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7.2 LISTING OF THE MODULES MODEL, INITIAL AND PINAL

4636 !  -— ---MODEL
4646 REM MHIH SUBR TO CftLC F(l), 

K(l,z>FOR ALL i AMD z=l.2.3
4656 ! ’iTVS.m**TUNSTEADY FLOWS 
4668 ! ++4-+++++++CASCAOE OUTFLOW 

&SETTLER INFLOW 
4670 Z3=FPCT/7)$7 ! DAY OF WEEK 
4688 IF Z3>5 THEN 4716 1 MON.=Ofi 

VI
4690 ! WEEKDAY FLOW 
4760 A(65)=FNOCU*81 8 A<66>=FND 

C3)*B2 8 GOTO 4780 
4718 ! WEEKEND FLOW 
4726 A<65)=FN0(2)SB1 & FlC66>=FND
4789 ++++++++++++MPS4795 K675>0 THEN 4830
4S0f ‘OMRS OFF
48 r R<1>>=A<42) THEN A<67>=A
4823 GOTO 4850 
4830 i POMPS ON
4840 IF A<1)<=R(43> THEN A(67)=0 
4850 F<n=AC66)-A<67>
4860 ! 4+++++++++++++1PS 
4878 IF A<685>6 THEN 4910 
4880 I PUMPS OFF 
4896 IF R<2)>=A<44) THEN A<68)=A (2 1 )4908 GOTO 4938 
4918 ! PUMPS ON
4926 IF A<2)<=H<45) THEN A<68>=6 
4938 F(2)=A(67)-A(68)
4940 ! +++++++•(-++5E0 . TANK 
4950 A(80)=R(36)$R(66> I MUD OIS 

P FLOW
4963 IF A<3)>=R(46> THEN A(69)=M 

m%<0,A(6S>-A(80>) ELSE fi<69 )=8
4970 F(3)=A<6O)-A(80)-A(69)
4980 ! ++-*-++-$• •M-++++HQTHELL 
4990 I MRKEUP-RWB&S’IPPLY DAM 
5000 IF A<4: x«H<47) AND Gl=6 THE 

N fiC74:• ; 23) ELSE A(74>=0 
5010 IF A C4 i <«*fi<48? AND G2=6 THE 

N R<7S>=Af25) ELSE A(76>=0 
5020 I OUTFLCH
5038 IF A<4>'0 AND A<5XA<52) TH 

EN R<?6>=A<22> ELSE A(70)=0 5035 F<4>=A<59?f-A(74)+R<76)-A<70
> ! NET INFLW 

5046 I OVERFLOW 
5056 A<78>*0 ! ASSUME 
5060 IF A<4)<R<49) OR F(4)<=Q TH EN 5930 
5070 A<?e>=F<4> @ F<4)=0 
5088 ! +++++++++REFRIGERATION 
5090 fim>=fi<?B)*<l-A<33>-fi<34)> 5160 I •t-++++++++++COLDWELL

*
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5116 ! MAKEUP-RWB&SiJPPLY DRM 
5120 IF A<5»m(50) THEN 5150 5138 IF AC?4)=0 THEN A(75)=R<24) 
5140 Gl-1 S GOTO 5169 
5150 A(7S)=0 @ G1=0 
5160 IF A<5)>A(51> THEN 5190 
5170 IF A(76)=0 THEN A(77)=R<26) 
5186 C2=l 8 GOTO 5200 5190 A(77)=0 6 G2=0 
5200 F(5)=A(71)+m(75>+R(77) ! TO T INFLW 
5210 ! OUTFLOW 
5220 IF A(5)># THEN 5250 
5225 Z3=MIN(A(27),A<65>)5230 IF A(6XA(53) THEN A<72)«MI 

N<F(5),R(27)> ELSE R<72)=MI 
N<F<5>,23)5240 GOTO 5260

5258 IF A(S)<A<53) THEN A<72)=A< 
27) ELSE A(72)=MIN<A(65),A< 27>)

5260 F<5)=F<5)-A<72) I NET INFLW 
5C70 ! +++++++++U/C STORAGE DAM 
5280 FC6)=A<72>'-A(65)
5285 I +++++++CASCAOES5286 FC7)»0
5298 I *******»***j|:*******SALTS 5300 IF G=1 THEN 5540 
5310 ! ++4-+++++++MORKINGS 5320 23=A<66>+A<32)-A<37>
5350 A<S23=FNQ<1> ! Ccascade 
5340 A<79)=R<60)£<A<61)-R<82))-R 

<62? ! ntg/l LEACHED 
5350 A<S3)e<23*(A<79)+A<82))+A<3 

7?:kA<59))/A<66) ! Cworkinsis 
5360 1 +++++++++++SETTLER 
5365 A<85)=A<8)/A<55)
5370 F<8)=R<66)*<R<83>-A<85)) 
5388 ! +++4+4-+++++MPS 
5385 A<S6)=A<9)/A<1)
5390 F<9)=A(66)%A(85)-A<67)*A(86
5408 ! ++++++++++fIPS 
5405 A<87)=A<10)yA<2)
5410 F<10)=fi<67>*RC86>-RCS8)*A<8 

73
5420 ! ++++++++++SEO.TRNK 
5425 A<88)=A<11)/R<3)
5430 F<ll)=A(68>%A(8?)-(A<69)+A( 

88 3)*A<88)
5448 ! +++++++++HOTWELL 
5445 A<893=A<12)/A<4 3 
5450 F<12)»A<69>*A<aB)+AC74>*A<5 7)+R<?6)*A<58)-<A<70)+A<78) 3*A<89)
5460 ! +++++REFRIGERATION 5470 IF A<71)=0 THEN A<84>=0 ELS 

E A<84)=A<89)4iA<70)4r<l-A<34 
))/A(7l)

5488 ! +++++++4+COLDWELL

*
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5485 fi<98)=fl<13>/fl<5)
5490 F(13)=m<71)*FI(84)+m(75)*A(5 

7)+R<?7)*A(58)-A<72>$A(90) 5590 i ++++++++U/G STORAGE DAM 
5585 A<9U=Aa4)/A<6)
5510 F<14>=A<72>*A<98>-A<65)*A<9 

t>
5520 J +++-i-+T-H'CflSCflDE DAMS 
5525 A02)«AC15)/A(7)
5530 F<15)=AC65>*(AC91>-1<92>> 
5540 ! $*Xit*N:***END OF SALTS
5559 J ++INTEGRATE fl<74)-R<80)
5560 FOR J3=74 TO 80 5570 25<J3-73,Z)=A<J3>
5580 NEXT J3
5590 IF F2#l AND T<T1+H THEN 567
5600 FOR J3=95 TO 101 
5610 23=J3~94
5620 ON F2 GOTO 5630,5640,5650 
5630 mU3MA(J3)+H*Z5CZ3, t) @ GO TO 5660
5640 ACJ3>=ACJ3>+H$<Z5<Z3,1>+Z3< 

23>2>>/2 S GOTO 5660 
5650 ACJ3>«A<J3)+H$<Z5(Z3,t)+2$< 

Z5(Z3,2)+Z5(Z3,3>)+Z5<Z3,4> )/65560 NEXT J3
5662 ! +++4.+T0T. UOLUME&tlASS
5663 AC93>;ACS1)=05664 FOR J3=l TO 7
5665 fl<93>»fl<93>t-fl(J3> G NEXT J3
5666 FOR J3=S TO 15
5667 A<Sn»A<81>*ACJ3> S NEXT J3 
5678 ! ^$X^*$$*$$END OF MODEL 
7966 FOR J=1 TO N0
7970 K(J,Z>=H*F(J> ! Z=1,2,30R4 
7980 NEXT J 
7990 RETURN
  -INITIAL

. DONE BEFORE SIMUL'N 
   m "1^UNSTEADY FLGWS&HO S
8021 DISP ^UNSTEADY FLOWS&UNST 

EADYSALTS <lor2>-'je INPUT

f  3513 iv,c 1 u n n

E m
IF Gttl AND G#2 THEN :

model.
OLD MINE-’, "Detailed unstead 
y flow and">"unsteady salt

<s/Ml=m<9/l)"
8066 DISP $ DISP "CAPACITY FLOW 

RATES<MVd) >"
8675 DISP “ PUMPS <MPSiIPSj HOT-CO 

LOWELL ";A(20);A(21);A(2 
2 )



DISP " MAKEUP WATER TO HOT& 
COLDWELLS- RWB";A<23>jfl<2
DISP " SUP DRM";R<25)iA(26

COLDWELL TO INFERMED
Si 10 DISP e DISP "RVERAGE FLOWS
8120 DISP USING 8130 j " INFILTR 

ATI0H",RC37>,'‘ EVAPORATION" 
,R(32)

8139 IMAGE 24R,X,K,/
8135 DISP TRBC2S) ; RATIOS"
8140 DISP USING 8130 ; " TOWER E 

VAP/INFLOW",A(33)," TOMER W 
INDAGE/-INFLOW'S AC34>

8150 DISP USING 8130 ; n ORELOSS 
VCRSCAQE FL0NU,R<353," MUD/ 
SETTLER INFLOW",A(36)

0160 i +++++++NYDROGRRPH FACTORS 
6170 81=A<38)zA(39>
8180 Z3=RC38)+?t<RC37)-A(32)>-AC 

35)$A(38) ! WEEKLY SETTLER

I l l s  DISP^TRB(23);"(Ml/week)" 
8230 DISP USING 8130 j " MINE IN 

FL0W%R<3S), " SETTLER INFLO
3210 DISP @ DISP "VOLUhES(Ml)'"
8220 DISP " STRRT-STOP VOLUMES'" 
3230 DISP " UPS PUMP";;;AC42);A 

(43) 6 DISP " IPS PUMP";R( 
44);A<45)

8240 DISP " SI I ITCH ON VOLUMES FO 
R MAKEUP'"

8250 DISP " HOTWELL-RNB&SUP-DAM 
“jR<47);A<48> <i DISP " COL 
ONELL-RWB&SUP.DRM";R(50);A(

S269 DISP " FULL CAPACITY*“
8270 DISP " SED.TRNK,HOTWELL,CO 

LOWELL"JA(4G);A(49);A(5Z)
8280 DISP " INTERMED&CRSCRDE DR 

MS,SETTLERS";R(53);A(54);R(

00 DISP G DIS

832i
8330 DISP ” LERCHINi

#)*z" e disp

)UB&SUP.DRH"J

-AC6l);A(G2)
I ! ORTA FOR DINIT VRLS 
! 1 TO?

t DATA 1.3,.45,1.6,4,2,2,1. 
; ! ST01S
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8808 DATA 1260,918,315,1120,2800 
,1490,2 4 6 8 , 1950,0,0,0,0' 

8810 ! 23T02S8312 DATA 14.7,14.7,11.5,.5,.5,5 
.4,5.4,26,0,0 

8814 ! 30TO468816 DATA 0,9, .d-, .05, .01, .2, .08, 
.5,70,2.619,1.478 

8818 ! 41T056
8820 DATA 8,2.9,1.6,1,.4,1.6,1,6 ,1.6,4,.8,.8,2,2/1.5,1.8,0 
8822 ! 57T0f4
8824 DATA ?6<3,12000.4600, .1, 1606 

0,1,0,0 
8826 ! 65T073
S8P.S DATA 2, , 1,6,0,0,0,0,2,0 
8630 ! ?<VT0S1
8832 DATA 0,0,0,0,0,1530,0,10250
8834 I 82T084
8836 DATA 708,700,700
8838 I 85T0948840 DATA 700,700,700,700,700,70 

0,700,708,0,6 
8842 ! 95TO101 
8844 DATA 0,0,0,0,0,0,0 
8850 I DATA FOR 4>PRT LIST 
8852 DATA 13,1,2,3,4,5,6,7,95,96 

,97,98,99,101 
8870 ! DATA FOR 6>PL0T INPT 
8872 DATfl 12,4000 
8876 DATA 18878 DATA 1,6,4,1,2,0,1.5,1,3,1. 

5,1.7, .1,4,0,4.5,1,5,0,2.5,
1.66.0.28.58880 DATA 67 , 0, 2D, 5, 69, 8, 28, 5, 70 
,0,20,5,72,0,20,5,97,0,1, 1,
58.0.1.1

8900 ! DATA FOR 10JTABLES 
8902 DATA 4
8304 DATA 11,6,2,4,11,5,2,6 8966 DATA 0, 1,2,3,4.-7,8, 9, 10, 11,
8908 DATA 5,12
8910 DATA e,I,2,3,4,7,8,9,18,11,
8912 DATA 5, 123914 DATA 8,.2,.25,.2,.5,.8,.75, 

.5, .875, .7,1,..2 
8916 DATA 0,.2,.25,.2,.5,.8,.75, 

8
8918 OATA 0, ,01, .25, ,01, .5, .5, .7 

5, .4,1, . y1 
8920 DATA 0/.01,.25,.01,.5,.5,.7 

5/.4,1,.61,2,.91 
8970 ! DATA FOR IDQUEUES 
8972 DATA 1,92,.02,5,700 
8939 RETURN
5000 I ------------ FINAL
9019 ! 8UBR TO PERFORM ANY USER- 

DEFINED OPERATIONS AFTER A



9020 DISF “TIME. STEP"JH;"DAYS"
9025 DISP -START^EHD TIME*";T0;T
9029 DISP “ALGORITHM:";
9039 IF F2=i THEN DISP "EULER"
9032 IF F2=2 THEN DISP "MOD.EULE
9034 IF F2=3 THEN DISP “4th OROE

R R-KUTTA1'
3040 DISP ® DISP "CUMULATIVE OUT PUT <MI>”
9850 DISP " MAKE UP WATER TO HOT &COLDUELLS"
9060 DISP " RWB "J A(95);A<9S

> Q DISP " SUP,DAM";A<97)j A<98)
9070 DISP “ HOTWELL OVEKFLOW; A< 

99)
9089 DISP " HUD REMOVED";A<101>
9090 DISP - SALTS LEACHED<kg)";A
9999 RETURN

7J_LIST_OF SYMBOLS USED IN THE MODEL

In this'model 101 program variables (A(l) to ft(101)) and 
5 standard BASIC variables are used. The values of 
program variables can easily be entered, changed or 
displayed as output using the facilities of the simu­
lation program, whereas programming changes are re­
quired to alter BASIC variables. This can be seen when 
studying the model. The program variables A(Z) to 
A(101) are divided into groups of different types of 
variables (see section 5.2). Each group is discussed 
and each program variable described. The simulation 
program requires that each program variable has an 
initial value before simulation commences therefore,
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The initial value of each variable and its units are 
also given. The program variables ate discussed•first.
Fig. 7-1 indicates the location of the system components 
referred to.

7.3.1 List of Program variables

* Indicates that the variable is not used at present
but can he used in future modifications to the model.

•The 15 dependent state variables (A(1J to .A(1SWresulfc from 
the simultaneous solution of the 15 differential equations 
during each iteration. There are two types; storage element 
volumes and mass of salts in the.storage elements.

VOLUMES (Ml)
A {1) Main pump station «
A(2) Intermediate pumpst,. 
A(3) Sedimentation tank '
A(4) Hotwell 
A(5) Coldwell
A(6) Underground storage dam 
A(7) Cascade dams

A(8) 
A(9) 
A(10) 
A (11) 
A(12) 
A(13) 
A(14) 
A(15) 
A (16) 
A (17) 
A(18) 
A( 19)

(initial value) 
1,3 
0,45 
1,6

2
1,5

Settlers

Sedimentation tank
Hotwell
Coldwell
underground storage dam 
Cascade dams

1260
910
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The following independent variables or parameters are 
specified by the user and do not change during simulation:

CAPACITY FLOW RATES (Mg/d)
A{ 2 0 ) MPS pump 14,7
A( 2 1 ) IPS pump 14,7
Auz; Hotwell to ref igeration pump 11,5
A (2 3 ) Make'-up:R-W.B. to Hotwell . 0,5
A (24 ) to Coldwell 0 , 5

A(25) Supply dam to Hotwell 5,4
A( 2 6 ) to Coldwell 5,4
A( 27) Coldwell to underground storage dam 26,0
A (28} * 0

A(29) * 0

A { 3 0 ) *
A (31)

A ( 3 2 ) Evaporation out of the mine (Me/d) 0,4

A(33)
Evaporation loss from refrigeration 0,05
flow from Hotwell

A (34) Windage loss from refrigeration 0,01
flow from Hotwell

A (35) Water removed with ore 0,2
cascade outflow

A ( 3 6 )
Mud removed from settlers 
Settler inflow

0,08

A(37) Groundwater infiltration (Me/d) 0,5
A( 38) Total weekly outflow fromthe coldwell, 70 ,0

A(39 i Total area of the relatlve-cascade- 2,0187
outflow versus time-graph for 1 week 
(see 7.4.1.1)

A (40) Total area of the relatiive-settler- 1,4798
inflow versus time graph for 1 week



A(41)

STORAGE ELEMENT VOLUMES (Mg)
A (42) MPS pump start 2,9
A(43) stop 1,6
A(44) IPS pump start 1,0
A(45) stop 0,4
A{ 4 6) Sedimentation Tank - full 1,6
A(47) Start/stop make-up to Hotwell from RWB 1,6
A( 4 8) Start/stop make-up to Hotwell from

Supply Dam 1,6
&(49) Hotwell - full 4,0
A(50) Start/stop make-up to Coldwell from 0,8
A( 51) Start/stop make-up co Coldwell from

Supply Dam 0,8
A (52) Col dwell “ full 2,0
A(53) Underground storage tiaro - full 2,0
A{54) Cascade dams - full 1,3
A (55) Settlers - full (permanently) 1,8
A(56) °

SALT CONCENTRATIONS (kq/M6
A(57) Make-up water: RWB 700
A{58) Supply Dam 12000
A(59) Groundwater infiltration 4000.

LEACHING REACTION PARAMETERS (see 7.4.2. UA(79) )
A(60) x factor 0,1
A{61) Y saturation salt concentration (kg/MJ?) 16000
A(62) Z order of the reaction 1,0
A (63) * °

The following deoendent internal variables are generated
by the system from a knowledge of the operating rates 
and relationships programmed into the model. These 
variables affect the state of the system and may be of 
interest as output:



A(64) *
A(65) Cascade outflow
A( 66) Settler inflow from the workings
A{67) From: MPS
A(66 5 IPS
A(69) Sedimentation Tank to Hdtwell
A (70) Hotwell to Refrigeration Plant
A(71) Refrigeration to Coldwell
A(72) Coldwell to underground .

EXTERNAL FLOWRATES (Mi/di 
A(73) *
A(74) Make-up from RWB to Hotwell
A (75) to Coldwell
A(76)* from Supply Dam to Hotwell
A{77) from Supply Dam to Coldwell
A(78) Overflow from the Hotwell when full

A(79 ) LEACHING SALTS ADDED to used
mine service water (kg/M6)=X(Y-A(-82) )Z 
X,Y and Z are A(60),A(6l)and A(62) above 

A(80) Mud pumped from the mine

A(81) TOTAL SALT MASS IN THE SYSTEM (kg)

SALT CONCENTRATIONS (kg/Ml)
A(82) Cascade outflow at the lag time (or

travel time) earlier in the simulation 
A(63) To the settlers 
A(64) Coldwell
A(85) Of the settlers 
A(66) MPS
A(87) IPS
A(88) Sedimentation Tank
A(89) Hotwell
A(90) Coldwell
A(91) Underground storage Dam
A(92} Cascade Dams

0,1

1530
0

10250

700
700
700

700
700
700
700
700



A{93) TOTAL WATER VOLUME IN THE SYSTEM (Ml) 0

The following dependent output variables are calculated 
by the model during simulation by integrating variables 
A(74) to A(80) over time. These variables are generated 
for output purposes and do r\ot affect the state of the 
system?

CUMULATIVE FLOWS (Ml) .
A(94) * 0
A(95) Make-up from RWB to Hotwell 0
A(96) to Coldwell 0
A{97) from Supply Dam to Hotwell 0
A(98) to Coldwell 0
A(99) Overflow from Hotwell ' 0
A (100) Mud pumped from the mine 0
A (1 01) CUMULATIVE SALT LEACHED (kg)

73.2 LIST OF STANDARD BASIC VARIABLES

G Flag set in INITIAL and used by MODEL to find
which of the two sections of the model are 
executed: 1 - only flows and no salts in the simu­
lation,^ - both salts and flows.

G1 Flag used in the model: 0 - coldwell not using
make-up from RWB therefore hotwell can use if 
required; 1 - coldwell is using RWB make-up 
therefore hotwell may not use. Coldwell has 
priority.

G2 Flag for make-up water from surface supply
dam. Used as G1 above.

Z3 Temporary storage variable

Do—loop counter



FNQ(1: Queue number one is used for storing earlier 
values of cascade dam salt concentration.

The following external variables of time-flowrate 
relationships are specified by the user and act upon 
the system. These relationships are stored as data 
pairs in tables and are called at various times by 
the model:

FND(l) Weekend demand from the cascade dams.

FND(2) Weekday settler inflow 

FND(4) Weekend settler inflow.

1.4 DISCUSSIO?J g _ m M O D m £ - M O ° a

The model is divided into two sections? the first dealing 
with water flows and volumes (lines 4650-5286) and the 
second dealing with salt masses and concentrations 
(lines 5290-5540). Before simulation begins, the flag G . 
is set to 1 or 2 depending on whether the user wants to 
simulate flow with no salts or both salts and flows (see 
line 8021 of module INITIAL). When simulation begins 
and the module MODEL is called during iterations, the 
check on flag G (line 5300) will result in the salt 
section of the model being included or excluded. The 
two sections of the model are discussed separately.

7.4.1 Unsteady Water Flows and Storage Vdhmes 
(lines 4650-5236)

7.4.1.1 Cascade Outflow and Settler Inflow (lines 
4660-4720)

The water reticulation system in Unisel Gold Mine is 
designed to satisfy the demand for mine service water 
from the mine workings and to cope with the used mine



125 .
service water and infiltration which leaves the work­
ings and gravitates to the bottom of the mine. The 
water demand and hence the used water flows are a 
function of the time of day and of the particular day 
of the week. The water flow, collected in the settlers 
at the bottom of the mine, consists of infiltration and 
used mine service water. The flowrate-time-day-of-the 
week relationship of used mine service water eventually 
entering the settlers is somewhat different to that of 
the mine service water demand relationship. Differ­
ences occur because of different travel times from 
different parts of the mine and because of the effects 
of evaporation and water removed with the ore. An 
attempt was made to determine a relationship between 
the mine, service water demand and the settler inflow 
but this involved too many unknowns. The model as it 
now stand? therefore relies on in situ measurements 
of the flowrate-time-day of the week relationships for . 
mine service water demand and settler inflow.

The graphs 7.f to 7.4 show the relative, flows at different 
times of the day for water leaving the cascade dam and 
for water entering the settlers. The cascade outflow 
or settler inflow pattern for each weekday, (Monday to 
Friday) and for each weekend is assumed to repeat it­
self from week to week. The graphs 7.1 to 7.4 have been 
estimated from other graphs of hotwell and coldwell 
levels and graphs of hotwell inflow and coldwell 
outflow. The latter graphs are automatically plotted 
24 hours a day using level and flow recorders which 
are part of the monitor and control system used on 
the mine. Unfortunately the graphs can be used only 
to obtain a rough estimate of the relationships for 
cascade outflow and settler inflow. The simulation 
results are very dependent on these relationships 
and in situ measurem-. ts are currently being done to

*



determii. better estimates of the true relationships. 
The valves shown are relative values and are con­
verted to actual flow rates using the correction 
factors 81 .

0,46875/day

Days
OhOO

Graph 7.1 - Weekday cascade Outflow

0,27500/weekendRelative 
Flow (

0,2

24KOO24hOO/QhOQ
Saturday/Sunday



RelativeFlow

0 ,23000/day

0,25 0,5 0,75 1,0 Days0

Graph 7.3 - Weekday Settler Inflow

Relative 
Flow

0,4
0,33000/weekend

0,2

0 0,25 0,! 0,75 1,75 2,0,5 1 ,0 1,25 1,5
OhOO 24hoo/0h00

Saturday / Sunday

Graph 7.4 - Weekend Settler Inflow

She coordinates of the 4 graphs are stored in 4 sep­
arate tables by module,STO TABLE of the simulation 
p.vogam, Actual flows are calculated at any time in 
the simulation by interpolating the relative flow 
from tha relevant table (module USE TABLE) and multiply­
ing it by a correction factor ( B1 or 52). By convert­
ing the simulation time (which may be in excess of 7 
days) to a value between 1 and 7 days (Monday to 
Sunday) it can be seen whether the weekend or week­



day tables are to be used-(lines 4660 to46S0). The 
table values are interpolated at the simulation time 
by using the function statement FND (table number) .

A(66)=FND(3)*B2

means that the settler inflow, A(66)‘equals the 
relative flow from table 3 multiplied by the correc­
tion factor, B2. The simulation time, T falls within 
a. weekday and therefore table 3 (graph 73 above) is 
used and not table 4.

463Q ! ----  MODEL
4648 REM HRIN SUBR TO CALC F<i), 

K(f,%>FO* ALL i AND z=l,2,3
4658 V£***#.#****UNSTERDY FLOWS 
4668 ! ++++++++++CRSCADE OUTFLOW 

&SETTLER INFLOW 
4678 Z3=FPCT/7)*7 ! DAY OF WEEK 
.4680 IF 23>5 THEN 4710 ! MON.=OA 

YI4690 f WEEKDAY FLOW 
4730 A<65>=FND<13*B1 6 A<66>»FND 

<3>*B2 e GOTO 4780 
471Q ! WEEKEND FLOW 
4728 R<65>=FNDC2)*B1 6 A(S6)=FND 

(4)4:82

The correction factors B1 and B2 are applicable to 
cascade outflow and settler inflow calculations res­
pectively, for both weekday and weekend flows. They 
are both constants for any simulation and are therefore 
calculated in the module INITIAL, just before simulation 
begins (lines 8170 to 8190).

Bl=total weekly outflow from the coldwell A(38)
total graph area for 1 week A[39)



where A(39) is calculated by the user as follows and 
entered as a parameter of the model:

M39 )= 5x area graph FI (Mon.to Pri.) + area graph 
F2 (Sat. and Sun.) Similarly,
B2=total weekly inflow to the settlers 

total graph area for 1 week M39)
where 23 equals the weekly outflow from the cascade dams 
(and coldwell)A(38) plus the weekly infiltration 7*A(37) 
less the weekly mine evaporation,7*A(32), less water re­
moved with the ore, A(35)*A(38).

7.4.1.2 b

At the start of each iteration; the pump will eiVxer 
be pumping at its capacity A(2Q) or not, i.e. A(67)=A(20) 
or 0. If the pump was off but the volume of the pump 
dam has risen to the switch-on-volume A(42) then the 
pump will be switched on, i.e. A(67) is set to A(20).
If the pump was on but the dam volume has dropped to 
the switch-off-volume A(43) then the pump is switched 
off during the current iteration, i.e. A(67) set to 
zero. The rate of change of the volume of water in the 
pump dam is then calculated on line 8540 and equals the 
outflow from the settlers A(66) into the pump dam, less 
the water being pumped out, A(67) .

4780 ! ++++++++++++++MPS4790 IF A<67)>0 THEN 4830 
4800 ! PUMPS OFF 
4810 IF R<m=fi<42> THEN A<6?>=A(20)
4828 GOTO 4856 
4830 ! PUMPS ON
4840 IF FK1><=H<43> THEN A<6?>=0 4850 F(1>=A<»6>-A(67)



Water is pumped from the MPS, approximately 1920m 
below surface, up to the intermediate pump station 
(IPS), 960m above.

7.4.1.3 Intermediate. Pump Station (IPS) (lines 4860-^930) 
This element operates in exactly the same way as the MPS 
above (7.4.1.2). Mater pumped into the pump dam from the 
MPS below is lifted a further 960m to the sedimentation 
tank On surface.

4$6B ! +++++++++++■#•++1 PS 
4870 IF R(68)>0 THEN 4910 
4880 ' PUMPS OFF 
4598 IF RC2)>=R<44> THEN ft(68>=R(21)
4906 GOTO 4S36 
4910 ! PUMPS ON
4928 IF AC2X=A(45) THEN A(68>=0 
4930 FC2>sfl<S?>-fiC68>

7,4.1.4 Surface Sedimentation Tank (lines 4940-4970)
The head difference o£ approximately 1920m between the 
tank and the settlers at the bottom of the mine is used 
in two stages to displace mud from the settlers to surface. 
The displacement flow A(80) from the tank is assumed to 
be a certain fraction A[36) of the variable settler 
inflow 5.(66). Outflow from the sedimentation tank A(69) 
to the hotwell passes over v-notch weirs into a launder 
in the sedimentation tank. If the volume of water in 
the tank A(3) is slightly less than the full volume 
A(46) then outflow to the hotwell A(69) equals 0, other­
wise it equals the ini:low from IPS, A(68),less the mud 
displacement, flow M80). The rate of change of water 
volume in the tank F(3) equals the inflow from IPS less 
the outflow to the hotwell and Zor mud displacement.

4949 ! ++++++++++SE0.TANK4950 R(Se)=A(36)*R(66) ! MUD DIS 
P FLOW

4960 IF THEN fl<69)=M
AK(@,R<6S)~RCe0>> ELSE fl<69 )=0

497Q F<3)eAC63>~fi<88)-A<69)



7.4,1.5 Hotwell (lines 4930-5060)
1) Make-up water is added to the hotwell or the cold- 

well to replace water losses from the system, when­
ever the dam volumes drop below certain levels.
The coldwell has priority over the hotwell for 
make-up water because if the coldwell empties then 
water cannot be supplied to underground. Flags
G1 and G2 are set to 1 whenever the coldwell is 
using make-up from the regional water board (KWB) and 
supply dam respectively. If the hotwell water 
volume A(4) is below the switched-on-volumes A(47) 
or A(48), and flags G1 and G2 equal 0 then make-up 
water A (74) and/or A (76) will be added to the hotwell 
at the flowrates A(23) and A(25) respectively.

2) The outflow from the hotwell to the cooling tower 
A(70) equals the pump capacity A(22) if the hot- 
well.is not empty (A(4)> 0) and the coldwell is 
not full (A(5)< A(52}. The net inflow rate
F (4) equals the inflow from the sedimentation tank 
A(69) plus the make-up inflow, A(74) and A(76) less 
flow to the cooling tower A(70).(line 5035)

3) Overflow from the hotwell A(78) will not result if 
the hotwell is not full (A(4)< A(49) or there is a 
nett outflow (F(4}< =0). During periods of over­
flow water is lost from the system and the volume 
of water in the system is constant, i.e., the nett 
inflow F (4) equals 0.

4989 ! ++• 
4998 ! I1RI 
5600 IF A1 

N AC 
5010 IF A' k ftc;

:EUF-RWB8=SUPPLY dam

14)<=A<48> AND G2=0 THE 
1'6>=A<25) ELSE A<76>=@ ‘FLOW
:4>>0 AND 0(5X0(52) TH 

.. :70>=A(22) ELSE A(70>=0 
5835 F<4>=A<69)+A<74)+A<76)-A<70

A(7S>=0 ! ASSUME 
IF A<4XA<49> OR F(4)<=0 TH EN 5080



7,4 .1. 6 Refrigeration Plant (lines 5070-5090 )
When the coldwell is not full and the hotwell not empty, 
water is pumped from the hotwell to the top of the cool­
ing tower, collected at the bottom of the tower and then 
pumped through the refrigeration plant to be stored in 
the coldwell. The flowrate to the coldwell A(70) is 
less than the hotwell outflow A(70) because a fraction 
of the inflow is lost due to evaporation A (33) and wind­
age A(34>.

5O?0"AY78)=F<4> <2 F<4>=0 
508Q ! +++++++++REFRICERAT10N 
5090

7.4.1.7 Coldwell
1) Make-up water from the regional water board (RWB) 

(lines 5100-5260) and the supply dam is added to the 
coldwell if the volume of water in the coldwell A(5) 
is less th.-m the corresponding switch-on-volumes 
A(50) and A(51). Make-up water flows A{75) and A(77) 
either equals 0 or the respective capacity flowrates 
A(24) and A(2 6). If make-up water is being added
to the hotwell then this flow is first stopped, by 
setting flags G1 and/or <22 to 0 before make-up is 
diverted to the coldwell during the next iteration 
(see lines 5130 and 5170). The rate of inflow to 
the coldwell F(4) equals the flow from the cooling 
tower A(71) plus the make-up water flows A(75) and 
A(77) .

2) Outflow from the coldwell A(72) depends on whether 
the coldwell is empty or not and whether the under­
ground storage dam is full or not. The value of the 
outflow A(72) is shown in the decision table below 
and can either be the coldwell inflow rate P(5),
the storage dam outflow rate A(65) or the capacity 
flowrate A(27) from the coldwell to the underground



dam. In practice a sensor monitors the water level 
o£ the underground dam and automatically opens or 
closes a valve at the outlet from the coldwell.

Underground Storage Dam 

full not full

not empty

A(72)=lesser of 
F(5)^(27)SA(65)

A(72)=lesser of 
F<5> S A(27)

A (72)-lesser of 
A( 65)6A(27)

A(72) » A(27)

The net inflow rate to the coldwell F(5) equals the total 
inflow F(5) less the outflow A(72) (line 5260).

5100 ! ++++++++++-t-COL0WEL.L 
5110 MAKEUP-RWB&SUPPLY DAM 5120 IF fK5)>fi<50> THEN 5150 
5130 IF R(74)=@ THEN R(75)=fl<24) 
5140 Gl=l 8 GOTO 5166 5150 A(75)=0 @ G1=0 
5160 IF A<5)>A<51) THEN 5190 
5170 IF A<76)=8 THEN A<77>=fi(2S) 51Q0 G2=l GOTO 5200 
5198 A<77>=0 8 G2=0 
5200 F(S>=A<"(1)+RC?5)+AC??> { TO 

T INFLW 5216 ! OUTFLOW 
5220 IF A<5>>9 THEN 5250 
5225 Z3=MIN<A(27),A(65))
.5230 IF A(6)<n(53) THEN B<72>=MI N(F(5),A(27)) ELSE A<723=!11 

N(F(5)»Z3)
5240 GOTO 5266
5250 IF A<6XA<53> THEN A<72)=B( 

27) ELSE A<72)=t11N<A<65),A< 27))
5260 F<5>=F<5>-ft<72) ! NET INFLW

7.41.a Underground Storage Daw (lines 5270,5280)
The rate of change of water volume stored in the dam 
F(6) equals the inflow from the coldwell A(72) less the 
demand from the cascade dams A(65). The outflow from 
the coldwell A(72) is adjusted in 14.1.7 above to ensure 
that the storage dam does not overflow.



7.4.1.9 Cascade Dams (lines 5285, 5286)
The volume of water in the cascade dams is assumed 
to be constant, that is, the outflow (or demand A (65) - 
see 7.4.1.1) equals the inflow from the underground 
storage dam. The rate of change of volume F(7) is zero.
5270 ! ++++4-4.+++U/G STORAGE DFM 5280 F<6>=A<72)-fl<65)
‘ 5 2 35‘ ~1 +++T+++C A St: A D"1 S ' ~
5286 FC7>=9

7A.2 Unsteady Salt Masses in Water storage volumes 
and Unsteady Salt concentrations of water

If the option to use unsteady flows and salts has 
been selected (flag G=3), then all flows between ele­
ments and volumes of water in the elements are cal- • 
culated at each iteration by the first half of the 
model described in 7.4,1 above. If only the unsteady 
salts option was selected then all flows and volumes 
are constants set to the initial values specified by 
the user at the start of the simulation. Inflows 
into storage elements are assumed to have mixed 
completely during the period of one iteration time- 
step (normally greater than a few hours).

7.4.2.1 Settler Inflow From The Workings - Salts 
(lines 5310, 5350).

Consider the diagram below where mine service water 
leaves the cascade dams to satisfy demand in the work­
ings at each level at time t=0. Some of the water 
passing through the workings is removed with the ore 
by evaporation. The remaining water combines with 
the groundwater infiltration and gravitates down until 
it arrives at the settlers at time t. The outflow



from the cascade dams and the inflow to the settlers 
are function of the time of day and the day of the 
week and are derived from in situ measurements (see
7.4.1.1 above) . An equation for the "concentration of 
salts in the settler inflow is derived below.
Q refers to flowrate and C to salt concentration.

CASCADE DAMS

Cascade outflow at tii

Salt concentration 
added to water in  ̂
contact w n n  ore

water removed with ore
WORKINGS

EvaporationInfiltration
leacH inf

working after a lag time tsettler inflow to the

SETTLERS



Assume

W k  s Qoaso+ °in£ - Qore " Qevap

(7-1)

The user specifies the average travel or lag t 
t, as well as the independent.time relationship1 
Qwork -and Qcas therefore the equation (7-1) xs a.i 
assumption.

The leaching of salts from the ore by mine service 
water is taken into account by assuming that a certain 
concentration of salts C2.each be a^ ed to the
existing concentration of Qcas at t=0. The amount 
added C ^6ach is assumed to be a function of Ceas at 
t=0 and of some saturation concentration ,

t=0 (7-2)

X and Z are constants which can be changed to calibrate 
a model or be determined from experiments. Assuming 
that infiltration is not responsible for any 
significant leaching of salts from the ore, the 
mass of leached salts entering the mine water per 
unit time is therefore

(0ou-9orJ' C-3)

The total mass of salts entering the settlers per unit 
time at time t, is the original mass rate of inflow 
from the cascade to the workings less an amount for ore 
loss, plus the rates for leaching and infiltration



Qwork.Cwork= (Qcas-Qore) ̂ cas^leach1 +QinfCinf. (7-4)

substituting from (7-1) to replace 13 as by Q 
from (7-2) and rearranging

Cwork Q̂work't'^evap~^inf
(7-5)

and appears on line 5350. It should be noted that Ccag 
is the salt concentration of the mine service water in the 
cascade dam, at a time t (days) earlier in the simulation. 
Ccas is determined on line 5350 by calling the module 
USE Q which interpolates the value of Gcas at the time. The 
lag or travel time is specified in the input data,

5298 { *$******$***$*****$SmLTS
5300 IF G=1 THEN 5546 
5318 ! +++-H-+++++WORKINGS 
5328 Z3=A < 6€ > *R -A < 37 >
5330 A<82)=FNG(1> ! Ccascade 
5340 R(7S)=A<60)*<A<61>-fl<82)>'Nfi <62) ! ms.'l LEACHED 
5350 A(83)-(Z3*(m(?f R(82))+R(3

7>*A<59)J-,Fi(66) Cuorkinss

7.4.2. 2 Settlers - Salts (lines 5360-5370)
Complete mixing of the inflow is assumed and the con­
centration of salts in the settler A(85) equals the 
constant settler water volume A (8) divided by the total 
mass of salts in the settler MSS) . The rate of increase 
of total salt mass in the settler F(8) equals the mass 
inflow rate A(66)*A(8S)(Qwork.^work ln *d-2-1 above), 
less the mass outflow rate A(66)*A(65). The settlers 
are designed to contain a fixed volume of water there­
fore the water volume outflow rate equals the inflow 
rate M66) .

#



5368 I +++++++++++SETTLER 
5365 fl<85>=inC8)/fl<55>
5378 F<8> A(66)*(R(83)-n<85))

34.2.3 Main Pump Station Dam (MPS) - Salts (lines 
5380-5390)

The average salt concentration of water in the dam 
A{86) equals the total salt mass A(9) divided by the 
volume A ( 1 ). The rate of increase of total salt mass 
F(9) equals the salt mass inflow rate from the settlers 
A(66)*A(85) less the mass outflow rate due to pumping 
A(67)*A(86)

5388 i +++++++++++MPS 
5385 A<36)=fl<9)/R<i).
5330 FC9)=A(66)*A<85)-R<57)*R(86,

7.4.2.4 Intermediate Pump Station (IPS) - Salts (lines 
5400-5410)

As for the MPS above

5408 1 +++++++++++IPS 5405 R(87)=m(10>/A(2>
5410 F(10)=m(67>*R<96)-R(68)*R<8

7)

7.4.2.5 Sedimentation Tank-Salts (lines 5420-5430)
The average salt coneentrationA(88)is the total salt 
divided by the water volume. The rate of increase of 
salt mass F(ll) equals the salt mass inflow rate from 
the IPS A(68)*A(87) less the outflow rates to the 
Hotwell A(69)*A(88) and for mud displacement underground 
A( 80)*A(88).
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5420 I -M-++++++++SEO.TRNK 
5425 A(88)=R(11)/A(3>
5438 F(ll)"A(f8)*m(87)-(A(69)+R<

30)nfl<e8)

7.4.2.6 Hotwell-Salts (lines 5440-5450)
The average salt concentration A(69 > is calculated as 
before and the rate of increase of salt mass F(12) equals 
the mass inflow rates from the sedimentation tank and 
make-up water from. P.WB and supply dam, less the mass 
outflow rates to the refrigeration plant and due to 
possible overflow.

5440 t +++++++++HOTWELL 
5445 B(89)-A<12)/m(+)5450 F(12>=m(69)*R(38)+A(74)%R<5 

7>+A(76)*m<58>-<A<70>+A(78>
)*A(89)

7.4.2.7 Refrigeration Plant - Salts (lines 5460-5470)

If Qjiot‘Chot is tJle sa;Lt mass flow rat® fCom the 
hotwell to the cooling tower and refrigeration plant,- 
then the mass flow rate leaving will be

^®hot - ^windage) Chot 
Although evaporation and windage takes place and reduces 
the water flow ra.te to

®hot-'®wihdage*'̂ eva j^plant' 
only the windage loss reduces the mass flow rate.
The mass flow rate from the refrigeration pvtant to the 
tioldwsll is therefore

Gplant Cplant “ ^hot~^windage'; chot

Equation (7-6) appears on line 5470 below. The ratio 
of Qwindage/Qhot or A(34) in the program is a para­
meter specified by the user.

*



5460 ! +++++REPRIGERRTION 
5470 IF A<7t>=0 THEN fi<84)=8 ELS 

E A(84>=fl<99>*flC79>*tl~RC34

7.4.2.8 Goldwel'• - Salts (lines 54 80-5490)
The average salt concentration A(90) is calculated as 
before and the rate of increase of salt mass F(13) 
equals the salt mass inflow rates from the refrigera­
tion plant and make-up water from the RWB and supply 
dam , less the mass outflow rate of water to under­
ground.

5480 I +++++++++C0L0WELL 5485 mO0>-A(13>/m<5)
5490 P(13)=A(7I)*R<84)+A(75)*R(5 ?)+R<77)*A<58)-A<72)3:Fl<90)

14.2.9 Underground Storage Dam - Salts (lines 5500-5510) 
The average salt concentration A(91) is calculated as 
before, and the rate of increase of salt mass F(14) equals 
the inflow rate of water from the coldwell, less the out­
flow rate to the cascade dams.

5500 I. +++++++4.U/G STORAGE DRM 
5595 A<9I>=AC14)/AC6)5510 F<14>=RC72>*A<9e>-A<65>*A<9

7.4.2.10 Cascade Dams - Salts (lines 5520-5530)
The cascade dams,one on each working level,are assumed 
to be grouped together to f,_m one large dam of constant 
volume A(7). This has the effect of assuming that the 
salt concentration is the same in all. the dams and that 
any inflow into the top dam, which has a different 
concentration, will be completely mixed in all the dams 
after one time increment (normally in excess of a few 
hours). Being of constant volume, the assumption is
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also made that the inflow equals the outflow. It is 
felt that the assumption of one dam is reasonable as 
the large volume and co.ibined retention time of more 
than 12 hours of the coldwell and storage dam would 
ensure that only gradual changes would occur in the salt 
concentration of inflow to the cascade dams. It is felt 
that the assumption of a constant dam volume is also 
reasonable as the changes in storage volume of each of 
the 0,15M< capacity dams occurs over periods much 
shorter than the simulation time steps used. A 
simulation of a detailed cascade model could be carried 
out as a separate study if required.
'The simple representation of the cascade system 
in this model should be adequate for studying the mine 
water system as a whole.

The average salt concentration of the cascade water 
A{92) equals the total salt mass stored M15) divided 
by the constant volume A(7). The rate of increase of 
total salt mass stored equals the mass inflow rate A(65)xA(92) 
less the outflow rate to the workings A(65)xA(92).

5520 I ++++++++CA6CRDE ORMS5525 A(32)=fl(15)zA(7)
5530 F<15)=fl<65)*<A<91>-fi<92)>
5540 J **m****END OF SALTS

7.4.3 Tola— , and Salt Masses (Unas

It is often useful to know, for example, what the total 
mass of salts leached or the total volume of make-up 
water draw in from a source is , since the start of the 
simulation. This value can be compared with.recorded 
values for verification and calibration or used to deter­
mine important unrecorded values such as the overflow 
from the hotwell.

* t



Depending on the solution algorithm used, the model is 
called a number of times during a single iteration time 
step (once for the Euler method, twice for Modified 
Euler and four times for the Fourth-Order Runge-Kut-ta). 
Each time the model is called, all the variables are 
calculated at the time T of the simulation, and then the 
derivatives of each of the 15 differential equations are 
calculated at the end of the model (lines 7960-7990) .
The simulation program then uses a weighted average of 
the derivate values in the simultaneous solution of the 
equations. In order to obtain the correct cumulative 
values for the water volume or salt mass, the same 
weighted averv.3i. (as used in the algorithm) of the res­
pective water or salt mass flowrates must be integrated 
over the time interval.

In this model, the water azv.i salt-mass flowrates A(74) 
to A(S0) are integrated to obtain the corresponding 
cumulative values A(95) to A(101). For example

A(100) * '/A( 79 )dtTO

Where TO is the simulation start time and T is the current 
time in the simulation.

Up to four values of each of the variables A(74) to A(8) 
are stored in matrix Z5 for each iteration (lines 5560 to 
5580). The modified Euler and the Runge-Kutta modules 
set the time T to Tl+H (iteration start time plus the 
iteration time step), for the last addcess of the model. 
In other words all the variable values are available for 
calculating the cumulative values when T=T1+H (see 
line 5590). The Euler method is the exception, only one 
variable value per differential equation is available for 
the iteration, therefore the cumulative value is calcu­
lated each time MODEL is called. A check is therefore 
made on line 5590 to ensure integration if the Euler 
method is used, i.e. when flag F2= 1.



Depending on the algorithm used (flag F2=l,2, or 3 for 
the Euler, Modified Euler and Runge-Kutta), the 
cumulative value is calculated on lines 5630 to 5650.
The cumulative value of a variable at the end of the 
iteration equals the value at the start of the iteration 
plus the weighted average of the variable values stored 
in Z5, multiplied by the iteration time step H.

5550 ! ++INTEGRATE AC?4)-AC80) 
5560 FOR J3=74 TO 89 
5570 Z5(J3-73,Z)=m(J3)
5588 NEXT J3
5590 IF F2#l AND T<T1+H THEN 5670
5600 FOR J3=95 TO 101 
5610 Z3=J3-94
5620 ON F2 GOTO 5630,5640,5658 
5638 A(J3)=A<J3)+H*Z5(Z3,1) @ GO 

TO 5660
5640 m(J3)=m(J3)+H*(Z5(Z3,1>+Z5< Z3,2))/2 6 GOTO 5668 
5650 ft<J3>=ACJ3)+H*<Z5CZ3,l>+2*< 

25<Z3,2)+Z5<Z3,3)>+Z5(Z3,4) )/6
5660 NEXT J3

7.4.4 Total Water Volume and Salt Mass in the System at 
the Current Simulation Time (lines 5662-5667)

It is useful to see what the total water volume and total 
salt mass stored in the eight storage elements of the 
system is. At the end of each iteration, the total 
water volume A(93) and the total salt mass A(81) is 
calculated from the variables A(l) to A(15).

5662 ! +++-M-TDT. VQLUME&MASS
5663 A(93),A <81)=8
5664 FOR J3=l TO 7
5665 A(937=A(93>+ACJ3) 6 NEXT J3 
5566 FOR J3=8 TO 15
5667 A(81)=A(81)+A(J3) @ NEXT J3 
5670 ! **:m***X**END OF MODEL

#



7,5 DISCUSSION OF THE MODULE - INITIAL (lines 
8000-8999)

This module is called by the simulation program immed­
iately before simulation begins and any instructions 
specified by the user are executed.

8800 i — —— — —— -INITIAL
8010 ! SUBR DONE BEFORE SIMUL'N
8020 DISP "1>UNSTEF)DY FL0MS&N0 S 

ALTS1’
8021 DISP "2)UNSTEADY FLOWS&UNST 

EADYSALTS (lor2)"j@ INPUT
8025 IF C#1 AND G#2 THEN 8020
8026 G1,G2=0 ! NO GOLD-W MAKEUP 
8030 DISP USING 8048 ; "UNISEL G

OLD MINE"-“Detailed unstead 
y flow and","unsteady salt

8040 IMAGE /,3(32A),32("=")
8050 DISP ''UNlTS--Ml,d,k-9. CNOTE-k 

>'' .
8060 DISP @ DISP "CAPACITY FLOW 

RATES<Ml^d>-“
8070 DISP " PUMPS’MPS,IPS,H0T-C0 

LOWELL ";A(20>;A(21);A(2 
2 >

8080 DISP “ MAKEUP WATER TO H0T& 
COLDWELLS-. RWB" ; A <23) ; AC2

8090 DISP " SUP.DRM"jA<25)iA<26
SI00 DISP " COLDWELL TO INTERMED 

.DAM";fl<27>
8110 DISP G DISP "AVERAGE. FLOWS 

(Ml/d)"
8120 DISP USING 8138 j " INFILTR 

ATIOH",A(37)," EVAPORATION”
8130 IMAGE 24A,X,K,/
8135 DISP TAB<26);"RAT I OS"
8148 DISP USING 8130 ; “ TOWER E 

VAP/INFL0W",A<33>," TOWER W 
IN0AGE/INFL0W",A(34)

8150 DISP USING 8130 j " ORELOSS 
/CASCADE FLOW",AOS),'' MUD/ 
SETTLER INFLOW",A<36>
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8160 I +++++++HYDRDGRRPH FACTORS 
8170 81=Fl(38>/m(39)S188 Z3=fl<3S)*7*<fl<37)-AC32)>-A< 

35>*R<38) ! WEEKLY SETTLER INFLfJ 
8id0 82=23/A<40)
8195 DISP TAB<23)juCMl/week)n 
8200 DISP USlRG 8130 i " MIHE IH 

FLOW",A(38)," SETTLER INFLO
8210 DISP 8 OrSP "VOLUMES(Ml)'"
8226 DISP " START-STOP VOLUMES ="
8239 DISP “ MRS PUHP";; j R(42> .= R<43) G DISP " IPS PUMP";RC

44);A<45)
8248 DISP " SWITCH ON VOLUMES FO 

R MAKEUP=“
8250 DISP " HOTWELL-RWe8.SUP.DAM 

ujR<47);A<48> S DISP " COL 
DWELL-RNB&SUP.DAH1-jA<50>;A< 
51)

8260 DISP " FULL CAPACITY >“
8270 DISP " SED.TAW<,HOTWELL,CO 

LDWELL";A<46>;A(49);A<52) 
8280 DISP " INTERMED&CASCADE DA 

MS; SETTLERS" ; A (53) ; A (54) AC 55)
8290 IF G=1 THEN GOTO 8800 
8300 DISP 6 DISP "SRLT CONCEKTRA 

TI0N<k9/Ml=ffl-9/l)'"
8310 DISP “ MfiKEUP-RMB&SUP,DArr;

A(57);R<58)
8320 DISP " INFILTRATI0N“jfl<59) 8330 DISP " LEACHING=X<Y-Ccascad 

*) Z" S DISP “ X>Y,Z"=AC60) 
jA^61);A(62>

8809 ! DATA FOR DINlT VALS 8802 ! 1T07
8804 DATA 1.3,.45,1.6,4,2,2,1.5 
8886 I 3T01S .

8808 DATA 1260,910,315,1120,2800 
,1480,1400,1050,0,0,0,08819 I 2QT029

8812 DATA 14.7,14 "Ml,5, .5, .5,5 
.4,5.4,26,0,8 8814 ! 39TO40

8816 DATA 0,0,.4,.05,.01,.2,.08, 
.5,70,2.619,1.478 8818 I 41T056

8820 DATA 0,2.9,1.6,1,.4,1.6,1.6 
,1.6,4,.8,.8,2,2,1.5,1.8,08822 ! 57T064

8824 DATA 700,1.2000,4000, . i, 1600 
0 , 1 ,0 , 0  8826 ! 65T073

8828 DATA 2,.1,0,0,0,0,0,2,8 8830 ! 74T081
8832 DATA 0,0,0,0,0,1530,0,10250
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8834 ] S2TCI848836 OATR 700,700,700
8838 ! 85T0948840 DATA 700,700,700,760,700,70 

0,790,706,6,0 
8842 ! 95TO101 
8844 DATA 0,0,0,0,0,0,0 
8850 ! DATA FOR 4>PRT LIST 8852 DATA 13,1,2,3,4,5,6,7,95,96 

,97,98,99,101 
8876 ! DATA FOR 6>PL0T INPT 
8872 OflTfl 12,4000 
8876 DATA 1
8878 DATA 1,0,4,1,2,0,1.d,1,3,1. 

5, 1 .7,.1,4,0,4.5,1.5,0,2.5,1.66.0.20.5
8880 DATA 67,0,20,5,69,0,20,5,70 

,0,20,5,72,0,20,5,97,0,1,1,
96.0, 1, 1

8900 ! DATA FOR 10)TABLES 
8902 DATA 48904 DATA 11,6,2,4.11,5,2,6 
8906 DATA 0,1,2,3,4,7,8,9,10,11, 

14
8988 DATA 5,12
8SI0 DRTfl 0,1,2,3,4,7,8,9,10,11,
9912 DATA 5,128914 DATA 0, ,2, ,25, .2, .5, .8, ,75.-

.5,,875,.7,1,,2
8915 DATA 9,.2,.25,.2,.5,.8,.75,
3913 DATA 0,.01,.25,.01,.5,.5,.7

5..4.1..01
8929 DATA 0,.01, .25, ,01,.5, .5, .7

5..4.1> .01,2, ,81 
8979 ! OATR FOR U> QUEUES 
9972 DATA 1,92,.02,5,700 
8999 RETURN

In this particular example, INITIAL is used to carry 
oat the following:

1) Ask the user what type of simulation is required; 
unsteady flows and no salts or unsteady flows and 
unsteady salts 7 A flag G is set to 1 or 2 and is 
used in MODEL during simulation. See lines 8010 
to 8025. If G equals 1 then the salt information 
is irrelevant (line 825)0).

2) Set flags G1 and G2 to zero which means that no 
make-up water is being added when the simulation 
is started (line 8026).
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3) Display the, name of the model {line 8030)

4) Display the name and value of all the parameters
used in the simulation (lines 8050 to 8330)

5) Use parameters to calculate other parameters 
The correction factors 81 and B2f for converting 
the graphs of relative cascade outflows and settler 
inflows to actual flows are calculated on lines
8160 to 8190. The graphs and detailed explanation 
are given earlier in section 7.4.1.1. B1 and B2 
are used in MODEL.

6) Entry of large amounts of input data. Certain 
lines in INITIAL are reserved for data statements
from which the input data can be read. During
input the user has the option of entering the data 
through the keyboard or asking the program to read 
it from data statements, or a mixture of both.
The following lines contain the data values in 
the order described:

a) Lines 8800 to 8844: The initial values of variables
A (1) toA (ib'I'j

b) Line 8850 to 6852: The values of 13 variables 
(1, 2, -----  99,101) must be displayed as out­
put ■ The frequency and simulation time interval 
are entered through the keyboard when the program 
is running.

c) Lines 8870 to 8880. Data for plotting graphs 
as follows: (8872) 12 graphs and file space for 
2000 points on tape file; (8876) one day markings
• on the time axis or abscissa; (8878,6680) variable 
numberr minimum and maximum ordinate values - 
repeated for each graph.
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d) Lines 8900 to 8920; Table data for time depend­
ent relationships which can best be entered as 
tables. (8902)» a total of four tables are used 
for cascade outflow on weekdays and weekends and 
for settler inflow on weekdays and weekends.
(8904)? table 1 for weekday cascade outflow is 
used 11 times for a two week period starting on 
a Monday OhOO and ending on a Monday 24h00.
There are six data pairs in table 1 (see graph 7-1 
in section 7 4,1.1). Table 2 for weekend 
cascade outflow is used 2 times in the 2 week 
period and contains 3 data pairs. similarly
for table 3 and 4. (8905-8912)? the simulation 
time-step is in units of 1 day and the simulation 
starting time (T=0) is Monday OhOO. The starting 
times T, for table 1 are therefore 0,1,2,3,4,7, 
etc., and the starting time for the weekend 
cascade outflow table 2 is 5 (first Saturday 
OhOO} and 12. Similarly for tables 3 and 4. 
(6914-8920)? the data pairs of each table in 
turn, that is, the time increment after the start 
times given above and the corresponding relative 
flow value from the relevant graph (see graphs 
7-1 to 7.4 in section 7-4.1.1)

e) Lines 8970 and 8972; Queues are used to store 
the value of certain variables over a certain
• -riod of time. (8972); 1 queue is used to store 
up to 5 past values of variable 92 (the salt 
concentration of cascade outflow) so that values 
can be interpolated 0,02 days earlier in the 
simulation. At the start of the simulation all 
the queue values are set to 700 kg/Mfi. The 
lag time of 0,02 days or 50 minutes is the average 
travel time assumed for water leaving the cascade 
dams and gravitating down to the settlers.



Five groups of data a) to e) have been described 
above. If, during input, the user elects to read 
predefined data from data statements rather than 
enter it throuo'i the keyboard then a pointer will 
be set to the first data statement following the 
comment lines at the start of the relevant data 
group. If, for example, the relevant data group 
is table data, then the pointer Is set to the 
first data statement following the comment state­
ment on line 8900, which is on line 8902. There 
the value 4 is the first value that will be read.
The five comment lines at the start of each data 
group, on lines 8800, 8850, 8870, 8900 and 8970 
are reserved for directing the pointer. The data 
can be entered on any line number below the rele­
vant comment time using any number of data state­
ments so long as the data rallies appear in the 
S°«ect-Otdar ..and they_are above the next_ reserved
SP— " ..I l f :

The advantage of using predefined input data in 
data statements is that values can quickly be re­
entered whenever the values are destroyed. All 
the variable values become undefined whenever 
execution is terminated as a result of a program­
ming error, large numbers from instability, division 
by zero etc.

7.6 DISCUSSION OF THIS MODULE - FINAL (lines 9000-9999 )

This module is called by the simulation program immed­
iately after the simulation ends and any user specified 
instructions in the module will be executed. In this 
particular example, FINAL is used to print out the step 
size and algorithm used, and the cumulative values of 
variables A(74) to A(80) (see section 7.4.3] .



3600 i   ---  FINAL
9010 ! SUBR TO PERFORM ANY USER- 

DEFINED OPERATIONS AFTER A 
RUN9020 DISP "TIME STEP"; "DAYS"

9025 DISP "START&END TIME:“iT0J T
3029 DISP 'ALGORITHM:";
9030 IF F2=l THEM DISP "EULER"
9832 IF F2=2 THEN DISP "MQD.EULE 

R" .
9034 IF F2=3 THEN DISP "4th ORDE 

R R-KUTTA"
.9040 DISP 6 DISP "CUMULATIVE OUT 

PUT(Ml)"
9050 DISP " MAKE UP WATER TO HOT 

&CQLDWELLS"
9068 DISP " RWB ";FI<95);A<96> a DISP " SUP,DAM";A(97);

. AC98>
9070 DISP " HOTMELL OVERFLOW";A< 

99)9089 DISP " MUD REMOVED";AC101>
9090 DISP " SALTS LEACHED<k<3>M 

(160)
9999 RETURN



.aAPTEB EIGHT

;;. ROmiNG THE DETAILED UN1SEL MODEL - MODEL OPERA­
TION AND RESULTS

The i i -js involved in running the program are sum­
marised in appendix E. After the run key is pressed, 
the heading and notes are displayed.

CONTINUOUS SIMULATION OF fi
SYSTEM DESCRIBED BY ORDINARY
DIFFERENTIAL EQUATIONS WITHINITIAL BOUNDARY CONDITIONS.
M.C.HOLTON-WITS UNIVERSI TV.
A***************NOTE
1)Pi*ess key kl WHILE EXECUTING 

to 96>t back intc input mode
2)Space is provide i inF&K M r  up 

to 26 di i ferem r *1 p«"jat ions3)Spa is providf-' , AP^B
{or up 13 205 v&r 5 in the

4)SP5r.> is provide-, in fll tor
pr --ins u f to 50 variables at
esc/- ztep

5>Fi le- iPace provided ôi-<e4000 
graph F-oints M has sp = for 
<s2-3yrsphs,

6>£p6ce is provided in Di for 
<=>19 tables and in D2&03 for a 
total of 'f=!QBstart times anti 
'>!Q0da.ta = o i n t s

7 >Spac@ is '--svided in E18.-E2for 
<=d:6«tueu-- and a total 100

> r-ti '*********

Fig. 8,1



8.1 Run No. 1: Water Quantity Simulation (no salts)

although the complete model contains 15 differential 
equations, the first run only deals with, water 
quantity aspects and therefore involves only the first
7 differential equations which describe water volume 
changes in components (fig. 8« 2.typed in).

There are 101 program variables in the model and al­
though many of them deal with water quality aspects, 
they are still required to be initialised in the 
program otherwise they will be undefined when encountered 
in . the model for the first time. Water quality vari­
ables will not be affected during simulation because the 
salt section of the model will be skipped (fig 8.3. 
typed in).

0lFFEREMTIHL EQUftTIOHStVflRIABLE5 
.dA<J>/dT=F<J).J=l to?

Pig. 8.2

The initial values are listed in Pig. &3 .(Predefined data)



Pig. 8.3 continued



Fig. 8.3 continued 
The value of 
ed output, (fig g.4. 
are as follows, (s

e specified for print- 
.a). The variables 

section 7.3.1 for complete list):

Volumes: MPS

sedimentation tank
hotwell
coldwell
underground storage dam 
cascade dams 

cumulative make-up from RWB to hotwell 
cumulative make-up from RWB to coldwell 
cumulative make-up from supply dam to hotwell 
cumulative make-up from supply dam to coldwell 
cumulative overflow from hotwell 
cumulative mud pumped from the mine.



HOW HflNV VARIABLESA<1)..ACi01)HUST BE PRINTED

The variables shown in Fig. 8.4 must be printed out 
from day 4 in the simulation to day 8. The variable 
values must be printed every 12 iteration time-s‘.*ps 
(fig. 8.5. typed in)

T OUTPUT FROM T=T2 TO T8 

 .
S0 TIME STEPS 
,50)?

Twelve graphs are to be plotted. A file exists for 
stcping up to 2000 coordinates for plotting at the end 
of the simulation. Tic-marks at 1-day spacing are re­
quired on the time axis. For each graph four values 
are entered; the variable number, the minimum and 
maximum values on the variable axis and the spacing 
of the tic-marks on the variable axis. (fig. 8.6. Pre­
defined data).



NO .PLOTS,PlflX NO.PTS. (See note 5) 
12 4800UNIT SPACING ALONG T-AKIS 1 

FOR EACH VARIABLE TO BE PLOTTED
V-VARIHBLE NO.,MN-MIN.VAlUE,MX- MAX.VALUE,U-UNIT SPACING ALONG 
VARIABLE AXIS <V,MN,MX,U) 1 0  4 1
tV,MN,MX,U) 2 0 1.5 1
(V,MN,MX,U) 3 1.5 1.? .1
CV,MH,MX,U> 4 0 4.5 1<V,MH,hX,U) 5 0 2.5 1<V,MH,MX,U> S6 0 20 5
(V,MN,MX,U) E7 0 28 5<V,!1N,MX,U> 69 0 20 5
(V,MN,MX,U) 70 0 20 5
<V,MN,MX,U) 72 0 2B 5
(V,MW,MX,U) 97 0 1 1CV,MN,MX,U) 98 0 1 1

All the variables specified in fig. 8.6 must be plotted 
from day 4 to day 8 and about 100 points must be plotted 
for each graph (fig. 8.7 typed in ).

PLOT SPECIFIED VARIABLES FROM 
T=T3 TO T4,USING ABOUT CS PTS. 
m,T4,CS>?4,3,100

Execution must be from day 0 to day 8 and the time step 
increment must be 0,083' days or 2 hours (fig. 8.8 typed 
in). It should be noted that there is no output from 
day 0 to day 4 as this is considered a 4 day (4 cycles)
1 warm-up1 period to eliminate errors in the initial 
values (see dicussion in chapter 5).

EXECUTE FROM T*T0 TO T9 WITH TIM E STEP H 
<T0, T9, H>■?
0,8, .08333333333
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the Fourth-Order Runge-Kutta algorithm is selected to 
solve the 7 differential equations simultaneously at 
each iteration of the simulation (fig.8.9 typed in).

EULER,NOD.EULER OR 4TH ORDER 
RUHGE—KUTTA <l/2or3>?

Fig. 8.9

Four external variables define the demand from the 
cascade dams and the settler inflow on weekdays and 
weekends. The relationships are stored as tables of 
data pairs. The.data pairs and start timer ^or each 
table are entered (fig.8.10 predefined datu See 
section 8.4.1.1 and appendix E for a-more detailed 
explanation.

Only one queue is required to store earlier values of 
variables A{92) in the s'-vlation. Only values which 
are up to about 0,02 days old (about 1 hour) must be 
stored. Five.values are stored in the queue. Since 
the simulation time step is 6 hours,only the first two 
values in the queue will be used to interpolate the 
value of A£92) at the lag time of 0,02 days. The extra, 
three values-in the queue would only be required if a 
much smaller time-step were specified. The execution 
is halted so that the user can note the allocation and 
make a note to change it later, if required. Changes 
cannot be made at this stage. All five values in the 
queue are initialised to a value of 700 mg/e ^fig.Fll 
predefined data),
HOW MANY QUEUESCSee note ?) 1 
FOR EACH QUEUE ENTER VARIABLE NO 
,LRG TIME
Q HO. 1 (A(9),LAC) 92 .82
TOTAL SPACES FOR QUEUE VALUES<See note ?) 5
SPACE FOR GU£UES 1 T0 1 '
5 TOTAL* 5 .<see note ?>
IF ALLOCATIONS UNSATISFACTORY 
CORRECT LATER. Oress CQNT key)
INITIALIZE EACH PUEUE TO 1 VALUE8 NO i AC 92 > 700 P i g _S.11

.#



HOW MRNY TABLESCfse- ftote 6;
4FOR EACH TABLE ENTER 2 VALUES- 

NO.OF TIMES TABLE WILL BE USED, 
NO. OF DATA PAIRS IN TflSLECSee note 6>
(TABLE 1 ) 1 1  6
<TABLE 2 ) 2 4  
<TABLE 3 ) 1 1  5
(TABLE 4 > 2 6
TABLE 1
1 CTst&rt) 0
2 CTsts.-t) 13 a s  taro 2 .
4 (TstarO 3
5 ( T s t a r O  46 CTstart) ?7 CTstart> 6
8 CTstart) 9 
e <Tstari.> 10
10 v.Tstart'̂  11"start) 14

1 11 start > 02 CTstart* 1
3 CTstart) 2
4 <Ts.xart) 35 <Tstar.t) 4
6 (TstarO 7 
? <Tstsrt) 58 <Tstart> 99 (.start) 10
10 CTstart) 11
11 CTstart; 14 

TABLE »
<Tstart> "

ENTER T-INCREMENT AFTER TABLE
START VALUE,TABLE VALUE
TABLE i1 <T-inc,TfiB3 0
2 (T-inc,TAB) .25. .2
3 CT-mc/TflB) .5 .8
4 tT-inc,TA8) .75 ,5
5 (T-inc,TAB) .875 .7
6 <T-inc,TA8>
TABLE 2
1 <T-inc,TAB; 02 (T’-inC/TAB) .25
3 <T-inc,TAB) .5 ,S
4 <T-irtc,TflB> .75 e

TABLE 31 <T-inc,TAB) .01
2 <T-inc»TAbi^ .25 ,01
3 <T-inc,7AB> .5 .5
4 (T-inc,TAB) 75 .4
3 CT-inc,TAB) .01

TABLE 41 <T-incj TAB) .012 (T-inc,TAB) .25 .013 (T-inc,TAB) .5 ,5
4 <T-:nc,TAB) .F5 .4
5 l'.T-incjTAB) 01
6 <T-irtc, TAB) .01

Fig. 8.10



After the above input data has been entered, 12'options 
are given (fig. 8.12). Since no mistakes have been 
made and no last minute changes are required, option 
12 is selected to start the run. Only option 2 is 
not applicable because all variables are set to the 
initial values at this stage in any case.

UCHflNGE ALL INIT. VALUES 23RE-USE IHIT.VARIRBLESkQUEUES 
3>CHRHGE SOME VARIABLE VRIUES 
4>CHfiNGE PRINT LIST 
53CHAHGE PRINT TIMES6)GHflN.GE PLOTTING DATA 
?>CHAHGE TIMES FOR PLOTTING
8)CHRHCS EXECUTION TIMES 
93CHANGE ALGORITHM 18>CHANGE FUNCTION TABLES 
IDCHANGE QUEUE PARAMETERS 
12JEXECUTE PROGRAM 
(LAST OPTION 12 )
ENTER NEW OPTION 1T0 12?
12
OUTPUT OF RESULT5- Print or DispIay<PorD)?

Fig. 8.12 .

The module INITIAL is executed immediately before 
simulation begins (fig. 8.13). As only 7 differential 
equations were specified in fig. 8.2 above, option 1 
must be selected as shown, otherwise the differential 
equations 8 to 15 will be encountered and execution 
will stop with an error message. A heading is printed 
and important initial values are listed with descrip­
tions . Notice that the average settler inflow has 
been calculated and displayed although it is not.speci­
fied in the input data.

During simulation the specified’variables ate printed 
out every 12 iteration steps of 2 hours, i.e., one# 
a day, from day 4 (Thursday 24h00 or Friday OOhOC) 
to day 8 (end of Monti y 24h00). The sequence shows



" E F
...

unsteadz_salt model^
UNITS‘Ml, d, k9.(N0TE:((9/Ml=m9/l)
CAPACITY FLOW RATES<Ml/d>'
PUMPS>MRS,IPS,HOT-COLOWELL 
14. r 14.7 11.5MAKEUP WATER TO HOT&COLDWELLS’- 
RUB .5 .5
SUP.DAM 5.4 5.4COLOWELL TO INTERMED.DAM 26

AVERAGE FLOWS (Ml/d)
INFILTRATION .5
EVAPORATION .4RATIOS
TOWER EVAP/INFLOW .05TOWER WINDAGE/INFLOW .01
ORELOSS/CASCADE FLOW .2
MUD/SETTLER INFLOW .08

VOLUMES(Ml):START-STOP VOLUMES'
MRS PUMP £.9 1,6
IPS PUMP 1 .4SWITCH ON VOLUMES FOR MAKEUP' 
HOTWELL-RWB&SUP.DAM 1.6 1.6C0LDWELL-RW8&SUP.DAM .3 .8
FULL CAPACITY'
SEO.TANK,HOTWELL,COLOWELL 1.6 
4 2INTERMED&CASCAOE DAMS,SETTLERS
2 1.5 1.8

what takes place over a typical 
end, and Monday. Variables A(l) 
various dam volumes. It can be 
at the end, of Monday (T=8) 
at the end of Friday (T=4)
This can also be seen on the 
indicating that the system 
day cycle within 24 hours, 
disturbance such as the we 
to water quantity and not 
examined later.

M7) are



***$****$***$******$*****#. <*$*
INITIAL VALUE<S)»T= 0

A< 95 >= 0 FX 96 )= 0 
AC 9? >= 6 
AC 98 )= 0 
AC 99 >= 0 
AC 181 >= 0 T = 4
AC 1 )= 2.8894?3387'45 
AC 2 )= .858333333334 
AC 3 >= 1.98230829952 AC 4 )= 2.12197827397 AC 5 )= .936939212076 
AC 6 >= 2 
AC 7 )= 1,5 AC 95 >= ,71527777778
AC 96 )= ......... .
AC 97 >= 7,725 
AC 98 ?= 9.6 AC 99 >= 8
AC 101 >= 2.82349120433 T= 4.99999999999 
AC 1 )= 1,92955006764 
AC 2 )= .858333333335 AC 3 )= 1.87290369872 
AC 4 )= 2.26162118483 
AC 5 >~ 1.06027123726 
AC 6 >= 2 
AC 7 )= 1.5
AC 95 ?= .909722222225 AC 96 >- 1,12500000001 
AC 97 >" 9.825 
AC- 98 >= 12.15 
AC 99 )« 0
AC 101 )= 3.52936400542 T= 5,99999999999 AC 1 >= 1,76962674783 
AC 2 )= .858333333336 
AC 3 )= 1.76349909792 
AC 4 >= 4.03566190054 AC 5 3= 2.24110982069 
AC 6 ;= 2 
AC 7 3= 1.5AC 95 >= 1.11895555557 
AC 96 >= 1.17361111112 AC 97 )= 12,075 
AC 98 >= 12.675 
AC 99 )= .60567997293? 
AC 101 )- 4.23523580651

Fig.8.14

#
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FK 5  ) =  2 , 2 4 1 1 0 9 8 2 0 0 9

:■ L1:1

.93607
7485
0813^ ! 1 6  

H : ! . ,

B< 95 )= 15.15 A< 9S )= 1.21630121786 
R< 101 )= 4.9717997294 
I******************************** Fig,8.14 

Continued

All 12 graphs below are plotted for 4 flays from the 
start of Friday (OhOO) to the end of the.first Monday 
(24h00). This is the same period as was selected for 
the printout. The variable name is written on the 
vertical axis and the unmarked hodzontaJ. axis is the 
time axis.

Fig. 8.15 is a plot of the main pump station dam volume 
over the 4 day period. The information printed to the 
right of the graph tells us that the minimum and maxi­
mum values on the abscissa are 4 and 8 (days) and the 
tic-marks are 1 day apart. The minimum and maximum 
values on the ordinate (not the graph curve) are 0 and
4 (megalitesl and the tic-marks are 1 unit (megalitres)



163.

The Ifevei rise corresponds to the settler inflow (fig. 8.,28
below). As the level in the sump reaches 2,9 M6, the
MP3 pumps are switched on (indicated by. a kink on the rising limb).-
On all three occasions that the pump is switched on,

period, resulting in a maximum dam volume of about 
3,6MS (the full capacity A(49) is only 4 Mlj. After 
this point the inflow is less then the pumping rate and 
the level in each case is dropped to the switch off 
volume AC43) of 1,6 Mfi after which the level again rises 
due to inflow.

Ki'j. Main Pump Station Dam Volume

Mg. 8. 16 nhows the fluctuations in the intermediate 
Pump Station dam volume. The volume increases after 
the MPS pumps are switched on. When thn volume reaches 
« certain point A.(44), the IPS pumps are switched on. 
In this simulation the IPS and the MPS pumps have the 
same capacity A(20) and A(21), therefore the level 
emaino constant at cl only drops when the MPS pump is

Anfilow A(66) exceeds the pump capacity for a certain

Time (Fr1. - Mon.)

; . v v



switched off. The IPS pump is then aei'S- h.: "i-
volume until the switch-off volume is rssahsd. H' 
should be noted that the graph indicates that th-- XV: 
pump was started prematurely (before the a tart -
of LM6), This is due to the large I hour step t_."i
the high rate of volume increase in the smell .

Fig. 8.16 Intermediate pump Station Volume

Pig. 8.17 shows the fluctuations in the sedimentation 
tank. The dam volume is always in excess of its lr6Mt' 
maximum volume, again because of the 2 hour time-step 
and the rapid rate at which the dam fills‘when the IPS 
pumps are pumping (see the rising limb on the right- 
hand side). The excess above full volume is not as 
dramatic as it looks due to the sca?.e of the graph and 
only represents an actual rise above the full water 
level of about 400mm. The way this component is des­
cribed in the model only allows the excess water volume: 
to reduce by the mud displacement flow from the Lank



Time (1 day) =  =
Fig- 3.17. Sedimentation Tank Volume (2 hour time-step)

Fig. 8.18 Sedimentation Tank Volume (Half, hour.step 
from another run)



Fig. 8.19 shows the variation in the hotwell volume.
The top and bottom of the ordinate scale are the full 
.and empty volumes respectively. During the weekdays 
the volume, or level, fluctuates between ? fifth and a 
half full in response to coldwell demand and make-up 
water inflow. At the end of the second day (Saturday), 
water pumped from underground fills the hotwell because 
the coldwell is full (see fig.8-20 ) and does not draw 
from the hotwell. The highest part of the graph is 
flat, indicating that the hotwell is full and that some 
overflow is likely, (the printed results show a 1,2 Me 
overflow from the hotwell over Saturday and Sunday; see 
A( 99) in fig. 8.14). The volume response on Monday is 
not quite the same as on Thursday and Friday.

Fig. 8.19

Fig. 8.20 shows tfcj variation in the coldwell volume in 
response to demand from the .mine and hotwell and make-up 
water inflow. The pattern agrees closely, as does that 
of the hotwell, with actual graphs of level recordings 
automatically recorded at the mine.



- ' - .
.

Time (Fr i. - M o n .

Fig. 8.20 Coldwe3.1 Volume
Fig. 8.21 shows the settler inflow rate (M5/d) at the bot­
tom of the mine. The relationship is specified by the . 
user and the values are calculated from table values of 
the relative flows and a correction factor {see 7.4.1.1 

. for discussion). These values are easily checked. The 
ha- "low is due to constant groundwater infiltration.
A similar graph is plotted for the cascade outflow (or 
demand} during the second run below.

Ficr. 8.21 S



Pjg, 8.22.shows the pumping flowrate from the MPS to 
the IPS. The graph shows sloping lines when the 
pump is switched on end off. This, again, is because 
of 1 hour time-steps; all points are joined by straight

1
s

I

i
s

Time (Fr1.

Fig.8.22 Flowrats from the Main Pump Station Mg/d

Fig. F23 shows the flowrate from the sedimentation tank 
to the hotwell. This only occurs during periods when 
flow is being pumped from the IPS.■ The flowrats to the 
hotwell during the pumping period increases due to the 
decrease in mud displacement water drawn from the tank.

Fig.8.24 shows pumping from the hotwell through the. 
cooling tower and refrigeration plant to the coldwell. 
It can be seen from the graph of coldwell volume (fig. 
F20) that flow only ceases when the coldwell is full.
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Fig. 8.23 Piowrat.e from sedimentation tank to Hotwell

Time (Fri. - Mon.) tisi
Fig. S-24 Flowrate to Coidwell from Refrigeration Plant

Fig.8i25 shows the flowrate from the coidwell to the 
underground storage dam. Due to the fact that the under-

.



ground storage dam probably remains full, this pattern 
is exactly the same as the cascade outflow or demand 
relationship specified by the user in the tables.
The underground storage dam remains full because in 
the simulation the coldwell, supplying the dam, never 
runs empty and the maximum flowrate is 21,4 M€/d 
(see fig. 8.25} which is less than the rapacity flow­
rate of 26 ( parameter A(27)).

I

Time (Fri. - Mon. i

Fig.3.25 Flowrate from Coldwell to underground (me/d)

rigs-8.26and 8.27 give the cumulative volumes of make­
up water from the surface supply dam to the hotwell and 
coldwell respectively. It can be seen from the graphs 
over which period inflow is being added. The cold- 
well has priority over make-up water when its volume is 
low. It can be seen from the two graphs that make-up 
is only to one well at a time. It is only during the 
weekend that no make-up is added because the hot and 
coldwells are full; during the rest of the time the



hotwell is almost constantly below the switch-on volume 
for make-up water (parameter A(48)). Similer graphs 
can be plotted of make-up water supplied from Rand Mater 
Board.
£
E '

Time (Fri. - Mon

Time (Fri. Mon.
Fig. 8-27 Cumulative volume; Supply Dam to Caldwell



Figure 5.29 is the output given, after all the graphs 
have been plotted. Only 49 points were plotted on each 
graph even though 100 were specified.. This is because 
only 45 points are available over 4 days using 2-hour 
time increments.

The rest of the output in Fig.8.29 results from instruc­
tions programmed into FINAL. The simulation program- 
then asks the user if another run is required.

49 POINTS PLOTTED TIME STEP 8.33333333333E-2 DAYS 
STflRT&EHD TIME- 0 8ALGORITHM = 4th ORDER R-KUTTR
CUMULATIVE OUTPUT'
MAKE UP WATER TO HOT&COLOWELLS SOURCE! 1,1666666666?
1.4027777778 
SOURCES 12.6 15.15
HOTWELL OVERFLOW 1.21S9B1217S6 MUD REMOVED 4.9717997294 
SALTS LEACHED<ki> 12240 

.ANOTHER RUN(YorN)?

Fig.8.29 Final Output

8.2 Second Run - Transient Effects of Salt Build-Up

The complete model was used in this run to simulate both 
water quality and quantity aspects. The complete model 
involves all 15 differential equations and not only the 
first 7 as in the first run. The program was therefore 
re-run (fig. 8.30). All the predefined data was re­
entered as in the first run above, except for the print­
ing and plotting data. Different graphs to those 
specified in the predefined data statements were re­
quired for this run. The relevant input data was there­
fore entered through the keyboard as shown in fig.8.31 
No printed out output was specified.

*



DIFFERENTIAL Ei2UftrIONS&VARIABLES 
dR(J)/dT=F<J) . J=l‘ to?

F(J)-func(T,A(l>..A< 15
> .  . a <n u )
EXTRA VARIABLES ARE fi (. 1 iS5 . . fl< N 1 CJF NO EXTRAS,ENTER Ni=?

NO.PLOTS,MAX NO.PTS.CSee note 5)

Fig. 8.30

Error 43 
INPUT

i

1596 * NUMERIC

FOR EACH VARIABLE TO BE PLOTTED
V-VARIABLE':'NO., MN-MIH . VALUE, MX- 
MAX.VALUE,U-UNIT SPACING ALONG 
VARIABLE AXIS
6 5 , 8 , 3 9 , 5
(V,MN,MX,U>?
?9,1008,ti,100
100,30660,5000,1000 
<V,MN,MX,U)931.15968.18000.500
93,1^,19,1(VjMM,NX,U)915086.5000.500
Err-S" 43 on line 1660 > NUMERIC 
INPUT ?
83,>5000,5009,500 
(V.MH,KX,U)?85. V;.O00,C 306,580
8'6, ' ..960,5000,500 
(V.Mh.MX,U>957.15960.5000.500
M  1 5 0 0 9 ,5 0 0 0 ,5 0 ®(V,MM,MX,U)?
89,1?S00,5000,500
96,15000,5000,50®
<V,MH,MX,U>?92.15008.5006.500
PLOT SPECIFIED VARIABLES FROM 
T=T3 TO T4,USING ABOUT 08 PTS. 
<T3,T4,C8>?4,8,50

Fig. 8.31

-4



In fig.8.31 the minimum values exceed the maximum values 
specified for the -graphs of variables 79 to 92. This 
has resulted in automatic selection of scales' in figures 
8J6 to 8.4 7 which ensures that the maximum and minimum 
values plotted are at the top and bottom of the res­
pective graphs for the best resolution.

At the beginning of this run all storage elements of 
the system contained good quality water (700.mg/f). The 
output in the form of graphs (fig.8.35 to 8.47) shows the 
transient response of the system as the salt concentra­
tions rapidly-increase due to the effects of leaching, 
evaporation, poor quality make-up etc. The third run 
in section 8.7.3 below, shows the system response under 
.steady state conditions, i.e. when the salt concentra­
tions have reached ’equilibrium' at approximately 13500 
mg/f.

This run uses the same initial conditions as the first 
Graphs are also plotted from day 4 to day 8 {Fri.OhOO 
to Mon.24h00). It can be seen from the results of the 
first run that a 'warm-up' period of about one day would 
have been sufficient to eliminate discrepancies from in­
correct initial values, execution therefore started on 
day 3 (Thurs. OhOO) instead of day 0 as before. The 
time-step size is 0,0416' or 1 hour (fig.8,32) .

EXECUTE FROM T=T@ TO T9 WITH TIM 
E STEP H •
CT0,T9iH)?3,8.001,.041666666666666665

Fig.6.32
Simulation of the complete model is selected in fig.8.33 
because the simulation program expects to find all 15



gjCi. 8.33
v;> : ri'.tc. jxj m  J j.G.34 k in rcaapanse to ii>stxuc 
t.ii.-.ra in XUS.'i-l&i-) include.a list of salt parameter-’ 
at the end which was net included in the first run he 
cr-vse it daalt, with quantity aspects only.
fltilSEL GOLD MINE Oetasiee? unsteady ■f3ow anti 
unsteady salt model.
iJNirS>fll,d, k$.(WOfE kv/Ml-me/l)
W A C l T f  FLOW RRTES<Ml.'-3> ̂ . i’UMF'S-UPS, IPS, HOT-CCfLBWEL-.
K. ?  14.7 11.5
MAKEUP WATER TO-WQTS.COLOWELLS«
RMB .5 .5
SUP.DAM 5.4 5.4

COLDMELL TO INTERMEQ,0AM K€
RWRfiGE FLOWS (Ml/d)
INFILTRATION .5
EVAPORATION .4

RATIOS
"ONER EVAP/INFLOW .05
TONER WINDAGE/INFLOW .01
ORELOSS/CASCAOE FLOW .2
MUD/SETTLER INFLOW .08(Ml/week)
JUNE INFLOW 70
SETTLER INFLOW 56.7
VOLUMES(MI)'
START-STOP VOLUMES- 
UPS PUMP 2.3 1.6IPS PUMP 1 . 4  

SWITCH OH VOLUMES FOR MAKEUP’
HOTHELL-RWB&SUP.OAM 1.6 1.6COLONELL-RWB&SUP.DAM .8 .8
FULL CAPACITY•
SEB.TRNK,HOTWELL,COLDWELL 1.6
4 2
INTERMED&CRSCROE DAMS,SETTLERS

2 1 •5 *-8 Fig. 8.34
SALT CCNCENTRATION<ke/Ml=m^/l) - MfiKEUP.-RWB&SUP.DAM 706 12000
INFILTRATION 4000 LSACHIN(M((Y-Cc*#cad#>"Z X,Y,7 .i 16060 1
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Fig'8.35 giveu the cascade outflow over the 4 days. The 
relative flows were specified as input and the actual 
flows plotted are calculated using the correction fac­
tors Bl and B2. A similar graph of settler inflow A(6£> 
was plotted in the first run.

i!(Fri

Fig. 8-35 Cascade outflow

Fig.8.36 shows the decrease with time of the salt con­
centration added to the MSW from the cascade dams due to 
leaching. The leaching equation on line 5340 of MODEL 
describes a decrease in the leaching rate as the" salt 
concentration of MSW tends towards saturation concen­
tration (parameter A(61), The graph only shows the 
concentration added to MSW not the mass added. The iiiatii" 
added depends on the MSW flowrate as well as the con­
centration added.

Fig.8.37 shows the cumulative mass of salts leached from 
the ore which entered the mine water over the four days 
shown. The curve is slightly concave up and indicates 
a reduction with time of the salt mass inflow rate.
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Fig. 8.36 Concentrati.
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Fig.8.38 shows the increase in total salt mass in all the 
storage components of the system. This is again consis­
tent with the above discussion on figures 8.36 and 8.37. 
The solid black lihe along the ordinate axis resulted 
from a choice of unit spacing marks which are too close

.rx-

Time (Fri. - Mon.

Fig,8.39 shows the fluctuation with time of the total 
volume of water stored in components of the. system. It 
can be seen that the system is never in true equilib­
rium (steady state) as regards quantity aspects. Water 
is continually being added and removed from the system 
at different rates. The maximum storage occurs over 
weekends when mining actively ceases and all free water 
in the workings gravitates to the settlers from where it 
is pumped to fill all available surface storage and 
eventually overflow from the hotwell. The rapid reduc­
tion after the maximum point in the graph is due to 
continual pumping toy the main and intermediate pumps

■y ;-
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and results in overflow because surface daws are &11. 
Continued pumping is carried out to provide safe volurte 
capacities undergrouna for ,,

i j l .th e _ Syste n-. (MN,

Fig.8.40 shows the variation of the salt < 
of the settler inflow with time. In practice, the fluc-

• in the concentration are probably not as great
• in -the graph. Section 7.4.2.1 describes the . 

:es and assumptions used in the derivation of the
describing • 

be necessary to i 
which occur in the mine workings are described in a 
better way.

Figures BA1 to 8.47 show how the salt concentration in­
creases with time in all of the storage components. The 
increase or decrease in the salt concentration of any of 
the components is solely due to the concentration n£ the 
inflows to that component. For example, the drop in

:

: 1

;



cohcntrmtion in th# h,
8,45 and 8.4 6) is due to

11 and .coldwell (figures 
diluting effect of

Time (Fri, Mon. )

.Concanttationi.of.s^iaet,.Inflow

3 i

Tine (Fri

Fig. 8.<1 Salt Concentration in the Settler
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Fig. 8.42 Salt Concentration in the MPS

A

!'
f , * :

Fig. 8.43 Salt Concentration in the IPS
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Time ( F M

8.44 Salt Concentration in th. Sedimentation Tank

' •

(Fri

Fig. 8.45 Salt Concentration
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The run ended with output (fig.8.48) similar to that of 
the previous run.

48 POINTS PLOTTED 
TIME STEP 4. 16.66S6S6667E-2 OfiYS STAPT&END TIME: 3 8.001
ALGORITHM14th ORDER R-KUTTfi
CUMULATIVE OUTPUT(Ml)
MAKE UP WATER TO HOT&GOLOUELLS 
RWB .57231666666 
.670138S8SSS1 -SUP,DAM 6.1875 7.2375
HOTWELL OVERFLOW 1.424797.58683 
MUD REMOVED .2.83418132599 
SALTS LEACHED<kir> '
4600.8S854164

Fig.8.48

8.3 Third Run - The Variation of Salt Masses and Concen­
trations during Steady-State Conditions.

The previous run was used to illustrate the transient 
effects of salt build-up in the system by starting the 
run with good quality wat.gr in the system. This run was 
also started with good quality water. The model was 
run for a number of weeks until the total salt mass in 
thy system reached a maximum and no significant changes 
in the salt mass and concentrations could be detected 
from week to week, a number" of graphs, plotted show the 
variation with time of the salt concentration in each 
storage element under steady-state conditions.

Fig,8.49 shows the total salt mass in the system at the 
end of each day over a period of 14 days. At the end of 
the period iday 14 or Sun. 24h00) the total mass of 
206512 kg is significantly greater than the mass on the 
previous Sunday (day 7). Further simulation was there­
fore required to reach steady state conditions. Fig.
8.50 shows the results of simulating for a further 3 days 
with an increased time-step to spaed up computation.
At the end of day 7 the total salt mass of 209760 kg is 
only 1,5% greater than the value for the corresponding



day a week earlier (day 0). After 22 days of simulation 
the system was therefore considered to be close to 
steady state conditions, i.e. the pattern of salt mass 
and concentration is repeated from week to week.

The simulation was then continued for a further 7 days. 
Graphs,showing the variation with time of the salt con­
centration of water in storage elements/were plotted for 
the 7 day period and are shown in figures 851 to 8.58,
It can be seen that the concentrations tend to increase 
slightly over the weekends and reduce during the week. 
The concentration fluctuations are generally of the 
order of a few hundred mg/<. The hotwe11 and coldwell 
experience larger fluctuations due to periodic inflow of 
better quality make-up water.

*$$*************$*******:.
INITIAL.VALUE<S)=T= 0 
AC 81 )- 19258 T = .999993599998 
fK 8.1 >= 50856.6221472 
T= 1 .99933933999 
AC 81 )== @8733.4282814 
T= 2.99959399999 
AC 81 )= 115295.067?
T= 3,99999999939 R< 81 )= 133158.349698 
T= 4.99999999993 
AC 81 .)= 144467.154001 
T= 5.35999999999 
AC 81 5= 1923Q5.284989 
T« 6.39999939999 AC .81 )= 187042.092337 T= 7.99933999998 
A< 31 )= 176346,979037 
T = S 99999999938 
AC 81 )= 166625.469689 
T= 9,99999999998 
AC 81 )= 165824 768067 
T= 10.9999339999 AC 81 )= 165661,998431 
T- 11.5999999999 '
AC 81 >= 165542.187642
T= 12.9933399399 „, 6 ..AC 81 )= 212607.232233 Fig. 8.49
T= L3.9999933999 
AC 81 )= 206512,468859 *******$********$***%***********



TIME STEP 2.0S333333333E-2 DAYS 
START&£ND TIME* 0 14.M I
FlLG0RITHH'4th ORDER R-KUTTA
CUMULATIVE OUTPUT<Mi)
MAKE UP WATER TO HOT&C0LDWELLS 
SWB 2,44444444485 2.03472222253 
SUP,DAM 26.4 21.975

HOTWELL OVERFLOW 2.64377^78167 
MUD REMOVED 8.53185385791 
SALTS LEACHEDCks)
74S9.S6002038

8.49 continued

*$****$$$$*****$$
INITIAL UALUE<S>-

206512..'
1 .10.

794827

.955232
TIME STEP 4.i6656666667E-2 DAYS ST6RT&END TIME- @ 3.01
RLGORITHt1«4th ORDER R-KUTTA
CUMULATIVE OUTPUTCM1)
MAKE UP WATER TO HOT6-COLDWELLS RMB 3.59375900025 3.32986111126 
SUP.DAM 38.8125 35.9625

HOTWELL OVERFLOW 4.0S857436851 
MUD REMOVED 13,5836535874 
SALTS LERCHEDCk*g)
9?74.33352094
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Fig. 8.51 Salt Concentration in the Settlers

Fig. 8.52 Salt Concentrations in MPS Dams



Mon.)Time (Fri

Time (Fri

Fig. B.54 Sedimentation Tank Salt Concentration
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Fig. 6-SS Hotwell Salt Concentration

Time (Fri

Fig. 856 ColdvielX Salt Concentration
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Fig. 8.57 Underground Storage Datn Salt Concentration

Time (Fri - Mon.)

the Cascade DamsPig. 8-58 Salt Concentration



56 POINTS PLOTTED TIME STEP 4.1S666666667E-2 DAYS 
STRRT&END TIME t I 8.01 
ALGORITHM'4th ORDER R-KUTTA
CUMULATIVE CUTPUT<M1>
MAKE UP WATER TO HOT&COLOWELLS 
RWB .. 4.684927???S? 
4.40277777778 
SUP.DAM 59.5875 47.55

HOTWELL OVERFLOW 4.88215071O42 
MUD REMOVED 17.769580517 SALTS LEACHED<k<5>
11732.6161884



9. CONCLUSIONS

The pumping of saline water from south African gold 
mines contributes significantly towards the mineral 
pollution of the water resources of the Vaal Basin.

The decreasing quality and increasing demand for water 
supplied from the Vaal Basin to various consumers has 
resulted in the already high and increasing cost of 
good quality raw water supplied to gold mines and stric­
ter regulations for discharge from the mines.The quality 
of recycled mine service water (MSW) is generally poor 
which limits surface discharge, which in turn causes 
recycling and higher build-up of dissolved salts in 
the water.

The quality of MSW is of prime importance, since poor 
quality Water can have a detrimental effect on the 
performance and life of all equipment exposed to it.
High chloride concentrations cause corrosion of metal 
pipework and equipment. Sulphates and carbonates give 
rise to scaling and blockages in heat exchange equipment 
found in refrigeration plants. Hew. hydraulic machines 
using oil-water-emulsions are being introduced under­
ground as part of a conversion programme. Water hardness 
can cause a breakdown in the emulsions. There is also 
the problem of potability to be considered.Although 
the extent of such problems is largely unknown at pre­
sent, the cost implications are probably considerable.

The increasing costs of raw water, and supply quantity



and discharge quality constraints, limit the dilution 
of mine water as a possible solution to water quality 
problems. Other means of dealing with pollution are 
prevention at the source,desalination, neutralising 
or protective chemicals and prevention of pollution.
The probable solution may lie in some combination of 
these techniques.

Solution to mine water quality problems involve expen­
sive techniques and flowrates which can tie in excess 
of 100 megalitres per day. Because of the high cost 
of solutions, optimisation should ideally be used to 
minimise costs (capital, power# labour, material etc.).

Unfortunately direct optimisation techniques, 
to complex systems such as mine water reticulation, 
invariably require gross over-simplification of the 
systems before the techniques can be applied. The optim­
al solutions obtained in.this way cannot be guaranteed.

Design changes in one part of a water system may have 
far-reaching repercussions which are difficult to trace 
manually. The small improvement in water quality during 
peak demand period, which results from a desalination 
plant, for example, may not justify the costs. Mine 
water systems are complex and dynamic and solutions 
require an understanding of the system. Simulation 
of mathematical models is often the only practical 
means of studying such systems.

Simulation models of existing and proposed water sys­
tems can be experimented with without the cost, risk 
and expenditure of time involved in experimenting with 
the real system. Short and long term effects on water 
quality of design and policy changes can be sim; 
and the results used for forecasting. Important ;



cesses and sensitive parameters and variables can be 
identified and exploited to bring about improvements. 
Simulation can be used as a design tool on site in 
order to study the effect of a proposed underground 
dam or an extra pump for example.It can be used as 
a management tool for operating a system and may even 
form part of a monitor and control system designed 
to ensure optimum operating conditions. The pumping 
for example could be sequenced to minimise peak power 
demand for the mine. The communication of simulation 
results is generally easier and more convincing than 
with other methods.

The dynamic behaviour of mine water systems (the .vari­
ation with time of salt masses, concentrations, volumes, 
flows etc.)can generally be described by a system 
of linear ordinary differential equations. Because 
the equations are linear, the systems are linear and 
the principle of superposition can be applied.Complicat­
ed solutions to a system of linear differential equa­
tions of any order can be expressed as the sum of sim­
ple solutions. Fortunately, mine water models can be 
classed as initial-value problems because the state 
of the system is generally known or can be estimated 
at certain times.

Various single-step and multistep numerical methods 
for solving single and systems of differential equa­
tions are discussed. Three single-step methods were 
selected for inclusion in the simulation program; the 
Euler, the Modified Euler and the Fourth-Order Runge- 
Kutta methods. An important objective in writing the 
simulation program was simplicity, readability and 
ease of maintenance. The more powerful multistep me­
thods were therefore excluded because it was felt that 
the complex programming required did not justify the



increase in efficiency. The .Fourth-Order Runge-Kutta 
algorithm included, is one.of the most powerful and 
simple single-step methods to program. For a given 
time-step size the more powerful the algorithm the 
more accurate the results but the longer the execution 
(or simulation) time. The less efficient Buxer and 
Modified Euler algorithms were therefore included in 
the simulation program because it has been found neces­
sary at times to use a smaller, time-step size for 
reasons other than accuracy.

The general simulation program written can be used 
to simulate mathematical mine water models or any other 
models described by similar equations. The program 
is fully interactive with convenient facilities for 
the input, simulation and output stages of simulation. 
The program will accept graphical input (coordinate 
points) and can produce output in the form of graphs. 
The program and models are written in BASIC language 
for use on a Hewlett Packard HP-85 desktop computer.

Two models of Unisel Gold Mine were conceived and simu- 
■’=ted. Complete data concerning flows and operating 
relationships at the mine as well as chemical results 
from leaching tests conducted at the University were 
not available. The best available data was used in 
the model simulations but the results cannot be guaran­
teed to represent the real system response. Although 
the Unisel model simulations are used to provide exam­
ples of the model construction and simulation proced­
ures suggested, the models are at a stage where they 
can be used practically in analysis and design situ­
ations given the required data. Certain deductions 
based on simulations of the present stage rsdels can 
nonetheless be made and are given below.

The first model of Unisel Gold Mine is a very simple 
representation of the system for which a general analyt­
ical solution is derived. The model assumes constant



water volume and flows and describes the change of 
salt concentration with time. The analytical model 
can be applied to any mine to obtain approximate answers 
to the following; the time it will take for the average 
salt concentration of the system to change from one 
value to another; the final concentration after a finite 
or infinite time lapse given the initial concentration. 
The use of the simulation program and the application 
of step-size and convergence criteria are illustrated 
in simulation examples using the simple model represent-

The second model of Dnisel Gold Mine uses 15 differen­
tial equations to desribe the dynamic behaviour of 
the system storage components (changes in salt masses 
and water volumes with time). Over IQi' variables and 
parameters are used in the model to enable the user 
to monitor and manipulate the. system during experimenta-

Three experimental runs were performed on the detailed 
model.In the first run graphs were plotted showing 
volumes of water in the storage components and different 
flowrates. The results are for i four day simulation 
period which includes a weekend and illustrates the 
dynamic effects, for example, of pumps switching on 
and off and make-up water additions when levels are 
too low. During weekends most underground water is 
pumped into dams on the surface, which eventually fill 
and overflow. This phenomenon is depicted graphically 
and the overflow volume is printed out at different 
times/ The overflow is an example of a problem situation 
where different pumping policies, capacities or times, 
or different dam volumes could be tried to eliminate 
overflow. The first run dealt only with water quantity 
aspects.

The second run of the detailed model simulated the



197 .

first, four days (including a weekend) of rapid salt 
tiuild-up in the system after starting with good quality 
regional, water board water in the system. The salt 
build-up is due to phenomena such as leaching of salts 
from ore, poor quality make-up additions and the concen­
trating effect of evaporation. The complex effects 
of the dynamic water quantity changes on the salt build—  
up can be seen. Disturbances of the system, for example 
using only good quality make-up water, will cause the 
salt concentrations to change with time until a new 
salt balance is achieved. It may be useful to simulate 
the. transient effects of design changes or disturbances 
in order to predict the system response (quality and 
quantity changes)at different times and the final out-

The last run of the detailed Unisel model also simula­
ted the salt build-up in the various system components 
starting with good quality water in the system.. A few 
weeks simulating the salt build-up were required before 
the salt concentrations began to repeat themselves 
from week to week, thus signifying steady-state condi­
tions. Detailed output was obtained during a further 
week of simulation under steady-state conditions. The 
average steady- state salt concentration of the system 
was about 13500 milligrams per litre (mg/e) of total 
dissolved solids. The graphs show that even under these 
conditions the salt concentration of water in storage 
elements can fluctuate by several hundred mg/I from 
day to day and from week to week. Fluctuations of a 
few thousand mg/e aie predicted for surface dams receiv­
ing make-up water. The experiment illustrates the errors 
that could result if, fox example, a desalination plant 
is sized assuming average flows and concentrations.

The detailed model of Unisel, once properly verified, 
can be used to predict the variation in quality with 
different operating conditions, Increased dilution



with yood quality water may be the only cost effective 
means of improving the quality of Dnisel's mine service 

:-up water to replace water losses such as 
is generally added, to the surface dams 

day when demand from the mine is high and .
. levels are low. During the night and over 

i the surface dams are generally full and make­
up water is not added. It appears that very little 
good quality water board,make-up water is added to 
the mine water during the day as this water is used 
extensively for other surface requirements such as 
compounds and the refrigeration plant. Large quantities 
of poor quality make-up water from an adjacent surface 
pan is added instead. A solution may be to add water 
board water to the surface dams during the night and 
weekends when the supply pressure is at its greatest. 
Thin would ideally require spare surface dam capacity 
'tnfoM the chilling process) during these periods.

Sp.uro surface storage capacity can be provided in a 
number of ways; larger surface and subsurface dams; 
rijcfove a certain amount of the worst quality water 
pumped directly from underground; store more water 
m  the underground pump sump dams during low demand 
periods.Pumping from underground normally continues 
until the underground dam le'- Is are lowered to the 
pump switch-off levels. This is done regardless of 
whether the surface dams are full and overflowing.The 
provision of spare surface capacity at night and during 
weekends may make it possible to dilute the poor quality 
water at Unisel with better quality water board water 
to a greater extent than done presently.

it may be useful to modify the simulation program to 
.store the input data on different tape files. Input 
■lata could then be read from tape instead of the data



statements as done presently. This'would be simpler 
for the user and more space would become available 
for larger models. Should simulation be used for optimi­
sation then a facility -ould be built into the program 
to execute repeated runs with parameter chances. Chang­
es could be made using sampling and search procedures 
discussed to find the best set of parameters for cali­
bration or the set of decision variables for an optimum 
design.



APPENDIX h.

MODULAR STRUCTURE OF THE SIMULATION PROGRAM

As described in section 4.3.2, structured programming 
embraces a collection of methods which makes programs 
more reliable and easier to understand and maintain 
than programs written in the normal way. Fig. A1 shows 
the modules and their names, which make up the 
simulation program. Starting with the first module at 
the top, MASTER, there are five levels in the program, 
going from the top to the bottom. Each module performs 
a basic function, as the module name suggests.Each module 
is described in detail in appendix B. Modules at a 
higher level call the modules at the level below as shown 
by the lines in Fig. A1 connecting the modules. Modules 
at a lower level generally deal with more detailed 
aspects which are required by the modules in the Levels 
above. In this way details are relegated to minor 
modules at lower levels and all modules are easier to 
follow because they are designed to occupy a page or 
less of source code. . The source code of the program is 
listed in appendix C. Table Al lists the modules in 
the order in which they appear in the module descriptions 
in appendix B and the source code listing in appendix C. 
The program line number for the first line of each 
module is also given in table A2.

#
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PRT OUTPUT

MOD.EULER

11) Q DATA

110) TABLE DATA

9) ALGORITHM

8) SIMUL. TIMES

7) PLOT TIMES

6) PLOT DATA

5) PRT TIMES

4) PRT LIST

3) CHANGES

2) RE-INITIALISE

1) INIT. VALS.

#
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PRO
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Table A2 Sequence of Program Modules

FRT/DISP

1 i INIT VKLS

1180

10) TABIiE DATA 
11> Q DATA 
DATA/PROMPT



APPENDIX B

DESCRIPTION OF THE SIMULATION PROGRAM MODULES

Yourdan (1975) suggests the use of HIPPO (Heirarchical- 
Input-Processing-Output) daigrams to describe each module 
of a modular structured program (see section 4.3,2). The 
method was developed by IBM and is used to describe 
separately the inputs to, the function of, and the out­
put from each module. HIPPO diagrams consist of three 
blocks, one each for the input processing and output, 
within which is listed the relevant module functions. 
Instead of HIPPO diagrams, the input, processing and 
output functions of each module is described in this 
section in three separate paragraphs, including examples 
where necessary. Input in the context used here is in­
formation, data or instructions from keyboard inter­
action with the user, from data statements or from tape 
files. Output is printed or displayed results in tabu­
lar or graphical form. All modules referred to in the 
discussion appear in capital letters (MASTER,3) CHANGES, 
MODEL etc.). Numbers preceded by L, for example L1027, 
refer to the line number in the program where the state­
ment appears.

The modules are described in the same order as they 
appear in the simulation program. The arrangement of the 
modules (program structure) is described in fig.Al in 
appendix A- The module names are listed in table A2 in 
the order in which they appear in the simulation pro­
gram, along with the first program line number for each. 
The first program line number of each module is given 
next to the module name below-

MASTER (L5)
Input The number of differential equations and variables 
used in the model.



Processing Dimension all variables, arrays and matrices 
as either integer, short or real precision or as a 
string variable.

INPUT is called to obtain input which is essential for 
the first run (L290-304). A flag 22 tells INPUT which 
type of input is required each time (e.g. initial Values 
printout list etc.). Flag 21 is set to zero and tells 
INPUT not to give the user any options, but to request 
only the input specified by 22. At the end (1304) 21 is 
set to 1 and INPUT again called so that the user can 
select any of the 12 input options to make changes or 
corrections. Call module INITIAL to execute any user 
specified instructions before simulation begins (L310).
The simulation clock is set to the starting time TO.
Checks are made to ensure that all the start and comple­
tion times specified for plotting (L380), printing 
(L493) and execution (L502) are consistent with the 
sign of the step size (increasing or decreasing time).
Any inconsistencies result in an error message and 
transfer to INPUT for corrections. A variable PO is de­
fined (L400) so that plotting data can be stored every 
PO time-steps and to ensure that the resolution of the graph­
ical output (number of points on graph) approximates 
the resultion specified by variable C8, specified in 
PLOT TIMES. A tape file called P-DATA is opened for data 
to be plotted and P is used as a counter to storing 
data on file. Similarly output is stored in queues every 
BO steps using B as a oo'nter (L460-48Q). Call module 
STO PLOT at the start of the simulation to store initial 
data if plotting data is required from the start of the 
simulation (L410-4 30). Similarly, STO Q is called if any 
queues exist (L470). After the above initialisation,
MAIN, is called to execute the simulation (L506). If the 
flag PI indicates that plotting of output is specified, 
then PLOT OUTPUT is called (L510). FINAL is called last 
to carry out any user-specified instructions after the



simulation. If no more simulation runs are required 
then the execution will terminate at the end of this 
module.

Output■ The program heading and a list of notes giving 
the current size of arrays and matrices dimensioned, is 
printed. A list of the initial values used for the simu­
lation is given (L498). PRT/DISP is called at various 
places in the module to determine whether output is to 
be printed on paper or displayed on the screen.

PRT/DISP (1.610)
Input. The user specifies whether the input, output, 
interactive conversation etc., must be printed On paper 
or displayed on the screen. . . .

Processing. Only DISP statements are Used for output 
in the program. If the NORMAL statement was executed 
last then output only appears on the screen. If the - 
PRINTM-L statement was executed last then output is 
printed bn paper and displayed on the screen.

Ouput. None.

INPUT (L700)

Input■ Input options (1 to 12) are entered one at a time. 
Each option represents a different change or correction 
which can be made to the input (initial values, plotting 
times etc). After option 12 has been selected the user . 
specifies whether the output is to be printed or display-

Processing. If flag Zl equals 0 (L710) then one of the 
input modules (1)INITIAL VALS to 11) Q DATA) is called ' 
according to the value of 22 (L1000) which is defined



206 .

in MASTER (L292K Control is then returned to MASTER 
(L1005). If Z1 equals 1 (set on L3Q4) then the list of 
12 options is displayed on the screen and the user 
selects one, the relevant modular is called, and the 
changes are made. The option list is repeatedly dis­
played until option 12 is selected and the simulation 
run is begun. Control is returned to MASTER after a run.

Output■ A list of the various changes which can be made 
to the existing input data stored.

1) INI?. VALS. (L1030)
Input. The SI initial values of all the variables used 
in the model can either be entered through the keyboard 
or read from data statements defined in INITIAL (L1090>.

Processing. The initial values of all variables, required 
to start the simulation, are stored in the array AO.
The values are not affected during simulation, and should 
a re-simulation be required from the same initial con­
ditions then the module R.B-INITIALISE is called. The 
next module discussed, RE-INITIALISE, is part of this 
module and will be executed every time INIT VALS is

Output. None

2) RE-INITIALISE (1.1110)

Input and output. None

Processing. During simulation, the values of all the 
variables are continuously being modified. The arrays 
A and a are used to store the latest values and the 
values from the last iteration respectively. This module 
initialises A and B to the same values as AO at the 
beginning of the first run (see INIT. VALS. abovej, or



whenever the user wishes to start or continue a simu­
lation with the original initial values. If queues are 
being used (F3=l) then all queues will also be initiali­
sed (L1130) .

Input. The number of changes, the Variable numbers and 
their new initial values.

Processing. This module performs the same function as 
INIT. VAL6• above, but allows the user to easily make a 
few changes to the.initial values instead of entering 
all the values in each time as required in INIT. VALS. 
Both the permanent record of initial variables (array AO} 
and the.latest values (arrays A and B) are modified.

Output. None.

4) PRT.IilST (11280)

Input. If the user requests printed output (11310) then 
the number of variables and their numbers are entered.
The variable list can be entered through the keyboard, 
or read from data statements in INITIAL.

Processing. 'r> j values of certain variables are required 
during simulation. This module enters the required list 
of variables into an array Al, in the order in which 
they must be printed or displayed. The next module 
PRT TIMES determines when the output is displayed (and 
printed).

Output. None

5 )__ PRT TIMES (L1450)

. times, and the frequency

4



for displaying (or printing) the variables specified in 
PRT LIST.

Processing and Output. None.

6) PLOT DATA (1.1500)

Input- The number of graphs to be plotted, the maximum 
number of points available for each graph and the units 
along the time axis. For each variable to be plotted the 
variable number, the minimum and maximum values, and the 
units along the variable axis are required. The data is 
entered via the keyboard or data statements.

ProcessingFlag FI is set to tell -MAIN whether there is 
any plotting, and if so to store the relevant plotting 
data.on tape.

Outputs'! None

7) PLOT TIMES (L1690)

Input. Start and finish times for plotting and the ap­
proximate number of points that should be used.'

Processing and Output. None

8) SIMUL TIMES (L1740)

Input. The start and finish times for simulation of the 
model and the time-step size to be used

Processing and Output. None.

9) ALGORITHM (L1790)

Input. The solution algorithm to be used in the simula­
tion; Si-nple Euler, Modified Euler or the Fourth-Order

4



Runge-Kutta.

Processing and Output. None,

101 T1BL» M M  IH830)

Input- The number of tables D9 used by the model. For 
each table: the number of times the table is used during 
the simulation; the number of data pairs in the table; 
the simulation times when use of the table is to start;, 
the data pairs in the table (time increment after table 
start, table value). Input can either be entered through 
the keyboard or read from data statements in INITIAL.

Processing. Certain mode.- relationships are best pre­
sented in table form. This module only defines the 
arrays and matrices required to store the data. If the 
model requires the use of tables then MODEL defines the 
table number and time and calls USE TABLE to interpolate 
a table value, The notes at the beginning of the program 
list the max. number of tables, start times etc.

Output. Error messages are given (L2160 and L2330) if 
the table start-values and the time-inerement-after- 
start-values do not increase.

The example which follows illustrates how the arrays and 
matrices are used to store table information. The example, 
comments in the program and the list of sy..jols in 
appendix D should be sufficient to explain how the 
module operates.

Example
Suppose the abservations made in fig. Bl, e.g. water 
flow rate versus time, are to be used in the model.



Ff9. 81 Graph of Observations at Different Times

the data can be represented as one table used three 
times during simulation. The. three starting times for 
the table are 6, 24 and 50. Each table consists of 4 
data pairs:

T.'.-ms increment after start 
Table value

assuming that this is the second graph of observations 
being represented by a table, i.e., table No. 2, then 
'the above data would be stored in Dl, D2 and D3 as shown.

MatrixjDl No.of 1st Row NO. of 1st Row
Times of Data of. Matrix
Used Array D2 pairs • D3

Row No. * 1
table No. 2

3



Array D2 Matrix D3

Time The
Increment Table 
After Value

Assume 
1 is 
5

' - 1
Assume - -

2 -
■ - - _

- 4 -
- 5 Table 0 1
6 starts . 6 6

7 s . r * • 12 2
8 1

Table - -

This example is continued v̂ ith USE TABLE below, where it 
. is shown how a value is interpolated, given the time and 
table number.

11) Q-DATA (L2380)
Input. Yes or no to the use of queues. The number of 
queues and the variable number and lag time corresponding 
to each queue. The total spaces available for all the
queues. Yes or no to the space allocation for each
queue. An initial value for each queue. The module is 
broken down into a number of sections so that changes 
can be made to particular inputs without having to re­
enter all input data. Input can either be entered through 
the keyboard or read from data statements. Reference is 
made to the notes at the beginning of the program (L50
to L100) which state the maximum number of queues, lag
times etc,, and which arrays and matrices have been 
dimensioned for this.



. ■

l\\ '•

Processing. Queues are required when it is necessary to 
know the value of certain variables at some time earlier 
than the current time in the simulation (see 4.2.Id). A 
flag F3•is set to tell MASTER and MAIN whether queues 
are being used or not. The processing involved is best 
described by the example below.
O u t) le space allocation for each queue (column two 

Eli in the example below is displayed for ap- 
re-allocation.

Example. Assume two queues,. 1 and 2, are required to 
store past values of variables, 7 and 16 respectively. 
Queues 1 and 2 store 2 and 4 values respectively, as 
shown in array E2. The length of the queues is automati­
cally proportioned and displayed. (1,2670 to L2730) 
according to the queue-lag times and the total number of 
spaces specified - 28.

iS 5
ROW No = 

Queue No. 1



ARRAY E2 (initial values in queues)

in queue No. 1

3 4 values of variable No. 16 stored 
in queue No. 2

Queue .3 (if required)

The module has two entry points, the first at the begin­
ning of the module and the second at line 2860. There is 
only one exit at the end of the module. The portion of 
the module after the second entry point is used to 
initialise all the queues (array E2) to the initial 
values stored in matrix B3. This is done before the first 
simulation, and for a re-simulation if the RE-IN'ITIALISE 
option is selected. In the example, the queues 1 and .2 
are initialised to 66 and 92 respectively. The initial 
values are stored in matrix E3 and are not altered- 
during simulation. Array 22 is used to store the queue 
values generated during simulation. The diagram shows 
the initial values stored in array E2 before the commence­
ment of simulation.

The example is continued with STO Q and USE Q where it 
is explained how the queue array E2 is updated with the 
latest variable values, and how variable values at parti­
cular lag times are interpolated from E2.

DATA/PROMPT (L2921)
Input. Choose whether input data is to be entered .from



MURRg E2 (initial values in queues)

1 2 values of variable No. 7 stored
. in queue No. 1

2 66
3 92 4 values of variable No. 16 storod

in queue No. 2
4 92
5 92
6 92
7. Queue 3 (if required)

The module has two entry points, the first at the begin­
ning of the module and the second at line 2§60. There is 
only one exit at the end of the module, The portion of 
the. module after the second entry point is used to . 
initialise all the queues (array 52) to the initial 
values stored in matrix 53. This is done before the first 
simulation, and for a re-simulation if the RE-IMITIALISB 
option is selected. In the example, the queues 1 and 2 
are initialised to 66 ,id 92 respectively. The initial 
values are stored in matrix S3 and are hot altered 
during simulation. Array E2 is used to store the queue 
valuas generated during simulation^ The diagram shows 
the initial values stored in array B2 before the commence­
ment of simulation.

The example is continued with STO Q and USE Q where it 
is explained how the queue array 52 is updated with the 
latest variable values, and how variable values at parti­
cular lag times are interpolated from E2■

DATA/PROMPT (L2921)
Input. Choose whether input data is to be entered from



data statements or through the keyboard by the user 
responding to prompts which appear on the screen..

Processing. A flag F4 is set according to the choice 
made and is used by the module, which called this one, 
to carry out the selected method of data entry.

Output. None

MAIN (L2930)

Input and Output. None

Processing. This module is called by MASTER and is res- 
posible for the execution, displaying (and printing if 
specified) and storage of plotting and queue data. A 
do-loop with counter C is responsible for carrying out 
the iterations. T1 is the time at the start of the iter­
ations and T, which is used as the current time in the 
model, is defined by the solution algorithm discussed 
below.. Depending on the flag F3 and the counter E, STO-Q 
is called to modify the queue values. Depending on the 
flag Pi, the time range specified for plotting, and the 
counter PI, STO-PLOT is called to store plotting data.
If the number of values stored Cl is greater than the 
number of spaces available per plot C9 then no more 
data will be stored Depending on the flag F0f the speci­
fied time range for displaying tabular output (and 
printing if specified) and the counter S, PRT OUTPUT is 
called for output.

EULER (L3175)

Input and Output. None

nrocessinq. The simple Euler Algorithm is the simplest, 
least accurate of the three algorithms available in the 
program to numerically solv the differential equations
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describing the model. MODEL is called once to get K- 
values for each differential-equation-variable used in 
the model. The latest variable values are then calculated 
and stored in array A at the end of the iteration. Sec­
tion 3.2 describes the mathematics of the different 
numerical methods used in the program.

MOD. EULER (L3190)

Input and Output. None.

Processing. The Modified Euler algorithm is used i- e 
game way as in Euler above except that MODEL is cal. 
twice per iteration instead of once and it is more 
accurate.

4R-K0TTA (L3340)

Input and Output. None

Processing. The Fourth-Order Runge-Kutta algorithm is 
the most accurate of the three algorithms available in 
the program. It is used in the same way as in Euler 
above, except that MODEL is called four times per itera­
tion instead of once-

(sro-PLOT L3560)

Input and Output. None

Processing. This module is called by MAIN to store the 
specified variable values and the corresponding tima, T, 
on the tape file • called P-DATA using buffer number 1 
(see user manual). After the simulation is complete,
PLOT OUTPUT will use the file data to plot the variable 
values against time, Column 1 of matrix M contains the 
E9 variable numbers which are to be plotted. If, for



example, variables 1, 4 and 9 are to be plotted at times
V  Tj_, t2 then the corresponding variable and time 
values will be recorded on tape during simulation as fol-

3 3

This module will modify the minimum and maximum scale 
values of a graph if a variable value stored on tape is 
beyond the range specified in PLOT DATA above.

'•6701

last- ■

Processing. A do-loop is used to generate the output.

Output■ A list of the current variable values from the 
completed i/eration, and the corresponding simulation 
time T will be displayed and printed if specified (only 
those variablas specified in array Al).

STO Q (L3740)

Input and Output. None

Processing. Bach time this module is called, the value 
at the bottom of each queue is lost, as the queue is 
shifted one position to make space for the latest vari­
able value at the top of the queue. The queue values are 
stored in array B2 and matrix El is used to store the 
variable number, the number of values in the queue and 
the position of queue values in E2 (see Q-DATA for moie 
details).



The example given in Q-DATA is continued here. If 
variables 7 and 16 (queue numbers 1 and 2 respectively) 
have the values shown in table Cl at the different simu­
lation times when STO Q is called, then the queue values 
are changed as shown in array E2,

Table Cl - values of variables 7 and 16 at different 
simulation times.

variable 7

variable 16 . 92 85 80 77 75

the values at 
T0 are the 
initial values. 
shown In Q DATA

Queue No.l 
variable 7)| 6.6

Queue No.2 
(variable

92
92
92

LV —*-

This example is continued with USE Q below where the 
interpolation uf variable values from E2 at particular 
lag times i.s explained:

sss-ojumi

Processing. This module is called by MODEL whenever the 
value of a particular variable is required at some time 
earlier on in the simulation.



The example in STO Q explains how values of the variable 
chosen in Q DATA are entered into queues. MODEL specifies 
the queue number J and a check is made (L3900) to ensure 
that the queue exists. If not, execution is terminated. 
The lag-time (the difference between current simulation 
time and the time of interest) is specified for each 
queue in Q DATA. The lag-time can be changed with each 
call by MODEL to USE Q by specifying a new lag-time 
L == 0.6, for example. A value of L=0 is interpreted by
USE Q as an instruction to use the original lag-time
specified in Q DATA. A check is made (L3920) to ensure 
that any new lag-time specified, L, is less than or
equal to the original lag-time specified in Q DATA.
This check is to ensure that errors will not result from 
excessive extrapolation of values stored in the queue. 
Before exit from the module L is set equal to 0 (L4005) 
to ensure that the original lag-time will be used when 
USE Q is called again, unless L is changed by MODEL.
The interpolation/extrapolation of values from a queue 
for a given lag-time is illustrated using the last array 
of queue values, E2, shown in the example given in STO Q.

Array E2

Queue 1 
(variable 7)

Queue 2 
(variable 16)

- - JV -

Assume that queue values are entered into B2 every 6 
iterations, i.e. E0=6. The iteration time-step H=0,1



hours antf 5 iterations (E+1=S) hi e elapsed since 81 
and 75 were stored in queues 1 and 2 respectively. Since 
successive row numbers in E2 above represent a lag-time 
difference of EO.H=0,6 hours, values can be interpolated/ 
extrapolated from E2 by calculating a row number R2 
equivalent to the specified lag-time L. The row number 
R2 is not necessarily an integer and the two queue 
values (V6 and V7) in the rows R1 and R3 closest to R2 
can be used to interpolate/extrapolate the queue value 
at L. For example:

1) What is the approximate value of variable 16 
(queue 2) at a lag-time L=l,16 hours earlier in 
the simulation?
The value required is at the row number.
R2=3+l,6/0,6-5/6 « 4,833
of array E2 above. R2 (L3940) equals the start 
row no. of queue 2 plus the time-lag, i.t.o. the 
number of rows, less the elapsed time, i.t.o, rows, 
since the last value was stored in B2. The queue 
values at row 4 (V6=77SR1=4) and row 5(V7=80SR3~5.) 
can now be used to Interpolate the value at.row
4,833.
The interpolated value (L4000)
FNQ =* V6+(V7-V6) (R2-R1)/(R3-R1)

* 77+(80-77)(4,833-4)/(5-4)
= 79,50 

is returned to MODEL.

2) As for 1), but the lag-time L==0,2 hours?
R2=3+0,2/0,6-5/6 = 2,50
which is less than the first row number of queue 
number 2 and therefore rules out the possibility of 
interpolation. The first two queue values in rows 
3 and 4 are used to extrapolate a value for row



hours and 5 iterations (B+l=5) have elapsed since 81 
and 75 were stored in queues ' and 2 respectively. Since 
successive row numbers in E2 above represent a lag-time 
difference of EO.H=0,6 hours, values can be interpolated/ 
extrapolated from E2 by calculating a row number S2 
equivalent to the specified lag-time L. The row number 
R2 is not necessarily an integer and the two queue 
values <VS and V7) in the rows Rl and R3 closest to R2 
can be used to interpolate/extrapolate the queue value 
at L, For example:

1) What is the approximate value of variable 16 
(queue 2) at a lag-time L-1,16 hours earlier in 
the simulation?
The value required is at the row number.
R2-3+1,6/0,6-5/6 = 4,833
of array E2 above. R2 (1,3940) equals the start 
row no. of queue 2 plus the time-lag, i.t.o. the 
number of rows, less the elapsed time, i.t.o. rows, 
since the last value was stored in E2. The queue 
values at row 4 (V6=774R1=4) and row 5(V7=808R3=5) 
can now be used to interpolate the value at row
4,833.
The interpolated value (L4000)
FNQ = V64-(V7-V6) (R2-R1)/(R3-R1)

= 77t(80-77)(4,833-4)/(5-4)
« 79,50 

is returned to MODEL.

2) As for 1), but the lag-time L=0,2 hours?
R2-3+0,2/0,6-5/6 - 2,50
which is less than the first row number of queue 
number 2 and therefore rules out the possibility of 
interpolation. The first two queue values in rows
3 and 4 are used to extrapolate a value for row



'-',50 <ai, R2, V6 and V7 equal 3, 4, 75 and 77 
respectively}. The value required 
FNQ«75+(77-75)(2,5-3}/(4-3)=74,0

Output■ An error message will result if the queue number 
specified does not exist or the lag-time is excessive.

TML, ,L40M)

Input and Output. None

Processing. This module is called by model to interpolate 
a value from a table T5 for a given time.X. The time is 
assumed to be the current simulation time T. The table 
interpolation time can be changed by MODEL if a time 
difference DO is specified. If, for example, T=15,2 
hours and D0= -Id then a value will be interpolated from 
table T5 at time X=14,1(L4050). On exist from this 
module DO is set equal to 0(L4340) therefore MODEL must 
specify DO each time USE TABLE is called if a time other 
than the simulation time T is to be used, for interpolation.

The process of interpolation from a table is illustrated 
by using the input data from the example in TABLE DATA. 
5'ig,B2 shows the plot of observed values repeated for 
convenience. The matrices D1 and D3, and array D2 are 
not repeated here. The table number T5 equals 2.

Rl, R2 and R3 are calculated {L4060 to 4100 and shown 
on the graph. If the time X is beyond the range of the 
table values (less than Rl or greater than R2+R3) then a 
aero table value FND is returned (L4110).

The next section of program (L4120 to 4170) determines 
the closest starting time SI which is less th„n or equal 
to time X. If X equals any time between 24 and 59,99 
hours, for example, then dl=24 hours (see £ig.B2).



a,SO (Rl, R2, V6 and V?
' respectively). The value re 
FNQ=75+(77-75)(2,5-3)/{4-a>=74,0

4, 75 and 77

Output. An 
specified i

tessage will 
exist or tt

if 1 .e number

USE TABLE (1/4020)

Input and Output. Jtfone

Processing. This module is called by MODEL to interpolate 
a value from a table T5 tor a given time X. The time is 
assumed to be the current simulation time T. The table 
interpolation time can be changed by MODEL if a time 
difference DO is specified. If, for example, T=1S,2 
hours and DO= -1.1 then a value will be interpolated, from 
table T5 at time X=14,1(L4050). On exist from this 
module DO is set equal to 0(1434 0) therefore MODEL must 
specify DO each time USE TABLE is called if a time other 
than the simulation time T is to be used for interpolation.

The process of interpolation from a table is illustrated 
by using the input data from the example in TABLE DATA..
Fig.B2 shows the plot of observed values repeated for 
convenience. The matrices Dl and D3, and array D2 are 
not repeated here. The table number T5 equals 2.

Rl, R2 and R3 are calculated (L4060 to 4100 and shown 
on the graph. If the time X is beyond the range of the 
table values (less than Rl or greater than R2+R3) then a 
zero table value FND is returned (L4110).

The next section of program (L4120 to 4170) determines 
the closest starting time 51 which is less than or equal 
to time X. if X equals any time between 24 and 59,99 
hours, for example, then 51=24 hours (see fig.B2).
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If the start time (31=24) plus the i 
(R3=18) is less than the time X=43 , 
zero table value FND is. returned (L4180). If the time X 
is within the range of the table, X=37 hours, aay, then 
L4190 to 4300 will find the times T6=36 and T7=42 hours 
which are on either side of X and for which there are 
corresponding table values, V6=2 and V7=l. The table 
value FND=1,75 is interpolated from V6 and V7 (L4310).

In^nt, Data stored on tape by STO PLOT is read into

Processing. After simulation this module will use the 
variable values, stored on tape file P-DATA by STO 
PLOT, to plot separate graphs against time,of the 
variables specified in PLOT DATA. All graphs are plotted 
for the same time interval specified in PLOT TIMES. 
During simulation the time T, followed by all the values
V of the specified variable (numbers.1, 4 and 9, say,) 
is stored on tape as shown:

.....

:
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FIG.B2 Graph of Observation at Different Times

If the start time (Sl=24) plus the maximum time increment 
(R3=18) is less than the time X=43 hours, say, then a 
zero table value FND is returned (L4180). If the time X 
is within the range Of,the table, X=37 hours, say, then 
L4190 to 4300 will find the times T6=36 and T7=-42 hours 
which are on either side of X and for which there are 
corresponding table values, V6=2 and V7=l. The table 
value FND»1,75 is interpolated from V6 and V7 (L4310) . "

PLOT OOTPOT (1,4350)

i tape by. STO PLOT is read into
memory.

Processing. After simulation this module will use the 
variable values, stored on tape file P-DATA by STO 
PLOT, to plot separate graphs against.time,of the 
variables specified in PLOT DATA. All graphs are plotted 
for the same time interval specified in PLOT TIMES. 
During simulation the time T, followed by all the values 
V of the specified variable (numbers 1, 4 and 9, say,) 
is stored on tape as shown:

;. ■ VO..



STO PLOT enters values into a buffer which stores its 
contents onto tape whenever it is full. L4410 will empty 
the buffer onto tape to ensure that all values are on 
tape. If the simulation is done in reverse time 
sequence (negative time-steps), then TO will be great­
er than T1 in the above diagram. L4435 to 4460 defines
the axes scales, defined in PLOT DATA and possibly modi­
fied in STO PLOT, so that time increases from left.- to 
right in all graphs.

Each graph number J is plotted in turn and involves 
starting at the beginning of the tape each time and 
reading every value into the buffer but selecting only 
the time T and the variable value for the particular 
graph. In the above example, L44S5 to L4505 will search, 
for the following points and plot them f. all the graphs 
in the order shown;

(T0,V105,(TrV11),(T2,vl),  ----------graph 1 (variable 1)

(Tri,v£),(T.,v!|),tT-,iV:*)    graph 2 (variable 4) .

------ graph 3 (variable 9)
x0'v0' ' *'vl

Output. If there are less than two data points then a 
message to this effect will be displayed instead of a 
graph (L4380,4400). If the graph consists of points with 
a constant variable value then the value will be dis­
played instead of the graph. The variable, number, the 
variable and the time axes and the plotted points are 
first displayed on the screen and then copied onto paper. 
The minimum and maximra axes values and the unit spacing 
of the tic marks on the axes are listed below each graph. 
The total number of points is given after all graphs 
have been plotted.

■ A



Input. The user enters the model between L4640 and L7961: 
using only the symbols Ail), A(2), A(3)  ---  for vari­
ables and F(1), F(2), F(3) ----  for differential equa-

Processing. This module is called by the particular solu­
tions algorithm module selected in ALGORITHM. Each time 
MODEL is called, the values of certain of the variables
(A(l), A(2) -----  etc.) will change and this, in turn,
determines the values of the derivatives (F(1), F(2)-- ).
For. example,
F(6) = A(1)+F(4)*A(7)/(T-A(17)
where T is time. L7960 to L7990 is a permanent part of 
MODEL and will calculate a K-value (X(J,3) for each of 
the NO differential equations)each time MODEL is called 
by the algorithm module. Depending on the algorithm,
MODEL is called a number of times during each iteration 
of the simulation (Z= 1, 2 or 4 for EULER, MOD. EULER 
and 4R-KUTTA respectively).

Output. None

INITIAL (L8DQ0)

Input, Processing and Output. This module is • called by 
MASTER (L320) before the simulation begins. The user can 
therefore enter any program instructions into INITIAL to 
perform input, processing or output required before the 
simulation of the model. INITIAL is used only for initial 
input, processing and output for which the simulation
program has no facilities such as variable names, simu-__
lation heading, calculation of parameters etc. The return- 
statement at the end of the module and the comment state­
ments at the beginning are permanent features of the module.



lessing and output. This module has the same 
INITIAL above, but. is called by MASTER (L515) 
limulattion has been performed and the results



APPENDIX C

SOURCE CODE OF THE SIMULATION PROGRAM

5 ! ------- MASTER
10 CLEAR 12 DISP, "HEADING&NOTES- 

",a GOSUS 610 ! <PD>
28 DISP "CONTINUOUS SIMULATION 

OF A SYSTEM DESCRIBED BY ORDINARY"
30 DISP "DIFFERENTIAL EQUATIONS 

WITH INITIAL BOUNDARY C
ONDITIONS."

35 DISP S DISP “M.C.HOLTON-WITS 
i'H IUERSITY , "

40 DISP
50 DISP "NOTE"
60 DISP "15Press key kl WHILE E 

XECUTINC to -set back into 
input mode"

70 DISP "2)Space is provided in 
F&K for up to 28 di f ferenti 
al equations"

88 DISP "3>Space is provided in 
A, A0&B -for up to 105 va
riables in the prstn“

90 DISP "4)Space is provided in
fi.l. for printine up to 5

8 variables at each step"
91 DISP "STFile space provided

for<=2000 eraph points.M h
as space for <=20eraphs."

92 DISP "6>Space is provided in
01 for <=10 tables and
in D2&D3 for a"

93 DISP " total of<=100start t 
imes and <=100data points

94 DISP "7>S»ace is provided in
Ei&E2for <=20sueues and a
total of 108 values"

99 DISP
**********"

100 ON KEY# 1 GOTO 580
110 REM orR/OEF.ARRAYS&VARBLS
115 OPTION BASE 1
120 REAL A(105),B(105),K(20,4),F
130 SHORT A0(105),O2<100),03(100 

,2),E2(100),E3<20,2),M<20,4> 140 INTEGER Al<58),C,Cl,C9,Di<10 j4>,D9,E,E0,El<28,3),E9,F8/F 
1, F2, F3, J,Jl,J2,N0, N1,N2,N3 

158 INTEGER P0,P,P9,S,S0,T5,V 
170 DISP "DIFFERENTIAL EQUATIONS 

&VARIABLES" @ GOSUB 610 ! <R D)
200 DISP "dA<J)/dT=F<J).J=1 to"j 
220 INPUT N0 
238 DISP
240 DISP "F(J) = func(T,A(D. .A<";

N8;">. ,A < N 1)>"
258 DISP USING 268 i N0+1,N0

/ 4



260 IMAGE "EXTRA-VARIABLES ARE A 
C",DB, . . ACN1XIF. HO EXTRAS 
,ENTER N1=",DD,") Ni=?"£80 INPUT N1

299 NORMAL S 21, F0, FI, F2.i F3=S 292 FOR 22=1 TO 11
294 IF 22=2 OR 22=3 THEN 302 
296 IF Z?=5 AND F0=0 THEN 302 
298 IF ZZ=? AND F1=0 THEN. 302
300 DISP ® GOSUB 700 302 NEXT 22
304 21=1 e GOSUB 700310 GOSUB 8000
315 ! INITIALIZE COUNTERS
320 T=T0 ! INITIALIZE CLOCK
368 IF F1=0 THEN 458 I NO PLOT379 Cl=l ! for STO PLOT
380 IF <T4-T3>*H>0 THEN 400
390 OISP "ERROR-Plot ^rom";T3;“t 

o";T4j"but step size=“;H e G OTO 580
400 P0=INT<CT4-T3>/<<C8-l)*H)+.9 

5) 8 P0=MAX<P0j1>
405 ASSIGN# 1 TO "P-OATA"410 IF T3=T0 THEN 430 420 P=P0-1 @ GOTO 450 
430 P=0 S GOSUB 3568 
440 01=2458 IF F3=0 THEN 490 ! NO QUEUES 468 E0=INT<E7/(E8-E9)/ABS(H)+.99 

) 15 E0=I1AXCE0, 1)
470 GOSUB 3740 
480 E=0
490 IF F0=8 THEN 502 ! noPRT OUT 

PUT493 IF (T3-T2>*H>0 THEN 496
494 DISP "ERROR-Print froih"jT2;“ tonvTS; "but step size=‘';H 6 

GOTO 530496 DISP USING 497
497 IMAGE
498 DISP "INITIAL VALUE<S>■";8 G 

OSUB 3670
500 IF T2=T0 THEN 55=0 ELSE S=S0-

1 ! OUTPT FRM START ELSE NOT 592 TF <T9-T0)*H>0 THEN 506"
584 OISP "ERROR-Exeeute from"iT0 ;"to";T9;"but step size=";H a GOTO 580 
586 GOSUB 2939 508 DISP USING 497 
510 IF Fl=l THEN GOSUB 4350 
515 GOSUB 9008
520 NORMAL 8 OISP "ANIT :-i i. ”UN(Y
540 INPUT I*
550 IF I*="N" THEN .580 NORMAL ® GOSUB V 
590 GOTO 310 I RUN AG, .«600 END



I
616 I •-- -— — PRT-^DISP
S30 NORMAL
640 DISP "Print or Displa
660 INPUT 1$670 IF I$="D" THEN 699 
675 IF I$#"P" THEN 640 
680 PRINT ALL 
690 DISP S RETURN
700 ! ----------INPUT710 IF 21=9 THEN 1000 
790 DISP (2 DISP "OCHANGE ALL IN IT. VALUES"300 DISP "2>RE-USE INIf.VARIABLE 

S&6UEUES"
920 DISP "3>CHRNGE SOME VARIABLE 

VALUES"
830 DISP ”4>DHANGE PRINT LIST" 
840 DISP "5>CHANGE PRINT TIMES" 850 DISP "6>CHANGE PLOTTING DATA
860 DISP ‘ TTING' 
87(3 DISP ' 

ES" 880 DISP 1 
890 DISP 1
908 DISP 

TERS 
9i"0 DISP

7>CHANGE TIMES FOR PLO 
8)CHANGE EXECUTION TIM

"1DGHAHGE QUEUE PARAME
... 12)EXECUTE PROGRAM"
960 DISP "(LAST OPTION";Z 2 i " @ 

DISP "ENTER NEW OPTION 1 TO 12"JS INPUT 22 
990 IF 22>0 AND 22<12 THEN 1000 
993 IF 22=12 THEN 1010 
996 BEEP 100,100 8 GOTO 960 
1006 ON 22 GOSUB 1830.1110,1180, 1280,1450,15@9,1696,1740,17 90, 1830., 2380 
1805 NORMAL 6 IF •• 0 THEN 1020 

ELSE 790
1010 DISP "OUTPUT OF RESULTS-" @ GOSUB 610 
1020 RETURN
1839 t ---------- UZNIT VALS1050 DISP "ENTER THE INITIAL VAL­UE FOR EACH VARIABLE"
1055 GOSUB 2921 G IF F4=i THEN R ESTORE 8889 
1956 GOSUB 610 1060 FOR J=1 TO N1 
1070 DISP "A0<"iJj")"j 
1090 IF F4=2 THEN INPUT A0(J) EL SE READ A0(J>e DISP A0(J) 1100 NEXT J 8 GOTO 1130
1110 ! ---------SI'RE-INITIALISE1120 I NOTE-2) IS PART OFl)
1124 IF 21=0 THEN 1140
1125 GOSUB 610 8 DISP "VARIABLES

SET TO INITIAL VALUES."

#



1136 IF F3=l THEN GOSUB 2866 
1148 FOR J=1 TO Ml 1158 A<J),e<J)=fl0<J)
1160 NEXT J 1178 RETURN
1180 [ --------- -33CHRNGES
1200 OISP "HOW MANY CHANGES"; 
1210 INPUT N3
1220 OISP “ENTER VARIABLE No.AND ITS VALUE."
1225 GOSUB 616 
1230 FOR J=1 TO N3.
1240 OISP -<No.,VfiL.>n;1250 INPUT R3,A(A3)
1255 A8(A3),B<A3j=A(A3)
1250 NEXT J 1270 RETURN
1280 ! ---------- 4>PRT LIST1300 F0=0 ! FLAG-NOCPRT) 
i '£10 OISP “PRINT RHYTHING(YorN)"
13^0 INPUT I*
1330 IF I*=“N" T) 1401340 F0=1
1343 GOSUB 2321 F4=l THEN R

ESTORE 88f 1345 GOSUB 610 
1350 DISP USING 1369 ; Nl
1368 IMAGE "HOW MANY VRRTABLES",

/, UA<1) , . A<-', K, “)MUST BE PR INTEO"
.1370 IF F4=2 THEN INPUT N2 EuSE 

READ N212 OISP N2 
1380 OISP USING 13319 ; N2,N1 
1399 IMAGE "ENTER THE ",DD," HUH 

@ER(S) BETWEEN",/,"1 AND ", K," IN ANY ORDER.“
14fc ' '"OR J=1 TO N2 J41U VHSP nCNO.")Jj“)l‘;
1420 IF F4=2 THEN INPUT AKJ) EL SE READ AKJ>e DISP AKJ) 
1438 NEXT J 1440 RETURN1450 ! ---------- 5)PRT T2MES
1455 DISP "OUTPUT TIMES-" ta GOSU
1460 DISP "PRINT OUTPUT FROM T=T2 TO T8 EVERY S8 TIME ST
1470 DISP "<T2,T8,S0)'’j 
1468 INPUT T2,T8,S0 1490 RETURN
1560 ! ----- .---- 6>PL.0T OATR
1520 F1=0 1 FLAG-NO<PLT)
1530 DISP "PLOT ANYTHTNG-:,-c-rN)"j 1540 INPUT 1$
1550 IF I$="NU THEN 16M ! RETUR 

H1560 Fl=l > FLAG ON 
1565 GOSUB 2921 6 IF F4«l THEN R ESTORE 8870



I
\

... • I

1570 G08UB 6191580 DISP "NO.PLOTS,MAX HO.PTF.C 
See note 5)";

1590 IF F4=2 THEN INPUT P9,09 EL SE READ P9,C9@ DISP P9;C9 
1509 DISP "UNIT SPACING ALONG T« 

AXIS"iISIS IF F4=2 THEN INPUT XI ELSE 
READ X18 DISP XI 

1628 DISP "FOR EACH VARIABLE TO BE PLOTTED ENTER-“
1630 DISP "V-VARIRBLE NO.,MN-M!N 

.VALUE,MX r- MAX. VALUE,U-UNIT 
-ACING ALONG VARIABLE AX

^F4=^THEN"lNPUT' A2, A3, R4 ,AS ELSE READ A2,A3,A4,A5@ 
DISP A2;A3;A4;A5 
MU,1)=A2 S M<J,2)=A3 @ MfJ

 7>PL0T TIMES
TIMES-" @ GOSUB

IFIED VARIAB TO T4,USING

: m e # " '
I E ------ -— BJSIMUL.TIMES

1745 DISP “EXECUTION TIMES-" @ G 
OSUS 610 

1750 DISP “EXECUTE FROM T=T8 TO T9 WITH TIME STEP H"
1766 DISP BCT0,TSiH),'i 1770 INPUT T0,T9,H 1788 RETURN
1790 ! ------------ 91'ALGORITHM1795 DISP “ALGORITHM-" S GOSUB 6 

10 -
1800 DISP "EULER,MOD.EULER OR 4T 

H ORDER RUNGE-KUTTAU/So ' r3>”j
1810 INPUT F20 IF F2<1 OR F2>3 T 

HEN 1800 1820 RETURN
1830 I   10HABLE DATA1835 00=0 ! forUSE TABLE 
1848 DISP "USE TABLES<YdrN)"j@ I 

NPUT I*1843 IF I$=“N" THEN 2370
1845 IF IStTY" THEN 184©
1846 RESTORE 8908 8 GOSUB 2921 6GOSUB 610
1847 IF F4=l OR Z1=0 THEN 1890 
1850 DISP "ENTER/CHANGE HO,OF TABLES,NO.OF TIMES EACH USED, 

OR NO.OF DATA PAIRS(YorN)

FROM T=T3 
ABOUT C8 PTS "



-

F4»2 THEN INPUT D9 ELSE 
. _AD DSG DISP 09 DISP "FOR EACH TABLE ENTER 
VALUES=“. DISP "NO.OF TIMES TABLE MIL L BE USED- NO, OF DATA PAIR 

S IN TABLE'CSee note 6)- 
f FOR -J-l TO 09 ■
I DISP "<TR8LEN.J;-‘>"? 
t IF F4—2 THEN INPUT A4/AS EL 
SE READ R4,A5e DISP A4-A5 

. 01(J-1>«=A4 8 DUJ,3)=A5 
I NEXT Ji D K 1 j2)-D1<1-4>**1 .
I FOR J=1 TO .09-1 
r ! DEF START ROW NO'S OF 02 &D3 IN D1 
I D-1(J+1,2)=01<J, 2>y-Dl <J,1)I DiCJ+l-4>=Dl<J-4)+DKJ-3> 
r NEXT J .i IF F4=l OR Zl=8 THEN 2870 
I DISP "ENTER/CHANGE T-VALUES WHEN TABLES ARE TO BE START 
EDCYorN)I INPUT IF

i IF J$="N" THEN 2208
TO 09 
iBLE” - J 

 ... =-1 1 DUMMY UAL

S 5 I L , ,
LSE READ D2(Jl)e DISP D2CJ1

2156
2160

2170
2180
21902195
2 2 0 0

22152220
2238

2248
2250
2250
2270

>
LAIF 02<J1)>R3 THEN 2170 

TEST START TIME>PREV.
F4=2 6 DISP "ERROR-start va lues must increase" @ GOTO 
2040
A3=Q2ai> ! NEW PREV.NEXT J2 
NEXT JIF F4=l OR 21=9 THEN 2230 
DISP "ENTER/CHANGE DATA PAI RS<YorN)"j INPUT IS
IF I$="N" THEN 2370 
DISP "ENTER T-INCREMENT AFT 
ER TABLE START VALUE,TRBL 
E VALUE"Ji=0
FOR J=1 TO U9 DISP "TABLE";J 
A3=~l I DUMMY VAL.

$



231 .

<2280 FOR J2=l TO D1<J,3>
2230 J1=J1+1
2300 DISP J2; " CT-inc, T A B > ;
2310 IF F4=2 THEN INPUT A4,R5 EL 

SE READ A4>A5@ DISP A4,A5
2311 D3(J1,1>=A4 @ D3f.Jl,2>=A5 
2320 IF D3CJ1,1)>A3 THEN 2340 !

LATEST INCR.>PREV.
2330 F4=2 @ DISP “ERROR-Tincreme 

. nts roust increase" 0 GOTO 2
2340 A3=D3(J1,1) ! NEW PREV.
2350 NEXT J2 
2360 NEXT J 
2370 RETURN
2388 ! ----  —  11 >Q DATA
2395 L=0 ! forUSE Q.
2400 F.3=0 1 FLAG-NO< I /Q)
2410 DISP "USE 8UEUES<YorN>"J 
2420 INPUT I*
2430 IF THEN 2920 ! RETRN
2435 IF IS#nY " THEN 2410
2440 F3=1'
2445 GOSUB 2921 @ IF F4=l THEN R 

ESTORE 8970 
2447 GOSUB 610. @ IF F4=l OR Z1=0 

THEN 2490 
2450 DISP "ENTER/CHANGE NO.OF 0U 

SUES,VAR- IRBLE NO’S,OR LR 
. . G TIMESCVorN)";
2468 INPUT 1$
2470 IF I*=“N" THEN 2580
2490 DISP "HOW MANY QUEUESCSee n
2500 IF F4=2'THEN INPUT E9 ELSE 

READ E9S DISP E9
2519 DISP “FOR EACH QUEUE ENTER 

VARIABLE NO,LAG TIME"
2520 E7=0
2530 FOR J=1 TO E9
2540.DISP "Q NO.";J;"(A(?>,LAG>"
2550 IF F4=2 THEN INPUT A4/A5 EL 

SE READ A4,A5@ DISP A4;A5
2551 E1U,1)=A4 B E3<J,2)=A5 
2560 E7=E7+E3CJ,2) ! TOT.LAG-T 
2570 NEXT J
2575 IF F4=l OR Z1=0 THEN 2628 
2580 DISP "ENTER/CHANGE SPACE AL 

LOCATION FOR QUEUES(YqrN)
2598 INPUT I*
2608 IF I$="N" THEN 2780 
2620 DISP "TOTAL SPACES FOR QUEU 

E VALUES (See note 7)"; 
2630 IF F4=2 THEN INPUT E8 ELSE 

READ ESS DISP E8 
2640 REM 1ST ROW NO.OF E2 FOR EA 

CH Q IS STO’D IN El.NO.Q-UA 
LS IS PROP.TO LAG-T'S &ST0'



2650 El(l,3)=l
2668 FOR J=1 TO E3 ! EACH Q2678 E1CJ,2>=IN7<E3<J,2>#£8/E7+,
2675 IF E1CJ,2>=$ THEN E1<J,2>=2 

! NEED AT LEAST 2 PTS.2680 IF J<E9 THEN El<J+l, 3 ) 1<J 
,3>+El(J,2>

2690 NEXT J2708 DISP "SPACE FOR QUEUES 1 TO
2718 FOR J=1 TO E9 
2720 DISP jElCJ,2>>.2730 NEXT J
2740 E8=EKE9,3>+E1<E9,2>-1 
2750 DISP "TOTAL=";E8;".<see not 

e 7>" .2755 IF F4=2 THEN 2760
2756 DISP 'IF ALLOCATIONS UNSATI SFACTORY ■ CORRECT LATER.<p  

ress CONT key)" @ PAUSE @ G
.. OTO 23,10. .2760 DISP “ALLOCATIONS OKCYorN)" INPUT I#

2770 IF I$=“H'* THEN 2620 
2780 DISP "ENTER/CHANGE INITIAL VALUES TO BE STORED IN EAC 

H QUEUECYorN)";2790 INPUT I*
2800 IF IS*"N,V THEN 2920 
2810 DISP "INITIALIZE EACH QUEUE TO 1 VALUE"
2820 FOR J=1 TO E9
2830 OISP "Q HO.";J;"AC.:El(J,l)
2840 IF F4=2 THEN INPUT E3CJ,1)

. ELSE READ E3(J,1>@ DISP E3<
2859 NEXT J
2858 ! ENTRY FROM 2>TO RE-USE IN 
, ' IT G-VALS.2870 FOR J=1 TO E9 

2880 FOR jl=EUJ,3) TO E1(J,3)+E 1 (J > 2>-l 2890 E2(J1)=E3(J,1)
2900 NEXT J1 2910 NEXT J
2920 RETURN
2921 ! -----------DATA/PROMPT
2923 DISP "DUSE PREDEFINED DATA 

" @ DISP "2)KEY80ARD INPUT"« OISP "(lor2)";@ INPUT F4
2924 IF F4#l AND F4#2 THEN 29232925 RETURN
2930 I — --------MAIN
2950 FOR C=0 TO <T9-T0)/H-1 i NO 

.OF TIME INCREMENTS 2968 T1=T0+C*H ! Tn 
2970 ON F2 GOSUB 3175,3199,3340 ! ALGORITHMS



■■ '

'i

iFSF3=0 THEN 3030
i IF E<E0 THEN 3638 
i GOSUE 3748

' iFSFl=0LTHEH 3118 
i IF <T3-T>*SGNCH»0 OR <T-T4 )*SGN<H>>0 THEN 3110 
i P-P+l
i IF P<P0 THEN 3110 
i IF C1>C9 THEN 3110 GOSUB 3560

l=Cl + i .! PLOT COUNTER
.. . . .  THEN-3176 
IF <T2-T)*SGN(H)>8 OR (T-T8 
>*SGH<H>>0 THEN 3170 S=S+1 ! PRT COUNTER 
IF S<S0 THEN 3170 : GOSUB 3670

: NEXT C 
RETURN
!  --   -EULERi T=T1 ! time Tn

I GOSUB 4630 1 K<J,1)

?S¥Ihj
— MOO .EUL

■ V : : J=1 TO N8 
AU)=BCJ>+K<J, 1>
GOSUB 4630 ! K(J,2) 
FOR J=1 TO N9
2))/2 ! fl<JJn+1

-4R-KUTTA

U)+K<J,Z-l>z2 
3440 GOSUBJ4630 ! K(J,2)
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