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f ~1 172* 3urfuco (for the space dimansions)
1 e" ’l thc routine FINAL PIT SOHFACL DESIGN, and

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

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

6* 1 T1PE‘SPACE DISTRIBUTIONS Of MINERALS

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

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

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

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

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

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



DO 11 N=1 ,MAXN

K1 =H*!i

K2=K1-3

DO 10 K=K2,K 1

DO 10 .1=1, NJ

DO 10 1=1,NX

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

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

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

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

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

2

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

technijue can be de onstrated witha deposit having two

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

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

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

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

6« 3* 2 rQUIVALENT II'IERAL CONTENTS

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

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

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

exaui; 1¢c, assure thut:

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

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

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

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

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

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

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

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

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

QO 10 1*1,NX

DO 10 J=1,NJ

DO 10 1*1,NI

LOC® N3 *NI* (K- 1) ¢HI* (J- 1) *¢

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

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

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

IF (K-5)

4 MW 1

co TO e

MM =2

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

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

IF (K-1) 7,7, ;

7 M1

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

w N

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

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

3

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

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

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

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

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

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

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

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

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

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

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

*TCNF' is tlixt unit jtid-block weijht*

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

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

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

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

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

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

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

6* 4 ECONOMIC MANAGEMENT OF THE OPEN PIT PROPOSAL

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

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

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

1) '"break-ev»n cut-off grade*,

2) 'break-even stripping ratio' and

3) a safe wall-angle*

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

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

& SS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1T1 is the jcr iod length*

> Qr* is the refinery citput*

1Qc* is the concentrator input*

> Qi is the pit output ( waste plusore )e

Given the following additional definitions:

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

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

Then, from the definition of present value:

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

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

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

yiolds:

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

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

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

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

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

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

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

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

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

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

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



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

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

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

0.71=0/: (s-r) #/]**+ (Ukiaje si¢)

where:

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

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

period for the concentrator and refinery, then:

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

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

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

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

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

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



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

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

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

Gao is the cut-off _.here:

ORS CONCENTRATOR CAPACITY
PIT MATERIAL PIT CAPACITY
similarly:

REFI'iEP P30DUC PEF1 i!LPY CAPACITY

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

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

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

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

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

turn*

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

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

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

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

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

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

For the mine and concentrator:

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

For the mine and refinery:

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

For the concentt itor and refinery:

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

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

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

[airs*" (4, page 321)

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

mineral distribution *GRER.G’-e

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

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

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

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

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

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

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

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

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

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

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

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

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

6* s* 1 STANTAnD GO TING METHOD

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

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

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

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

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

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

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

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

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

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

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

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

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

12 « 261 r-1

13 GO TO I¢

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

15 262 K=T

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

. (standard cost adjustments)

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

* (standard frice adjustments)

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

2GRAL'n (I1#J,K) #Sn (M) *YI3LDn)

* (standard cost idjustments)

22 CCET"TOTR< (Y+Z+% (F (M)/KIN (K) ) )
23 33VAL (1,J,X)=RLV-COST

24 34 CONTINUE

25 38 CONTINUE

Definitions ( in order of abearance ):
*Te is the “reduction yeai °
L' is tUa life span of the mine in years*

o', 1Je ard 'IL* ir the jiiu co-ordinates of the deposit's
gtid-blocks -

Laili# 1fiyl .nc2 inf* are the maximum (I,J,K) jrid-co
-ordi nat ;, respecti vol: e

*LCE* i in nx, rnssion for convei iny iae lhr'1? sLif ,i"»ioii i®
co-oilin.itos (1,1, Kf to d inilJi nension.ii .uhscii. t. This
sutscrii't locates th- indicator ana/ member associated with

(I,d,K) -
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TOPvVV is an indicator array of Uu> depositsurface®

1Y3 > is an indicator array that stores the production time
of the jrid-block 'r.OC

1K> is a transfer variall- used to expedite projramainje It
equals the ireduction year*

*EQG"AD1 is the equivalent mineral content of jri d-block

*AVEG* is the averaje of the annual cut-off grades*

*CUTOF F’ is the cut-off grade for production year (T)e
*REV1 1s the revenue of jrid-block (I#J,K) -

1COST: is the production cost of jtid-block (I#J#K)e

*TCKF' is the total woijht of jtid-block (I,J,K)e This
constant ismade intoa variable as explained previously in
Section 6*2, if the unit qtid-block weijht wvaries throujh
the useils deposit*

«X* is theadjusted waste excavation cost per unit deijht*
if« is thefixed costs in year (M)

*MM' s thetotal pit production in year (M) e

"GhAT 1 g"AC2', * *e¢' JRADn' are the point mineral grades
at grid-intersection (I,J,X) tor «n« recoverable minerals,
respectively®

1<1 « icp * « * F  *gn! ito the sei11inj {iiceo pi*t unit
veijht for the e+n* recoverable minerals, respectively, in
year (K)*

*YISLDI1* 'YIELD?', * * ' 'YIELPn' are the overall recover;
efficiencies for the 'n« recoverable minerals, ru.;tectiv.>iyv

»yt 1s the adjusted ore xcavation cost per unit weijht*
*W is theadjusted rt'inin, cost per unit weight*

*2' is theadjus' -d milling cost put unit weight*
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*VAL' is‘ the joint not cash value of ¢rid-block (I,J,K -

The point net cash value VAL is computed far »dch
gtid-Llock (1,J,]) with the preceding routine* A Verbal
description of this routine follows:

LINE
NO¥

01) DO loop 33 names the production year for which the
following computations are mide*

02) LO loop 3 confutes the joint net cash v\lue of the
jr id-block named by the DO loop parameters*

Co) The IF statement in Line 06 simulates the deposit's
surface, as explained in Section 3*3%*

07) The IF statement in Line 07 establishes whether the
production tinn of ourid -block (1,J,K) has been confuted
by the routine PIT PRODUCTION SIMULATION*

08) The grid-block (1,0,K) production is assumed to occur
in the first year by Line 03, if its production has not
been simulated*

09) The IF statement in Lino 09 is included to branch past
the remaining computations for wunminod grid-block.>
when (O loop 38 cycles to the second yeare

10) The annual cut-off grades ’cuTofFfF' cannot be used if
the the production year YV is unknown* Therefore, an
average ’A/EG’ of the annual cut—ef gia-.es 10 i-»ou tai
the -re or waste decision in Line 10* "he routine
branches to statement 1J, if the ,rid-:"oce (I,J#x) i-»
waste or it branches to statement 23 if the jtid-block

Is ore*

14) The IF statement in Line 14 compares the production



year YR’ with the 'F parameter of DO loop 38+ The
routine branches past the remaining confutations until
they are o]uaie
i
16) The IF stul ‘went 1in Line 16 com[ares the equivalent
mineral qrade 'ZQJRAD* of the jrid-block (I,J,K) with
the annujl cut-off jrade *CUTOFF' for the [reduction
year ’T*e

17)  The revenue °*RZV' and cost 1COUT* of jrid-block (I,J.K)
are computed for the waste (jrid-blocks between Lines 17
and 19, and for the ore jrid-blocks between Lines 20
and 23#

23) Th point net cash value 'VAL* is computed for jrid
-block (I,d,K) at Line 23%

The precedinj costinj routine is necessarily complicated to
cover all tno computational situations# The dificrent situa-
tions occur is a result of the M Programme's iterative
solution# The numerous IF statements branch the routine to
the correct computational sequence for the following situa-
tions :

A) Thf costir,j routine is executed before the routine PIF
PRODUCTIM SIMULATION in the first cycle of th itera-
tive solution®* Therefore, the giid-block | .action
years arc not simulated for the first estimate of the
joint n”t cash values*

B) The final pit surface fluctuates as the solution
couv<?r jos. Thij cdui>c® somo jridwt lcc<s# within 7ag
final [it surface, to *c left unrineu Lf tha procc.inq
iteration cycle's qit qrodaction simulation*

O The mine's life span is comquted se,irately by the
cut-off iriie computations and the (:t [rouuv tion

simulation# The Kfo spans comquteo by these routines
mav differ until the solution converges* .he .ur-tion
i<; controlled in the costing routine wit), the IIM 0O an
iri liven by the cut-off grade computations# ".on”-quen-

J t,( IF statement in Lino Il is require; to
reasses.! U - irid-block p ofaction years that excaou

the irine life 1L'-e

The o9,14-block* in the 1i-teccdin, situation-, cannot he
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cl-issIfled as oto or waste with the annual cut-L ff jrade
*CUTOFF' because their ireduction years 'YRi are unknown or
exceed the life s;an 'L'e Therefore, the mean 'AVEJ* ot the

annual ut -of f ales 'CUTOFF' is employed to n.tke the ore
or waste decision* Additionally, these jrid-blocks are
assumed to mined in the first yeare These assumptions are
crude, but nis is inconsequential* Tlie final :it surface

becomes static us the solution converjes, and as a result,
the assumptions become redundant*

The |rccelin”™ assumptions never become comp lately redundant
in tho last year rf ionj term proposals* The reason is that
the point net cash values outside the finil pit surface are
unrealistic illy inflated because of the Assumptions®* There-

fore, the final pit surface oscillates at the point where
the yrid-blocks are affected* It could be possible to stop
this oscillation, if '"h = 1' were substitute! with 'K = L

at Line 12 and Line 13 deleted for the last cycles of the
iterative solition* however, this modification has not been
tried northe effects on the Kp Programme analyzed* In any

case, the slijht production oscillation in the last year of
a lon-j term proposal is insignificant comp ired to the total

production*®

6* 5% 2 ADJOSTr'S’ITS OF THE STANDARDS

The standard unit production costs an! sellinq prices, and
the standard recovery efficiencies are c”rrecte: by 'actors
to furnish th « following adjusted standards defined in 'he
precedinj Subsection:

Costs: 11«9, W X vy, and Z;

Sellinj Prices: Si (h), 52 (r), * * * Sn (*); and

Recovery efficiencies: YIELDI1, YIELD,, * ¢ » YlwuDn;

' 1

where 'n' is the number of recoverable minerals¥*

which can be applied to adjU.t the otai.daris.

TYPE 1:
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Time inflation rates ate employed to adjust tne standard
costs and sellinj prices to the ~correct value for the
production y”ac in which each jrid-hlock 1is processed* This
adjustment is made fcy identifying the times when the
grid-blocks are mined* For vxan;le, the standard costs could
be multiplied by the factor:

(1+#INFRC)**M

where:
*INFRC' is the proportional time inflation rate for costs*

«K* is the production year in which the particular jrid
-block is mined*

This factor multiplied by the standard costs will yield the
adjusted standards for year *rt*e A similar fictor couxd be
used for irices*

TYPE 2:

The surface simulation techniques, which are “he indicator
arrays uni jolyno iil eju:itions described in S ion i "*
can be used to locate standard cost adjust ent.> that ai' i
function of location* These standards can be adjusted by
ident if >-ng their |articular jriu-bloc;<es relative position
with the simulate! surfaces® These adjustments are ...ost
explained through demonstration with the following exanp”e”:

Example 1:

IS 1.* S S |1

additional cost of ore excavation at depth.
(:>0QCI)

where:

,K, 1£ the wvertical jrid co-ordinate of the particular
?rid-1 lock beinj avaluati 1*



*CUCI * irj the increased cost of ore excavation [or 'jiid
-level ter unit weijht of each jtid-blocks

This factor mul*”"i-lied by the standard ore excavation cost
1CR1 will furnish the adjusted standard for the grid-blocks
on the 1K1 jrid-level* Similar factors can be devised for

all the costinj situations depending on depth and transport
distanc?s«

Example 2:

A family of surfaces could be wused to define the cost
differences between zones of variable excavatin j difficulty®
For example, there <could be i fracture zone surroundin a
fault [lane which causes the waste and ore excavation in
this area to be less expensive than the other areas* The
following routine <could to wused to make this required
adjustment of the standards:

IF (FAULT (1,J,K)) 30,10,31

30 Nti=l
G <0 32
31 NN=2

32 X*CB*FCW(NS)
Y=CF* f CO (MS)

where

1 FAULT* is an array usnd to indicate whether thn particular
grid-tlock (I,J,r) 1is in the fracture zone or not*

*FCWe and *FCC* ire the correctinj frctors for viste and ore
excavation costs, respectively, in the fractured an 1 un;ric-
tured areas*®

iQpi  and 'CP* are th** standard waste and ore excavation
costs respectively™®

«yi arod ey1 are the adjusted waste and ore excavation co.it e,
respective!y*

Il s s11s 1111
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from the- jivon fiult plane ’PLANEIl®

PLAHE»0«22*I-J- (n. 1UK) 10
IF (ACS(PLANE-3.C) 30,30,31

Dimensioned data sets will Lo preferable to the correcting
factors >FCl. * and ' FCC* for certain costing situations* For
example, the above routine could be revised to replace the
correcting factors with standard cost arrays, as follows:

IF (FAULT (I,J,K)) 30, 30, 31
30 Nil=1
GO TO 32
31 NN\=2
32 X=0D (UN)
Y-OR (N

Similar correcting factors or standard cost arrays could oe
dyised for wvar? :ble powder factors, water pumping costs,
drilling costs, and so forth*

Om
Example 3:

The final pit surface of a tew deposits will be limited by
legal or economic restriction.;* Cor example, the t-it could
encroach on th* territory beyond a property line or nun made
structure, if these features are near enough to the user's
deposit and there are no restrictions imposed on the pit
design routine* These restrictions are made by giving the
computer's largest mnegative value to the point net cash
values along the legal or econo ic 1oun3aiicse .le cxce.»si
vel/ low joint net cash values will automatically prevent
the it design routine from extending the finu® jit surf ice
beyond these boundaries®* The following statements places
within the costing routine will perform this t-’st:ret van .or
the given railway line identified by its relative position
*RAIL'" in the grid system:

RAIL= 1C* I-.1

IF (RAIL) 1C,1C,11
10 VAL (I, J,K) *1C*C:->75
11 CONTIb'IIE
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gl‘.ld-.kIOCkS 'aSSOC}ated with these point net cash values
within the final tit surfacee

TYPE J:

Production penalties or rewards ¢an Lc¢ charged to the
grid-blocks by identifyinj their minerals* For example,
there may bo minerals iresent in portions of the user's
deposit wh”ch interfere with production* The standard reco-
very efficiencies could be adjusted, if the impurities ire
not separated* On the other hand, the jrid-blocks containing
these minerals could be charged a metallurgical [enult; for
the additional refining expense with the following routine:

IF (;PAP1 (1,J,K)-0*00h) 11,11,10
10 WEItEFC*C;:,Vt3Z

GO TO 12
11 W=1EFC
12 CONT r;;uz

where:

'GtiADV s the point density of the offending mineral at

'CHARGE' is the metallurgical penalty factore
"REFC' is the standard refining cost*
"W is the adjusted refining coste

The IF statement chocks the proportional mineral content
the minarul "TATT that interferes with production*
gtid-Llock iAfo#n/ X© dgkwmt a metallurjical cost pona
"CHARGE*, if the proportionall mineral content oi 'GsAJ3i
above the iCe00V level* a similar correcting factor co
Bbe devised for the proceeds of a .y-proluui x *«i.n
process*  Tiiis, of course, wouli be i ctodif item ins 1a.
a del it, as demonstrated with the preceding s "a., .. ji

penultye



PAGE 102

this fiul.’section  must he tallot *;l to the peculiar costin
conditions existing for thv wuser's deposit* The cotrooting

factor: -in- us-ov r -psi itol; and it combination to siMillate
the particular <cost structure* Jhc .« tactors have i>ion
included as exanrles in thevet structure jfojra xioed in

Chai ter 8 forthe dej osit doset il rd in Chajter 7%

There is one last functioi executed 1y the costir,j routine
that ha;, not Loon << -ions.tra t e+ The at. justed nit fr., nation

costs *hi, ' ', *v« and " is.ii jred in eacn ;iod letion year
are average;! to e tinate thei; .ne.in values* Th > annual
means ire substit uted for the initial a...;u-;tions of the
annual unit production costs ' ', 'Cl and ' ' whid ver -
made to le-jin the iterativesolution®* Th- outin rteu are
Simple averays, therefor* the piogcaaoinj re yaires no
explanation* '[ou< vi>i, recall that the unit production costs
at defined Ufferentl; for the costu nj routine? and the

cut-off .ias * routine* This di fit once is accounted foi when
the adjusted wunit p. duction costs are avera/ I1*

6* ¢ r ::d OK Til PINAL PIT :;URFAc:

The find pit surface is decijnol with the Lerchs-dros . an
algorithm () out lined in Chapter 2* Roc ill from section 6%*2
that tho obj-’ctiv 1-to find a pit vol J; > "1 of th- 1 '
deposit "P'" that /i Ids the axi. ur totil ,rofit fro the
throe inner or.t intojt rl. of the .naltij 1 int :>ra1?

PV = /[ //fP (C( X ,t) -. jdt
T S

The point densities of the tunc? i -a I'(C(x,>,/)#t) itv --
by the T-S net cash wvalue di ,tr i! ition* Tie lerd.s-.do ;an .n

algorithm «e a ra erical method which 1 - sal.,gt- " . "],
integration ov r the r<gion 'R*¥e Gy meai.s o:¢hir -i- e
method, the jit volu e i.. found t at willjrel . a ex.

totar profit*
6 f« 1 A 1)1 :cCT"D GnAV.. t: At tPGM PIT ™ IN*-
The torch;l- 'ro em algoi ith « (5) 1! , o1t

defined in Chapt -r 2* 1he 1die wing i.e. mi p 1 #
directed ,t iph to -In- ;p-ecific applica? ion i mthr-> & 1



) Verticf'r;: The voiticeu of the directed jra'h w«e the
gnu -inter.lections * The DuUss of eacli vertex 1is the

associated feint density of the T-S net c-ish v.i] iG
distribution*

2) Arcs: Arcs arc drawn fro.n a vertex to any adjacent
vertex, if the excavation of that vertex is J oenlent
on the removal of the adjacent vertex*

3) Closure: A closure of the directed .jrafh is any set of
vertices such that, if u vertex belongs tc the closure
and an arc exists from that vertex to another vertex,
then the second vertex rust also belot., to the closure*
A closure is an, reasonable fit surface*

4) Maximum Closure: A maximum closure is the set of
vertices yielding the maximum total of the S$oint net
cash values*

The arcs are depicted juite easily; however, projramwin
then jresents a difficulty®* it bar been su”jeste. (1 and 5)
that the arcs be defined through the construction of the
grid system* For example, Fi ;s 6*6¢ illustrates three grid
constructions which have different wall-angies as a result
of the way in which the grid-blocks are stacked* Theoretica-
Ily, a grid <construction could te found to furnish any
desired wall-anjle* Unfortunately, these wall-ar.gles would
be fixed over the entire dc[o.,it, and a., a result, they
could not he wvaried* Phis difficult, was overcore by
formulating a method of defining the arcs kith t..e upjer
half of a cone*

To <elaborate -- the dependence of one vertex on another for
removal 1s defined b, the arcs* This doiondence is siuul .Led
by a set of over-lipping cones tor the ;urto;e of yrojrli-
ming the algorithm* Cones are used to u*>fine the luundary
between thos* vertices which nust be removed and those which
may remain in ordn to expose any j;articul it vertex* A

cross-section or the directed jrath i~Lu.t. 11 . 1 - w* "*~"
shows how a ccne cm be used to simulate th- iic.s* .ote t! it
the <cone is a closure because of th * wiy the 1iirec* Jti:h

is constructed for this pit design a; ;lica tier* "n r.-fotc,
all the wvertices that must be removed to expose tno vortex
at the base of the cone, are included within the con'*

The final jit surface is the net of over-lamping cor.'s flni.



FIG. 6.6 THREE GRID CONSTRUCTIONS
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arc a maximum closure of the Jitectod gta. h» These cones ar”
pcoy tdnmed v; deriving a FORTRAN expression frotr. the analy-
tical ejuation of a cone, the jrid co-ordin itos of the

vertices anl the pit's safe wall- angles* This expression
is:

CONS5=SLOPE* ((A(K-7")**2) - ((B(J-Y) ) **2) - ((C(I-X) ) **2)
where:

*SLOPE* is the tangent squared of the saih* wall-anjle
measured from vertical in radians*

*XI, *Ye and <Z+ are the jrid co-ordinates of the vertex at
the tase of the cone*

1, +J* and ‘Ki are the jrid co-ordinates of the remaining
vertices*

cA’, "B and <C’ are constants which define the relative
lenjths of the cone axes*

The 1CONE’ expression is limited by the pit desijn routine
to its ipior half to form the semi-cone shape of the desired
closure* Otherwise, the routine would be using the hour
-glass shape of a complete cone* Any particular setr-cone is
defined by th ;afc- wall-an jle 'SLOP"', the tase vertex
(X,Y,Z) ana tho constants (A,D,C)s The vertices (I,J,K) are
within the semi-cone <closure, if the ¢CONE' expression 1is
positive or zero; otherwise, they ire outside the semi-cone*

The safe wall-anjle 'SLOPE' and the constants (A,B,C) can to
varied as often as required by the slope stability condi-
tions* These factors can be specified for any number of pit
zones through sirojlation with the indicator an iys and
polynomial eju.itions described in Section 3%*3*

The safe wall-anjlo »stallishes the degree of slope for the
semi-cones* Variable wall-angles at" accounted for by const-
ructinj a set of semi-cones to simulate the desit d closure*
This s-'t is defined by the variable ;af« wall-angles and thw
grid co—erdinit s of tno 1use vortex as iiiustia.l- in t.ii’

following example; Assume that 1™ at two si. walx
-an iles for oitii * side of the fifth grid-level as shown in
the «cros :-section of the direct ;taph in ;i1j* te ¢ it . a

reguired to identify the vertices within the closure shxwn






to expose the base vertex (X,Y,2) e The vertices below the
fifth Jrid-level ire within the closure, if the' satisfy the
above 1CON2* expression usinj SLOPE = SLovl (2)* :..3 Vertices
above the water! table are within the closure, if they

satisfy the *COKEi ecpess.ion with the followinj adjustme-
nts:

I) SLOPE is set ejual to SLOPE (1), and

2) the verti ’al jrid co-ordinate <Z' of the base vortex i”
replaced with *C1* D* is calculated with trijnometric
relationships of the semi-cone set®

This example demonstrates how the seiri-cone closures are
used to imitito the ires for the ;it desijn implication
the directed jrapl s* It also illustrates the flexit i>.ity
obtained h, usinj the scni-cone sets with variarle wall
-unjles to replace the arcs*

The cone constants (A,P,C) establish the shap ? o1 -ue
semi-cones®* A normal <circular shape results, if tue cons-
tants are all ejual* The definition of these constants is a
handy technique for sinulatinj deposits w.t. ditectionill;
dependent slope stability conditions* For example, ~"17;-
tical seni-cores can be constructed by weijhtinj t.:e consta-
nts* Then, they can be used to simulate the *it sail ice”
re iuirin i safe wall-anglos «tnhat vary as their orientation
with the weak strength direction of a bediinj plane*

In addition, the cone constants must include a factor

to
compensate for different wunit interval

distances between

arid co-ordinates on the three axes* For exam”c, the, woila
be \ =1, B " 2 and C * 1 for a circular se.i-cone, if the
intervals Dbetween jtid co-ordinates in the J, and 1

directions were ICO :t, 200 ft, and IOC ft, respectively

o*en™ N it, 111 'is' now possihl” to*turn to the pit desijn
algorithm *

6* ¢* 2 THE t '>CHS-GRCSSnAN AL10P1TMV*

Lcrchs and Grossman (5) wu,0 a mechanical
demonstrate tbair .Ijorithm*
sAl0wn :r o1

ir.alojue to
An illustration of the analojue
, P . it car be seen from the aniioye that

the -iid-hlocks'hava either an upward or downward force* The
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attows In each gi Ld-tlock r.hov which way the force i3
exerted* An wupward force represents a [ositivo net cash
value of the particular grid-block; whereas, a downward
force re;resents a negative net cash value* In order to find
the optimum prt surface, the jrid-blocks are allowed to move
alonj the wvertical axi™;* The movement of a free mechanica,
system maximizes the work lone* Therefore, it is the

urid-clocks that have moved which maximize the total net
cash values*

The steps follow for findinj, with the directed graph, the
pit volume yieldinj a maximum total profit* These stops are
applicable only to the directed jrayh described in the
procedinj Subsection* The directed graph was constructed t©
permit a simplified version of the original steps derived by
Lerchs and Grossman*

STEP 1:

The vertices

with a positive net cash value are examined in
turn:*

STEP2:

'hair' if/fixad'bj~Its [Tcticul~”~fe
wall-angles 1SLOPE1 and the constants (A,d,c)*

STEP 3:

The net cash values of fhe vertices that satisfy the 1Cogi
expression at ' tetallt J* I£ this total is positive, the
serll)li-cone closure becomes ait of the maximum closure*
Otherwise t is ©xcluc.s Soto of the vertices include! 1in

. . closure can be a part of another
any particular semi-cone X *p
. . S maximum closure The sum of the
semi-cone alreily within th
S . ov 11a;;ing semx-concs does nat
net cash values within 1 ;

: . way contained within the maximum
include those vertices alre
closute*

STEP 4

When the

ertices have ©been : .
\Erom the m\;lximum closur*', the result is the fnal tit

VOILm»e



mn illustration of tiio aljoi ill i can bo seen in Fij* 6*10*
Vote that th> 4ir<‘:iec jra;h 1is i"* tv.ient-u in jlc Cot
rath at than snmi-c:nu foi:* In Fi'je 6 *10b, th-a  fit at

ositivce vot tyx -:a* a value of *1* This 1-; the base of t
test closuiam fol- 1/ incluv Lnj ill vertices oin: to it*
Only the -4 vertex is connect' 1 tothe +1lvertex to forr- the
testclosure with 1 total rej-itivv vala >0; -3% Therefore,
this closar®* is not. include! within the .iaxj.au.ii closure* The
test closer shown in Fij* 6*10C am D are incluied in the

maximum closure 1--Ciuse they both have a total positive
value® The t"st closure shown in iij» 6*H has three
V.at ices 7, -1, -1) which already 1 <onj to th axi.nua
cloiure* Con ejuontly, only the +3 and -2 vertices ars?

sunmed, tnd inc ¢ the total is positive loth ae includei in
the maxinu" closure*

The exclusion of .ny positive tost closrro within the
tvaximu 1 clos.ili * will subtract from its total value* Additio-
nally the inclusion of any noj-ttiv mtest closrr * wil, 1”00
subtract fio the .ixivum value* Therefore, it 1s obvious

that the maxi an closure of rij, 0*¥11% hr; the aijzurst valu >
possible fi i. the vert ces with the constraints o. the a:r"*

fe 7 PIT PSOnUCTIC# SIMULATION

The routine 1il"" riOI JC1I0K SIMULATION performs the outer nos
Integration of t! riltiilv intyral:

pv */[///p(C(x,y
T R

the ore » avition® ji1
the 11t jk lut.tion: 1
dijit il  cu.iiutu in11

of the , 11 11 rill
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The simulation is projLammed with a loop of computati ps
that cycles yearly* The loo; is divided into two putts* :he
first part simulates ore excavation by identif/in] the
grid-block.; with a positive net cash value that will be
mined in each production year* Th second part identifies
the ;L"id-blocks required to expose "ho ore production of
each year* The routine PRODUCTION TARGETS CCKP .A:IOMS
provides the pit tro luction simulatio t with the luantitios
which should be produced to tdiximize the nine's present
value* However, these tar jets are superseded by the simula-
tion, if the deposit's |h/sica1 conditions make it impos-
sible to meet the tar jets*

The Oro' and Waste- Sul sections to follow describe the pit
production simulation in greater detaile

6* 7% 1 ORE PRODUCTION SIMULATION

The ere production simulation 1is programmed by leiininj
rules which establish the ore excavation seguenee* The rules
direct the computer to scan the jrid-blucks tor the next ona
to be excavated®* When this jr id-hlock has been founu, it is
tailed with its production /our* Then, its tonnage is summed
with the other ore production of tne same yejt*¥ r.ns
cumulative ore production is compared with the or- produc-
tion target of the given year after each ore grrn-"oc*

all jrid- blocks within the final pit su.fact.

transvotse and vertical direction., art J=38a 1=26 andngu,,
respectively* The ore production is '° Te’t‘ca‘t’ﬁlte tOV}’
one working face* The benches ure $JU2 0 the row o

in the J co-ordinate

the diagram are define 1 u
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1, T I~V |SIGN = 1| 11=11
" " F A L.

| K=K+ 1 h

J !
IS :<<"16 ? - *NO *CXIT
YES
|IS K CcucCc 2 | NC 4B=-1 |
YES

L
IB=1- -1 I=1*B|

IS 1<26 2t NO  * SIGN*-Ik
YEf]
Iis 1>1 21 NC «1 513,1*1 k

YESI
IISTODD'? hNo HA- (-1) *SIGN K—i
ICr. TABLE 6%*5

5 ” 1
|'’A-SIGNh
791 "
NO IS 1<J<30 ?|
YBS i
GO TO TALLG ¢ *
TABLE ¢ * 4

1) +1* is the production /f¥ir e
2, iy« 3lt] *SIGN' coi.ti >t thf* uiipetion of auvincr



for' the ore worr.inj face; uni

3) 1 (I,J,H * t!li® co-ordinate location of the ]rid
-blocks* |

Note that this simulation onl; works for o9rid s/ terns with
an even number of jrid co-ordinates ilonj the I and J axes*

FECr TABLE 6*4 GO TO 7ALLE 6*51
M"GAL?LCCK"%T“WWHWTETH‘M --------------- >&
YES
| DOES-NTjIKT-hAVF-A-TEAIiTivE-SZT-cISh-vILA;-? Jomommemv %
YES

Inrir,37K7"AS‘Spr«IN2D“irYEA"LI

| DOES CUMULATIVE 01: PRODUCTION EQUAL TASJ:: IM L ? A

—T r~
VAN
IdehH ry“"illu-ulee ks“?2r3  aiio”~~~  coeoooo--
JL
IL"L*1h

TABLE 6 * 5
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the routine returns

ore excavation

both tests,

(jiven by the

with its ex

associated irray ----—--—-- B — ., 1

at the be'jinninj of this Subsection, the yearly c/cy: i
completed when the cumulative tonnaje of the ore jrid-Llocks
ejual.i  the or" production tar jet, and th« overburden re-
quired to expose this ore production has been identified*

The ore production simulation 1is tailored to study alternate
ore excavation sequences® The ore excavation rvquenca can to
modified to simulate multiple worhinj faces and or benrhes*
For exam, le, Table t*> continued throujh Table 6*d iliusr-
rat»3 an ore* excavation sequence with two workinj fac,-. eu
the same bench* FEach bench is e.ual to tno row o. jnd
-blocks betwem the pit Halts in the J co-ordinate “sec-
tion* The two workinq faces aUvince in opposite uit ection”

middle to the >ther extreme*

following comp atatiui.-.:
29 2

IT.

[ J
ariay hC(Cf),
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117 3 5 K=o | IL=11
~T ~
.‘ __jZ
XIT
H
YES
FROM TAuLE
— AND TABL

YEs IS 1£I<20 ?| NO

yrs—iis i odd"?}— no— a=~ii

—i- -i-
| A= 1| *10=01
IN*O |
| r-
IIl» J>3C ?| NO—HIS (1.3,7)" h i~ —% . £ ]
T IIN TiiE TIT? | I POSITIVE = I
yCS j
IIs~ft’ vV ?| YPf »IC TO TABLE ¢*7
t,ri » :r "¢ TABL:
TAbLi: o* b

The two atovo examples illusti .to how the $it .loduction



FWCM TABLE 6*6

IH=11
I&ZZ:HI

MIS

1
ITAT (I,NO(?),%) £ |
[* (I,N'C(Q) ,Y) %ITH LI

i

|IIs CUMULATIVE OR:|
(PRODUCT:" ; P L 1
IEQUAL TC TARGET ?|

Y>> NO

S 1

13
IGO0 ro WASTE!
ISIMULATION 1

IL«LOh-HIS~-a*2 ?|— IES-
NC

| FAK+ 11
"L=;-U

PAGE113

GO TO TABLE 6'b

i ODD ? |

ITAG (1, AC(ti) ,K) C |
1 (I,NC(v) ,f) HIT.I L|

1" ¢" 3"LnTIVS OR21
IPRODUCTION FOR L I
[EQUAL TO TARGET ?|

YES NO
| GO mO CASTE]|
| SIMULATION |
ILsIlr -ilu 21
No| YES-
IR=n*1i
[.=2-11

|tA, 1U NC(U) ,K) WITH L|

(Is CUMULATTIVE

1PRCDUC ION PO°
ISCUAL TC TAP iET ?|

TABLE (e

simulation can

so jiKTtef'* A wvariety o*

| . . .
lo tailored t excavation

the wuuei:l:. ol » vxcav it ion

aojuoncoa can

i

2
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PAusm

@ 10 TALLS 6%6

-YES IIS MODD ? NO-

IR=S/2~0%*51

| Q=R+l |—>113 v=1

NO
| TAG |1 /!C (K) .K) o |
*) (I,tiC(.) ,K) WITH L|

|13 _cUivDLATIVZ (R
|[PRODUCTION FOR L I
|[E.UAL TO TARGET /1

io

| G>"70 WASTE|

| SIMULATION 1
| P=R- 1 K- IL~LU I
I,=v+11

NO 1IS GO0 ?1 WiS

R=ii/2|
10=3+1 1

701 ...
ITAG (J,UCILif,F) 1 1
LT (LNC () ) WITH L |

(Is CUXU'ATIVE ORE|
| PRODUCTION FOR L |
|[EQUAL TO TARGET ?|

‘9

HO B

GO TO WAOTLI
1 SIMULATION' |

IRZII{ilM IL*L+11
10=0+11

1..

0-—-1is R=0 ?t-—YES-

ITAT (17NCLi7KT'""WITH L

|7s"cu7u.»rivE ctli— YES—* L=L*1l1-
|PRODUCTION FOR L 1
I[EQUAL :0 TARGET 2! NO

T.VILE 6+ 8

suV.vUited into the iif m * sl*1,at
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Tii audit ion, the ore production can ki designed to include
the. simulation of any physical features which affect the ore
exe fvdtion sequence* There physical feature., are simulxte i

with the indicator arrays )t ;ol/nonial equations dercrilou
in Section 3*3* iho or-? excavation sequence 1is projra-nrne 1 to
recognize these features in order to take account of their
occurrence* tor example, a latje fault displacement could
force a kink in the ore bench shape* This would be accounts»
for by wusinj a simulation of the fault to orjani/.e the or<
fcxcavat ion sequence™

6« ?+ 2 WASTE PRODUCTION SIMULATION

that year by means of the fallowinj ex”iesoion.

CO:is»iJO?KSL. ((A (K-Z)),.2>- (W (J-t))*+2)- ((C(I-X))«*2>

where:

than the minimum wotkinj wall aajl”

p 55 2) ,re tho ,1d co-ordinated of the ore Jtid-blocU at
the base of the s'Mi-cones*

H.J.K, are the jriJ co-ordinate,

of the re.arninj jrid
-blocks*

,A,B,C) arc constants which define the

relariw lenjthe of
the semicone dxr'S*

Eich semi-cone set 1is Ji'finst. by.
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r addition, the orv production c.in
?L sia.uV.tion of any physical
n.ifvaticr. ieiaei.se. These
= the in.:teato. art r/s or

rpctinn 3. 3* Tho ot .

e designed to Include
features which affect the ore

;h,sisal feature- are ar tulitei
ful.noiial ematrons inscribed
oxcavat ton 3 'juenco is .trojraame . to

excavation sequence*

6, 7. 2 WASTE PPODUCTIC,. SI EJLATIOU

coisizoRKSL. I(;. (K-2))..2)-1la(J-n )*.?'-( (Cd- .) *“ >

where:

than the mini )um work.! nj wail anj

arc the , id co-ordinates

the base of the sor::.-..onet>e

of the ore jrid-blocits at

U.a.K, arc the »rid co-ordinates of the gaining grid

-block.;*

ate constants which define the relative lengths of
the semicone axe »
Each pomi-cone ret in ir,vu ‘
- -" /" or oy sy - - T » ;e
21 HI ASaniL (»oyE o Sy In SUb:!eC"

tion hee o1 *



PAGE116

-he nrid-block.', (I,J,R) that satisfy the 'corL' exire ion
ire those rcjuired to be removed to exiose the jn il ore
reduction* The ex,cession is satisfied when 'CONS' § Z2€IO
A positive* The semi-cones in any set are iro”tamated to
ivorlir so that any material common to two or more senx
-cones is not accounted tor more than once* Additionally,
the semi-cona set is [rajtammed to exclude any material
excavated .u a l|lrevioun year* The ;rid-blocks witnin ¢t.,Xo
semi-cone set are tujjed with the [reduction year of the ore
arid-Llocks at the base of the set* These production .e”ro

stored in the array member associated with tae parti-
ular Il id-blocks O.i. thg ind@cator' array 'Yd'*. This' array 1is
sed |8 u[ date tiie time dimension for the iterative sol u-

ion*

material to cjual the taryet*

««te pi XdiU «u



1 S | E S I i 1 i
tiled in Subsection 6*6*1*

'
ﬁotal annual revenue and overburden Striti-inj co™t->



CUAp“rSH 7 A': CPZ'i PIT MINING SOLUTION

l1111a 111

invalid for insufficient iit capacity

7. 1 Til 3 EX.\:iPLL DLPOSIT

ft. ol ovcrlutden in some places™

in 11 7e2 *ete dViden 11 4

occurs below tx»es , >. r the 1 )te hol'-a# on., on-
3»010jU  £o..t ILM retorted .to.
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TRANSVERSE SCALK=J¢50FT.

J
2 4 6 810 12 14 16 IS 20 22 24 26 28 JO 32 J4 6 j8 40 42 44 46 48 JO
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F,0. 7.1 PLAN MAP AND 2XPLORATION DRILLING PATTERN OF THE EXAMPLE DEPOSIT
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fault and tho {casont water table level
the oven 1it nininj solution* Only these
offact on the solution*

are significant to
features have any

The fault and watei table divide the d<'vosit
that are necessary to delimit the

oeolojic conditions vary sufficiently
Irediction* The four mineralization
the -Jrade Prediction Projrammc to prevent the estimation o.°
Point mineral values from assays occurtin) in different
zones® This identification was described previously m
Subsection 3*¥4*]* Fhe spatial mineral distributions o. tne
two recoverableminerals were computed by the Graue Predic-

tion Pro jramme and ,asset on to the MPProgramme throuyh
magnetic disk storage*

into four zones
areas in which the

to influence jrade
zones ire idonti:ie : by

hosed zone*

Section*)
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e iuirniGnt ur.od Lelow thu w*toi table te Juices a minimum
working wall-an jl1'd of 1*045 tadianse The switea in equipment
types is planned as a result of:

1) anticipated ch ing-'s in the annual quantities of overLu-
tden removal,

2) changes in the digging characteristics of the pit
material, and

3) repaired replacements for deteriorated excavation equi-
pment*

Kith the chanjo of equipment type, the standard wrote

excavation cost alters from 0*15/ ,er ton il >v¢ the J 1 'r
tal le to 0*3n' per ton below* The difference in taeoc.

d 1 1 1 1

respective standard excavation co.»t

The OL fU-a costs ate antici, .tee to
50Cc,co0 cash wunits t«t /eat*
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span*

The possible plant production capacities proposed for the
mine are 7 million tons per year for the pit and the twenty
seven combinations of concentrator, refinery and overall
recovery of fic Loncio..: shown in Table 7*1* The entries under
every combination are their capital costs* These costs
rej rese!. t the total capital required to finance the develop-
ment of each combination* They are the total of the annual
requirements discounted to the first production year* The

discount interest rate is 8% which is the opportunity cost
of investment, capital*®

THE CAPITXL COST OF 27 PLANT CAPACITY COMBINATIONS

%k k ok

OVERALL *P2FINERY*CONCENTrATOR CAPACITY (P) *
* R2COVF7Y tCAPACI 'Y* 15 1%6
¢EFFICILMCY* (T) B
* 20*%0  * 37*75 12*00 35%15%
* 22%5  «32%5(0 25%65 42*00*
% 25%()  *23%5() 27%2 30%25%
ES
s 20%0 *17*50 26*85 31*85*
s 70% 22%3 4 1*25 27*00%*
N 25%)  *34%75 40*50 38*25’2
ES
* *20%0  *30%*75 40*00 25*50*
«  OT * Q%5 %)3%75 41%00 3T7*T75%
" *D5%()  *28%25 25%65 35*00*
kksksksksksksksksksksksk sksksksksksksksk 4*********** kkskkkk «**‘

PIT CAPACITY=7 .1ILLICM TON .'E

CAPITAL COSTS IN MILLIONS OF CASH UNITS
(T)*cdpacities in thousands of teas . 1
(t) =catacit ivs in .Pillions of ton.* ior y« *

TABLE 7* 1
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distances ure e ]Jaal to the tench width and hei jht which are
100 ft and 50 ft, respectively® Ore excavation comas from
jne workinj face that advances parallel to the longitudinal

co-ordinate axis and chanjef. the direction of its advance on
alternate benches*

Finally, there ate two further pieces of input data required
to initiate the P Programme®* These are the initial assump-
tions for the T-S mineral distribution and the avetaje unit
production costs for the first year* The pit increments 'M'
of the T-S mineral distribution’s date* set ORESES’ are
assumed to include all material in every four :jrid-levels
from the top of the deposit down* (See Subsection 6*3*1 for
a detailed loseription of this assumption®*) The averaje unit
production costs for the first year were assumed to be:

Pit: 2= 0%*43« per output ton
Concentrator: C= 0*80/ior input ton
1 =

Refinery: s0*00 cash uniti rer output ton
Recall from lection 6*2 that these assumptions are replaced
as the solution converges#

72 THE SOLUTION

A solution to “xpioit the deposit described in the preceding
section was com[ncl with the Model* The output of the
Model's M Frojram-a is presented in this section* Soma o.

fourth cyecl' *
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I
THE NET PY9ESEHT VALUE OF 27 PLANT CAPACITY (OP!'bl NATIONS'

(FIRST IT.!HATION CYCLE)
’***************
OVERALL * REFINEPY*CONCLNTRATOR CAPACITY (P
RECOVERY *CAPACITY* 1"3 1*G 1%7
FFICI2NCY*  (T)
20%0
22%5
25%(0

20%0
22%*5
25%0

20%0
22*5
25%0

-2 3%55 —

& .

9Cr,

******” = ¥ X *
% % % ¥ ¥ % k% ¥ K %
L ]

95%

PIT CAPACITY=7 nt LION TONS PER YEAR
PRESENT VALUES IN MILLIONS OF CASH UNITS

(T) -cat deities In thousands of tons per year
(K) -capdcit.ies in millions of tons per /oar

TABLE 7« 2

followinj iteration cyc" «
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THE NET PRESENT VALLE (F 27 PLANT CAPAQTY COVBINATIONS
(SECOND ITERATION CYAE)
#****<**‘*******
OVERALL, *I2FINEPY*CONCENTRATOR CAPACTTY | (%) ¥
RECOVERY *CAPAITY* 1*3
EFFICIENCY*  (T)

*  20%0  *-16*11  -8%41 -9*72%*
857 x  22%5 - 10%8 1 S 2%01 - 16%46*
* 25%0)  * -6*74 -3*21 —4*64*

. 20%0 *-16*11 -3*%5() —6*67*

90 . 22*5/ *.17%04  -17*86 -1*76*
. 25% *.13%26 -16*80 -12%93*
L2040 * -9%52  -16*83 _g*48*

95% . 22%5 % _4%48  -17*02 - 12%72%
0 . 27*0 % _6*90 _2*17 _9*96*

*‘***"

PIT CAPACITY*? MILLION TONS PFR YEAR

TABLE 7* 3
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THE NET PRESENT VALUE OF 27 PLANT CAPACITY COHBENATIONS
(THInD ITERATION CYCLE)

*  OVERALL *REFINEPY*COilCi'NTRATOR CAPACITY
* RECOVERY CAPACITY*

¢EFFICIENCY*

* ¢ 20%0 ¢-10*11 J2%56 _3%79%
* 85%* * * ¢ -5*%13 3%86 -10%54*
4 ¢ 25%0 .+ - 1*20 2% 16 1*05*
¢ ¢ ¢ *
M *20%0  *- 10*13 235 -0*72%
¢ 90 ¢ 22*5 -11%39  -11%99 4%21*
¢ ¢ 25*%0 e . 7%58 -11*35 -7*16’:

¢ .

: * 20%0 ¢ -3*60  -11%03 5*40*
¢ 95% ¢ 225 & 1*19 S 12*%00 —6*82*
¢ * 25%() ¢ -1*%13 3*33 _4*10*#

1 CAPACITY*? MILLION TONS PE? YEAR

TABLE 7* 4

i K K

7*10 omitted from the Itint out*
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THE NET PRESENT VALUE OF 27 PLANT CAPACITY COMBINATIONS

OVERALL ETIN ERYACCNCLNTRA '01 CAPACITY (<) *
(FOURTH IT -RATION CYCLE)

RECOVERY ~CAPACITY* 1] 1*6 1%¥7 *
EFFICIENCY * ?
* 2(('))*0 « . 10%20 -2%66 -3*%64*
057 * Q%5 o« 3*7U » 0*¥59%
*23%0  * -1%29 2%06 on
* *
* 0 20%0 o+ - 10%21 2%*25 -0*77*
907 * *-11%43 12*08 4%16*
£ 23%0 ¥ -T7*67 ml1*44 -7*18**
* *
*20%0 * -3%66 11%12 5%34x
* * £ 1%10 ~12+ 10 - 6%83%
% * %%*(5) * -1%41 13%24 -4 « 16*

IPIT*CAPACITY*? MILLION TONS PER YEAR

TABLE 7* 5
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CUT-OFF GRADES 5 TARGETS FOR THE PLANT COMBINATION:
(FIRST ITERATION CYCLE)
PIT CAPACITY = 7*0 MILLION TONS/YEAR
CONCENTRATOR CAPACITY (CON) = 1*6 MILLION TCNS/YcA

REFINERY CAPACITY (R-F) = 20*0 THOUSAND TOMS/YEAR
OVERALL RECOVERY EFFICIENCY = 85/

YR COG (z) PIT (f) CON (K REF (T) FLOFIT (f)

1 o 11 7*00 0*30 3%02 S 0%52
2 . 11 7*00 0*30 3%82 -0*50
3 *11 7*%00 0*30 1%82 -0%*52
4 *11 - 0*30 3%82 -0*35
5 * 11 7*%00 0*30 3%82 -0%*57
6 *11 7*%00 0*30 3%82 -0*39
7 * 11 7*%00 0*30 3%82 S 0%62
8 *11 7*00 0*30 3%82 -0*64
9 * 11 7*%00 0*30 3%02 -0*%67

10 * 11 7*%00 0*30 3*82 'Oi§9

11 *11 5%29 1*#60 6*89 1*38

12 *11 3%25 1*60 6%01 2*08

13 * 11 3%25 1*#60 6%01 2*09

14 * 11 3%25 1*60 6*01 2*%09

* 7*00 0%*59 S.06 -1*%65

gi *ij 7*%00 0*59 5%06 -1:71

65 * 14 7*%00 0*59 5*%06 -1*78

66 * 14 7*00 0*59 5%06 -1*84

67 . 14 7*%00 0*59 5%06 -%*31

68 .« 14 7*00 0*59 5*%06 -1 7

69 . 14 7*%00 0*59 5%06 _i ??

. * 0*59 5%00 -2

;? ~ij ;*88 0%*5 3 5%06 -2%13

72 * 14 7*00 0*59 5*%06 ; 2:26

73 . 14 7*0u 0%*59 5%06 -2*33

74 . 14 7*%00 0*59 5%06 -%*j ;

75 .15 7*%00 0%*37 5%0 3 -

76 * 13 6*11 0*50 CAPI"li“l,&E(OCOST -2%44
' ITS LESS
RES ENT VALUE OF PROF CAPITAL OOST . sh UNITS

TABLE 7* 6
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CUT-OFF GRADES 6 TARGETS FOR OPTIMUM PLANT COMBINATION:
(SECC..D ITERATION CVCLi:)
PIT CAPACITY = 7«C MILLION TONS/'?ZAR
CONCENTRATOR CAPACITY (CON) = 1*7 MILLION TONS/YEA

REFINERY CAPACITY (ELF) - 20*0 THOUSAND TONS/YZA?
OVERALL RECOVERY EFFICIENCY = 95{

YR COG U) PIT (M CON ih@ REF (T) PROFIT (M

1 .09 7.00 C«7 4» 84 -0.01
2 * 09 7.00 0.7 3 4.80 0.00
3 < 09 7.00 0%65 4.47 -0*24
4 *09 7.00 0.65 4.47 -0.26
5 *09 4.26 ie7 6*23 1.72
6 . 10 4«13 1.70 6.33 1¥38
7 « 10 4.13 1.70 6* 19 1*39
a « 10 4.13 1.70 6. 39 1;33
9 * 10 4.06 1.70 6*38 1*32
10 e 11 3»64 1.70 6«40 2* 16
11 . 11 3«64 1.70 6*40 2416
12 11 3%6 4 1.70 6*40 2*17
13 . 11 3*64 1.70 6*40 2*17
14 . 11 3%64 1.70 6«40 2%13
12 1.77 1*70 7.08 5.40
gé e 11 1.77 1#70 7%96 Z:?g
33 * 1] 1.86 1*70 6295 P
34 1 1.37 1*70 6*90 T
35 .1 1*87 1%#70 6*90 e
36 . 11 1.07 1*#70 6*90 20
37 . 11 1.87 1*70 6*90 4 00
38 < 11 1.91 1*70 6%76 Y
I R v B o R
L] . *
j(l) . H 1.92 1*70 6:74 4*04
47 . 11 1.92 1*70 6*7 ¢
43 e 11 1*31 1*70
44 . 11 0-03 0%73

PRESENT VALUE OF PROFITS LESS

TABLE 7* 7
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CUT-OFF GRADES G TARGETS FOR OPTIMUM PLANT COMBINATION:
(THIRD ITERATION CYCLE)
PIT CAPACITY = 7*0 MILLION TONS/YEAR
CONCL'ITRA TO* CAPACITY (CON) = 1*7 MILLION TONS/YSA

REI INF.RY CAPACITY (RTF) * 20*0 THOUSAND TONS/YEAR
OVERALL RECOVERY EFFICIENCY = 9SK

YR COG /2) PIT (M COM (M REF (T) PROFIT M

1 e 12 7*00 1*17 5%38 0%49
2 12 7*00 1*17 5% 0%41
3 . 12 7*00 107 5%80 0*43
4 . 12 7*00 1*41 6* 67 0%96
05 . 12 4*47 1*70 6*87 %01
6 e 12 4*47 1*70 6*87 2*03
7 . 12 4%*47 1*70 6*87 200
3 *11 4%4 1 1" 70 6*81 204
9 * 11 4*40 1*70 6*79 2%22
10 * 13 4%48 1*70 6°+Gl 2:06
11 13 4*40 1*70 6*61 2*09
12 - 13 4%48 1*70 6*61 204
13 * 13 4*48 1*70 6*61 2:20
14 . 11 4%48 1"70 6%6 1 2%24
. 1% 1*#70 7%96 6*13
g(l) -018 1*?2 1*70 7*27 5:42
32 *09 1*74 1*70 7:24 5*37
33 <09 1*%74 1*70 7%24 5%43
34 * 09 1*74 1*70 7*24 5:61
35 * 09 1*74 1*70 7*24 Z*;(())
3¢ * 09 1+ 87 1*70 6*44 i
37 * 09 1«89 1*70 6*31 j*gg
30 * 09 1*89 1*70 631 e
39 * 09 1*85 "*70 6*21 S
40 * 09 1*35 1*70 6-21 426
41 « 08 1+ 85 1*70 605 4
42 * 08 1*77 1*70 4*8 3 0*?2
43 * 03 C* 37 0*36 1*02 -

LESS CAPITAL COST
PRESENT VALU OF PROFITS 5% 40 MILLION CASil UNITS

TABLE 7* 8

H Cinil ) £t ia todosijnuil troi the T-S net cailh
¢ 1n1 pit surt ac
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CUT-OFF GRADES 6 TARGETS FOR OPTIMUM PLANT COMBINATION:
(FOURTH ITERATION CYCLE)
PIT CAPACITY = 7*0 MILLION TONS/YEAR
CONCENTRATOR CAPACITY (CON) = 1*7 MILLION TONS/YEA

REFINERY CAPACITY (RF.F) = 20*0 THOUSAND “ONS/YEAR
OV2° ALL RECOVERY EFFICIENCY * 95?7

YR COG (T) PIT (M CON (M REF (T) PROFIT (K

. 7%00 1* 17 5*8U 0*49
> 7400 1%17 3%38 041
3 . 12 7%00 1%17 3*30 0*4
4 2 7%00 1*4 1 6*65 0%96
B *12 4%47 1#70 6*87 2701
6 12 4%47 1%70 6*87 2703
7 . 12 4*47 1*70 6*67 2’;10
0 .11 4%41 1*%70 6*81 2*%14
9 . 11 4%40 1#70 6*79 2722

0 #13 4*413 1%70 4*6; S

T 17 4%4(3 1*70 6461 e a

2 *B 4*413 1*70 6761 )

13 * 13 4%413 1*70 661 %*%2

14 #13 4%48 1*70 6%61

. 1%*80 1*70 7%96 6*13

30 09 by 1%70 7%27 5%42

o .09 1%74 1%70 7: 24 5% 37

33 £09 1%74 1*70 7% 24 5::4 3

34 £09 1%74 1%70 7i24 5*6 1

" . 09 1%87 1%70 6*44 *70

o .09 1%89 1%70 6*31 4*00

18 . 09 1%#85 1*70 b*21 \7\;)7

3 03 1%g % 1%70 6*21 4%63

40 *on 1#85 1*70 6*21 3*71

i . 03 1%85 1%70 6* 18 *73

42 - OP 1*77 1h70 T 0%35

i1 . 11 0%4 1 0*38 )

CAPITAL COST =
PRESENT VALUE OF PROFITS 'LESS 54"\ii[1ON casH UK.->

TABLE 7* 9

) ) ) ) the diiit-Lihution is I€
value distribution whenovoi
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AVERAGE UNIT PbtODI’r'TION COSTS
(SECOND ITERATION CYCL

YR PIT (E) CONCENTRATOR (C) REFINERY (1)
CASH UNITS/ CASH UNITS/ CASH UNITS/
OUTPUT TON INPUT TON OUTPUT TON

1 0*4 1 1*02 50*%363
2 0*43 1*06 50*446
3 0*4 3 1*06 50*%463
4 0*43 1*07 50*%480
5 0*42 1*07 53%497
6 0*4 3 1*07 50*515
7 0*43 1*07 50*53 i
8 0*41 1*07 50* ,51
9 0%*42 1*07 50*%563

10 0*4 3 1*07 50*575

11 0*4 3 1*00 51*483

12 0%43 1%08 51%458

13 0*43 1*08 51*738

14 0*44 1*09 52%254

1b 0*44 1*08 51%593

16 0*44 1*08 51%942

rs 0*45 1*11 53’:110

29 0%45 1¥1 1 531232

30 0*45 1*11 .

31 0*45 1*12 53*483

39 0*46 1*15 55*%075

33 0%47 1%17 55*502

34 0*%46 1*13 54:151

35 0%46 1*14 54*627

36 0*46 1%13 54*186

37 0%46 1% 14 54*377

38 0%46 1*14 347510

39 0*46 1*14 54*905

10 0%46 1*14 54*790

A1 0%40 1*15 54*054

G

43 0*40 1* 10 .

44 0%40 1%17 55*%414

TAbLi. 7«11

TU..«e nit surface, fur the four iteration -ycl
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AVERAGE UNIT PRODUCTION COSTS
(THIRD IT .'A"ION CYCLZ)

YR PIT (E) CONCENTRATOR (C)  REFINERY (R)
CASE UNITS/  CuSh UNITS/ CASH UNITS/
OUTPUT TON INPUT TON OUTPUT TON

1 0*4 1 1*01 50* J50
2 0%37 0%99 51*511
3 0* 37 1*01 52%284
4 0*30 1%¥02 52%643
5 0* 39 1*04 63%325
6 0*31 1%06 54%*125
7 0*40 1*07 55*%056
0 0*4 1 1%09 55*%962
9 0%4 1 1*10 57*140

10 0%42 1%12 57*75 3

11 0%42 1*14 58%397

12 0*4 3 1*15 59*431

14 0%45 1*#19 61%255

19 0%45 %21 62:510

16 0%46 1%23 63*357

27 0*55 1*45 74:204

20 0%56 1*47 757858

71 0%57 1%52 76*893

31 0*5) 1*54 79*125

32 0%65 1*64 79*030

33 0%70 1%72 e

34 0%69 1¥72 FEMAS

35 0%*72 1*77 *579

N0 nv

37 0%7 1 1*80 27310

38 0%76 1*86 20%132

39 0*77 1*88 .

oo o002

41 0*80 1*94 i

« 1%97 93*126

42 Oeas 1* 10 56*009

43

TABLE 7%12

die illustrate in Hg 7.V Etch °» the
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AVERAGE UNIT PRODUCTION COSTS
(FOURTH 1T ;:RATION CYC ')

YR PIT (E) CONC * .TRATOR (C) ~ R .FINERY (R)
CASH UNITS/ CASB UNITS/ CASM UNITS/
OUTPUT TON INpur TON OUTPUT TON

1 0*41 1*01 50*330
2 0* 37 0*99 sle511
3 0* 37 1*01 5'*284
4 0* 18 1*02 52*%643
5 0*39 1*04 53*325
6 0*39 1*06 54*125
7 0*40 1*07 55*056
8 0%4 1 1%09 55%962
9 0*4 1 1*10 57*140

10 0*42 1*12 57*753

11 0*42 1*14 50*397

12 0%4 3 1* 15 59*4 31

13 0*44 1*%17 60%*247

14 0*45 1*¥13 61*255

15 0%45 1%21 65*510

16 0%46 1%23 63*357

%

27 0%55 1*45 ;;‘*%g‘é

30 0%30 1*52 70*%006

31 0%59 1*54 79*125

1 0%65 1*%64 79*080

13 0%70 1%72 81*720

34 0%69 1%72 02*810

26 0%72 1%77 83*378

36 0%7] 1%77 84*598

7 07 1380 §7431%

38 0%76 1*86 .

9. 077 Lo 50+69¢

40 0*70 e 91%750

41 0%00 1%94 .

N 1%97 93* 126

42 8*83 1%52 94*0 39

43

TABwWE 7*13

. . sat face at that point The
elevation of the 1indl I'il



elevations 1t0 the distances in lid-levels

iloM a horizo-
ntal datum level alLevthe

doposit down to the /it suiiace*
These elevations : or .:jen' the intercept of the jit sir..ace
with the jril syst-=ie however, the

intercept; it over; ot.iet
rot shown here* The; were deletei to
The contours on the mat were Irawn in
intervals*

arid-intersection are
sreeJ up the solution*
by hand at 100 ft*

Hi-

boundaries*

55 . % *» S B .r8 » .S r U 8

'& r ;. ! M . * 5 C
This intor Idtion con

List o! .
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OPTIMUM PIT SURFACE

»>J
2 it 6 8 10 12 14 16 18 20 22 24 26 28 JO J2 J4 j6 j8 40 42 44 46 48 jo

2 2 2 2/0 0 O

24 6

26 6

6 6 6 6 6 6 6 6

s |,IT (FIRST ITERATION CYCL )
FIG. 7.JA THE FINAL SURFACE OF
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18

24

26

28

30

OPTIMUM PIT SURFACE

]
4

~~/\Nr»yrtr>,3 3 3 ?

0

6 (8

6alld 12 14 16 18 20 22 24 26 28 30 32 34 36 38 4042 44 46 48 0

00/7 2 204 4 4 4 4 412

AN 4A 6 6 6/MX4

4

p 2 2 2 2 2 2 2 2 7 2/000Q

2 2222 22/0 000

N2 22 % 20 0000

) 12/10 10 10\12 lit XX «/1-

6/6 6 6\ \:

6 6 6 6 6 6 6

66 6 6 6 66 6 6 0w 4 M

HO.

7.3B  THE FINAL SURFACE OF THE

PIT

6 6 6 6 1C\

(SECOND ITERATION CYCLE)



OPTIMUM PIT SURFACE
>J

2 4 6 8 10 IP. 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

/m

10 o

20 6
22 6
249 6

26 C

no. 7.50 THE HHAE surrackE OF THE FIT (THIRD I1TErRATION CYAE)
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OPTIMUM PIT SURFACE
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SIMULATED 1 IT PRODUCTION SCHEDULE (FIRST ITERATION CYCLE)
YR CVERBUSD STRIPPING COSTS ORE REVENUE
ft TONS, E CASH UNITS K TONS ¥V CASH UNITS
1 6.34 2 74 0%28 0*07
5 099 0%43 0%28 0%10
3 0*00 0*00 0*28 0*14
4 1*41 0*61 0*28 0*14
5 3%10) 1.36 0*20 0*07
> 0%00 0%00 0%28 0%07
] 0%28 0.12 0%28 0%06
g 0%84 0%36 0%28 0*03
9 661 2#87 0*28 0%07
0 605 2%63 0*28 0%07
11 4%03 1,60 1*55 VoO
12 1*59 0*75 1*55 1*71
13 1%69 0*75 1*55 1*95
” 2%93 1%03 1#35 1#70
15 2%11 0*85 1*55 1*20
16 1*69 0*72 1*55 1*81
3 0%28 0*0' 1%55 3#59
36 0%28 0* 13 1*55 5*%65
37 0*00 0*00 1*55 3*37
1 c 0o 0*00 1%55 2%24
39 0% 14 0%03 1%55 2%00
40 C*C0 0*00 1*55 2%*%75
41 0*00
*
42 O 439 1.63 2%18
" 0* 13 1*03 3*54
44 0*28 0%10 1%63 3%27
45 0%42 0%00 163 2*70
46 0%00 0%00 1%63 2*79
47 0*00 0%56 1%63 2%22
48 118 0%03 1%63 1%79
41 0*15 0400 1*03 7*50
50 8:38 0%00 1%63 1%65
* %
g; 0790 0509 0%74 0%46
TOTAL 8 E7 7H )9¢7 1 MILLION CASH UNITS
TOTAL SUr.3L PIT INREM2..TS311

TABLE 7*14

e e b T = _——
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[KULA 'ED PIT PRODUCTION SCHEDULE(SECOND IT SKATION CYCLE)

OV:R "RP%I STRIP:>1-H; COSTS  ORE REVENUE
w M TO: 3 X CA ;H UNITS M TONS H CASH UNITS
1 6% 2%68 0*70 3%47
) 5%3 2%58 0*70 0%39
3 1%13 0%60 0*70 0'24
4 7%3 4%04 0%70 0%27
5 2%3 1*%37 1*69 2%28
5 4% 2%4 3 1%#69 2%68
7 2%5 1*50 1%69 2%63
9 3%] 1%73 i:gg §:§§
* 1*19
0 232 1%46 169 4+00
13 4%93 3*25 1*67 2740
14 2%32 2%05 1*69 %*H%
15 7%63 108 1*69 4473
16 1%13 0*7 3 1*69
n | b*91
* 0%36 I'b?
%g 0oz 0%61 1%69 3 14
28 1%41 0*06 1*%69 4%43
29 0%42 0*09 1*69 2588
30 0 *o: 0*00 1*69 A
3 0500 0%00 1%6) i
2 0%2 0.09 %97 e
0%00 0%00 1*#63 .
33 * « 4%84
0%2 ] 0%27 1%6 3 Py
e 000 i 0%00 1%63 3637
35 %13 0%20 1%63 Y
36 0%71 0%*31 1%6 3 %
g; 0*44 0%22 1*63 2%72
3 089 0*31 1%63 379
0%10 0-C4 1%6 3 1#53
0 0l 0*08 1%63

* b
1 000 0*00 ' o % A Ot
TOTAL PEVTHU£S14G*OSI§E££§3L£§%?{ UNITS

»
TOTAL NUX9E* OF PIT

TAiiLE 7*16

ann,w | tn;ojraihic ~1:



IKULATEB piT P30DUCTION] SCHEDULE (THIRD ITERATION CYCLB)
YR OVS"BURF I'J STHIPPIEU COST ORE

REVENUE
n 1U& | K CASH UNITS ! TONS M CASH UNITS
1 6*05 2*%61 1.13 0*57
2 5*%77 2* 3 1*13 0*66
3 6*05 2*70 1.13 0*68
4 6*76 3%31 1*41 2*%14
5 3.10 1*50 1*63 2%*73
6 2%60 1*42 1*69 2%26
7 3%10 1#51 1*%63 2*%08
8 2%6() 1%20 1*69 2*%31
9 2%8) 1*49 1 *69 3* 33
10 2%68 1%50 1*69 3*84
1 %573 1*35 1*69 2*52
12 2%96 1* 32 1*69 2%32
13 2%96 1*74 1*%69 2*%67
14 2%75 1* 34 1*69 4*02
15 0%96 0%38 1*69 3*69
16 0%20 0%21 1*%69 6*51
% * 1*6'T 4*79
B 0e00 0400 I
27 0*14 0*14 1%69 5*83
78 0*84 0*40 1%69 2136
29 r.23 0*12 169 3*59
30 0%14 0*03 1*69 4*23
1%41 0*05 1*73 e
gé 0%00 0*00 1%63 3*27
33 1%83 1%01 103 e
34 0*00 0%00 1ees x
0*00 L*00 163 3*70
35 0%14 0%01 1%63 3*9 3
36 0%13 1*b3 3*77
37 0*28 1%63 3%27
0%*27
38 0*10 x 1%6 3 4'7)
39 0 *nc O*OO 1*63 3*24
40 0*00 0*00 0%30 0%*29
41 0*00 0*00

. frlu 51 FILLILj vAx». NtTS
%8%% %EMB”EIQ OF PIT INCISEMENTS»9

TABLB 7-10

five-ioatly tolojtalhic .ay illuf;tiat'"l



2)

AT'D  1: IMODUCTIO'T SCHEDULE (FOURTH ITERATION CYCLE)
" OVE~EURCE I VPT EG COSTS ORE REVENUE
) K TONS, CASH UNITS r TONS K CASH WN
1 6*05 2%61 1*13 0*59
2 5%77 2%53 1%13 0*56
3 6*05 2*%73 1*13 0%68
4 6*76 3% 33 1%#41 2*%14
5 3%10 1*59 1#69 2*9 3
6 2%68 1%42 169 2726
i 3%10 1%51 1*69 2*08
0 2%60 1%23 1%69 2231
9 2*R2 1%49 1*69 3*33
10 2%68 1*50 1%69 3%84
* 1* 35 . 2%52
1 Sene 1%32 1%69 2*32
3 2%96 erd L 02
14 2%95 1%34 1%6) 4%02
0*%56 0* 39 1*69 3*68
18 C*28 0*21 1*69 (*51
%04 0.06 T6? 111
25 S*fo C00 TO" 8.79
26 0%1 0.14 1.69 6.81
;Z 0%34 0»40 1"09 2"16
29 0*28
0%14 .
g? 6*14 0«01 ts ;o P
%
32 0%90 0*C0 1.63 3%03
33 ! & .11 1.63 6.01
00 '
u of01 l
7 ) 13 of-- :
3 &6 0 1%3 ERY
. 0 .
40 0.0 8?"@% 0; 30 0.21
c*oo
h i sirk 3; r n r .» 1i; E "::,78
TABLE 7*17
‘0 tmt innou > nd overall «ttii 1iU r-1UOS>
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3) the arnual tefin”L; outT.ut,

4) a list of the T-S not cauh value distiihation,

s) a list of 1tho year and order

of cxcav ition for
jrid-LlocX mined, and so forth*

ri itc FORTRAN statements into tho M. Pi )jidinme*

pit production capacity*

ECONOMIC EVALUATION OF THE SOLUTION

in i
tax
interest

each
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TOPOGRAPHIC MAP of PIT IN YEAR 1
*]
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no. 7.4 nVE mKLY PLAN NAPS ofF THE ITT



TOPOGRAPHIC MAP OF FIT IN YEAR 6
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FIG. 7.4 (CONIINUED)
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TOPOGRAPHIC map oF pit IN YEAR

11

2 4 6 8 10 12 14 16 18 20 22 24 26 28 >0 J2)4 )6 )8 40 42 4446 43 50

0o 00 0 0 o070/ 2 2 2 / 4

0 o0 0/2 2 2/4 4 41/6X

0 00/ 22/ 4 4

~2 22 2 2 2 2 2 2 Zj 0 0 0

4 4\2 2

0o 0 /2 2 / 4 4 4 6 6 6 6 6 6 6\ 4 4

0 0 2 2 4 4 4/6 6 6 6 6 t 6/4
2 2\V4 4\ 6 6 6 6 6 6 6 6 6 6

2 2 2\4 4'6 6 6 6 6 6 6 6 g

6 6 6 66X4 4 4 4

6 6 6 66 6\4 4 4

6 6 6 66 6 G\l. 4

6 6 6 66 6 O6GV

6 6 6 6 6 6 6 6 1 4

FIG.

4

4

4

4

7

.4

(CONTINUED)

2 2 2 2 2 2/0

=
=
(e

4\ 2 2 2 0 0 VvV o0 0

4 4 4 \0 00
4\ 2\0 0
4 4 2\ 0

664444//0000

/1
4 4 4[2X4/l0 0 0 0 C



TOPOGRAPHIC hap of pit in year

J
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FIG. 7%*4
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(CONTINUE!")
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TOPOGRAPHIC HAP OF PIT IN YEAR 21

— AJ
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