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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-
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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
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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.



PAGE 16
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
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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*
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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.



VIPLE SUIBEI

301 E-HOLE COLLX1

3-
w\’rn TAHE
10
11.
n 10
—11
ml2

FIO. 3.3 VIJITICAL Cior -CECTTTI A BOIE-HOLr



PAGE 35
" 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
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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;
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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-hole identification numbere

NCLUS (1) - (I) 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) - (» .1 search parameter v.nc.i 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 1l 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>n 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#l 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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