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ERRATA

A= ((Y* XZ) (v*Y)) / ((NS**Z) - (X"Z)) should be
A - (((Y*XZ) _ (X)) * (X*Y))) / ((NS*"Z, _ (X"Z))
First Ilne - 41000 should read 48000.

Bottom - Vis substituted for PV in the formula

P& - V» P - (d*V*T) without comment and is changed

back again on page 86, again without comment.

GMC = ....... should read:

Qmc otherwise

The phrase "different than" is wuae-1 in pages 21
and 120.

Second last line: "past" should read "last".
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3) jpolojic and physical : ai and

) eculiar co .t,inj -1““entu«
b b

1
Th'*  "otlnl 1.3 in inr.t ru nntal rU for workinj upon the ;-
fact s accordii;j to t r.elecU d oininj proposal ¢ Tbo.ie m; .t
data are ter.olvod i the .oiol fro.i the co plox nine
structure into simp': c; ;on nt.; for the exact determination
of an open ;it linir ; elation# Cona-*ju nlly, the eel 17
constructed to le u "total systuas" analogue of an open »it
mine*  The Itotal s/s<e sManilojue i1a a duplication of the
interdepend fit ec >no: ic, oath ecatical, "ininj and d ijn
concept . for 1inj thoint ,ial a; on tit .nininj conapt®* In
thi-; way, the dap«»%d nee <f the confutation . on one mother
were accountol fof .o that t .v Mol!lel would be t re11l1 tic

duplicate of 1in actaal ;en pit mine*

Th** r.edel produces 4 ;oiiovin j information which akej 7;
the cle ent.; > throp 1 fit iftiuj .solution*

) A mineral jrala c :t-of £ joint 1is ca&utel to aike th'*

ore or wt .to . cii>* Thi . cut-off ,radedo. -mu.; on
the liner il at of th*? at rial exposed far ni.iin-j
at anyjiv nti <*and th * current v.luo of c,ots and
sol 1inj fi ic . t such ti « Consequently, it Ls
co.:ju r(*d on «n ma il basis*

2)  The fir 11 pit .u; t.iun 1is de ,i ji:ade This surface is the
re .alt of 1* in t ot jivon dopo.it* The surface s
dO>i ;n * to acal v  »i<* x| j. total TJlofite

3/ The pit prod) i nis ;i uiate! to jive the oxc ivati on
ti" of t itriil within the final .it. suit ace, and
annual toi >t aj :.ic rips of tiu* pit*

ti) Produc* i , ¢ t an! i"*venu *schedules are t.ioduceu on
an annual basis*

Thi ,relation 1s rol ic(?d to atad/ Mp»c wayin wnich the
depo »i4d1. <ytloit 'i m fasts to the alternative niinirij
proposals™ Th I *let ion 1 ; coi sit *d L/ cuistputinj ehe pi >fi-
talil. t/ of < L .1l .tion  fit) an ana »/sis. of 1:.. * sa

sjuner 4 d»

9

The ,01-1° ti wi 1’ a;lis 1lion 11<: is t inv.4%j i41i m
of its s™otion t> :xiit)it tho Jivsn ninoial cepos! t in*.



t.u. io.lutionls profitability* In this way, the us * seeks
to become intimately acquainted with how the [.articulai
°I1°s11 behaves through adjustment c¢* the mining proposale
Iwo opposite extremes of the range of situations which can
bo evaluated by the Model are:

' examination of a Ionj term proposal that may cover
tlio entire 1lift of the mine, and

2) the examination of * short term proposal, for example,
a two or ILL * year project to mine an additional
section of an existinj nine*

To :uke those investigations, the mutual relationship bet-
weei » thconstituent parts of the mine structure are
simulate’', to establish the peculiar nature of the jiven
dejcsit* fho simulation is a computer analogue designed to
account ior the ;hysio-econoaic differences between depo-

sit.;* The pit and deposit ire simulated with a computer
analogue of both a throe dimensional network of lines and
specially devised spatial data sets* This analogue 1is used
to imitate the physical structure ofthe deposit's mineral
distribution ind topography; the pit surface; the important
geologic features; and the spatial distribution of any
density functions*

The three dimensional network of lines creates a gril of
interrelated Mocks or intersections for which <certain
vaK.es are calculated to describe the leposite Th> grid
-intersections are the geometric centre of the -grid-blocks
formed from perpendicular planes bisecting the lines between
adjacent gtid-intersections®* The following elements of the
mine and deposit ate simulated wusing this grid system and
the sp tial lat i sets:

) loiojraghy and oology: Computer programming techniques
are devised to make the grid system resemble tne
topoji aphy m1 it atant geologic features*

2) Mineral Distribution: The deposit’s mineral distribu-
tion is ululated b. forecasting the division, arrange-
ment and dispersal of mineral values through the grid

sy: tom*

3)  Value Distribution: Tuo cash value of each u id-Mock
is cal .ulated with the standard cost .method* The
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jiid- block vtluoij include all costs and revenue accrued
by thv production of the minerals occurinj in the
la;ticului jriu-1 locks* The standard coat method is
devised by issijninj u standard cash value to the
irid- blovk in yrc; ort.ion to its nirvrul content* Then,
this .it tniii ! 1s adjusted accordinj to the specific
conditions under which the particular jrid-fclcck is
m nod* K. exanp.'.o, thestandards coul 1 he adjusted to
vny with location, metallurgical penalties or time*

U Pit Production .lethod: The put production is sin ilnted
by imitating the real sequence or jtiu-block excava-
tion* A recoi l 1is kept of each yrid-llock excavation
bl ce t>nual productionschedules and top ojrap hie
maps ate computed with this time recorde

The si ulatlun of the deposit's physical stricture and pit
production 'ot>d tailor ; the Model to the user's uoposit*
Or.ly sir pie rodification mare repaired to adapt the simulu-
tici.; to a different deposit or pit production rethode This
flexibility wasan objective in the desijn of the MoPel to
insure that no loss of accuracy would occur frow the
physio-oconooic lif ferences between ilneral deposits*

The Model is <ci[alle of producing an open pit mininp
solution when exploration drillinj has delimited the extent
of mineral I.at ion* The profitability of this solution 1is
measured with a cash flow analysis* The solution and its
potential value are exanin-u m terns of the user's needs*
Thi ; anti vsi . can be rerun rep mtitalively as additional
information i.'co- v; available from further drilling* The
solution conp ite'J by the ;:o.el becomes more accurate s the
ex;l nationdita increase* The exploration wort can be
controlled by makinj th<* decision to continue or not at each
anulysi . of the ever Increasing exploration dilae Ultima-
tely, the final 1 "i .iot is .de to sine the deposit or not,
when the exp lor iti >n data yieldsenough information to
achieve the lesir --d accuiacy level*

The Model 1. loseribad with a detailed account of its
character! ties in ‘I following Chapters®* The literature
survey in Charter 2 describes ttv current practices of mine
planninp an 1l pit der.i .n* The Model i presented I/ descri-
binj ihr coi ;traction and derivation of its parts in
Chapter.. a- 1 6* Cliupiers ~, b and A list the Model's
cob-utt i io,lane.* ptojiamne listings follow the
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s E T i ftH K & .-y tS S N S "tt'is s s s
irovi 'on Lei ° ~contains a criticism, the limiting
r 1 ,;ono recommendations on the hodel* Finally,
'1 0 I"mii<>ncec ai ieuro, in Chapter 10*

T o unt 1 - L o jv.imnios used in the Model were written in
JaLr/i 1* 1i1,,aj0 which consists of the set of statements
-ir¢ fUVSystem/160 FORTRAN IV  Lunjuajv” (2) ¢

' .17 1 1>i/ of expressions which communicate the
*! >1 a run.; rejuried fro:: tin? c -ipiutc-i * The leans used to
initiate an 1 control the ;rojra , used in this thesis are
dt suri.ed in "T. M Systen/360 Operatinj System Job Control
r nilJ,i? ( Thl* control lanyaaje is the method of
co.'jUH.inj t e coTput r to execute the action tc juiced on a
particular Ilojra-i The Chapter; listinj com; ater ifojra-

mmf's contain tho following information:

A 1 ~sf °  rteps required to prepare the programmes for
execution;

2) }[l,,, chronological description >f the programme comouti-
icus; r

3). a programme 1'st and notes describing how the projra-
rr0« ate tailored, fot different deposits:

y) d Jiosj »ry to dofi . the FORTRAN variables; and

5 a list of the job control language for the Mine Plan
Programae only-

The following !i -cus;ionn assume that the reader is familiar
with and the job control language*



CHAPTER 2 LITERATURE PURVEY
a§ ===-===-=~ -='==a’\ss ======5-5-

brod | vif«' of tlio customary nin * iltnninj ini {it dc.i. ;n
met.aodi, is ;resented in "Sui i ice Mininj" ())e It is the nost.
recent dn'- inclusive suosat/ of the generally accented
suit ach ain fi” practices®* The two articles in the book which
ate applicable to this thesis a*e "Preliminary Evaluations ¥
/ W* ** Sun(le >n, {ijo "4, and 'Pit Planning and La,out’ Ly
A* Seder boij and D* o* Rausch, pa.e 141*

Sunaeen describes the factors required to evaluate an open
pit lining tonfire* He states: "The followin.; outline lists
the Lisle factors®* which must Le taken into account for a
preliminary evaluitian of a prospective mine:

1) Gcolojy,

2) Kininj con litions,

3) Economic analysis,

4) Ore treatment requirements,

b) Geojraphy,

6) Ltjal status o land and ninrnj rights, ind

7 Historical, political and sociological factors*"

The evaluation of any potential lepos t is uplrte]J conti-
nuously is vlditional data becomesav liable from -x,dota-
tion of the fictor 3 in th* abovelist < Consequently, the
point where 1i;teli tinary evaluation de/el ops into a compre-
hensive evaluation 1 j; peculiar to tfc®™ individual makinj the
analysis' The bodel described Ly this thesis is capable of
takinj over the continuously expanding evaluation at the
point when exploration drill inj has marked the boundaries of

fcinetalizition*

The first five it;#s in Sundeon's list are used by the Model
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as
tion

pSsillliSb1l!

It Gurf ‘C' ,nsi jneu with t!,i IOJIC constitutes 1ill
" 10l,;t ' “hicn define thf' ore houndaty* These lit Haiti,
aie found in the following manner:

" 11:? d«'|O1iit 1i.. divided into sections, for exarzle,

11lu..trated in Fiy 2,1* The section's vnC

lou a:, confern jenvrally to the final jit shape* The
boundaries are formed by the cuts which divide the

;ejo it into ..nation ,* To simplify the calculations, the
sect ion:, a: * a...u to Le two-<iri*naiona l by eliminating

dii' ion eij«:idi<*uldi to the side.,* These consecutive*
two-dimensional sections are assumed to I»e soali rnou;h
parts of tv> lke;osit to dj rtoxi: ate the fir.a* jit ji lTace#
An oconoi ic linit is found for each section by aovin its
end boundaries in inct< i-nnts to the Uouk-oven joint between
profit tnd lo., ;» The jit lioits of *ach section are 1iefined
when the confijut jtion of end boundaries produces tie

Y.

breiK-rven in'* ci:1ll,, tI *1i :.t . ot ad ,accnt .c'i
are smooth.- . so *-.at they do not exceed the illowahle safe
wal 1-unj I.> Th" r*;;11;tj ,it ITill is bocoae the *inal .it
surface*

This 'j it 1111t concept of pit design 1 a marginal
cx-i.ninati > for the boundaries : yond which the dejosit's
mineral izuti >n cot jer. to 11 ,cofitalic* The d.-sign of th.
final pit surface at the marginal limit I tween ore an 1
mineral i% it. m 1 ; not *hoi oul objective* T: -+ atjeeti

shoild o to fin’ the final ?it surface yielding the maximum
total profit* An ithot obstacl in the 'ji11 li-ats* design



A VERTICAL SECTION

A. PLA;; VIEW

END BOUHi)ARIES

B. SIDE VIEW OF A TYPICAL FICTION

FIG. E.l DEI'ION SECTIOB3 OF THK 'PIT LIMITS' OI'C T



concej i.; ‘hit th» boundaries ai - determine' se; arately for

each -..actione+ "hi:; de”ijn 1; rathat like examining eich le
tain, of a throe-lejJed ;tool  to irncl out which lej

-ujjoit.s  the ;toole If the .D»js were examined by idolatinj

thei individually from the ayscam, the conclusion would bo

tu.it each lej alone holds the stool uyriijht* This 1is
foolish, of course, but the ri-jht conclusion, that all three
eV’ ?10 necessary to hold the stool wupriyht, can he made
on.y if the stool is examined as a total system* Similarly,
there are inherent errors in the sectional approach to pit
dosijne  che section’s larje size and the two-dimensional
assumption mor their r.jjnitude over-simplifies the uo: i;n,
whic), creates the following errors:

I) The sections do not simulate the tit shaje us the ;it
is excavated; :ach section 1is evaluated independently
on its own mineralization®* Consequently, the economic
potential of any mineralization occurinj in a section
must include the cost of exposing that mineralization*
However, the sides of the sections art; formed with
planes that do not <coincide wits jit walls ot the
excavation®* The sid.s are commonly vertical a:, shown in

rij* 2*i* "hv difference between tlese sides and the
actual jit wills is not considered in the evaluation oi
each section®* Therefore, tic potoitial value >f J

particular section does not include the exact over bu-
rden sir ip; inj costs* Consequently, the designed pit
limits will To yreater than they should be*

2) The -economic boundaries found for each section must be
smooth" to pet the final pit surface: Often the
boundaries of adjacent sections differ enough to make
the wall-anjlcs between sections exceed tho allowable
extra*/"* If this is the case, the section boundaries
arc smoothed to achieve the safe wall-angles®* This
smoothinj alt. rs the :it limits and the final surface
is no lonjor the result of tne design concot*

3) The sections ire too bulky to simulate the deposit's
stractuial features: Tho sections ate not capable of
readily responding to the influence o/ structural
features on the &t design, pit production method, or
the cash value and ore riserve <calculation i* For
<xami .-, te[oji,jhy, Italt zom-s or an irregular mi-
neral uir.tribution arc difficult to manage with th *
regular shija w the sections* Additionally, tiie sec-



PAGE 8

or::;, won]’ bo difficult to construct for deposits
K- iuir mj vutlihla intermedi ite and finul wall-anjlese
v e.ov ; lort., y, the jit desijn loses accuracy throw jh the
t.ir. 't.;o.an hije of the sections*™

K' 1n? 1 analysis, it can be understood that the ’pit
"’"[In?on<:eil is unacc rjtable for two reasons*
.11 A Il jinwl i*éll objective is improper because it
1 basis for n-txinizin.j profits* Secondly, the
r,c 10:1 " 1 ii 1 design tcol are inflexible and not

rej resent at ive of an actual ;it*

?e T* Pana(7) su; jests the following pit design nethod

.o ( ovVerco sono of the disadvantages of the ’pit
Herts’ design concept:

(on.;*t ; et a three-dimensional grid system to simulate

the ie; o -,it* The 1jd systea forms evaluation units or

e "m * Th* 11d-1 lock., are smaller, more versa-

til<* ana mote representative evaluation units tha- the
EMI( °n e of tbe ’jit lieits’ design conceit®

J) litimat ¢ th* mineral grades for each g t blocx by
intvrjo.allor. f io: the hote-hoie samj le:>*

3) Evi*u te each ;t id-! Jock "by weighting the recoverable
( itnr.il ) against the total costs including 1 minimum
accej tifle profit but excluding :,tri{jin; related" (7)
to the g i1d-29ock*

ti) Classify tie grid-block as ore if the evaluation 1is
posi Livi , or as wrote if negative*

*) Cm .truct r“toval incre enls fro,, a fimily of overlaj -
ping cone ¢ Th« ge metiy of the pit is "approximated by
a ,rtif of int ?iconnecting cones**** The material
cont aii ;»d within each cone is defincd as a removal
iftcrvrf-nt*" (7)

6) Tot si  the rid" block wvaluoc, occurring in each removal
inet i men 1*

7) In<1.> t> ?c¢ >vil incroai-'ntu in th* jit with a total
jo. tiv' wvili and exclude those with a total negative

viluee



The jrou{ of rojitive removal increments forme, the tinal 11t
surface*

lana's [it ‘1"si jn method solves the following two di.ud van-
tarjes of the 'jit limits' Uesi-jn concc: t: lirstiy, the
tcrl n of wa .to lti,iinj <costs is distributed to the
mineralization exactly® Th- three-dimensional removal incre-
ments sinulato the jit sha;e, whereas the two-dimensional
sections do note Secondly, the <rid system responds to
deviations, in t!® deposit's mineral distribution, structural
fcature.; and tooojraj hy*

However, land's jit desijn method does not jrovile for a
aximu -ro it o) j ctive* K* Lerchs and I* 5% Grossman (5)
stale he objective is to v.ovijn the cuntoui of a pit so as

to Maximize the uiffi?tence between the total value of ore
extracted an i it. » total extraction cost of ere and waste*"
Ltitchs arc Grossman (5) avel derived th<* theory, in the form
of < ji “h aljotitii', to I siyn the final jit surface .hich
vilh  violu th- maximum jrofit from a jiven uej >site The
theory 1. an aiith etical set of rules designed to find the
maximum va.ue of the points in a special jrajh* This ,raph
is doscrif d and defined by ore (o) as follows*:

"The I-1 ',raj L* denotes s< ethinj juite different from the
graphs you nay tv fa iliar with ftor analytical jeoeeti) or
function th orye The kind of jtalh you trotal ly have dealt
wit) consisted of tho set of all joints in the plane whoso
co-ordinate. ?,Y), in r.ot.v co-ordinate aystv; , satisfy an
e juation in X and Y* Th* jraj h» (in the (resvn' context) are
simple geometric figures consisting of joints and lines
connecting so*« of these joints; they are sometimes called
"linear giajbi*' It is unfortunate tiit two different
concoj t. h* a: the 1an ¢ na;e, tut this tor inolo.y 1is now so
well *;t.i! lished that it would he difficult to change it*

Definitions (See Fi,» 2%*2):

Graph: A figur * consis'i ng of join' ; (vortices) arc segrants
connectii;j :ore T t! ssv ve; ticu:;;* (The connectin . sog ,ents
may [“ straight line s< ijents or curved segments and are

called <« go *)

Directed G, ijh: A graph with directed edges* The directed
ojgos atv call"! ai






PAGF. 10

fot -

v/, ' V-° e« V 70 civi™*”N into a set of volume elements

ol.toLn> 1 « ( 1 *fon can [ ,uit . itl.ittatb it may also be

- " j . IIni  tOl 7(I) t> 1 unit volu 103 doi ined by a

v'(I) T nlsnll10" , vt U ¢ :iS-inclatu  to «-=- 'ol” e "lea nt
n(i) = p() - c(i)

¢ rnd " (I) 1ir< thQ aino (revenue) and the extrac-

elcimt V() e+ Let each eLemont /(I) be

l; * wvertex V(i of a yrayh. Diaw an arc

A@G) 1 y- V({J) 13 aljacent to V(I), that is, V(I) and
v > 11 1Vlst one t°int in common, and if the miniuj of
volune (1) is not permissible unless voiuwe V(7) is also
mined* 1fl thus >tain a directed three-dimensional jraph G =
X A with a set of wvertices X and a set of ires A* Any
.oa.ii!. 1' cont our > tie jit is represented bz | "closure* of
» that is, a set of vertices Y such that if a vertex X(I)
helots tv Y tnd if the arc X(I) ,X(d)) exists in A then the
vert 'x a(J) must also bolonj to Y* If a mass .I(l) is
associ it- 1 to each wvertex X(I), and if K(Y) is the total
mass of a set or vortices Y, then the problem of optimum [it
desi m comes to tindiny in a graph G a closure Y with
naxi in ass or, shortly, a maximum closure of G*" (See Fije
2« 2x»)

This iaxi ni* closure is found by following a set of rules
which identify the vertices ot JLid-Mocks existing within
the final jit surface*

The graph aljorith designs the final pit .ut face with the

cash vilur and ext* ctioncost liven for each ,rid-blocke
his  jivi-n infir Mtin roj resents an assertion  ofthe
econoai' circi ;ta:ice. und-i  which the deposit exists*
Letchs 1no 'rovsnin ', of xve, however, that "besides jit

design, jlanninj a® P>u on questions iuch .is:
1) what u; grading plants to install;

2) what juantiti s to ext:act, as a function of time;

3) what 'inin, methods to u:,e;
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*) what market to select; and

f 11 .n:Noitation facilities to provide*

Muplll. ** P11 intitrite relation .hip between all the above

¢ 1 to consider any one component
la‘V,” * «* “if honatical model takinj into account all
] 1 T-at iv.':; -~-1mult tn-'ou ily would, however, be of
1 f .d;,a it'"" solution would be beyond the means

oly Li res el:nlt knowhow*-"

I A/ in mathematical knowledje is overcome by a
tochnclojic.i i levelo; ner.t oi computer, mathematical, Si mula-

v i jn not hods* These methods are pto-jrueaied to
constitute the del described by this thesis* They ate
151"« 1 vised to duplicate tho physio-economic environ-
I""* y; an °I ’n Iit n-ine*The Model desi jns, evuluites and
Iiptla 11>plans the item; in the preceding list, in the
fo*. TOWITJ manner:
) - "ho nine environment is jiven by the user in terms of
" proli.t it hot prices, th * mine*., cost structure,

the iplrcxi mate production capacity and the pit produc-
tion method*

?2) The Model perfor.rs the following functions:

A* selects the exact (reduction capacities of the
u; ji idinj pi int .,

B* compiles annual production tar jets and cut-off
gra im ,

C* desi 3ns the final ,it surface,

D* si nil ateath' (it ;redact ion method to jive i
ti -" andlocation record of the innuil produc-
tion, and

;¢ conduces the profitability of the venture*

lor ;0 >"rnin; attritions, it will be possible to vary the
environ until condition . 1i.tod in the first subi arajraph*
Thoso son iition.;, wni h are wvai iabl , are chanyed one at a
time to find *Wi1-11 dilution (oi exploiting the user’s

deposite Tie'id >al solution is chosen i. the user frvn the
combination of environ intil conditions yield inj the jrea-
lest |iofit, a; co. | ;t : by the Model*

There is one last open jit dusijn reference that should be
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n'lonticm"#» AR 'Ui t.ran ani C* Ge Varraa (1) havo written a
I'aper  iesciibinj an open it design modei wiich alco is

has 'd an  the Lerch . o.;nj d 1 jotithm Their model
i>trform- only the doj 1j; funtit Lon for the final iit wurface*
Adlit ioinally,  th«y sujjestiona for the nethois of

yradoh [fedictiqn and co'jt.ir; that are ata o>ed ia the Model
desct ibed by thi
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CHAPTER SIMULATION CF THE SURFACE MINERAL DEPOSIT
"e=m======0 & =1%S=SZr=S=3===S======R===S====

3% 1 OPENING DISCUSSION

Tho surflew ninoral.leposit jivon b5 the usvr is simulated
to provide a record of:

) tho important structural, joolo;ic and physical featu-
res, and

2*  the spitial distribution of minerals*

The simulation uses a computer analogue of a three
-dimensional “rid system superimposed on the user’s dejosite
This cci[Ut.«t inalo ;ue is devised with three-dimemsional
FORTRAN arrays* The arramy subscoipts corr -spond to the
in"erspacttions o tho oiid -- 2e'*M¢X -a network of 1

furnish ot the array address (I
further in Section 3%*2%

The stl ictut ii, jeolojic and physical features io juirinj
simulation 11" 1ll tlios» which could affect the development
of in open pit aininj solution®* For example, the m'tho: of
mineral ji i.le predict ion uist ho sensitive to the minerali-
zation zon s; which have evolved from different joolojic

ptocossf > (- ;<juentl) , it . necessary to iuentif the
bcunlai ins of these >ue ; so that the prediction of mineral
va 1i-'.; in i ; irticu iui zone 1s not influenc Ly 1 neral

Samples cor.ixj fi > anothet zon * Th o zo s could he
lour iui 1/ i mlt ;, int.iu.J or.s, the water t ,bl< arf. su forth*

The boundari deli titin j thts ¢ rinv-raliza tion zones are
sir alit . hy t oitinj th* ;i >cnee or non-proseice of each
feat ii.e it t> ini -r :t ions of the jrid system’s lino
net wot!;* Th ;imul it ion of these surfaces 1S descr ibed in

Sect ion 1*1*
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) coajputui [r<>,rar,mos .ire discussed in detail
d-'"o ily ' h°w tlie lrojrji'Btis are modifi 01 different

1 n*s lint- network* (The recover ible
winccajs arc those cajalle of Dbein; extracted from the
deiojjt wit.i 1 jrofite) Lich estimate of the recoverable
mineral accuTj; it.on 1is 1 point density in the sratial
dis 1 alL-ut ion o. inet ils* The two computer programmes discu-

in Section i*4 are used to estimate these mineral
accumulations from the samples taken out of the exploration
bore-holcs*
4

3* 2 STLiCTION OF A GRID 3YSTZM

MO J1InM* syt.te i - an imajinary network of lines superim-
pose] on the specified ieposit* T.e network of lines is a
threo-di ienoional arran;e»ent fo.miny a set of reference
points, planes m 1. itions# This spatial reference set is
used to aof Lne the essential nature of the jiven deposit at
the reference points* Any dit.a collected to describe'a point
in the deposit is stored in a datt set by referencing that
data with th co-ordinat i location of the jiven joint* Thus,
the spatial distribution of any value 1is defined with
refer once to the fixed co-ordinates of the grid system*

The spatial "eat ires of the jrid s>stem used to reference
data set., arm lefinv 1 lL.cylow* I'hese definitions are illust-
r..ted in Fij* 3*1%*

) Gii Co-ordin>t 's: The ;ril co-ordinates are the number
of unit interval distances from the origin along each
axis*

2) Gii -intersection .: The ,rid-inter sections ire tne -

joints ¢ >n on to the giid syst -m*s f1x«d net wor < of
linos*
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3 GriJ-1 luc'-550 e cjrill-1 lock boundaries are the plunes
intersectinj tie* lidwjy ioints  between jrid
-imtersections™® "IK jtid-blocks represent a unit nass

deposit in its un.rined state* The jrid
-intersections at" at the jeoneLrical center of the

"rid-blocks*

11 (u;tion: A irid-section constitutes all the jrid
-1 toc:<:;, occurrinj letwoon the jarallel planes which are
perpendicular to any of the three co-ordinate direc-
tions, 1ire centered on any particular jtid co-ordinate,
uuu have a juj o%al to tliu unit interval uistince*

5) Grid-level: A ,rid-level is hotiz< or near]y
horizontal jrid-nvction*

The jiid <co-ordinates are scaled down distances from the
actual distances to create small integer values suitable for

* & su: scrip ts* These ..ubscri* ts Lecome the addresses
for the siatiul .,t.a  sets stored in FO3TSAN art tys* The
seal inj is .n proportion to the unit interval distances?*

t.e

3* 2* 1 GRID SYSTEM TYPF.5

The jtid System is designed by planning the unit interval
distances between jtid co-ordinates and the angular sep ara-
tion h ?t wean the axe * There ate four basic grid system
types which are constructed fro i tie* combinations of:

I) tejalai or irregular wunit interval di ;tances, and
2) rectangulir or non-rectangular axes*

The most com only wusel grid sy .tea is constructed with
re jul trly spaced unit interval iisttrees and rectangular
axes* I ,est- anit inter.’al distances ate eguall/ spaced along
each axis althouja tiivy need net to the same interval for
all aXL * The illustration in Fi,* 3*] is one of these
regul it1/ spaced ml rectangular grid systems* The zero
grid-1 ?wj in 1 signnd to in ;ure that the highest point on
the deposit 1; wuific-11is within the egrid .ystv re

The 1 jjulurly sptee 1 and rectangular grid system 1is a good
simulation f ais.,] v deposits with unifot m .ninetal
guantiti' ;* /> th -ic deposits, gt iloo prediction can bo
Cdlculiied 1/ e .tii.itinj the ini ral guantites in an.
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Idt ticului jrid-levol solely from tho assays occur!nj on
t.iat jrid-Ir v> e+ Hoviver, this horizontal intoi volition 1is
not « dcc>;talle for le%sit ; of which tho jriJ system must
portray any of tho following characteristics:
1) zonal mineral tr inn,,
2) erratic irLneral luantities, and
i)  some s; icific structural fortunes*
Soder hutj ar. ! \iusch (1, ;aje 141) have warned that "Horizo-

nta* interpolations of ore values must be made with caution*
homo ore oodles have a zonal trend with a definite strike

direction; others have or* values trendinj at dips up to
vertical, with :efinite cut-offs .n values nor 11 to the uiv
zones® in such cases, horizontal interpolation of values
wil*  * M ilea-:in j*" For those situations, Soderb- ry and

Ra scb te»coi~>n1 th it the jru }® prediction calculations he
made wit , vertical jrid-tiections and that the information be
tran ;forrvI to th horizontal -jri f-s”ctions®* However, this
purely chanjes the direction of the interpolation calcula-
tion..; and the: ‘fore the sae problems ..till exist, except
in a different dimension*

Another solution to this representation problem can be
formulated by construct,inj grid systems with different

configurations fro the traditional regularly spaced and
reel ing ilar jrid system®* The answer i., to design the jtid
systo - to r<tr eje:t the mineral bearing rock structures*

These yrid s, i.te*s are constructed by:

I) specifying the co-ordinate intervals eyual to the rock
structure spacing, and

2) orientint he grid axes parallel to tho major mineral
trends*

The following two examples illustrate the type of jtid

t'sis which can he construct' d to overcome the representa-
tion piolio * Firstly, consider a regularly spaced but
non-ifetangul it gird system:

The vein deposit an 1 grid :lyst« ; ill astiuted ly the cross
-section view n lig* 3*2A* The grade prediction if minerals
is calculat 'd individually for o..ch grid-level parallel to



SURFACE

VEIN-

CROSS-SECTION OF CROSS-SECTION OF A
A VEIN DEPOSIT NON-RECTANGULAR GRID SYSTEM

FIG. ; .2A A NON-RECTA,'GUI AR GRID SYSTEM
USED TO SIMULATE A VEIN DEPOSIT

SURFACE

CROSS-7FCTJ Cii OF CROSS-SECITON OF AN
A LAYERED DX/OSIT IRREGULARLY Si ACED GRID SYSTEM

FIG. 5.21 AN @i tKGULA LY .0 AC D GR: 3 CYST ft
USED TO SIMULATE A LAYERED DEiOSIT
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v vho ninotal ju.intities of a particular jtid-ievel
are <*sti >atoa from tl.v. Kisay composites taken in that
jii ri"V'« in this way, the zonal lineral trend of the vein
deposit is simulate] to avoid estimating mineral ,uantitics

fr013<1 a..;,1/s taken in different mineral teurinj rock structu-
res

Secondly. consider a rectangular jriJ system of which the
horizon" 11 ;riJ axes are equally spaced but the vertical
axis 1is irrejularly spaced:

The slratitir e-osjt <md jril system illustrated by the
cro: ;-section ,Yew in lij* 3*2.)* The co-ordinate intervals
in the vertical Sir ‘Ction have l,een constructed to corres-
pond to th»* layer thickness of the rock strati* The mineral
quantities of 1 particular jtid-lev**! can be estimated from
the as., i; composites taten from the same ;rid-level* In this
way, as: ly composites taken from different rock layers will
no* 1influence the jr tde prediction calculations*

The .construction of the jrid system to represent the leposit
is riportant to insure the accuracy of the jiad« prediction
calcul 1lions*

3f 2* 2 DIMENSIONS OF THE GRID SYSTEM

The jrid system anl th >co-ordinate interval dimensions must
be coPjitible with both the deposit size and the storaje
cajacity of the co ;uter used to execute the Yo’ele Obviou-
sly, thej yrid sy.,tem mu..t Dbe large enoujh to contain
entit »1j my .it thit co:1} t derived from the deposite The
number oi jtid co-vtainatvs ilonj the axe determine the
total number of jrid-inters*c tions* The lita s”ts create 1 to
describe th« jit and deposit haw a metLet for each of these
gtid-int er; “:tion;* Con »pu-ntly, the unit interval dista-
nces must tl livjo er.oi .h t>  -nuble the computer to
accommodate the data set** The computer capacity rejuirod
for the lat jest \ro;ritme in th Model is tv nt., two bytea
per jiil-int>rs -:tion for th? lata ;ets do..cril inj the pit
and deposit,ind in ad.,itional210,000 Lyt«s foi the
program? » ani re,lining data sets* These capa ity <sti. it ?s
are slightly j-*n r «wus to all )v for uncertain events* The
total ca| i: Ity «coal 1 be tri ime] for 1 jatticulat trial of

the Model*

The wunit interval distances ate designed to yield jtid
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-v.IfK-rk:; . w'.or, * hour larieii cont.iin any convenient anit
amount of the ; it [reluction capacity* This jrid-block unit
1'). 11 ] 1 iffuurenent standard for the mine's tonnage

dn', VO I ’ cor-r atat ions* The -jrid-Mock dimensions should be

ono'i;ch so that the.it* unit tonnujos and volumes can
di..ui itely IM.vtre the nine [reduction and simulate the [it
.suit ice* noref >ro, the vertical and transverse unit inte-
rval uj,;t \ncer; should be an intojar divisor of the bench
height and width at ut forward for solution by the jiven
mininj fto[osale Additionally, the longitudinal unit inte-
lv*1 "'O11d st;toxi *ito an int-j * uivi ,or or the ore
wWor-.inj 'a i'va..;e jer ,ear# In other  wor is, the
[rouuction capacity per year of the smallest excivator
[lannc ; for t ,6 mine should be a multiple of the raterial
wit.,in the jrid-hloc ; Loun Varies* It 1is not. essential that
the grid-blocks be desijne.' in this way; however, it does
facilitate the jit production simulation*

3e« 2+ 1 SPATIAL DATA SETS
The ..data sets wused to describe the deposit and pit ire

adJredsv>; by u;inj the ,ril co-or linat' .; to lirect the
attention of the con, ute* to the storage location of the

data set members* Accor iin thei « is a stcuaje location
corresponding to each value or puuntity computed at the
gri 1-int racctio:. ; r gtii-blocks®* In this way, the density

Of any spatial distillation 1is given at the points defined
by the grid syste -«

There atv two types of uati sets used to store these spatial
distributions®* Th first typ- is j FOILTRAS art xy which "is a
Set of wvariables identified by a single variable name* A

particular variibl* in the atr.i; nay be rdforrel to ty its
po iti m in tie array*** ach variable in thi. may consist ;
of the n oe th-1 array immediately followed by numbers
enclo ,e. in pa: nth so.., <cilluu subscripts*" (2, age 15)

For “x- pie, consilor the m a, named 'VALUE' which has
three subseti.Vi corresponding to the three co-otuinate
directions of th'* j:id ;ysto illustrated in Pig* 1*1* If it
is desired to 1iddi-v;.; tie* joint iensit, of 'VALUE* at grid
co-ordinate i 1, J i inl K - ,, this would be;

VALUE (1,3,2)*

"Crdiniry i ithenatical notation sight wuse VALUE i,j,k to
re res ?nt any ele,n *nt of the array VALUE*' (2, pajo IJ) In
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FOOT AN, this is written as VALUL(L,J,K)-

'

,nl 11J1 ,;<It typo us,si to store the spatial distri bu-

lon£> 1' cuiiel 1 iiioct access lata sete+ Those data sots

on external storajo devices, tor example, a
may notic, 11 ilist ai of the internal computer slot aj«*
T.ieso data iots provide i permanent record and minimize the
inUn. nll 0 lut r .t isje .e]uiiementse Additionally, they

"allow the a;«@ to specify the loc.ition within a ditr set
lia-i  Ww. ;ch lata 1. to !e r 'ad, or into which data is to be
vIiLil"u*" (2, T-ajo 51) The FOTTIAN statements ’RTADI and
'"WRITE' "cause tr insfer of data into or from internal

stora j " (2,,! )* 53) 'The 'E.IAP' and 1XRITEIl statements have
the follow!nj forsat:

*2AD(a*r) li t
WRIT: (a*r) list
wh/?ro: 'a' r 'presents the data set reference number
follow > by an apostrophe*
*t' repr<*s nts the ,ssition of a record within

.V the data s t associate! with 'a'e
'"list' is a series o: variable or array names*

For txanple, the <o' lowin, ' WRITE' statement will caa-to the
internal valu’ of '"GMAr:' to written on data set ten in
location '50C'":

WRITS(10'LOC) GRADE
If it is ' sire! to 'WRIT:'" the point density of'GRADEI at
yi;d co-orinite I = 2, J = Uml K= ], the record
location 'LOGIl is fond with the followinj equation:

LOC=f:i* n.u (F-1) +31* (d-i) #I

Khere; "MT' and '.id' ai« the maxisus jrid co-ordinates in
the 1 and J co-ordinate directions*

For th" jiid .,y..t- o illustra -1 in Fiy* 1*1;

LCC*2%")* (3- 1) +7x (4- 1) ¢2

LoC~ 149
When the 'WRIT"' statementis executed with the coirespon-
ding value . of 'LOC' an. ' RAD:', it will cause the record

to he transfer: d ro internal sto;ij< to the appropriate



PAGE 20

location, on tIK* direct 1iccuus device®

ihu the two dita .je» ty*es--array dnd direct access-- are
cre«itee, to ::i:;uldte  the statii13 distribution functions or

I11¢ a"l' f-oifo -lit* The importance of these data sets is in
t»e construction of a technijuo to correlate the computer

storaje 1iocation of the data set members with their location
in the deposit*

3* 2+« 4 SOKF PROS3AKMIXG CONSIDERATIONS

The grid co-ot :inates and the actual distances represent two
different KMsute lent.seales lor th.- user's ueposit* The two
scales are mix'd in .,o»o of the computer projrajno expres-
sions* Consequently, sealinj factors are included in these
cooperations to convert between actual distances and the
jrid co-ordin it v;* ‘'his is simply a matter of sea linj the
distances in proportion to the unit interval distances
be-*ween jr-: co-ordin ites®* However, the scale conversion
muct take into account tlie anjular separation of the axes,
if a mnon-tectan jular <grid syste i is wused* The way in which
these scale conv-r .ions are made is explained in Section
4%1%*

Complicated jrid system designs should and |rot alLly can be
avoided to Lew'p the computer programmes simple* The inoju-
Idily spaced ytid systems are an unnecessary complication,
if a rejular ,rid can lo dc.,ijned by reducing ill the unit
interval dist incvs to ejual the smallest sijr.if leant rock
layere Then, the thicker rock layers ace simulated by
bull :iaj up th* oi Ml unit interval distances* Additionally,
the mnon-c‘ctang liar jrid can be used convoinently for the
Grade Predi:ti,n Projranmv, and then substitut'd L/ a
regular grid ror the reaaining computations of the Modele
This change 1is mile ?mil/ ,y transfering the point densi-
ties at th grid-intersect ions in the non-rectangular grid
to the ' position in the rectangular grid*

3* 3 siEULA "ion or t;u: lei osit structural puatusss

Most d< .oslt» hav mstructural features that interfere with
some of the Model's computations, as *-xtlained previously in
Section 1*1* These structural features are the rock forma-
tions, topograph;, fault zones, water ttblv, md s > forth.
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Forot kA 7 §ecisioh c?apal\%ilit'y to "rahch" thé ccA)'m'l?)u1£er'
r ,+-% 1" 1. " computations which are appropriate for the
<! Iv ©“ 1 !lyrical —conditions®* This is accomplished by
p oji.i .mirij t,o odel to recognize the regions distinguished
by the structural features*

The following two examples demonstrate the need to simulate
the structural features:

1) Consider an intruded lock structure that has a diffe-
rent ;inorai composition than the remainder of the
deposit* This difference makes it necessary to insure
that assays taken in the two zones arc not used
together to produce the mineral grade predictions*

2) Consider a pit surface whose safe wall-angles depend on
the relative ~ciientation of the pit walls ‘to the
be Ming piines of the rock formations* The variable
safe wall-angies make it necessary to define the ~it
zones lir ited by a particular safe wall-c "jle*

The shape of any structural features car be simulated to
make a computer analogue of the |it and deposit®* In addition
tv thes*' physical or structural features, there ray be legal
restriction.; or. the pit, for example, property lines* The
same simulation techniques are employed to make certain that
the it surface do ¢; not extend beyond the property lines,
as demonstrate] in Subsection 6*5*2%

3% 3* 1 INCICATO- A ’RAYb

There are two toenni ju available for simulating the shape
of tha structural features ani legal boundaries®* The first
technique is in indicator arriy* These arrays are similar to
the spatial densityarrays described in Subsection 3%2%3%*
They have in arriy member corr '“ponding to each grid
-intersectione The array members are pointers which inuicate
the presume* of the particular structural features®* The
deposit's iopogtiphy is a good e”amqlo for illustrating the
indicator itriy.» A z"o wvalue 1i.; given to the array members
representing grid-intersect ions above the deposit's surface*
Anypositive integer valu - is assigned to the remaining
an ay members* The positive array it*nbots re; resent gr'
-intersections b-'lov the deposit's surface*

b
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’.Fhe input -ita u.e 1l tc create the topojra; hie file gre the
inty cepto of the deposit'o surface with the grid systems
ngomgltef ceptr, are read (i a data sot called +SCORX'e

; an array with o> subscript which identifies the
hotizunt 11 J4j> ¢o.ordinate locution of the intercepts* The
single subscript defines thig hoi izontal location by sped-
fying an array member for ¢ach intercept®* The vortical
co-ordinates of the intercepts b'm:ome the array members* The

*St.00K1 wvariable is given in Table 3*] for the jrid system
illustrated in lij* 3#ie

Surface Intercepts Input
N
SCORK (1)
SCORK (2)
SCORK (3)
SCORK (4)
SCORK (b)
SCORK (6)
SCORK (7)
SCORK (6)
SCORK (9)
SCORK (10)

1.l
DN O i == NN~

SCORK (56)
SCORK (57)
SCORK (53)
SCORK (-59)
SCORK (60)
SCORK (:,1)
SCORK (62)
SCORK ((,3)

—_— e e = = NN = T e 'NNI\)O»—‘»—*""»—AN[\)W

—_ e e = e NN

*

NN RAWN = ® ¢ ¢ LN =T =W

OO O OO OO0 o & 010NN — = =

where:
N=N * w- 1) ¢I
ehi' is the maximum vilue of -I*

TALIE 3* 1

The mdcitoi array *TCPC is created ttorn 'SCORK* by
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exec ‘m-j the following FORTRAN statements:

READ (S,1) NIJ,NJ,NK
1 FORMAT (314)

NN»NI*5(J

R2AD (5,1C) (SCOSK(N),N«I,NN)
10 FORMAT (712)

DO 104 K* 1, ’IK

N=0

DO 104 J=1,NK

DO 104 1=1,N

IF (SCORK (N) -K) 105, 103, 103

A 11=1
GO TO 104
103 i:»c

104 TOPC(I,J, K =11

'hi', '"t"l' and *Nre are the maximum jrid co-ordinates in the
*1'» '01 dnd 'Kl co-ordinate directions, respectively®* The
171 in statement number ten is eiual to «Nl1l1e

This topographic indicator array is constructed to control
all computations of the spatial density functions* The
density computations are by-passed for any particular array
member* if the 'TOPC* array indicates the air space above
the deposit's surface* Foi exarple, assume the Model is
executing tl.c computations tc estimate the mineral quanti-
ties at each gri'l-interrs ctrun®* Obviously, it is a redundant
exercise to “ak-' this e”~timrte lor the grid-intersections
representing air ".pace* Consequently, the Model is progra-
mmed to r¥rojri-te these griu-inter sections and to assign
them a zero mineral puuntity without going through the
comp uta ti1on ;e

All indicator nt.iys are created and used in a similar way
to the <VCPO* ex.i pie*

3% 3* 2 POLYNOMIAL E.OATIONS

The second techrl u, for simulating structuial features is
the derivation of polynomial equations to represent the
surfaces and boundaries* Th*” polynomial equations are const-
ructed on tie co-ordin it ; of the jtid system* They are only
an effectiv ' alternative to the indicate: arrays for sur-
faces with few irregularities™



r..1 itfur # 0t Ov¥J~1%e/ a fault thtoujh which there has been
, ' 10l-< novenient« As a result of this lock moveaent,

tne ran*t aofmes a Dboundary on either side of which the

lu; t10il commutations nust be independent of each

?7,v>0 * 01 "*ull is simulated with a polynomial equation to

“‘n.1 y.]1 relative location of the Lore-hole samples to

no bounuirye rhis f.iult coulu be simulated with 1 plane, as
illustrated in Table 3«2»

Bore-holo Intercepts with the Fault Mane.

Bore-hole No* Grid Co-ordinate Intercept
J K
1 29%50 18%25 4*40
20 17*50 14%00 14*60
38 300 12*¥00 3*%80

Matrix of the Bore-holo Intercepts:
I I J K 1 |
I 29*%50 18*25 4*40 1 |
| 17*50 14*00 14*60 1 |
! 3*CO 12*00 3%¥0 1 |

Matrix Solution of the Fault plane:
66 3%l - 27Y*5*] - 17* 625*%*% + 3274*075 = 0

TABLE 3* 2

The jtid co-ordinate location of the bom-hole samples
compared with the fault plane equation®* Then, the mineral
(]JUantito ; on e ich side of the fault are predicted from only
those sa pl»s cominj from the sane side of the fault* In
this way, samples existinj on different sides of the fault
are prevented from affectin; the jrad predictions unfavou-

rably*
3* 1* 1 SOKE r*"OGRAf XING CCNSIT LPATiONS

The ern, loyrmnt of those stiuctur.il simulation techniques is
discus:.--.i and d e-on.iti,te ! in the next Section* The follo-
vin, list itemizes thei: advantages and disadvantages*
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The indicator arrays:

1) are sirij In to programme,

/) are 1iapid ly executed by the coirputet,

3) can accurately simulate irregular surfaces# but

L] rejuigo a Jroat amount of internal cotnruter storage
space

The polynomial eguations:

) r-ejuite little internal computer storage space# but
2) are difficult to derive and programme# and

}) are not ac"*r~te for highly irregular surfaces*

The large storage rejuireeents for the indicator arrays is
partiall; alleviated by allocating two computer storage
locations gor array .:eniber instead of the usual four* a
result# the maximum value that any of these variables can
adopt is 12#"C"* This allocution 1is executed // linensioning
indicator array.; with the FC2TPAf specification 'INTEGER*!* e

3 4 SPATIAL DENSITY OF THE DEPOSIT’S HI NEPAL VALUES

Description of the two cor-uter grogrammes used to estimate
the spatial lensity of the mineral distribution for the
user’s dogosit is contained in this section* The sgatial
mineral distribution is prerequisite to the develoglent of
the op«n jit mining solution described in Chugtet 6* The
foliowin, SJ! notions corresg ond to the two computer jrogra-
m»n;;*  The, describe the input, output and basic conjura-
tions, and how these co gutations coge with interference
from the givn deposit’s structural features*

3% 4* 1 COMPUTATION OF THE ASSAY COMPOSITES

The Assay Composites Programme divides each boic-hole into
the grid-levels defined 1y the ro®"TPAN array addresses on
the vertical axis of the grid system®* The asi ays of each
grid-level from each bore-hole are averaged in prog ortion to
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énlllt[&lt data\ to ‘fke Aysay Crgllgptcl)lseitesexlprlc?jrr%}ﬁgél# b,phree- oorlnel%/t atrgr
~t>, V11 vcnyiyto' the proportional mineral content per
et - -"fijth for each recoverable mineral » Table 3%*3

presents thp input data from the Lore-hole illustrated in
A * * 1lle v'ttical unit intervals are one hundred feet*

The samples ire report'd from the top of each borehole to
the botton and th -ir lengths are measured in feet* The first
sanipit length includes the distance from the zero jrid-level

bhe leposit™®*s .ut-ace, and additionally, any barren rock
rom ¢/IV surface cown to the first reported mineralization*
The 1i1i~t sa’jle length i. reported in this manner so that
the measurements conform to the same base* In this way, the
cumulative sa 'pie lengths of any boie-hole will correspond
to a relative location in the grid systeme

An Example of the Input Data from One Lore-hole

Samgle No* Sample Length Proportional mineral Content
Mineral 1 Mi"oral 2
1 340*6 0*0 0*0
2 87*2 0*0025 0*0
3 20%*4 0*0028 0*0
4 50% 2 0*004 1 0*0
5 39*8 0*0039 0*0
6 47%6 0*0047 0*0
7 74*d 0*0052 0*0
ti 247%*2 0*005 3 0*0
9 136*4 0*0047 0*0
10 158*%6 0*0036 0*00 10
11 285*8 0*0075 0*0026
12 62%3 0*%004 1 0*00 10
13 35*8 C*0030 0*0012
14 18*0 0*0005 0*0001

TABLE I* 3
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I!(.<, 1'"1tUf _ lore-holo samples am avora jed in ;ronoition to

their ionrjth to jivo a sinjle minora: value for each
gtic-levil an] hoio-hole* This avarajo becomes the -eassay
conj o-,it'1 for t:yl jiven -rid-level* For instance, the assay
comic,ite of Mineral 1 for the fifth grid-level illustrated

1 tij* del is calculated as shown in Table 3elL# Note that

lenjths of samples two and five arc not ojual to their
reported length* These samjle lenjths arc truncated by the
upper ind lower boundaries of the fifth jrid-level* Sanpie
No* 2 is h/ 1*3 ft* and Sample No* s is 5j <2 ft* from the
zero jrid-level* Consequently, only the >ottom 27*3 ft* of
Sample No* 2 an 1 the tO; 1*6 ft* of fample No* 5 are

includes in the average for the fifth grid-leveles assay
composite*

Example Calculations for an Assay Composite

Sam[le No* Mineral Content * Sample Length =Prod act
2 0*0025 * 27*8 «
3 0*0028 * 20*4 = 0*%0571
4 0*%0041 * 50%2
5 0*0038 * 1*6 = 0*0060
Total 100*0 0*3385

Total Product

Assay Composite —
Total Sample Length

0* 33852

= — = 0-00.14
100*0
TALLE 3* 4

The assay composites for all the grid system types discussed
in Subsection  3%*2%*] are computed as illustrated in the
above example* There is one simile difference in the
programming for irregulirl, spaced jrid s,stems* The ver-
tical unit intervals for these grids are stored in a
FORTRAN art 1y to replace the constant interval size of the
regularly s;ace 1 jrid systems®* This nodifit ition is pointed
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out in suction 4»le

Whon the assay c”oaposites have been computed, it ia neces-
sary to deline thy jeolojic region in which they occure This
ts regained to identify the different mineralization zones,
as explained in Section 3*3* The Assay Composites Programme
executes this identification with the following routine:

1=0
CO 10 N*1, UBR
DO 10 K=1,NK
=1+ 1
IF (3274e1+0«66 3+COR1 (N)-1+ 387S*CORJI(N)- 37»625%r) 6, 7,
IF (K- 10) 1,1,2
IF (K- 10) 8,8,9
M= 1
GO TO 3
9 M=2
GO TO 3
1 k=3
GO TO 3
2 M4
ASAY1 (1,1, E) *SACO (K, 1, H)
ASAY?2 (F,":,T) =SACO (K, 2, K)
KYIThfl1*!) ASAYI(F, N, «) , ASAY2 (F,S,F) , «
10 CONTINUE

CEEEN Ro)

(O8]

Definition >

*I* 1is a counter for the storage location of the direct
access data set number eleven*

INI is a sul jctipt which identifies the tore-holes*
*NLh* is the tot il number of bor---holes*
*K* 7; a ul »eti)t which il”ntifies the grij-lev 1»
*NF* is tae total nuLet of grid-levels*

"CORI (N) e, md 'CCRJ(N)'" are thn and J bore-hole co

-ordinates 1in feet*

IK' 1s a subset 1 gt which 1dentifies th ¢ mineralization
szones *
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" ALO(r., a,v) e, ind ISACO (K, ?,H » ace the wunzoned aosay
composites foi. two minerals, respectively*

"ASAn (>, N, K) 1, and ASAY2 (K, N, »)' arc the assa> composites
two miner ils, respectively* These data sets include the
subscript 1b' to identify the mineralization zones*

The preceding routine sorts the ass.-y composites into four
mineralizrtion zones®* The four zones are delimited by a
fault and the w.ter table* The first if statement locates
the assay compositesrelative to the fault* The IF
statements '6* and *7' locate the assay composites relative
to the water table which occurs at the tenth jrid levele

Not" that the expression in the first IF statement has mixed
seal s* ICCnl' and 1ICOPJ' are measured in feet and the
remaining terms in grid co-ordinates®* The mixed scales are
compensated for by the <constantse Expressioiu with mixed
seeles occur frejiently in the simulation routines; tnere-
forcare must be exercised, if they are modified*

The ’ £rajrufrme accommodates as many minerals as required by
specifying the appropriate dimensions for the FORTRAN varia-
bles* The dimensions arc listed and explained in action
u*h*

The above ex inpV* serves to illustrate the method of sottin]
assay composites into then mineralization zone * in thi ;
example, the ;ivon  fault and water table must L& topluced
with the n"w boundaries of any different deposite The
construction of the surface expressions for those new
boundaries was explained in stion 3*3* A simple example
will serve to illustrate how Vve substitution is iade* The
fault expression in the first IF statement could be replaced
by the following indicator utiay, if the fault surface is
highly irregular i

FAULT (COIt (S) ,CORd (N) , K)

where  *CC I* an: ICsPJ’ -a+ . tsur«l in jril co-ordinates
instead of f of, as above* This *FAULTI indicator attiy
would be <created the same way jr. explained foi the ' TOVO
at lay in Section 3%*3*

The out. ut. lata from the Assay Composite;. Pro piamine are the
assay com, or.ites for each potentially iecovvr.it le miner al*



PAGE 30

Tin* 'w?i .* .statement in the above routine causes the assay
com;os 1fs to .<stoii 1 in a direct access data set tor the
Grade Prediction Piojrun,ro*

3* 4% 2 INTE9FCLA TION OF THE SPATIAL MINERAL DISTRIBUTION

intei; olation method is wused to estimate the point
densities of the spatial mineral distribution at the jrid
Int"[section s* The computation., described in this Subsec-

tion are executed by the Grade Prediction P o.ruume listed
in Chapter 5%

The interpolation method -as suj jested by Re o Weaver (11),
and it wa.> chosen over the trigonal and polygonal methods*
The interpolation method offers search parameters that
ada:t it to the peculiar Jrade ;rediction conditions of
different mineralization zones* These parameters define the
search for the assay <com;osites to be included in each
estimate of a point mineral density* The capability for
varied execution makes the inter; olation method c.uie desi-
rable than the trigonal and polygonal methods in terms of
increased accuracy and adaptability® Nevertheless, tne inte-
rpolation method is 1liisiiou to massive and relatively
uniform mineral deposits*

The point densities of tho ?patial mineral distribution are
averajes of the sutroundinj assay com;osites on the same
grid-level and in the same mineralization zone* The assay
composites at" weighted by the inverse proportion of their
d1lst inee from each joint density* The basic inter,olation
formula follows; it is written in FORTRAN notation:

X=0
Y-0
DO 10 f=1, NAC
X*X* (G(N)/ (D(N) **P))
10 Y=Y+ (1/ (D(I) **P) )
GRAD (I,J,7Y)“X/Y
vhere:

*N* is 1 subscript which identifies the assay composites to
be included in the average®*

INAG* is the total number of assay composites*

»G(N)'" is the proportional mineral content of assay compo-
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site IN*e

ib tl-o distance between assay composite IN* and
grid-intersection, (i1#]J#K)e

'"P1 is a weijhtin<j factore

I( sA°(1,.I,K)" 1:; the estimated joint mineral density at
grid-intersection (I,j,K)e

The pieclling routine is executed at each giid-intersection
(I#d,K) to estimate the point densities of the sjatial

mineral distribution 'GRAD's This estimate is repeated for
ai” recovera le minerals rejorted in the user's cejosit* The
assay coajosites 'G* included in each estirate ire identi-

fied ty the search parameters mentioned jreviously* These
parameters are:

I) A maximum distance limit: The assay composites for each
estimate are limited to those within a maximum
distmce of the particular )rid-intersections® This is
a circular limit so that each estimate is made only
fro./Ti the assay comjosites occurinj or the same jrid
-level or mineral hoticon* The jrid-levels will corres-
pond to the mineral trends or horizons, if the grid
system is constructed as described in Section 3»2*

2) A minimum distance limit: If an assay composite exists
within a minimum distance of a {articular jrid
-intersection, Ilxs grid-intersection's toint mineral
density assumes the value of the assay composite*

3) A weighting factor: The reciprocal distance between
grid-intersection and assay composites is weighted with
a power fictoi "I', is demonstrated in the preceding
routine*

"» A maximum number of as. ay composites: The number of
assay composites {er estimate 1is limited to those
closest to the ,articular gtid-intersections, up to
thr* maximu **

5 A minimum angular soj;aration: The minimum angular
separation between assay comj osites must be exceeded;
if not, th" assay composite furthest fror the parti-

cular grid-intersect ion is deleted fiom the average*



*he function of tlioi;o “ara “lotero can be demonstrated with

jilu-mtersect ion illu.sti ated in the center of Fig* 3%*4
ai «ux roundi n; assay composites* of Lite seven assay
composites illust® .tel, the following ones at< rejected from

tl@te estimate c¢¢ the jrid-intersectionls point mineral den-
sity :

1) IIA‘C6‘ and AC7, because they exceed the maximum distance
imit,

2) AC2, l"ciuse it is faither from the gri l-intersection
than AC3 and the angular separation between the two is
less titan the minimum,

AC), because it is the furthest ftor the jtid
-intersection of the remaining assay composites; and
without it, the maximum number of assay composites per
average 1is not exceedede

These search parameters are defined by the user before the
.Irade Frojiction Programme is executed* They can be ieter-
mined with a trial and error solution in the following
manner; A random sample is taken of the assay composites
from each different mineralization zone* The mineral values
of each random simple are estimated with the remaining assay
composites in the same zone with assured search ; irametcrs*
Alternatively, th> assay composites coull be used to esti-
mate the mineral values of a [reviousl/ mined out section,
if one exites* The random samples* estimated vilues are
compared wit,, ‘heir actual valu's using a correlation tort*
The search parameters are redefined until the correlation
test fceco es significant*

The correlation test is made from 1 regression carve of the
estimated and actual values®* The actual values arc the
independent variables on the curve and the estimated values
are the dependent variables* A least sjuare regression line
is calculated fro this data* If a straight line relation-
ship can Ie aanemed between the variables, the regression
line is expressed in FORTPAN as:

EV=At+ (2* AV)

where:
*bV* is tho «*,timated value,
*AV* is the actual wvalu", anl
*Ae and 1B’ ire censtant ,*
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The c°ns3.ants--A ind 3--cdn be calculated with the followinj
FORTRAN routine:

X-0
Y=0 1
X2-0

XY=0

DO 10 N=I1,NS
Xr XeAV, |
Y=Y+2ZV (N)

XY=XY>(TV(N) *AV(N) )

10 X2=X2¢ (AV (10 *+2)
a= (( )- (x>Y))/ (* , 2)- (x**2))
B=((N *XY) - (A*Y))/ ((£S*X2) - (X**2) )

where:

1X1 is the suatn >tion of the actual values,

"Y' is the summation of the estimated values,

> X2' 1s the summation of the actual wvaluess,uired,

*XYlis the summation of the product of the actual and
esti mat d values, and

INS- .s the total nuraboz of samples*

The dejree of association between the estimated andactual
values is measured to find out how well the current search
parameters estimate the actual mineral juaptitie®.* The
relative intensity of this association is jiven by the
coefficient of correlation* The com 1, tion coefficient can
be commuted with the following FORTRAN routine:

C=0
D=0
DC 1C N=1,NS
LG (A (BEW (N)))-M) 2.
io D=(EV (:9Q -%) *+:
n*SQPT (C/C)
where:

*NS1 is thr' total number of samples,

*A* an] 1 are the constants from the regression line,



"AVH))'eare thm actual values

A (.'-wA 1l ire the estimate! wvalues jiven by the
regression line,

%1 1is the mean of the estimated values,
*EV(N)* are the estimated values, and
'R* is the correlation coefficient*

The correlation coefficient 'R1 is dimcnsionless and varies
between -1 and +1* The “lus si-jn shows positivt linear
rrelation and the minus siyn shows nejative line”i corre-
ction® Either extreme of the coefficient is perfect corre-
lation, and any value in Dbetween is loss than perfect*
Additionally, a zero correlation Indicates no association
between the estimated and actual mineral juantitles™*

The search i-iriaeters are varied until the correlation
analysis indicates that the larametets have produced a jood
association between the estimated and actual mineral
Juantiti s* However, the association may not In linear as
assumed, in which ~case the <cor.elation coefficient may

approxi.itate zero* If so, the lin'ir relationship 1is replaced
with a non-linear regression equation*

The naabar of random samples repaired and a sijnificant
correlation coefficient are calculated lor each mineraliza-
tion zone* Student’s distribution can be used for this in

the following manner: Firstly, a correlation coefficient is
calculated on an a ..aued sample size* Next, the assumed size
is compared with the minimum sample size repair xI for a«
significant correlation coefficient* If the assures ..ize is
lat j"*r than th 1 minimum, tlien tin* correlation coefficient is
significantly different than zero on a particular confidence
level* This minimum is computed from the f”llovinj statistic
expressed in FORTTAN:

T~ (R*SRT (N-2) )/S; PT (1- (R**2))
where:

ini 13 tin- pivi-n correlation coefficient from the assumed
samplo.
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" 1> the isinik.j» .sarnie size, aid
*T" i i Student's statistic*

The minimum lo size 'S' must be such that the rijht hand
sjuo of the ifcovo ex;cession is e;ual to the ctitical value

Iro:" Student's list: ibution on a jiven confidence level
and rfith 1<*21 degrees of freedom®* When 'N ras been
ealeu]i1led, it is co.i/ trod with the assumed sample size* The
correlation coefficient '31 significant if the issuaied
sample size 1 ; jreator tian *n*» otherwise, the assumed

s_amgkle siza ir enlarged until it is greater than the minimum
size

The search pa* .meters are defined for each of the minerali-
zation zones in the preceding manners M Re Spiegel's
"Theor; and Problems of Statistics" (10) is recommended for
further discussion of the sailing theory of correlation*

The mineralization zones are recognized hy the Grade Predic-
tion. Pragti ie with a duplicate of the simulation routine
used to sort th e a i> composites®* This routine is demonst-
rated in Sutsect ion 3euci# Thi* simulation routine recognizes
the distinct structural features to identify the mineraliza-
tion zone of the point mineral densities being estimated*
Then, the routir*l identifies the zones of the assa compo-
site* The assay composites, whose zont.s are not the same as
tae (itticular point mineral density, are excluded from the
estimate* The mineralization zones used for demonstration
pviposes in Chapters a and 5 will be unaoubto lly different
for any othot lep >site Consequently, thi< simulation routine
rust be tailored to the user's deposit by creating the
a(prop rial m in lie itor arrays or polyonial equations, as
explained ir. paction [I*3*

In aMition to the liner&lization zonv>3, it is neceisary to
simulate the deposit's surface for the Grido Prediction
Pro 'ran » This : alation ii ale with the 'TOrO'" indicator
art a use- / as an example in .”ct ion 3*3* The interpolation
for the point mineral lonerty at any given grid-intotseclion
is executed onl, if the 'TOPO' array indicates that the
point is be)o < the deposit'., surface* Otherwise, the inter-
polation <copulation, for thi1l point ar« by-; issed and the
Programme moves to the next gtid-intersection*

Thus the s, itial mineral distribution is computed* The point
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niin”*rdl +Gon”itioij estimated at the yrid-intersections .ire
stoiod in a permanent record* This record is 1 direct access

J-ita s«'t which is kept to provide the succeedinj Mine Plan
Programme with some of its in*ut datae



PAGE 38

distance.-. !#tw>"n jrid co ol :inatos and the direction of the
axe:>, i~ ext ained in S”cti >n 3*2* The jrid system dimen-
sions that oust ho Ylannecl to execute the Assay Jomposites
Proyramn e are*,

) the anjulaL separation otthe co-ordinate axes,

2) the relative position *le zero ild-lcvel with the
deposit's sutfac., and

3) the unit interval distanc o the more nearly vertical
axis*

The zero grid-level is def’ned to ~correspond with the
highest point on the given deposit's surface* Elevations are
measured from the zero jtid-level with depth Lein; the
positive direction* The voitical unit intervals are given as
explained in Step )e

STEP 2:

The dimensions must be specitiel for the FORTRAN arrays and
direct access data sets* The dimensions:

I) are defined for the FORTRAN arrays in Section 4*U,

2) are ,iven for the DEFINE FILE statement in Section 4%*3
for the direct access dat sets*

STEP 3:

A scale factor must be defined to convert between actual
vertical 1iistuncer. and ;rid co-ordinates* This scale factor
is called '"KINI* in the Asuay Composites Programme*

A »kINT. s a constant and pjual to the wunit interval
distance bntvv n the vertical jrid co-ort,inates for a

regularly spaced and tcctunju.l ir grid system*

B) "KIHT* is a variable with an at-ay member egual to each
interval distance between grid co-ordinates for an
irre ularly sj iced vertical axi ,* *KIZIT is limensioned
as illustrated in Fij* 4*1 for this situation®*

O 'PINT' is a constant ind «]Jual to the vertical distance
between the more nearly horizontal axis of the non
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Is inustrated in ?13*

STEP @

nal VOliridre nu,,hher of VarﬁMGa must %i: added ai Lines
;Ftte'dt S e ldepolsie;[e}c potentially recoverable mineral repo-

STEP 5:
t “oundarier, of the distinct t neralization zones are
J "#Jt indicator arrays or polynomial equations, as
doscrioe in lection 3#]. hese simulated surfaces at"
sul eit: it, into the Programme's simulation routine between

'* 'ini 1 1¢ in this wa", the Programme is tailored to
locate thf specific mineralization zones of the yivon
dejooit & assay cospcsites™ he substitution of these =zones
is describet in Section 3*a*ie

Care must be exercised to insure that the surface simula-
tions are trade with the corr ct units* Simple scale factors
are used to convert actual distances to grid co-ordinates or
converslys The constant scale factor described in ste, in 1is
used to convert scales on tv jularly spaced axes* The array
described in Step 3D is us< i to convert scales on irrejj-
larly sp .cel axes* Finally, an ejuution is derive! to
convert fro-n actual rectinjular co-ordinates to non
-rectangular jtid <co-ordinates®* This equation for the piid
system illu -trited in the cros -section view of Fij* 4*2 is:

tan (a) * (I * --1 & —mmeemn )

where:

1K’ is the ,rid-level*

"I'" is the horizontal jiid co-ordinate*
"V’ is the vertical distant:* in feet

*SF11 is a scale factor ejtal to the interval distance
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between the I jrid co-ordinates in foot*

*SFK' i; a scale factor ejual to the interval distance
between the K jiid co-ordinates in feet*

a' is the angle between the horizontal and the K co
-ordinate axes*

The scale factors are included in any of the FORTRAN
expressions that have terms with mixed scales® Those expres-
sions have Veen noted in Section 4*3*

4% 2 SEQUENCE OF PPOGRAXXE COMPUTATIONS

LINES 001 - 00 3:

Specification statments*

LINES 004 -01S:

Input statements*

LINE 014:

The horizontal tore-hole co-ordinate locations, in foot, are

stored on a magnetic di.,k for rapid access in subsequent
proglam es*

LINES 016 - 022:
DO looj 16 composites the bore-hole samples 'SAMP' between

grid-lev- Is to give an average mineral ,iad< 'SACO* for each
recoverable mineral (H), bore-hole (N) and grid-level (K)

LINES 020 - 022:

These statements c ilcul the cumulative distance 'CUMINT'
from the zero grid-level to each bote-hole sample*

LINES 029 - 031:

These ;tiV* ent.. simulate the degosit's surface by assigning
any negative vilio to ' AGO', if the assay composite should
reg re.vnt <*r »ace* Whenever 'SACO' is wused, 1i» array
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“are tested foi negative values and the projramme
) f last the ap”roiriate calculations, if the array
roeirher is negative*

LINES 032 - 075:

These jiataroentj contain an implied computational loop to
identify the Lore-hole samples *SAKP' to be included in each
assay composite 'SACO'*

LINES 076 - 081:

The bore-hole samples 'SAMP(«,N,LC (LL))', 'SAEPA' AND 'SA-
occurtinj on the given jrid-level (K) are averaged in
proportion to their sample lengths 'IST(N,LC(LL))', 'IMTA'

AND '"INTB' to yield that gtid-level's assay composite
'SCO'*

LI"SS 083 - 105:
The .psnay composites 'SACO* are given an additional array
dimension (K) to identify their mineralization zones®

4 *3 » LIST OF THJ ASSAY COMPOSITES PROGRAMME

The following variables were dimensioned for the open pit
progosa3 descri ed in Sec ion 7*1* They must be changed for
any new deposit, as defined in section 4*ue

LINE
001 R:\L SAM' 12, £0, 10) , INT (60, IP) ,COSI (60) ,CORJ (60) ,
ICUKIN (17) , INT. 0(19,2,60) ,
2ASAY1 (19,60,4),ASAY2(1>,C0,4) ,KINT
002 INTEGER LC (20), SORFAC(60)
——————————————————————————————— COMMENT ——————————————m o mm oo
The low .it case constants in the following line ite: ii. = NO!

* NK, jj = (nurobM of recoverable minerals ¢ 1) *4, :k = Nail*
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00 DEFINE FILE 11(ii, jj,JI), 12 (kk, 8, JJ)

A COMMENT

A dimension nust bo added to the constant 'KINT*, if the
veul 1 cai jiid co-ordinate intervals aio irregular I/ spiced*
The interval a, in feet, between jiid co-ordinates it** stored
in the new array 'KILNT (K)+ FCR UG loop 16* *KINI (K) * must be
substituod for *Kli.’T1 wherever it a;, its in the [rojra.ii.ne*

004 READ (-3, J) KINT, NtIN, 4011, NLAIIP, UK, NZ

005 3 FORMAT (F%*1,514)

006 DO 801 N=1,N8H

007 DO 301 L-1,NSAEP,3

008 801 KEAT (5,1) SAMP(I,N,L) ,SA.IP (2, N,L) ,IM(N,

ISAM? (1,N,1* 1) ,CAM> (2, N,Lt 1) ,INT (N,L* It ,
2SAKP (1,h’,L*2) ,5AM! (2, N,L*2) ,INT(N,L»2)

009 I FORMAT C ?7*4,FG*1,2F7*4, TO*1,2F7%4,f6*1t
010 DO 803 N» 1, MbH

011 READ (5,2) SURFAC (M) ,CORI (N) ,CORJ (N)
012 X=CORI (N)

013 Y«CORJ (N)

014 803 WRITE (12'N) X Y

015 2 FOPMAT (22,257%*1)

01/, DO 152 L*1,ISAKP

017 152 CUM"? (L) =0

018 CO 16 t> 1, NKIS

019 no 16 3=1, MH

020 CUMIN? (1) *1 NT (N, 1)

021 DO 4 L=7, i/SA/F

022 4 CUMNT (L) ~ NM.NT (L- 1) ¢INT (N,L)
023 DO 10 K*1, RK

024 SUivG=0

025 I »TA=0

026

027 SA MPA-0

028 SA5.PB=0

029 IF (SURFAC (N)-K) 131,131,130
030 130 saco (I, :+,:!) -- io*o

031 GO TO 1h

032 131 SUX=C

033 DO 51 LL*1,NSAHP

034 51 LC (LL) =0

035 1*0



036
037
038
033
040
041
04 2
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
Cs8
059
06 C
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
001

14

7
101

52

53

100
111

112

[

110
10
150
11

12
102

13

151

140

15
120

=1
IF (K*KINT-CUMINT (L)) 6,3,7
1; X"  (N#L)-CTJy.INT (L) ¢K*KI NT

IF (INpA-KI'.'T) 14,3,9
SAyrA=S&KP(V, J,D

GO TO 10

IF (Ii-NSAX-?) 101,100,100
—L»

I' 0 ~(N,L)) 52,52,5
INTA*PINT-CUKIST (L) ¢K*KINT
IF (INTA-KINT) 63,112,112
SV ;PA=0

GO TO 10
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IF  ((F*F1:JV-CUXIiNT (L) )- KINT) 111,111,112

I T-\=! LNT-CUXINT (L

SA RPA *0

SUK»INTA»INT

50X3=1NT (N, L) * SAXP (X,M,L)
IF (SUX-XINT) 150,150,151
SACO (F',X, N) =0»0

GO TO 16

IF (KINT-IN T(..,L)) 9,9,110
SACO (V,y, »SAKP (X, N,L)
GO TO 16

INT\*IXT (I, 1)
SAKFA=SA?;?2(X, N,L)
SUK=»:NTA

LL=0

IF (S’IX-KINT) 12, 151,13
ir (L-1) 13, 13, 102
sox=J'"'IB*lux (:1, 1)

LL LLe1

LC (LL> =L- 1

L=L-1

1=1+1

GO TO 11

SJM=Snx-I NT {N, L)

-=1-1

I NT33 #*[ HT- SNX

SAXP3*5AXF (: ,N, D)

IF (I) 120, 120, 140

DO 1. ir,=1,1

IF fLC(LL)) 170, 120, 1b

sur ;- " ;+5AXP (x, N, LC (LL))*INT(N, LC(LD )

SUXT- SUXG#3 Al.1 A*I Nr A+SAXPP*IM B
SACO («:,X, N) -sux:/: INT
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082 le CONTINUE

083 DO1112 K=1,NK

084 DO111? N-1,NbH

005 DO11 2 fl»1,NZ

i- viirao“ 'ASA/n* 1i- added for e, ch recoverable mineral at
J 'g ,in: It-* In other words, ASAYl (K,N,;!) =C, AJAY2 (%,-
N,K)=u,**+s ASAYn (K,N,K)=0 is added it line 006; and ASAYI (K-
, N, M * SAVG (K, 1, M, ASAY2 (K, .1,K) = SACO (K,2,N) , '# aSAYn (-

- SA C(K,ii, N is added at line 1U2, where *ni cjuaio
the number of recoverable minerals*

086 ASAY1 (K,N,K)=0*
087 1112 ASAY2 (i, N, K)=0*
088 1=0
089 DO 1010 N=1, 22BH
090 DO 1010 K-1,NK
091 1=1*1
COMMENT

The jivon minor'll do; osit was divided into four mineralisa-
tion zones by a fault (line 092) and a water table (lines
093 and 09a)» The portion of this Programme from lines 012
and 101 is tailored to thu user's dejosit, as explained in
Section 3*4*1* Note t e mixture of scales in line 092*
"CORI' and 'COTT are measured in feet nut 'K* is measured
in yrid <co-orJinat'S* This difference is accounted for by
including seal’ factor., in the expression's constants*

092 IF (1274*075*0*663*CORI(N) - 1*3875*CORIJ(N)
1- 376254K)1006, 1007. 1007

09i 1oo6 I: (K-10) 200 1,200 1,2002

09': 100/ IT (K -10) -.008, 1003, 1009

095 1008 M=1

096 GO TO 2003

097 1009 K*2

098 GO TO 2003

099 200 1 ME1
100 GO TO 2003
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CHAPTER a ASSAY COMPOSITES PROGRAMME

The computer programme used to execute the assay composites
confutations described in Section 3+4¢1 is listed in Section

" :he lemainmg Sections of Chattel 4 supplement this
list with:

) a descritption of how the Programme is |tepared for
execution in Section 4%*1,

2) a chronolojical description of the Programme's confuta-
tions in Section 4%*2,

3) comments within the Programme list in Section 4*3, and

4) a glossary of the FORTRAN variables in Section 4%4%*
4 1 Preparation of the Programme for Execution

The Assay Co .o.>ites Programme, as listed in Section 4%*3,
was written for a regularly sfaced and rectangular grid
system* Additionally, its physical simulation routine was
written  for .» deposit desoribou in Section 7*1* The stegu
required to ~,apt the Programme to another deposit's:

) grid system,

2¥* size and

3) mineralization zones

are list<*d below* The.;e steps ire cross referenced with the
Programme 1list in Section 4*3 to locate the exact position

of the modifications*

STEP 1:

The giid system is defined by choosing the unit interval



2002 H=t|
2003 ASAY1 (K, M M =SACO (K, 1, N
ASAY?2 (K,K,M)=SACO (K,2,N)
MImg (1Y) AUAY] (K,N,K) ,ASAY2 (K,N,M) ,H

1010 CONTI
106 STOP
107 LND
4e 4 GLOSSARY

This glossary defines the FORTRAN variables of th Ai.say
Composites Projr<imae* The glossary 1is not complete; somj
transfer variables used to facilitate programming are not
include! in the list* The entries apl!ear in the following
format;

NAL3 (i,j, k) - () definition ( J;

T*i -the name of the first subscript
i -the name of the second subscript
k - th<name of the third subscript*

This arrangement of each variables definition is described

1) The variable's FORTRAN name appears first*®

2) The first set of brackets displays the number of
subscripts or does not appear, if the variable is not
an aria/*

3) Th- variable's precision is displayed Dbetween the
second s*t of brackets with the following abhrevi i-
lions:

a* 1D'is doible precision, with eight storage
locations;

b* 10'is real jtccision, with  four storage
locations;

¢* 'I'is integer precision, with four storage

locations: ind
d* '1*2' is wuate ;er precision, with two storage
locations*
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20ft2 M=4
2003 Aray 1 (x,nN,%)=LACG(X, 1,N)
AS AY2 (K, N,K) =SACO (K,2, N

1010 CCWIl.asl’ 1%
STOP
END

4" 4 GLOSSARY

This glossary defines the FORTRAN variables of the Assay
Co«f£ osit as Litojramae* The jlossary is not comj -"“"to; some
transfer variables wused to facilitate programming are not
included in the list® The entries ay;oar in tie following
format:

NAL7, (i,j, k) - () definition ( );

, *i -the nane of the first subscript
j -the name of the second subscript
k -the name of the third subscripte

This arrangement of each variable's definition is described
as:

1) The variable's FORTRAN name appears first*

2) The first set of brackets displays the number of
subscripts or does not appear, if the variable is not

an array*

3) The variable's precision is displayed between the
second set of Dbrackets with the following abbrevi i-

tions:

a* *D' is double precision, with eight storage

locations;
p. °*>« p., real [recislon, with four storage

locations;
¢c® «r' i %»int ger precision, with four storage
locations; and
, g, 'I*?' 1, integer precision, with two storage
locati ons#
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nexteJtCfr'nt ©°~# variable's significance appears

TL Lu °f brackets displays the subroutines in
wniUi the name appears, if the same name is wused for

ditrecent variables® The brackets do not appear, if
there 13 no conflict*®

6) Finally, the dimensions of the variable's array are
namede hose dimensions only apjear as requirede

GLOSSARY

ASAY1(G, j,\) f»,Ay ¢ ,j,k), e+ + ASAYn (i#j , k) - (R) the assay
composites roc 'n' recoverable minerals;

i - grid-level

; - borp-hole identification number

k - minoralizutioo zone identification number*
CORI (i), CORIJ (i) - +) che rectangular I and J co-ordinate
locations, respectively, of the bore-holes in feet;

i - bore-hole identific ition numbere
CUXINI (i) - ® the cumulative distance from the zero

grid-level to each bore-hole simple;

i - san pie identification numbere
IHT (i,j) - (R) the sample lenjth;
i - bore-hole identification number*®
j - sar.ple identification number*
INTA, INTO - 0o two variables used to adjust the top and

bottom sample lengths Dbetween the jriu-level boundaries,
when the Loundar ies do not coincide with the cu.tmulative

sample length 'CUtIINT'

KINT - (R the interval distance between the vertical jtid
co-or dinates*

LC(i) - (P) a counterof the number of samples Ilor
grid-level per bore-hole;



PAGZ 47
i - sample identification nun'Let e
KtH - (I) the total numhci of bore-holes*
ilIK - (I) the total number of 'jrid-levels e
NMN - (I) the total number of recoverable minerals*

1%P11% A : i -
vlgith 1tlie most sz%’rlr{lpleggtal number of samples Iin the bore-hole

H. - (I) the number of mineralization zones*
SAO(i,j,k) - (R assay composites;

i - grid-level
j - mineral identification number
k - bore-hole identification number*

SAKP(, j,k) - (R the proportional mineral content of each
bore-hole sample* This array must have all sample values
from the zero grid-level to the Lore-hole bottom incluuinj
zero values for air space, waste rock and unused array
members, as explained in Section 3*4*1;

i - mineral identification number
j - bore-hole identification number
k - sample dentification number®
SORFAC(i) - (I) the bore-hole collar elevation in grid

co-ordinatea;

i - bore-hole identification numbere
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Tho Gra !~ ire liction Programme computes tho spatial density
ot th't given deposit's mineralization as described in
uLsoct ion 3-ue2e A list of the source projramme is jivon in

Section  5*1* rho remaining Sections of Chapter 5 sa; ;lexent
these lists with:

I) a description of how the Programme is prepared for
execution in Section s»1,

2) a chronological description of the Programme's computa-
tions in Section 5%2,

3) comments within the Programme list in Section 5*3, and

4) a gloss 1.y of the FORTRAN variables in Section 5%*4%*
5% 1 PREPARATION OF THE PROGRAMME FOR EXECUTION
The Grade Prediction Pr lamme, as listed in Section 5%*3,
must to tailored to a new uejosit’s:
1} grid system,
2) size, and
3) mineralization zones*

The following steps are cross-referenced with tho Programme
list to locate the exact josition of these modifications*

STEP 1:

The grid system was defined \artially for the Assay Com,o-
sites Programme as noted in Section 4*1* The grid system
dimensions glinnod to execute that Programme were the
angular separation of the co-ordinate axes, the relative



Lni  ft”* °° t'0? 201:0 'Jiid-level with the deposit’s surface
co™pordinato intervals on the more nearly vertical

axu>* Tie co-ordinate intervals of the two horizontal txes

planned for ‘the tirade Prediction Programme to complete
t. e wueiinition ~if the grid system* The ideal grid system
cirr-('nsions are discussed in Subsection 1*2*2* Briefly, tliese
dimensions oust he small enough to give grid-block volumes
that can accurately approximate the topography and pit
surface* However, they also govern the total number of
grid- Mocks which must he less than the maximum INTEGER*2
value of 1?i.00c The limit of the grid system size and the
co-ordinate intervals are given to the Programme by reading

the values of the following constants (See lino 005, Section
S5«1) :

1) 'IS" and 'J5¢ are the co-ordinate intervals of the I
and J axes, respectively®* Those scale factors are used
to reduce the actual distances to small integer values
which are suitable for subscripts of FORTPAN arrays*
Those scalo factors are constant regardless of the grid
system type* For the irregularly spaced grid systems,
only the ixis perpendicular to the mineral trends needs
lo be irregularly sgaced* rho scale factors ’IS’ and
*JS' specify the co-ordinate intervals in the plane
perpendicular to the irregular axis* Therefore, they
may be constants* For the non-rectangular grid systems,
the Ingut data are modified to read the bore-hole
locations in grid co-ordinates instead of ictual dista-
nces* Th" scile factors are innecessir/ with this
change* In which case, they may be deleted from the
Programme expressions containing them or they may be
set egiia1 to one*

2) ' NI, "NJ' and 'NK' are the maximum number of co
-ordinate intervals in the I, J and K co-ordinate
directions, respectively*

The co-ordinat + intervals 'IB' and MS' must be mutually
tolerant with the#total grid size °NI’, ’'NJ' and 'NK' to
produce less than the maximum number of gri 1-Mocks* This

limit is .12000 and is impos'd by the maximum vilue permitted
for INT-G: R*2 variahl-'S* For example, assume that the given
deiosit is 1000 ft* L, 5C00 ft* by 1600 ft*, ind that the
desi el grid system is regularly spaced with co-ordinate
intervals of IS - 100 ft*, JS = 100 ft* and the vertical
interval e;ual to 50 ft* These dimensions produce a grid
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with 41000 atid-blocks which exceeds the maximum 32000* The

y~ yc' seal' factor is already defined to be suitable for
the Assa. Composites Programme* Therefore, the ’IS* and <JS*
scale factors ust be increased to reduce the number of

giid-fciocks to the maximum allowable limit*

STEP 2:

The following search [araiters must be defined for each
minei af ization zone, as described in Subsection 3*4%*2:

1) 1-iCLHS1 - the maximum number of assay composites per
estimate,

2) 1mAXD’- the maximum distance limit,

3) 'DEAR1- th” minimum angular separation,

41 *P* - the inverse proportional weighting factor, and

5) 1 Jf'INDi1- the minimum distance limit*

These data are read in at line 007 in the . .ogramxe list*

The interpolation in a particular mineral horizon automati-
cally will t» made only from the assay composites in that
horizon, if the prid system is constructed as expl lined in
Step 1 of Sections 4*1 and S5*I1*

STEP 3:

The dimensions must b specified for tha rURTHAN arrays and
direct access data sot.,*

A) The dimensions are defined for the FORTRAN arrays in
Section 5%4e

U The dimensions are given for the DEFINE FILE statement
in Section 5*3 for the direct access data sots*

STEP 4:

The boundaries of the mineralization zones simulated in the
Assay Composites Programme ate also simulated in this
Programme with the same indicator nri lys and polynomial
equations®* Those surfaces .ire simulated between lines Of2
and O(.;- of the Programme list in Section 5*3* The derivation
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30 andS3 0o0i°n °f these tiUriaces arc described in Sections
STEP 5 :

ridte  riuinhor of variables must be added for each
N lero%/@r able mineral us described by the comment
m the Programme list at Line 008«

SEQUENCE CF PROGRAMME COMPUTATIONS

LINES 001 - 031:

Specification and input statements*
LINES 040 - 186:

The nosle 1 7¥€ loops 1j01 and 45 estimate the point mineral
der.:, "t i 'ep%xD11 and 'GRAL21 at each 4rid-inter section
K) from the assay composites 'ASAY1' and 1ASAY2*.

LIKE 048:

The +LCC* expression calculates the location in a direct
access data set of the member (I,J,K)-

LINE 030:

This IF st<13" ent branches the Programme around the temai-
rdnj jrade prediction computations, if the tjril-intersection
(I,J,K) r.j one of those above the deposit’s our face*

LINES 051 - 075:

DC Icoj 17 calculates the .dial distance 3 between the
grid-intersection (I,J,K) and the assay composites (CORI,-
corJ) in th rano min- ri1lization zone*

LINES 052 - Co't:

These statements define the mineralization zone @ in which
the jrid-intersection (f,J,K) occurs*

LINES 055 - 062:
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l. ., '"®e>»/  composite 1j nut in the same zone as the
yiven jnd-m tnrsoction (i, j,K)

LINES 063 - 065:

there is »n .133,1/ composite ’ASAY1* ind 'ASAY2' within a
oimmam distance 'MPiD' of the jrid-interseotion (I,
the Jiumt mineral density <JHAOI« and '3RAD2' of that
gri 11 .t 't sect ion is ,ivon the vaiufe of that assay composite*

LIIJ2 07G:

This statement selects the a;propriate maximum number of
assay composites 1 CLUli1 per interpolation for the minerali-
zation zone ‘Kie

LIMES 077 - 087:

DC loop. TU ranks the radial distances 1Ri1 from th jrid
-intersection (I,J,K) to the nearest <LMAX* assay composites
in increasing ordere®

LINES 090 - 100:

The radial distances 1P1 are lost in DO loo; 2'«* Consejuen-
tly, DC loo; 26 1i:. re wired to rec alculate thorn, Lat only
for ther nearest +<LMAXe assay composite;* In this *1/, the
assay com;suites existinj outside the maximum distance limit
*LUTAx ¢ ire deleted from tho grade prediction at the grid
-intersection (I,J,K)-

LINES 101 - 143:

DO loo; 29 calculat'S two hearings *B* and *bl* from the
grid-intersection (I,J,K) to the selected (NC (L)) assay
corposites® Thu two hearingj are computed from north and

south ;.s¢> directions, respectively* The reason for this is
that two assay composites close to and on either side o1 a
base line will have a .mall jugular se;atation but 1 largo

difference Dbetween their Lea:in gs* Therefore, the two hea-
rings are required to tost the angular separation close to

the opposit 1 iso line*
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neturade£t0i,r f " UrK) TALl,tSftSl

/cio "vitupe 1 fiction by inussijning its ‘radi.al 1jjstence a

USES 165 - 173:

The point mineral lenaitios (GRAD 1, GSAD2) it the jtid
-intersection ate zero, if there ate no assay
cpaposites within tlie maximum distance limit 1KAXD*e The

-tat sent in Lino 171 is included to display these
gim-inlet sections* Normally, the jtid-intorsections on the
oticor od;es of the grid system will be out of ran e of the

search yararreters, if the yrid system extends past the
exploration drilling* however, definition of the search
parameters should be re-examined, if a 'jrii-intersection

that is within the deposit is out of range*

LINES 174 - 164:

*ho assay composites that have not been excluded by jrovious
tests are avotajed in inverse proportion to their radial

distances 1T1 ky the power <?' to estimate the /oint mineral
densities 1GRADI:1 ind 'GKAD21e

5* 3 A LIST OF THE GRACE PREDICTION PROGRAMME

001 REAL COPI (t,0) ,00",! (</) ,MAXD (4) , ASAYl (19,60,4) ,
1ASAY2 (1 - 60.,4) ,R (60) ,3 (60) , PI (60) , ATAN, ACS, SQRT,
2STCRL (30)
002 INTEGER MCLOS (4) , NC (60) , T, SCORE (750)
003 I NTEGER* 2 TOPO ( 10, 25, Id)
PORVENT

The paramet'-rs of th<* following DEFINE FILE statement are:
1) ii - NI*M.HNK,
2) jj * (number of recoverable minerals)+4,

i) kk - NPHsNK,
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1) 11 = (number of recoverable minerals + 1)*4, and

5) mm = NBH» ,
I

00,4 11n’\NE/ tL™ 1°U1i, jj,L,1J) ,11(kk,11,L,JI) ,
A#L4J"3)
» R-AP (5, 1) NI, NJ#NK,!!'BH, K2 ,1S,J 5
006 1 FORMAT (7 4)
0Cc7 R" AD ;5# 1004) (NCLUS (M ,r.AXD(M) ,BLAR (M ,P (M,
Imind (%)
008 1004 FOR.™AT (I2,F6»1,F7e4,F3.1,F4»2)
COMMENT

Tho aj'j rojiLite number of variables and expressions must be
added to tae Projrarmo for each recoverable mineral* Para-
llel expressions are create! for ASAYn (K,N,K), ASSAYn, GRADn
and jASAYn, whore 1n1 identifies each recoverable mineral,
at Lines 012, 01?, 020, 04%, 073, 169, 180, 184 and 13t>*

009 DO 1112 K=1,NK

010 DO 11 12 N«i NEH

011 do 1112 r=1,:%z

012 ASAVI (K,r;,::; *0

013 1112 ASAY2 (K,N,M)=0

014 1=0

016 DO 10 IC N=1, NUH

016 DO 1010 K=1,*JK

017 1=1+1

018 PEAT (11'I) ASSAY1,ASSAY2,
019 IF (A3EAY1) 1(10,10 10,1006
020 1006 ASAYI (M, 1,M) =ASSAY1

021 asay2 (::,:;,:1) =assay2

022 1010 CONTINUE

023 DO 903 N=1,NUH

024 READ (12'd) XY

025 COPI (d) =X

026 803 COP.1 A)) =Y

027 IN*NI*NJ

026 READ (5,1051) (SCORE co, N=
029 105 1 FORMAT (1012)

030 po 1054 K*1,NK

031 N=C

032 DO 1064 J*1,NJ

033 DO 1054 1=1,M



034

035
036

037
039
039
040
041
042
043
044
045
046
047
04 C
049
050
051
052

Lin'*::
zones*

053
054
055

056

057
05B

059
060

061
062

Obi
064
065
066
067
068
069

N=N4 1
1055 ~ ~ fSCORK (”)-«) 1055, 1053, 1053

GO TO 1% 4
1C53 11=0
1054 TOFO (I, J,K) =H
En09AD=0#
DO 001 K=1,NK
DO >01 J=1,HJ
no m, 1=1,Ni
GOAD1=0-
GRAD2-0*
DO 161 N*1,NBH
le 1 1CO=0
LOC=N,7*HI x (K- 1) +NI* (j-1) +1
FIND (10'LOG)
IF (TOPO(1,J, K)) 46,46,999
999 Du .7 N=1,NJH
IF (11096* 3+265%2%1-1 im**J-150#5*K) 1011,1012,1012

052 - 06? ar tailored to the user's mineralisation

101 1IF (K- 10) 2015, 2015,2016
1012 IF (K-10) 1013, 101 MO 1 -
101 K=1
IF (1109 *3+2*61i2*CORI (N) -6*55*CORJ (N) - 150*5
1*K) 17,2.,75
1014 K=2
IF (11096*3 +2#652*CORI(N)-5»55*CORI(N)-150%5
1.f) 17,75,75
2015 |
IF (11096% <2*652*CORI (N)-5*55*CORJ(N)-150%5
1 <K) 75,17,17
2016 M-4
IF  (13t/>b«3 +2%652*CORI (N)-5»55*CORJI(N)-150%5
1*F)  75,17,17
TbIF  (A(CO" I (M-IS*I) T’Dx ) 90, 90, 91
90 IF  (AVS( OF) ( N ) J)-n *?(::)) 1016,1016,92
91 1F (A?S(V HI(N)-.1S*J)-MIND(X>) 93,93, 1015
93 9 (H)« (AtiS (CORI (N)-IS*1) )
GO TO 17
92 R(M) e (ABS (COR7 (N) - JS*1J))
GO TO 17



070

071
072
073
074
075
076
077

078

080
081

083
084
085
086
08h
088
089
090
091
092
093
094
095

096
097

098
099
100
101
102
103
104
105
106

107
108

109
110

101~

1016

17

1018
19
20

21
22

23

171
24

130

131
182

133
184

25
26

27
1101

1102
103

104

105
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1 - (COR1 ) #% 2% = (A85 (C0.7.J (N)
GO TO 17
GrAD 1= \52il (K, M

GpAD:  ASAY2 (K," N

GO TO 46

CONTIt’ UE

LMAX=;ICLUS (M)

LO 24 L=1,LKAX

DC 1013 N=1, HDH

IF (7(N)) 1018, 1018,19

CONTINUE

SKEL=R (N)

DO 2) j=1,NB;i

JF (S(N)) 23,23,21

IF (R(N)-SSEL) 22,22,23

NC (L) =N

Sit EL* R (N)

CONTINUE

E(NC(L))=90000000-

CONTINUE

DO 26 L=1,LEAX

IF (A85 (CORI (NC (L) )-IS*1)-RtHD(K) ) 180, 190, 131
U(NC (L) ) =AUS (CORJ (NC (L) ) -U5*J)

GO 7O 184

IF (A85 (CO?J (NO(L) )-JS*.1)-MIND(M) 192, 182, 183
R(NC (L)) °ADS (CORI (NC (L) ) -15*1)

GO TO 134

R(NC (L) ) =S2RT ( (AES (CORI (NC (L) )-IS* I) ) **2*
(AbS (CO?J (NC (L) )-JS*J) ) **2«)

" (?MC(L) )-;:AXD(y.) ) 26, 26,25

R(NC (L) ) *0

CONTINUE

DO 29 L*1, L1AX

IF R(NC(L))) 29,2 1,27

IF (C07J (NC(L )-".%*J) 1102, 300.1 101

IF (CCiI (NC(:>)-1:.*I) 106, 303, 103

IF (CO1I (NC(L))-IS*I) 105,304, 104

B(NC (L) ) "ATAM ( (AUS (CORJ (NC(L) ) -JS*1J) )/

1 (APS (CORI (NC (L) )-IS*T1) ))

GO TO 28
B(NC (L) ) =4*712 33tATAN ( (ABS (C03I (NC(L) )-IS*1) )/
1 (AES (CORJ (NC (L) )-JS*J) ))

GO TO 28
J(NC(L)) - )* 14159* ATAN ((AD (CORJ (NC (L) )-Ju*J) )/

1 (AES (CORI (NC (L))-IS*1) ))



111
112

113
11%
115
116
117
118
119
120
121
122
123
12%
125

126
12r

128
129

130
131

132
133
13%
135
136
137
133
139
1JO
1%l
142
143
144
145
146
147
148
149
150
151
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GO TO 28
106
i (aes KoRj,:,cZLn,: 5" 5, ,7 '"“ ,CORI t:,c(L) 1
GO TO 29
300 1f {-ORI (NC ) )- 15*1) 101,308,302
301 B(NC(L) ) =3# 14159
GO TO 2

302 B(NC(L))=0%*0
GO TO 23
303 L (NC(L))” 1*57000
GO TO 28
304 E(NC(L)) -4.7123d
I8 IF (CONENC(L))-JS*J) 201,310,202
201 IF (COPI (NC (L))-If>*1) 203.313.204
202 JF (CORI (NC(L))-1S*n 206,314,2%5
203 31 (NC (L) ) =ATAN ( (ALS (COflJ (NC (L) )-J5*7J) )/
1 (AES (COPI C'C (L) )-IS.L) ))
GO TO 29
204 31 (NC(L) ) »1 *570R*ATAN ( (A35 (CORI (NC () )-IS*1) )/
1 (AES (CORI (NC (L) )-JS*J) ))
GO TO 29
205 til (NC(L) )=1. 14159 ¢ATAN ( (AUS(CORJ (NC (L) )/
1 (AES (CO1I (NC (L) )-15*1)))
GO TO 29
206 01 (NC (L) )=4.7 1230* ATAN ( (AOS (CORI (NC (L) )- IS *I) )/
1 (AES (CORN (NC (L) )-J5*J) ))
GO TO 29
310 IF (CORI (NC (L))-15*1) 311,303,3:2
311 91 (NC(L))?0.3
GO TO 29
312 01 (NC (L) )=3« 14159
GO TO 29
313 B1(NC(L))=l.5708
GO TO 29
314 B1(NC(L))-4*71239
GO TO 29
308 WRIT: (6,30)
29 CONTINUE
303 FORMA" (' TILT')
DO 33 1*1,LMAX
DO 33 T*1,LMAX
IF v viCc(L))) 33, 11, 1120
1120 IF (R (NC (T) )) 13,33,121
121 IF V\: i (d (NC(T))-,! (NC(L)))-BEAR (M)) 30, 33, 33
30 IF (R(NC (m )-P (NC(L))) 31,33,32
31 R(NC(L))=0
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152 * GO TO 13

153 32 R(NC(T) =0

154 33 CONTINUE

155 DO .17 L=1,Lt'AX

156 DO 37 Y=1,LMAX

157 IF (R(SC(L))) 37,17,122

158 122 [F (P(NC(T))) 37, 17,123

159 123 1F  (ADS (81 (!IC(T) )- Bl (NC(L)))- BEAR (K) ) 34, 37. 37
160 34 IF (T (NC(T))-T (NC(L))) 35,37, 36

161 35 R(NC(L))=0

162 GO TO 37

163 36 R(NC(?))=0

164 37 CONTINUE

165 DO 18 L=1,LRAX

166 IF (R(NC(L))) 30, 38, 39

167 38 CONTINUE

168 GRADING*

169 GRAC2=0*

17r WRIT: (10* LCC) GSADI,GRAD2,E6G3AD
171 WRITE (6,998) 1,J,K

172 .,. 998 FORMAT (' KAl UZ OUT OF RANGEI, 313)
173 1 GU TO 45

174 39 SASAY 1=0

175 SASAY2=0

176 SUKW=0

177 DO 44 L*1,LflAX

178 IF (P (NC(L))) 44, 44, 41

179 43 SASAY I=SASAYH ASAYI (K, NC(L) , M/ (R(NC (L) ) **P (fl))
180 SASAY2=SASAY2*ASAY?2 (tr,NC (L) , M/ (R (NC (L) ) *$P (K) )
181 SUKW=SUMWM?*/ (R (NC (L) ) **P (X))

182 44 CONTINUE

183 GRADI*SASAY1/SUfIW

184 GRAD2 =5ASAY 2/SUMW

185 46 WITE (10'LOG) GRADI,GRAD2

186 901 CONTINUE

187 STCP

188 END

5 4 GLOSSARY

This Jlons ir/ defines tho FORTRAN variables of the Grade
Prediction Piojramioe The ,loasdry iu not complete; some
variables used to facilitate ;royramminj are not included in
the list* The for mat of the entries is defined in Section
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*GLOSSARY-
Noilkisior ,

i - grid-level
j - box.e-hole identification number
k mineralization zone identification number¥*

Assa11'  ASSAY2, <+ ASSAYn - (R) a variable wused to transfer
asse; f(in{.vSitos fr am external storage to internal storage
for 1n* recoverable minerals*

b(1) and 131 (1) - (R)  the bearings from north and south,
respectively, between gril-in tersection and assay composi-
tes;

i - bore-hole identification number*

o
BEAIT(1) - (P a search parameter which is the minimum

allowable angular separation between assaycomposites mea-
sured in radians;

1 - mineralization zone identification numbere

CORI(1) and CORJ (i) - (R) the I and J co-ordinate locations
of the oorc-holes in feet.;

1 - bore-hole identification numbere

GRAD1, GRAD2, <+«GRADn - (R) the point mineral densities at
a grid-intersection for e<n’ recoverable minerals*

IS and dS - (I) the scale factors for converting between
actual distances and grid co-ordinates*

LOG - (I) the location of a member in a direct access data
set e
n,\XD (1) - (P a search parameter which is the maximum

distance between grid-intersection and assay composites;

1 - mineralization zon * identification numbere
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distance between Sssay'coSpouile'anT'yrii-intersectirS1"'""

i - mineializdtion zone identification number*
Not! - (I) the total number of bure-holes*
~CH i ) a vislaLtt' used to identify the assay composites

to . bo included in any particular point mineral density
estimate;

1 - bore-liole identification number *

NCLUS (1) ~ (1) a search parameter which ejuals the maximum
numaor of assay composites to be included in each point
mineral density estimate;

i - mineralization zone identification numbere
N1, NJ and N -(I) the maximum , J and K jrid co
-ord/-nates, respectively™*
NZ - (I) the total number of ainr ization zones*
P(i) - (» . search parameter v.ncn is the inverse propor-

tional weijhtinj fuctor;
1 - mineralization zone identification numbere

R(i) - (Dthe radial distances between jrid-intersection
and its nurrounlin; assay co rrosites;

1 - bore-hole identification numbere

TOPO(i,j,k) - (1*2) an indicator array use) to simulate the
deposit's surface;

i, j, k - the I, J and K jrid co-ordinates, respectively*
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CHAPTER ¢ OPEH|PIT PLANNING SYSTEM

tn» orior. described in this Chapter are used to work out
how tn conduct the open pit miniiuj operations on the user's
surface deposit* Economic, mathematical and mine desijn
theories are com.fired with computer jro-jraliiminj techr.i “ues
to yield a ’it planning system based on maximum total jrofit
and {resent value* ’his system is executed with the Mine
Plan Programme listed in Chatter 8* The HP Programme
produces a set of schedules and plans that represent an
optima": open pit mining solution for the user's deposit* The
flow diagram in Table 6*1 illustrates the computational
sequence of the yp Programme* Chapter ¢ is organized note or
less parallel to this diagram*

6* 1 INPUT DATA

There are two types of inputdata repaired to initiate the
MP  Programme* “hosedata t;p*-s are distinguished by being
variable or fixed* They at-° described generally in the
following Subsections and are listed specifically in Chapter
8*

6+ 1* 1 VARIABLE INPUT DATA

The variaslo input data are the information regurring
decisions ty the wusere These data ire collectively called
the ' IIIPUT MINING PROPOSAL* in Table 6*1* This proposal 1is
the ael ction of all conceivable plant [reduction capacities
of the [it, co;:centr itor and refinery, and an ogvn , 11
mining method *

PLANT PRODUCTION CAPACITIES:

A routine  has been written into the MP Programme which
chooses the plant production capacities yielding the grea-
test present value* This choice is made from the possibili-
ties jiven by the user* The user selects any nu ibor of plant
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illujtratfjs an exam;lr of thiv in”at data*

THS CAPITAL COST OF 27 PLAIT CAPACITY COMBINATIONS

k %k ok ok ok ok ok ok

* RECOVERY #CAPACITY* 1*5 I 1*7
*EFFICIENCY*  (T) Ly ok G A
:: *  20-0 *37%75 32%00 3be 1) *
; 95% ¥ 22%5  x32%5)() 21 »b5 42%00%*

¢ 2s5%0  *23%5( 27%25 30%25%
ES % ‘ %
* o o20x0  *37%50 26%35 31%85%*
* 90% *22%5  x38%5() 41%25 27%00%
$ ¥ as5%0  *34%75 40*50 30*25%
* k sk *
* *  50%0  430*%75 40*00 25%50%
* 95% ¥ Q2*%5  x)5%75 41*00 37*75%
* *y5%0  #28%25 25%65 35*00*

PIT CAPACITY*? MILLION TONS PER y“AR
CAPITAL COSTS IN MILLIONS OF CASH UNITS

(T) =capacitxgs in thousands of tons ier yoat
(M)=ca[ icitios in millions of tons pet yoat

TABLE 6 * 2

The plants ato defined in the followinj masner iccotdinj to
production processes and costinj methods rather than by
local!>n:

The 0 The 1t roduction 1s jivon as the total
p p J

cutiat including ore and waste* The pit production

processes are all those common to both ore and waste

exceva*ion*

U The concentrator: The concentrator is thit [art of the
[reduction processes which distinguishes th-* ore from
the raw material of the [it* As opposed to refinin j.
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concentration is the jrou” of processes that cm he
char jed without regard to the ore’s mineral contente
For example, it will include the difference between the
productive effort, of ore and waste excavation, crus-

hing, jrin Unj, floating, leachin j, control sampling,
and so forth* However, if the cost of any of these
component processes becomes a function of mineral

grade, it becomes part of therefinery ireduction*

C) The refinery: The refinery 1is the group of purification
processes that are distinguished from the concentrator
production by the tanner in which the <costs are
charged* Refining include * the processes that depend on
the ore’s mineral contente For example, it will
include smeltj np and marketing*

OPEN PIT MINING METHOD:

The second \art of the 'INPUT MINING PROPOSAL* rejuites the
followinj decisions from the usor:

1) Pit layout:

a* the minimum angles between vertical, and the
safe and working pit walls;

b* the height and width of the pit benches, and

c* the number of exposed ore benches and
working faces per ore bench*

2) Ore Excavation Sojuonce
Safe w'.11-AnjIms:

The safi wall-anjles lofino the minimum allowable ingles to
the vertical that, the final ;it surface nay have to prevent
it from sliding as a result of the slope stability condi-
tions* Any numier of safe wall-anjles may be specified for
charging slope stability conditions through the user's

deposit* F»  *amplo, safe wall-an jles can :e lefined lor
each region if the pit illustrated in Fig b*1* The three
lojions ire ielimit--! by their orientation with the weak

cnou strength direction of the deposit's bedding planes*

Working Wall Anjles:

The workinj wall-angles define the allowable minimum angle






to the evertical that the :it wall: must excr 21 until they
intersect with the [ina:1 surface of the ;ite This specifies
the overall anjl >of the interme'li ite oj-eratinj slop es which
are required to expose the ore benches* Any number >f these
wotkinj waii-slo;es may be specified for different wor<in3s
conditions throujh the \it* The rela” ionsl-.ijj between t e
safe and wotkinj pit walls is illustratea in Fij* ¢*2*

bench Hei jht and Width:

The size of the excavatinj equipment planned for the ;it
will determine the bench hei jht and width* These dimensions
are specified to ejual the excavatinj equipment's wotkin j
space re juiremer.ts* The computer simulation of the [it is
considerably simpler, if the vertical and transverse jrid
-block dimensions are made ejaal to the bench hei jht and
width 1 ; recommended in Subsection 3*2*2* Otherwise, the
grid-blocks hive to be built up to ejual the bench dimen-
sions*

The it walls formed by sta,jerinj the tenches at in oft ;et
ejual to their heijht and wid* hproduces a fixed wali-anjle
as shown in Fij* 6 *3A* However, a fixed wall-anjle does not
permit my free lorn for planninj:

1) the stripping ratio of ore ts> waste and

2) different intermediate and final pit walls in the
various parts of the [it*

Therefore, th-» TP Projt ammo is written to illow the user to
siecif the bench dimensions ind'pondently of the wall
-anjie»es rhe Piojin ie designs the [it wills at thes, eci-
fled injivs 1/ jroupinj tlie tamchea» follows.

1) The bench".: ire jroujed horizontally, is luutratad in
pp.-* (*'*# when the 1it wall, ir* ixai 1 'la.
slope fixel by a sir.jla ovset of the benches* The
horizontal  bench jtouj in , >es »t create my o[-ca-
tiona’ 'coble ns* Its only -« ml<ct is io i:.create . r'
hoiizonul working space on the groped bmchc.*

P benches ite grouped vertically, as illustiated in
Pii  f.*3Cc, if the 1it wall ; ate steeper than the lo. e
,iyG(] pe , single bench offset* The borich , orpinj
causes local slope variations of the pit walls alte.ni-
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tin.] between steeper and flatter will-anjles than that
:»pveitiel by the user e The locally alternating slopes
result in the desire 1 overall wall-an jle of the pit
surface is 'illustrated in Fi.j Ge¢3Ce However, the us >r
must b<* confident that the pit walls can stand »t the
local slope exaggerations, if he specifies a wall-anjle
less thin the sinjle bench offsete

The pit wall desijn function of the ftP Program?# permits the

followin; specifications of the 'INPUT MINING PROPOSAL' to
be made independently:

1) the bench heijht and width as defin the excavation
equipments vor <inj opace re juirement. ,

2) the wotKtnj wall-anyles as determined from the desired
stripping ratios and the slope stability conditions,
and

3) the sife wall-ingles as defined by the slope stability
condit ions*

This dosi > capability fre”s the user from natchin j the
working space re puirements to the stripping ratios within
the limitations of th” slope stability conditions*

Number of Exposed Ore Benches and Working Faces per Exposed
Ore Bench:

The number of exposed or# benches and ore workinj faces per
exposed ore bench is interrelated with:

1) the production capacity of the ore excavating epuip-
ment,

2) the production capacity of the concentrator, and

3) the tench h-‘ijht and wi 1th*

The total numberof oro workingficos must be capable of
ptovilir. i the concentrator input production* For a parti-
cular concentrator, this number equals the concentrator
capacity vlivi I*T h/ tho pteduction caj \ci ¢t/ j m o0i> voi ]
face* How*v > a iar jo tun,e of concentrators :uy hive been
soviet<.! for b) tl,.- HI* .Pio.jiin.t- Con”.wntl/, it
»,d, te ditfieolt to natch tho iiaml.oi of on- votnil j tae.-j to
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the vhclv ian jo of concentrators, if this is so, then:
I) assume the number of ore working faces,

2) execute the KProgramme to select the best concent-
rator capacity,

choc* this concentrator capacity ajainst the number of
ore working faces, and

11 n<<<¢ssai y, adjust the number of ore working faces
and rc-cxocuto tho r,P Pro JI amme*

Ore Excavation Sequence:

The simulation of the jit production tejuites the followinj
decisions:

1) where should ore excavation begin?

2) in which direction should the ore working faces advance
from the starting point?

3)  which gtid-blocks are ore and which are waste?
4) in which order should the ore giid-blocks be removed?
5) what overburden should he removed to expose the ore?

6) how much ore and waste should be excavated in any given
year7 and

7) in which yeit should the grid-blocks be mined?

The last five decisions are made by the XP Programme to
maximiz ¢ the pr”.ont valu” ot the user's deosit* Th>firn
two decisions are made by the user 1ind are part of the
INPUT LINING P10PO5AL's The starting joint of the ore
excavation should he the mostadvantageous in relation to

the location of the waste dumps, plant faciliti-'S, jto, rty
lines, md :0 forth* The ore working face advmco should be
parallel to the 1longaxis o* tho jit* *Li> will .inimi/ et he
number of chin go.,, reguired for Lac haulu go roads®* The jit
production simulation routine iiitomiti .ax 1/ c.h.ang®”» the
direction of the working race advance ot altermte ore
benches in both thevertical and horizontal directions, his
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minimize? the movements of the ora excavation ejuipinent®

The <« ISPJT i IINj PROPOSAL* for a particular deposit can be
uevelopeu with the ;P Projtanme as a Vltnnin; aid* The
unknown  or un leci led items can heassumed and an open pit
minir;j oc] ution confuted* Then, the assumptions are chan jed
to compu”o another solutione The cycle of input assumption
commutation -- iniutadjustment --re-computation is
continued” until the best o[v>n pit nininj solution results*
This rapid execution facility ofth"Pro;tamme provides a

means  for Juic<ly assessing theeffects of chanjinjthe
mininj proposal*

¢* 1* 2 FIXED INPUT DATA

The fixed input data is characterized by being constant for
any ji.ven deposit* There arc the following three categories:

1) spatial mineral distribution,
21 economic data, and

3) physical data*

Spatial Mineral Distribution:

The spatial mineral distribution is supplied by the computer
programmes described in Chapters 4 and s5* Recall that the
Grade Prediction Projramme stores the sjatial mineral dist-
ribution in a direct, access data sete This data set is read
by the MP Programme as part of its iniut data*

Economic Data :

Elements of the deposit's cost structure must be supplied by
the wuseres The <cost structu:«¢ 1is simulated in the
Programme with the standard costinj method* This icthod i
the computation of each jrid—biock*« not .<+h vairre to t e
venture from st in it ! costs and prices* ino«we “funiuid. arc
adjusted and totalled individually <¢o vi’ fan fotdA ,'et
cash value of each jiid-1.ic< according t > th% pec ;iiai
Conditons ind >  whic. it i.. mint 1* ib stand 11 1 costs, us.
prices. ,nd the peculiar costinj conditions ate the cost
structure el aents that must Vo sapplied by ta wuser*

The standard costs and |rices are given ay the wuser in an,.t
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ter mb ail'd aujusted accordinj to each grid- block *n;

1) time o! excavation - for the time inflation of costr,
and irices,

2) location - for the difference in the excavatinj costs
in various [ irts of the pit, and

3) mineral content - for the differences in the metallur-
gical Mactoristics of the ore-

The adjusted standards are used to compute the particular
grid-block's mnet cish value along with its unit joijht,
mineral content and overall recovery efficiency* The net
cash value computations are discussed in mote detail in
Section 6*5*

The ' AINOAt, UNIT COSTS' defined in Table 6*3 are the
arithmetical means of all the adjusted *STANDARD UNIT COSTS'
assigned in each year of the mine's life sian* The annuil
unit costs represent an estimate of the yearly pit, concent-
rator, and refinery costs®* The standard and ann ail unit
costs are defined differently for two so;atate applications
in the KP Programme* Consequently, Table 6*3 is presented to
detail the differences in Ueir definitions to avoid any
confusion*

Physical Data:

The physical data is the last citegory of the fixed input*
This dit i includes the deposit's surface topography and any
geolojic or structural features that wij;i interfere ""fe "y
development of in open pit mininj solution* rho fellowinj
computational routines of the KP Programme are the ones
which could be affected:

1) costing — for example, by the location of the water
table
2) final ;it surface design — for example, ty variable

slope stability conditions, and

3) pit production — for example, by rock movements alonj
a fault plane*

: : : -
The KP Programme is written to recognize any >f these
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DEFINITION OF UNIT PRODUCTION COST TERMS

R

ANNUAL UNIT T>STS STANDARD UNIT COSTS

kokkkkkkk kg K|y SRR G K

DEFINITIONS FOH ¢ ALGEBRAIC * DEFINITIONS FOR
CUT-01F GRACES S . EQUIVALENCE* T-S NET CASE VALUE

PRODUCTION TARGETS ¢ * DISTRIBUTION
COMPUTATIONS . « COMPUTATIONS
E= EXCAVATION COST * OB *Gb=  WASTE EXCAVATION
PER UNIT WEIGHT OF* * COST PER UNIT
PIT MATERIAL * * WEIGHT OF WASTE
$ *OR=  ORF EXCAVATION
* * COST PER UNIT
* * WEIGHT OF ORE
C- CONCENTRATION COS!* C=MILC#CR-OS*MILC®KILL1 G COST PER
PER UNIT WEIGHT OF* * UNIT WEIGHT OF
ORE * * MILL INPUT
R= REFINING COST PER * R=PEFC *REFC*REFINING COST PER
UNIT WEIGHT OF * * UNIT WEIGHT Or
END PRODUCT * * END PRODUCT
TABLE 6 * 3

features so that it can modify the o[ >n pit mininj solution
for their occurences®* The itojraniiiiinj techniques

in Sectior It are u.;ed to simulate these structural
features* Application of the structural simulation techni-
ques is explained later when the various codiputa«iwvnai

routines that use the are discussed™

0* 2 OBJECTIVES OF THE OPEN PIT PLANNING SYSTEM

The objectives of the open |[it planning system are:

1) to lesi jn the final ©pit surface that wixl yili the
maximum total profit anu
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2) to e furnish a solution for ex;loitinj the [it that will
maximize the mine's [resent value*

This® [lan,inj system is 1 development foliownj f*om the
prcvioi'™ work in the field* The latest anu most advanced
system (1/9*7) iesi jns the final [it surface with the
maximum totai [rofite This thesis introduces the time
dimension anlJ the exploitation solution®* In particular, the
tnine'o caeh flow and the time value of money are included in
the open pit planninj system*

The objectives <cin be described with the followinj analy-
tical develo[ment:

Let C(x,/,2z,) he defined in a closed three-dimensional
region P rncomj is.;inj the user's deposit®* The rejion 3 is
subdivided into subrayions, called patallelipi[eus, by cons-
tructinj a ;rid coniistin j of planes parallel to the xy, yz
and xz planes* Tt.e function C(x,y,z) denotes the net cash
value of (x,vy,2) which is a [oint or jrid-block, in the
three-dimensional re jion s8%*

Let P(C(x,y,z),t) be defined as the not cash value density
function C(x,j,z) extended to include the tire [orioa ?e¢ The
function P (c(x,/,z),t) denotes the net cash value of jrid
-block (x,y, z) for the year t durin jwhich itis mined* The
domain of the function P(C(x,;,z),t) 1is restricted:

1) to the family of pit surfaces whose walls ate not
steep et than tho minimum safe wall-anjle at any point,

2) to the path specified by the user for the sequence of
ore excavation, ind

3) py the prevailing cost and price inflation rates and
th > opportunity cost of investment capital*

The objective is to find:
) the pit volume 7 of th** region P, and

2) the nine production schedule t of ttim~” [+¢'liod »
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PV = 1; ///p (C, , ,t )dV]dt
T R

Th* thcee inmn rj¥;t integralsai ¢ uval'i tod fiuL to fini
the fimal .it av i* i-Idin, a iximun tot I1 ;rofit* fiien,
the remaininj i: t -;iit i:. poiforsod to find the exploita-
tion solution t'.at .ill  ixi.iiz- the rain present zalue*
Unfortunately, a ;i le tol.iti miizii roes not exist i u tha
function V(:(x, ,. »t) « Adliti §illy, th lirit 3 foi the
tico period T I; .,nkn un, or n other «>x!s;, tho nine's
life Sftn c¢j not i icfined i for- tn integration is
executed® Thcevf ve, th- multiple initial's solition is
execut'd in :itectly with numerical, economic, Lithcnatical

and trine design letho s which were devised to mmke uj the ilP
Projtanne*

The solution is executed with the conwi ;in;j iteration
illustr.it -d in Tivl o* 1* ,he iteration conwr j<¥ towards |
definite o1 en it raininj solution followin; fro;-i certain
initial assertions*

So to initiate th ilution, i* 1is wunsura d that the entire
deposit is ninea in th" :irst /-.11 *This assumption is a-ade
for th - data -t , that 1ire tidependent, maely the two
time-space i t?1 jti ms of itinerals and net cash values,

respectively, and the annual unit production costs*

To avoi 1 confusion, it 1is important to d-fine these prece-
dinj data sets:

A Ti e-np ice (?- ) ;ir.ti iiutions: The T-f, distributions
provide th*” -i*pr sion of oinoial juantitie> anI not
cash vtloo ; 1y tic'it spatial location and [> the period

are used to account for the differences in tho mineral
juantitis» nil 1 * cash valumu avalla! 1* for -*p Loit 1-
tion at sry oo "ent =n the ;it's life s; an* .h*i two

distriluti tn. »<* defined lomewhat 1ii ffor «?ttye lit s-
11/, th*-  T-r, net ca>h viiu' distribution == 1 tour

defined I/ its throe-dinension 11 location in tno as-t s
deposit ««@I 1/ the production year o: the matoria,
represent -: If that point* Recall that the ;-S net c¢,”n
value Jistii: it. m was lefin . previously a, I (L\\,y,z
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t>or-iod* The location of these tonnaces 1i:; jiven by
their association with the time 1in which they are
mined* mmhe tvo distributions are describe 1 nore thorou-
ghly in Sections ¢ *' and e»s5*

D Arnual wunit production costs: These costs are the
annual excavation, concentration and tefinrr.j costs jor
throughput tonnage of the i -spective production plants*
These terms were defined earlier in Table 6*3* Norma-
Ily, they no estimated from the T-3 net cas,; value
distibutionis do scribed in Subsection u*1*2* However,
the estimates cannot Le made until th > 7.5 net cash
value distribution has been cooput »d* "h"secomputa-
tions are the fourth step in the iterative cycle as
illustrated in Table 6*1* Meanwhile, the unit produc-

tion costs ate reguite! for the preceding cut-off
grades, ;reduction targets and plant capacities selec-
tion computations*Conse jUt>ntly, they are as ,u ed for

the first cycle of the iterative solution until they
are replaced in the next cycle*

Thn assumptions re “uit'd to initiate the M Programme for
the jreceding data sets are:

) The tire dimension is assumed to be the first produc-
tion year for the T-S distribution;*

2) The sfacr dimensions of the pit are assumed to inclule
the entire rejion encompassed by the grid system for
the T-S distributions*

3) An estimate of the unit production costs for the first
production year 1is given by the user*

The time as.su rtion re. resents a £it life s; an of one yea:;
therefore, the wunit, production costs assurajLion i > maim only
for that year* The three assumptions are replaced with
better Isttouted a . the solution progress t,,r.>ugu the

iLoz ation..*

The whole process cm be conceived as a closed loo* in whicn

7j &s-.js -US-SISa, <<SSI, " N' ks



(1351;n  an 1 nxpl Ut i1 ,n solution* Table O0*lillur.t.c.itos the
Pcocoas jl 1S:Cllly -

The routines 1illust-.to: th<tc> ran he de ,er ibed Ly moans of

an ana lo;y wit'i the f .netlona andoperations is;Had 1, the
BUItiblo into .t il .1 v«'lc;od ;t->vi r.tsly;

W o» /i /- ( (,y,z),t)uVjdt
R

T
The -.issurption ', as listo.i a ove, no ,ad * foi the limits of
the outer "Ot intoj: i * Lv. -lon the.;- .S. an; tions, it 1is
possible to coput* <h" ;»eh Tfor the imt”*jcal* This ; tth
is restrict*' : .the ore xc tvition s wa-rncf ji v»n by the
usei.» The retininj : tision . required to formal to the®*;.tth
die cotput'Ly t. following routin s to iixiaize the

Tine’s presett vilue:

r, PLAh'? CAi \CITI.S S LECTIvZI,

2) .CUT-OFy GRADES v VTA fit ¥e, &-.":

3) PRODUCT"CM TAT; T, CfM TTATIO =S»
The oint den it<*, of the fun. rim P(C(x,y,z) #t) ire cor-
yutei in th tou ine T-S X T CASH VALUE DISTRIBUTION
COMPUTATION ' isu ir the tire ii .. nsion* Th/m, the op ra-

tion

J11° (- (,1,7), V)dV
R

is exocut . tofind the ,it. yiel in; 1 he fiaxi ij.1 total
profit ov i Comi : mR, ie <+ 1) j: ia  system, !y the
routine r rr"f/: A; .DESIGN* Tl.eteaft -r, the operation
/( )at
T
is icerforee " t.t a r atin PIT PRODUCTI < LIT! LA.i-L _il.-ni
the ;ati 7% A + - solution projr«.‘s ;e:§ through tnv it ra-
tion, ith“initial a .«iptions ire rep.! 'C*! eac.. cycle .y
bettor fsti at This -s achieved;
A with tie ti . . computed by the routine ?1T Pe<>B-C’K.S

J1 MULATI.



A whtil oF lit 3jrfaco (for the sf.ice dimensions)
comput e ; by the routine FINAL PIT SURFACE DEII ;, and

AN *At? un"un  unit production costs estimated by the
routine [-S NET CASH VALUE DISTRIBUTION COMPUTATIONS*

The soJution converges when the results of the precedin ]
iteration cycle ejual the results of the ultimate cycle*
These results are listed as the OUTPUT in Table &*1*

6* 3 TIME-SPACE DISTRIBUTIONS OF MINERALS

1 he FORTRAN data set fot the T-S mineral distribution is
named:

ORERES (M,N)
where the subscript:
"R’ identifies the mineral jrade increment, and

IN° identifies the pit increment or th'i time period durinj
which the minerals will be mined*

Each array member is the weijht of pit material with a
mineral content *M' which will be mined in the Nth period or
pit increment* *M* is given by the joint densities of the
spatial mineral distribution 'GRAD* conjured by the Grade
Prediction Program e (listed in Chaj ter 5) e <=1 is given by
the excavation times computed by the routine PIT IRODUC "ic:;
SIMULATION  (sr-e Tt;l G+1) e *N identifies a horizontal
cross-section of the dojosit mhen the <OPERES: data set is
assumed in or to start tlv* iterative solution®* bulse guen-
tly, en‘ identifies a jeriod in the mine's life span*

6* 3. 1 INITIAL ASSUMPTION CF THE T-S MINERAL DISTRIBUTION

As noted reviously, the subscript 'N' of the ORERES data
set. is unknown it the start of the iteiative solution* A pit
surface has not been designed and it., dimensions ate
unknown* Therefor", all the material within the grid system
is included in OCREG* The jit production has not been
simulated ind th" time dimension Is unknown* Therefore, this
i; estimated by totalling the mineral juantities of suuces-
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f ~1 172* 3urfuco (for the space dimansions)
1 e" ’l thc routine FINAL PIT SOHFACL DESIGN, and

o LT ulit production costs estimated by the
Loit me .-L NIT CASH VALUE DISTRIBUTION COMPUTATIONS*

Tne soxution ronverjes when the results of the precedinj
itera ion <cycle ejual the results of the ultimate cycle*
These results are listed as the OUTPUT in Table 6*1*

6* 1 T1PE‘SPACE DISTRIBUTIONS Of MINERALS

The FORI dA1 data set for the T-S mineral distribution 1is
named:

ORERES (M,N)
where the subscript:
*H¢ identifies the mineral jrade increment, and

*N1  i1identifies the pit increment or the time period durinj
which the minerals will be rained*

Each array member 1is the weijht of pit material with a
mineral content 1M* which will be mined in the Nth period or
pit increment* 1M is given by the point densities of the
spatial mineral listiibution 1GRAD1 computed by the Grade
Prediction Program >e (listed in Chapter 6)* *N’ is given by
the excavation tines comp ted by the routine PIT PRODUCTION
SIMULATION  (see Table 6*1)* <N identifies a horizontal
cross-section of the deposit when the 'OPF.RESe data set is
assumed in cr<°r to start th<* iterative solution®* Subsequen-
tly, +S' identifier, a period in the mine's life span*

6* 3* 1 INITIAL ASSUMPTION CF THE T-S MINERAL DISTRIBUTION

As noted previousl/, the subscript IN* of the ORERES data
set is unknown it th” start of the iterative solution* A iit
surface has not .een do.>gned and it., diwen.ions ar®*
u..xnown* Therefore, all the material within the irici sy tern
is included in O tERSS* The jit. qreduction has not boon
simul ate jrd the ti e di men ion is unknown* 1he'i.*1 > o 'his
is estimated by totalling the mineral quantities of succes-



DO 11 N=1 ,MAXN

K1 =H*!i

K2=K1-3

DO 10 K=K2,K 1

DO 10 .1=1, NJ

DO 10 1=1,NX

IF (T( rO(1,5,K) ) 10, 10,b
5 «*GRAD (I,J,K)*GS

IF (X-1) 6,7,7
6 M1
7 0:3EPSf. N =01TRi3 (H, N) ¢TONF
1o CCNTXNo"
11 CONTINUE

wheie (in ucder of ippeacance):
"t iJentifi t h e pit increment:;*
"KAXN' is the total number of pit increments*

*Ki1 anj 'Hz' identify the lower and ajiet gtid-levels
between which the mineral contents are totalled for pit
increment 1N e

oI*, *J* and 1K' are the grid co-ordinates*

2

"NI* and 1NJe are tht maximum grid co-ordinates in the X’
and 'J' co-ordinate direction respectively*

*TCPCi is an indicator array for the dejosit's surface*

*GBAC* 1i; the point density of the spatial mineral distribu-
tion at (I,J, K *

*GS' 1s a seal e+ fact ir*

*TONF* 1is the unit weight of each jtiu-block*

DO loo;, eleven provides the jrid-level iaramt tor ; ’Kle and
1*2' fur 00 looj ten* Not1 that th<se statements were

written to include the 11t material of every four grid
-levels in one pit increment ' '*



Th® Bf‘.to"[*fnt Chocks thc vjlui* of . ' to see if it

®3,> 1"n 11 SO, tatement nhumber six reassijns « 1
a vaiue o] one to prevent 'ORCIES' from loin, out of
subscript ranje* Consv juent ly, 'GS* must ie define,- s ill

enoujh so that all array aenLecs where H=1 c¢c”n re;resent the
pit r,tt ;idu with a rinnta:r content ranje of o %fv<2*

Th« unit weight 1T*onr * of the grid-blocks is programmed is a
constant in the ireceding routine* However, if tils 1init
weight var:« throujh the deposit, there are two possibili-
ties for Arojri'ming the variation* First1l;, an indicator
array c¢cm be cheated to store the changing unit weights, is
desct ilod in Section 3+Je The array 1is constructed by adding
a subscript to  <TOSF* for eachco-ordinate direction in

which it varies™ For exam; le, the constant used in the
preceding routine becomes ’TUNF (K) «, if the unit grid-blcct
weight varies with de; thonly* each array mealor 1<K

contain.; the jrid-block unit weight for the respective 1r-
gtid-level*

The second technique for simulating the variation of the
Ui.it ;ri 1-block weights is the derivation of surface ,* :h;*se
surf icep i used to simulate the boundaims between the
unit w i ght variations* This simulation technique was exp-
lained ir; 1“itui detail in subsection 3*3*2* As pointed out

in th.;t futsection, it ha a co ; ata :vol.. slowexecution
time and is difficult I devise for irregular surfaces*
However, the techni iue is ¢ factive for iwple surt tees and
it does, cors'tve internal computer storage space* . he

technijue can be de onstrated witha deposit having two

different wunit veijhV.* 1In this deposit, the i >< density
was found to 7/ Uf feront on eith -r side of grid-level :iv o*
The following routine will identifythe appropriate unit
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grid-block woijht:

IF (F-S)
1 MK=1
GO TO 3
2 XX=2
3 e

10 ORL'ES (X, /) eORT.RES (M, M *TOKf (MM)

[F stdtoni-'nt " ‘Xi-ression ra;reseats the boundarybetween
the -vo ubxt weijhts* The TONF' array oeabera contain the
unit wei jut oti1o jrid-1 loc<s who;.e relative joaitions with
grid-level fiv- 1ire jiven by their *K* ;rid co-otlinute* The
preceuinj ioutine ia rather aimyle but becomes complicated
guit*r ra”ialy  with rote loan litres un, irrejular surfaces*
Thio simulation technique is demonstrated "ajain in the
routine listed in the later ;att of this Section*

6« 3* 2 rQUIVALENT II'IERAL CONTENTS

Note in the ireceding co yutjtional routine for "OREIES*
that there was only one recoverable mineral re. orted* A
deposit containing several recoverable mineral presents a
difficulty tot computing °ORE ESIe

The net cash viluc of any particular grid-black depends on
its total recoverable ?in ill cntent* The cut-off grades
must be a £uneti >n of the net cash value of all recoverable
mineral, occurin; in 1 particular jtid-Lick* This problem is
overcone b, expressing the recoverable minerals at each
grid-int tr ction an e guivalent mineral gra-e, and th -n
calculating the cut-off grades in tut- ; of this egaivilant*
A relationship isdevised to «juate the secondary cinerals
with the iri *ary -in til* This relationship us ,n e guivai.'nt
mineral ra e 'otet'in-d for each secondary ’ineral base! on
its selli tice an: recovery efficiency relative to the
selling prco md recovery efficiency >f the .ti"iry --
rale The e sivil nt mineral rades of all s©cc daiy ir.etals
are total 1 witht h(? jri-iiy ir.e, > im1*'* *hi>

eguivalent iner il content wus calculate > at wvdc. gii.
-Intersection except for those representing air space* For

exaui; 1¢c, assure thut:

) there ir® three recover iblo mineta.s 1G'AM 1, '...AD.'
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and* *GRAD3' ;

2) their ies: ective sellinj pri-es are 1S1', '52¢ and
'S3'; and

)) their respective recovery efficiencies *e 'YV, 'Y2'
and 'Y3ee

Then, the total equivalent mineral content '2iG3AD' for

grid-intersection (I,J,K) will Le

EtiGRAD (1,7,K) =.;»ADI +((52/bi) * (Y2/Y1) * ISAE2 (1,7,K))
¢ ((53/51) « (Y3/Y1) *GRADI (I, J,K) )

"BQGRAE is tultiplied by the scale factor 'G3* and this i
used as the subscript 1y1 o; 'ORER251¢ This is demonstrat 'd
in the routine to follow*

6 * 3% 3 RE-CCM"PUTATION OF THE T-5 MINERAL DISTRI-UTICi

The T-S ninertl distribution is recalculated when 'ver the
iterative solution joes throujh mother cycle* (Se- Section
6*2*) routine PIT PR DICTION 51MULATICS* The excavation ti*e
of each grid-Llock i* sut ituted for the initial asaa j-
tions ot the T-S mineral distillation®* This recalculation is
executed with the following routine;

QO 10 1*1,NX

DO 10 J=1,NJ

DO 10 1*1,NI

LOC® N3 *NI* (K- 1) ¢HI* (J- 1) *¢

1 (rorc (I, J,K) ) 10, 10,2

If (Y?(LOG)) 10, IC, 3

PITIKC* (Yp (LOG)-1)/PERIOD*1

IF (K-5)

4 MW 1

co TO e

MM =2

E.GP~D(I,J,K) -GRAT 1 (I,J,K) * ((52/5 1) * (Y2/Y1l) ¢
1GSAD2 (!,d,F))

R*E.GPAr (I,, 1,K) *31

IF (K-1) 7,7, ;

7 M1

8 OR" Pi.5 (M,PITI:.’C) =( RET. 5 (M, PIT INC) ¢TONF (*!"")
10 CONTINUE

w N

oy U1
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Definitions (in orJor of apjearanco):
"I', 'J’ ani ->»1 arc the jtii co-ordinates*

*NI*# "N’ and ' F* ire the naximar. co-ordinatos in the -<i'
1J' and *K' co-ordin tte directions, respectively*

3

*LOG> is the enidi:'. >nsional array member location specified
by the grid co-or’inatcs*

'"TCPO* is an indicator irray for the deposit's surface*

1YRi is a anidimensional indicator array that contains the
year in which each ;rid-block 1is ineu-

1 PIT IMG* i» the pit increment or time dimension oft.; r-S
mineral distr ivition*

1 PERIOD' is the nuaber of production years included in ?ach
pit increment.e*

KK* identi re* the unit jri -block weight*

"GFAD 1'and , GP.\D2* ire the point densitie., of tworecove-
rable minerals, respectively, at (I,J,K)e

*s1* and *52* ire the sellirj prices of 'GRADV and *37AD2',
respectivelis

" EgGRAD' is th<® total < livalent mineral ensit; at (I,.",K)*
*GI* is 1 scale factor*

«K« 1.1 thintt'jer v .re of * LUIRAD* i

*CP.ERSS' is the T-S mineral 1i ;trihatione

*TCNF' is tlixt unit jtid-block weijht*

«Yv jnd  *Y2' are the recovery *fficiencie., of 'GIAIl' and
'"GRAD2', r*'s[ actively*

Tkfi t wh'*n  each  yfii-11ock (i##mi im 13 vim mi*
stored m data s-t "y 1/ the routine PI" P3:3VCT:c:i
SIMU C'ie 1>tate' nt It 't two estafcli . » whetn t t.i

grid-block named hy the 10 loop jat ir.etets (*#># ) has a
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mineds If not, the routine branches past the romaininj
computations* A nej’tive orzero array value for 1YR*
indicates that the jiven .1 id-block (I,J,K) 1is jnroinei*
Other wise th * routine branches to statement number three for
the jrid-block ; that have he ;ii inede The unit woijht ol the
given 3rid-block (I,J,!) is assigned its tit increment
*PITIL'C® by statement number three* Subs -juently, the unit
wei |ht *TCNF > of the jiven gnu-block (I,J, K is added to

the appropriate array memoer of 10.[SRES' in statement number
eighte

>PERIOD'" is the number of production years included in each
pit increment* This number rust be small enough to corres-
pond with the broad <changes in the deposit's mineral
assemblage* For exaaple, a massive deposit with a waste
overburden 1 iver vast be divided into at least two pit
increments to correspond with the waste and mineralization*
However, not-* [it increments would yield greater accuracy
beffuse they would <correspond more closely to the spatial
changes in the linotal distribution®* The minisum length of
these p.t Increments is one ;ear* The reason for this 1is the
way Xh which the cut-o*"f grades and plant production targets
are commuted, is descrifec in Subjection 6 *4e2*

The thirl IF statement simulates the boundary between this
particular deposit’s two different unit grid-block weights
"TCNF’, rs describe! in Subsection 6*3*1%*

The preceding routine for recalculating the T-S mineral
distribution 1is executed at the end of each iteration cycle*
The calculation is “egeatod to realign this data set with
the increasing accuracy of the trne factor as provided by
the iterative solution*

6* 4 ECONOMIC MANAGEMENT OF THE OPEN PIT PROPOSAL

The i1otential value uf an, depo $it de,ends on the /olicy
choice of plant capacities, production t ir get., and cut-off
lades* A group of subroutines were included in the M
Programme to select this economic policy so that it will
yield an oron :it solution with the highest present value*
The th.or, *used to co pat' this policy was derived by K*F*

Lane* (4)
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6* 4* 1 TRADITIONAL METHOD OF ECONOMIC POLICY DECISIONS

The tradition il irethod of calculating this economic policy
(9; Y%age 1M1, .7> and 897) serves as a jood compari son to
hijhlijht th ' advantnjes of Lane's method* The traditional
method 1 s compute i in the following manner: Firstly, the pit
is designed by fixing the final surface at the boundary
beyond which the loyosit’r,. mineralization ceases to be
profitable* The location uf this boundary, or, in other
words, the 'pit limits' is fixed with thee conditions:

1) '"break-ev»n cut-off grade*,

2) 'break-even stripping ratio' and

3) a safe wall-angle*

The 'break-even cut-off grade' is that proportional mineral
cortent of the ore such that the:

ORE VALUE/TON - OPE PRODUCTION COST/TON
- ifASTE STRIPPING COST/TON
is cgual to zero* The 'break-even stri;pin, ratio' 1is the
maximum ratio of waste to ore tonnage allowable at the final
pit surface to main ain a profit* "his ratio is compute-,
from an ore mineral content e:ial to the 'break-even cut-off
grade' with the formula:
"BREAK-EVEN STRIPPING RATIO=
RECOVERABLE VALUE/ORE TON - PRODUCTION COST/ORE TON
STRIPPING COST/WASTE TON

& SS

(9 -in lue)? ¥he "lit limits' are re. b, uan .he

surface that ;itiifi": these marginal conditions*
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nrodact ion R K A | A Aelui con.hint: tion or cut-off
.jrade and H1i - in fui .il.1thinj t hi Ltvocnt v-iloo 1ia
cbc ivn  to xrloit the do; x-it* rhiu fin.il cut-off jr.dJe is
not necessarily ~.it: 1i>tle <LituVovon cut-off ;t >e e

There are «d nun; or of deficiencies in this .uathod of
deter mininj how to >v,,i it'i on u deposit's rc outc-- * priri-
lily, it 1jn.?ro3 the -1 mineral distribution, the chanjinj

Iresent value m 7t th< iit’.; life s:an md the time
inflition of costs ind "i1 :<e.;» The economic environment
provided by these ¢l injinj circumstance., der and., that the
cut-off jra(lps wvai , a< :oi linjly, to . ,/1i 1ize the pit's
[resent valu <+ j.iditionall/, the traditional othou mikes no
effort to cor' :rwv or. unite into one inter d ® ?a3out functioi
the cc'put itions for th" [it c¢*.;i in, cut-off rude and plant
capaciti *»3 a re lit tnv flInal rut-off .1 ale chosen to
rake the oie or waste decision «ty differ Iron the Ibroa*
-even cat-off jrud el wused to to;ijn the 'iit limits*' The

difference | twaon these cut-off jrados is th * outcome of
e«i1loyin j did4forent criteria* A rat jinal profit crit cion 1.,
used' to de ..p the }it, whoceai i .naxinu.r ;resent value

criterion 1is avl to choose the final cut- off jr-ides and the
[it's life s;an*

Lane' s ’coi > 1s th-eoi/ (4) incot | » itos the inter J-\ undent
functions of ;iant cs rcit ;< , cut-off jtades and production
tarjets* They ate Include I in the K? Projrd n?e in order to

[res -nt  value* fhis ct .itututiunal interdependence is an
advantage of the KF Projiu-: re because it is the unification
of th 1 oieti jit 1 eiationshi; s tl. it exist conditionally u. on
one another* -eecall t! it th' tc ¢ ;cisions provide the 1i:1a-
tions!: 11 the i anet ian F(*(x,y,z/,t) an: the pat!:
of the multipl irtejci’ developed in Section 6*2%*

Iv= 177/ ¢ (x,y, z) ,t)dV]dt
T R
The rr :rojram = <n :ut<. the of timam:
) cut- ff ri , ri
2) [it, con="iit*1lor 1 1 t*fir «i/ [: oluct ior 1 mej* f°

for dll the - s 11" QOr! in*lions of [lart catacit ir..* 1i! >n
it selects ‘th. ro hination wit « its cctfe..[on unj . 4
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cjradns and production tar jets that will yield the greatest
present value*

The cut-off:, aie ejuivalent mineral jrades, if the deposit
has more than one recoverable mineral* Therefore, they are
compared with the total equivalent miner il densities for the
ore an 1 wast» decision* The 'equivalent ,n neial qrados' were
explained in Subsection fi®3e2e

The distinction between 1fitant capacities' and 'plant produ-
ction tarjots* should be made cleare The 'plant capacities'
arc the potent!il ability ot the mine's production facili-
ties to produce the jiven amounts* The 'plant productuon
targets' are the optimum yield of each facility depending on
the T-S mineral distribution, and the unit production costs
and sell in prices® The 'plant capacities' are the upper
limit of the 'plant production targets™'

6* 4* 2 OPTIMUM CUT-OFF GRADES AND PRODUCTION TARGETS

The optimur cut-off grades, in Lane's theory (4), are com-
puted in the following manner for any particular combination
of plant capacities:

Firstly, "t lit*e cut-off .prude formulae are derived by
supposing that each of th=s three plants (pit, concentrator
anu refinery) alone limits the total capacity of the
operation*  These jrades are computed on an annual basis and
may t’° called the Ilimiting economic grades* They depend
directi, on price and costs but only indirectly" (u” age
612), through the present value, on the T-S mineral distri-
bution*

The follovin j profit expression is constructs 1, and from
this the limiting economic cut-off grades derived*

p=[ (s-r) *vr ]-[ c*£c |-[ m*um |~[ f*T |
Where:
*P* is the profit*
's' is the selling price per unit weight of product*

»,1 1s the excavation cost per unit w?ight of pit materi.l*
The unit excavation costs are the expenses common to both
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ore and waste excavation*

ec' is tho concentration costsperunit weight of ore* "The
unit concenttat ion costs include all costs incurred b, ore
exco[ting thosn which defend u;on its grade*" (U ;a;e Ri4)e

11" is the refining costs ier unit weljht of product* The
unit refining costs are ill those "which ire affected by
decisions about grade which wvary the amount of miner 11
product without altering the ore throughput*"(4, [age 31'")e
*f1 is the fixed or administrative costs per period*

1T1 is the jcr iod length*

> Qr* is the refinery citput*

1Qc* is the concentrator input*

> Qi is the pit output ( waste plusore )e

Given the following additional definitions:

I) PV = the maximum possible present value of profits from
the deposit and

2) W = the maximum possible present value of future
profits after the next Ic of material has been nlned*

Then, from the definition of present value:

T
PV= (P*W)/ (1*d)
where: d 1, the interest rate for tho opportunity cost of
investment capital* (Note: the listing of this formula in

the original t«*xt is a typographical error) e

Since T is short and d is less than one, the expiession (I ¢
d) to the tower T may be approximated by the mir>t two t t .ts
of the oxtan ion, which arc (1 * Td)e Substituting th's
approximation into the preceding present /aiae equation

yiolds:

PV-W=P- (-1 *VeT)
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Further,.substituting:

) V for (PV-W)# the increase in jresent value from minin;
the ne jo of 1 erial and

2) the profit expression
yields the basic present value equation:
V=[ (s-r) *0r ]-[ cMQC J-[ m*(m ]-[ (ftd* PV) *T]

The solution of this e.juation is made by trial and error

becau rV is initially an unknown juantit.e
Line (4, ;',je 816) points oat the following 11 itation on
the preen tin, present value expression: "The construction of

the expression is valid only if the present valie PV depends
on tl.e ito reserves but not wupon the tine* This s
epuivalent to assu-inj stable selling trices and costs* In
conditions of instability, the present value of the sara
reserves can chanje with time * * *" As a result of this
limitation, the inflation rates for costs and sullinj prices
i,ust be constant so that the present value TV of any
particular ore reserve: 1is not a fancti >n of tine*

The constant inflation rates limit the IT Programme to the
roles of ilanninj and iroj crty evaluation; and therefore,
prevent it from heinj used to evaluate market f1 actuations®

The three Ilimiting eeconoriic cut-off jrades are fou'id 'row
the basic present value ex:tension by assa: in] that the pit,
concentrator an1 refinery, in turn, limit I, capacity ot

the trial operation* For example, assume that the ;1r is
limiting the production:

Then:
T=Qr/«
if M is thr maxima- pit capacity; and

Vin=[ (s-t) *0i :-[C*i)c]-[[ (f #d*1>V)/iz*n > vm}



C'G-1) *Ql |-[c*2c]

as lar je u ;possible* This implies that every unit of
mater i 11 for which ' (s-r) *mineral content J exceeds the
concentration cost c should be classified as ore* Therefore#
the oj.tiirrum cut-off jrade Gmor break-even }rade is <jiven
by:

[s-1) *y* ;m=c

0.71=0/: (s-r) #/]**+ (Ukiaje si¢)

where:

*y 1 the overall recovery efficiency of the equivalent
mineral ¢

Similarly# if *C* and 31 are the maxi num capacity per

period for the concentrator and refinery, then:

T=tic/C
Ve=[ (s-r) *;r>{ [ (f+d»I'V)/C+c]*Lc]-[n*«t,, ]
Ge=[ (f *d*PV) /C*c ]/[ (s-r) *y ]

T=0r/8
ve=([- (fc]*?V)/?7< (s-r) > .r )*s[c*Cu ]-[ m*Cm ]
Gr=c/{ [ - (f ¢d<-vV)/1'* (s-t) ]*/ }

The three li~itinj economic cut-off jtades Gm Gc, and Zc
will be U u ones which most increase Vm Ve and Vr
respectively®

fAs can be seen, these three Ilimiting economic cut-off
cqt ades depend lirootly on selling jric s, costs, and cap tci-
ties bit only indirectly# through the present value TV' on
the T-S mineral distribution*

"Next, three til mcing cut-off jrades are defined* These are
the jrij os which just salunco the capacities o each qair o.
plants®* 71 1- ire independent of econo.nius alt>jfthef# bginj
directly Interlined by the T-S minoral listtibuti » e« ¢ -«
These are the ¢ 11-Off jtades which ciuwa? 1’icji pa1r =1 | 1lir.3
to he just in balance at their maximum capacities*" (4)

The W mclaj cat-ott jr-dva »» eo*ratea free the T-S
Mineral 1tatrlbJtlon tot each 1it increment. "Three ratios



are re juired m  functions of the cut-off :raue - ore
caterial, cefined product: iit material. ana refined ptd&-

duct: ore*" (4# ;ijc  317) *  ‘"hen, the balancing cut-off
grades arc those rfiii.cn will separate ore fr()r_ waste 1n a

proj ot tion th it will eju.tlice the [reduction ratios to the
ratios of the }lunt —capacities* In other words, th
talancinj cut-off jrid s are defined as

Gao is the cut-off _.here:

ORS CONCENTRATOR CAPACITY
PIT MATERIAL PIT CAPACITY
similarly:

REFI'iEP P30DUC PEF1 i!LPY CAPACITY

Gar:
PIT MATERIAL PIT CAPACITY
REFINE! PRODUCT ?SFI>7"Y CAPACITY
Gre:
CHS CONCENTRATOR CAPACITY

"Sometimes a balancing position may not exist within the
permissible range of grades* In such cases the corresponding
balancing cutoff grade should bo defined < the appropriate
extrema value*

"The balancing cut-off grades are independent of economic
factois entirely* Th -/ are also dynamic in the sense that
they  Uei en upon the grade distribution of the iiteriai
ahead and can viry widl through an itregular ore body*

"The annual and overall optimum cut-off jt.ji.e is one o. the
six cut-off ji ii's consisting of the llree limiting economic
grades »nd the three li.ancinj grades* .o tvo wny tax i.%*

anl how to discover the actual o:ti..u; in parti, j.ii
circumstances, it. is best to consider each pair of stages in

turn*

"First ta'"» tho line and concentrators In_ tit:- jata.jr apn on
limiting EISNOa re grades, expressions wore derived
for the inciM;e in present value of differe.nt throughputs
assu minj t o iin” ,nd conc§ntrat0r alone 1:nitt : capac1‘ty *
e «As th> cut-off grade varies, ’ji and Jc vary; hence Vai and
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Ve* At . low cut-off grades Vm is srallcr than Vc« This has
been shown graphically in Fly* 6+4A-

"The cutvs intjr:t?ct at one ioint only and this corresponds
to the balancinj Lut-ofl yrace GrtIC*

"When the mine and concentrator limit capacity simultaneou-
sly, the increase in present yrude is actually the lower of
Vn and Ve*  ft is marked heavily in the dia,rar®* A; can be
seen, in this case the maximum is at the vertex Gr.c*

"However, two other cases must he examined» Those also are
best illustrat'd yraphically by Fly* 6*45 and C* As those
graphs show, when the luluncinj cit-ofr yrale 3~c -s less

than Gm, the mine us really th** bottleneck in the operation
and Gm is th* optimum cut-off grade* On the other hand, when
Gmc is jre itot than Gec, th <concentrator isthe bottleneck
and Gc is the optimum cut-off:rade»” (4, padl19) -

Three optimum cut-off jrad »~ idC, GPC and iXC are found by
comparing the limiting econ ic an1 balancing cut-off jtades
for eachr )ir of ,lints as demonstrated with t'nv mine and
concentr itore "he following rules may be used to find these
optimum cut-off grades:

For the mine and concentrator:

GMC-Gea if GmtSGm
=G¢c if Gme>Cr
=Cmc otherwise

For the mine and refinery:

GKR=Gm if GmtfGm
—(x if Gmr>Gr
=GPf otherwise

For the concentt itor and refinery:

GRC=Gi 1f GrefGr
»Gc if GreSGe
=Gtc otherwise*

overall optimum cut-off grade *;* is select > from GKC,
GdC and . and ilways is the middle v >luc o! the three*
This can b< ’(eunst: ited with the thee V-curves illustrated
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in Fig* ¢ *' "The l.u j m»t inct '.ise in present value that can
be achieved at iny , t-oif jiilo, allowing for the capacity
restrictions, in actually the } ‘ant of Vi, Vr and Vc¢* This
1s the curvel ;ol, n 11+ 1 . tvil/ in the diagram* The
overall optimum cut-off g nit *G* obviously coir si onus to
the highest point ir thin foi, ;jon and it can bo shown that
this always occurs a* the niu 11- vala® of GhC, r,K» md GRC*

In the cu Ilustra , it 1 il + Further, ti, » assocnted
increase in present illu«- 1 always t e least of the three
increases which are f,s.-il e <considering the plants in

[airs*" (4, page 321)

The annual plant production tar gets for any year are
commuted fro the cut-off ,1im & '31 of that year and the T-S

mineral distribution *GRER.G’-e

The annu «l cut-off ,rades '"J' are chosen to maximize the
pr.esent valie of the ore reserves c¢xj osed for mining 17
tht-se [articular years®* Thv T-S mineral i..tri! ition 'CRE-
PES* provide: the ,Uint tin Vvf [it mat trial, cone ntrats

and [Sfined product ivuilabl< at the cut-off grade *;e* This
cut-off decision determines th« pit, concentrator and refi-
nery throughputs in the following manner: The thr =« avai-
lable gauntitios 1ire divide: by the respective plant capaci-
ties to get the minium ptoc sin g time repaired for each*
The plant reguit\ng the longest processing ti e is run at
full cap acit,, and th- two remuraing throughputs are scaled
down just enough to keep the restricting plant at full
capacity* For the foil w ng year, the production targets are
reassessed in ter s o; that year *u cut-off .rale 'G* and the
remaining unprocessed ore reserves*

A schedule 1ll 1str atin , the results of the computations of
the cut-off grad‘; and production targets is shown in Table
7%¥9* T e Ut i illustrated in the Table is computed for each

combination of plant ca[aciti" md their overall recovery
efficiencies jiv. n by the usere+ The combination famishing
the ire 1 H»;t resent value *5 chosen a it »aatic.tl ly to
oxiloit t dep .sit* Alternatively, th > .ata provii ‘1l in
Table 7,9 can !- print- out for "%ch combination ana the
user can seoct the on* so t consistent with his rcgurreae-
nts *

The comp- jired to ‘xecute the theory describe’ in
This s?n Lo folio.-el in the subro itine COGI,

sections 3*4 md *h*
COG2 an : v N ==
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¢+ > TIKE-SPAC: DISTRIBUTION OF NET CASH VALUES

The tine- ~ aco (T-S) iir.tribation of nut cajh valueu is the
concentration and dis; ersai of monorrr, value through the
usot's deposit®*® This d.atrilation is measured by computing

the toint density of net cash wvalue at euci. jrid
-intersection*® "acl; point density is the economic gain
obtainable from the unit weight of pit material delimited by
tlie -jiid-t lece< associated with the ‘'urticulir jnd

-intersection* Tie point net cash values are 1 function of
time because they depend on the inflstion of costs and
selling prices, and the annual cut-off grades* Thu excava-

tion times are computed t-; the routine PIT PRODUCTION
SIMULATION*

The FORTRAN dati set used to store the T-S net cash value
distribution 1is:

VAL (I1,J,K)
The sub”cri; ts (I,J,K) are grid co-oriinates that link the
array members witn their location in the user'.. deposit*
Each arriy membur will e the net cash value gained from the
material within th : associated grid-block # if it 1is

mined* The \oint net cash values ire the total value of the
respective jrid-blocks to th lining venture* Conse guently,
they cin be positive, zero or negative dagending on their
economic potential*

6* s* 1 STANTAnD GO TING METHOD

The point net cash values ate computed with 1 standird
costing inthole T is m thod is devised I, appointing stan-
dard viluos for ‘he wvarious unit production <costs (is
define 1 in Table 3 *2), the selling prices and recov ry
efficiencies®*  Then, those standardr ato tujust *d iccor inj
Pq th™ eculiar onlition » under wyich t@" gartrc i*at
grid-blocks" ire mr.ed* The point net cish values of each
@rid-block <elon 1 on:

1) its total oguivalent rin tal content compared with the
annual cut-off gt ides;

2) the year in which it iz 'lin'd;
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3) its" location in the de*osit;

ti) :-s 1osition relative to the physical features that
affect ireduction costs;

5) the quantities, selling prices and overall recovery
efficiency of the recoverable minerals;

6) the presence of any minerals that kill interfere with
the purification processes of the recoverable minerals;
and

7) its share of the fixed and administrative cost burden*

Each qrid-1 lock is classified 1is ore or w.-ste to tranch the
routine to the appropriate costinj sojuenc ¢ ho cut-off
decision is made by coirpatinj the jrid-block 1Is total equiva-
lent lineral content with the annual cut-off ,rade of the
ye r in which the jrid-hlock is mined* (See Sib ection 6*3*2
for an explanation of "equivalent mineral cont tse1) Thus,
the “ut-off decision is made on the jrid-blockls total
recoverable mineral content rather than just on the primary

mineral * Adjustments are executed on the stand Itd unit
production costs and se”linj prices, and recovery efficien-
cies to furnish the —correct fijutes for the conditions

listed above* These adjusted standards are -inployed to
compute the point not cash value of each qrid-block* The
follow]nj routine illustrates how the computations are
executed; only the adjustments ire ur.i*ted* They ire desc-
ribed in Subsection 6*5%2%*

01 DO 30 T=1,L
S
02 DO 34 7-1,NX
03 DO 34 .1=1, XJ
04 DO 34 1=1, M
05 LOC (K- 1) «HI* (J- 11 !
06 IF (TOPO (LOC) ) 34, 34, 14
07 14 T¥ (Y3(LOC)) 1j.15*% 7
06 15 k=1

09 If (T-K) 16, 16, 3u
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10 161F  (FQGRAD (1,J,K) - AV30) 19,23,23

11 17IF (Y? (LOC) -L) 1B, 18,261

12 « 261 r-1

13 GO TO I¢

14 1I8IF r-YP(LOC)) 34,262,34

15 262 K=T

16 IF (EQiPAD(I,J,K)-CUTOFF (T)) 19,23,23
17 19 REV=0+ 0

. (standard cost adjustments)

18 CO5T =TONF ¢ (¢ (F (M)/MIN (1)) )
19 GO TO 33
20 23 .

* (standard frice adjustments)

21 R2V=TONF* (GRAD 1 (I, J, K) *S1 (M) ¢YIELD !¢
1GRAC: (I,J,K) *S2 (K)¢Y:FLD2teee

2GRAL'n (I1#J,K) #Sn (M) *YI3LDn)

* (standard cost idjustments)

22 CCET"TOTR< (Y+Z+% (F (M)/KIN (K) ) )
23 33VAL (1,J,X)=RLV-COST

24 34 CONTINUE

25 38 CONTINUE

Definitions ( in order of abearance ):
*Te is the “reduction yeai °
L' is tUa life span of the mine in years*

o', 1Je ard 'IL* ir the jiiu co-ordinates of the deposit's
gtid-blocks -

Laili# 1fiyl .nc2 inf* are the maximum (I,J,K) jrid-co
-ordi nat ;, respecti vol: e

*LCE* i in nx, rnssion for convei iny iae lhr'1? sLif ,i"»ioii i®
co-oilin.itos (1,1, Kf to d inilJi nension.ii .uhscii. t. This
sutscrii't locates th- indicator ana/ member associated with

(I,d,K) -
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TOPvVV is an indicator array of Uu> depositsurface®

1Y3 > is an indicator array that stores the production time
of the jrid-block 'r.OC

1K> is a transfer variall- used to expedite projramainje It
equals the ireduction year*

*EQG"AD1 is the equivalent mineral content of jri d-block

*AVEG* is the averaje of the annual cut-off grades*

*CUTOF F’ is the cut-off grade for production year (T)e
*REV1 1s the revenue of jrid-block (I#J,K) -

1COST: is the production cost of jtid-block (I#J#K)e

*TCKF' is the total woijht of jtid-block (I,J,K)e This
constant ismade intoa variable as explained previously in
Section 6*2, if the unit qtid-block weijht wvaries throujh
the useils deposit*

«X* is theadjusted waste excavation cost per unit deijht*
if« is thefixed costs in year (M)

*MM' s thetotal pit production in year (M) e

"GhAT 1 g"AC2', * *e¢' JRADn' are the point mineral grades
at grid-intersection (I,J,X) tor «n« recoverable minerals,
respectively®

1<1 « icp * « * F  *gn! ito the sei11inj {iiceo pi*t unit
veijht for the e+n* recoverable minerals, respectively, in
year (K)*

*YISLDI1* 'YIELD?', * * ' 'YIELPn' are the overall recover;
efficiencies for the 'n« recoverable minerals, ru.;tectiv.>iyv

»yt 1s the adjusted ore xcavation cost per unit weijht*
*W is theadjusted rt'inin, cost per unit weight*

*2' is theadjus' -d milling cost put unit weight*
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*VAL' is‘ the joint not cash value of ¢rid-block (I,J,K -

The point net cash value VAL is computed far »dch
gtid-Llock (1,J,]) with the preceding routine* A Verbal
description of this routine follows:

LINE
NO¥

01) DO loop 33 names the production year for which the
following computations are mide*

02) LO loop 3 confutes the joint net cash v\lue of the
jr id-block named by the DO loop parameters*

Co) The IF statement in Line 06 simulates the deposit's
surface, as explained in Section 3*3%*

07) The IF statement in Line 07 establishes whether the
production tinn of ourid -block (1,J,K) has been confuted
by the routine PIT PRODUCTION SIMULATION*

08) The grid-block (1,0,K) production is assumed to occur
in the first year by Line 03, if its production has not
been simulated*

09) The IF statement in Lino 09 is included to branch past
the remaining computations for wunminod grid-block.>
when (O loop 38 cycles to the second yeare

10) The annual cut-off grades ’cuTofFfF' cannot be used if
the the production year YV is unknown* Therefore, an
average ’A/EG’ of the annual cut—ef gia-.es 10 i-»ou tai
the -re or waste decision in Line 10* "he routine
branches to statement 1J, if the ,rid-:"oce (I,J#x) i-»
waste or it branches to statement 23 if the jtid-block

Is ore*

14) The IF statement in Line 14 compares the production



year YR’ with the 'F parameter of DO loop 38+ The
routine branches past the remaining confutations until
they are o]uaie
i
16) The IF stul ‘went 1in Line 16 com[ares the equivalent
mineral qrade 'ZQJRAD* of the jrid-block (I,J,K) with
the annujl cut-off jrade *CUTOFF' for the [reduction
year ’T*e

17)  The revenue °*RZV' and cost 1COUT* of jrid-block (I,J.K)
are computed for the waste (jrid-blocks between Lines 17
and 19, and for the ore jrid-blocks between Lines 20
and 23#

23) Th point net cash value 'VAL* is computed for jrid
-block (I,d,K) at Line 23%

The precedinj costinj routine is necessarily complicated to
cover all tno computational situations# The dificrent situa-
tions occur is a result of the M Programme's iterative
solution# The numerous IF statements branch the routine to
the correct computational sequence for the following situa-
tions :

A) Thf costir,j routine is executed before the routine PIF
PRODUCTIM SIMULATION in the first cycle of th itera-
tive solution®* Therefore, the giid-block | .action
years arc not simulated for the first estimate of the
joint n”t cash values*

B) The final pit surface fluctuates as the solution
couv<?r jos. Thij cdui>c® somo jridwt lcc<s# within 7ag
final [it surface, to *c left unrineu Lf tha procc.inq
iteration cycle's qit qrodaction simulation*

O The mine's life span is comquted se,irately by the
cut-off iriie computations and the (:t [rouuv tion

simulation# The Kfo spans comquteo by these routines
mav differ until the solution converges* .he .ur-tion
i<; controlled in the costing routine wit), the IIM 0O an
iri liven by the cut-off grade computations# ".on”-quen-

J t,( IF statement in Lino Il is require; to
reasses.! U - irid-block p ofaction years that excaou

the irine life 1L'-e

The o9,14-block* in the 1i-teccdin, situation-, cannot he
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cl-issIfled as oto or waste with the annual cut-L ff jrade
*CUTOFF' because their ireduction years 'YRi are unknown or
exceed the life s;an 'L'e Therefore, the mean 'AVEJ* ot the

annual ut -of f ales 'CUTOFF' is employed to n.tke the ore
or waste decision* Additionally, these jrid-blocks are
assumed to mined in the first yeare These assumptions are
crude, but nis is inconsequential* Tlie final :it surface

becomes static us the solution converjes, and as a result,
the assumptions become redundant*

The |rccelin”™ assumptions never become comp lately redundant
in tho last year rf ionj term proposals* The reason is that
the point net cash values outside the finil pit surface are
unrealistic illy inflated because of the Assumptions®* There-

fore, the final pit surface oscillates at the point where
the yrid-blocks are affected* It could be possible to stop
this oscillation, if '"h = 1' were substitute! with 'K = L

at Line 12 and Line 13 deleted for the last cycles of the
iterative solition* however, this modification has not been
tried northe effects on the Kp Programme analyzed* In any

case, the slijht production oscillation in the last year of
a lon-j term proposal is insignificant comp ired to the total

production*®

6* 5% 2 ADJOSTr'S’ITS OF THE STANDARDS

The standard unit production costs an! sellinq prices, and
the standard recovery efficiencies are c”rrecte: by 'actors
to furnish th « following adjusted standards defined in 'he
precedinj Subsection:

Costs: 11«9, W X vy, and Z;

Sellinj Prices: Si (h), 52 (r), * * * Sn (*); and

Recovery efficiencies: YIELDI1, YIELD,, * ¢ » YlwuDn;

' 1

where 'n' is the number of recoverable minerals¥*

which can be applied to adjU.t the otai.daris.

TYPE 1:
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Time inflation rates ate employed to adjust tne standard
costs and sellinj prices to the ~correct value for the
production y”ac in which each jrid-hlock 1is processed* This
adjustment is made fcy identifying the times when the
grid-blocks are mined* For vxan;le, the standard costs could
be multiplied by the factor:

(1+#INFRC)**M

where:
*INFRC' is the proportional time inflation rate for costs*

«K* is the production year in which the particular jrid
-block is mined*

This factor multiplied by the standard costs will yield the
adjusted standards for year *rt*e A similar fictor couxd be
used for irices*

TYPE 2:

The surface simulation techniques, which are “he indicator
arrays uni jolyno iil eju:itions described in S ion i "*
can be used to locate standard cost adjust ent.> that ai' i
function of location* These standards can be adjusted by
ident if >-ng their |articular jriu-bloc;<es relative position
with the simulate! surfaces® These adjustments are ...ost
explained through demonstration with the following exanp”e”:

Example 1:

IS 1.* S S |1

additional cost of ore excavation at depth.
(:>0QCI)

where:

,K, 1£ the wvertical jrid co-ordinate of the particular
?rid-1 lock beinj avaluati 1*



*CUCI * irj the increased cost of ore excavation [or 'jiid
-level ter unit weijht of each jtid-blocks

This factor mul*”"i-lied by the standard ore excavation cost
1CR1 will furnish the adjusted standard for the grid-blocks
on the 1K1 jrid-level* Similar factors can be devised for

all the costinj situations depending on depth and transport
distanc?s«

Example 2:

A family of surfaces could be wused to define the cost
differences between zones of variable excavatin j difficulty®
For example, there <could be i fracture zone surroundin a
fault [lane which causes the waste and ore excavation in
this area to be less expensive than the other areas* The
following routine <could to wused to make this required
adjustment of the standards:

IF (FAULT (1,J,K)) 30,10,31

30 Nti=l
G <0 32
31 NN=2

32 X*CB*FCW(NS)
Y=CF* f CO (MS)

where

1 FAULT* is an array usnd to indicate whether thn particular
grid-tlock (I,J,r) 1is in the fracture zone or not*

*FCWe and *FCC* ire the correctinj frctors for viste and ore
excavation costs, respectively, in the fractured an 1 un;ric-
tured areas*®

iQpi  and 'CP* are th** standard waste and ore excavation
costs respectively™®

«yi arod ey1 are the adjusted waste and ore excavation co.it e,
respective!y*

Il s s11s 1111
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from the- jivon fiult plane ’PLANEIl®

PLAHE»0«22*I-J- (n. 1UK) 10
IF (ACS(PLANE-3.C) 30,30,31

Dimensioned data sets will Lo preferable to the correcting
factors >FCl. * and ' FCC* for certain costing situations* For
example, the above routine could be revised to replace the
correcting factors with standard cost arrays, as follows:

IF (FAULT (I,J,K)) 30, 30, 31
30 Nil=1
GO TO 32
31 NN\=2
32 X=0D (UN)
Y-OR (N

Similar correcting factors or standard cost arrays could oe
dyised for wvar? :ble powder factors, water pumping costs,
drilling costs, and so forth*

Om
Example 3:

The final pit surface of a tew deposits will be limited by
legal or economic restriction.;* Cor example, the t-it could
encroach on th* territory beyond a property line or nun made
structure, if these features are near enough to the user's
deposit and there are no restrictions imposed on the pit
design routine* These restrictions are made by giving the
computer's largest mnegative value to the point net cash
values along the legal or econo ic 1oun3aiicse .le cxce.»si
vel/ low joint net cash values will automatically prevent
the it design routine from extending the finu® jit surf ice
beyond these boundaries®* The following statements places
within the costing routine will perform this t-’st:ret van .or
the given railway line identified by its relative position
*RAIL'" in the grid system:

RAIL= 1C* I-.1

IF (RAIL) 1C,1C,11
10 VAL (I, J,K) *1C*C:->75
11 CONTIb'IIE
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gl‘.ld-.kIOCkS 'aSSOC}ated with these point net cash values
within the final tit surfacee

TYPE J:

Production penalties or rewards ¢an Lc¢ charged to the
grid-blocks by identifyinj their minerals* For example,
there may bo minerals iresent in portions of the user's
deposit wh”ch interfere with production* The standard reco-
very efficiencies could be adjusted, if the impurities ire
not separated* On the other hand, the jrid-blocks containing
these minerals could be charged a metallurgical [enult; for
the additional refining expense with the following routine:

IF (;PAP1 (1,J,K)-0*00h) 11,11,10
10 WEItEFC*C;:,Vt3Z

GO TO 12
11 W=1EFC
12 CONT r;;uz

where:

'GtiADV s the point density of the offending mineral at

'CHARGE' is the metallurgical penalty factore
"REFC' is the standard refining cost*
"W is the adjusted refining coste

The IF statement chocks the proportional mineral content
the minarul "TATT that interferes with production*
gtid-Llock iAfo#n/ X© dgkwmt a metallurjical cost pona
"CHARGE*, if the proportionall mineral content oi 'GsAJ3i
above the iCe00V level* a similar correcting factor co
Bbe devised for the proceeds of a .y-proluui x *«i.n
process*  Tiiis, of course, wouli be i ctodif item ins 1a.
a del it, as demonstrated with the preceding s "a., .. ji

penultye
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this fiul.’section  must he tallot *;l to the peculiar costin
conditions existing for thv wuser's deposit* The cotrooting

factor: -in- us-ov r -psi itol; and it combination to siMillate
the particular <cost structure* Jhc .« tactors have i>ion
included as exanrles in thevet structure jfojra xioed in

Chai ter 8 forthe dej osit doset il rd in Chajter 7%

There is one last functioi executed 1y the costir,j routine
that ha;, not Loon << -ions.tra t e+ The at. justed nit fr., nation

costs *hi, ' ', *v« and " is.ii jred in eacn ;iod letion year
are average;! to e tinate thei; .ne.in values* Th > annual
means ire substit uted for the initial a...;u-;tions of the
annual unit production costs ' ', 'Cl and ' ' whid ver -
made to le-jin the iterativesolution®* Th- outin rteu are
Simple averays, therefor* the piogcaaoinj re yaires no
explanation* '[ou< vi>i, recall that the unit production costs
at defined Ufferentl; for the costu nj routine? and the

cut-off .ias * routine* This di fit once is accounted foi when
the adjusted wunit p. duction costs are avera/ I1*

6* ¢ r ::d OK Til PINAL PIT :;URFAc:

The find pit surface is decijnol with the Lerchs-dros . an
algorithm () out lined in Chapter 2* Roc ill from section 6%*2
that tho obj-’ctiv 1-to find a pit vol J; > "1 of th- 1 '
deposit "P'" that /i Ids the axi. ur totil ,rofit fro the
throe inner or.t intojt rl. of the .naltij 1 int :>ra1?

PV = /[ //fP (C( X ,t) -. jdt
T S

The point densities of the tunc? i -a I'(C(x,>,/)#t) itv --
by the T-S net cash wvalue di ,tr i! ition* Tie lerd.s-.do ;an .n

algorithm «e a ra erical method which 1 - sal.,gt- " . "],
integration ov r the r<gion 'R*¥e Gy meai.s o:¢hir -i- e
method, the jit volu e i.. found t at willjrel . a ex.

totar profit*
6 f« 1 A 1)1 :cCT"D GnAV.. t: At tPGM PIT ™ IN*-
The torch;l- 'ro em algoi ith « (5) 1! , o1t

defined in Chapt -r 2* 1he 1die wing i.e. mi p 1 #
directed ,t iph to -In- ;p-ecific applica? ion i mthr-> & 1



) Verticf'r;: The voiticeu of the directed jra'h w«e the
gnu -inter.lections * The DuUss of eacli vertex 1is the

associated feint density of the T-S net c-ish v.i] iG
distribution*

2) Arcs: Arcs arc drawn fro.n a vertex to any adjacent
vertex, if the excavation of that vertex is J oenlent
on the removal of the adjacent vertex*

3) Closure: A closure of the directed .jrafh is any set of
vertices such that, if u vertex belongs tc the closure
and an arc exists from that vertex to another vertex,
then the second vertex rust also belot., to the closure*
A closure is an, reasonable fit surface*

4) Maximum Closure: A maximum closure is the set of
vertices yielding the maximum total of the S$oint net
cash values*

The arcs are depicted juite easily; however, projramwin
then jresents a difficulty®* it bar been su”jeste. (1 and 5)
that the arcs be defined through the construction of the
grid system* For example, Fi ;s 6*6¢ illustrates three grid
constructions which have different wall-angies as a result
of the way in which the grid-blocks are stacked* Theoretica-
Ily, a grid <construction could te found to furnish any
desired wall-anjle* Unfortunately, these wall-ar.gles would
be fixed over the entire dc[o.,it, and a., a result, they
could not he wvaried* Phis difficult, was overcore by
formulating a method of defining the arcs kith t..e upjer
half of a cone*

To <elaborate -- the dependence of one vertex on another for
removal 1s defined b, the arcs* This doiondence is siuul .Led
by a set of over-lipping cones tor the ;urto;e of yrojrli-
ming the algorithm* Cones are used to u*>fine the luundary
between thos* vertices which nust be removed and those which
may remain in ordn to expose any j;articul it vertex* A

cross-section or the directed jrath i~Lu.t. 11 . 1 - w* "*~"
shows how a ccne cm be used to simulate th- iic.s* .ote t! it
the <cone is a closure because of th * wiy the 1iirec* Jti:h

is constructed for this pit design a; ;lica tier* "n r.-fotc,
all the wvertices that must be removed to expose tno vortex
at the base of the cone, are included within the con'*

The final jit surface is the net of over-lamping cor.'s flni.



FIG. 6.6 THREE GRID CONSTRUCTIONS






PAGE 10U

arc a maximum closure of the Jitectod gta. h» These cones ar”
pcoy tdnmed v; deriving a FORTRAN expression frotr. the analy-
tical ejuation of a cone, the jrid co-ordin itos of the

vertices anl the pit's safe wall- angles* This expression
is:

CONS5=SLOPE* ((A(K-7")**2) - ((B(J-Y) ) **2) - ((C(I-X) ) **2)
where:

*SLOPE* is the tangent squared of the saih* wall-anjle
measured from vertical in radians*

*XI, *Ye and <Z+ are the jrid co-ordinates of the vertex at
the tase of the cone*

1, +J* and ‘Ki are the jrid co-ordinates of the remaining
vertices*

cA’, "B and <C’ are constants which define the relative
lenjths of the cone axes*

The 1CONE’ expression is limited by the pit desijn routine
to its ipior half to form the semi-cone shape of the desired
closure* Otherwise, the routine would be using the hour
-glass shape of a complete cone* Any particular setr-cone is
defined by th ;afc- wall-an jle 'SLOP"', the tase vertex
(X,Y,Z) ana tho constants (A,D,C)s The vertices (I,J,K) are
within the semi-cone <closure, if the ¢CONE' expression 1is
positive or zero; otherwise, they ire outside the semi-cone*

The safe wall-anjle 'SLOPE' and the constants (A,B,C) can to
varied as often as required by the slope stability condi-
tions* These factors can be specified for any number of pit
zones through sirojlation with the indicator an iys and
polynomial eju.itions described in Section 3%*3*

The safe wall-anjlo »stallishes the degree of slope for the
semi-cones* Variable wall-angles at" accounted for by const-
ructinj a set of semi-cones to simulate the desit d closure*
This s-'t is defined by the variable ;af« wall-angles and thw
grid co—erdinit s of tno 1use vortex as iiiustia.l- in t.ii’

following example; Assume that 1™ at two si. walx
-an iles for oitii * side of the fifth grid-level as shown in
the «cros :-section of the direct ;taph in ;i1j* te ¢ it . a

reguired to identify the vertices within the closure shxwn






to expose the base vertex (X,Y,2) e The vertices below the
fifth Jrid-level ire within the closure, if the' satisfy the
above 1CON2* expression usinj SLOPE = SLovl (2)* :..3 Vertices
above the water! table are within the closure, if they

satisfy the *COKEi ecpess.ion with the followinj adjustme-
nts:

I) SLOPE is set ejual to SLOPE (1), and

2) the verti ’al jrid co-ordinate <Z' of the base vortex i”
replaced with *C1* D* is calculated with trijnometric
relationships of the semi-cone set®

This example demonstrates how the seiri-cone closures are
used to imitito the ires for the ;it desijn implication
the directed jrapl s* It also illustrates the flexit i>.ity
obtained h, usinj the scni-cone sets with variarle wall
-unjles to replace the arcs*

The cone constants (A,P,C) establish the shap ? o1 -ue
semi-cones®* A normal <circular shape results, if tue cons-
tants are all ejual* The definition of these constants is a
handy technique for sinulatinj deposits w.t. ditectionill;
dependent slope stability conditions* For example, ~"17;-
tical seni-cores can be constructed by weijhtinj t.:e consta-
nts* Then, they can be used to simulate the *it sail ice”
re iuirin i safe wall-anglos «tnhat vary as their orientation
with the weak strength direction of a bediinj plane*

In addition, the cone constants must include a factor

to
compensate for different wunit interval

distances between

arid co-ordinates on the three axes* For exam”c, the, woila
be \ =1, B " 2 and C * 1 for a circular se.i-cone, if the
intervals Dbetween jtid co-ordinates in the J, and 1

directions were ICO :t, 200 ft, and IOC ft, respectively

o*en™ N it, 111 'is' now possihl” to*turn to the pit desijn
algorithm *

6* ¢* 2 THE t '>CHS-GRCSSnAN AL10P1TMV*

Lcrchs and Grossman (5) wu,0 a mechanical
demonstrate tbair .Ijorithm*
sAl0wn :r o1

ir.alojue to
An illustration of the analojue
, P . it car be seen from the aniioye that

the -iid-hlocks'hava either an upward or downward force* The
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attows In each gi Ld-tlock r.hov which way the force i3
exerted* An wupward force represents a [ositivo net cash
value of the particular grid-block; whereas, a downward
force re;resents a negative net cash value* In order to find
the optimum prt surface, the jrid-blocks are allowed to move
alonj the wvertical axi™;* The movement of a free mechanica,
system maximizes the work lone* Therefore, it is the

urid-clocks that have moved which maximize the total net
cash values*

The steps follow for findinj, with the directed graph, the
pit volume yieldinj a maximum total profit* These stops are
applicable only to the directed jrayh described in the
procedinj Subsection* The directed graph was constructed t©
permit a simplified version of the original steps derived by
Lerchs and Grossman*

STEP 1:

The vertices

with a positive net cash value are examined in
turn:*

STEP2:

'hair' if/fixad'bj~Its [Tcticul~”~fe
wall-angles 1SLOPE1 and the constants (A,d,c)*

STEP 3:

The net cash values of fhe vertices that satisfy the 1Cogi
expression at ' tetallt J* I£ this total is positive, the
serll)li-cone closure becomes ait of the maximum closure*
Otherwise t is ©xcluc.s Soto of the vertices include! 1in

. . closure can be a part of another
any particular semi-cone X *p
. . S maximum closure The sum of the
semi-cone alreily within th
S . ov 11a;;ing semx-concs does nat
net cash values within 1 ;

: . way contained within the maximum
include those vertices alre
closute*

STEP 4

When the

ertices have ©been : .
\Erom the m\;lximum closur*', the result is the fnal tit

VOILm»e



mn illustration of tiio aljoi ill i can bo seen in Fij* 6*10*
Vote that th> 4ir<‘:iec jra;h 1is i"* tv.ient-u in jlc Cot
rath at than snmi-c:nu foi:* In Fi'je 6 *10b, th-a  fit at

ositivce vot tyx -:a* a value of *1* This 1-; the base of t
test closuiam fol- 1/ incluv Lnj ill vertices oin: to it*
Only the -4 vertex is connect' 1 tothe +1lvertex to forr- the
testclosure with 1 total rej-itivv vala >0; -3% Therefore,
this closar®* is not. include! within the .iaxj.au.ii closure* The
test closer shown in Fij* 6*10C am D are incluied in the

maximum closure 1--Ciuse they both have a total positive
value® The t"st closure shown in iij» 6*H has three
V.at ices 7, -1, -1) which already 1 <onj to th axi.nua
cloiure* Con ejuontly, only the +3 and -2 vertices ars?

sunmed, tnd inc ¢ the total is positive loth ae includei in
the maxinu" closure*

The exclusion of .ny positive tost closrro within the
tvaximu 1 clos.ili * will subtract from its total value* Additio-
nally the inclusion of any noj-ttiv mtest closrr * wil, 1”00
subtract fio the .ixivum value* Therefore, it 1s obvious

that the maxi an closure of rij, 0*¥11% hr; the aijzurst valu >
possible fi i. the vert ces with the constraints o. the a:r"*

fe 7 PIT PSOnUCTIC# SIMULATION

The routine 1il"" riOI JC1I0K SIMULATION performs the outer nos
Integration of t! riltiilv intyral:

pv */[///p(C(x,y
T R

the ore » avition® ji1
the 11t jk lut.tion: 1
dijit il  cu.iiutu in11

of the , 11 11 rill
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The simulation is projLammed with a loop of computati ps
that cycles yearly* The loo; is divided into two putts* :he
first part simulates ore excavation by identif/in] the
grid-block.; with a positive net cash value that will be
mined in each production year* Th second part identifies
the ;L"id-blocks required to expose "ho ore production of
each year* The routine PRODUCTION TARGETS CCKP .A:IOMS
provides the pit tro luction simulatio t with the luantitios
which should be produced to tdiximize the nine's present
value* However, these tar jets are superseded by the simula-
tion, if the deposit's |h/sica1 conditions make it impos-
sible to meet the tar jets*

The Oro' and Waste- Sul sections to follow describe the pit
production simulation in greater detaile

6* 7% 1 ORE PRODUCTION SIMULATION

The ere production simulation 1is programmed by leiininj
rules which establish the ore excavation seguenee* The rules
direct the computer to scan the jrid-blucks tor the next ona
to be excavated®* When this jr id-hlock has been founu, it is
tailed with its production /our* Then, its tonnage is summed
with the other ore production of tne same yejt*¥ r.ns
cumulative ore production is compared with the or- produc-
tion target of the given year after each ore grrn-"oc*

all jrid- blocks within the final pit su.fact.

transvotse and vertical direction., art J=38a 1=26 andngu,,
respectively* The ore production is '° Te’t‘ca‘t’ﬁlte tOV}’
one working face* The benches ure $JU2 0 the row o

in the J co-ordinate

the diagram are define 1 u
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1, T I~V |SIGN = 1| 11=11
" " F A L.

| K=K+ 1 h

J !
IS :<<"16 ? - *NO *CXIT
YES
|IS K CcucCc 2 | NC 4B=-1 |
YES

L
IB=1- -1 I=1*B|

IS 1<26 2t NO  * SIGN*-Ik
YEf]
Iis 1>1 21 NC «1 513,1*1 k

YESI
IISTODD'? hNo HA- (-1) *SIGN K—i
ICr. TABLE 6%*5

5 ” 1
|'’A-SIGNh
791 "
NO IS 1<J<30 ?|
YBS i
GO TO TALLG ¢ *
TABLE ¢ * 4

1) +1* is the production /f¥ir e
2, iy« 3lt] *SIGN' coi.ti >t thf* uiipetion of auvincr



for' the ore worr.inj face; uni

3) 1 (I,J,H * t!li® co-ordinate location of the ]rid
-blocks* |

Note that this simulation onl; works for o9rid s/ terns with
an even number of jrid co-ordinates ilonj the I and J axes*

FECr TABLE 6*4 GO TO 7ALLE 6*51
M"GAL?LCCK"%T“WWHWTETH‘M --------------- >&
YES
| DOES-NTjIKT-hAVF-A-TEAIiTivE-SZT-cISh-vILA;-? Jomommemv %
YES

Inrir,37K7"AS‘Spr«IN2D“irYEA"LI

| DOES CUMULATIVE 01: PRODUCTION EQUAL TASJ:: IM L ? A

—T r~
VAN
IdehH ry“"illu-ulee ks“?2r3  aiio”~~~  coeoooo--
JL
IL"L*1h

TABLE 6 * 5
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the routine returns

ore excavation

both tests,

(jiven by the

with its ex

associated irray ----—--—-- B — ., 1

at the be'jinninj of this Subsection, the yearly c/cy: i
completed when the cumulative tonnaje of the ore jrid-Llocks
ejual.i  the or" production tar jet, and th« overburden re-
quired to expose this ore production has been identified*

The ore production simulation 1is tailored to study alternate
ore excavation sequences® The ore excavation rvquenca can to
modified to simulate multiple worhinj faces and or benrhes*
For exam, le, Table t*> continued throujh Table 6*d iliusr-
rat»3 an ore* excavation sequence with two workinj fac,-. eu
the same bench* FEach bench is e.ual to tno row o. jnd
-blocks betwem the pit Halts in the J co-ordinate “sec-
tion* The two workinq faces aUvince in opposite uit ection”

middle to the >ther extreme*

following comp atatiui.-.:
29 2

IT.

[ J
ariay hC(Cf),



P.XGEI112

117 3 5 K=o | IL=11
~T ~
.‘ __jZ
XIT
H
YES
FROM TAuLE
— AND TABL

YEs IS 1£I<20 ?| NO

yrs—iis i odd"?}— no— a=~ii

—i- -i-
| A= 1| *10=01
IN*O |
| r-
IIl» J>3C ?| NO—HIS (1.3,7)" h i~ —% . £ ]
T IIN TiiE TIT? | I POSITIVE = I
yCS j
IIs~ft’ vV ?| YPf »IC TO TABLE ¢*7
t,ri » :r "¢ TABL:
TAbLi: o* b

The two atovo examples illusti .to how the $it .loduction



FWCM TABLE 6*6

IH=11
I&ZZ:HI

MIS

1
ITAT (I,NO(?),%) £ |
[* (I,N'C(Q) ,Y) %ITH LI

i

|IIs CUMULATIVE OR:|
(PRODUCT:" ; P L 1
IEQUAL TC TARGET ?|

Y>> NO

S 1

13
IGO0 ro WASTE!
ISIMULATION 1

IL«LOh-HIS~-a*2 ?|— IES-
NC

| FAK+ 11
"L=;-U

PAGE113

GO TO TABLE 6'b

i ODD ? |

ITAG (1, AC(ti) ,K) C |
1 (I,NC(v) ,f) HIT.I L|

1" ¢" 3"LnTIVS OR21
IPRODUCTION FOR L I
[EQUAL TO TARGET ?|

YES NO
| GO mO CASTE]|
| SIMULATION |
ILsIlr -ilu 21
No| YES-
IR=n*1i
[.=2-11

|tA, 1U NC(U) ,K) WITH L|

(Is CUMULATTIVE

1PRCDUC ION PO°
ISCUAL TC TAP iET ?|

TABLE (e

simulation can

so jiKTtef'* A wvariety o*

| . . .
lo tailored t excavation

the wuuei:l:. ol » vxcav it ion

aojuoncoa can

i

2
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PAusm

@ 10 TALLS 6%6

-YES IIS MODD ? NO-

IR=S/2~0%*51

| Q=R+l |—>113 v=1

NO
| TAG |1 /!C (K) .K) o |
*) (I,tiC(.) ,K) WITH L|

|13 _cUivDLATIVZ (R
|[PRODUCTION FOR L I
|[E.UAL TO TARGET /1

io

| G>"70 WASTE|

| SIMULATION 1
| P=R- 1 K- IL~LU I
I,=v+11

NO 1IS GO0 ?1 WiS

R=ii/2|
10=3+1 1

701 ...
ITAG (J,UCILif,F) 1 1
LT (LNC () ) WITH L |

(Is CUXU'ATIVE ORE|
| PRODUCTION FOR L |
|[EQUAL TO TARGET ?|

‘9

HO B

GO TO WAOTLI
1 SIMULATION' |

IRZII{ilM IL*L+11
10=0+11

1..

0-—-1is R=0 ?t-—YES-

ITAT (17NCLi7KT'""WITH L

|7s"cu7u.»rivE ctli— YES—* L=L*1l1-
|PRODUCTION FOR L 1
I[EQUAL :0 TARGET 2! NO

T.VILE 6+ 8

suV.vUited into the iif m * sl*1,at
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Tii audit ion, the ore production can ki designed to include
the. simulation of any physical features which affect the ore
exe fvdtion sequence* There physical feature., are simulxte i

with the indicator arrays )t ;ol/nonial equations dercrilou
in Section 3*3* iho or-? excavation sequence 1is projra-nrne 1 to
recognize these features in order to take account of their
occurrence* tor example, a latje fault displacement could
force a kink in the ore bench shape* This would be accounts»
for by wusinj a simulation of the fault to orjani/.e the or<
fcxcavat ion sequence™

6« ?+ 2 WASTE PRODUCTION SIMULATION

that year by means of the fallowinj ex”iesoion.

CO:is»iJO?KSL. ((A (K-Z)),.2>- (W (J-t))*+2)- ((C(I-X))«*2>

where:

than the minimum wotkinj wall aajl”

p 55 2) ,re tho ,1d co-ordinated of the ore Jtid-blocU at
the base of the s'Mi-cones*

H.J.K, are the jriJ co-ordinate,

of the re.arninj jrid
-blocks*

,A,B,C) arc constants which define the

relariw lenjthe of
the semicone dxr'S*

Eich semi-cone set 1is Ji'finst. by.
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r addition, the orv production c.in
?L sia.uV.tion of any physical
n.ifvaticr. ieiaei.se. These
= the in.:teato. art r/s or

rpctinn 3. 3* Tho ot .

e designed to Include
features which affect the ore

;h,sisal feature- are ar tulitei
ful.noiial ematrons inscribed
oxcavat ton 3 'juenco is .trojraame . to

excavation sequence*

6, 7. 2 WASTE PPODUCTIC,. SI EJLATIOU

coisizoRKSL. I(;. (K-2))..2)-1la(J-n )*.?'-( (Cd- .) *“ >

where:

than the mini )um work.! nj wail anj

arc the , id co-ordinates

the base of the sor::.-..onet>e

of the ore jrid-blocits at

U.a.K, arc the »rid co-ordinates of the gaining grid

-block.;*

ate constants which define the relative lengths of
the semicone axe »
Each pomi-cone ret in ir,vu ‘
- -" /" or oy sy - - T » ;e
21 HI ASaniL (»oyE o Sy In SUb:!eC"

tion hee o1 *
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-he nrid-block.', (I,J,R) that satisfy the 'corL' exire ion
ire those rcjuired to be removed to exiose the jn il ore
reduction* The ex,cession is satisfied when 'CONS' § Z2€IO
A positive* The semi-cones in any set are iro”tamated to
ivorlir so that any material common to two or more senx
-cones is not accounted tor more than once* Additionally,
the semi-cona set is [rajtammed to exclude any material
excavated .u a l|lrevioun year* The ;rid-blocks witnin ¢t.,Xo
semi-cone set are tujjed with the [reduction year of the ore
arid-Llocks at the base of the set* These production .e”ro

stored in the array member associated with tae parti-
ular Il id-blocks O.i. thg ind@cator' array 'Yd'*. This' array 1is
sed |8 u[ date tiie time dimension for the iterative sol u-

ion*

material to cjual the taryet*

««te pi XdiU «u



1 S | E S I i 1 i
tiled in Subsection 6*6*1*

'
ﬁotal annual revenue and overburden Striti-inj co™t->



CUAp“rSH 7 A': CPZ'i PIT MINING SOLUTION

l1111a 111

invalid for insufficient iit capacity

7. 1 Til 3 EX.\:iPLL DLPOSIT

ft. ol ovcrlutden in some places™

in 11 7e2 *ete dViden 11 4

occurs below tx»es , >. r the 1 )te hol'-a# on., on-
3»010jU  £o..t ILM retorted .to.
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fault and tho {casont water table level
the oven 1it nininj solution* Only these
offact on the solution*

are significant to
features have any

The fault and watei table divide the d<'vosit
that are necessary to delimit the

oeolojic conditions vary sufficiently
Irediction* The four mineralization
the -Jrade Prediction Projrammc to prevent the estimation o.°
Point mineral values from assays occurtin) in different
zones® This identification was described previously m
Subsection 3*¥4*]* Fhe spatial mineral distributions o. tne
two recoverableminerals were computed by the Graue Predic-

tion Pro jramme and ,asset on to the MPProgramme throuyh
magnetic disk storage*

into four zones
areas in which the

to influence jrade
zones ire idonti:ie : by

hosed zone*

Section*)
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e iuirniGnt ur.od Lelow thu w*toi table te Juices a minimum
working wall-an jl1'd of 1*045 tadianse The switea in equipment
types is planned as a result of:

1) anticipated ch ing-'s in the annual quantities of overLu-
tden removal,

2) changes in the digging characteristics of the pit
material, and

3) repaired replacements for deteriorated excavation equi-
pment*

Kith the chanjo of equipment type, the standard wrote

excavation cost alters from 0*15/ ,er ton il >v¢ the J 1 'r
tal le to 0*3n' per ton below* The difference in taeoc.

d 1 1 1 1

respective standard excavation co.»t

The OL fU-a costs ate antici, .tee to
50Cc,co0 cash wunits t«t /eat*
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span*

The possible plant production capacities proposed for the
mine are 7 million tons per year for the pit and the twenty
seven combinations of concentrator, refinery and overall
recovery of fic Loncio..: shown in Table 7*1* The entries under
every combination are their capital costs* These costs
rej rese!. t the total capital required to finance the develop-
ment of each combination* They are the total of the annual
requirements discounted to the first production year* The

discount interest rate is 8% which is the opportunity cost
of investment, capital*®

THE CAPITXL COST OF 27 PLANT CAPACITY COMBINATIONS

%k k ok

OVERALL *P2FINERY*CONCENTrATOR CAPACITY (P) *
* R2COVF7Y tCAPACI 'Y* 15 1%6
¢EFFICILMCY* (T) B
* 20*%0  * 37*75 12*00 35%15%
* 22%5  «32%5(0 25%65 42*00*
% 25%()  *23%5() 27%2 30%25%
ES
s 20%0 *17*50 26*85 31*85*
s 70% 22%3 4 1*25 27*00%*
N 25%)  *34%75 40*50 38*25’2
ES
* *20%0  *30%*75 40*00 25*50*
«  OT * Q%5 %)3%75 41%00 3T7*T75%
" *D5%()  *28%25 25%65 35*00*
kksksksksksksksksksksksk sksksksksksksksk 4*********** kkskkkk «**‘

PIT CAPACITY=7 .1ILLICM TON .'E

CAPITAL COSTS IN MILLIONS OF CASH UNITS
(T)*cdpacities in thousands of teas . 1
(t) =catacit ivs in .Pillions of ton.* ior y« *

TABLE 7* 1
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distances ure e ]Jaal to the tench width and hei jht which are
100 ft and 50 ft, respectively® Ore excavation comas from
jne workinj face that advances parallel to the longitudinal

co-ordinate axis and chanjef. the direction of its advance on
alternate benches*

Finally, there ate two further pieces of input data required
to initiate the P Programme®* These are the initial assump-
tions for the T-S mineral distribution and the avetaje unit
production costs for the first year* The pit increments 'M'
of the T-S mineral distribution’s date* set ORESES’ are
assumed to include all material in every four :jrid-levels
from the top of the deposit down* (See Subsection 6*3*1 for
a detailed loseription of this assumption®*) The averaje unit
production costs for the first year were assumed to be:

Pit: 2= 0%*43« per output ton
Concentrator: C= 0*80/ior input ton
1 =

Refinery: s0*00 cash uniti rer output ton
Recall from lection 6*2 that these assumptions are replaced
as the solution converges#

72 THE SOLUTION

A solution to “xpioit the deposit described in the preceding
section was com[ncl with the Model* The output of the
Model's M Frojram-a is presented in this section* Soma o.

fourth cyecl' *
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I
THE NET PY9ESEHT VALUE OF 27 PLANT CAPACITY (OP!'bl NATIONS'

(FIRST IT.!HATION CYCLE)
’***************
OVERALL * REFINEPY*CONCLNTRATOR CAPACITY (P
RECOVERY *CAPACITY* 1"3 1*G 1%7
FFICI2NCY*  (T)
20%0
22%5
25%(0

20%0
22%*5
25%0

20%0
22*5
25%0

-2 3%55 —

& .

9Cr,

******” = ¥ X *
% % % ¥ ¥ % k% ¥ K %
L ]

95%

PIT CAPACITY=7 nt LION TONS PER YEAR
PRESENT VALUES IN MILLIONS OF CASH UNITS

(T) -cat deities In thousands of tons per year
(K) -capdcit.ies in millions of tons per /oar

TABLE 7« 2

followinj iteration cyc" «
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THE NET PRESENT VALLE (F 27 PLANT CAPAQTY COVBINATIONS
(SECOND ITERATION CYAE)
#****<**‘*******
OVERALL, *I2FINEPY*CONCENTRATOR CAPACTTY | (%) ¥
RECOVERY *CAPAITY* 1*3
EFFICIENCY*  (T)

*  20%0  *-16*11  -8%41 -9*72%*
857 x  22%5 - 10%8 1 S 2%01 - 16%46*
* 25%0)  * -6*74 -3*21 —4*64*

. 20%0 *-16*11 -3*%5() —6*67*

90 . 22*5/ *.17%04  -17*86 -1*76*
. 25% *.13%26 -16*80 -12%93*
L2040 * -9%52  -16*83 _g*48*

95% . 22%5 % _4%48  -17*02 - 12%72%
0 . 27*0 % _6*90 _2*17 _9*96*

*‘***"

PIT CAPACITY*? MILLION TONS PFR YEAR

TABLE 7* 3
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THE NET PRESENT VALUE OF 27 PLANT CAPACITY COHBENATIONS
(THInD ITERATION CYCLE)

*  OVERALL *REFINEPY*COilCi'NTRATOR CAPACITY
* RECOVERY CAPACITY*

¢EFFICIENCY*

* ¢ 20%0 ¢-10*11 J2%56 _3%79%
* 85%* * * ¢ -5*%13 3%86 -10%54*
4 ¢ 25%0 .+ - 1*20 2% 16 1*05*
¢ ¢ ¢ *
M *20%0  *- 10*13 235 -0*72%
¢ 90 ¢ 22*5 -11%39  -11%99 4%21*
¢ ¢ 25*%0 e . 7%58 -11*35 -7*16’:

¢ .

: * 20%0 ¢ -3*60  -11%03 5*40*
¢ 95% ¢ 225 & 1*19 S 12*%00 —6*82*
¢ * 25%() ¢ -1*%13 3*33 _4*10*#

1 CAPACITY*? MILLION TONS PE? YEAR

TABLE 7* 4

i K K

7*10 omitted from the Itint out*
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THE NET PRESENT VALUE OF 27 PLANT CAPACITY COMBINATIONS

OVERALL ETIN ERYACCNCLNTRA '01 CAPACITY (<) *
(FOURTH IT -RATION CYCLE)

RECOVERY ~CAPACITY* 1] 1*6 1%¥7 *
EFFICIENCY * ?
* 2(('))*0 « . 10%20 -2%66 -3*%64*
057 * Q%5 o« 3*7U » 0*¥59%
*23%0  * -1%29 2%06 on
* *
* 0 20%0 o+ - 10%21 2%*25 -0*77*
907 * *-11%43 12*08 4%16*
£ 23%0 ¥ -T7*67 ml1*44 -7*18**
* *
*20%0 * -3%66 11%12 5%34x
* * £ 1%10 ~12+ 10 - 6%83%
% * %%*(5) * -1%41 13%24 -4 « 16*

IPIT*CAPACITY*? MILLION TONS PER YEAR

TABLE 7* 5
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CUT-OFF GRADES 5 TARGETS FOR THE PLANT COMBINATION:
(FIRST ITERATION CYCLE)
PIT CAPACITY = 7*0 MILLION TONS/YEAR
CONCENTRATOR CAPACITY (CON) = 1*6 MILLION TCNS/YcA

REFINERY CAPACITY (R-F) = 20*0 THOUSAND TOMS/YEAR
OVERALL RECOVERY EFFICIENCY = 85/

YR COG (z) PIT (f) CON (K REF (T) FLOFIT (f)

1 o 11 7*00 0*30 3%02 S 0%52
2 . 11 7*00 0*30 3%82 -0*50
3 *11 7*%00 0*30 1%82 -0%*52
4 *11 - 0*30 3%82 -0*35
5 * 11 7*%00 0*30 3%82 -0%*57
6 *11 7*%00 0*30 3%82 -0*39
7 * 11 7*%00 0*30 3%82 S 0%62
8 *11 7*00 0*30 3%82 -0*64
9 * 11 7*%00 0*30 3%02 -0*%67

10 * 11 7*%00 0*30 3*82 'Oi§9

11 *11 5%29 1*#60 6*89 1*38

12 *11 3%25 1*60 6%01 2*08

13 * 11 3%25 1*#60 6%01 2*09

14 * 11 3%25 1*60 6*01 2*%09

* 7*00 0%*59 S.06 -1*%65

gi *ij 7*%00 0*59 5%06 -1:71

65 * 14 7*%00 0*59 5*%06 -1*78

66 * 14 7*00 0*59 5%06 -1*84

67 . 14 7*%00 0*59 5%06 -%*31

68 .« 14 7*00 0*59 5*%06 -1 7

69 . 14 7*%00 0*59 5%06 _i ??

. * 0*59 5%00 -2

;? ~ij ;*88 0%*5 3 5%06 -2%13

72 * 14 7*00 0*59 5*%06 ; 2:26

73 . 14 7*0u 0%*59 5%06 -2*33

74 . 14 7*%00 0*59 5%06 -%*j ;

75 .15 7*%00 0%*37 5%0 3 -

76 * 13 6*11 0*50 CAPI"li“l,&E(OCOST -2%44
' ITS LESS
RES ENT VALUE OF PROF CAPITAL OOST . sh UNITS

TABLE 7* 6
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CUT-OFF GRADES 6 TARGETS FOR OPTIMUM PLANT COMBINATION:
(SECC..D ITERATION CVCLi:)
PIT CAPACITY = 7«C MILLION TONS/'?ZAR
CONCENTRATOR CAPACITY (CON) = 1*7 MILLION TONS/YEA

REFINERY CAPACITY (ELF) - 20*0 THOUSAND TONS/YZA?
OVERALL RECOVERY EFFICIENCY = 95{

YR COG U) PIT (M CON ih@ REF (T) PROFIT (M

1 .09 7.00 C«7 4» 84 -0.01
2 * 09 7.00 0.7 3 4.80 0.00
3 < 09 7.00 0%65 4.47 -0*24
4 *09 7.00 0.65 4.47 -0.26
5 *09 4.26 ie7 6*23 1.72
6 . 10 4«13 1.70 6.33 1¥38
7 « 10 4.13 1.70 6* 19 1*39
a « 10 4.13 1.70 6. 39 1;33
9 * 10 4.06 1.70 6*38 1*32
10 e 11 3»64 1.70 6«40 2* 16
11 . 11 3«64 1.70 6*40 2416
12 11 3%6 4 1.70 6*40 2*17
13 . 11 3*64 1.70 6*40 2*17
14 . 11 3%64 1.70 6«40 2%13
12 1.77 1*70 7.08 5.40
gé e 11 1.77 1#70 7%96 Z:?g
33 * 1] 1.86 1*70 6295 P
34 1 1.37 1*70 6*90 T
35 .1 1*87 1%#70 6*90 e
36 . 11 1.07 1*#70 6*90 20
37 . 11 1.87 1*70 6*90 4 00
38 < 11 1.91 1*70 6%76 Y
I R v B o R
L] . *
j(l) . H 1.92 1*70 6:74 4*04
47 . 11 1.92 1*70 6*7 ¢
43 e 11 1*31 1*70
44 . 11 0-03 0%73

PRESENT VALUE OF PROFITS LESS

TABLE 7* 7
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CUT-OFF GRADES G TARGETS FOR OPTIMUM PLANT COMBINATION:
(THIRD ITERATION CYCLE)
PIT CAPACITY = 7*0 MILLION TONS/YEAR
CONCL'ITRA TO* CAPACITY (CON) = 1*7 MILLION TONS/YSA

REI INF.RY CAPACITY (RTF) * 20*0 THOUSAND TONS/YEAR
OVERALL RECOVERY EFFICIENCY = 9SK

YR COG /2) PIT (M COM (M REF (T) PROFIT M

1 e 12 7*00 1*17 5%38 0%49
2 12 7*00 1*17 5% 0%41
3 . 12 7*00 107 5%80 0*43
4 . 12 7*00 1*41 6* 67 0%96
05 . 12 4*47 1*70 6*87 %01
6 e 12 4*47 1*70 6*87 2*03
7 . 12 4%*47 1*70 6*87 200
3 *11 4%4 1 1" 70 6*81 204
9 * 11 4*40 1*70 6*79 2%22
10 * 13 4%48 1*70 6°+Gl 2:06
11 13 4*40 1*70 6*61 2*09
12 - 13 4%48 1*70 6*61 204
13 * 13 4*48 1*70 6*61 2:20
14 . 11 4%48 1"70 6%6 1 2%24
. 1% 1*#70 7%96 6*13
g(l) -018 1*?2 1*70 7*27 5:42
32 *09 1*74 1*70 7:24 5*37
33 <09 1*%74 1*70 7%24 5%43
34 * 09 1*74 1*70 7*24 5:61
35 * 09 1*74 1*70 7*24 Z*;(())
3¢ * 09 1+ 87 1*70 6*44 i
37 * 09 1«89 1*70 6*31 j*gg
30 * 09 1*89 1*70 631 e
39 * 09 1*85 "*70 6*21 S
40 * 09 1*35 1*70 6-21 426
41 « 08 1+ 85 1*70 605 4
42 * 08 1*77 1*70 4*8 3 0*?2
43 * 03 C* 37 0*36 1*02 -

LESS CAPITAL COST
PRESENT VALU OF PROFITS 5% 40 MILLION CASil UNITS

TABLE 7* 8

H Cinil ) £t ia todosijnuil troi the T-S net cailh
¢ 1n1 pit surt ac
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CUT-OFF GRADES 6 TARGETS FOR OPTIMUM PLANT COMBINATION:
(FOURTH ITERATION CYCLE)
PIT CAPACITY = 7*0 MILLION TONS/YEAR
CONCENTRATOR CAPACITY (CON) = 1*7 MILLION TONS/YEA

REFINERY CAPACITY (RF.F) = 20*0 THOUSAND “ONS/YEAR
OV2° ALL RECOVERY EFFICIENCY * 95?7

YR COG (T) PIT (M CON (M REF (T) PROFIT (K

. 7%00 1* 17 5*8U 0*49
> 7400 1%17 3%38 041
3 . 12 7%00 1%17 3*30 0*4
4 2 7%00 1*4 1 6*65 0%96
B *12 4%47 1#70 6*87 2701
6 12 4%47 1%70 6*87 2703
7 . 12 4*47 1*70 6*67 2’;10
0 .11 4%41 1*%70 6*81 2*%14
9 . 11 4%40 1#70 6*79 2722

0 #13 4*413 1%70 4*6; S

T 17 4%4(3 1*70 6461 e a

2 *B 4*413 1*70 6761 )

13 * 13 4%413 1*70 661 %*%2

14 #13 4%48 1*70 6%61

. 1%*80 1*70 7%96 6*13

30 09 by 1%70 7%27 5%42

o .09 1%74 1%70 7: 24 5% 37

33 £09 1%74 1*70 7% 24 5::4 3

34 £09 1%74 1%70 7i24 5*6 1

" . 09 1%87 1%70 6*44 *70

o .09 1%89 1%70 6*31 4*00

18 . 09 1%#85 1*70 b*21 \7\;)7

3 03 1%g % 1%70 6*21 4%63

40 *on 1#85 1*70 6*21 3*71

i . 03 1%85 1%70 6* 18 *73

42 - OP 1*77 1h70 T 0%35

i1 . 11 0%4 1 0*38 )

CAPITAL COST =
PRESENT VALUE OF PROFITS 'LESS 54"\ii[1ON casH UK.->

TABLE 7* 9

) ) ) ) the diiit-Lihution is I€
value distribution whenovoi
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AVERAGE UNIT PbtODI’r'TION COSTS
(SECOND ITERATION CYCL

YR PIT (E) CONCENTRATOR (C) REFINERY (1)
CASH UNITS/ CASH UNITS/ CASH UNITS/
OUTPUT TON INPUT TON OUTPUT TON

1 0*4 1 1*02 50*%363
2 0*43 1*06 50*446
3 0*4 3 1*06 50*%463
4 0*43 1*07 50*%480
5 0*42 1*07 53%497
6 0*4 3 1*07 50*515
7 0*43 1*07 50*53 i
8 0*41 1*07 50* ,51
9 0%*42 1*07 50*%563

10 0*4 3 1*07 50*575

11 0*4 3 1*00 51*483

12 0%43 1%08 51%458

13 0*43 1*08 51*738

14 0*44 1*09 52%254

1b 0*44 1*08 51%593

16 0*44 1*08 51%942

rs 0*45 1*11 53’:110

29 0%45 1¥1 1 531232

30 0*45 1*11 .

31 0*45 1*12 53*483

39 0*46 1*15 55*%075

33 0%47 1%17 55*502

34 0*%46 1*13 54:151

35 0%46 1*14 54*627

36 0*46 1%13 54*186

37 0%46 1% 14 54*377

38 0%46 1*14 347510

39 0*46 1*14 54*905

10 0%46 1*14 54*790

A1 0%40 1*15 54*054

G

43 0*40 1* 10 .

44 0%40 1%17 55*%414

TAbLi. 7«11

TU..«e nit surface, fur the four iteration -ycl
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AVERAGE UNIT PRODUCTION COSTS
(THIRD IT .'A"ION CYCLZ)

YR PIT (E) CONCENTRATOR (C)  REFINERY (R)
CASE UNITS/  CuSh UNITS/ CASH UNITS/
OUTPUT TON INPUT TON OUTPUT TON

1 0*4 1 1*01 50* J50
2 0%37 0%99 51*511
3 0* 37 1*01 52%284
4 0*30 1%¥02 52%643
5 0* 39 1*04 63%325
6 0*31 1%06 54%*125
7 0*40 1*07 55*%056
0 0*4 1 1%09 55*%962
9 0%4 1 1*10 57*140

10 0%42 1%12 57*75 3

11 0%42 1*14 58%397

12 0*4 3 1*15 59*431

14 0%45 1*#19 61%255

19 0%45 %21 62:510

16 0%46 1%23 63*357

27 0*55 1*45 74:204

20 0%56 1*47 757858

71 0%57 1%52 76*893

31 0*5) 1*54 79*125

32 0%65 1*64 79*030

33 0%70 1%72 e

34 0%69 1¥72 FEMAS

35 0%*72 1*77 *579

N0 nv

37 0%7 1 1*80 27310

38 0%76 1*86 20%132

39 0*77 1*88 .

oo o002

41 0*80 1*94 i

« 1%97 93*126

42 Oeas 1* 10 56*009

43

TABLE 7%12

die illustrate in Hg 7.V Etch °» the
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AVERAGE UNIT PRODUCTION COSTS
(FOURTH 1T ;:RATION CYC ')

YR PIT (E) CONC * .TRATOR (C) ~ R .FINERY (R)
CASH UNITS/ CASB UNITS/ CASM UNITS/
OUTPUT TON INpur TON OUTPUT TON

1 0*41 1*01 50*330
2 0* 37 0*99 sle511
3 0* 37 1*01 5'*284
4 0* 18 1*02 52*%643
5 0*39 1*04 53*325
6 0*39 1*06 54*125
7 0*40 1*07 55*056
8 0%4 1 1%09 55%962
9 0*4 1 1*10 57*140

10 0*42 1*12 57*753

11 0*42 1*14 50*397

12 0%4 3 1* 15 59*4 31

13 0*44 1*%17 60%*247

14 0*45 1*¥13 61*255

15 0%45 1%21 65*510

16 0%46 1%23 63*357

%

27 0%55 1*45 ;;‘*%g‘é

30 0%30 1*52 70*%006

31 0%59 1*54 79*125

1 0%65 1*%64 79*080

13 0%70 1%72 81*720

34 0%69 1%72 02*810

26 0%72 1%77 83*378

36 0%7] 1%77 84*598

7 07 1380 §7431%

38 0%76 1*86 .

9. 077 Lo 50+69¢

40 0*70 e 91%750

41 0%00 1%94 .

N 1%97 93* 126

42 8*83 1%52 94*0 39

43

TABwWE 7*13

. . sat face at that point The
elevation of the 1indl I'il



elevations 1t0 the distances in lid-levels

iloM a horizo-
ntal datum level alLevthe

doposit down to the /it suiiace*
These elevations : or .:jen' the intercept of the jit sir..ace
with the jril syst-=ie however, the

intercept; it over; ot.iet
rot shown here* The; were deletei to
The contours on the mat were Irawn in
intervals*

arid-intersection are
sreeJ up the solution*
by hand at 100 ft*

Hi-

boundaries*

55 . % *» S B .r8 » .S r U 8

'& r ;. ! M . * 5 C
This intor Idtion con

List o! .
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OPTIMUM PIT SURFACE

»>J
2 it 6 8 10 12 14 16 18 20 22 24 26 28 JO J2 J4 j6 j8 40 42 44 46 48 jo

2 2 2 2/0 0 O

24 6

26 6

6 6 6 6 6 6 6 6

s |,IT (FIRST ITERATION CYCL )
FIG. 7.JA THE FINAL SURFACE OF
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OPTIMUM PIT SURFACE

]
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7.3B  THE FINAL SURFACE OF THE

PIT

6 6 6 6 1C\

(SECOND ITERATION CYCLE)



OPTIMUM PIT SURFACE
>J

2 4 6 8 10 IP. 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

/m

10 o

20 6
22 6
249 6

26 C
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OPTIMUM PIT SURFACE
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SIMULATED 1 IT PRODUCTION SCHEDULE (FIRST ITERATION CYCLE)
YR CVERBUSD STRIPPING COSTS ORE REVENUE
ft TONS, E CASH UNITS K TONS ¥V CASH UNITS
1 6.34 2 74 0%28 0*07
5 099 0%43 0%28 0%10
3 0*00 0*00 0*28 0*14
4 1*41 0*61 0*28 0*14
5 3%10) 1.36 0*20 0*07
> 0%00 0%00 0%28 0%07
] 0%28 0.12 0%28 0%06
g 0%84 0%36 0%28 0*03
9 661 2#87 0*28 0%07
0 605 2%63 0*28 0%07
11 4%03 1,60 1*55 VoO
12 1*59 0*75 1*55 1*71
13 1%69 0*75 1*55 1*95
” 2%93 1%03 1#35 1#70
15 2%11 0*85 1*55 1*20
16 1*69 0*72 1*55 1*81
3 0%28 0*0' 1%55 3#59
36 0%28 0* 13 1*55 5*%65
37 0*00 0*00 1*55 3*37
1 c 0o 0*00 1%55 2%24
39 0% 14 0%03 1%55 2%00
40 C*C0 0*00 1*55 2%*%75
41 0*00
*
42 O 439 1.63 2%18
" 0* 13 1*03 3*54
44 0*28 0%10 1%63 3%27
45 0%42 0%00 163 2*70
46 0%00 0%00 1%63 2*79
47 0*00 0%56 1%63 2%22
48 118 0%03 1%63 1%79
41 0*15 0400 1*03 7*50
50 8:38 0%00 1%63 1%65
* %
g; 0790 0509 0%74 0%46
TOTAL 8 E7 7H )9¢7 1 MILLION CASH UNITS
TOTAL SUr.3L PIT INREM2..TS311

TABLE 7*14

e e b T = _——
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[KULA 'ED PIT PRODUCTION SCHEDULE(SECOND IT SKATION CYCLE)

OV:R "RP%I STRIP:>1-H; COSTS  ORE REVENUE
w M TO: 3 X CA ;H UNITS M TONS H CASH UNITS
1 6% 2%68 0*70 3%47
) 5%3 2%58 0*70 0%39
3 1%13 0%60 0*70 0'24
4 7%3 4%04 0%70 0%27
5 2%3 1*%37 1*69 2%28
5 4% 2%4 3 1%#69 2%68
7 2%5 1*50 1%69 2%63
9 3%] 1%73 i:gg §:§§
* 1*19
0 232 1%46 169 4+00
13 4%93 3*25 1*67 2740
14 2%32 2%05 1*69 %*H%
15 7%63 108 1*69 4473
16 1%13 0*7 3 1*69
n | b*91
* 0%36 I'b?
%g 0oz 0%61 1%69 3 14
28 1%41 0*06 1*%69 4%43
29 0%42 0*09 1*69 2588
30 0 *o: 0*00 1*69 A
3 0500 0%00 1%6) i
2 0%2 0.09 %97 e
0%00 0%00 1*#63 .
33 * « 4%84
0%2 ] 0%27 1%6 3 Py
e 000 i 0%00 1%63 3637
35 %13 0%20 1%63 Y
36 0%71 0%*31 1%6 3 %
g; 0*44 0%22 1*63 2%72
3 089 0*31 1%63 379
0%10 0-C4 1%6 3 1#53
0 0l 0*08 1%63

* b
1 000 0*00 ' o % A Ot
TOTAL PEVTHU£S14G*OSI§E££§3L£§%?{ UNITS

»
TOTAL NUX9E* OF PIT

TAiiLE 7*16

ann,w | tn;ojraihic ~1:



IKULATEB piT P30DUCTION] SCHEDULE (THIRD ITERATION CYCLB)
YR OVS"BURF I'J STHIPPIEU COST ORE

REVENUE
n 1U& | K CASH UNITS ! TONS M CASH UNITS
1 6*05 2*%61 1.13 0*57
2 5*%77 2* 3 1*13 0*66
3 6*05 2*70 1.13 0*68
4 6*76 3%31 1*41 2*%14
5 3.10 1*50 1*63 2%*73
6 2%60 1*42 1*69 2%26
7 3%10 1#51 1*%63 2*%08
8 2%6() 1%20 1*69 2*%31
9 2%8) 1*49 1 *69 3* 33
10 2%68 1%50 1*69 3*84
1 %573 1*35 1*69 2*52
12 2%96 1* 32 1*69 2%32
13 2%96 1*74 1*%69 2*%67
14 2%75 1* 34 1*69 4*02
15 0%96 0%38 1*69 3*69
16 0%20 0%21 1*%69 6*51
% * 1*6'T 4*79
B 0e00 0400 I
27 0*14 0*14 1%69 5*83
78 0*84 0*40 1%69 2136
29 r.23 0*12 169 3*59
30 0%14 0*03 1*69 4*23
1%41 0*05 1*73 e
gé 0%00 0*00 1%63 3*27
33 1%83 1%01 103 e
34 0*00 0%00 1ees x
0*00 L*00 163 3*70
35 0%14 0%01 1%63 3*9 3
36 0%13 1*b3 3*77
37 0*28 1%63 3%27
0%*27
38 0*10 x 1%6 3 4'7)
39 0 *nc O*OO 1*63 3*24
40 0*00 0*00 0%30 0%*29
41 0*00 0*00

. frlu 51 FILLILj vAx». NtTS
%8%% %EMB”EIQ OF PIT INCISEMENTS»9

TABLB 7-10

five-ioatly tolojtalhic .ay illuf;tiat'"l



2)

AT'D  1: IMODUCTIO'T SCHEDULE (FOURTH ITERATION CYCLE)
" OVE~EURCE I VPT EG COSTS ORE REVENUE
) K TONS, CASH UNITS r TONS K CASH LN
1 6*05 2%61] 1*13 0*59
) 5%77 2%53 1%13 0*56
3 6*05 2*73 1*13 0*68
4 6*76 3% 33 1%#41 2*%14
5 3%10 1*59 1#69 2*9 3
6 2%68 1%42 169 2726
i 3%10 1*51 1*69 2*08
0 2%60 1%23 1%69 2231
9 2*R2 1%49 1*69 3*33
10 2%68 1*50 1%69 3%84
* 1* 35 . 2%52
1 Sene 1%32 1%69 2*32
3 2%96 erd n 02
14 2495 1%34 1*6) 4*02
0*%56 0* 39 1*69 3*68
18 C*28 0*21 1*69 (*51
%04 0.06 T6? 111
25 S*fo C00 TO" 8.79
26 0%1 0.14 1.69 6.81
;Z 0%34 0»40 1"09 2"16
29 0*28
0%14 .
g? 6*14 0«01 ts ;o P
%
32 0%90 0*C0 1.63 3%03
33 ! & .11 1.63 6.01
00 '
!J of01 l
7 ) 13 of-- :
3 &6 0 1%3 ERY
. 0 .
40 0.0 8?@% 0; 30 0.21
c*oo
h i sirk 3; r n r .» 1i; E "::,78
TABLE 7*17
‘0 tmt innou > nd overall «ttii 1iU r-1UOS>
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3) the arnual tefin”L; outT.ut,

4) a list of the T-S not cauh value distiihation,

s) a list of 1tho year and order

of cxcav ition for
jrid-LlocX mined, and so forth*

ri itc FORTRAN statements into tho M. Pi )jidinme*

pit production capacity*

ECONOMIC EVALUATION OF THE SOLUTION

in i
tax
interest

each
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TOPOGRAPHIC MAP of PIT IN YEAR 1
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TOPOGRAPHIC MAP OF FIT IN YEAR 6
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TOPOGRAPHIC hap of pit in year
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TOPOGRAPHIC HAP OF PIT IN YEAR 21
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TOPOGRAPHIC MAP C* PIT IN YEAR
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TOPOGRAPHIC map oF pit in YEAR 31
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TOPOGRAPHIC map of pit in year 36
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TOPOGRAPHIC MAP OF PIT IN YEAR )6
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topographic MAP of PIT IN YLAR 41
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tie devolo; mnnt exyondituces Lir tcomuinnivi,

f K'ilitius r>-*lect”l from T.iM ? i*1 to rx;loit th 2 ex 1L
d®'0,;if Roc.ill t{it these ca; ital requirement,; were discou-
nted to the fitst year to make wup the entry: prt*= 7n
tons/vt ¢, concentrator = le7ai tons/yre, tcfinery = &>
tons/yre and overall recovery efficiency = 05C*

The last column lists the loan capital repayments (LR)* All
entries are in millions of cash units#

S S ; 1 ; 1 ; S the prpduction; tatjets
cannot be nete

The cash flow analysis is the ultir.ate .aasute ofjny oyan
m, ;nt titioni3 wotthe lhdt soli

i.U1LJ '

ejuity capital*

7% U  AX INVALID SOLUTION

1) pit = 5% Cn tons p”r ysar °

2, concontratoi = " tons !<u »nlJ

3) Refjnery; = 201 tons 1'-i /n*

o. suhsectio, M7.2 that - 1
Recari

’ -1 W -1Tutlon - -
when tllile simulated waste or



YR REV CFI  ECAF
INT TAX OB

1 0¥59 «0 0*0 2*61 m2*02 11*0
2 0%56 <0 c*1 2%53 «1%97  4%)
3 0*%6«3 0 0*0 2*7c¢ -2* 10 0*0
4 2%14 +56 0*0 3*33 -1%*75 0%0
5 2%93 «R1 0%0 1*51 0*53  0*0
6 2*26 +81 ' 1*42  0*%03 0*0
7 2%08 d1 - 1*5 1 -0*24  0*0
8 2%¥3] <66 <+ 1*23  0*37 0*0
9 3*%3 3 <51 0*0 1%49 1*33  0*0
10 3*84 +36 0*0 1*50 1*98 0%*0
11 2%52 21 0*¥0 1*35 0%*96 0*0
12 2%32 <06 0*0 1*32 0%94  0%*0
13 2%62 <0 0*0 1%¥74 0+93 0%*0
14 4%02 <0 1*2 1%*34 1*%43 0:0
xgon, +0  1*0 0*38  2*30 0%0
ﬁg 2*2?) «0 1%*9 0%*21 4*41 0*0
25 4%79 <0 1*4 0*66 2*78 0*0
26 8 <79 <0 2*6 0*0 6* 18 0*0
27 5%81 <0 1*¥7 0*14 4*06 0*0
29 2%9¢6 0 0*8 0%40 1*¥*79  0*0
29 3%g] 0 1*0 U+ 12 2*50 0*0
30 4%*23 sc 1*2 0%03 1*03 0*0
31 2%¥97 +0 0%*8 0*01 2%19  C*u
32 3%27 0 0*1 0%0 2*¥40  0*0
33 3*03 0 0*8 1*01 1*23  0*0
34 5%¥81 «0 1*7 0*0 4% 14  0*0
35 3*%73 <0 1*0 0%*0 2*¥70  0*0
36 3%*93 0 1*1 0*%0 1 2*84  0*0
37 3%76¢ <0 1*0 0*1 3 2*61 0*0
38 3%¥26 ec 0*1 0%27  2*13 0:0
3) 4%¥79 <0 1*4 0*0 3*44  0%0
40 3*24 *0 0*1 0%0 2%38  0*0
41 0*21 <0 0*0 0*0 0*29 2*0

DISnOU’iTEt CASH FLOW YIELD=6%*24 |

TABLE 7* 10
i i . liin in
tot,1 it —capacity, an i
you:;, etc* Thin in '1 to the

till jet:;

hive leeh confuted tior> an

- 13*02
-6*22
S 2*%10
-1*75

0*33
0*03
-0+2%
0*37
1*33
1*18
0*%16
0o*3 "
0*93
1*4 3
2*30
4*4

2*78
6*18
4*06
1*79
2*30
3*%03
2*19
2%40
1*23
4* 14
2*70
2*%84
2%61
2*%13
3*44
2% 38
0*%21

PAGZm

PV IC CR IR |

-5%39 0%0
7*11 0*0
13*99 0*0
17*¥21 7*5
20*34 3*2
21%43 0%0
23*11 0%*0
25*%20 0%0
26*84 0*0
27*%65 0%0
27*33 0*0
29*15 0*0

32*05 0*0
33*54 0*0

26*96 0%0
26*33 0*0
22*%26 0*0
19*%9, 1 1
19*%79 o o
10*%87 o=*o
17*35 0%0
16*55 0%0
15*%47 0*0
Ipe43 0%0

10%89 0*0
3% > 0%0
7%02 0*0
5%46 0*0
2%45 0*0
0*27 0%0

the third, four

f.ict
inadc

7*1
5%6
6*5
6*5
7*6
7*3
0+*0
0*0
0%0
0*0
0%0
0*0
0*0
0*0
0%0

0%0
0*0
0*0
c*o
0*0
0*0
0*0
o*c
0*0

0*0
0*0
0*0
0*0
0*0
0*0
n*c

th,

0%0 |
0*0 |
0%0 |
0%0 |
0*3 |
0%0 |
2%0 |
2%0 1
2%0 |
2%3 |
2%0 |
0*71
0*3 |
0+)]
0+0 |
0*0 |

0*0 I
0%0 |
00 |
0*0 |
0%0 I
0*0 |
0*0 |
0*0 |
0%3 1
0%0 |
0*0 |
0%0 |
0*0 |
0%0 |
0%0 (
0*0 I
0*0 |

fifth

that the production
ca:acit/*

juat ' jit
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SIMULATED PIT PRODUCTION S5CHEDULL (FOURTH ITERATION CYCLE)

YR OVERBURDEN STRIPPING COSTS OPE REVENUE
K TONS a CASH UNITS r TONS M CASH UNITS
1 2%53 1*25 1*27 0%68
2 2*%96 1*40 1*%27 0*51
3 6*62 3*41 1*27 1%06
4 5%4 3 2*69 1%27 1%66
b 2%25 1%12 1*41 2%20
6 4*64 2%45 2*25 3* 30
7 1*55 0*78 2%25 2%62
8 1*55 0*79 2*25 3* 19
9 1*13 0%60 2%25 5*07
10 5*49 2*65 2*11 3*05
11 6%62 3*48 1*97 1*84
12 5%4 3 2%35 1*97 3*09
13 5% 15 2*90 1%97 2*56
14 028 0*15 1*%97 4*53
16 0%94 0%53 2*53 11*35
17 0SS 0%20 2*96 6*90
18 1%¥27 0*77 2% 36 0o
20 4*22 2*85 2*36 7*05
22 1*13 0*57 2*96 8*79
53 1%97 L9 2%96 6:50
24 0%99 043 3704 >0
0%0 2*%96 661
0*0

* 0%18 2%96 7*61

27 8}%2 0%27 %96 5*49
28 % * 7*08

29 Sk 15 1*07 2*96

0 3 0% 3%26 1%19 1%00

rorAaL REVENUE= 164 *24 MILLION CASH UNITS
totraL NUMBER OF PIT INCREMENTS =6

TABLE 7*19



CHAPTER 8 THE MINE PLAN PFOGBAMKB

m/IP jfp Pro.jCliiiine in uuide up ot three modules which aie
needed for the different computations in the various itor i-
tion cycles of the open pit mininj solution®* The computa-
tions within the iterative solution are varied L; calling
different modal >i* The construction of these modules is

illustrated in Table E*1* Each module is created by inc.j-

ORI & :

additional cycles* ?

1 JOb COXT10L LANGUAGE

., « :r t}> three job steps
The MP Projramme I~  xv<1 #] u 3.3. Note that certain

substituted for  w.* 11 ¢ within the control «u ->r *
.nNrrs l-cks Hid data uOt., Wlt,1



indicated with explanatory phrases*
tions are ex,lain J in

sttps:

The regaining substitu-
the follow!nj description of the job

job STEP 1:

, callin; projrar.”es and subroutines are compiled, link
-r.Jited and stored individually in a partioned data set* The
-nrtlol cards illustrated in Fij* 8*1 are used repetitively
¢4j' load the sourc > lock of cards toi each member of the
e»rt itionod data set* The names of tne calling programmes
d-d subroutine;, as listed in Table 8*1, are substitute*:, in
turn, Co: the internal name of the LKED*S8YSLPIOD card's
DSNAX> parametei

...................... I
I KP PROGRAST.E I1I

| MODULE 1 I MODULE 2 I MODUL- 3 I I

I CALLING EPOGRAMKESI HAIM1 I KAIN2 I "n:rl I
! SUBROUTINES | CC'1 I (OGh I > | 1
I COGS5b:i-] > 1 (
| PD I > | DU 1
i subPD--1— >— 'm u . |
I I
TABLE s * 1 |
L e e e haeanaaaeas
JOB STEP 3
conn ol eatii lint in nj* .-
tions;
,!'wth v to create the module
D 315 i- > uon ti'cle'
jnJ N0 -o”ncol -it., -2. to ot,,to0 t., .«-.»*

2)



(job OTi\<)
H EXEC rOlIHCLtP\E 1.LKED=VCAL

Z/GYSHH J) *

(aouree sard desk 'or the oallinj "mrrtnca ml au'xrmtirco, r. vim)

/*
//LKED.SXSL-4(D !)) .V ),* nm y »
j1 vOUTtE *SER»itefc n*<2£ ZibeZ RM"CF*(CfL,(r","$
/1

aontrj: xscZ to Zot( ~ .~.it "ToiW o" t*
parti ,%U j,ts jet 'L1 ~.tECLm" asri "ot J* ren: ;zc

t&4 foZZwdM? ow f to oonotZe tkn rcntMin? fits oat icnhars ¢ » to

reccrtoilc any of theso 'icnocs':

/LACI.SYSL IGC ID D::iV!:>:vm !”(nTia) t)ISPOL1.VWI ! ?>8H’=FH7 ;

FI7, 8.J COdPIUTIOX W LIM-W '03 STEP



(job CTi'd)

11 C::3C V.VT!**- 1T -1011=15")':

//gYr 'H%I DO ov?=\

/7SYGUr )D UiilT»GYr-)A,ydLi-"ri"dtah rwk Zi2?2st,32A 0 (:” *,( V

//SYSLID DO 3D:;A" =rysi. " 1'LT1,DIG?=GH3

//sYGL'oo Do msiv\t* =?:m( r>$),Dic"=(:.. 1), U%r>r//rD\, X
// "LJl= =7 m z.. :Z,S X
/] oc .«(RHecr :«u ,D.LKni2i>36f75)

//X DO 1:>P305't ’,0i1g *old ,vdl:j-lr>cni= f--s< ??2.:% Zas e:,:1:;rr=GYGD\
//SYSLIH OD «,DC >>L. GIZ1>C0

vimtY ixin

luCLUDI A (MXI Hr.)
IXUIDK A(CO.
rijuror, a(codgub)
INCLUDE A(?0)
[IiCLUDD A(SUB?3)

//

Tha '3ISP' »«<»n«e = le

m 1 toITS-, wl tde '3:3
mrroetcro ielote on 1 :« »HIVI-ID «»1 A mVexx), xx,e 5" ] 2
step aft?* the ts oilo'-:
//SYSL-.,, ro l1fcel

pj7, €. cpswn:: 0? '"tw s jrj
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hP2 which computes the second iteration cycle# and

34 « 1u* iu replaced by *31 and 'nn' 1/ 12%* to create tho
module ri’l which computes all iteration cycles from the
third one on-

JOD STEP 3:

is replaced by the on:a created in the seconu .,tep»

ration's IB: J60/10 computere

, 2 PREPARATION OF Til: PROGRAMME FOR EX  “¢4¢

STEP 1:

s y s s r a s T

S r a u m s K
hi.mansions ate

A defined in Section Cd for the specification stjtements
of the irtays,

b) jiven for the sequential data sets in Section 3*1# ind

the DEFINE FILE statement*

STEP 2:



(jOb otr.l)

//A EXIT 'f'-APn,2rl:>30,mil%=553K
(oequ-srst-iil zrd ii + ‘t icecc.? Zzaz sets—r % tho list h.lov)

//oo.7pobroci 33 cYlp-1=A, >c!>(?.befin®™\a,lv:XA» 33, ;)li:sizi>133,3ur::>1)
//30. W?05:'301 DO *

(vurtaked 0'ivd input htz)

r/ie 30'rucntial nnl diveoi zaoccz :tx ccts newirii ? t
n?l , ’1PP, an? rs; ire:

~o.ui< '

2; "N tf.e “rst wmnodule (')

//"o.rn - >i oj osiLvnxi:oD?x,3ir"»r )," :or» 0 3 11, v ~ r wh

/loo.ri'11'o01 D) or :vr.«m ,v.:,0oir>(. ",..0,VRn>23U,

// VouJri ="' r:?"' 2i.: ! -(""%, (3»

// de? (O.cri-v;,lh:c> ', fit:zir"=3 :0k)
/700.F710F001 DO Dn::vi>03: r:y, is™»(lrr."K 311

/) VOI-J f£1* ' '?  *  e | 3¢ *'3,

// DC. B .. xxr '*VF,L3':CL»10, -AF-'1'" =3'

//00.-1137 01 00 > "3 Ao0»0i3>( = >]**

/] VOLT 10=  **dicd "to' ¢ » 3 1

// oc .*(-trci*!»vsti7':o 1 o f :>3'"Vi)

) Poi* tfce s< ton: momlc ( d:

//loo.mi'itol o> SA- Y C O""'T

(continue [—

rr. P3 ;THI /\IT H!f!



//loo.m *rooi dd )D:v«>u?n;.Tr2,:)io (:: ~x 1)," :i>

/] VOLU'iD«':: 7= r-aok [ , \C!I>(CYL,(2,1))»
// DC:'f(necfi-vs,i;r;cL=12,2lmeiz" 3 5-VO
//G0.7T15F001 DD DEIIVI::=v>:r>;:Ddig?- (ir: K:.:r'")
/1 VOUTIJB-SER-itovi rac-; Z%*1,2?7A O ( /2 ,1)1»
/1 DCPH=(RECF1-VD,U110 1~ )
//IGO.rnr>FOO1 DD DC.LV::>FUC: .ncr-tniv,”::?),U:1>23U
/1l YOLU'tE-EE:>- Kc> r La cZ,SPACE¥T! ', (1 »1)),
/] dub»(RI:gf!-vb,mi :1»32, d -:iv>2rjh)
3) vor' the nodule (VJ):

]

rre r3 recemr: V
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rection j, rospectiv'.ly# 1 e re juited
Projtanmu'j input data*
&

STKP 3:

aj part. of tho IIP

The appropriate nunber of FCtTPAM variables must he crcited
for eaca recoverable minor .1 reported b> the Grado Ireiic-
tion Projra'-1* This modification onl, is rejuired ior the
call in3 projramme >* The variables and theii location in the

programmes are described IH the comments of uubsection
gH3**

STEP 4:

A factor 'GS' 1is selected to scale the mineral ;iades U to
intejor values®* Recall from Section G» >that the In. 'j/«
mineral values tre used foi the subset!;t 1wl v‘ ’~1’v.Ra.ol*
Additionally, a mineral jrada increment 'GI* is gel acted to
It it  the .ize of subsetitt '%'* This increment .jroup ; all
minerals occurring in the same grade interval into one
cl is--* A balance must be ide hetjean accuracy n 1

CRpipS array size* The scale factor 'GS' must be large
enough to avoid INTEGER truncation®* In contract, tad jra.e

input data to the %P Programme*

STEP 5:

calling programme y.M’M* (Ju! section 8*1%*2)

,TEP G:
& u " 8 % « 5 . t a s x s s " i a a w s s a t
> variables " i1st be w»ir Jlat

A T-3 net ca .h value distil but: i,
01 desi :n >f the f nal 1lit Mi. face.

0 the tonnage' factor ;, and
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D; pit production simulation*

ThtJG is a coiment at those places in the Piojtuaime lists
where the simulation oi these features is required*

STEP 7:
The variable »D* in the cone expressions for the final pit
surface desijn and waste mininj simulation routines oust be

dependant on the pit will-an jles, if thes' anjlos var>e The
relationship between 'L* and the pit wall-atijles is exp-

lained further in the comments in the lists of subroutines
PD and SUEPD*

STEP s :

The ore excavation sejuence programmed in subroutine I'D must
be tailored to the user's re luiroments* The desired number
of ore workinj faces per 1onch and the number of exposed ore
bdnches, and the direction of their advance is simulated as
explained in Subsection 6"7*1*

g * 1 CALLINGpaoapASHES

w m m

them*

0* 3* 1 COMPUTATIONAL SEQUENCE 01 KAISI
LINES 001 - 007

Specification st itements®

LIMES 008 - 05%

In; tit statements*

LINES 0b9 - 080
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DO loop 11 computes:

A).* an equivalent minetal jrade 1EGPAD to

iepresent all
the deposit's recoverable minerals, and

I the initial assumption for the T-S mineral distribu-
tion*
LIKES 083 - 091

The first estimate of the unit production costs is computed *

LINS 094

The followinj values ate supplied by the nested subroutines
C0Gl and CCGSUr for the selected plant combination:

A the annual cut-ct f .jtaues 'CUTOF? « and ;reduction
. tar jets ” I". CON, IREF';
B) the overall recovery efficiency 'YIELDI, and

© an averaje ‘AVLW« of the annual cut-off yrades 'CUTO-
FF'

LINES 095 - 158

LIME 151

The foliowir.j co-rut ions «e

executed by the herted
subroutines PD and SUUt

A the final [it surface is uosijnod and

0) the pit production is simulated*



The annual revenue is totallei 'PHEW and the ninber of 'it
increments computed 1KAXNe These results are printed out to
assist the user in monitor!nj the solution*

LINES HO - 170

The second estimate of the T-S mineral distribution 'OS.:RES*
[: computed jith the j}iid-block excavation ti nes *YR* ftom
the ;it production simulation in subroutine PD*

LINES 100 - 105

K. jasa.'w®
iS' IS.QIr& ssrs

IGPAD1, IGRAL2) are stored for rapid access rather tnan
teir.y recalculated in the other modules*

LINES 136 - 2C>

Yearly topographic mats are printed to

illustrate the pat
production simulation*

g* 3* 2 A LIST OF KAINI

The (x ~’17 anneit lias two rlchverable miner tl’.. 1 A.)l} an .
' inj ,rices are 'SV and 'S2 ,
GRAD. line, must be modified# t: -he
resi e<

user';

«AIS2 : LINES 004,

MAIL.id : LINES 004,

001 DGUBLI1
1EINCAL1

2Q7 (65



3Q1 1(65,20) ,112(3, 3, 3) ,gi4 (99) , POLD, i X3W,JAa%,riXC,

4Q14A(99)
002 REAL XILC (2) , IL'FRC, I HFRP, MI'!C
003 int:. ;;n cutoff (99, ,oi.::/i/,t«o0/2/,gi
004 INTre 1 2 TOLL (13500) ,YH (13500) ,PITiNC,5UnF_ (30) ,

1033(13500) .+v34(13500) .. 3”(13500) ,T, SCORE (750) .
2IGRAV1 (30, 25, M) ,IGRAD2 (30,25,IB) , EAXCRAD(30,25, 18) ,
3AVEG

005 DIMENSION Ob (2) ,OL (}) ,C:,Cl1 (2) ,ORCI (2) ,RFiC(2) ,
IPITA H*(2) , X KANO (,) , SLOPE (2) ,XCLOPE (2) ,S1 (99) ,
2S2 (99) ,-ONF (2) ,REC(1),E (99) ,C (99) ,R (99) ,PRO1 IT (99) ,
3CAPO3 (99) , WASTE (99) VAL (13500)

006 COMMON ORE9E ,CONCA?, RETCAP, MIKCAIm F, 06 , .'7, Vis, V),
1Q1C,C11,Q12,1.IN,014,; 14A,CAP, PITA N3,XRKANU, SLOPE,
2USLOrL,S1,B,C,R,E, TONF, PROFIT, CAPOL, VASTL, RFC,
3VAL,Gf.,NI, NJ, IK, NLLKS, LAXN, KAXG, CUTOFF, L/, 33,',34,
4135,su;<;c,topo.yr

li = : jj = U* (number of recoverable minerals) *
007 DEFINE FILE 10 ( ii ,33 »L«IJ)
[€/0)Y1Y15)y —

Section (0*2"

008 o e Gl

010 NOLKS=NI*NJ*HK
Ci1 SI=5
0 2 READ (5, 105D
011 1051 1 (3012)
01 DO 210 LOCG1,S
TOPO(T,0 ") -0*0
016 VAL (LCO)*0%0
017 210 YR (LCC) =0
018 DO 260 K=1 ,NK
019 DO 200 1, NJ
020 DC 260 I":, M
021 IGRA1 1 (I,9,1")=

022 IGRAP2 (1,J,F)



023 260 ECOSAO (I,J,K)=0

024 DC 105%4 K=1,'i;<

025 N=0

026 DO 1054 J=1,NJ

027 DO 1054 1=1,'1I

028 N=84CM2

023 LOG* 8J*NI* (K-ONF) ¢ MI* (J-ONE) +f
030 FIND (10»T,CC)

031 IF (SCORK (N)-K) 1055, 1053, 1043
032 1055 11=1

033 GO 2C 1056

034 1053 11=0
035 105b TOPO (LOG)=11

03b READ (10* LOG) GRADI, GRAD2

037 IGRADI (1,7, K) ' GRALit ,5

030 1GS*r2(1,J,K)=GRAD2*3$

111 am !T'.:60i (((CAV(t.1,K).I-1,1).J«1,3).KM.i)

111 60 a°ABA'iS! .l1) 11).0i tn.juci (D.oecim.ancm |,
IRt.FC (I) ,PT -AL 3(1)," 3: Al'(-),- 1#2)
043 61 FOR" AT (:Feé« 3, F7* 3, 2F7*4)

1 “1iSiEBiIEtEBIiiSEib.,,,.

1 (RE 1

050 lgOF (T) (3F1 1»)V3>3«1/3A .)

O,1 READ (5,3) .. 4CAl

111 ,,c.e.M,c

054 12 FCRf.AT (215*2, £ 10*

050 DC 4 tlI8-1,20

056 ]:x: 4 " ”1, >)

05? 4 ORE ED(0,88) =C <O

B S e e e et a—————at—————————
11 the initial auburnv-

-'XiLuned in Subsection 6.3.1" an:
Stov 5, Section 3*2%
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0S") DO 11 N=1,NAXN

OO K1»4*N

061 K2=KI1-T«o

Ob2 73 Dv 11 K-K2#Kl1

063 DO 11 0=1,NJ

Ob DO 11 1=1,NI

0065 LOC=NJ*NI* (K-OME) +'II+ (J-ONE) ¢!
Obb IF fTOPO (LOG) , 11,11,5

[€0) Y121\ ——

The example d. po it has two tonnage factors 1TONF one for
each side of the tenth jrid-level* The followinj four

slatenients select th ap;ro[ riite tonnage factor for the
*ORE7E5* computations®* These statement ; ate modified as
explained in Sulsection b»3*1, if .he us-r’s deposit re-

quires different tonn ije facto: .* Additionally, the modifi-

cation must he repeated each time tonnage is involved in a
computation*
(SEE: RAINV, LINESno, 120 f 173;

MAI M2: LINESC76, C96 0 144;

MAIN 3; LINESO077, 087 6 1451

PC; LINES 118 f 143; AMD

SUSP:: LIME 050%)
Cb7 s IF (K-10) 0,6,7
063 6 MMEONE
0b9 GO TC 3
070 7 MV22

COMMENT-

E .r S ;1 F J L E t 1 B L a ‘E E n H E H
6 *3*2*
072 '
073 IF (F. ADfl, d, *)-G,) '

074 0 MEON;



079
000
081
002
00-1

084
085

086
087
008
009
090
091

09?
093
094
095
090
097
098
099
I1CO

HIO
11

220

13

OVT.w (MN) “OTI ~ES (: , M tTOUF (KM
CONTIMUB

WITL /0.22 ) MAXG
FOKi AT (IX,' .1AXG=,14)
DC 1J N=1,99

T=N

X= (HM"MFFC) **T

Y=( 1 I*FRP)**T

v.(N) =x*xnic

C(K)=X*CONC
R(N>=X*t>2FC(1)

F(K)=X* F1XC

S2 (N)“Y*S2(1)

si m=Y*S1 ()

CONTINUE

CALL COG (AVEG,YIELD)
T=Or'E

LC=0

RC*C

511:2=0

SUF.C=0

50X9=0 COMMENT =----em e

in Subsection 6*5%*2%*

16
19

20

22

DO 34 K-1,NK
DO 34 J=1, M
DO 34 I-1,N1
LOC- NHNiv (K-ONj.) ¢;.1% (.1-0Jo) ¢I

IF rouo (L)) ) 34,34, 14

IF (TV:"AD (1,7, K -AV/) 1''-"
LC=LC*09E

BEV=0%*0

I (K-10) 20,2 ,21

S«O:;E

GO TC 22

X!-(OB (H) ¢ (K*OJCI (K))) * ((1."IHrBC)

SUM: -SUME +x -n.r

PAGE 15U
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117
118
111
120
121
122
123
124
125
120

127
128
129
130
131
132
133
13
135
136

137
138
139
140
141
142

143
14C
145
146
147
148
149
150
151
152
153
1j 4
155
156
157
158
199

@ TC 33
23 LC- LCHCM=
KC=r.O0ON5
IF (K-1C) 24 24,25
24 N*OK:
GO TC 26
25 N=TWC
26 IIsIGRADI1 (I,il,K)
12=1G9AD2 (1,],K)
3:V= ([FLOAT (I 1)/GS*S1 («) ) ¢ (FLOAT (12)/GL*S2 (%))) *
1TONF ('*)
x= (Ob CO Mi * "LA («))'#( (1+¢INFRC) **X)
Y» (OF (N) ¢ (¢ <3PCI (:i)))* ((VUNFRC) **X)
su%E=suyz*x
11 (IG"\pD2 K, J, K)) 27,27,28
27 NN-CME
GO TC 29
23 51K=T«0
29 z- (mile (:5%)) * ((i» +iTi nc) **r.)

iful:’UV «eVil, -
1/23B) - 3*0) 30, 30,31
30
GO TC 32
31 HiJ*TWU
32 v=(RLIC (MN) )* ((WINFRO) ** .

CtoT~VzIl.«ELD. ((FLOAT(11.12),/0L,) * (H#)/

MIN (>) )) *FO'iF (N)
13 VAL(LOG)*9EV-:0ST
34 CONTIMUSL

IF (L-:-:x) 10,36,35
35 E(T) =SLC VLC
36 i (0 ) M, 38,37
17 ¢ (?) *G'!::c/.vC

9 (?) =sUv9/."C
38 CONTI':'L.;

CALL TD

F9 r.O=r *0

DO 39 N l#L( ) N

") ¢er-N.A

39 M

- (37- i25.K) .3274.075.

222 'TAXM-(L-G’: C)/5 +ONE

221



160
161 -
167
163
164
1GS
Hu
1(7
166
169
170
171
172
173
174
175
176

177
17¢

1,80

182

185

187
183

189
190

193
194

195
196

11

202

DO n1 M*1#99
DC til .V'l,20
41 ORKICS =0*0
DO 43 K 1, N
DO 4 I~ 1,17
DO 40 1=1,HI
Loc=NJ*m* (K-0:;K) (J -ONE) +i
IF (TOPO(LOG)) 40,48,42
42 IF (Y9 (LOG)) 4b,48,51
Cl PITTI !iC* (iS (LGC) -G.N2) / S< CHZ.
23 11?7 (K-10) 43,43.,44
43 %r=0ONZ
(0 -0 45
44 %F=ftwO
45 IF (ECGPAF(I1,J,K)-GI)46,46,71
46 K*¥0*1 E
GO "C 47
71 K=E;G9A (I1,J,K)/GI

PAGE156

47 07E7IS ( ,FITINC) =CPK82S (E,PI7INC) ¢TV»l- (F..)

“WRITE (ID (TOPO (N) , YP(R) ,

1, NDLXS)

W ITF.1n2)  ((ORERES (:-, ¥ , N=1, EXXQ) ,!!=1,XAXiJ)

END FID . 11

201 r” ~ - tr 2»,'AL PIT oetLMBM
DO 211 N*1,NJ

211 SURfC(':)=0
DO 190 N=1,L

202 TCPC ;HAPIiTC MAP OP MSB v: m M
DO 1=1,"1
DO 104 2=1, ‘IG
K~0
y=0<E

192 r.-r
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205 175

206 104 CONTINUE

20" y WRITE (6,201) (SURFC (LEVEL) ,LEV2L=1,KJ)
200 100

209 203

210 49

211 DEEUG TRACE,SHDTRACT, SUBCHK

212 [ND

8« 3* 3 A LIST OF MAINZ

The comments within the ’' t describe how MAIH2 differs frois

MAIM*

001 DOUBLE FRECISI S ca> (3,3, 3), CCICA? (3) , RSFCAP (3) ,
IMINCAn, O TER ::: (93,2:) , v()") ,%I3 (73) , .6(20) ,
2Q7(CS,2'i) ,:3(h5,20) ", .9(65,20) , VIv (61,20) ,
3Q11 (t 3,20) :212(3, 3,3) ,«14 ( 7),PCLo,t.\iE*,i-.T >6#H xL,
4':14A (17)

002 REAL 11LC (2) , ThFRC, lUPaP, M :<C
1fV t

000

' . I'O Y"
:diT
The in.ut d,V, -f. lin« 007 ate re.eired t... the re.alte of
the fit it modullJ - 1:
« 'c o
- n n " n (13 %k

cot;ie



026
027
028
029

rS

the

030

031
032

033
034
035

036
037

The

PA'IE Vj3

READ (m,1'2) DA: ;,L
62 FORKA” (213)
READ (5,U n,N,I,NK,GS
NBLKS=\I*KJ*KK
U FORFAT (313,:7*1)
GI=5
DO 260 K=I1,MK
DO 260
DO 260 1=1,HI
IGPAL'T (1,J,K) =(
IGRA1'2 (I, J,K) =0
260 POORAT(I,J,E)rC
DO 210 LOC=1,Et LK;
VAL (LOC)=( "0
YR(LC1 =0
210 CO-ifriU3 .
R'AD (5,6 ) ((( AT(LilLK),1=1,3),J=1, 3) K ..
(0 FOR‘AT (1F12*1)
READ (S,'1) ( (I)/: (I),OLEI (L), 2 (I(i), <% (3 #
193:0 (H ,n "A*!: (D , »3KkaN ; (D
..61 FORKA” \5F' «3,17* 3,21 7%

SLOP: tn =(  (PITAS ,(D)/CO!. (PITAS ; (I )) **2*
63 jRLO' (1) =( I :(1))/COS(W?2KA":J(I)))"2.

A[fASZZ.W \W .S S 3

following °R AD’ statement®*

:Im "1'nnvi/iro.vus.2,
RAD (Ji3) I A

3~ ] u r ’i-.C-.FUZC
12 P'-RKV  (2F 1)

two dat

itoriliv-1
RAD2' and



Mfm

PA3E15']

stored rather than bein.j recalculate!®*

038 READ (11) (TOPO (N) ,YR (:i) ,N=1,!JiJLKS)

039 READ (12) ((0o": 0(v,N) ,:i=i, RAX))

040 READ (13) ({( . ;rA; (i,.7,k>,13’iAni (i
1IG8AI2 (I, 1,K) ,1=1,X1),J=1,NJ),K=1,M

041 DO 13 N«1,99

042 T=H

04 3 X=(1*+1 FROQO)

044 Yr- (1 « ¢ I’JFRP) * &r

045 E (i) =v¥*rii:ic

046 ¢ {!;) -x*ruN

047 R(N) =x*nnrc (i)

048 F(M =y*FIXC

049 S2 ()=Y«S2 (1)

050 51 (1) - Y*S1 (1)

051 13 GOUTINI :

05" CALL COO (aveo, YIELD)

DO loot 3P he; Veen added to this module to ni-.' the fir at

value
v& tL

1E«, *Ce and ,u*e

01,3 92 UC T T=1,L

054 LC=0

055 KC=C

056 SUKZ=0

057 SUKC»0

058 SUK?=n

059 DO 34 K*1,HK

OfeC DO 34 J*1,NJ

ct: icr-Iniutr-csrifiit. (.:-o.aj *i

C6l If (TCI )(MC)>



093
094
015
096

098
099
100
101
102

103
104

10>

14
15

16

17
261

13
262

19

20

21

23

24

25
26

27

30

11

IF (YR(LOC)) 15,15,17
M-CHE
IF (I-M) 16,16,34

IF (ZO '7AD (1, J, !() - aV£EG)

IV. ("R(LOC)-L) 16,10,261
M=0?;E

GO TC 16

12 (7-%) (LOC)) 34, 262, 34

PAGVU-O

19,23,2 3

MET
IF (2<r*PAD (I,V)-CUTOFF (T)) 19,23,23

LC=LC+ONE
RLV*O'O
IF (F-10)
N=0!IE

GO TC 22
N=T'«C

20,20,21

x-(O0Ob () +(-:*ov(N))) *((1+e14VRO) **")

SUMI:=SU%K +X

COST-- (X* (F (r.)/MIN (K) ) ) *TONt- (M)

GO TC 33

LC«LC»OME
ac=r.c*o0'i2
IF (K-V)
M=0:;E

GO TC 26

N=TV:.C

11=15 ATI (1,0,K

24, 24,25

“;v-urLolJ?<:1)/6s.si

SUF3"SUF,:*X

IF (157AD2 (1,0,.-))
SM-ONE

GO TC 29

1/24,G1)- 3 *o0)
1—3*0)
NI ON"
GO T(. 32
NN- -0

30, 30, sl
) 3' s /\)

5 o

127",

cn «T(i2) /" .Sz1ID ,).



106
107
10~

109
110
111
112
113
114
115
116

The
lack
tes«

I1S

119 -
120
121
122
123
124
126
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

32

PAGE161
HE£FC ) % (( IMFRC) **-)
su;i3=su:n +d

COST* (Y+C+ (AYI HLD ( (FLOAT (1 U T 2))/GS) )+ (F (1:) /
IMIH (r.) ) ) *TOUF (M)

33 VAL (Lr 3) =P2V-COST
34 CONTINUE

IF (St’::.) 36, 36, 35
2 (T) =St."w2/LC
IF (S'JMC) 3 .,30,37
C (T) *SUVC/HC
R (?) =SUMR/XC

38 CON? INI) 2
*CORKENT
re-r l ict. 1on ate stoietl on a diSK
by
WRITE (16) (S(T),C(T),3(T; .521?) ,51 (T).F(T) .T»1,L)
// END FTL5 16
240 JTPNAT (14*," AVERAGE LNIT PRODUCT TON Ct'SiS')
241 FO-AT'rC'?" S' IX)"
VUITL (6,242) (T,E(T),C(T),P(T),T-1,L)
245 "O0?2EAT (13,21 '>2,, ’e3)
CALL PD
rtJEv:=o«o
no 3> '"*1,w
39 PNEV=riOl IT (N) ¢PNLW
WSITE (6% 222) PNr.V
229 ic™M nx1'IcTAL
221 )
DO 41 :-1, >
DO 41 Nwl#20
41 ORE* s (' ,N)
DO 48 K- 1,21K
DO 4B 1, N1
Loc-IHMU (K-i:ir.) +:;1, (G-0::z)t:
IF  (TOPn (LOC) ) 'lt*1 -» i2
42

51



144
14b
146
147
148
149
150
1Si
152

1b 3

231 LI (K-10) 43,43,44
43 %1=035

GO TO 45
44 XK=TiO
45 IF (EQOMAD fI,J,F)- il) 46,46,71
46 :i=0uH

GO TC 47
71 - 2 PAT (L,J, Kyy}cr L
47jpzp.Es(r.,Piri:ic)*CO9F.B>:5(R,PITIJIC) 4TOM (*.:*)
48 CONTINUS
COMMENT-

cecalculufoe «ach mo,uilL*

154
111

17
Z

160

16 1
162

Vil

1'b
166

174
175

17b
177

12

WHITE (14) (TOPO (M) ,YF(N) ,VAL(S) , N* 1, NjLKb)
A TS5!E1S), ((0-1TRES(K,»).KM,MX",S.1.MX!1)
END FILE 15

PIT OUTUHE.,
LO 211 Ml,'.1J

211 SUPFC (:i) -0
DO ICO N1, L

202 ?2r"AT,(M*!” TOPOti« Piuc »»v or %

DO 10 I="»"'1
DO 104 J=1,NJ

tba».,.1,

: | g 1 1 r -
152 k=
K-K* ONE

Go Tc W
17b SORFC(J)=«

’0,°¢ 1.203, ,=,rc,,.'.VBW.L:r:L.i.w,
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180 100 coKTri'j-:

181 201 FOR:!'AT ('O',3013)
181." 49 STOP

183 DELUG sutiTRACE, SUBCLK
184 END

8 3# 4 A LIST OF MAIN 1

Aftev  the fitst two iteration cyclos, >nly onu .nodule 'LiM'
is wused to co ;ute the re tininj cycles of the itoiutive
solution®* The co ents listed in this Subsection describe
how NAIN2 was modified to fotn MAIN3 for the..e computations'

001 DOUUL' mscisio!! CAP (3, 3, 3) ,CC":CAP (1), REI CAP (1) ,
IMIMCAP,C R :S (9>,;0), F(99), :;1r; (99) ,.0(20),
277 (65, 20) ,. >5,20) ,.)(6,, 20),. 10 (05,20) ,
IQ11(65,2 ),.12(3, 3,3),. 14 (99) , POLD, PiiEX, DAUS ,FI XC,

4v 14A (19)

00. REAL ILC(2),IXFRC,INFRP,MINC

003 INTEC R cuTofrF(99),CNE/1/,rWO/2/,;i

004 INT"1V9*2 T )PO (1 150C) , YR (1 V100) , PI TINC, S >NI'L ( /»
31V”’5

005

006
,835.s»Ptc.Toro.» e e ettt ettt ——————————tti——————
. ) ) o repotted by the results of the

The mine's life spin L ubioutine CO;2 is rejuued to

Lojifylhe i;r.?2'0 ‘% ,;,ioU0S1i,-St,tc.o1t.

007 READ ( ,62) LAX ,L
000

009 62

010 N3LF S’ NI*NJ*N

011 4 FOAXAT (U3, r7*1)

012 01=5



PAGb1fc4
013 DO 260 K-1,':K
014 DO 26 ?-1, ]
019/ DO 260 1=1,MI
Ci16- TGRACI (r,J,K )=0
017 IGRAr2 (t,J,n=0
0iG 260 EViuPAN (i,J,r) O
0il DO 210 LOC=1, ’;BLKS8
020 VAL (LOG) *0*0
021 YP (LCC)=0
022 210 CONTINUE
023 BtAD (5 c0) {((CAP(r,J,n ,I=1,3) ,J=1,3),K=1,))
024 vO FORI.AT (3F12« )
025 RM! (5,61) ()L (D) ,CR (I) ,0LCI (I) .OPC. (I)

IREre (I) ,IUTnl1G (1) ,/ R K {),1=1,2)
026 61 FORMAT (5F6e3,F7*3,2F7%4)

r'o DLV' £ (1) "(0l:'" (C1TAJ ; (1) ) /CO!, (PITANG (I) )) **2*

029 63 WSI.O:i(I)=(JI: (/R,:AXG(I))/CO.(,;SK,.N%(1))), *2.
................... = ereerreernneee — =COMMENT ..ot et e
The
S T M S JS » r s » « w ]
the followinj 'READ' statement®
030 RTAD (5,1) :ux:1,51(1) ,S2(1) ,D,INF F(D,
iTn’iv (?)

111 '

IREC (K) ,x=1, 3)
033 2 FOIMAn (3r 11«1/ m *1/ « -)

034 REAf (>, 3) M::ICAA
III 3 A"n:vr'n:-.co0,=.r,zc
037 12 forr:f1

,to«iowd Ci ) - i 1:1 }>;, of tin J|ietio»3 c,e.o. Ui»
current cycle >xceeuo

1.1.1.,i



estimate beconi 'S todunCaiit as the solution convet je ;°

038 no 13 7=1,99
039 TN

040 X=(1» +IKFRC)**T
041 Y=(1 IMFRP)**T
042 E(7)=X*ri7C

043 C(7) =2,*C07C

044 R (7) =X*RLFC (1)
045 F (N) =X*FIXC

046 S2 (S)=Y*S2 (1)
047 51 (7) =f*5 1(1)

048 13 CONTINUE
cor. XENT

The followin , external lata "A

iy (13, 14, 1t>, R H) are teid
into internal stoc..je» Tie unit

production cos* 3 anl tn c -s,

excavation times and the T-S mineral distribution :to’ tne
recodin ; iteration CjCle ate used to utdate the "ol itron*
The tc”aininj lata s*ts at* constun® lot all 1it-.i* 10 -
CjCICS*
049 READ (13) (((: .'RAI (1#d, f), ia-v.ui
1IGRAr,2 (I, J,K) #1=1#hU #d=1, jj) K="
050 RFA” (1 ¢ ("O!'nc)," (),VAC)
RPAD (15) (f: 1 hS (I ,N) ,Ki=], AXu) N= I KAXR)"
032 READ (10) ......(.'.'..)..z.?....(i.).’ﬁ(T)’l{’)(ﬂ’:"(f)’ Coomms
051 CALL COG (ANRG,YIKRLDY
054 92 DC 30 T~1,L
Cfs LC-0
050 KC»0
057 SUXH=0
058 StIKC=0
059 sur.n®o
060 DO 34 K*1fh>
061 DO 4 sHl=r DN
062 DO 34 1=1, HI .
06 3 log: A ,71* (h- A )+AS$ (i-0., )*>
064 IF (roro (LOG)) 34, 34, 14

065 4 I (Y°(LOC)) 15,15,17
066 15 r=oiii

6 :
7

e . 6,
069 17 i: (YR(LOC)-L) 18,1 ,A
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070 201 K=0":E
071 00 TO U

072 18 IF (T-YH (LOG) ) 14, 262,.14
073 26 2«=7

074 IF (.""GIAD (I, J,K)-CUTOFF (T)) 19,23,23
075 19 LC=LC* ONE

076 REV=0«0

077 IF tK-1%) 20,20,21

070 20 I=ONE

079 GO TC 22

080 21 N="WC

001 22 X- (03 (M) ¢ fw*0:’CI (N) )) * ((1 « UNFRC) ** y)
082 SUME*9UK2+X

083 CO5T= (X* (F(X)/KIN (X) ) ) *TONF (N)
084 GO TC 31

035 23 LC=LC*0X2

086 KG=rC +0":E

007 IF (K-10) 24,24,25

088 24 N=o:::

089 GO TC 26

090 25 N=T*C
091 26 11*1'>7ADI (1#G, K)

091 3AV=( (FLOAT (I1) /GS*S1 (h) )+ (rLOA (I /3L*Lz (.)))*
83 i s 1 P s m i K S S S i

097 IF (I11AD2*I1,J,K)) 27,27,28

098 27 NM=CM/

099 GC TC 29

ioi 29 I®rive(i*)yMC(i“ imc¢)..ii)

,277.,.1)..37.625.K .327VC79,
1/298)- 3%*0) 1F,30, ml
1-3%0) 30, 30, 31
104 30 KH*ON9
105 GO T( 3

Z ="~":]1M « .TIl:LD.,(iLO»T,nH2),/US,,.

IXI:1())) ) A
110 33 VAL(TCC)=9 /-,06.
111 34 CONTINUE
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112 IF (S’!X:) 36, 36, 35

113 35 L(T) =ru ::/LC

114 36 1IF (F’XO 33, 38, 37

115 7 ¢ (T) -nu: C/KC
116 R(T)=SU:"%/KC
117 38 CONTINUE
COMMENT
The extornal Vita *YRI only of 14; an! 1G (Linoa
118 and 155 - 150)--uso<.

to u;u.ite the solution aie the same
for dll itoLdtion cycles ftor tie third on* Therefore, the

obsolete data is lost when the current uftialinj inforu-ati-
1s over-written on the ;aie data sets* The ’VALl lutu set

updated for informational pur.o&es only* The °TOPO*
is stored rather than t.einj

1S
lata act
recalculated for each iteration

cycle*

1P WRITE (16) ( (T),C(T),R(T),S2(T),S1(T),F(T),T=1,L)
119 END FILT 16

120 WRITE (6,240)

121 240 FOR:IAT (*1+,1 AVERAGE UNIT PRODUCTION COS.a')
122 WRIT: (6,24 1)

tn
123 241 eDEMIT (1CI,1  Ee-, 1X1 C ,2X, « F "]
124 WRIT' ( ,242) (:',” (") ,C(D,R(T) ,T31, D)
125 242 FO?:*AT (1 3,2.5+2,F> 1)
126 CALL PD
127 I»NZU=C*C
128 DO 30 N=1,L
129 39 PNt1'?-P30FIT (I) ¢PNFV
]30 WPIMNE ( f, 222) PU.:w
131
132 222 n
133
134 221
135 DO 41 '1=1, )
136 DO 41\ 1,20
137 41 onczn f;:, N)=o%o
138 DO 48 =n I,Nr
139 DO 48 3-1, N1
ij(l) LOC» 1j!xil (K-OHU)«; i* (1-UNZ) *i
142 IF (TOP '(T.Oe) ) " ,41,
14 1 42
144 51

14t. 231 - (t-10) 43,43,44
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14fe 41 MI=01!"

147 GO TC 4L

148 44 KMETWO

149 45 IF (HCG'™AD (1#J,K)-GI1) 46,46,71

150 46 K=OME

151 GV TC 47

152 71 K=L,GOAF (I,J,K)/GI

153 47 OREO-S (*m, VIT INC) - ORLR EG (M,PITINC) ¢TONF (MX)
154 40 CONTINUE

Ls WRITE (14) (TORO (N) , YR(N) , VAL (N) , H=l, NBLKS)
156 END FILE 14
157 WRITE (15) ( (OGERGii (X#t.) , K= 1,KAXG) ,li= 1, EAXN)

150 END FILE 15
159 s OWRIT: (6,20%)
160 20 IFORMAT (1 ANNUAL PIT OUTLINEI])

161 DO 211 X=1,NJ
162 2 11SUSFC (N)-0
16 DO ICO N=1,L

I'/, 202 FORMAT"(M 1,* TOPOGRAPHIC MAP OF KIN: I:: YEAR', 13)
166 DO 100 1=1,1I

167 DO 1C4 .1=1,NJ
168 M*0
169 K=ONE

170 151 IF (K-NF) 134,154,1

171 1,4 LOC-N.URI' (K-ONF.) ¢?!!¢ (7*0'4) ol
172 IF (TOPO (LOG)) 152,192,10 )

171 1051F (yg(:.1:)) 1 - 7 ;i

174 190 IF (YR(LOC)-N) 152,152,1 >
175 152 K=K

176 K=Ke¢C"E

177 GO TC 151

178 173 SU°FC (J) 3M

180 57 ?s'cL 203, (S'lltC (LS7ElL., ,LSV7.L=1 . 3J!
ioi 100 CC:TI‘H:
182 2C1 Fct AT (" '"1,301 1)

103 49 DTO
iga PRw G St'KT1ACE.SUCJHK

185 END



8* 4 SUBRCUTINSS COG1 A'll, COG 2

| verbal description of subroutine COGI's co:” utatior. il
jojuence follows in Subsection 8*4*1* Then, it is lists-, in
:he next Sul .section* The In.,I Subsection cont iins a list of
;0G2 with comments to explain how it lifters front COGl1e

3# 4* 1 COMPUTATIONAL SEyUZHCL OF CO0Gl

LINES 001 - 008

Specification and input statements*

LINES 000 - 052

Ratios of ore : pit material *RV , refined product pit
material '"" 2’ and refined iloduct : ore *R3'" no calculate”

for each yrade increment IM* and pit increment h
"ORERZS'*

0.

LINES 053 - 056

S A

s K ' - m r s s - 1 B . '®
na.ted 1y

%0
A) the annual cut-off yrades IcU.CF

T
CCNCAV, RIFCAP,

B) the annual production tar jets 'KINI1, 'COV and 'QRLF*
and

C) the overall recover; efficiency <YIELD'

juent iteration cyci

LINES 057 - o6l

e execute .t inter out; ut used to .o.itor the
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nolation as Inscribe! and illustrated in Section 7%*2%

LIN-v> 070 - 071

An avor ije I\7ZG" of the annuil cat-ofi 1JI ides 'CUTOFF' is
computed *

8 ti* 2 A LIST OF COG1

001 5Ua7Cl’?1 9Z COG (AVEG, YIELD)

002 CCIIBLi PRECISION ’.AT (23) ,07EELS (71,20) ,
WASTE (to, :0) , )’ :(61J,.10) ,<V.T(20) ,5FT.)A7,r"OD(uU,20) ,
2RI1(" 3,27) ,72(r’>>,20) ,R3(6",,. 0) ,PV:".AX#EV (3, 3, 1),

3CA7 (3, 3, 1),22(3)  1(3) ,'24,2a(79) ,«IK (79) ,CON ( -9) ,
4QR2F (91) ,P (9))

004 (13500),
00'~

006

ITT e COMMENT ......ooiiiiitiieree e
*0I< is given t; the user and U ejua) to ' I' m 11" O1'
of 'KAIH1"

008 Gl =¢

009 DO 351 3=1,20

010 MAT () *8

011 rlf (::)-c*o

012 DO 351 1,5¢

on p?c! (', - e

014 WAST: (%, :)= *"

01-3 OFF (F,::) -C* 1

016 :

017 82 (V/') =0*0

018 R3 (M,”) "%

019 351 COM viur

020

021 ro 3op :=i,t:AX(.;
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022  308KAT (N) =VAT (M) H# LEP.ES (K, M

023 DO 300 ;i=1, ;UXN

021- %ASTr (i1,s)=0aETES(i,:1)

028 IF (EAT (N) -k'n."." (1,N) ) 2,2,3
026 2 OPE (1,v)=0P:*:3 (1,N)

027 QO TC 1

028 3 OPE (1,M) =EAT(fi1)-WASTE (1,H)
029 4DO 309 *=2,KAXO

030 VAST*. C-, :) =XA..TE (E-1,N) ¢OPE <ZS(E,N)
031 309 OPE (X,N) -MAT (N)-WASTE (K, U
032 DO 110 'I=1, MAX,

033 REF(N)=OPE?ES (1,H) ¢ (GI/GS)
034 po 310 X m

035 310 REF {N)=nEF ( J) ¢ (DFLOAT (X* U) /OS) #OR .PES (%N)
036 DO 311 4=1 ,y.AXN

037 PPOD (1,?;)=REF )

038 DO 311 K=2,KAXG

039 IF (CPE(F,N)) 311,311,1
047

1PRO1 ('!,'*) =2POD (u~ 1, *I) s (DFLOAT (K*01) / ’S) *09E'ES (K, ®
041 311 COSTI'I)S

042 DO 112 'I=1, MAXN

0438 do 312 ;:=i,kaxg

044 Rl (X,'!) "OPE (K,M)/EAT(S)

04) 312 R2 (X,N) =V 7)D (. W /XAT (M)
046 DO 351 N=1,XAXN

047 DO 3b3 il1*1 ZIAXG

048 IF (CPE (X,H)) *54, 354,355
049 354 R3(i.,P)-0

050 QO TC 353

05 1355 P3 (v.,M) =PPOD (X, H) /ORE (it, 4)
052 353 CONTINUE

053 i=c;z

054 J=082

055 K=0

056314 CALL COGSU.1 (I#«',E,I)

(630 5 FORXAT (1F13«l)
061 Yintr-s c¢ (K



065

066
067

068

067
070
071
072
073
074
075
076

16§

a FORy AT

10 FORMA"

(0
IPACITV* '

,' PRESENT VALUE- '

2ECOVFnY RFFICILECY3' ,F5«2)

WRITE (6,7)
) FOIMAT ('O',"
1'PROFIT")
WRITE ((,10)
IP(N) ,7 1, L)

SUK*0
DO 165 L=1,L

AVEG*5UM/L
RETURN

a',1s,

Yr
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, FI 3« 1, ' CONCENTRATOR CA
,F11«1, «--L; rsI'RY CAPACITY3' ,F9*1,'"OVERALL S

COG',4X,"KI7',3X,'COS*,3X,'RE

(N, CUTOFF (7) , KIN (N) ,CG1. (N) , . REF (N)

31 10*1, FI 3.1)

SUM* SOL* CUT OFF (F.)

DEBUG SUITRACE,SUBCHK

2ND

0*.U* 3 A LIST OF COR

001
002

003
004

005

007
008
009
010
011

012
013
014
015

016
017

-»

SUBROUTINE COG (AVLG,YIELD)

COUPLE P XIS'
WASIE (65,20) ,0=
2R1 (65,2 ), NH( .
3CAP (3,:,(),

ImcQ)y, 22(°

L"0

GI=5

DO 151 7=1,20
MAT (1) =7

nr.r (M) =f 3

DO 351 7%*1,65
PROD (7, ”) *0*C
msv C1,7) '0%0
o"

ni(" 7)r)#(9

12 (M 7) ¥0%0

ON MAT&ZO
=3 (65,2

, ORLRES (33,20) |
41F 20 ,Di LOaT, P[{D(65 20) ,

,20) , 23 (65 20) PV AX,PV(3

2(3),.3(3).V%.V6(19),XI:
%&&éﬁ? X
VET. 43

1037 t30) 232' (13500) , r40 (1350
DIKE 1SICN RFC (3) ,

(13500),

It (2),

oNrR/I/,ME1,

M2) (
) ... 537, 24(11), >5(2),.<o(M) ,

7 (79),CoI(T),
d

SUK
34(135 0),.35(11C ),

,. 1 (2),.13 (),
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010 93 (.VI) =0«J

019 351 CONTI 'JO7

02t o DO 304 N*I,KAXN

021 . DC 309 K®1, MAXG

022 508 r.AT {*i) ®= at (:!5 #0- ¢ ’ES (x, n)

023 po 30) \=i,.Tx

024 HASTE (1 ,N) -0 °L1 .2 (1,1!)

025 IV (VAT {:i)) -H\STT(1,N) 2,2,3
092(1,9) "OXZIzS (1, N)

027 GC TO 4

020 3 09E(1,") (:,)-WASTE (1, I

029 4 DO 309 '=2,RAXG

030 WASTE (., N *WASTE (A- 1, 11) ¢#ORB3E3 (K, W

031 309 O"L (V, J) =yAT ('"*) -HASTE M 1))

032 DO 310 ‘1*1, VAXN

033 REF (N) =0955:5 (1,2)) * (GI/GS)

034 do 31" y32, ax-

035 310 REF (N) m"MF (J) ¢ (DFLOAT (K*11)/GS) *02 :225 (% %)
OVi DO 311 N=I,MAXN

03T7 PROD (1, N =3Zr (K)

038 DC 311 "=2, EAXG

039 ; IF (CRZ (%,!!)) 311, 311,1
040 1 pros (v, ) =PPOD (:*>i, N) - (DFLOAT (::*G1)/ GS) *ORE9:S ("., «
041 311 CONTINUE

042 DO 312 N=1,MAXS

043 DO 312 :<=1,1 AXG

044 91 (y,’1) =O0R. (y,N)/y;.T (*)
045 312 R2 (G ,*i) =P90D (v,'i/M' : (X)
046 DO 351 4=1, AN

047 DO 353 :=1,::A(G

048 IF (C92 (.1,S)) 364, 354, '55
049 354 S3(r,%) =0

0”0 GO TC 353

051 355 23 (It,") =PPOD (U, 0/C" (K, N
052 353 CONTINUE
COMMENT.

selected Ir. subroutine ~ >e

053 DO $14 1=1, *
Ob4 DO 314 .1=1,1
055 DO <14 '=1.,3
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0-36 314 CALL COGSUD (I, J,K,P)
077 WRITE (f.,6)

05f - 6 rCM.AT (M 1, ' DISCOUNTED PROFITS FPOK THE PRODUCTION
itiitJ or r.Aca plant combination’)

079 WRITE (((IV (11,JJ,KK) #I1«1, 1) ,KK=1,3)
000 > FORMAT (IF 13*1)

COMMENT-
The plAnt cor lination yieldin j tho j*uatoat yresent value of
the mofittnat woul rer.ult ti jk it;; production tat “ets
less its capital cost 1CAPl i., chosen to exploit the jiven

deposit betWH.n Lines 061 and 070%*

06 1 VWMAX -PV (1, 1, 1)-CAP (1,1, 1)

062 DC 162 LL-1,3

063 DO 162 M1, 3

064 DO 162 7=1,3

06-- IF (IV \%-P'(LL,r,N)*CAP(L_.M,N)) 162, 162
066 161 PVMAX=PV (LL, v, N - CAP(LL, M N

067 I-LL

068 * J=M

0(9 K=N

070 162 CONTINUE
COMMENT

The cut-off it tdes '"CUTOFF' and production tar jets 'KIN',
»ce N and >.'EF' are tocalcul ited (i-ine 0 71) .or v.ie plant
combination yi sidin, the maximum present value*

071 CALL COG3UD (I#J,Ket)
072 YI ELI "r EC (K)
2valu - ov -r ci; rial cost') , ~-F)
075
076

ai-covery efficiency'',fb'J])

077 F ~ T ( » ¢co0G.«,-<:-.ax.'"VON-.3x."r2r.,
078 9 FOP.MAT ('0
079 'UL.'UV?’v, (N.cuTorfW.sn(-).«>.(¥).t» « «» -

it mi .n 1,1)



PAGE!75
000 10 FOPXAT (13,15,3F10'1,FI 3*1)

081 SUM=0
082 DO 165 F=1,L
083 165 SUM=SnM+2UTO:F(M)
084 AVEGSU Y/L
065 RETURN
086 DEBUG SUBTRACE,SUBCHK
087 END
g* SUDPCUTINE CCGSUii

8* 5* 1 COMPUTATIONAL SEQUENCE OF COGSCB
LINES 001 - CC7

Specification inl input statement.;*
LINES 008 - 027

Computation of the Lalancinj cut-off jrades 'CMC', 'i?x' an3
*GRC'*

LINES 030 - 234

An implicit loop in which the optimum cut-off jradas

*CUTOFF' and production targets 'A41l::" 'CON' and '. : ' are
computed®* This 1i.. a trial and .'for com[ utation because the
Iresent viluo *V1 is unknown in the economic cut-ol : ;u.e

expressions (LINES 044 - 046) » Those computations convert
on *V'e

The

liny two pit increments*

LINES 044 - 046

The oconow»ic cet-off Ko, '==e and 'M' « . e«.f«t.i
for the /ear 'L'e
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000 10 iOn;-AT (11,15, 3F10» 1,F13« 1)

081 SUK=0

092 DO US F--1,L

083 165 SUK=SnrndUTOFF (K)

08U AVEG-SUY/L

065 RETURN

086 DEBUG SUBTRACE,SUBCHK
087 END

&« 5 SUBROUTINE CCGSUJ

5« 1 COMPUTATIONAL SEQUENCE OF COGSUB
LINES 001 - 007
Specification inl input statement.;*

LINES 008 - 027

Computation of the baluncin; cut-off jrades 'GKC*, *GRf.1 and
IGRClI1 »

LINES 030 - 234

-oinrutcc* This is a ttial and ettot com,utation cause the
, -"sent value V¥ is unknown in the economic cut-ol . jidut
e M1 -io": (LINES 044 - 046)* These computations convoke
on *vle

liny two pit increments*

LINES 044 - 046
The economic cut-off jtedes '=C and °*«-' ,te co,;ht,]

foi the year *L*e



LINES 047 - 077

The optimum cut-off qr ide *>G1 is chosen liom the bulancinj

cut-off jtades (GMC, GRK GRC) and the economic cut-off
gtados (GK, sc, 71) for the you ’L*e

LINES 073 - 111

Ti,e plant 1in ductioi targets 'uK', 'QC  and %R' are
computed for the year 1L1e

lines 112 - in

The yoai Iu' and lit increment °S' are controlled with these
statements V, coi”aring the cumulative juantity of matoriti
esur.i.d’ toducv from, the current pit increment to the
total material 'PAT* contained in that pit increment*

LINES 114 - 117

s 1.8 s 1"
increments ' 1%

LINES no - 120

from the next pit increment ' 1

LINES 121 - 20r

ionvut Lon.s executed in

a al,lw
between Lines 04 and 11 *

LINES 206 - 207

The j'em und ,1t incf"t ate conttoUed -U,, t.eue

statements¥*



The subsetijt iu delftrd fto.;i the cut-ot £ jmdo 'G« and
product lot; tat j“t . * ', >«wC all "A'tle Theso data iota

Cu( -# '£=# -0o]J, C'" 1) ate supplled to the other nuhrou-
tine through ' & CUMWOW statement#

LINKS 225 - 230

The annual profit 'L and its present value ’SUIPV* ate
Lputed#

LINE 231

e trial and error computations for the cut-off grades and
production tat jots ato controlled with this statement by
testing the convet ;enoe of the present value ’*SUXPVe in
successive cycles# It the computations have not converjed,
the sulroutine returns tor another trial; othei wi..f it
exits#

& 5# 2 A LIST 01° COOSUD

001 SVSAOMTIME COGSUa (I,J,K,P)

002 DOULLr riECISICN CCNCAP (3) , '"?KFCA? (3) #MINCA?,V(3J) ,
1SUL, ; = (20) ,31(65,20), K2 (66, 20) ,83 (oh, -"), p (9)) ,
2."(99,2%) ,v: (9),20) ,.3(99,20),F (9 » , MAT (20) ,

4SDKPV (99) , P7 ft, 3, 3),S1, s2, S3, Ul, U,33, ¢". 3, V2003
002 DOUBL" PY9ECU ION , :i2, CABS, DFLOA ,, 1(59, .0) ,
1215 (3,3, 3)

005
006 ° 1 ) ° ° ° ®
COMMENT
*Of 1= jivrn L, the usei and is e.jual to -GI- in Line n

Of «MAIN11-



007
000
000
010
011
012
013
014

015
016

010
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
026
037
038
039
040
041
042

04?
048

088

160
900

[a—

B W

W

151

993

11

01=5

DO 160 L1=1,99

V(LI) =0*0

51 CMCA2 (I)/LIKCAP
52=" LFC.\P (J)/y.1i;CAP
53=7?"FCAP (J)/CONCAr (
DO 6 N=1,VAXN

SUDQM [ii) =0

GKC (N =0

DO 2 v=1, fAXG

IF (CABS (P1{K,N)-S1I)
QLM »y*S5I
CONTINUE

GOH (M =0

DO 4 *=1, XAXG

IF (< \Bf (32(M,N)-S2)
GM ( :) =v*Gl
CONTINUE

SRC (S) =0

DO 6 M=1,KAtO

IF (DAd.O (! 3(M1!) -S3)
9PC (N) =V*GI
CONTINUE

DO 151 L1=1,99
CUTOFF (LI) =0

P (LI) =0*0

DO 151 N=1,20

.IT(L 1, N) =0*0

OC(L1, '")*-*0

G(LI ,N) 0

CONTINUE

L=0

N=0

%= 1

surer. (N) =0

Ifjv a: «c v A

ir r«(w--c (%)
urci (L) GX¥('-)

i2l¥¥¥
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1,3,4

5,5,6

<n»»e



csC 12 If ( : (L) - ¢)) 13,13, n

05 ; 13 ayei (D --.:c (L)

052 oc TC 70

053 14 G\C1 (L) ~G."C (N

J54 701F (Gv(Lj-G?y (1)) 10,15,15
055 15 GRI.1 (L) *GR ()

050 » 'C 71

05?2 16 IF (57 (L)-GRH(N)) 17,17,18
058 17 C7I (L) =57 (L)

059 5U TC 7,

060 13 GIMI (L) =G7K (N)

061 71IF (57 (L)-GRC(N)) 20,19,19
062 19 GRC1(r)=it (L)

0b3 GC TC 72

064 2C IF (GC (L>- GRC (ii)) 21,21,22
065 21 GRC1 (L) =3C (L)

066 10 it 72
007 22 GRC1(L)=IRC (N)
068 72 IF (1 (L) - IRXI(L)) 102, 105,191

069 101 I} (GRC1(L)-G2ICI(L)) 104,105,105
075 1'2 IF (GRC1(L)-Gi'"C1(L)) 105,105,103
071 103 IF (5'>i1(L)-IRC1(L)) 107, It 6, 10c
072 104 IF {it:. 1(L)-GRC1(L)) 106,106,107
073 105 G(L,N)=3:C1 (L)

074 GC TC 73
075 106 G(L, ‘9 =GRC1 (L)
076 GC TC 73

077 107 G(L, t.) =G3..1 (L)
078 73 TI=RAT (M /.71CAP

079 IF (»(L,S)) 153, 15%, 153
080 154 0Ot2G=03C(1, ;)

031 PPCD ; 2 ou

082 GO TC 117

083 153 DO 11  K=1,VAXG
084 IF E,((S,%))-:'* Vii'ii 11,
005 111IF (;(L, )-KA%G :G) 1>, "' 6

086 1 18 CONTI'iOS
0b7 116 OR: 1=0

083 PROCG*0

089 GO TC 117 ,

030 11?7 Hf .i*QPT(G(:#

091 ppooc=i ROD (7 /g ,%)

093 11311 Ti(L,:0 - -i)1I" 114" 1 v™>
094 114 on ;=(?: (1 # )
095 PRO! i=1 ROD (1, (0



096
097

098

099
100
101
102
103
104
105
106
107
108

109
110

111
112
111
114
115
lib
117
118
119
120
121
122
123
124
125

126

Izn

129
130
131

134
135
136

115

QO TC 117

1‘AGi;13C

oTr.G=c>: (K, :) +({ (afloat (x*gi) -dfloat (g )) /si)

n (Oc£("-1.H) -c: r.(V,N)))

PPOI(;*:,2.%)« (( (VFLOAT (4»G1) - DFLOAT (G(L,:;))) / GI)

1* (pre" (: -1, ®-P7CD ¢ , N)))

117 T2=0PiG/CO'iCAF (1)

501

502 IF (T1-T3) 506,504,509
504 T=TI

505

T9=P90DC,/Pi.rCAP (J)
IF (T1-T2) 501,902,502
IF (T2-T3) 506,50 >,505

GO TC 74
T=T2
GO TO 74

506 T=T3

74 Q0 (L,*T) =KAT

QC (L, 'D) *09 £?/?

gi(L,N) M»70DG/T

suroi' ('3) --5vr  :(';)+./c(L,N)

IF (FAT (! -S ir:; (%)) 23,996,10

23 jn2=vG (L,N) #(FAT (U)-sur.: F (G))

GC(L,) M..:2A;:(L, .))KC(L,:;)
0? (%,'")) = 2/ (L, =) (L, n)
c« (L,N) «( X2
:2=r.i":cAP-."M(L,":)
C2-CC":CAP (I) - .C (L, QG
P2=REFCAP (J)-wP. (L, N
Ul=C2/.:
U2=P2/E2
U3=P2/C2
N=Ne¢l
IF  (KAX*!-H) 4 1F, i>

130 GKC2 ) -0

IF iS;,,)-U1)-.02) 2', 24,25

24 GKC2 (1) -!!*G:
25 CCA'T I ’IUH

GRM2 (.!) =0

u U>"n2(7«)-U2>-«00” 2t.Z24.27

26 t;py.2 ci)
27 CCMiINU:

G7C2 (1) -C

«
28 GHC2 () - *j.
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186 GO TC 217

107 213 IP (G(L,!J)-GI) 214,214,21%*,
188 214 OR. 012 *1, 4)

180 PPO Gr.i*’vTo0(1,8)

190 GO C 217

191 215 ORC»OR ’(?1, NN M ( (PFLOAT (M*GI) -DFLOAT (G (L, 11)) )/GI)
i*(o (K-i,7)-CR (::,«)))

192 PRi ; PROD ("', )e(((! I'LOAT (t.*GI) -DFLOAT (G (L, li) ) )/GI)
1+d@  '(:'-1,X)-P OD (/,N)) )

193 217 T2= .G/:2

194 T3* OU/P

194 IF > u'll, 602,602

601 IF (T2- 3) »)6,605,605
602 IF (t1-T 3) >0u, t-04, 604
604 T=T1
GO 1TC 70
605 T=T2
GO TO 70
06 T=T3
79 x (L, 55 -*Ar (:)/T
QC (L, ') =C?33/T
o1 1/T
SUM. ' ("l)= (L, S)
IP ( AT(M”SUMMM ) 23,996, 10
06 IF ( AX<*N) 43,43,908
43 DO 45 %=1, L
KIN (*.) =C*n
CON (1) =0*0
gn;  (°) =0%0
SUM3=0
HUU=0
U0 49 N~1, 'I2XN
IF (GM,N) ) 49,49, 44
44 hum.--'r,mo;i2
suK3=sur ;¢; (M, «)
KIN V) FIN ( )+
COII (/.) '-"NON ( .) ¢v((
FM /Mi () (-
49 CCNTI'V"
CUTon tf') *0' r/.MM
45 CCNTINUP

40 ?r.i -(Lei)-".t» ie<*« (Ri-citii‘coli W '5"' '
1F(K)
DO 47 K=1, L
SUM.W (..) ~9e
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229 DO 47 1i“M, L
230 47 SUM: V(M) =SUK?7 (M) ¢P (V)/ ( (1« +D) &* (Y-M+1))
231 IF  (CAdr. (SUXPV (1) -V (1)) - 10C0U00»0) *3,46,43

232 48 DO r.1 :!'=f,L
233 51 v (n) =sw-:vv (=)

234 GC TC 52

235 53 IV(L,],K)=V (1)
236 RETURN

237 DEBUG SUBTRACE
233 EHD

3* ¢  SUBROUTINE PD

8. 6% 1 COMPUTATIONAL SEQUENCE OF PD
LINES 001 - 006
Sjecificition and input Jtatp.-aont".*
LINES 007 - 067

Desijn of tho final pit surface*

LINE on

li: in' -ill oflhele.i-ionn
closures of th'> Lorchs Gross-an aljorr )

LINES 020 - 057

.[pi or a ienvious test ate not inclduou-

LINES 053 - 0fc7

,. » »f «hnjiid-Llcck « within t ie
The net cash vaiuos ~L , If this total 'SUM' 1is
ser L-coii“ clos ire [ B ! ,, r* in included in the pit
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A toiojr.i, hie Tip of the* fin<*1 pit sSuLface s printed b¢
these st it 'ments*

LIH2S 007 - 130 1

An  imi licit lo( ; which simulates
F--¢

LINES 1’0 C 132

ore production from the

SuLroutin*m StIBID 18 called to simulate the pit’s waste
prodaction ¢

LINES 137 - len

Schedules fat th < anni: 11 revenue, costs, ore production and
waste production re co putei and printed* Additionally the
excavation ti es for ore *I0OP’ in«d vasto =+«L :il are co: Lined
into on" array 'Y 1l

& 6* 2 A LIST C* PC

3Cl1
302
303
DC4
305
006
% L;KLs, - 3", MAY.
007 Df 4 N=1, N3LKS
008 YR (:;) *o
009 IP (1) =f
010 L*h (;i) -0
011 4 ICE ("9 “0
012 do " '=1,%-LKS

013 200 1CL(3)u'
014 IC-0
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015

016

017 20 X=1, :r

018 =9.UNL* (

019 vm, (LAC]

Th3 constants ( , 1,0 h :on ,ressif( in Lin<
given by the rid tuinati» if the iso it
(X,Y,Z) » llo.ive nst.int °’ sltr f art
'safe  wil 1-an jle Xitf le,

Secti on 7*1) in nto two

ecither side wr VI
1IPITAMG's The < Ini 5

overluilinj con t>d1

statements (Lin
0*4, d- ionstr 11
deposit * These
retiuii enents®

4

026
027
028
029
030
031
032

033 101 1
034
035

0 30
037
039

035

04 1

042
04 j



PITANG(])
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044 105 D=

045. GO TO Ifs

046 ' 106 XOC~FITANG(2)

047"* I o X=01/COS5 (AuS (NOC-XOC))

048 5 OD» (OT*fIti (PITAMS (1)-PITASG (2)) )/5IN (1M4159-
IPITASI (1))

049 D=7.-C*

050 107 IF (D) 14,14,108

0s1 10B CONEeSLC 'k (IS) * (K-D) * (K-D) - ((2*J~2*Y) **2) - ( @
1++2)

052 IF (cn'lu) 14,12,12

053 12 IF (IP C:) ) 13,1 1,14

054 13 10=18+0X3

055 ICL(I5)=n

056 14 COSTINO2

057 240 CONTINUE

058 2*¥33 IF (113) 2f,20, 174

059 174

06." DO 15 1~1,1U

061 13 fjUK=ALN-+VAL (ICL (11))
062.. IF (SUM) 13,18,16

063 16 DO 17 M 1,13

064 17 IP (ICL (v))SICL (M
065 18 DO 19 \-1,:B

066 19 ICL(M)='

067 20 CONTINUE

ot» 91 1 S '"r Z ' ClTinl'K PIT SUSFsCE'")

070 DC 22r N=1,NJ
071 220 SVRFC ("«) ~C
072 DO 97 X- 1#ld
073 D06 Y=1#NJ

074 M=0

1 | S S 7
08C 90 R Z

081 2*2+CNE

082 GO TC M

063 72 srprc (%)=

I

08¢ Pp Th O T (0 hn
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Thfi foil uwiivj ore “xc iv.ition

SC juence (Linn;; 038 - 114)
illustrates a simulation for one tot kin; face that advances
in* v>; l-osif* !ii 'Ction.; o: alternate benches parallel to the
I¢’o0-0or din it m tx This simulation must Lo t lilored to tha

user's 1:-'jiii e .-nt -, 1;

; deseri. .1 in Subsection 6*7*1*
08 7 26 L=011E
088 J=0
089 1=0
090 K=0
091 SORE=n
092 SKAST!’-"0
09 3 31 ISIGN=C:!E
094 GO TC 33
095 32 151 ;]i=-0N2
096 33 K=KeCUE

if ) 34, 34, uo

099. 34 S*K- ((K/2) *2) +ONZ
oSy GO TC (3 > 36) ,X
100 Bs-OME
101 GO TC 1/

102 3v. Z-C'M

103 37 JT*Je3

104 IF (J-NJ) 38,39,32
105 33 IF (J-0'is) 31, 39, 39
106 33 ;nd- ((3/2) «2) to'.2

107 30 TC (40,4 1), M

108 40 . (*C'i3) *IDbIGN

109 QO TC 41

110 41 A=:sim

111 42 1*1*A

112 IE (I- I) 43,43,37

in 43 12 37,44,44

1. 44 lvc— IZ*( O’L)ol()* J-Ot. i) 4i
115 IF (10? ('c 13,1 b »'4<

116 110 IF (¢ C )) *2,4 , 10
117 110 IE (ViL (°C)) 42,42,45
. 45 IF (K-10) 4, 46,41
119 46 r.eO’-L

120 GC TC 47

121

122

123
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126 50 IF (SCI! -ORF. <L) - (TCMF (")Z2«)) 51,51,60
127 51102 0UC)-»

12&: CALL f,”1:PD (SORF,K,F)
VvV 9 SCP.:=0

130 L=L*C\’r.

131 GC TC 42

132 60 CALL SU PD (SCRF.,F.,K)
133 L=L*C’'E

134 SOPE-TONF (R)

135 IOR (VCO) *L

130 GC TC 42

137 160 DO 09 »=1,99

lig P?0OF IT ('!) ™)+ 0

119 CAPO3 (i) *C*0

140 OPC(%)=0%*9

141 09 dASTZ (;3)=0«0

142 DO 251 "=1,'IK

143 IF (2-10) 71,71, /2

14' 1 11=0:1Z

14%5 QO TC 73

146 . , 71 11*7WO

1#1 73 DC 6 Y-1. 3

i4n (T-0:tZ) ot;i* (y-onl) a
ISO IF (TCPO (:)) 16,8-1,260
1 # H

154 192 IVA (v)=L

$ " E®SiS$SiSS8i3St&,

153 10 TC 3o

E " S B « s @ R
162 Cs COtiTm""

» ¥ - s r

E Z E1-E v~ SIRyt-ATED PIT PTOPPCTIOH SCU,»r,.

251 ctsTS
.0

ifori" ()e']zl
U9 2,2 FOR?AT (13, *



17C trTunn
171 END

3. 7, COMpUTA .'IONAL . EvU..HCZ OF 5U3PD
LINES 001 - 006
Specification and input statements*

LINES 007 - Cecs

Thu .jrid-Mucks re jaired to exio:;u the ore production of

veai ' <n ' identified with the semi-cone set (Lines 02U -
061) and libelled by storir.j their location in the array
«I'-1Ae »

LINE 0CS8

The a”“ropriate minimum wuorkinj wall-ancjle 'WSLCP:.’

1s
selected»

LINES 011 - O¢s

b d fLdt i v1* *o .
ions itom yuin; to in-11L -



140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
133
159
160
16 1
162
163
164
165
166
16?
168
169
170
171
172
173
174
175
176
177

” 9
180
181
182
18.3
104
13;

29 CONTINUE

IF (3M(1) -GMC2 (N)) 31,30,30
30 GKCI (L) ~3¥ (L)

GO TO 7v t

31IF

(JC (V,-GXC2 (1)) 32, 32,33

32 GKCl (L) -3C (L)
50 TC 75
33 GMCI (L) > ;XC2 (N)

751F (X(L) - J7M2 (U)) 35, 34,34
34 GIKI (L) - 5H ()

30 TC 76
ISIF  (;i(L)-39M2(X)) 36,36,37

36 7K1 (L) »GR (L)
GO TC 76
17 G9X 1 (L) *7 M2 (N)

76 1F

(M(L) - THR2 () 39, 33, 38

39 GRC 1(L) = 18 (L)
GO TO 77

39 IF

(3C(L) - >Fc2¢)) 40,40,41

40 3RCI (L) =GC (L)
GO TC 77
41 GICl (L) =J3C2 i'))

77 IF
201 IF
202 IF
l1if
204 IF

(Gv: 1 (L) -G7KI (L)) 202,205,201
(0' 21 (L)-GMCI (L) ) 204,20;, .05
(Gy:i (:.)-3XCl (D) 205,205,203
(GM (@ - jFCI (L)) 2C 7,206,206
( MX1(L)-13C1(L)) 20i,21 ,20"

205 G(L,,.)=3::C1 (L)
GO TC 75

206 G(L, ®=MCI (L)

GO TC 75

207 ¢ (L, 9 =mR::l1 (L)

70 T1=SAT('i)/E2

IF

(G(L,r) ) 155, 152, 155

152 OR? G=0r): (1, .)
PPCDG=: 0D {1, N)

QO TC 217

15500 21 KM.XAX -

211 %

218 CONTINUE

2100 ?727=0
pro; Jxo
GO TC 217

212 o™, mo* ;(; (

FPOI ;-P*ol (»(-, O/Gi, ¢
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tnc -- tt,(* s<ri-cono 50te o0 10ots 19, 22 and o9
identify the jrid-hlocko that satisfy the soai-cone closure*

LINE' 052

4. to that any or“ jriu-tlocks

me excavated as well, if they
satisfy the so”i-cone

set.
g. 7- 2 A LIST OF SU3PB

SUtiPCUT I N3 SUDPr (SO'F, F,
r0VsLr PR-CLION SORZ ASTr,C1()),20),i2(3 Zv3(3),
1-<4, 5(0 ),. 6 7 (M ,20),r, (65,20),. 9(6:,, 20).

2¢1C(65,2 ),. 11 ( >20),.: (3,3,3) ,FAT(99),0H(9)) ,
3 15 (3, 3,3\)7 , . 14A(99) , ONRq¢, DOLO, uA3S
n (99),C::/1/,120/2/

|
ITCVO (1 3r ), X

37 (30), 5h0 (1 <>1u)

OTEP=5-1

MOOY'SL-f SLOPE ( )-ST21

IF (?.T(L)-03r(L)) 1 r"''
121 CN2X=SO~2-MAT(L)

DO 56 11=1,3
50 DOLD*0MS>

o If (We'.L-35%0) -3, -3
53 SVAST?.=n

00 171 2=1, iK

DC 171 i=1, J

173 1WA(T
171 C(N%RIEE

If (F-X) 1232# 54, p4
5U DO 5( <1'N1
DO 5G X=1,KI

m



028 (7.-0:; ~) +NI* (Y-ON7) ;X

029 IF (ICR(\)-L) 50,55,56

03( =« 55 DO 19 KK=1,::K

031 ' IF (KK-Z) 2,2.,56

032 2 DCe. =1/

033 DO'" 1=1, a

034 (KK-OML) eMI* (J-CNF.) ¢!
035 IF (TCVO(N)) 3,3,10

036 1o If (IOSCO) 1,1,9

0J7 1 IF (IPC O) '.9, 9

030 3 IF (r.:.\ (N)) a,4,9

Tho constant.- (X,Y,D) of tl.o con exiresaion in Line 47 are
aiven t the -jrid co-ordinates of the base grid-bloc.cs
X v * bouov't, the constant DI must rcsjonu to variable
uorkin v.i1- mjles* I'oi  example, the jiven dei-o .it (->ee
Section 7*1) i f iivide I into two zomnes by tne tentu

user's roJuireT«nts*

139 4 IF (1 r) 14,14, 15
140 14 d~Z

>41 QO TC 16
)42 15 11" (-1) , 14, 1<
)43 17CC=7-1" -«
);jé <n>/s» «D >>
34c
047 " .
1#%2)) 9, ..5
048 SIF ¢ 1) ¢ o
049 6 KK"OND
050 GC 70 B
052 g IF (V.LCI) ) 11, 11"1:
055 GO "o 9

056  121CS (M) L
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0;i7 S0*:«S0?2+TONF (MV)
058 9 CONTINUE
PS5 ¢ 22 CONTINUE
060 19 CONTINUE

rb1l 5u CONTINUE

062 232 pNE* =SWASTE-;:AT (L) 4SORE
06 » I (1ALS (TN W) -TONF (y.))
064 c¢7 IF (EADF>49 50,52,52
C65 50 STEf=-C«5*LTE.

066 59 S, ARBIE=C

067 2 3RETUN

068 END

59,57,57

8. 8 GLOSS\9?

not compete; it

NO-...
facilit ate

;rojr.inifiii-je
, KG - 1.2

9

, the avnajo cut-off ,rufle ..or the fU'o Uf-
span*

t

. ;fisition numhot

"ucrr.entificuuo.



CAPO3 (i) ~(') te- unriu”l

co.;t of ovevl uden;

i - /ear*
Cc:; (1) - (t) the annual production tirjet for the concent-
rator in 1ir.j n tons;

i - /oai*
CvC\: (i) - () thv :r1ar1 capacity of all possible concent-
rators in input tons;

i - concentrator identification number*

CUTOFF (i) - (1) the

innual cut-off jradcs scaled uw> by the
Stada scale

factor * S' to integer value;
i - year*

D:, (rj the «c;iortur,it, costof

investment Cf'iUl (“AINI-;,
CCGlv 2 and CCIf d) -

C- 1IS) 4 coi HSfJ] to define the eeri-cone closures (r;
o suDpr.)
out! «v See su! "".ecttor”1«2,t« ,“1?ijo:oas definiti >»;

1 - yeare

- .1.2: the -,1,1 e juivulent ninerul content
at each jtid-int- rsecticr ,
i, jA -1, uni r jtld co-otdi nates# t-ei'

, (1) / p , the fixed pie., udrini-ttl ativc cools 1« "eaf.

%

seal ¢ factoi ' * <



3k(i) f GC () , 2 (i) - (1*2) the annual economic cut-ofl
foi the 1it, cor :entt itor ind refinei,, respectively*

Afv aiv scaled ur to into /tr values «ith the jrale scale
fagtor '1GS1;;

i - you*
'-cm  GRK(i) # IRC(i) - (1*2) the balancinj cut-off jr.ides
/jCn ;t  incroMent Votwoen in" and concentrator,
refiner / ari '"rr o, ma refinery wxd cone nti itot, respecti-

thcy are scil< | up to integer values vita -he jrade
scale factor

b

i - pit increment*

the ctci ¢ ir.teiv.tl foi the

. increments in the T-s
efeetdt 11.ttt1  “'ion ¢ 3 .r:S"

subscript# in arrays

Ki;u

13

i - jrid-Mack identification nuaier*
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i - <jrid-t lock identification number*

IP ft) - (1*2) 1 pointem for the jiid-blocks

within the final
pit surface;

1 - ;rid-Mock identification numbere
IM((1) - (I*?) the excavation year of the overburden
grid-Llocks;
i - jtid-)lock identification numbere
L- (I) the mine's life :v in*
IOC - (I) thesubscript for certain indicator arrays* It is

computed to locate specific

members of wuni-dimensional
arraysused to

store thrc.'-dimensional data

sets*

* - (D) the total material in each pit incronent
measured in tons (co 1 - = -and 1) s

i - pit inciement*
»toa, - <-) the annual ; it ;toauction tac j- oie Fi“=
i.otlurden, in t-.nti (it and SS8S-D) i

i - year ®
KH* - (I) the naxit ut: e juivalent
reported in the user’s deiosit
.m , - (I) the total nu.te, of yit incceaerto-
recovera l-Ie M A

i - Unet il identification nunhof
DI B - <) the annua ,1, .roluction tur.et. ore

overburden, 1 « ton.,

KM C - - . ,e,Jer
tion of the *xc *vaw»ton cc
to inter nil stor



KINCAT - (D) tho iit

' cavocity, ox
raeayied in ton *

j.'lus over burden, yor year

NBLKS -(1) th e total number of jrid-intersections or
tjiid-blocks*
Vi jir ff - (D)

the maximum I,J and K jcid co-ordinates,
resvecti vc?ly ¢

¢~ ti) - (F) the overburden striyvinj cost yet ton on each
side of the tenth ;tid-level of the exan.le deposit®* See
Section 7*1*

i - yit zon ' identification number*
op tfii - r) the increased cost of overfcirden stri™ mj yor

er ton on e.ch M -

»t the tenth ejril-level «£
the eL-.1le J,-,0 U-

Sve Section 7.1.

y - -it zone identification numlet*
s X r ¢ a w S s & s
T*1*
1 - tit zone identification number*
S .3 z g & Z - ' a w S
i _ ,it zone identification number*
in it increments,
ORE (i, j) - ( ) the avail.i- le vr<',t;; "MV zZGLO‘to the maxixan
for

re;orted minora® V

i - inte -or cut-off jiJ 1
j - -it increment* o _
A fferent iofinitions in

CPE (I ‘i ) ) :;nl %ks ‘lt}lhe trod agtion
- ir * ! t - t ! ° o’
Ill) ( )PD ab1 Outller\'] {>1 1i ! -y teu



OR1.3ES (i #j) * 1 1St .) tho .- ainocal di stribution*

i - into,': minorol jt ide increment
j - it incretitont ¢

P(i) * (o) tho mnual profits estimated fi-ov the [toduction
targets *XINI, 1CON: and 1«RXF1;

1 - year*

ptTANG (1) - th" safe pit ~1ll-anjlo.. on oach side of the
fault ivon for th > example deposit* fee section 7*1# rhe
anjles are re iiure' in radians from vortical*

i - pit zone iuontific it ion number*
PI'tNC - (1*2) tho 1lit 1ir.cre -nt*

PHEW-- (2) the total revenue over tho Tine's life span*

PROD (i# ' (I) tho tonna, > in each iit iacromont, )i
refined 'dact available at an, cut-o1

i - into -or cut-off ji.ide increment

j - lit incro nt*
PROMT (1) - (?7) «ho «*«»l rennao ftot, tHe sl.uUtPi ;i«

product ioii;

i - year
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lit anl iufiner] ectivvV, ;
;1 - V4L
j - i-it incro$Lnt*
rp?F(i) - (5) the annual ;tuuuction laijot £oL the rolinoi/;
i - yt'eir o

(p) the annual coi;! of tofininj ,ei ton of [rouuct;

ijet > PPOD* to lit ratoiial ana rofmeu ,cocu ilaoL”,
f.« U - -oo<m cw fl fro. z«o to
the maxian tcioitov -metal yta“a .AG

i -inte jo-r cut-off “taat' inoi

j - [1t 1inctetrent®

i - overall r..cover, .-tf.coney i.kntifl=ation nn.aof
7o 1e

i - -it zone identification numVof
P,C.wm ‘- «r, ca, .city U-.-Unoty in oatya

tons jat /e u ,

lriaaty pate: i "1

51
liaugct ton 0



jefli

PAGE109
dei03it (KAIS1 - 1, PD, S”aVD);
21 yeai
Si 12, SI - (n) th «1litio of eonc'-ntrutoi

t0# the :it capacity finely capacity 's-FCAP* to
it cai acit. * an : re: inoly capacity to concentrator ci icity,
respectively, (COGSUNh) »

capacity 'COtiCA? 1

S'OPP(i) " (") thin wvariable i.i
clovn--'t of the final :it
ejual to the tan jant

tts »1 to define the seni-oona
irfaco d 1ijmroutine* it 1is
- iaaied jf <PI T/'wmiG

I - tit zone identification nunhet*
~CH - (3) cumulative total of the iiaufated ote production
in any jiv n ear and v, uteu in ton*'
SD 1?7V (1) - r)th.* priacnt vam 1 ofthe futureltofits T*
in' each year;

i - yeai °

i - pitincrcicnf
SMST:- - tr, U - V.U! O, the si.ul.ted o,«b--
D WI*»t I *' Vo » aTre

rtien production in any }*v ‘]l /

61 the

1Clir(i) - Dr toll.
ciue of the tenta 11 *' *
Section 7« 1*

,w.bl,,M on each
“¢ti,c I'X.UiIn a"!Jill1> £ "

surface top jtitn $

:tlon laontiticatio" nacb-f
i - jrid-i nter
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(D) tlvl S$rvi-,«;nt valu' of the futuic profit.i ' °n
i - ycML
iL(i) " (p) thv T-S rit ca .h value disttibution;
i - )ri V-M >ck 11 ntific ition nuaibei*
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