 

The pre-calibration value for this coefficient 
was set to 12.0. 

INVLMAi and INVLMCi are used to determine the 
maximum capital available for investment, as 
follows: 

(Maximum capital investment)i,t = 
[(NBUSINCi,t * INVLMAi] + (ACNETBIi,t * 
INVLMCi)· 

NBUSINCi,t (which does not appear in the 
database) is simulated net (that is, after-tax) 
business income plus depreciation from year t. 

ACNETBIi,t is accumulated net business income 
over time (that is, retained earnings) . 

ACNETBli,t can become negative to account for 
debt incurred for capital expenditures. 
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Final Demand Module 

Data Sources and Derivation Methods: 

4.1 USGOi 

Data: 

Procedure: 

4.2 REGMKSi 

Data: 

Procedure: 

Identity: 

4.3 EXPORTi 

Data: 

(U.S. gross output for each industrial sector i): 

Unpublished data, Office of Economic Growth and 

Projections, B.L.S., Washington D.C. Data set 5: 
WBRBJFQ.HIST DATA. 

155 sector tabulation was converted to 28 Alaska 
regional sectoring. USGO for sector NIS 

(administrative government) was obtained 

separately. By IPASS convention, gross output 

for sector NIS is equated to sector-NIS 

earnings. Government earnings were obtained from 
unpublished REIS data. 

(Regional market share for each sector i): 

Exports from Alaska regional I/O. 

USGOi' 

Alaska regional exports were divided by national 
gross output (USGO). 

REGMKSi = EXPORTi / USGOi' 

(Exports from the study region, including final 
purchases by all firms, tourists and other 

entities not residing within the study region, 
for each sector i): 

Alaska regional I/O model 
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4.4 EXPORTT 

Procedure: 

4.5 BINCHi 

Data: 

Procedure: 

4.7 PCEi 

Data: 

4.8 PCESUBT 

Procedure: 

4.9 PCET 

Procedure: 

Identity: 

(Total exports for all sectors): 

Sum of the vector, EXPORTi. 

(Business inventory change for each sector i): 

Alaska regional I/O model. 

Sum the vector of business inventory change, 
BINCH. 

(Personal consumption expenditure for output of 
each sector i): 

This variable was directly obtained from the 

personal consumption expenditure (PCE or 

household) column of the Alaska regional I/O 
table. 

(Total personal consumption expenditure for 
outputs of industries in the region): 

This variable is the sum of PCEi for sectors 1 
to NIS. (See also PCET) 

(Total personal consumption expenditure, base 
year) : 

This variable was obtained from the PCE column of 

the transactions table and includes consumption 

of imports and other primary inputs which are not 
included in PCESUBT. 

PCET = PITMl + PIDITR + PCER 
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4.10 PCETM1 

Procedure: 

Indentity: 

4.11 FGOVEi 

Data: 

4.12 FGOVET 

Procedure: 

4.13 SGOVEi 

Data: 

4.14 SGOVET 

Procedure: 

4.15 GPCFi 

(Total personal consumption expenditure for the 

year before the base or current year): 

This variable may be approximated by the value of 
PCET. 

PCETM1=0.97 * PCET 

(Federal government purchases from regional 
industry i): 

This variable was obtained from the federal 

government expenditures column of the Alaska 
regional I/O table. 

(Total federal government purchases from regional 
industries) : 

Sum FGOVEi for all sectors. 

(state and local government purchases from 
regional industry i): 

Obtained from Alaska regional I/O . 

(Total state and local government purchases from 
regional industries) 

This variable is the sum of SGOVEi for all 
sectors. 

(Gross private capital formation; that is, the 

amount of each sector's output which is purchased 

as investment capital by other industries in the 
region) : 
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Data: 

4.16 GPCFT 

Procedure: 

4.17 FDi 

Procedure: 

4.18 FDT 

Data: 

Procedure: 

This was obtained from the gross private capital 

formation column of the Alaska regional I/O 
table. 

(Total gross private capital formation, all 
sectors) : 

This variable is the sum of GPCFi for all 
sectors. 

(Final demand for each sector i): 

This variable is the sum of all final demand 

vectors (BINCHi' EXPORTi' PCEi' FGOVEi' 
SGOVEi' and GPCFi) for each sector. 

(Total final demand, all sectors) 

FD· 
~ 

This variable is the sum of FDi 'for all 
sectors. 

4.19 GROWTHRi,v(Annua1 growth rate for USGO, for each sector i, 

for time intervals (v) 1970-79, 80-84, 85-90, 
and 1990+): 

Data: 

Procedure: 

Identity: 

Same as USGOi. 

The rate of growth for four time periods was 
estimated based on the formula: 

At +n = At (1 +: rog)n, where rog = rate of 
growth. 

time periods: 1970-79; 80-84; 85-90; 90 + 
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4.20 REGMKSRi (Annual rate of change in REGMKS, for each sector 
i) : 

Data: 

Procedure: 

Identity: 

4.21 BINCHRi 

Data: 

Procedure: 

BEA Regional Projections, State Projections to 

2035. U.S. Department of Commerce, Bureau of 
Economic Analysis. 

U.S. and Alaska regional employment data was 
obtained from BEA. The rate of change in 

employment was calculated for both the U.S. and 
Alaska for periods: 1973-1978; 1978-1983; 

1983-1990; 1990-1995; 1995-2035. There is a 

slight disclosure problem in the Alaska OBERS 

data base. The missing sectors were estimated 
using REIS data. 

The rate of change of regional market share for 

Alaska's regions was derived by subtracting the 

rate of change in employment in the U.S. from the 

rate of change in employment in the Alaska 
regions. 

Rate of Change Employment Alaska - Rate of Change 

of Employment in the U.S. (for each period) 

(Ratio of change in business inventory to change 

in gross output for each industrial sector i): 

Unpublished data, Office of Economic Growth and 
Projections, BLS, USDC, Washington D.C. Row 227 

of the final demand matrix of the (change in 

business inventory) was converted to Alaska 

regional 28 industries (1982) Data set 

5:FDK1977.HISTDATA. 

The business inventory change data was resectored 

to 28 regional Alaska industries. The parameter 
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Identity: 

4.22 PIDITR 

Data: 

Procedure: 

4.23 PCER 

Data: 

Procedure 

4.24 ELASINi 

Data: 

Procedure: 

was then created by dividing business inventory 
change by Alaska regional output. 

(Ratio of disposable income to personal income): 

From Survey of Current Business (January 1985 and 
1987, p. Sl) 

Average for the years 82-85. 

.. 
(Ratio of personal comsumption expenditure to 
disposable income): 

From Survey of Current Business (January 1985 and 
1987, p.S1). 

Average for the years 1982-85. 

(Income elasticity of demand for each sector i): 

Obtained from Alaska regional I/O. 

The personal expenditure data was resectored to 

28 regional Alaska industries. The data was then 

normalized by dividing personal consumption 

expenditure by the number of households in each 
income class. 

The income elasticity of demand was created by 

dividing the percent change in per capita 

expenditure for each industry by the percent 

change between the average income of each income 

class. The average income for the three classes, 

low, medium and high is $5,500, $20,306 and 
$40,000 respectively. 
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Identity: «PCEiM - PCEiL) / (PCEiM + PCEiL) / 2) 
/«AVE INCiM - AVE INCiL) / (AVE INCiM + 

AVE INCiL) / 2) 

The same identity was calculated for medium 

income to high income class. The average between 

low to medium and medium to high was used for the 
final IPASS parameter. 

4.25 INVMATk,i (Investment matrix, representing the fraction of 

sector k capital purchases supplied by capital 
goods producing sector i): 

Data: 

Procedure: 

The basic data source for the investment matrix 
is the U.S. investment matrix which is prepared 

either by the BLS or by the BEA. The BLS Growth 

Model has a series of matrices. The "FD" 

matrix(156*241} is the final demand "bridge" 
table which shows detailed purchases for 241 

expenditures. Columns 83-226 of this matrix is 

POE and construction vector which is included in 

the "use" matrix, i.e., an investment matrix. 

The BEA investment matrix has 77 sectors, 

capital-goods purchasing industries, and either 

155 or 43 rows, capital goods producing 

industries (depending on which version is used.) 

A three step procedure was used as follows: 

The first step was to get the fraction of each 

purchasing sector from the column total. Thus, 

each row of the new matrix has the column total 

of one. 

The second step was to adjust the new matrix to 

reflect the capital-goods-producing industries in 

the region by eleminating thoes rows which do not 
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produce in the region. This can be accomplished 

by multiplying each row by the appropriate 

location quotient(LQ) subject to the constraint 
that LQ<=l. 

Step three required the resectoring of the result 

in step two to adapt the table to Alaska which in 
this case is a matrix of 74 by 74. 

NOTE: The BEA investment matrix of 1977 and LQ of 1977 of each 
study region were used. 
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The Production and Regional Output Modules 

The only database item introduced in the production module 
is the Leontief matrix, also called the (I-A)-l or inverse 

matrix. This matrix is derived mathematically from the Alaska 
regional I/O 

To best approximate the interindustry transaction matrix and 
final demand vectors, IMPLAN data were modified (e.g., Alaska 

regional industry-specific data series for gross output and 

primary inputs were introduced). A staff person from the Alaska 

Department of Labor, Research and Analysis Section, participated 

in the project. This person provided access to nondisclosable 
earnings and employment data for the 4-digit SIC sectoring of 
the IMPLAN output. 

Before reducing the IMPLAN 528-industry tables to 

28-industry tables for the IPASS system, disclosable 1982 

estimates for output, earnings, and employment were estimated. 

The income payments for primary inputs--namely indirect 

business taxes, proprietorial income, and property income--were 

adjusted to the new gross output values and IMPLAN ratios. In 

addition, the final demands were converted from commodity 

demands to industry demands by multiplying the vectors of final 

demands by the market share matrix (the make coefficient matrix, 
where the sum of the column is equal to one (1) as opposed to 

the absorption matrix where the sum of the row equals one (1)). 
The I/O model was then rebalanced so that the sum of the 
industry outlay equaled the sum of output. 

The final adjustment involved internalizing truck, water and 

air transportation activiti~s to reflect the higher 

transportation costs of doing business in Alaska. One third of 

IMP LAN exports for truck, water and air transportation was 

4It . redestributed to Alaska origins. 
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5.1 LEMATi,k: (The Leontief inverse matrix): 

Data: U.S. I/O Transaction matrix. 

Procedure: This matrix was derived by inverting the I/O 

transactions matrix. 
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The Employment Module 

Data Sources and Derivation Methods 

6.1 EMPLOYi 

Data: 

6.2 EMPLOYT 

Procedure: 

6.3 OUTPWKi 

Data: 

(employment for each sector i): 

A staff person from the Alaska Department of 

Labor Research and Analysis Section participated 
in the project, providing access to 

non-disclosable earnings and employment data for 
four-digit SIC code sectoring. 

Primary ES-202 data (covered employment data) .. 
from the Alaska Department of Labor does not 

include the commercial fish harvesting and 

agricultural sectors. Alaska Department of Labor 

provided, however, unpublished employment data. 
Earnings were then calculated by assuming that 

the average crewman worked 4.2 months and earned 

an average of $9,000. This equated to an annual 

amount of approximately $214 million. output for 

the agricultural sectors (Alaska regional I/O 

sectors 1-23) was from U.S. Census of Agriculture 

for Alaska. Earnings and employment estimates 

were derived using Alaska regional I/O earnings 

and employment to output ratios. 

(Total employment for all sectors): 

This variable is the sum of the EMPLOYi vector. 

(Annual output per worker for each sector i): 

Output (Xi) is from the Alaska regional I/O 

model, and employment is EMPLOYi' 
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Procedure: 

Identity: 

6.4 HRWPWi 

Data: 

Procedure: 

6.5 WKWPYi 

Data: 

6.6 HRWPYi 

Data: 

Procedure: 

Identity: 

6.7 OUTPHWi 

Data: 

The first step was to put the output data in 

dollars by multiplying by one thousand, then 
divide output by employment. 

OUTPWKi = Xi * 1000 / EMPLOYi 

(Hours worked per week per worker for each sector 
i) : 

ES202 data, Alaska Economic Trends, Alaska 
Department of Labor. 

The hours worked per week data was disaggregated 
to 28 regional Alaska industries. 

(Weeks worked per year per worker for each sector 
i) : 

Assumed 52 weeks per year. 

(Hours worked per year per worker for each sector 
i) : 

Hours worked per week-HWRPW, weeks worked per 
year-WKWPY. 

Multiply hours worked per week by weeks worked 
per year. 

HRWPY· = HWRPW· * WKWPY· 111 

(Gross output per hour worked, for each sector 
i) : 

Output per worker data is from OUTPWK. 

Hours worked per year data is from HRWPY. 
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Procedure: 

Identity: 

6.8 SGEMP 

Data: 

6.9 FCEMP 

Data: 

6.10 FMEMP 

Data: 

Divide output per worker by hours worked per 

year. 

(state and local administrative-government 
employment): 

This data was provided by the Alaska Department 
of Labor Research and Analysis Section. 

(Federal civilian administrative-government 
employment) : 

This data was provided by the Alaska Department 
of Labor Research and Analysis Section. 

(Federal military, that is, non-civilian, 
employment) : 

Estimates for military employment were obtained 
from unpublished REIS data. 

6.11 OUTPHWRi,v(Annual rate of change in OUTPHWi): 

Data: 

Procedure: 

Unpublished Data, Office of Economic Growth and 
and Projections, B.L.S., Washington D.C. 

output per hour worked was derived for several 
time periods. The standard rate of change 
equation was applied to the data. 

H-35 



6.12 HRWPWRi 

Data: 

6.13 WKWPYRi 

Data: 

6.14 RSGEMP 

Procedure: 

6.15 RFCEMP 

Procedure: 

(Annual rate of change in HRWPWi) : 

This parameter was set equal to zero. 

(Annual rate of change in WKWPYi) : 

This parameter was set to zero. 

(Annual rate of change in SGEMP) 

In IPASS, state and local government employment 
(SGEMP) changes in proportion to total personal 

consumption expenditure. RSGEMP is initially set 
equal to zero. 

(Annual rate of change in FCEMP): 

IPASS projects change in Federal civilian 

employment (FCEMP) in proportion to change in 

regional population. RFCEMP is, initially set 
equal to zero. 
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The Labor Force Module 

The Labor Force module's chief function is to model the 

interaction between the demand for, and the supply of, available 

workers by occupational category. In so doing, it serves as a 

bridge between the Employment and Population modules. 

Data Sources and Derivation Methods 

7.1 LFPARFg 

Data: 

Procedure: 

Identity: 

7.2 LFPARMg 

Data: 

Procedure: 

(Female labor force participation rates for 12 
age groups, subscripted "g"): 

Census of Population, 1980. Detailed Population 

Characteristics, Alaska, and General Population 

Characteristics, Alaska, U. S. Department of 

Commerce, Bureau of Census, Washington D.C. 

Male population and labor force by age group was 

regrouped into 12 Alaska IPASS age classes as 

follows: 0 -13, 14 - 15, 16 - 17, 18 - 19, 20 -

24, 25 - 29, 30 - 34, 35 - 44, 45 - 54, 55 - 59, 

60 - 64, and 65+. The labor force participation 

rate, then, was estimated for each of the age 

group as a ratio of labor force over population. 

LFPARM = LFM / POPM for each age group. 

(Male labor force participation rates): 

Census of Population, 1980. Detailed Population 

Characteristics, Alaska, and General Population 

Characteristics, Alaska, U. S. Department of 

Commerce, Bureau of Census, Washington D.C. 

Male population and labor force by age group was 

regrouped into 12 Alaska IPASS age classes as 

follows: 0 -13, 14 - 15, 16 - 17, 18 - 19, 20 -

24, 25 - 29, 30 - 34, 35 - 44, 45 - 54, 55 - 59, 
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Identity: 

7.3 LBFAGEGg 

Procedure: 

7.4 LBFT 

Data: 

Procedure: 

7.5 LBFOCURj 

Data: 

Identity: 

7.6 EMPLOYSj 

Identity: 

60 - 64, and 65+. The labor force participation 
rate, then, was estimated for each of the age 

group as a ratio of labor force over population. 

LFPARM = LFM / POPM for each age group. 

(Number in labor force by age group g, as defined 
for LFPARM/Fg above): 

LBFAGEN = summation of {i=l through number in 

age class} [LFPARMN*POPMn+LFPARFn*POPFn ] 

where, LBFAGEGn is the number of persons male , 
and female who make up the labor force by age 
class n. 

(Total number of persons in the labor force): 

LBFAGEn 

LBFT = summation of {n=l though 12} LBFAGEn 

(Fraction of total labor force represented by 
each occupation j): 

Census of Population, 1980. DetailedPopulation 
Characteristics, Alaska, and General Population 
Characteristics, Alaska, U. S. Department of 
Commerce, Bureau of Census, Washington D.C. 

LBFOCURj = LBFOCUj / LBFT. 

(Employment supplied, by occupation j): 

EMPLOYSj + (Regional labor force, by 

occupational group j) + (COMINj - COMOUTj)' 
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7.7 EMPLOYDj 

Data: 

Procedure: 

Identity: 

7.8 UNEMPj 

Data: 

Procedure: 

7.9 UNEMPT 

Data: 

Procedure: 

(Employment demanded, by occupation j): 

EMPLOYi and OCCUi,j' the industry by 
occupational matrix--i.e., the proportion of 

occpation j required by each sector i. 

Calculation based on current employment by 

industry and the occupational matrix (OCUPij' 
7.18 below). 

EMPLOYDj = summation {i=l to nis} of EMPWFDi* 

OCUPi,j' 

where, 

EMPWFD1 = ( Xl * 1000 ) / OUTPWK1 , 

(unemployment by occupation j): 

Census of Population, 1980. Detailed Population 

Characteristics, Alaska, and General Population 

Characteristics, Alaska, U. S. Department of 

Commerce, Bureau of Census, Washington D.C. 

occupational distribution of unemployed persons 

was calculated (at the state level) from 1980 

Census data. To do this, data in Table 219 

("Detailed occupation of Employed Persons ... ") 

was subtracted from the figures in Table 218 

("Detailed occupation of the Experienced Labor 
Force •.• ") • 

(Total regional unemployment): 

UNEMPi 

This variable is the sum of the UNEMPj vector. 
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7.10 COMINj 

Data: 

7.11 COMOUTj 

Data: 

7.12 COMINRj 

Data: 

7. 13COMOUTRj 

Data: 

7. 14INMIGOCj 

Data: 

(Number of incommuters by occupation j): 

Assumed to be zero for Alaska. 

(Number of outcommuters by occupation j): 

Assumed to be zero for Alaska. 

(Fraction of otherwise-vacant jobs filled by 
incommuters, by occupation j): 

Assumed to be zero for Alaska. 

(and those otherwise unemployed who commute to 
jobs outside the region, by occupation j) 

Assumed to be zero for Alaska. 

(Number of inmigrants by occupation j): 

Set equal to zero for the base year and adjusted 
when calibrating the model. 

7.15 OTMIGOCj(Number of outmigrants by occupation j): 

Data: Set to zero for the base year and adjusted during 
calibration. 

7.16 LFPARFRg,v(Annual rate of change in LFPARFg during time 

intervals (v) 1970-80, 81-85, 86-90, and 1990+) 
and 1990+): 

Data: 

Procedure: 

Data for 1985 :and 1990 obtained from BLS Bulletin 
#2030. 

U.S. rates from 1980 Census was used to break 

down broad age classes in the B15 projections. 



7.17 LFPARMRg,v (Annual rate of change in LFPARMg ): 

Data: 

7.18 OCUPi,j 

Data: 

Procedure: 

7.19 RCOMINR 

7.20 RCOMOTR 

Data: 

7.21 INMIGRj 

Data: 

Data source same as for 7.16. 

(Industry-occupation matrix; i.e., the fraction 

of employment for each industry i supplied by 
members of occupation j): 

Census of Population, 1980. Detailed Population 

Characteristics, Alaska, and General Population 

Characteristics, Alaska, U. S. Department of 

Commerce, Bureau of Census, Washington D.C. 

For the regional models, census occupation 
profile has been aggregated to eight IPASS 
occupation categories as: Managerial, 

Professional, Technician, Service, Operatives, 

Clerical, sales, and Farm, the occupational 

categories were delineated by the 28 regional 

Alaska industrial sectors. In the final step 

each row entry was divided by the row total. 

(Annual rate of change in COMINRj) and 

Annual rate of change in COMOTRj): 

These rates of change may be set to zero in the 

absence of judgmental estimates, and adjusted 
during model calibration. 

(Fraction of any unfilled jobs (net of those 

filled by incommuters) which will be filled by 

inmigrants during the coming year, by occupation 
j) : 

Initially set at 1.0 and then adjusted during 
calibration of the model. 



7.22 OTMIGRj 

Data: 

(Fraction of any unemployed workers (net of those 

who out-commute) migrating out of the region 
during the coming year, by occupation j): 

Initially set at .10 and then adjusted during the 
calibration of the model. 
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Population 

Data Sources and Derivation Methods 

8.1 POPMa 

Data: 

Procedure: 

8.2 POPFa 

Data: 

Procedure: 

8.3 POPMT 

Data: 

Procedure: 

8.4 POPFT 

Data: 

Procedure: 

(Male population, subdivided into 66 one-year age 

classes (age 0-1, 1-2, ... ,64-65 and 65+): 

Table 2.3, Alaska Population Projections, Alaska 
Department of Labor, october 1986. 

The population data by age and gender is 

available from the above mentioned publication 

for age class of under one to 85 and over. The 

male population was subdivided into 66-one year 

age class (age 0-1, 1-2, ..... 65+) 

(Female population, subdivided as is POPMa ): 

Table 2.3, Alaska Population Projection, Alaska 
Department of Labor, October 1986. 

The population data by age and gender is 

available from the above mentioned publication 

for age class of under one to 85 and over. The 

female population was subdivided into 66-one year 
age class (age 0-1, 1-2, ..... 65+) 

(Total male population): 

Sum POPMa for, all ages. 

(Total female population) : 

Sum POPFa for all ages. 
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8.5 POPT 

Data: 

Procedure: 

8.6 POPTMl 

Data: 

Procedure: 

8.7 FERTILYa 

Data: 

Procedure: 

(Total population, base or current year): 

POPMT and POPFT. 

Sum POPMT and POPFT. 

(Total population for the year before the base or 
current year): 

Alaska Population Projections and Alaska 

Population Overview, Alaska Department of Labor 
(1986). 

The total population ( male + female), 1981. 

(Fertility rate in births per thousand females, 

by 66 one-year age classes): 

Unpublished Data, Department of Health and Social 

Services, Division of Planning, State of Alaska 
1982 

Alaska Population projections, Alaska Department 
of Labor. 

The data is already in 1982 births per thousand 

women by one year age class. 

8.8NMIGDISa,s (Age-sex distribution of any net in-migrants from 

the rest of the nation and world) : 

Data: Migration Between State Economic Areas, Bureau of 

the Census, United States (1970). The data is 

from the 1970 ~ensus, and is based on persons 

changing their place of residence between 1965 
and 1970. 

Gross Migration for Counties, 1975 to 1980, 

Bureau of the Census, Department of Commerce. 



Procedure: The 1970 data is available for in and out 

migration by males and females for five year age 

classes. Data is also available for total in and 

out migration for 1980 by age class: however, the 

data source does not break down migration between 

males and females. 

Since the 1980 migration data did not include a 
breakdown by sex, we had to estimate migration 
based on 1980 numbers, and 1970 distributions. 

The 1970 data was used to create a distribution 

between male and female migrants by age class. 

The distribution was created for each age class 

by dividing male and female in-migration the 

total male and female in-migrants. From the 

age/sex distribution, a differential was 

calculated between males and females for 1970. 

The next step was to obtain an estimate of 1980 

migration patterns. The same distribution 

procedure was applied to the 1980 migration data 

to create total migration distribution by age. 

The 1970 differential between male and female 

in-migrants was then applied to the 1980 total 

migration distribution data. The result is a 

breakdown of in-migration to Alaska by age and 

sex class for 1980. 

8.9 RMIGDISa,s (Age/sex distribution of net out-migrants from 
the rest of the nation and world) : 

Data: Migration Between State Economic Areas, Bureau of 

the Census United States (1970). The data from 

the 1970 census gives the migration classified by 

age and five year age classes, and is based on 

persons changing their place of residence between 

1965 and 1970. Data is also available for total 
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Procedure: 

8.10 NEMDEPR 

Data: 

in and out migration for 1980 by age class; the 

data source, however, does not classify migration 

by sex (Gross Migration for Counties, 1975 to 

1980, Bureau of the Census, Department of 

Commerce) • 

Since the 1980 migration data is not classified 
by sex, estimates were derived from 1980 gross 
totals by age and 1970 distributions by age and 
sex. That is, the 1970 data were used to 

distribute 1980 total migration distribution by 
sex and age classes. Ratios representing the 

age-class distributions for 1970 were created by 
dividing each age class by the total for male and 
female inmigrants forming an age/sex 

distribution. The differential between male and 
female migration distribution was then 
calculated. 

The 1980 outmigration distribution by age was 

formed by dividing each column "entry by the 

column total. The 1970 differential between male 

and female outmigrant distribution was applied to 
the 1980 total migration distribution by age to 
form a 1980 migration distribution by age and 

sex. The 1980 migration distribution by five 
year age-class was then disaggregated into 66 one 
year age classes. 

(National employee dependent rate, th~t is, the 

average population per member of the u.s. labor 

force of age 20 or greater) : 

Current Population Report 1980, Census of 

Population, Bureau of the Census, Washington D.C. 



Procedure: 

Identity: 

8.11 REMDEPR 

Data: 

Procedure: 

Identity: 

8.12 INMIGMa 

Data: 

8.13 INMIGFa 

Data: 

Total U.S. population was divided by total u.S. 
labor force of age 20 and over. 

U.S. population/Labor force of age 20+. 

(Regional employee dependent rate): 

Current Population Report 1980, Census of 

Population, Bureau of the Census, Washington D.C. 
Alaska regional Population Projection, Alaska 
department of Labor. 

Total Alaska population was divided by total AK 
labor force of age 20 and over. 

AK population/Labor force of age 20+. 

(The number of male inmigrants by one year age 
class. ) : 

The variable was initially set to o. 

(The number of female inmigrants by one year age 
class. ) : 

The variable was initially set to o. 

8.14 OUTMIGMa(Number of outmigrating males, by one-year age 
class) 

Data: The variable was initially set to o. 

8.15 OUTMIGFa(number of outmigrating females): 

Data: The variable was initially set to o. 



8.16 ACFERTYa,v (Annual rate of change in the fertility rate 

(FERTILYa ) by one-year age class over time 
intervals) : 

Data: 

Procedure: 

Identity: 

8.17 MFBIRTR 

Data: 

Procedure: 

Identity: 

Alaska Population Projections Table 1.3, Alaska 
Department of Labor, Alaska. 

Data is available for 1970 to 2000 by year and 

by five year age classes. The time periods for 
the parameter are 1970-79, 1980-84, 1985-89, 

1990-95 and 1995+. The parameter was created by 

the five year age class and the standard'rate of 
change equation for the two years in each time 

period: The age classes are 0-66, with 0 being 
less than one year and 66 being 65 years and 
over. 

ACFERTYa = 
«FERTILY~lit~l{FERTILYa 
(to) ) ( / ( , -1 

(Ratio of male births to total births): 

Unpublished data, Department of Health and 
Social Services, Division of Planning, State of 
Alaska 1982 

Alaska Population projections, Alaska Department 
of Labor. 

Male births for Alaska was divided by total 
Alaska births. 

MFBIRTR = Male births / total births. 

8.18 DEATHRMa(Male death rates, per-capita, by one-year age 
class) 
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Data: 

Procedure: 

Identity: 

8.19 DEATHRFa 

Data: 

Procedure: 

Unpublished data, Department of Health and 

Social services, Division of Planning, State of 
Alaska 1982 

Alaska Population projections, Alaska Department 
of Labor. 

Overall deaths for male and female for 1982 were 

obtained from the Vital Statistics publication. 

The data was available in ten year age classes. 

Population data came from the Alaska regional 

population projections and was available" by one 

year age class for 1982. 

The number of deaths were divided by the total 

number of people in each age class. The result 

was a per capita death rate for each ten year 

age class (age class less than one year and one 

to four years were seperate from the ten year 

break down). The death rate was disaggregated 

to one year age classes based on the ten year 

figure. The age classes in the data set are 0 

to 66 with 66 being 65 years and over and 0 
being less than one year. 

DEATHRMa = Male Deathsa / Male Populationa 

(Female death rate by one year age class): 

Unpublished data, Department of Health and 

Social Services, Division of Planning, state of 

Alaska 1982 

Alaska regional Population projections, Alaska 

Department of Labor. 

Overall deaths for male and female for 1982 were 

obtained from the Vital statistics publication. 

The data was available in ten year age classes. 



Identity: 

Population data came from the Alaska regional 

population projections and was available by one 

year age class for 1982. 

The number of deaths were divided by the total 

number of people in each age class. The result 

was a per capita death rate for each ten year 

age class (age class less than one year and one 

to four years were seperate from the ten year 

break down). The death rate was disaggregated 

to one year age classes based on the ten year 

figure. The age classes in the data set are 0 

to 66 with 66 being 65 years and over and 0 

being less than one year. 

DEATHRFa = Female Deathsa / Female 

Populationa 

8.20 NMIGDIRa,s (Annual rate of change in NMIGDISa,s) and 

8.21 RMIGDIRa,s (Annual rate of change in RMIGDISa,s): 

Procedure: These parameters were set equal to zero and may 

be adjusted during calibration. 

8.22 RNEMDEP (Annual rate of change in NEMDEPR) and 

8.23 RREMDEP (Annual rate of change in REMDEPR): 

Procedure: These rates of change were set equal to zero 

and may be ,adjusted during the calibration. 

8.24 CORTMVMa The proportion of each of the region's male 

cohorts, by single year age class, which moves 

in (+) or out (-) of the region for reasons 

other than job availability (for example, 
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college, retirement, lack of information on job 

availability, or the region's attractiveness) 

and 

8.25 CORTMVFa(Same as CORTMVMa for females): 

Procedure: These parameters were set equal to zero and may 

be adjusted during calibration as needed. 
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Value Added 

Data Sources and Derivation Methods 

9.1 IMPORTi 

Data: 

9.2 BUSTAXRi 

Data: 

Procedure: 

([Gross] imports from outside the region, by 
industrial sector i): 

This variable may be obtained from the Alaska 
regional I/O transactions table. 

(Ratio of business income taxes to pre-tax 

business income, for each sector i): 

u.S. Corporate Income Tax Returns, 1977, U.S. 
Internal Revenue Service. 

Alaska General Corporate Net Income Taxes: 1978, 
1979, 1980, and 1982, Alaska Department of 
Revenue. 

Data was obtained for number of returns, net 
taxable income, foreign credits and income taxes 
paid after credit for the united States. 

The average net income per return was calculated 

as well as the average income tax paid after 
credit (foreign tax credit was added back into 
taxes paid) for each return. The income tax rate 
for Alaska regional was applied to the average 

income per return to get an estimate of Alaska 

taxes per firm. 

Alaska uses a. progressive corporate income tax 

structure that was introduced in 1981. In 

addition, the state uses apportionment and only 

taxes the portion of a firm's income that is 

derived from operations. within Alaska, in the 

case of multi-state or mUlti-national firm. To 

approximate the rate structure for Alaska data 

from the Alaska Department of Revenue was used. 
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Identity: 

9.3 ACNETBIi 

Procedure: 

9.4 EARNi 

Data: 

9.5 EARNT 

Procedure: 

This information included total Alaska net 

taxable income, and total taxes paid by 

industry. The Alaska tax rate then was 

calculated by dividing total taxes paid by sector 

by total income of firms showing net taxable 

income for 1982. This information approximates 

the average tax rates faced by different 

industries under the apportionment scheme. The 
data was then disaggregated to 75 Alaska sectors. 

The ratio was calculated by dividing total 

coorporate income taxes paid by total pre-tax 

income. The ratio that was used for the state 

was also used for the regions. 

BUSTAXRi = Total taxes paidi / Total 

incomei 

(Accumulated net business income after taxes, 

including depreciation allowances, minus funds 

already leveraged for investment, by industrial 

sector i): 

This variable was set equal to zero prior to 

calibration. (This implicitly assumes that all 

sectors are at equilibrium with respect to the 

tradeoff between liquid and fixed assets. This 

assumption could be relaxed during calibration) . 

(Employee earnings, by sector i): 

This variable comes from the primary earnings 

data base provided by the Alaska Department of 

Labor. 

(Total employee wage and salary earnings): 

Sum EARNi for all sectors. 
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9.6 EARPWKi 

Data: 

Procedure: 

Identity: 

9.7 NBUSINCi 

Procedure: 

9.8 VALADRi 

Data: 

Procedure: 

Identity: 

9.9 REGIMPRi 

Data: 

Procedure: 

Identity: 

(Average earnings per worker, by sector i): 

Earnings and Employment data provided by Alaska 
Department of Labor. 

Divide total earnings by total employment. Units 
in dollars. 

EARPWKi = (EARNi * 1000) / EMPLOYi 

(Current net business income after taxes, 

including depreciation allowances, by industrial 
sector i): 

This variable is set equal to zero. 

(Value-added/Output ratio, by sector i) 

This variable is derived from the total 

value-added row of the Alaska regional I/O table: 

Divide value added by output for each sector i. 

VALADRi = (Total Value-Added)i/xi. 

(Ratio of regional imports to gross output, by 
sector i): 

This variable is derived from the 

imports-to-region (IMPORTi) row of the I/O 
table: 

Divide regional imports by output for each sector 
i. 
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9.10 IBTRi 

Data: 

Procedure: 

Identity: 

Note: 

9.11 PCHITRi 

Procedure: 

9.12 EARPWKRi 

Data: 

Procedure: 

(Ratio of indirect business taxes to gross 

output, by sector i): 

This variable is derived from the "indirect 

business taxes" row of the I/O table: 

Divide indirect business taxes by regional gross 
output. 

IBTRi = (Indirect Business Taxes)i/Xi' 

Corporate returns in dollars tax paid includes 
both state and federal taxes 

(Annual rate of change in BUSTAXRi): 

This variable was set equal to zero. 

(Annual rate of change in earnings per worker, 
including sector NIS) : 

BEA Regional Projections, state Projections to 

2035. U.S. Department of Commerce, Bureau of 
Economic Analysis. 

Alaska Data was obtained from BEA. The rate of 

change in employment was calculated for Alaska 

for periods: 1973-1978; 1978-1983; 1983-1990; 
1990-1995; 1995-2035. Due to a disclosure 

problem in the Alaska OBERS data base, estimates 

for missing sectors were derived from REIS data. 

Earnings per worker was calculated for each 

period by dividing earnings*1000 by employment, 

putting earnings per worker in dollars. 
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Identity: 

9.13 PIEARNR 

Data: 

Procedure: 

9.14 UNCOMPR 

Procedure: 

9.15 TRANPR 

Procedure: 

9.16 PROPINR 

Procedure: 

9.17 PIT 

Data 

9.18 PITMl 

Data 

The rate of change in earnings per worker for 

Alaska was derived by the usual rate of change 
equation found in the data base manual. 

EARPWKi = (EARNINGSi * 1000) / EMPLOYi 
Then 

EARPWKRtl = (EARPWKt1 / EARPWKto ) (l/(tl -
to» - 1 

(Personal income/earnings ratio): 

Both personal income and earnings were obtained 
from unpublished REIS data. 

Personal income divided by earnings gives the 
PIEARNR variable. 

(Ratio of unemployment compensation payments to 
earnings): 

NOT USED. 

(Ratio of transfer payments to earnings): 

NOT USED 

(Ratio of proprietors' income to earnings): 

NOT USED 

(Total personal income for the base year): 

Obtained from unpublished REIS data for Alaska. 

(Total personal income for the year before the 
base year) 

Obtained from unpublished REIS data for Alaska. 
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Database for the Fairbanks model 

The following pages give the actual database for 1985 for the 

Greater Fairbanks model. Only the inverse and capital coefficient 

matrices are omitted. Variable names are those used in the preceding 

pages describing the data. 

H-57 



H-58 
..................... _ .............. 

NAMER NAMERl lYEAR NIS NOC 
.......................................... 
Fairbanks, Alaska 1985 28 8 

........................................................................................................................................... 
POPM POP, DEATHRM DEATHRF FERTlLY ACFERTY ACFERTY ACFERTY ACFERTY 
(NO) (NO) (RATE) (RATE) (BIRTHI (RATE) (RATE) (RATE) (RATE) 

1000 F) 1970·79 1980'84 1985·89 .. 1990+ 
............................................................................................................................................. 
1 824.1 729.3 0.018666 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 
2 843.7 741.8 0.001438 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 
3 837.8 730.7 0.003100 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 
4 747.6 705.4 0.003100 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 
5 691.8 664.8 0.003100 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 
6 642.3 631.9 0.003100 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 
7 611.6 590.3 0.003100 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 
8 574.9 550.7 0.003100 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 
9 575.9 528.4 0.003100 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 

10 559.7 506.2 0.001919 0.011049 0.000000 0.000000 0.000000 0.000000 0.000000 
11 541.3 484.4 0.001919 0.011049 0.706713 ·0.045910 0.000000 '0.015910 '0.014280 
12 517.0 4n.4 0.001919 0.011049 0.706713 ·0.045910 0.000000 '0.015910 ·0.014280 
13 523.8 487.1 0.002074 0.011049 0.706713 '0.045910 0.000000 '0.015910 ·0.014280 
14 461.1 428.1 0.002074 0.011049 0.695469 ·0.045910 0.000000 '0.015910 '0.014280 
15 485.9 453.3 0.002074 0.002433 0.695469 '0.045910 0.000000 '0.015910 ·0.014280 
16 484.8 461.0 0.002074 0.002433 63.968970 ·0.046540 0.007460 '0.000890 '0.002390 
17 460.7 433.3 0.002079 0.002433 63.968970 '0.046540 0.007460 '0.000890 ·0.002390 
18 440.8 413.5 0.002079 0.004618 63.968970 ·0.046540 0.007460 '0.000890 '0.002390 
19 463.8 412.6 0.001869 0.002227 63.968970 '0.046540 0.007460 '0.000890 '0.002390 
20 484.8 411.8 0.001763 0.002109 63.968970 ·0.046540 0.007460 '0.000890 ·0.002390 
21 508.7 437.2 0.0028n 0.002109 195.080648 ·0.029250 ·0 .001570 '0.005950 .' 0.000420 
22 559.8 460.3 0.001300 0.001703 195.080648 '0.029250 ·0.001570 '0.005950 0.000420 
23 591.9 485.3 0.001300 0.001703 195.080648 ·0.029250 '0.001570 '0.005950 0.000420 
24 720.3 560.1 0.001300 0.001703 195.080648 ·0.029250 '0.001570 '0.005950 0.000420 
25 791.4 597.9 0.004566 0.001703 195.080648 ·0.029250 '0.001570 '0.005950 0.000420 
26 859.9 651.5 0.002478 0.002808 133.134485 '0.028370 '0.004510 0.004030 cr. 000480 
27 880.1 699.2 0.004956 0.002808 133.134485 ·0.028370 '0.004510 0.004030 0.000480 
28 885.0 723.4 0.001228 0.002631 133.134485 ·0.028370 '0.004510 0.004030 0.000480 
29 817.7 730.4 0.001234 0.001336 133.134485 ·0.1128370 ·0.004510 0.004030 0.000480 
30 820.7 766.3 0.001219 0.001336 133.134485 ·0.028370 ·0.004510 0.004030 0.000480 
31 827.7 779.6 0.002642 0.001336 94.618534 '0.009520 0.009160 0.029020 0.000050 
32 818.1 760.1 0.001321 0.001522 94.618534 '0.009520 0.009160 0.029020 0.000050 
33 828.0 756.9 0.001312 0.001538 94.618534 ·0.009520 0.009160 0.029020 0.000050 
34 764.1 695.0 0.004195 0.001620 94.618534 ·0.009520 0.009160 0.029020 0.000050 
35 762.0 669.1 0.004043 0.001612 94.618534 ·0.009520 0.009160 0.029020 0.000050 
36 765.0 662.0 0.004431 0.001805 38.215323 ·0.040250 0.040240 0.027320 0.002070 
37 710.9 619.0 0.004431 0.002096 38.215323 ·0.040250 0.040240 0.027320 0.002070 
38 737.8 621.6 0.003787 0.002252 38.215323 ·0.040250 0.040240 0.027320 0.002070 
39 675.3 555.7 0.001869 0.002288 38.215323 ·0.040250 0.040240 0.027320 0.002070 
40 564.9 479.2 0.001934 0.002288 38.215323 '0.040250 0.040240 0.027320 0.002070 
41 530.1 446.4 0.001934 0.002288 4.466027 ·0.054240 '0.017860 '0.011720 '0.001920 
42 536.8 439.4 0.002444 0.002288 4.466027 '0.054240 '0.017860 '0.011720 '0.001920 
43 514.4 416.6 0.010443 0.002288 4.466027 ·0.054240 ·0.017860 '0.011720 '0.001920 
44 423.4 366.9 0.002865 0.002288 4.466027 '0.054240 '0.017860 '0.011720 '0.001920 
45 403.8 341.6 0.012084 0.003636 4.466027 ·0.054240 ·0.017860 ·0.011720 '0.001920 
46 378.2 322.7 0.012084 0.003921 0.000000 0.122170 '0.097110 0.000000 0.000000 
47 340.4 294.3 0.003484 0.004098 0.000000 0.122170 '0.097110 0.000000 0.000000 
48 324.4 273.4 0.007326 0.004255 0.000000 0.122170 ·0.097110 0.000000 0.000000 
49 294.1 253.5 0.015625 0.004444 0.000000 0.122170 . 0.097110 0.000000 0.000000 
50 280.3 242.5 0.003968 0.004444 0.000000 0.122170 '0.097110 0.000000 0.000000 
51 267.5 233.6 0.004347 0.004444 0.000000 0.000000 0.000000 0.000000 0.000000 
52 253.7 221.3 0.004444 0.015228 0.000000 0.000000 0.000000 0.000000 0.000000 
53 247.5 215.2 0.012931 0.010204 0.000000 0.000000 0.000000 0.000000 0.000000 
54 223.9 190.8 0.013761 0.005494 0.000000 0.000000 0.000000 0.000000 0.000000 
55 217.9 194.5 0.009345 0.005847 0.000000 0.000000 0.000000 0.000000 0.000000 
56 225.5 194.4 0.010101 0.005847 0.000000 0.000000 0.000000 0.000000 0.000000 
57 212.8 179.1 0.005263 0.006329 0.000000 0.000000 0.000000 0.000000 0.000000 
58 208.6 168.2 0.0106~ 0.006410 0.000000 0.000000 0.000000 0.000000 0.000000 
59 193.9 160.2 0.005681 0.006711 0.000000 0.000000 0.000000 0.000000 0.000000 
60 178.9 155.3 0.043478 0.006711 0.000000 0.000000 0.000000 0.000000 0.000000 
61 170.2 150.6 0.043478 0.024000 0.000000 0.000000 0.000000 0.000000 0.000000 
62 155.3 141.3 0.036496 0.024000 0.000000 0.000000 0.000000 0.000000 0.000000 
63 142.4 127.5 0.041322 0.018348 0.000000 0.000000 0.000000' 0.000000 0.000000 
64 137.9 117.9 0.019047 0.018348 0.000000 0.000000 0.000000 0.000000 0.000000 
65 126.5 115.6 0.019047 0.011494 0.000000 0.000000 0.000000 0.000000 0.000000 
66 886.6 905.5 0.071146 0.061146 0.000000 0.000000 0.000000 0.000000 0.000000 

............................................................................................................................................ 
POP"'T POPFT POPT POPTMl . "'FBIRTR NEMOEPR REMOEPR RNEMOEP RREMOEP 

(NO) (NO) (NO) (NO) (RATIO) (RATIO) (RATIO) (RATE) (RATE) 
............................................................................................................................. 

34537.7 30420.3 64957.9 63946.6 0.532442 2.320000 2.120000 0.000000 0.000000 

................................................................................................................................... 
IN"'IGM lNMIGF OUT"'IGM OUT"'IGF R"'IGOIS RMIGDIS RMIGDIR RMIGOIR 

(NO) (NO) (NO) (NO) (RATE) (RATE) (RATE) (RATE) 
............................................................................................................... 

0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 



2 0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 H-S9 
3 0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 
4 0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 
5 0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 
6 0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 
7 0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 - 8 0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 
9 0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 

10 0.6 0.8 1.4 1.6 0.005533 0.006158 0.000000 0.000000 
11 1.0 1.2 2. I 2.5 0.008009 0.009891 0.000000 0.000000 
12 1.0 1.2 2. I 2.5 0.008009 0.009891 0.000000 0.000000 
13 1.0 1.2 2. I 2.5 0.008009 0.009891 0.000000 0.000000 
14 1.0 1.2 2. I 2.5 0.008009 0.009891 0.000000 0.000000 
15 1.0 1.2 2. I 2.5 0.008009 0.009891 0.000000 0.000000 
16 1.1 1.2 2.3 2.7 0.009010 0.010328 0.000000 0.000000 
17 1.1 1.2 2.3 2.7 0.009010 0.010328 0.000000 0.000000 
18 1.1 1.2 2.3 2.7 0.009010 0.010328 0.000000 0.000000 
19 1.1 1.2 2.3 2.7 0.009010 0.010328 0.000000 0.000000 
20 1.1 1.2 2.3 2.7 0.009010 0.010328 0.000000 0.000000 
21 3.4 1.9 3.2 2.9 0.012330 0.011200 0.000000 0.000000 
22 3.4 1.9 3.2 2.9 0.012330 0.011200 0.000000 0.000000 
23 3.4 1.9 3.2 2.9 0.012330 0.011200 0.000000 0.000000 
24 3.4 1.9 3.2 2.9 0.012330 0.011200 0.000000 0.000000 
25 3.4 1.9 3.2 2.9 0.012330 0.011200 0.000000 0.000000 
26 2.7 3.0 5.5 3.3 0.021234 0.012994 0.000000 0.000000 
27 2.7 3.0 5.5 3.3 0.021234 0.012994 0.000000 0.000000 
28 2.7 3.0 5.5 3.3 0.021234 0.012994 0.000000 0.000000 
29 2.7 3.0 5.5 3.3 0.021234 0.012994 0.000000 0.000000 
30 2.7 3.0 5.5 3.3 0.021234 0.012994 0.000000 0.000000 
31 1.9 2.1 3.4 3.1 0.013173 0.012025 0.000000 0.000000 
32 1.9 2.1 3.4 3.1 0.013173 0.012025 0.000000 0.000000 
33 1.9 2. I 3.4 3.1 0.013173 0.012025 0.000000 0.000000 
34 1.9 2.1 3.4 3.1 0.013173 0.012025 0.000000 0.000000 
35 1.9 2.1 3.4 3.1 0.013173 0.012025 0.000000 0.000000 
36 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
37 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
38 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
39 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
40 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
41 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
42 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
43 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
44 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
45 0.9 0.9 2.1 1.8 0.008062 0.007176 0.000000 0.000000 
46 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 
47 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 

e 1,8 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 
49 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 
50 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 
51 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 
52 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 
53 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 
54 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 
55 0.3 0.3 1.0 0.8 0.003688 0.003249 0.000000 0.000000 
56 0.1 0.2 0.6 0.6 0.002371 0.002473 0.000000 0.000000 
57 O. I 0.2 0.6 0.6 0.002371 0.002473 0.000000 0.000000 
58 0.1 0.2 0.6 0.6 0.002371. 0.002473 0.000000 0.000000 
59 0.1 0.2 0.6 0.6 0.002371 0.002473 0.000000 0.000000 
60 0.1 0.2 0.6 0.6 0.002371 0.002473 0.000000 0.000000 
61 0.1 0.2 0.6 0.6 0.002371 0.002473 0.000000 0.000000 
62 0.1 0.2 0.6 0.6 0.002371 0.002473 0.000000 0.000000 
63 0.1 0.2 0.6 0.6 0.002371 0.002473 0.000000 0.000000 
64 0.1 0.2 0.6 0.6 0.002371 0.002473 0.000000 0.000000 
65 0.1 0.2 0.6 0.6 0.002371 0.002473 0.000000 0.000000 
66 0.2 0.3 1.6 1.5 0.006165 0.005nO 0.000000 0.000000 

..... - ............................................................................ 
NMIGDIS NMIGDIS NMIGDIR NMIGDIR CORT""" CORTMVF 

(RATE) (RATE) (RATE) (RATE) (RATE) (RATE) 
...................................................................................................................................................... 
1 0.004322 0.005969 0.000000 0.000000 0.000000 0.000000 
2 0.004322 0.005969 0.000000 0.000000 0.000000 0.000000 
3 0.004322 0.005969 0.000000 0.000000 0.000000 0.000000 
4 0.004322 0.005969 0.000000 0.000000 0.000000 0.000000 
5 0.004322 0.005969 0.000000 0.000000 0.000000 0.000000 
6 0.004322 0.005969 0.000000 0.000000 0.000000 0.000000 
7 0.004322 0.005969 0.000000 0.000000 0.000000 0.000000 
8 0.004322 0.005969 0.000000 0.000000 0.000000 0.000000 
9 0.004322 0.005969 0.000000 0.000000 0.000000 0.000000 

10 0.004322 0.005969 0.000000 0.000000. 0.000000 0.000000 
11 0.007086 0.008878 0.000000 0.000000' 0.000000 0.000000 
12 0.007086 0.008878 0.000000 0.000000 0.000000 0.000000 
13 0.007086 0.008878 0.000000 0.000000 0.000000 0.000000 
14 0.007086 0.008878 0.000000 0.000000 0.000000 0.000000 
15 0.007086 0.008878 0.000000 0.000000 0.000000 0.000000 
16 0.007890 0.008276 0.000000 0.000000 0.000000 0.000000 

e 17 0.007890 0.008276 0.000000 0.000000 0.000000 0.000000 
18 0.007890 0.008276 0.000000 0.000000 0.000000 0.000000 
19 0.007890 0.008276 0.000000 0.000000 0.000000 0.000000 



20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

0.007890 
0.024374 
0.024374 
0.024374 
0.024374 
0.024374 
0.019449 
0.019449 
0.019449 
0.019449 
0.019449 
0.013469 
O. 013469 
0.013469 
0.013469 
O. 013469 
0.006533 
0.006533 
0.006533 
0.006533 
0.006533 
0.006533 
0.006533 
0.006533 
0.006533 
0.006533 
0.002010 
0.002010 
0.002010 
0.002010 
0.002010 
0.002010 
0.002010 
0.002010 
0.002010 
0.002010 
0.000955 
0.000955 
0.000955 
0.000955 
0.000955 
0.000955 
0.000955 
0.000955 
0.000955 
0.000955 
0.001457 

LFPARM 
(RATE) 

0.008276 
0.013943 
0.013943 
0.013943 
0.013943 
0.013943 
0.021216 
0.021216 
0.021216 
0.021216 
0.021216 
0.015147 
0.015147 
0.015147 
0.015147 
0.015147 
0.006420 
0.006420 
0.006420 
0.006420 
0.006420 
0.006420 
0.006420 
0.006420 
0.006420 
0.006420 
0.002407 
0.002407 
0.002407 
0.002407 
0.002407 
0.002407 
0.002407 
0.002407 
0.002407 
0.002407 
0.001154 
0.001154 
0.001154 
0.001154 
0.001154 
0.001154 
0.001154 
0.001154 
0.001154 
0.001154 
0.002207 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000. 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

LFPARF LFPARMR 
(RATE) (RATE) 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

1970·79 1980·84 1985·89 1990+ 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

LFPARFR 
(RATE) 

1970·79 1980·84 1985·89 1990+ 

LBFAGEG 
(NO) 

.. e ................................................................................................................................................................................................................................ .. 

1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
3 0.412865 0.413595 0.008000 0.008000 0.005650 0.005650 0.027451 0.027451 0.005650 0.005650 
4 0.690213 0.666883 0.008000 0.008000 0.000547 0.000547 0.021198 0.021198 0.000547 0.000547 
5 0.885867 0.731793 0.008000 0.008000 0.000000 0.000000 0.023478 0.023478 0.000000 0.000000 
6 0.931594 0.766584 0.008000 0.008000 0.000000 0.000000 0.034182 0.034182 0.000000 0.000000 
7 0.950608 0.849602 0.008000 0.008000 '0.000105 '0.000105 0.058574 0.058574 '0.000105 ·0.000105 
8 0.943926 0.843015 0.008000 0.008000 '0.000522 '0.000522 0.051686 0.051686 '0.000522 '0.000522 
9 0.900246 0.683648 0.008000 0.008000 '0.001743 '0.001743 0.029942 0.029942 '0.001743 ·0.001743 

10 0.773212 0.510299 0.008000 0.008000 '0.005996 '0.005996 0.004611 0.004611 '0.005996 '0.005996 
11 0.555482 0.358550 0.008000 0.008000 ·0.014736 '0.014736 0.000000 0.000000 '0.014736 '0.014736 
12 0.228536 0.148831 0.008000 0.008000 ·0.025202 '0.025202 '0.007721 '0.007721 '0.025202 '0.025202 

1 
2 
3 
4 
5 
6 
7 
8 

LBFOCUR 
(RATE) 

0.161526 
0.133426 
0.054613 
0.121900 
0.235407 
0.218764 
0.068821 
0.005541 

1 MANA' GERS 
2 PROFESSIONAL 
3 TECH'NICIAN 
4 SER' VICE 
5 INOUS TECHS 
6 CLER' ICAl 

INMIGOC 
(NO) 

111.1 
0.0 

13.8 
0.0 
0.0 

150.8 
0.0 
4.9 

5870.2 
4849.0 
1984.8 
4430.1 
8555.3 
7950.4 

OTMIGOC 
(NO) 

0.0 
3.6 
0.0 
0.0 

62.4 
0.0 
2.1 
0.0 

5629.1 
4382.5 
1879.5 
4153.0 
7265.4 
7624.1 

CCI4IN 
(NO) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

241.2 
466.5 
105.3 
2n.2 

1289.9 
326.4 

COOJT 
(NO) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.000000 
1.000000 
1.000000 
1.000000 
1.000000 
1.000000 

CCI4INR 
(RATE) 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.120000 
0.120000 
0.120000 
0.120000 
0.120000 
0.120000 

COOJTR 
(RATE) 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

RCCJ4INR 
(RATE) 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.0 
0.0 

722.4 
1204.5 
4669.4 
6709.1 
6912.5 
9705.2 
4215.1 
1225.9 
640.9 
337.4 

RCCI40TR 
(RATE) 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

H-i)I) 



7 SALES 2501.1 2258.8 242.3 1.000000 0.120000 H-I)l 
8 FARM 201.4 194.2 7.1 1.000000 0.12QOOO 

............................................................................................................ 
I NOUSN X XO Xiii 1 XS XL XHOLO 

(S1000) (S1000) (S1000) (S1000) ($1000) (S1000) 
.................................................................................................................... 
1 Ag,Fs,Fish 6106.721 6106.728 6046.941 9747.175 6106.789 6106.728 
2 Mining 158115.264 158715.265 169886.929 330358.411 158715.265 158715.265 
3 Oil & Gas 376.638 376.638 394.997 744.015 376.638 376.638 
4 Mines(Oun) 0.000 0.000 0.000 0.000 0.000 0.000 
5 Mines(Oun) 0.000 0.000 0.000 0.000 0.000 0.000 
6 M i nes(Oun) 0.000 0.000 0.000 0.000 0.000 0.000 
7 Mines(Oun) 0.000 0.000 0.000 0.000 0.000 0.000 
8 Mines(Oun) 0.000 0.000 0.000 0.000 0.000 0.000 
9 Mines(Oun) 0.000 0.000 0.000 0.000 0.000 0.000 

10 Mines(Oun) 0.000 0.000 0.000 0.000 0.000 0.000 
11 Mines(Oun) 0.000 0.000 0.000 0.000 0.000 0.000 
12 Mines(OI.lll) 0.000 0.000 0.000 0.000 0.000 0.000 
13 New Cons 187330.546 187330.546 182645.407 282995.979 187330.546 187330.546 
14 R&M Cons 178004.839 178004.882 147668.293 238491.372 178004.882 178004.882 
15 Manufact 101488.397 101488.432 84573.262 113150.118 101488.432 101488.432 
16 Rai l Trans 1452.392 1452.393 1397.762 2214.376 1452.393 1452.393 
17 Lel Trans 11607.501 11607.504 11417.159 18729.621 11607.504 11607.504 
18 Truck Tran 21926.118 21926.145 21172.288 35100.803 21926.364 21926.145 
19 lIater Tran 2526.708 2526.709 1522.665 4741.629 2526.709 2526.709 
20 Air Trans 106176.031 106176.039 98160.355 147020.825 106176.039 106176.039 
21 Pipe Trans 0.000 0.000 0.000 0.000 0.000 0.000 
22 COf1'mWti l 197473.002 197473.303 190249.550 429463.995 197473.303 197473.303 
23 Trade 283234.335 283236.605 265356.731 364279.950 283233.m 283236.605 
24 FIRE 234605.396 234607.281 217696.100 311347.310 234604.935 234607.281 
25 Bus Serv 44661.676 44661.815 65017.339 83547.962 44661.815 44661.815 
26 Serv (nee) 169603.084 169603.165 162497.870 304154.239 169604.861 169603.165 
27 Scrap 0.000 0.000 0.000 0.000 0.000 0.000 
28 Aanin Govt 523501.083 523506.318 500756.453 523506.318 523501.083 523506.318 

.................................................................................................................................. 
PCE GPCF BINCH EXPORT SGOVE FGOVE FO 

(S1000) (S1000) ($1000) (S1000) (S1000) (S1000) (S1000) 
................................................................................................................................ 
1 1347.451 4.260 0.000 3893.786 14.694 15.629 5275.780 
2 284.546 266.115 0.000 144209.872 0.049 31.108 144791.687 
3 0.000 0.002 0.000 256.700 0.000 0.000 256.649 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

e 7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

10 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
11 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
12 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
13 0.000 22147.688 0.000 302.899 137928.184 26692.135 187330.546 
14 0.000 0.000 0.000 28229.652 70889.408 7074.057 163854.496 
15 11582.443 3340.052 0.000 24794.566 2.219 1744.786 72316.070 
16 455.723 26.848 0.000 113.236 0.000 49.811 546.534 
17 4185.232 4.191 0.000 5793.231 0.004 54.208 10036.870 
18 2814.612 328.735 0.000 5330.548 15.990 786.772 4374.358 
19 370.167 0.527 0.000 68.677 0.000 81.199 1804.531 
20 18253.560 26.207 0.000 65573.272 2597.733 868.408 100019.940 
21 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
22 2615.616 735.199 0.000 80346.754 6263.899 1870.041 91831.626 
23 113861.365 5078.659 0.000 125128.372 32.366 1483.995 245581.961 
24 23823.600 43.549 0.000 186591.051 11356.489 272.808 222085.031 
25 7711. 055 0.148 0.000 22455.431 31.196 1926.551 0.000 
26 134001.606 140.224 0.000 141784.836 720.038 4120.998 138973.516 
27 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
28 0.000 0.000 0.000 0.000 459435.092 64071.227 523506.318 

....................................................................................................................................... 
)(TOT PCESU8T GPCFT BINCHT EXPORTT SGOVET FGOVET FOT 

($1000) (S1000) (S1000) (S1000) (S1000) (S1000) ($1000) (S1000) ........................................................................................................................................................ 
2228789.737 321306.977 32142.404 0.000 758386.299 689281.361 111143.739 1912585.913 

....................................................................................................................... 
USGO GROWTHR GROWTHR GROWTHR GROWTHR GROWTHR REGMICS REGMICSR 

(S1000) (RATE) (RATE) (RATE) (RATE) (RATE) (RATE) (RATE) 
1970·79 1980·84 1985'89 1990·94 1995+ .............................................................................................................................. 

1 213136224.8 0.021311 0.004513 0.019044 0.019044 0.017591 0.000018269 0.012000 
2 44875369.4 0.019326 '0.008754 0.022551 0.022551 0.020506 0.003213564 0.001993 
3 205031916.2 '0.001825 0.002591 0.01160& 0.01160& 0.011103 0.000001252 0.001489 
4 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 
5 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 
6 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 
7 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 
8 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 
9 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 



10 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 n-!j2 
11 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 
12 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 
13 252416167.3 0.014883 0.016680 0.031257 0.031257 0.027334 0.000001200 0.012000 
14 99009721.2 0.045544 ·0.011928 0.016413 0.016413 0.015344 0.000285120 0.012000 
15 2057640307.9 0.033964 0.016583 0.030870 0.030870 0.027043 0.000012050 0.012000 
16 28028758.8 0.020354 '0.024445 0.006666 0.006666 0.006527 0.000004040 0.012000 
17 12071444.5 0.018523 ·0.031179 0.018445 0.018445 0.017070 0.000479912 0.012000 
18 74993643.8 0.044595 0.024595 0.033439 0.033439 0.028971 0.000071080 0.012000 
19 22082606.6 0.031601 ·0.034154 0.011969 0.011969 0.011424 0.000003110 0.012000 
20 41504435.0- 0.051129 ·0.029689 0.032078 0.032078 0.027954 0.001579910 0.012000 
21 8485692.2 0.038867 ·0.009834 0.020767 0.020767 0.019101 0.000000000 0.000000 
22 357594136.5 0.0369~ 0.004976 0.043968 0.043968 0.036429 0.000224687 0.012000 
23 791010518.4 0.038484 0.038166 0.026061 0.026061 0.023319 0.000158183 0.012000 
24 725442467.3 0.040722 0.01n64 0.041104 0.041104 0.034466 0.000257210 0.012000 
25 327100317.5 0.060749 0.069068 0.051960 0.051960 0.041669 0.000068650 0.012000 
26 575448823.6 0.035958 0.020320 0.027398 0.027398 0.024369 0.000246390 0.012000 
27 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 0.000000 
28 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000000 ·0.003860 
................................................ 

ELASIN I NVLMA I NVLMC 
(RATE) (RATE) (RATE) 

......................................... 
1 0.507588 0.500000 12.000000 
2 0.229296 0.500000 12.000000 
3 0.000000 0.500000 12.000000 
4 0.000000 0.500000 12.000000 
5 0.000000 0.500000 12.000000 
6 0.000000 0.500000 12.000000 
7 0.000000 0.500000 12.000000 
8 0.000000 0.500000 12.000000 
9 0.000000 0.500000 12.000000 

10 0.000000 0.500000 12.000000 
11 0.000000 0.500000 12.000000 
12 0.000000 0.500000 12.000000 
13 0.000000 0.500000 12.000000 
14 0.000000 0.500000 12.000000 
15 0.600946 0.500000 12.000000 
16 0.727836 0.500000 12.000000 
17 0.758316 0.500000 12.000000 
18 0.496176 0.500000 12.000000 
19 0.727823 0.500000 12.000000 
20 0.750709 0.500000 12.000000 
21 0.628243 0.500000 12.000000 
22 0.415594 0.500000 12.000000 
23 0.654010 0.500000 12.000000 
24 0.746729 0.500000 12.000000 
25 0.758102 0.500000 12.000000 
26 0.620123 0.500000 12.000000 
27 0.628243 0.500000 12.000000 
28 0.000000 0.000000 0.000000 

.......................................................................................................................................................................... "" 
EMPLOY OUTPIo'I( OUTPHWR OOTPHWR OOTPHWR OOTPHWA 

(NO) (S) (RATE) (RATE) (RATE) (RATE) 
1970·79 1980·84 1985·89 1990·94 1995+ 

.................... " ........................................................................................................................................................... 
1 73.2 83476.6 0.022970 0.053680 0.024390 0.023580 0.023580 
2 1743.6 91029.0 '0.013900 0.051710 0.026360 0.034590 0.034590 
3 3.2 119176.2 '0.045840 0.008380 0.008380 0.009250 0.009250 
4 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
5 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
6 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
7 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
8 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
9 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 

10 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
11 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
12 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
13 882.4 212285.0 '0.022740 0.023430 0.014290 0.015860 0.015860 
14 1405.4 126659.3 '0.012220 0.042020 0.017540 0.003690 0.003690 
15 614.2 165221.2 0.025190 0.026110 0.022860 0.024320 0.024320 
16 11.3 128280.2 0.034700 0.036170 0.036170 0.036970 0.036970 
17 180.9 64174.2 0.0317'90 0.049800 0.014980 0.014680 0.014680 
18 337.3 65005.0 0.021690 0.014650 0.021960 0.019300 0.019300 
19 8.8 288253.1 0.028930 0.028&20 0.011040 0.004650 0.004650 
20 720.6 147349.9 0.028060 0.017800 0.018780 0.016570 0.016570 
21 0.0 0.0 0.022190 0.022110 0.010860 0.024020 0.024020 
22 877.4 225077.4 0.013060 0.015970 0.037630 0.027340 0.027340 
23 4802.2 58979.7 0.018520 0.029540 ; 0.012080 0.020120 0.020120 
24 1174.9 199674.6 0.009550 0.004110 0.024970 0.026560 0.026560 
25 612.3 72939.7 '0.000650 0.007900 0.007900 0.013120 0.013120 
26 3581.5 47354.7 0.010560 0.002470 0.010370 0.013570 0.013570 
27 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
28 16357.5 32003.7 0.000000 0.000000 0.000000 0.000000 0.000000 

.................................................. "" .................................................................................................................... 
OUTPHW HRWP\I HRWPWR WK'oI'Y WKWPYR HR~Y 



....................................................................................................... ;':-<S 3 
1 38.221873 42.00 0.000000 52.00 0.000000 2184.00 
2 33.991419 51.50 0.000000 52.00 0.000000 2678.00 
3 52.325323 43.80 0.000000 52.00 0.000000 2277.60 
4 0.000000 51.50 0.000000 52.00 0.000000 2678.00 
5 0.000000 51.50 0.000000 52.00 0.000000 2678.00 
6 0.000000 51.50 0.000000 52.00 0.000000 2678.00 

e 7 0.000000 51.50 0.000000 52.00 0.000000 2678.00 
8 0.000000 51.50 0.000000 52.00 0.000000 2678.00 
9 0.000000 51.50 0.000000 52.00 0.000000 2678.00 

10 0.000000 51.50 0.000000 52.00 0.000000 2678.00 
11 0.000000 51.50 0.000000 52.00 0.000000 2678.00 
12 0.000000 51.50 0.000000 52.00 0.000000 2678.00 
13 93.205545 43.80 0.000000 52.00 0.000000 2277.60 
14 55.610844 43.80 0.000000 52.00 0.000000 2277.60 
15 82.317264 38.60 0.000000 52.00 0.000000 2007.20 
16 65.262600 37.80 0.000000 52.00 0.000000 1965.60 
17 32.648668 37.80 0.000000 52.00 0.000000 1965.60 
18 33. 071324 37.80 0.000000 52.00 0.000000 1965.60 
19 146.648896 37.80 0.000000 52.00 0.000000 1965.60 
20 74.964335 37.80 0.000000 52.00 0.000000 1965.60 
21 0.000000 37.80 0.000000 52.00 0.000000 1965.60 
22 114.508219 37.80 0.000000 52.00 0.000000 1965.60 
23 32.686620 34.70 0.000000 52.00 0.000000 1804.40 
24 106.960871 35.90 0.000000 52.00 0.000000 1866.80 
25 38.963527 36.00 0.000000 52.00 0.000000 1872.00 
26 26.019060 35.00 0.000000 52.00 0.000000 1820.00 
27 0.000000 40.00 0.000000 52.00 0.000000 2080.00 
28 15.386374 40.00 0.000000 52.00 0.000000 2080.00 

......................................................................................................................................... 
EARN EARPWIC EARPWlCR EARPWlCR EARPWlCR EARPWlCR EARPWlCR 

(S1000) (S) (RATE) (RATE) (RATE) (RATE) (RATE) 
1970·79 1980·84 1985·89 1990·94 1995+ .................................................................................................................. 

1 1131.2 15463.2 0.037300 0.037300 0.000000 0.000000 0.000000 
2 46768.9 26823.7 0.013110 0.013110 0.008200 0.019100 0.005970 
3 139.6 44184.8 0.026540 0.026540 '0.001080 0.003350 0.006000 
4 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
5 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
6 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
7 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
8 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
9 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 

10 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
11 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
12 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 

e 13 51569.6 58439.2 0.005830 0.005830 0.008660 0.003480 0.003300 
14 65086.3 46312.1 0.005830 0.005830 0.008660 0.003480 0.003300 
15 16509.8 26878.6 0.005090 0.005090 0.016730 0.010460 0.009730 
16 624.0 55113.0 0.036770 0.036770 0.006670 0.005990 0.005810 
17 5311.4 29364.8 '0.007620 ·0.007620 0.000570 '0.009550 '0.004550 
18 9102.6 26986.8 0.029000 0.029000 ·0.010150 ·0.008940 '0.003260 
19 282.5 32224.0 0.028280 0.028280 0.018950 0.023590 0.009380 
20 25621.2 35556.8 0.011530 0.011530 0.023670 0.013310 0.014200 
21 0.0 0.0 0.028930 0.028930 0.022510 0.016710 0.011800 
22 41098.3 46843.4 0.016130 0.016130 0.017510 0.009460 0.008400 
23 117458.1 24459.1 ·0.003240 ·0.003240 ·0.001560 0.000370 0.001780 
24 32705.1 27835.6 0.002840 0.002840 0.011300 0.006530 0.005870 
25 18350.0 29968.6 0.003570 0.003570 0.012910 0.010410 0.009580 
26 75294.6 21022.9 0.025240 0.025240 0.009700 0.006750 0.005130 
27 0.0 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 
28 560672.7 34276.1 0.027650 0.027650 0.014150 0.011380 0.011150 

· ............................................................................... 
SGEMP FCEMP FMEMP RSGEMP RFCEMP 
(NO) (NO) (NO) (RATE) (RATE) · ............................................................................. 

6452.7 2768.6 6268.0 0.076056 0.000000 

.......................................................................................................................................................... 
PIT PITM1 UNCCIIPI TRANPYR PROPINR PIEARNR peER EARNT PCET peETMl 

(S1000) (S1000) (S1000) (RATE) (RATE) (RATE) (RATE) (S1000) (S1000) (S1000) 
· ......................................................................................................................................................................... 

13m08.2 1316316.2 0.000000 0.000000 0.000000 1.290320 0.952800 106m6.0 1062013.4 1002104.9 

............................................................................. 
LBFT EMPLOYT EMPM1T UNEMPT PIDITR 
(NO) (NO) (NO) (NO) (RATE) 

........................................................................... 
36342.4 33386.7 32344.7 2955.8 : 0.846775 

· .................................................................................................................................................... 
'IALADR IBTR REGIMPR BUSTAXR PCHITR IMPORT ACNETBI BINCHR 
(RATE) (RATE) (RATE) (RATE) (RATE) (S1000) (S1000) (RATE) 

....................................................................... _ .............................................................. 
1 0.421011 0.016679 0.445246 0.273800 0.000000 2719.0 1657.7 0.000000 

e 2 0.550761 0.059800 0.309688 0.181100 0.000000 49152.2 37177.9 0.000000 
3 0.558831 0.000000 0.345759 0.093000 0.000000 130.2 104.5 0.000000 



4 0.000000 0.000000 0.000000 0.113000 0.000000 0.0 0.0 0.000000 ;";-1):-
5 0.000000 0.000000 0.000000 0.113000 0.000000 0.0 0.0 0.000000 
6 0.000000 0.000000 0.000000 0.113000 0.000000 0.0 0.0 0.000000 
7 0.000000 0.000000 0.000000 0.113000 0.000000 0.0 0.0 0.000000 
8 0.000000 0.000000 0.000000 0.113000 0.000000 0.0 0.0 0.000000 
9 0.000000 0.000000 0.000000 O. I 13000 0.000000 0.0 0.0 0.000000 

10 0.000000 0.000000 0.000000 O. I 13000 0.000000 0.0 0.0 0.000000 
II 0.000000 0.000000 0.000000 O. I 13000 0.000000 0.0 0.0 0.000000 
12 0.000000 0.000000 0.000000 0.113000 0.000000 0.0 0.0 0.000000 
13 0.325274 0.012560 0.428298 0.096200 0.000000 80233.3 8080.0 0.000000 
14 0.490206 0.012970 0.374663 0.317200 0.000000 66691.8 23374. I 0.000000 
15 0.278967 0.017838 0.591377 0.281500 0.000000 60017.9 11203.1 0.000000 
16 0.535909 0.032740 0.213211 0.161200 0.000000 309.7 '168.4 0.000000 
17 0.708285 0.061232 0.174715 0.229700 0.000000 2028.0 1602.9 0.000000 
18 0.593881 0.024688 0.155299 0.330700 0.000000 3405.1 2232.0 0.000000 
19 0.222657 0.009721 0.521044 0.361000 0.000000 1316.5 21.3 0.000000 
20 0.312715 0.032588 0.488815 0.168900 0.000000 51900.4 '14189.0 0.000000 
21 0.000000 0.000000 0.000000 0.493300 0.000000 0.0 0.0 0.000000 
22 0.507647 0.023164 0.450000 0.257000 0.000000 88862.9 83506.4 0.000000 
23 0.706810 0.141245 0.173020 0.407000 0.000000 49005.2 47367.4 0.000000 
24 0.754610 0.121553 0.170848 0.418100 0.000000 40081.9 171116.8 0.000000 
25 0.69n41 0.007970 0.202020 0.32nOO 0.000000 9022.6 26816.1 0.000000 
26 0.502004 0.019634 0.357603 0.350400 0.000000 60650.6 2406.8 0.000000 
27 0.000000 0.000000 0.000000 0.000000 0.000000 0.0 0.0 0.000000 
28 1.000000 0.000000 0.000000 0.000000 0.000000 0.0 0.0 0.000000 
~ ..................................................................................................................................................... 

PRCAP CAPPRR EINVPR RINVPR PCHCOIt OEPRPR 
(S1000) (RATE) (SI000) (SI000) (RATE) (RATE) 

.................................................................................. 
1 15360.7 1.575913 0.0 521.6 0.000000 0.086253 
2 527128.8 1.595627 0.0 16661.3 0.000000 0.098073 
3 1281. I 1.721874 0.0 40.3 0.000000 0.101969 
4 0.0 0.000001 0.0 0.0 0.000000 0.000000 
5 0.0 0.000001 0.0 0.0 0.000000 0.000000 
6 0.0 0.000001 0.0 0.0 0.000000 0.000000 
7 0.0 0.000001 0.0 0.0 0.000000 0.000000 
8 0.0 0.000001 0.0 0.0 0.000000 0.000000 
9 0.0 0.000001 0.0 0.0 0.000000 0.000000 

10 0.0 0.000001 0.0 0.0 0.000000 0.000000 
11 0.0 0.000001 0.0 0.0 0.000000 0.000000 
12 0.0 0.000001 0.0 0.0 0.000000 0.000000 
13 53701.6 0.189761 0.0 2667.7 0.000000 0.014606 
14 51715.9 0.216846 0.0 2100.4 0.000000 0.014224 
15 57896.2 0.511676 0.0 2186.6 0.000000 0.025854 
16 3995.2 1.804210 0.0 142.0 0.000000 0.101598 
17 34648.3 1.849920 0.0 1086.3 0.000000 0.095147 
18 61550. I 1.753524 0.0 2013.8 0.000000 0.095113 
19 8324.4 1.755599 0.0 146.2 0.000000 0.096029 
20 266512.0 1.812750 0.0 8669.3 0.000000 0.088318 
21 0.0 1.893806 0.0 0.0 0.000000 0.100076 
22 1224178.1 2.850479 0.0 18586.8 0.000000 0.097697 
23 183713.3 0.504319 0.0 6445.5 0.000000 0.024290 
24 140603.2 0.451596 0.0 3403.5 0.000000 0.015634 
25 28591.7 0.342219 0.0 1794.4 0.000000 0.027599 
26 352129.4 1.157733 0.0 6605.4 0.000000 0.040649 
27 0.0 0.000001 0.0 0.0 0.000000 0.000000 
28 0.5 0.000001 0.0 0.0 0.000000 0.000000 

.............................................................................................................................. 
PACAP CAPPAR EINVPA RINVPA OEPRPA 

(SI000) (RATE) (SI000) (S1000) (RATE) 
..................................................................... 
1 0.0 0.000001 0.0 0.0 0.000000 
2 15350.8 0.046467 0.0 15.5 0.003138 
3 34.7 0.046654 0.0 0.0 0.003239 
4 0.0 0.000001 0.0 0.0 0.000000 
5 0.0 0.000001 0.0 0.0 0.000000 
6 0.0 0.000001 0.0 0.0 0.000000 
7 0.0 0.000001 0.0 0.0 0.000000 
8 0.0 0.000001 0.0 0.0 0.000000 
9 0.0 0.000001 0.0 0.0 0.000000 

10 0.0 0.000001 0.0 0.0 0.000000 
II 0.0 0.()00001 0.0 0.0 0.000000 
12 0.0 0.000001 0.0 0.0 0.000000 
13 200.6 0.000709 0.0 0.0 0.000055 
14 0.2 0.000001 0.0 0.0 0.000000 
15 2484. I 0.021954 0.0 5.5 0.001505 
16 31. 7 0.014329 0.0 0.0 0.001089 
17 312.2 0.016668 0.0 O. I 0.001143 
18 563.1 0.016041 0.0 0.2 0.001134 
19 76.9 0.016224 0.0 0.0 : 0.001152 
20 2371.9 0.016133 0.0 0.9 0.001040 
21 0.0 0.017455 0.0 0.0 0.001200 
22 40742.0 0.094867 0.0 22.0 0.003471 
23 209.5 0.000575 0.0 0.0 0.000035 
24 0.3 0.000001 0.0 0.0 0.000000 
25 31.7 0.000379 0.0 0.0 0.000041 
26 430.7 0.001416 0.0 0.0 0.000070 



27 0.0 0.000001 0.0 0.0 0.000000 :-i-I) 5 
28 O.s 0.000001 0.0 0.0 0.000000 

..................................................................................... _-_ ..................................... 
MANA· PROFES TECH· SER· INDUS ClER· 
GERS SIONAL NICIAN VICE TeCHS I CAL SALES FARM 

................................................................................................................................. - 1 0.054500 0.111380 0.029130 0.034880 0.075310 0.058070 0.007530 0.629210 
2 0.119890 0.134140 0.081950 0.028090 0.475790 0.145670 0.012790 0.001680 
3 0.119890 0.134140 0.081950 0.028090 0.475790 0.145670 0.012790 0.001680 
4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
5 0.00000D" 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
6 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
7 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
8 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
9 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

10 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
11 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
12 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
13 0.102610 0.034740 0.022170 0.016000 0.n8800 0.089740 0.004420 0.001520 
14 0.102610 0.034740 0.022170 0.016000 0.n8800 0.089740 0.004420 0.001520 
15 0.086000 0.043190 0.021550 0.043580 0.585560 0.096340 0.058170 0.065610 
16 0.126170 0.013740 0.107080 0.059270 0.394540 0.265890 0.030160 0.003150 
17 0.126170 0.013740 0.107080 0.059270 0.394540 0.265890 0.030160 0.003150 
18 0.108370 0.004380 0.001640 0.017520 0.n0310 0.140670 0.007120 0.000000 
19 0.126170 0.013740 0.107080 0.059270 0.394540 0.265890 0.030160 0.003150 
20 0.126170 0.013740 0.107080 0.059270 0.394540 0.265890 0.030160 0.003150 
21 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
22 0.143140 0.121280 0.on310 0.033030 0.363680 0.237960 0.027940 0.000660 
23 0.127270 0.017810 0.004760 0.194890 0.201590 0.111940 0.341320 0.000410 
24 0.259900 0.017890 0.013240 0.029820 0.018960 0.424740 0.234490 0.000950 
25 0.190190 0.116530 0.040160 0.299830 0.078100 0.228870 0.046320 0.000000 
26 0.106360 0.382090 0.031890 0.224950 0.086240 0.154700 0.011800 0.001980 
27 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
28 0.210040 0.144710 0.081330 0.121550 0.130160 0.297650 0.009180 0.005370 
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