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7.2 LISTING OF THE MODULES MODEL, INITIAL AND PINAL

EL
EN BR TD SHLZ FCio .
k(1,~)FDR ALL i AND z=1.2.3

.,

4558 1 ERERERCEXUNSTERDY FLOMWS

466G | 4+brt 44+ CASTADE  DUTFLOW
&SETTLER THFLOW

4678 ZI=FPCI/73%7 U LAY OF WEEK

4638 gF ZI>S THEMN 4718 { HON.=DR

Vi
4859 | WEEKURY -FLON
47ed AIESI=FHDCII481 B ACEEI=FND
B CI)EBE 2 LOTO 4?8
47121 WEEKEND FLOI
4728 ﬂ(Gi) FNU(’)*BI & f(Ea>=FND

478y ++++++++++++mps
4799 CBPy»A THEN 4836
4880 JOMPS

OFF
ag e REISY=RC4RY THEN ACETI=H
- pizh)

4
4229 hDTD 4859
4838° { QN
4g4@ IF H(l){“ﬁ(4o) THEN RLGY =8
4850° FCLI=SACEE) ~ALETD
4860 1 4ddtdstdbdrbbd PGS
4570 IFPﬂﬁggb)B THEN 4918

OF
4858 éF AC2I>=A¢44Y THEN R{ERY=A

4989 GDTD 4338

4918 L PUMPS OH

4928 IF AQ2)3<= ﬂ(45} THEN ALERN=G
4930 FLZU=RIE7PI-ALE

4948 | ++++++++++sea TRHK

4958 H(gE%;ﬁ(ZS)*R(SS) L Mup oIS

4968 IF AC3)rof(48) THEN A{E9)=M
gxga.a<ss>—acea>> ELSE R(ES

4970 F(3D=ALER>-R{BBY~ACES)

4388 1 bRt bR HOTHELL

4956 | MRKELF-RWBLS IPPLY DRM

Soge IF A4 bH(é?) AND - 31=E THE
H(f Z ELSE H(?Q\'GE

W
k]
-
©
>
Es
&
i
o
oo
2o
<
e
z
=
2
e
c
=y
i3

5929 | Fl,

5b38 IF Aqait@ AND ACHILACS2Y TH
EN R{TEI=A¢22) ELSE R(7BY=R

5435 g(?ﬁNE(SQ)#Hﬁ?4)+H<?G) AL7e

Sede | DUERFLDN

BRGS0 H{TSI=y | SUME

Sneg LF H(4)<R(49) OR F4) (=01 TH
EN 58883

BO7E ACTEX=F{d2 @ Fi4)=0

Sa83 1 4+ttt +++REFRIGERAT ION
5899 AL7I3=ACPOIRC1-A{33-ALE45)
{3+ COLOMELL
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S11d | MAKEUP-RUBRSUPPLY DRM

G129 IF- ACSI>ACSAS THEN 5158

8130 IF ACF4)=0 THEN A(TS)=R(24)

5148 G1=1 @ GOTO 5166

£150 H{VSY=6 @ Gl=n

G168 IF ACSYRALS1) THEW 5i3

5170 IF ACFEY=a THEN ALTP Y= H(ZG)

G188 G2=1 € GOTD 5208

5128 AC?7=0 & G2=0

5208 FCSIRACTINFACTEYHFRLFTY 1. TD
T INFLW

F218- - DUTFLDY

szEd IF R(S))G THEN 8256

H228 Z3= N NCRCRZ I ALCES Y

BE3E IF RIEIKACSEY THEN R(72=NI
NCFCEY  ARE?IY ELSE R(723=MI
HCFCS), 4)

5248 GOTO 5z

§258 - IF H(b)<ﬁ(53> THEH AC72r=A¢
2?Z)ELBE ALP2I=NINCALESY, A

5268 FCO)=F(Sx-A{72> 1 HET. INFLU

S27H I e ded oG STORAGE OAM

SEBR FCSI=ACP2I=ALAD)

5285 1 +++++++CﬁbCHDFS

5286 F(7)=

5298 | ****tx*x*xx******xxsnLTs

33608 IF G=1 THEN 5548

5318 [ bbb e b+ HORKIHES

g4l LE
ACERI=(ZIRCALPIIHACRZI D+AL3

5358
TokACSIIILALEEY | Cwdrkines

5360 | +++++++++4+SETTLER

S3IES AC2EI=A(BI/AC5T)

$378 F(Bi= H(EG)*(H(Su) ~ALBSHI

538 1 bbbt PS

5385 ACBEd=A{9) ACL)

53356 §(9) =ACBEIRACESI -RIETIRR(EE

S4B | +++++++++¢+1PS

§485 RLATY=ACLBY/R(

5410 §§123 ﬁ(G?)*H(BE) ~R{EBIRACE

5420 § ++++++++++SED TRNK

5425 ACEEI=AL11)/R(3)

5438 F{l10= ﬁ(ﬁB)*HCS?) CRCEII+AL
BBYYRACBE)

5448 1ttt beRHOTHELL.

5445 A¢83)= ﬁ(iB)/H 43

5458 FL12)=R(69)XA(BBY+RC74)¥RLS
gigﬁc’§>*n<se) CACTEI+ALTEY

$468 ! +++++REFRIGERATION

5478 IF _ACT1y=8 THEN R(84)=8 ELS
E)H(S4§ ﬂ(&s)*ﬂ(?ﬂ)t(l 434
?

S48B | +Hfthe+4+00LOKELL

T



5.

g ACSF={C LAV AHLSD

FOL20=A{T LI RA R4 +RACY S RACT
TIFRCPFIRACEBI-ALPZ IRALDEY
I ++*++*++U/G STORRGE . BAK
REELo= (64

Flidrs V?E)*ﬁ(SBI—R(GS)#H(S
i

1 #dbdeir 1 +CHSCADE DAMS
ACOZIALISI ALY
FLA5I=RCES (AT »~A4980 )
bOREEXRKXKKEND OF . SALTS

1 ++INTEGRHTE H<74)—H(BB)
FOR J3=74 TQ

25(J0~?3;Z) R(JX)

J3
IF F”#l AND T4T1+H. THEN S67
B8
FOR J3;95 To 18t

ZE‘J
5630, 3648, T658
H(J3)~R(J3)+HXZSCZ ity ® GO

TG g6
ALIBISACIZILHR(ER(EZ 12 +25C
23, 3E5A

z

223,28 GOTO
RECIIF=ACUIY +HECZS (23,5 1) #2467
5(23)2)+ZS(Z3.3))+ES(23:4)

HEXT ex]
! FEEHATRT L UDLUHE&NHSS
AL yACBLY
FOR J3¥=1 TO
R(BB/=H<93>+H(J3) B NERT J3
FOR . J3=%.70
H(?l)=ﬂ(81)+H'J3> @ MERT J3
] ORIk REND OF - MODEL
FOR J=1. TO. NB
KEJ, Z3=HXFCI) L 221, 8, 30RY
KT J

@ -H
RETURN

| e 1TiAL
| 508" DONE BERBRE STMUL

DISP " 1)UNSTEADY FL G0 s
L.

QISP "2YUNSTERDY FLONS&UNST
EHDYbﬁLTS {lor2dv e INPUT

G
IF GR1 AND oH#2 THEM Seas

S G1,G2=@ { NGO COLD~W MBKEUR

DISP USIHG 8848 ; “UNISEL G
OLD MIME". "Detailed unstead
¥ {low and”, "unsteadr salt

model.

INAGE »#. 3¢IRAY, IR("=")

DISP “UNITS:Ml,dsite . (HDTE: k

BAM1=ng 10"

Qigr & DIS? rCﬂPHClTY FLow
NS

RA
DIZP * PUMPS:MPS, IRS, HOT=C0
LDWELL VIRCE@Y TALEL) sAC2




3218
3239

g2409
§259

seas

DISP " MAKEUR WARTER TU HOT&
LOLDHELLS: RHB":AL{23x; A2
43

DIbP o SUP ORMYR(E551AC26

U!uP " CBLDNELL TO. INFERMER

L GAMY

aise G DISP “RYERAGE FLOWS
1/dyn

45
LISP USIHG €124 ;' INFILTR
HEIQN“:H(37)/“ EVAPORATIDNY
2
INAGE. 298, %2 Ks»
DISP THB(QG);“RHTIOS"
G BL

IH ;" TOWER E
VARAINFLOW" , AC333, " TOWER W
IHDAGE THFLON ", A<34
BISF USING 8138 ; " ORELOSS
#CRSCROE FLOMY,B{IT2, " MUD-
SETTLER INFLOW",AY3632
L F a4+ HYDROGRAFH FHETORS
B1=HLIBIAAC3IS
ZI=RIBRI+THC(RLI7I~ALSZY I8¢
35%AC38) 1 WEEKLY SETTLER
INFLW

B2=23,0040)

BIsSP TRB(LB);"(M]/ueek)"

BISP USTHG 28l3a@ T OMINE

FLUI“.R(3B);" eETTLER INFLQ
123

D15P B DISP *VYOLUMES(M13:"

nISP " START-~STOP WOLUMES:"
DISE " MRS PUMPY;;3RT4AZ) ;A
(44) E DISP %~ IRS PUNMR"; R

837
DISP : SHITCH ON VOLUMES FO
R MAKEUR «
arsp ® HUTMELL RNB&SUP DRN
*IRCATYSA(4BY @ 0L 0L
U?%LL RUBESUP, DHN“ H(SB) H(
g

oisp v FULL CRPACITYs*
DIgp. o THNk,HOTNELL =)
LBHELL"JH(AS); 93 ; RS
b1 MED&CHSCHDE 0F
gg;SETTLERS";H(577 SACS45 5 AC

IF G=1 THEN GOTO 85dn

01gP & DISP “SALT. LOMCENTPH
TIOHY karml=morly:

DIsp * HHVEUP RHB&bUP DR ;
RLS7IIAC

DIsp * lNFlLTRHTYBN";H(Ssb

DISP “ LERCHING=X(Y-Ccascad
€I @ DISP Y M, Y, Z"3RC6A)

3 FACEZ)

[ OATA FOR 1YINIT VRLS

1 1707

DATA. 1.3, .45,1.6.4,2.2.1.5
1 8TD1E
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BEGS 0ATR. 1266, 918, 315, 1120, 25064
2 1308, 1469, 1858,8,0,8,4

B2t@ 1 2@AT02%

5812 DATA 14.7.14.7,41.5,:5,.5,8
405, 4268, B

8914, 297048

8816 DATAR B.8, .4, ,85, .81, .2, .08,
5.70,%2 619.1. 478

&gla. ! 417258

8820 DATA B.2.9,1.6,1, 4,156,168
s1.6,4.,8,.8,2,2,1.5,1.8,08

b SFTOES
2824 GATA ?36.1298044660,.1,1689
iL.8
@828 1 RSTO7Y
8622 DRTA 2; .1:8.9.8,9.08.2,8
8838 1 7nTnel
8832 nﬂTn a,a 8,8,8;, 1536, 9,15250
a4

8836 DﬂTﬂ ?29:785 £ 788
ST

8840 DRTF( 788, 70R. 780, 700, 788,78
8,783, 784,8.8

gg42 | 85701081

%844 DATH 9.8,9.6,8.6.8

2858 { DATA_FOR 4)PRT LIST

8852 DRTA 1‘:41,2““4“_,6 795,96

97.82.99,

8678 | DATA FUR 6)F‘LUT INPT

ger2. OATA 12,4098
DATR 1

o
o
£
2

8878 URTA 1.8,4.1.2:8,1.5,1,3.1.
5,1.7.0 1;4 ©,4,5.1,5.8,2.5.
1,66,9.28

8358 UATA €7. BeZB 5,69,%,28,5,78
+3.,28,5,72,8,20,5,97,8:1, 1

585501
S999 | DATA.FOR 183TRABLES

DRTH 4
£984 DATR 11,6,2.4.,11:5,2,%
9565 DATR €, 1,23, 4.7, 8, 5. 1. L1
4

8963 DRTA 5,12
2919 JATR B, 1.2,3,4,7.8,9: 18,11,

V. .Bs.8, . 75,

». 25,81, .5,.5:.7

5 LB}, .5:.5,.F
c4:1,.8

€970 ! EIHTF{ FOR 11)QUEUES

8572 DATA 1,98, .02,8

8953 RETURN

5819 | SUBR 10 PERFORM anv USER-
DEFINED GPERATIONS AFTER R
prily

[
)
53
@




2828 BISF “TIME STEP"iH;"
5925 -BISF “STARTAEMD TIME

9
5822 -DISP “"BLGORITHM: “;
IF HEN DISP "EULER"
832" IF F2=2 THEN DISP "HOD.EULE

2934 IF F2=3 THEN DISP "4th ORDE
£ _R-KUTTA®
2848 DIS? ® QISP “CUMULATIVE- OUT.

PUTLH
@56 DISP. ™ Mﬁg% UP WATER T HOT

&COLDUELL
DIsP * B i H(DS) s ALE
BISP-"  SUP, GAMY :ACS?Y;

- R{ISY
3578 S;?P * HOTWELL OVERFLOW*;AY

S888-DISPE " MUD REMOVED®;ATIAL1Y

9998 DISP- “ SALTS LERCHED(ked" A
L1y

9999 RETURN

g
8T

73 LIST OF SYMBOLS USED IN THE MODEL

In -this model 101 progrsm variables (A{l) to A(101) and
5 ' standard BASIC variables are used. The values of
prograim’ variables can easily be . entered,  changéd ok
displayed as. output u$ing the facilities of the simu-

lation program; whereas programming changes are re-
quired to alter BASIC variables. This Gan be seen when
studying the model. The program variables A{l) to
B(101) are divided into groups of different types of
variables (see section 5.2). Each group is discussed
and each program variableé describéd. 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 unitg are
alsd given. The program variables are discussed first.
Fig. 71 indicates the location of the systém components
referyed to:

7301 List of Program variables

* Indizates that the varlable is not used at-present
but can he'used in future modifications to the model.

“The. 15 dependent state variables (A(1) to A(15)result £rom
the simultaneous sclution of the 15 differential eguations
during each: iteration., There are twg types; storage element
volumes and mass of salts in the storage elements.

VOLUMES (ME) {Initisl value)
AfLY Main pump station e ' 1,3
A(2) Intermediate pumpst. «PS) 0,45
A(3) Sedimentation tank 1,6
&(4}) | Hotwell : 4
a(5) - Coldwell 2
A(B) Underground storage dam 2

5

Al Cascade dams 1;

SALT MASS” (kq)

A(8}  géttlers 1260
a(9) MPS %10
a{10) IPS 315
A(11l) sSedimentation tank 1120
a(12) Hotwell 2800
A({13} Coldawell 1400
A(l4) Underground storage dam 1400
a{l5) Cascade dams 1050
a(ls) * 0
A(i7) - * q-
A(18) . * 0
a{l9)  * 0




s

w=F e

’ :e.—j‘ e

120

The following_independent variables ox: parameters are

specified by the user and do not change during similation:

CAPACITY FLOW RATES (M£/d)

2(20)
A(21}
a(22)
Al23)
A(24)
A(25)
A{26)
a(27)
(28}
at29)
a{30)
A(31)

MPS pump
IFS pump
Hotwall to ref igerstion pump
Make-up:R.W.B. to Hotwell
to Coldwell
Supply Gam to Hotwell
to Coldwell
Coldwell to underground storage dam
®
*
*

*

"AVERAGE ' FLOWS AND. RATLOS -

Al32)

a(33)

A(34)

A(35)

A{36)

A(37)
A{38)

Evapération out of the mine (Me/d)
Evaporation loss from refrigeration
£low from Hotwell

Windage ‘loss from refrigeration
f£low from Hotwell

Water removed with ore

cascade outflow

Mud removed from settlers
Settler inflow

Groundwater infiltration. (M2/4)

Total weekly outflow fromthe coldwell,

RELATIVE FLOWS

A(39)

A(40)

Total area of the relative-cascade-

outflow versus time-graph for 1 week

(see 74,1.1)
Total area of the relativer-settler-
inflow versus time graph for 1 week

14,7
14,7
11,5
0,5
0,5
5,4
5.6
26,0
0

o o o

0.4
0,05

0,5
70,0

2,6187

31,4798
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Al4L) ¥

STORAGE ELEMENT VOLUMES (M¢)
A(42) 'MPS pump start

a{43) stop
A(44) IPS pump start
A{45) stop

A{46) Sedimentation Tank. - full

A(47) . Start/stop make-up to Hotwell fzom RWB

a(48) start/stop make-up. to’ Hotwell from
Supply Dam

a(48) - Hotwell -~ full

A(50) Start/stop make=up. to Coldwell from RWB

A(51) " start/stop make-up to Coldwell from
Supply Dam

A(52) -Coldawell - full

A{53) ‘Underground storage dam - full

A{54)  Cascade dams. ~ full

A(58) Settlers = full (permanently)

A(56) % :

SALT CONCENTRATIONS (kg/M¢
A(57) Make-up water: RWB

K{58) Supply Dam
A(59) Groundwater infiltration

0,8
2,0
2,0
15
1,8

700
12600

4000

LEACHING REACTION PARAMETERS (see 7:4.2.18a(79)}

A(60}) X factor

A{61) Y saturation salt concentration (kg/Me)
A(62) 7 order of the redction

A(63) *

The following dependent internal variables are geherated

051

1§000

21,0
0

by the. systeis 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

interast as output:

P
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INTERNAL FLOW RATES (Me/d)

A(64) ¥ 0
A(65) Cascade outflow 2
A(66) . Settler inflow from the workings & 0;1
A(67)  From: MP§ 0
A(867 Ips 0
A(69) Sedimentation Tank to Hotwell 4
AL70) Hotwell to Refrigeration Plant [
A(71) Refrigeration to Coldwall 0
A{72) Coldwell to undexrground 2
EXTERNAL FLOWRATES (M¢/d1)
A(T3) - F 0
A{74) -Maké-up from RWE to Hotwell 0
A(79) to Coldwell 0
a{76) from Supply Dam to Hotwell 0
A{77} from Supply. Dam ‘to Coldwell 4
A(78). Overflow Erom the Hotwell when. full o
A{79) LEACHING SALTS ADDED "'to used
: mine service water (kg/Me)=X(Y~A(82))%
XY and Z are A(60) ,A{61)and A(62) above 1530
A{80) Mud pumped from the mine o
A(BL) . TOTAL SALT MASS IN THE SYSTEM {kg) 10250
...  SALT CONCENTRATIONS (kg/M&}
A({B2) Cascade outflow at the lag time (ox 700
travel time) earlier. in the simulation
A(83). To the settlers ‘ 700
A(B4) Coldwell 700
A{85) Of the settlers 700
A{86} MPS 700
A(B7) IPS 700
A(B8) Sedimentation Tank . 700
A(89) Hotwell 700
A{Y0) Coldwell 700
A{91) Underground storage Dam 700
a(gz) Cascade Dams 700

}
E
1
¢
i
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A{93) TOTAL WATER VOLUME IN THE SYSTEM (ME) 4
The following d dent output_variables are calculated

by the model during simulation by integrating variables
E{74) to A(80) over time. Thesé variables: are generated
for output purposes and do not affect the state of the
system!

CUMULATIVE FLOWS (M¢)

a(9a)  * o
A{95) Make~up from RWB to Hotwell o
A(96)) to Coldwell [
A{97) from Supply Dam to Hotwell [
A(98) to Coldwell 8
A(89) . Overflow from Hotwell 0
A(100) Mud pumped from the mine 0
A(101) 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:r 1 - only flows .and no salts in the simu-
lation;2 - both ‘salts and flows.

Gl Flag used in the model: . 0 - coldwell not using
make-up from RWB therefore hotwell car 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 surfacé supply
dam. Used as Gl dbove,

z3 Temporaxy storage variable

J3 Do-loop counter
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FNQ(1) Quete number one is used for storing earlier
values of cascade dam salt concentration.

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

FND(1) Weekend demand from the cascade dams.
FND(2) Weekday settler inflow

FND(4) Weekend settler inflow.

74 DISCUSSION OF THE MODULE-MODEL

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 8027 of module INITIAL). When simulation begins
and the module MODEL is called during iterations, the
check on flag G (line 5300) will résult in the salt
section of the model being included or ‘excluded. The
two seéctions of the model are discussed separately.

74.1 ° Unsteady Water Flows and Storage Vdlimes

74.1.1 cascade Outflow and Settler Inflow {lines
4660-4720)

The water reticulation gystem in Unisel Gold Mine is

designed to satisfy the demand for mine sérvice water

from the mine workings and to-cope with the used mine
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service water and infiltration which leaves the work-
ings and gravitates to the bottom 6f the mine.:  The
water demand and hence the used water flows. dre 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, congists of infiltration and
used mine service water. The flowraté-time-day-of-the
week relationship of used mine service water gventually
entering the settlers is somewhat different to that of
the mine service  water demand relationship. Differ-
ences ogsur because of different travel times from
different parts of the mine and because of the effects
of evaporation and water remoyed with.the ore. .An
attempt. was made to determine a relationship between
the mine. sexvice water demand: and the settler inflow
but ‘this involved tdo 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 7.1 to 7.4 show the relative flows at different
times of thé day for water leaving thé cascade dam and
for water erntering the settlers. 'The cascade outflow
or settler inflow pattern for each weskday, [Monday to
Friday) and for each weekend is assumed to repeat it-
self from week to week. The graphs 71 to: 74 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
ko 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 meagurem ts -are qurrently being done to
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determii better estimates of the tiue relationships.
The valves shown are relativé values and are con-
verted toactual flow rates using the correction
factors Bl and B2 discussed below.

Graphs of relative flow rates versus time

relative 98
Flow -
5.6 / Ares A,
©,46875/day
0.4 /
6,7
0 L Oays
[t} 0,26 0,5 0,75 1,0
o0n0o 24h00

Graph 71 - Weekday :ascade Outflow

0,8

0,6 Area A2= s
Relative 0,27500/weeken
Flow 0,4

0,2

°o 0,75 1,00 1,25 1,05 1,75 2,0

Ohco 24h00/0h00 saht0

Saturday/Sunday

Graph 72 - Weekend Cascade Outflow
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Relative
Fiow 0t

Area A5 =
0,24 0,23000/day

[§} 0,25 0,5 0,75 . 1,0 ‘Days
0hto 24h00

Graph 73 - Weekday Settler Inflow
4

0.8
Relative
Flow 4,6
8,4 Area B,
0,33000/weekend
02 N
g

1] 0,28 0,5 0,75 1,0 1,25 158 175 2,0
0hoo - 24ho0/0h00 24h00
Saturday /. Sunday

Graph %4 - Yeekend Settler Inflow

The coordinates of the 4. graphs arée stored in 4 sep-
arate tables by module, 5T0 TABLE of the “simulation
progam. Actual flows are caleulatéd at any time in

the simulation by interpolating the relative flow

Erom the relevant table (module USE TABLE) and multiply-—
ing it by a correction factor ( B1 or B2). By convert-
ing the simulation time (which may bg in excess of 7
days) o a value between 1 and 7 days- (Monday to

Sunday) it can he seen whether the weekend or week-
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day tables are to be used (lines 4660 tod680). - The

table values are interpolated at the similation time

by using the function statement FND (table number). e
For example,

A{66)=FND(3)*B2

means that the settler inflow, A{66)equals . the
relative flow from table 3 multiplied by the'. gorréc-
tion factor, B2. The simulation, time, T falls within
a’ weekday -and therefore table 3 (graph 73 :abovel-is
used and not' table 4.

4539 | T--ionboCo-HODEL i
464R REM MAIN SUBR'TO GALC Feid,
KCi,z0FOR ALL. i AND ==1,2,3

4658 ! X*%X*****#UNSTEHDY FLUNS
4EER |+t e+ CASCADE - OUTFLOM
L. GSETTLER INFLOM
4678 23=FPL{T/7)¥7 1 DAY DF HWEEK
468A IF 23>5 THEN 47i@ | MOM.=DA
i

M
4690 . NEEKDHY FLOW
4788 ACESI= FND(l)*Bl R(66)=FHD

(.‘

4718 NEEKENB FLDH

4728 H(ﬁS) FNDU20%B1 @ A(SEI=FNO
4

The correction fagtors Bl and B2 are applicable to
cascade outflow and settlesr inflow caleulations. res-
pectively, for both weekday. and weekend flows. They

are both constants for any simulation and are thereforeé
calculated -in the module INITIPL, just before. simulatian
begins (lines 8170 to 8190).

Bl=total weekly outflow from the coldwall a(38)
total graph area for 1 week A(39)
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where .A(39} is calculated by the user as follows and

entered as a parameter of the mogel:

A(39)= 5x area graph FL (Mon.to Fri.) + area graph
F2 {Sat. and Sun.) Similarly, ‘

B2=total-wegkly inflow to the sethlers: 33
total graph area for 1 week A(39)

where 23 equals the weekly outflow from the cCascade dams
{and ¢oldwell)A(38) plus the weekly infiltration. 7*A(37)
less the weekly mine évaporation;7+#R(32); less water re-
moved with the ore; A{35)*A(38),

74.7.2 Main Pump Station (MPS){linds 4780-4850)

At -the start of each iteratioun; the pump will either

be pumping at-its capacity A(20) or not, i.e. A(67)=A(20)
or 0. .If the pump. was off but the volume of the pump

dam has- xisen to the switch-on-volume A(42) then.the
pump will be switched on, i.e. A(67).is sét t6 A(20).

If thé pump was on but the dam volume has dropped to

the switch-off-volume A(43) thén the pump is switched
off .during the current iteration, i.e. A(67) set to

zero. The rate of. changé of the volume of water: in the

pump dam is then calculated on line 'B540 and equals the
outflow from the settlers A(66) into the pump dam, less
the water being pumped out, A(67).

4738 | Feddbdrtbtrir+iMPS
4798 IF ﬂ;g?))@ THEM 48380

! S OF]
4818 IF ‘AC1)Y=A¢42) THEHM ACEVI=A

4528 GOTD 4858

L PUMPS ON

4849 IF ROLD4={(43> THEH F{67I=0
4850 F(L7=RA(SEI-ACET)

s
@
G
©
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Viater -is pumped from the MPS, approximately. 1920m
below surface, ‘up to the intermediate pump station
(IPS), 960m above.

74.1.3 Intermediate. Pump Station (IPS) (lines 4860-4930)

This elewent operates in exactly the same way as the MPS
above (.41.2). Water pumped into the pump dam from. the
MPS below is 1ifteéd a farthér $60m to. the sedimentation
tank on surface.

4g8@ Fob b b g bbb+ I PS

4870 IF RISE1>G THEW 4918

4888 ¢ FUMPS. OFF

4898 5215(2)>=R(44) THEW RCESI=H
]

4968 GQTQ 4936

491@ 1 PUI

HES - O
432@¢ IF RL204=F{43) THEN ALE8)=B
4938 FL2r=A{E7-RIE8Y

74.1.4 Surface Sedimentation Tank (Linss 4940543707

The head difference of approximately 1920m between the
tank and the settlexs ak the bottom of the mine is used

in two stages to displace wmad from the sSettlers td surfaca.

The @isplacemant flow A(B0) from the tank is assumed to
be a certain fraction A(36) of tlie variable settler
inflow B(66). Outflow from the sedimentation tank A(69)
to ‘the hotwell pasées over v-notch weirs.inte a launder
in the sedimentation tank.  If-the volume of water in
the tank A{3) is slightly less than the full valume |
A{46) then outflow to the hotwell A(69) eguals 0, other-
wise it eguals the inilow from 1PS, A(68}),less the mud
displacement flow A{80). ¢he rate of change of water
volume -in the tank ¥F(3] equals the inflow from IPFS less
the outflow to thée hotwell and Jor mud displacement.

4948 1 bhrdbet b+ SED . TAMK
4358 R(BESEH(ZS)*H(SED !opfuc ore

P Fl
4268 IF R{3D¥=R4EY THEN A(ER)=| N
RX{E.H(GS) RCBES> ELSE ALE

4878 F(3) RLEBI-RIDDY~ALEDY
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740,1.5 Hotwell (lines.4980-5060)

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 watér because if the coldwell empties then
water cannot be supplied to underground. Flags

Gl ‘and.G2 are set to 1 whenever the coldwell is

using pake-up. from the regional water board. (RWB) 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 C 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.

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)< K{52}.
F(4) équals.the inflow from the sedimentatiod tank
A({69). plus thé make-up inflow, A(74) and A(76) less
flow to the cooling tower A(70).(line 5035)

The net inflow rate

overflow from the hotwell A{78) will not resudlt.if
the hotwell is not full (A(4)< A(49) or .there is a
nett outflow (P{4)< =0).  During periods of over-
flow water is lost from the system and the voiume
of water in the system is 'constant, i.e; the nett
inflow F(4) eguals 0.

4986 1 +ttdtdrrt++HOTUELL

4998 | MHKEUP—PWB&SUPPLY [l:13]

Seae IF A4 9(4?) AND Gl=2 THE
M RC?4 423) ELSE A{74)=0

5818 IF ﬂx4)( AC(48) AND GE=@ THE
M R(PEY=AL25) ELSE R{7E)=0

§02@ | O0UTFLOW

3830 IF A(43>3 BAND A(S) <ALS2) TH
EN AL7@=A(22) ELSE A{7v@>=G

5835 Fl4o= ﬂ(h9)+ﬂ(?4)+ﬂ(?6) AT
b L MET INFL

T849 ) QVERELOM

3090 A(TEI=H | ASSUME

5858 IF H(4><R(49) OR Fe4d<=a TH
El 5889
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74.1.6. Refrigeration Plant (lines 5070-5090})

When the coldwell is not full and the hotwell not émpty,
water is pumped from the hotwell ta the top of the cool~
ing towser, 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).

Sore HCFAISF(ad R FCEISET
S68A. | ++eedrL+AREFRIGERATION
Soa R(?l)—ni?e)*(i AL3I~AL343)

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 than the correspbnding switch-on-volumes
A(50) ana A(S1). MaKe-up water flows-A(75) and &(77)
either eguals 0 or the respective capacity flowrates
A(24) and A(26). If make-up water is being added

to the hotwell then this flow is first stopped, by
setting flags Gl and/or G2 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
R{77).

2} "Outflow from the coldwell A(72) depends on whether
the coldwell is empty or not and whather 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 F{(35),
the storage dam outflow rate A(65) or the capacity
flowrate A(27) from the coldwell to the underground




133.

dam. . In practice a sensor monitors the water level
of the underground dam. and autdmaticalll opens. or
cloges a’'valve at the outlet from the coldwell.

Underground Storage: Dam

full noe full
Coldwell
A(72)=leszer of | A{72)=lesser of
empty F(5)a(27)2A(65) | ¥(5) & A(27)
K {72)=lesser of|-A(72) =.2a{27)
not empty A(85)4A(27)

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

5196 | bttt h £ COLDWELL

5118 | WAKEUP-RUB&SLPPLY DHM

5120 IF R{S)>A(SB) THEN §

ALT4Y=@ THEN H(?S)—H(’4)
E TD 3168

G1=8
5166 IF R(S))ﬂ(ﬁl) THEN 3198
3178 IF ALTE, )“ﬁ T N A(T?X=R(2EY
5188 L2=1 2 GOT 5
5198 AL77 =4 @ =8
5200 F(q) R(:I)*H(?E)+H(??> 1 70

5218 1 UT
R{5>>8 THER 5259

5228 IF

8225 ZI=MINCHIR27 2, ALETY)

5238 IF RACEYCRIS3L THEN A¢72)=Mi
HCF(S52, #¢270 ) ELSE R{7EI=MT

H{F¢SD »4:)

5249 GUTD 3261

5258 IF H(n;(ﬂ(ﬁR) THEN R{72Z)=A¢
Z;)jELSE ACTEI=NINCRCESY AL

273
5260 FLGISF(SM-RL72Y ) NET INFLR
7.41:8 Underground Stordge Daw {lines 5270,5280)
The rate of change of water volume stored in the dam
F{6) equals the infloy from the coldwell A({72} less the
demand from the cascade dams B{65). The outflow. from

the coldwell A{72) is adjusted in744.7 above to ensure
that the storage dam does not overflow.
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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 74.1.1) equals the inflow from the undeérground
storage dam. . The rate of change of volumeé F(7) .18 zero.

5578 | AterirerdUeoq STORAGE DAN

588 F(5=R(72)-ALES

S285 7T FFr+t++CASTADES -
5288 F(73=8

74.2 . Unsteady Salt Masses in Water Storage Volumes

and Unsteady Salt Concentrations of watexr
Flows {lines 5310-5540)

If the option to.use unsteady flows and salts has
been selected (flag G=3), then all flows between ele-
ments and volume$ of water in the elements are cal- .
culated at each iteration by the first half of the
model described in 74.1 above. - If only-the unsteady
salts option was selected then all flows ‘and volumes
are. constants set to the iamitial values specified by
the dser 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 beélow where mihe service water
leaves the cascade dams to satisfy demand in. the work-
ings at each levél 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




135.

from the cascade. dams and the inflow to the settlexs
are function of the time of day and thé day of the
week and- areé derived from in situ measuréments- (see
7.4.1.1-above). - An eguation for thé ‘Goncentiation of
salts in the settler inflow is derived below.

Q refers to flowrate and T to salt concentration.

Cascade outfiow at time t =0

Salt concentration
added to water in
coftact With ore

cleach

Infiltration

Creach®ing

settler inflow to the

Cas Ccas

WORKINGS

SETTLERS

DAMS

| Water removed with ore
bre “cas

Evaporation

g avapc_'g

working after a lag time
L
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Assune

Ruork ¥ %as T Ynr.” %re ” Qevap
t=tt =0 : )
{7-1)

The dser specifies the average travel or lag- ¢

t, as well as the independent time relationsaip
Quork -nd Qcas . therefore the equation (7-1) as au
assumption.

The leaching of salts from the ore by mine service
water is taken into account by .assuming that a certain

concentration of -salts C will be -ddded té the

léach
existing concentration.of Qcas at t=0. - The amount
added €ieach assumed .to be.a function Of Cyag at
t=0 and of some saturation concentration -,
- — Z
Cyeach T X(¥Copg)"
=0 (7-2)

X and 2 ‘are gonstantéwhich cdan 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 miné: water per

unit. time is therefore

Qeas™re! “ Cisaen (7-3)

The total mass of salts entexring the settlers pef unit
time at time %, is the original mass rate of inflow
from the cagcade to the workings less an amount for ore
loss, plus the rates for leaching and infiltration
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Qoxk. Cyork™ {Ccas~Fore) (CoasCleach! *inslint. 7-4)
substituting from {7-1) ko replace Qcas by Qwork and
from. {7-2) and rearranging -
Cwork= (9 wcrk Qevap inf) (ccas+x[,y—ccas ”anf inf
ork : (7-5)

and appears on line 5350. It should be rioted -that Ccas

is the salt concentration of the mine service water in- the
cascade dam, at & time t {days) earlier in the simulation.
Cogg 15 determined on line 5350 hy calling the module

USE. ¢ which intsrpolates the value of Ccas at the time. The

lag or travel time is specified in the input Jdata.

5298 H *é*ﬁf*l&*é***i**#x**dbﬁLTS
5312 ! FHhb e NORK TNGS

G328 2I=RLEEIFRCILI-ATITY
G330 ACHEI=ENGCIY | Ccas ad

LEHCHE
ZE#(H(?S’ A]EYIFRCE
PERS 413 Cworkines

74.2.2 Settlers - Salts {lines 5360~5370)

Complets mixing of the inflow is assumed and the con~
centration of salts in the sebtler A{83) e&guals the
constant settler water volume A(B) divided by the total
mags of salts in the settler A(55). The rate of insrease
of total salt mass in the settlex F(8} equals the mass
inflow rate A(66)*A(85) (Qwark.cwork in 74.2.1 abovg) '
less the mass outflpw rate A(561*a{85). The settlers

are designed to contain & fixed volume of water there-
fore the water volume outflow rate egquals the inflow

yate A(66).

P
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‘8368 ! +++++++++++C:ETTLER

U365 ACRBY=AL8)~A(SSE
537@ F(B) H(GSJ*(R(S") ~ALB53}

74.2.3 Main Pump Station Dam (MPS}. = Salts (lines
5380-5390)

The average salt concentration of water in the-dam
A{86) eguals the total salt mass A{p) divided by the
volume A{ 7). The rate of increase of total salt mass
F(9) equals the salt mass inflow rate from the settlers
A(BB)*A(B5). less the mass-outflow rate  due ta pumping
A(67)*A(86)

5380 1 +++*+++#++FMPS
5355 RCBEISALOIAAC
G398 FC50= H(GSﬁ#H(&S) REE7IHACEE

74:2.4 Intermedigte Punip Station (IPS) = Salts (lines
5400~5410)
As for the MPS above

S5488 +++++++++++IPS

5485 RLATI=ACLBI/

5419 ;(19)“ﬂ(u?)*ﬂ(?ﬁ)"ﬂt&&)*ﬁ(&
>

7.4.2.5 Sedimentation Tank-Sglts {lines 5420-5430)

The average salt concertrationki88)is thé total salt
divided by the water voluma. The rate of inorease of
salt mass F(LL) eguals the salt mass inflow rate from
thie TPE A(6BY*A(B7) less the outflow rates to the
Hotwell A(69)*A(88) and for mud displacement undérground
A(BOJ*A(88).
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F4FG | kS b SED, THNK

5425 ACBBI=ACILIAACZY

543@ F(LIY=ACERIERIBTI~CACEIIHAC
S8 ¥kALES)

74.:2.6 Hotwell-5alts (lines 5440-5450)

The average salt concentration A(89) ig¢ calculated as
before and the rate of incréase of salt' mass F(12) equals
the nass inflow rates from thé sedimentdtion tank and
wake-up water from RWB and supply dam, less thé-mass
outflow rates to the refrigeration plant and due to
possible overflow.

G448 | St LHOTRELL

5449 A(891=AL12I/AC4)

5450 FCL2Y=R(6IIXACS8IR(PIIRALT
TYEALPRIKRCEEI - CACTRIHRLTED
2kALBS

74.2.7 Refrigeration Plast ~ Salts (lines 5460-5470)

I Qhotfchat is.‘the salt mass flow rate’ fram the
hotwell to. the cooling tower and refrigeration plant,
then the mass flow rate leaving will be

o - Qwindage) Chot
Although' evaporation and windage takes place and reduces
the water flaw rate &o

ot Hyindage Pevan™Iplant
oily the windage losg refuces the mass flow rate.
The mass Flow rate from the refrigaration plant to the
voldwell is therefore
Qplant cplant = (Qhot~Qwindaqe7 Chot
Crant ” %hotChot '’ '?T“’-"L"—EE—E’ M ant
hot

and {7-6)

Equation {7~6) appears on line 5470 below,  The ratic
of Ogindage/Qhot ©r Al34) ih the program is a para-
netet specified by the user.
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Haed 1 +++++REFRIGEEHTION
5470 IF ACF15=0 THEN A(34)=8 ELS
§ ﬂﬂ(4)-ﬂ(ﬁB)*ﬂ(?B)&ll*R(34
3

74.2.8 Coldwel’ - Salts (lines 5480-5490)

The average ‘salt concentration A(80} is calculated as
pefore and the rate of increase of salt mass F(13)
équals the salt mass inflow zates from the réfrigera-
tion:plant and make-up water from the RWB and supply
dam © .. léss the mass outflow rate of water to under-
ground. :

5483 | *++++++++QOLDNELL
?7+a<?7>xn<ss>»n<?2)xﬁcsa>

74.2,9 Underground Storage Dam. - Salts (lines 5500~5510)

The average salt concentratioén A{3l) is calculated as
before, . and the rate of increase of salt mass F{l4) equals
the infloy rate of water from the coldwell, ‘less the out~
flow rate to the cascade dams.

5589 | F¥eeiiee+UlG STORAGE DRM
5565 ACS1I=A(143/ACE)
CTRIRACERI~ACETIRACD

7.4.2.10 - Cascade Dams - Salts (lines 5520-3530)

The cascade dams,one on each working level,are assumed
t¢ be grouped together to f..m one large dam of constant
volume A(7). . This has the effect of assuming that thé
salt concerntration 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
than 12 hours of the coldwell and.storage  dam woukd
énsure that only gradual changes’ would occur-in theé salt
concentration of inflow to-the cascade dams. It is felt
tHat the assumption of a constant dam volume ‘is also

and wombined retention ‘time of more

reasonable -as -the changés in storage volume of éach of
the 0,15M¢ capacity dams occurs ovér pericds much
shorter than thé simulation: time steps used. A
simulation of 4 detailed cascade model could be carried
out as a separate gtudy if reguired.

The simple P ion.of the systen
in this medel 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 K{15) divided
By the constant volume A{7). The rate of increasé of

total salt mass stored eguals the mass inflow rate A(65)xa(91)

less the outflow rateé to the workings A(65)xA{92).

pat £ +CASCHDE DANS

5929 |

5325 ACI2ZVSALLSICALT)

5528 F(15)=ACSS)X(ALSI2-ALI25)

5548 | EXkERRAXXEND OF SALTS

74.3. - Cumulativeé Fiow Volumes and Salt Masses (lines

5550-5660) :

It is often useful to know, for example, what the tofal
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 ueter-
mine importantunrecorded values such as the overflow
from the hotwell.
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Depending -on the solution algorithm used, the model is
called a numper of times during a single iteration time
step (once. for the Euler method, twice for Hodified -
Euler and four times for the Fourth-Oxder. Runge-Kutta).
Bach. time the model is called; -all the variables are
calculated at the time T of the simulation, ' and then' the
derivativeés of each of the 15 differential equations. are
calculated at the end of. the model (lines 7960-7996}.
The simulation program then uses a weighted average.of
the derivate values in the simultaneous solution of. tne
equations. ~In order to obtain the correct cumulative
values "for the watér volume or salt mass, the same
weighted averi,. (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 and salt-mass flowrates A(74)
to A{80} are integrated to obtain the corresponding
cumulative values A{95) te A(101). For example

a(100y. = Far79vae
o

where TQ is the 'simdlation start time and 1T 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 (Ilines 5580 to
5580): - The modified BEulér and. the Runge-Kutta modules
set the time T to TI+H (iteration. start time plus the

iteration time.step), for the last address of the model.
In other words all the variable values are avallable ‘for
calcnlating the cumulative values when T=T1+H (see

line 5590). The Euler method is the exception, only one
variable value.per differential eguation is available for
the iteration, therefore the cumulative value is caleu-
lated each time MODEL is called. A check is therefore
made on line 5530 to ensure integration if the Fuler

method is used, iie. when £lag F2= 1.
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Depénding on the algotithm used (flag F2=1,2, or 3 for
the Buler, Modifiéd Euler and Runge-Kutta), the
cumulative value.is calgulatéd 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 iteratien
plus the weighted average of -the variable vadlues stored
in 25, multiplied by the iteration time step H.

5558 ! ++INTtGRHTE H(?4) ~AC39)
5568 FOR JI=74 T
5578 25(J3—?342) H(J37

EXT J3
F599 éF FR41AND TLTI+H. THEN 367

S65@ FOR J3=95 TN 181

$618 Z3=.3~34

§626 ON F2 GOTO S638,5648,5650

5638 HéJZ) =ACJIIHHEES(Z3, 12 & B0

5648 R{JIIIE H(J3)+H*(25(23/1>+25(
23,2322 B GOTH. 566

5E58 R{JZ) = HCJ3)+HX(ZS(Z3 17 +2%C
25(23 2IHZECEIL3)I+E5(23 44>

8669 NEKT 42

74.4  .Total Water Volume and Salt Mass in the Systém at
the Current Simulation Time (lines 5662-5667)

. Tt iy 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{8Ll) is
calculated from the variables A({1l) td A(LS).

REEL2 L F+br+TOT . UULUME&MHSS
5663 H(?B):H(S )

S€64 FOR .JZ

5665 ACa3s= H(9 )+H(J3) B NEXT J3
5866 FOR J3=8
5667 BlEL1I=AC8 )+H(J3; @ NEXT J3
5670 | XAXXAXKCXXLEND OF MODEL
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75 DISCUSSION -OF. THE MODULE: - INITIAL (lines
8000-8999)

This module is.called by the simulation program immed-
dately beéfore simulation begins and any instructions
Specified by the user are executed.

2888 1w INITIAL

8318 | SUBR TONE BEFORE SIRUL'M

EB20 DISP - "1UNSTERDY FLOWS&HNO S
aLTe"

@321 DISP “23UNSTERADY FLUNS&UNST
ERDYSALTS  (lor2a“;@ IHM
&

2825 IF G#t RND G#2 THEN 8828

BO26- G1:GE=8 NO DOLD-W HHKEUP

eaze DISP USING 8848 ;. "UNIS G
OLD. MINE™, "Retailed unstead
y $low and“ "unsteady salt

odel.

5040 IHRGE /a3(329) Z2(7="3

8058 DISP “UNITS:Hl,d. ke (NOTE: &
asMi=masl)

8868 DISP @ D!SP "DHPRCITY FLOW
RATESCH

8678 DIbP " PUNPS’HPS IPS,HOT~CO
LOWELL "iAC2BYAL210 A2

8988 DISP * MAKEUF WATER TQ HOT&
COLDHELLS RUWB™* ;AC23) 1AL2

. &858 DISP " SUP.DRM":A(25);R26

elus BIgr " CDLDHELL Ta . INTERMED
LORRY (273
2118 OISP © DISP sﬂVEgﬂGE FLOWS

3128 DISP USIHG 8138 ; " INFILTR
RTION",AC375," EVHPORHTIDN"

+RC32

8138 IMAGE 24A,%, K./

8135 DISP TAB(26);"RATIOS"

8140 DISP USINE 8138 ; * TOMER E
YAP£INFLOW", AC33>," TOWER W
INDAGE/INFLOW" . A(24)

2156 DISP USING 2138 ;, “ ORELOSS
/CASCADE FLOKW",A{3S2." MUD~
SETTLER INFLOW",F(36)




BEEY
5270

5288
22139
8389
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{ ++r++EHYDROGRAPH FRCTORS

Bi=A%E8>/ACIY)

Z CIBIHTRCALITI-ACI2II-AC

350KFAL{38) | WEEKLY. SETTLER
INFLN

BR2=23/A¢40

DISP. TABL22): "Ml weeki”

DISP USING 2138 ;  MINE TN

SLO?":R(38)," SETTLER ' INFLO
w73

]
DISP ® DISP_ “YOLUMES{HM1J:
DISP ® START-STOP VOLUMES
DISP. *  MPS PUMP ;i R(42):A
€43> @ ISP " IPS PUMP“;AC
44) ;AT

DIgp * SMITCH ON VOLUMES FQ

MAKEY!

R

nIsp. HDTNELL REB&SUP . DAK
Y;RCATIFRLCABY B DISP " . COL
OWELL-RWBLSUP . DAN" s A{503 5 A¢

Six
DISP * FULL CAPRUITY:*
DISP “. SED. TAWK, HOTWELL, CO
LOWELL Y A46);AC(49); RL52)
DISF % INTERMED&CASCADE DA
HS;SETTLERS":B(EE)JR(54)iﬂ(

1F G=1 THEN. GOTD_852

DISP @ DISP "SHLT CDNCENTRH
TIONCkoasHlsSme.

DXbP)“ MHKEUP—RNB&SUP DAM ;
(57

OISP . % INFILTRATIONY;ACSYY

pIse v LEHCHING ®{Y-Ccagcad

eInrZt @ SP 4ORIYZVIACERY
a(sx) H(

! ATR FOR I)INIT vaLe

o

lT
DATA 1.3,.45.1.%5.,4,2,8, 1.5
187018

DRTH 1268,918, 318, 1124, 2808
£ 1480, 1498, 1958, 6,8.9,0

| 2avage

0ATA 14,714 ¥,11.5,.8,.5,§
L4,5,4,26,68.0

| 38T043

ORTH 8.4..4, .85, .@1,.2,.03,
5;79/26619;1 478

dat 229016010 416,16
115 .6,.8,2,2,1.5,1.8,8

B4
DATR ?SB,IEBBG,4@BQ,AY;ISBQ

! n73
& DATH g (1:6,8,8,8,0,2,8

5
OATA B, 8. 9,0, B, 1538, 6, 18250




2834 | 32TO34

=836 DATR ras8. 782,708

§83§ ! BFT0

2849 DATR 70,708, 798, 743, 789, FA
9,799,796, 4.8 .

2844 DATR 6.8,9,8,08.0,6

2658 | DATA FOR 4)PRT .LIST

8852 DATH 13,1,2,3.4,5,6,7,95,96

97, 88,39,19%

8876 ! HRTAFOR €>FLOT . INPT

G672 GRTR 12, 4800

8875 DATA 1

8878 DHTH 1,04, 1,88, 108,1,3, 1.
5)1.7,‘1;4 @:4.5,1i5:9,2,5:

28
egen DﬁTﬁ 67:8, 28;5 62.8.20,5,749
:20,3,72,8,20,5,97,8, 1, 1,

bersi1

8998 1 DHTH FOR 12)TABLES

8902 DATA. 4

8984 DHTH 11.6,2,4,11.5,2.5

5986 DgTﬂ Hs1,2:3.4,7,8,9,19,: {1,
i

8368 DATR 5,12
8218 DRTR 8,1.8.3,4,7.8.9.140, 14,

3912 Dﬁ|ﬂ .12
8214 DATR B, .2, 254»2 2Fe 08,788

S, 8BTS ? Loy
8915 DATA B, .2,.25..2, .5, /8, .75,
§313 DHT§ B, 81; 25):91‘.5}.5}4?
i

as20 JATn ai.m. 25, 01, 5..8..7

S =¥
8979 ! UHTR FDR Xi)QUEUES
8372 ORTA 1.92, /82,5769
RETURN

In this particular example, INITIAL fs used to carry
out the £6llowWing:

1) Ask the user what type of simulation is requireds
unsteady £lows and no salts or unsteady flows and
unsteady salts? A flag G is& set to 1 or 2 and is
used in MODEL during simulation. See links 8010
t6 8025, If G equals 1 then the salt informakion N
is irrelevant (line 8290).

2) Set flags Gl and G2 to zero which means that no
make-up water is baing 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

uvsed in the simulation (lines 8050 to 8330)

5) Use parameters t§ calculate other parametérs
The correction. factors Bl and B2, for converting

the graphs of rélative cascade outflows -and getller
inflows to actual flows are calculated on lihes
8160° to 8120, ‘The graphs and detailed explanation
are given earlier in section 724.1.1. B1 ‘and B2
are used in MODEL.

6) Entry of large amounts of input data;  Certain
lines in INITIAL aye resérved 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.

Thé following lines contain the data values in
the order described:

a) Lines 8800 -to 8844: The initial values of variables
ATIEoA(101}

p) Line 8850 to BB32: The values of 13 variables
(3 2y ~mm==- 99,101} must be displaysd as out-
put.. The frequency and .simulation time interval
are entered through the keyboard when the program
is running. - . :

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 abscilssa; (68878,8880) variable

[

number, minimum and maximum oxdinate values ~
H repeated for each graph.
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Lines. 8900 to 8920; Table :data. for time depend-
ent relationships which can best be entered as
tables. (8902)7 a total of four tables are used
for cascade .ocutflow on weekdays and weekends and .

for settler inflow on weekdays and. weekends.
{8944) ; table 1l fox weekday cascade outflow is
used 11 times for & two week period starting on
a Monday 0hOC. ang ending on & Monday:-24h00.

There are six data paixs in table 1 {see graph 7L
in section 74.1.1). Tehle 2 for weekend

cascade outflow is used 2 times in the 2 week
pericd and contains 3 data pairs. Similarly

for table 3 and 4. (8306-8212); the simulation
time-step is. in units of 1' day and the simulation
starting: time (P=0) .is Monday 0h00. The starting
times-T; for table 1 are therefore ¢,1,2,3,4,7,
ete,, and the starting time for the weekend
cascade. outflow table 2 is 5 {first Saturday
ondg) and 12, Similarly for tableés 3 and 4.
(8914-8920) 7 ‘the data pairs of each table in
torn, that is, the time intrement after. the start
times given above and the corrasponding relative
flow value f£rom the relevant graph (see graphs
71-to 7.4 ‘in sscotion 74.L.1)

Lines 8970 and 8972; Queues &re used to store
the valne of cértain variables over a ¢ertain

- .riod of time. (8972); 1 gueve is used to store
up to 5 past valués of variable 92 (the salt
gonsentration of cascade outflow) so that values
can be intexpolated 0,02 days earlier in the
similation. At the start of the simulation all
the queuve values are set to 700 kg/Me. The
lag time of 0,02 days or 50 minutes. is the average
travel time assumed for waker leaving the cascade
dams and gravitating down to the settlers.
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Five groups of data a). £o 2) have been. described
above: If, during input, the user elects to read
predefined data from data statements rather than
entér ‘it throug'i the keyboard then ‘a pointer will enam
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 Zollowing the comment state-
ment on line 8900, which is on line 8302. There
thé value 4 is the first value that‘will be read.
The five comment ‘linés &t the start of éach data
group, on lines 8800, 8850, 8870,. 8900 and 8970
are reserved for. dirécting the pointer.  The data
can be éntered on any line:numbec below the rele-
yant comment time using. any number of data state-

ments so long a¢ the dats values appear in the

correct order. and they axe above the next reserved

comment line:.

The advantage of using predefined input data in
data statements is that values can guickly be e
entereéd whenever the values are destroyed, &ALl

the variable values become undefined whenever
exgciition is terminated -as a result of a proygram-
ming error, large humbexrs Erom instability, division
by  zerc etc.

7.6 - DISCUSSION OF THE MODULE - FINAL (lines 9000-99%9)

This modula 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, PINAL is used to print out the step
size and algorithm used, "and the cumulative values of
variables A(74) to A(BO) (see section 74.3}.
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! © IMAL
! °UBR TR PERFORM ANY USER-
DEF IMED OPERATIONS AFTER R

RUH
DISF "TIME STEP®;H;“DAYS"
gxsp PETARTREND TIME:*3T2:T
D[aP “HLGDPITHN‘

FE REN D1SP’ EULER”
rr Fa=g THEN DISP "MOD.EULE
IF FZGBTTHEN DISP "¢th OROE

DIsp & D!SP RCUMULRTIVE OUT
PUTLHLY

Disp v RN " 3AC9S) s ACSE
¥, DISP " SUP;OAMY; ACS7Y
3

R(38Y
DISP. " HOTWELL QUERFLUN“IHC

ag:
BISP " HMUD REMUVED";AC1GID
BIgF “ SALTS LEACHEDCkeY*iR

£ieay
RETURN
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PUER BIGHT

ER RUNNING THE DETAILED UNISEL MODEL -~ MODEL OPERA-
TION AND RESULTS

The ¢ %8 involved in running the program are sum-
marised in appendix ¥. After the RUN key is.pressed.
the heading and notes ‘are displayed.

CONTIHUGUE SINULRTIDH or A/
SYSTEN DESCRIBED 8Y ORDINARY
BIFFEREHTIRL EQUHTIU WITH
INITIAL BOUNDARY CDNDITIONS

NG HOLTONAWITS UHIWERZITY .
R ST SE S t2 3
RATE

12Pregs 2@ ki WHILE ERECUTING
th wet back imtc. inrul mode:

&r¥Srace is provided AnFEK for ue
to 2@ differeny graations

F¥8raie tE providec L JRELD
$Gr WP ty 1T var *in the

T A8 Pravivges Rl tope
P Ting ur to S0 ovarisbles at
@ace rtee

SoFily srade praovided ¢ =889
aramh Faint= ¥ ohas & for

sY&pace 15 Frovided 14 D1 tor
4=1@ tables and in D2803 for a
toiyl of{=1REs12r 0 tiegs ghi
s=ilfdata =oints

Frgpace is - rovided in E18ERfgr
{=xfqusu-- wrd & total 3f 18R

YELes
ERETSEFFHLESTRRT RIS FE BRI PP FR 1

Fig. 8.3
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8.1 Run Wo. 1: Water Quantity Simulation: (no salts)

Althéugh the complete model-contains 15 differeﬁtial
equations, the first run only Aeals with water
guantity -aspects and therefore involvés only the first
7 @ifferential equations which describe waker volume
changes in components (£ig.8.2.typed in}.

There are 101 program variables in the model and al-
though mawof them deal with water quality aspeécts,
they are still required to be initialised in the
program othérwisé théy will be undefined when -en

in the model for the first time. Water quality varij

ables will not be affected during simulation because the
. -salt section of the model will be skipped (fig 8.2.
typed in}.

HFFERENTISL ERUATIONSLUARIABLES
gB(JD/dT=F(J).J=1 to?

B =runc (T RO AT ) VACHED D
EXTRA VARIABLES ARE A{ 8), . ACHL)
CIF 'NO EXTRAS, ENTER Mi= ¥) Mi=%
2

1
L
3
¢4
s
&
AB( T
3
E
i
1
i
1

i
i

8
1
H
E]
b4
g

]
I
oo
A
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Fig. 83 continued
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Fig. 8.3 continvded

The value of thirteen variables are specified for print-
ed ontput, (fig §.4. pre-defingd data). The variables

are as follows, (see section 7:3.1 for complete list):

Desgription

Numbet

1 Volumes: MFS

2 IPS

3 . sedimentation tank

4 hotwell

5 coldwell

6 undexground storage dam

7 cascada dams

95 cumulative make~up from RWB to hotwell

96 cunulative make-up £rom RWH to. coldwell

97 cumulative make~up from supply dam to hotwell
98 cumulative make-up from supply dam to coldwell
99 cumulative overflow Erom hotwell

101 cumulative mud pumped from the mine.
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HDH HHN? VARIABLES
VAUIBLAMUST BE FRIMTED

EHT:R THE 13 MUMBER(S)Y RETWEEN
1-AHD 1@t I AHY ORDER,

A O A
iNBLE YR
ENGLE hE
iNRL 4 Y g
NI
INUL & b6
¢Ng. )Y
OB
NG 3 5. B8
Mol ey 97
cunl 1 338
GG, 18 32
WEL 13 ¢ Ye1
Fig. 4

The variables shown.in Fig. 84 must be printed out
from day 4 in the simulation to d@ay 8. The:variable
values must be printed every 12 iteration. time-staps
{fig. 8.5. typed in)

PRINT QUTPUT FRON Y=T2 TO T2
EVERY 2@ TINE ZTEPS

CTETE. 3837

4,2, 12

Fig.

Twelvé graphs are to be plotted.. A file exists for
storing up to 2000 coordinates for plotting at the end
of the simulation. Pie-marks at l-day spacing ave ré~
quired on the time dxis, For ¢ach graph four values
are ehtered; the variable number, the minimum and
maximom values on the variable axis and the spacing

of the ti¢-marks on the varidble axis. (fig. 86, pre~
deéfined data).
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MO, PLDT ;I’IH"( MO FTS
12

LUNWIT aF‘HT’INV‘ ALOMG T-AXT

rDR EHLH UHRIAELE T EBE PLDTTEU

EN
U—UHRIHBLE HO ., MNHIN, DALUE MR-
MAX , WALUE. B-UNIT SPAGING ALOMNG

tee note 5

YARIABLE ARXIS
Tl MNLMR UYL B A L
LVLMNLMK. Y 2008 1. 1
CMLMNGHR,UY 3015 1.7
COLMHLME, U 4 B 4.5 1
YoM, XU § oW 2.5
MM, MM UY 86 B R X
SV MM YD) 87 & 28 5
SV MNLMKLUY 62 8 28 5
CYaMN RN U PR OB BB S
CYUSMNL MY, U PR R 28 5
UMM ML) 97 L8 1L
COLMNL MK, UM 98 8 1L

Fig. 8.6

AllL the variables specified in fig. 8.6 must be plotied
from day 4 to day 8 and about. 100 points must be plotted
for mach graph (f£ig..8.7 typed in ).

FLOT SPECIFIED YARIRBLES FROMN
T=T3.TQ T4, USING RBOUT C3 PTS,
LT3, 74,0807

H538, 198

Fig. 8.7

Execution wust be from day 0 to ddy 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)
‘warm-up' period to eliminate errors in the initial
values (see dicussion in chapter 5).

EXECUTE FROM T=T@ To. 7% WITH TIM
EF H

(TD4T¢ Hae
5,5, ,08333333333

Fig. 88
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The! Fourth-Order Runge~Kutta dlgorithm is sélected to
solve the.7 differential equations simultaneocusly &t
eath iteration of the simulation.(fig. 8.9 typed in}.

EULER;MOD . EULER AR 4TH ORUER e
RUNGE~KUTTH&\;;DF¢

Fig. 8.9

Four external variables define the demand from the
cascade dans and the settler inflow on weekdays and
The relationships are stored as tables of

data pairs.’ The data pairs and start- timer foxr each
table are entered (fig.B8.10 predefined datu See
section 8.4.1.1 and appendix B for a more detaricd
explanation.

Only one gueuve 'is required to stokre éarlier values of

variables A{92) in the s~ lation. "Only values which

are up to about 0,02 days old (about 1 hour) must be

stored. Five values are stored in the queue. - Singe

the simulation time ‘step is 6-hours,only the first €wo

- 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 din the queuve would only be regquired if a

mich smaller time-step were specified.  The execution

is halted so that the user can note tke allocation and

make ‘a hote to change it later, if required. Changes

cannot be made at this stage. 21l five values in the

¢uene are initialised to & value of 700 mg/¢ (fig.Pll

ptedefined data),

HBOW: NANY RUEUES(Sse mote

FOR-ERLH QUEUE ENTER 'JHEIHBLE KO

JLAG TIME

@ OHO. 1 CACPYSLAG

TOTAL SF‘HCES H‘IR E\UEUE '\IHLUEQ

{B2e note 3

BF‘RLE FOR @'
TUTAL = s

IF HLLUCRT[DR\ Ull‘?HT ISFH"TUR'\‘

CORREQT LATER, (press L0

HT fee:
IHITIALIZE EHCH QUEUE T4 \»'HLLIE N
® MO 1 AL A2 ve8 Pig. 811
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HIOW MANY TRELES(zes note 80

FOR EACH TABLE EMTER & WALUES:
O UF TIMES TABLE MILL BE USED,
NG . DF)UHTH PHIRS IH TRELECSes
hote

(THBLE J A 46

(Ts‘att)
{Tztarty
(Tstari}
iT=tart)y
yTEtar y
£TEtart)
CTEtErLd
B Tstars)
TEtarid

DD 0 I 1D
ot
s e

1]
14
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wFty
TErY

I

3
vistart)
sterty
{Tstarty
REEETI S
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K¥start)
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1 ¢ystarts 14
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.
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T-ine, TRE &
LBE

Teimc, TRED 75
by

T-inc,TRE? B
Twini, TAB, €5
T-inc, TRBY .3
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AT-ins, TAE) B
{T-inc, TABY .25
(T-ine, TABY .5
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Fig. 810
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Aftef. the above input data has been entered; 12 options
are given (fig. 812). Since no mistakes have been

made and no last minute changes are required, option

12" is salectid to start the run. -Only option Z is

not applicable because all variables are set to the
inietial values at this stage in any case.

FCHANGE - ALL _INIT, WRCUES
RE-USE IHIT.VARIABLESAQUEUES
CHANGE SDME VARTAELE VRLUES
CHANGE PRINT LIST

bl
3
v
)
2
JCHANSE PLOTTIMG DATR
JCHAMGE 'TIMES FOR PLOTTING
;CHF{NGE EXECUTION TIMES

il

1

LGORIT
FUNCTION  TRBLES

E:

CLAST (OFTION. 12 )
EHTER. NEW.0OPTION 170 122

1

DUTRUT OF RESULTS-
Erint’ ar DiselaytRard)?
P

Fig, 842

The module INITIAL is executed immediately before
simulation begins (£ig. 8.13), As only 7 differential
equations were specified in fig. 8.2 above, option'l

_Must be selected as shown, othérwise 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 hag

been caleulated and displayed although it iy not.speci-
fled in the inﬁut data,

Duxing simulation the specified variables are printed
out.every 12 iteration steps of 2 hours, i.e., once

a day, .fxom day 4 (Thursday 24h00 or Friday 00h00j

to day 8 (end of Mond y 24h00). The sequence shows

e
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IYUHSTERDY FLOWSEND SRLTS
SIUNSTEADY FLOWSEUNSTERDYSALTS
(lnrbb

WHISEL GULD MINE

fOetailed unsteady flaw and
unsteady salt model),

UNITS M1, d) ke, (NDTE: kssNl=ms 1)

uHPﬂE!TY FLUW RATESCML d)
2 WPS, IPS, HOT~COLOMELL

14 ta.7 1185
MHKEUP NRTER TO HOTROOLDWELLS «

UE
COLDHELL Tﬂ INTERNEQ OAM 28

RAVERAGE. FLOWE (Ml’d)
INFILTRATION
EVARORATION
RHTIDS
TOKER EYRPZINFLOW

TUMER WINDAGE, IMFLON Bi
DRELOSS,CHSOCADE FLIN .
HIDSETTLER INFLON

BINE . INFLON
SETTLER INFLDW 55.7

VOLUNES (ML) »
STRRT—STUP UDLUMES!
MPS 2

P8 PUN
SWITCH OM VDLUHES POR HRPEHP
BOTRELL~RHBESUR . BAN 1.6 LB
COLDWELL RNB&SUP )1 )

FULL CRPACITY:

SEg THNK HUTNELL:CDLDNELL 1.8

&
INTERMED&CASCADE DAMS. SETTLERS
2 1.5 .1.8

BB
M1 ek
7a

ric. 813

what takes place over a typlcal weekday Friday, the week-
end, and Monday. Variables A(l}-to A{7) are the

various dam volumes. It can be seen that ‘the volumes

at the end, of Monday (%=8) are almost the same as those
at the end of Friday (T=4); both are typical weekdays.
This can also be seéen on the graphs and shown later
indiodting that the gystem returns. to its steady week-
day cycle within 24 hours, even after & considerable
disturbance such as the weekend. This statement applies
to water guantity and not to watér quality which is
examined later.
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All 12 graphs below are-plotted for 4 days from the
start of Friday (0h00) to the end of the.first Monday
{24100).. - This is the same period as was selected for
the printout. The variable name is written on the
vertical axis and the unmarked haHzontal axis is the
time axis.

by Fig. 815 is a plot of the main pump stution dam volume
over the 4 day period. The information printed to the
W Fight of the graph tells us that the minimum and maxi-
st mim values on the abscissa are 4 and 8 (days) and the
“i tic-marks are 1 day apart. The minimum and maximum
values on the ordinate {not the graph curve) are 0 and
4 (megalites! and the tic-masks are 1 unit (megalitres)
dpart.
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Tha is¢ norresponds to the settler in®low: (£i5:8.28
pelowi.  As.the:level in the sump reaches 2,9 Me, the

WPR pumps are switched on.(indicated by a kink on the rising limb).-
on all three ocdasions that the pump is switched on,
inflow A(66) exceeds the pump éapacity for a certain
period, resulting in a meximum dam volume of about

3,6M8 (the full- capacity A(49) is.only 4 Me): After
this point theé inflow is less then the pumping rate and
the level in 2ach case is dropped to tHe switch off
volume A(43) of 1,6 M after which the level again rises
due to inflow.
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.35 Main Pump Station Dam Volume

wig. 8. 16 shows the fluctuations in the Intermediate
Fump Station dam voluma. The volume . increases aftaxr
the KPS pumps are switched on. When thr volumg reaches
& oertaln point A(44), the IPS pumps are switehed on.
Ly this simulatdon the IPS and the MPS pumps have the
same capacity A(20) and A(R1), thersfore. the level
emaine constant ard only Jrops when thé MPS pump is
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switcheéd off, 'The IPS pump is then skie &
volume until the switch~off volume is risched.
should be' noted that. the graph indicates than
pump -was started prematurely {befoére the ai
of 1Me). This 'is due to the large ) hour step
the high rate of volume increase in the smell

.
T
i

b @
- A ot
" SER

£ {

5.

] Y A /

= H w

© it w

=} %

- &

o @

. ﬁﬂ'f.’o*‘
e o
g gzt
= Time {Fri..- Mon. )} LEES

Fig. g6 Intermediate Pump Stabion Volume

Fig. 817 shows the fluctuations in the sedimentation
tank.. The dan volume is always in excess of its L;6M¢
maximim volume,: again because of the 2 hour fime-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 grale of the graph and
only represents. an actual rise above the full watex
level of about 400mm. The way this component is des-
cribad in the model only allows the excess water volume
to reduce by the mud displacement flow from the Lank




1654

{this could be changed). Fig.8.18 shows the same gréph
but from-a. differént run where the stép size was half an
houx;-and the water wvolume can.be seen to remain much
closer to the: full volumeé of 1,6 M. (note the scale is
different).
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Fig. 8:19 shows the variation -in the hotwell volume.

The tdép and bottom of the ordinate scale are the full
and empty. volumeés respectively. . During the. weekdays
the volume, or. level;, fluctuates between ¢ fifth and a
half full in response to coldwell demand and make-up
watex inflow. At thé end.of the: second day “(Saturday),
water pumped from underground £ills the hotwell because
the coldwell is full {see’ £ig.8.20 ) and does not draw
from the hotwell. .The highest pait of the graph is
flat, indicating that the hotwell ‘is full and that sone
overflow is 1iKely, (the printed results show a 1,2 Me
overflow from the hotwell over Saturday and Sunday; see

‘A(99) in fig. BJ4). 'ThHe volume response omn Monday. is

not guité"the same as. on Thursday and Friday
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Fig. 819 Hotwell Volume

Fig. 8.20 shows tho vagiation in the coldwell volume in
response to demand from the mine and hotweéll and make-up
water inflow. The pattern agrees clgsely, as does that
of the hotwell, with actual graphs of level recordings
automatically recorded at. the mine.
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Fig. 8,20 Celdwell Volume

Fig:B:2l shows the seéttler inflow rate (M#/d) at the bot=
tom of the miné. The relationship is specified by the
user -and thé values are calculated from table values of
thé relative flows and a correction factor (see7.4.1.1
for discussion). Thess values are easily checked. The

ba‘ c°low is:dbe to constant groundwater infiltration.:

A similar’ graph. is plotted for the cascade outflow [or
demand} during the second run below.
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Fig. 8:2) Settler Inflow Rate
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Fig, 8.22: shows the pumping flowrdte from. thé MPS to
the “IPS. "~ The graph shiows sloping lines when the

punp is switched on #nwd off: :This, again, is becausé
of 1 hour time-steps: all points are joined by straight
lines.
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Fig.8.22 Flowrate ‘from the Main Pump Station Me/q

Fig. ¥23 shows the flowrate from the sedimentation tark
to the hotwell.. This only oceurs. Suring periods whea

flow is being pumped from the IPS.. The flowrate to- the
hotwell during the pumping period increases due to the
decrease in mud displacement water drawn from the tank.

Kig.8.24 shows pumping from the hotwell through. the.

c¢ooling. tower and refrigerstion plant to the coldwell.
It can be seen from the graph of coldwell volume (fig.
F20) that £low only ceases when the coldwell is full.
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Fig. 8.24 Flowrate to Coldwell from Refrigeration Plant

Fig. 825 shows the flowrake from thé coldwell to the
underground storage dam. pue to the fact that thée undex-
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ground storage dam. probably. remains. full, this:pattern
is exactly the same: as the cascade outflow. ¢r demand
relationship specified by the user in.the.tables.

The underground. storage ‘dam remains full because in
the simulaticn the coldwell, supplying the dam, never
runs. émpty and the maximum flowrste is 21,4 ME/d

(see fig. 8.25) which is less than the r‘apacity‘flow—
rate of 26 ( parameter A(27)).
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Fig.$.25 Flowraté from Coldwell to undexground (me/d)

rigs.8.26and 8.27 give the cumulative vclume‘s of ‘make-
up water from the surface supply dam to the hotwall and
coldwell respectively. .It can be seen from the graphs
over which.peried inflow is being sdded.  ThHe cold-
well has priority over make-up water when its volume is
low. It can be seen from the .two graphs.that hake-up
is oniy to one well at a time. If is only dpring the
weekend that no make-up is added becausé the hot and
coldwells are full; during the rest of the time the
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hotwell is almost constantly below the switch-on volume
for make-up water (parametdr A(48))." Similsr-graphs

. can be plotted of make-up water supplied from Rand Water
Board. !
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Fig. 826 Cumulative volume: Supply ‘Dam to Hotwell
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Fiqure' 8.29 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 FPig.B:29 results from instruc-
tions programmed. into FINAL. -The simulation program
then asks the usér if anotheér run is required.

43 POINTS PLOTTEQ
TINE STEP B.33333333233E-% ORAYS
STARTHEND TIME: @

RLGORITHM :4th ORDER R-KUTTR

CUMULETIHE QUTPUT:

WAKE UP WRATER. 70 HGT&CQLDNELLS

SDURCEI 1. 16565566

1. 482;? ?

URCE!

HOTHELL DUERFLDM i EisSBiEl?ﬁs
MUD R M VED 4.9717

SALTS LERCHED(ka) 12240
ANOTHER RUN(anH)?

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 bot
water guality and guantity aspects. The complete model
involves all 15 differential equations and not only the
first 7 as in the first zrun. The program-was therefore
re-run {fig. 8.30). ALl the predefined data was rée-
entered as in the first run above, except for the print-
ing and plotting data. Different graphs..to those
spedified in the predefined data statements were re-
gquired for this run. The relevant input data was there-
fore entered through the keyboard as shown in fig. 8,31
Mo ‘printed out output was specified.
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In £1g.8.31 the minimum values exceed the maximum values
specifiad. for the yraphs of variables 79 o0 .92.° This
has: xesulted in dutomatic s&lection of scales in figqures
836 to 8,47 which ensures that the wmaximum. and minimum
values plotted are at the top and bottom of the res-
péctive graphs for the best resolution.

At the beginning of this run all storage elements of
thé system contained good ‘quality water. {700.mg/2). The
output in the Form of graphs (£ig.835 £o 847) shows the
trangient response of the system as the salt condentra-
tions rapidly: increase due to the effects of leaching,
evaporation, poor gquality make-up etc. The third ruh
in séction. 87.3 below, &hows the system response under
‘steady state conditisns, i.e. when the salt concentra-~
tiong have reached. 'equilibrium! at‘approximatelyylssou
mg/e.

THEE Tl uses- the sameé initial conditions as the first
Graphs are also-plotted from day 4 €6 day 8 {(Fri.0h0D

o Mon.24h00). It can be seen from the results of the
First.run thdt a 'warm-up' periéd of about cone day would
have been sufficient to eliminate discrepancies from. in=
correct initisl valdes.  Bxecution therefore stirted on
day ‘3 {Thurs. 0h0Q) instead of day 0 as befora. The
time-step size is 0,0416% or 1 hour {£ig.8.32).

ERECUTE FRON T=T& TO.TA MITH TiM
E STEP H.~

LTR,TIHIY
2,5.961, , 04 (S6EE65566666668

EULER, HOD,EVLER OR 4TH ORDER
EUMGE-XITTREL, 20r3d?
3

Fig.8i32
simulation of the complete model is selected in £ig.8.33
because the simulation Program expects to -find all.l15
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FiglB35 ‘gives the castadé outflow over the 4 days. The,
relative £lows were specified as -input and the actual
£lows. plotted are calculated using the correction fac-
tors Bl and B2; ~A similar graph of settler inflow &(67)
was plotted in the first run.
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Pig..8.35 C ade Outflow

Fig.8.36- shows. the decrease with time of the salt con>
céntracion’ added to the MSW Lrom the cascade dams due o
leaching..  The leaching eguation on liné 5340°of MOBEL
describes a décrease in the leaching rate as! the salt
aoncentration of MSW tends towards saturation concen-
tration (parameter A(61), fThe graph-only. shows the
concentration added to MSW not the mass added. The mi
added depends on the MSW flowrate as well as the cdn-
céntration. added.

Fi¢.8.37 shows the cumulative mass of salts leached frowm
the ore which entered the mine water over the four days
shown. The curve is slightly concave up and indicates
a reductiou with time of the salt mass inflow rate.
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F1g9.8.38 shows the increase in total salt wass in all thé
storage components of the system. This. is again consis-
tent with the above discussion on figures 8.36. and 8:37.
The solid black line along the ordinaté axis resulted
from & “choice of unit spacing marks which are too close
together .
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Fig. 838 - Tokal Salt Mass in the System (Kg)'~

F1.4.8.39 shows the finctuation with-time ¢Ff Lhe" total
volume of water stored in cdmponent§ of the syskem.: It
can be seen that the system 'is pever in trie equilib-
xiim (skeady stateé) as regards guantity aspects.  Water
is centinually Being added and removed from the 5yst~em
at diffefent rates. ‘The ‘maximom storage occirs over
weekends when mining actively ceases and all free water
in the workings gravitates to the settlers from where it
is pumped to £il1l all avallable surface storage and
eventually overflow from the Motwell. The rapid reduc-
tion after the maximum point in-the graph is due to
continual pumping by the main and intermediate pumps
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and results in-overflow becaunse surface dams are fall,
Continuved pumping is carried out to provide safe volune
capacities underground for emergency purposes.

S s

3 . i

P 'ﬂ\ woy

~ \ L0

. ) et

@

=

S f’\‘

£

g o4 /oy

1% " (]

> i K ﬁ x

vy / @

i ] s ;

o] e S B

< /// - -

= - G
CHEZ
LEES

Time (Fri. = Mon.)

Fig.8.39 Total Water Volime in the System. (Mé)

Fig, 8:40 shows the variation of the salt cohcentration
of the settler inflew with time.. In practice the fluc~
tuations in the concentration dre probably not as great
ag shown in the graph. Section 7.4.2.1 describes the
procésses and assumptions used in:the derivation of the
equation describing the inflow concentration. . It may
bs necessary to modify the model so that the processes
which oceur in the mine workings. are-desczibed “in a
better way:

Figares 841 +o 8.47 show how the salt concentration in-
creases with time ia all of the storage components. The
increase or dec¢rease in the salk concentration of any of
the components is solely due to the concentration of the
inflows to that component. For exampla, the -drop in
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concentration in the hotwell and céldwell (figures
845 ‘and 846) is ‘due to the diluting effect of
make-up- water addded.

(500 mg/e)
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Fig. 8.40. Salt Concentration of Settler Inflow
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The run ended with output (fig.8.48) similar to that of
the previdus run.
45 FOINTE FLOTTED
TIME STEF 4, 1656665866 TE~2 ORYS
STRRTXEND TIME: 3 - &.@
ALGORITHM 4th OROER R-KUTTA

CUMULATIVE  QUTFUT ML
MRRE Up WA gER T HUT&CULUNELLQ

S?Ul;8988881
UR DAM B,1875 7.8 3?
HUTNELL QUERFLOW 1, 424?9?5b68°
MUD - RENOVED 2 854181325
SALTS LEACHEDCks) -
4600, BRES4 154

Fig: 8,48

8.3 ‘Third Run - The Variation of Salt Masses and Concen-
Erations during Steady-state Copditions.
The' previsus run wis used to illustrate the transient
effects 6f salt buildzup in the system by starting the
run with good quality water in the systém.  This run was
also .started with good guality water. The model was
run for a numbér of weeks until the total sali mass in
tht  systen reached a maximum and no signifigant . 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 alement. Under. steadly~state conditions.

Fig.B49 shows the total salt mass in the systém at the
end of elich day over a period of 14 days. At the end of
the period {day .14 or Sun. 24n00) the total mass of
206512 kg is significantly greater than the mass on the
previous Sunday (day 7). . Further .simulation was thére-
fore reguired to reach steady state conditions. .Fig.
850 shows the results of simulating for a further §. days
with an increased time-step to spred op computation.

At the end of day 7 the tdtal salt mass of 209760 kg is
only. 1,5% greater than the value for the corresponding
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day a week eéarlier {da¥ 0). After 22 days of simulation
the systen was therefore considered to be close to
steady state ‘conditions, i.e. the pattern of salt masg
ang concentration is repested from week tol.week.

The simulation was then Continued for a further 7 days.
Graphsshowing the variation with time of the salt cén-
centration of water in storage elements, were plotted for
-~ the 7 day period and are shown in figures 851 to 858,
1t can be seed that the congentrations tend to increéase
slightly over the weekends and reduce-during the week.
The. concéntration-fluctuations are generally of the
order of a féw hundred mg/é¢. The hotwell and coldwell
experience larger fluctuations due 't& periodic -inflow of
bettey quality make-up water.
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CHAPTER NINE

9. | CONCLUSIONS

‘The plimping of saline water from Soutn African gold

mings contributes: significantly fowards the mineral
polliition of -the water resources of the Vaal Basin,

The de¢reasing qﬁalitykand increasing demand for water
supplied from the Vaal Basifi to various consumers has
resulted in the already high and increasing cost of

good ‘quality raw water Supplied £o' gold mine& and strie-
ter regulations for dischirge from. the mines.The guality
of recycled mine service water (MSW) .is generally poor
which limits surface discharge, which 'in tirn ‘causéds
recycling = and higher build-bp of dissolved salts in

the water.

The quality of MSW is of prime importance,  since poor
quality water. can have a-détrimental effect on the
performarice and “1ife of all equipment &xposed to. it.
figh chlozide 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. New hydraulic machines
using oil-water-emulsions ‘are being introduced Gnder-
yround as part of a converslon programne. Water hardness
can cause & 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 implicabions are probably considerable.

The increasing costs of raw water, and supply qiantity
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and discharge quality -constraints; limit.the:rdilution
of ‘mine water as a possible solution to water guality
problems. Othexr means of .dealing with pollution are
prevention at thé scurce;desalination, ‘neutralising
or protective chemicals-and prevention.of pollution:
The probable solution may lie in seme combination ‘of
these technigues.

Solution to mine water ‘quality problems involve expen-
sive'techniques and .flowrates which can be in -excess
of 100 megalitres per day. Because of the high cost

of solutions; Optimisation should ideally bé used to
sminimise costs’ {capital, power; labour, material etc.}.

Unfortunately direct optimisation. techniqies; ‘applied

to Complex Systems such as mine ‘water reticiilation;
invariably require gross over-simplificdtion of the
systems ‘bafore the techniques can be applied: The optim-
al “solutions- obtained in this way cannot be guaranteed.

Design changes in. ore part of a water system may hdyve
far-reaching repercussions which are difficult o 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. Mihe
water systems are complex and dyramic and solutions
require an understanding of the system. Simulation

of mathematical models is often the ohly practioal
means of studying such systems.

Simalabion 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 oh water
quality of design and policy changes can be similated
and- the results. used for forecasting. Important pro-—
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cesses -and -sensitive parameters and variablés can be
identified and exploited to bring-about improvements.
Simulation can be used as a design tool on siteé in
ecrder to stidy the effect of ‘& propoSed. underdroiind
dam-or an-eXtra.punp for example.It can be used as
a.management “tool for -operatilig a . systen and mdy even
form part- 6£f a monitor and control systen designed
to ensure: optimum operating conditions. The pumping
for gxample 6ould be sequenced to mininise peak power
Qeriand for- the mine. The comminication of simulation
résults 18 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; volumés,
flows etc.)can generally be described by a system

of linear ordinary differential eguations. Bedause
the‘aquatinﬂs are linear, the systems are linear and

the principle of superposition can be applied.Complicat-
ed ‘solutions to a system of linear differentisl equa-
tions of any order carn beé expressed ds the sum of sim=
ple golutions. Fortunately, mine water models dan .be
classed as -initial-value problems beécause -the state

of thea system is generally known or‘can be .estimated

at certain times.

Various single~step and muliistep numerical methods
for ‘solving single and syStems of differéntial egua-
tions are ‘discussed. Three single-step methods vere
selected for inclusion in the simulation pragram; the
Buler, 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
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increase in efficiency: The Fourth-Order Runge-Kutta
algorithm included,. is one. of the most powerful and
simple single-stép methods ‘to program. For & given
time-step. size thHe more powerful the algorithm the
more accurate the results but the longer the execution
(or simulation) time. The less efficient Huiet and
Modified Euler. algorithms were therefore included in
the'simulation program because it has been found ngces
sary at-times to use a- smaller. timé-step size. for
reasons other than accuracy.

The géneral simulation program written can be used

to simulate mathematical mine water models or any other
nodels .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-
T=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-
teéed to represent the real system response. Although
the Unisel model simulations are used to provide exam-—
ples of the model construction and simulation proved-
ures suggested, the models are at & stage where they
can be used practically in analysis and. design situ<
atjons given the required data. Certain deductions
based on simulations of the present stage rodelg 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
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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 {ake for the average
salt concentration of the system to change. from one
value to another; the final concentration after a finite
or ‘ipfinite time lapse given the initial concentration.
The use of the simulation program and thé application

of step-size and convergende criteria arve illustrated

in sipulation examples. using the simple model. represent-
ation.

The second model of Unisel Gold Mine uses 15 differen-
tial ‘equations to desribe the dynamic behaviour of

the system storage conmponents (changes in salt masses
and water volumes with time). Over 10r variables and
parameters sre used in the model to enable the user

to monitor . and manipulate the system during experimenta~
tion.

Three experimental runs were performed on the detailed
model.In the first run graphs were plotted showing
volumes of water in thé storage compoerients and different
flowrates. The results.are for i four day simulaticn
period which includes a weekend and illustxates 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 f£ill
and overflow. This phenomenon is depictéed graphically
and the overflow volume is printed out at different
times.s The overflow is an example of a problem situation
where different pumping policies, capacities or times,
or different damvolumes could be tried to eliminate
overflow. The first rpun .dealt only with water gquantity
aspects.

The second run of the detailed model simulated the
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first-four days (including a weekend) of rapid salt
build~up in the system after starting with good quality
regional.water hoard water in the system. The salt
build-up is due to phenomena such as leaching of salts
from ore, poor guality make-up #dditiens and the.cencen-
trating effect of evaporation. The conplex effects

of the dynamic.water quantity changes onthe salt bailg--
up can be seen. Disturbances of the systém, for axampleé
using only good guality make-up water, will cause’ the
salt concentiatlons to change with time until a new

salt balance is dchieved. It may be useful to simulate
the transient effects of design changes of disturbances
in order to predict the system respénse (guality and
gquantity chianges)at different timeés -and the final out-
come

The last run of the detailed Unisel model also simula-
ted the $alt build-up in the various system compénsrts
starting with good quality water in the system. A few
weeks simulating the . salt build-up were requireéed before
theé salt corncentrations began to repeat themselves

from week to. week, thus elgnifying steady~state condi-
tions. Detailed output was obtained during a furkher
week of ‘simulation under steady-state conditiong. The
average steady- state salt goncentration 6f the system
was about 13500 milligrams per litye {mg/?) of total
dissolved solids. The graphs show that even under these
conditions the salt concentratioh of water in storageé
slements sah fluctnatée by several hundred mg/? from

day to day and from waek to week. Fluctuations of a

few thousand mg/¢ are predicted for surface dams receiv-
ing make-up water. Theé expériment illustrates the errors
that ‘could vesult if, for example, & desalination plant
is sized assuming average flows and concentxations,

The detailed model of Unisel, once properly verified,
¢an be used to predict the yariztion in guality with
different operating conditions, Increased dilution
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with good gquality water may be the only cost effective
means of improvifyg the quality of Unisel's mine service
vater. Make-up waker to replace water losses such as
evaporation, is generally added to the surface ‘dams
during the day when demand f£rom the mine is high and
surface dam levels are low. During the night and over
weekends the surfdce. 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
axtensively for other surface reguirements 'such as
vampounds and the refrigeration plant. Large ‘quantities
of poor gualify make-up water f£rom an adjacent surface
pan iz added ifistesd. A solutién may be to add water
baard water Lo the surface dams.during the night and
wegkands when the supply pressure is at its greatest.
Lo would ideally require spare surface dam capacity
sier ghe ¢hilling process) during these periods.

Sphre surface storage capacity can be provided in a
rudber of ways:. laryer surfaceé and subsurface dams;
remove '@ sertain amount of the worst guality water
pruped directly. From undrrground; store more water

in ‘Bhe tnderground pump stnp- dams diring low demand
woriods.Pumping from underground normally conmtinues
wnkil the underground dam lev is are lowered to the
pump switch~off levels, This is done regardless of
whether the suiface dams aze full and overflowing.The
provision of spare surface capacity at nlght and during
weakends may make it possibld to dilute the poor quality
wuber ot Unisel with better quality water -board water
Lo a greater extent than done presently.

It may be useful to modlfy the simulation program to
store the input data on differént tape files. Input
data eould then be read from tape instead of the data
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statements &as doné presently. This would be simpler

for the user ‘and more space’ would become available

for larger models. Should simuldtion be used for optimi-
sation then & facilify <ould be built into the proyram
to execute repeated runs with parameter dhangés: Chang-
es tould be made using sampling and search procsdures
discussed to find the best set of parameétcis for cali-
bration or the set of decision variables for an optimum

design.
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APPENDIX ‘A.

MODULAR . STRUCTURE OF THE STMULATION. PROGRAM

As described in section 4,3.2, structured programming
smbraces a collection of méthods which makes programs
more reliable-and easier td upderstand- and maintain

than programs written in the normal way. - Fig:-Al shows
the modules and their:names, which make up the

simulgtion 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 modulé name suggests.EBach module
is described in detail in appendix B. - Modules at a
higher ‘level .call the modules at the level bélow as sShown
by the lines in Fig. Al 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 easiér to
follow because they are désigned to occupy a page- or

less of source code, . The source code of the program is
listed in appendix C. Table A) 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 Iine of each
module is alsc given in table A2.
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Table a2 Sequence of Program Modules
Module Line No,
MASTER 5
PRY/DISP 610
THPUT ) 700
7} UINIT VALS 1030
2 ) RE~INITIBLISE 1110
3 ) CHANGES 1180
4.) * PRT-LIST 1280
5 ) PRT" TIMES 1450
6} PLOT DATA 1500
7). PLOT TIMES 1690
§)  SIMUL TTMES 1746
9°)  BLGORITHM 1750
10)  4RBLE DATA 1830
11} Q. DAaTA 1280
TATA/PROMPT 2921
MAIN 2930
RULER 3175
MOD, SULER 3190
4R-KUTTA 3340
STO PLOT 3560
PRT. OUTPUT 3670
sTo g 3740
USE Q 3840
USE TABLE 2020
BLOT OUTPUT 4350
HODED 4630
INITIAL 8000
FINAL 9000
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APPENDIX B

DESCRIPTION. OF THE SIMULATION PROGRAM MODULES

Yourdan (1975) suggests the use of HIPPO (Heirarchical-
Input-Processing-Output) daigrams to. deéscribe each module
of . a modular structured program {see section 4.3:2}. The
method was developed by IBM and is:used ko describe
separately the inputs to, the furction of, ané the out-
put from: each modulé. 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, propes.ing and

ocutput, functions of each module is déscribed in this
section . in three separate paragrdphs. including examples
where necessary. Input in the context used heré 1§ in-
formation; data or instructions from keyhoard intez=
action with the user, from data statements or from: tape
files. Output is printed or displayed results in tapu-
lar or graphical form. AlY modules referred to in the |
discussion appear in capital’ letters (MASTER,3) CHANGFS,
MODEL etc:}. Numbers preceded by L, for example L1027
refer ‘to the linhe 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’ struéture) is described in f£ig.Al in
appendix A. The module names are listed in table A2 in
the ordér in which they appear in thé dimulatioh pZe-
gram, along.with the first program-line numbey for each:
The first program line number of each module is given
next to the modnle nane below.

MASTER (L§)

Input The numbeér of differential equations and variables
uged in the model.
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Processing Dimension allivariables; 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 %2 tells INPUT which
type of -input is required each time {e.g. initial values
printout list etec:!). Flag 21 is set to.zero and tells
INPUT not to give the Usér any options, but to reéuest
only the input specified by 22. At the.end {(L304} 21 is
set to. 1l and INPUT again called so-that the uger -can
seléct any of the 12 inpu% options.to make changés or
Gorrections. 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 ensuré that all the start and comple-
tion times specified for plotting (L380), printing
{L493) and execution (L502) are consistént with the

sign of the step .size (increasing or decreasing time).
Any inconsistericies 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 calléed P-DATA is opened for data
to be plotted and P is used as & counter to storing

data on file. Similarly output is stored in queuss every
EQ steps using B as & gofater (L460-480). Call module
STO-PLOT at the start of the simulation to store initial
data 3£ plotting data is required from the start of the
simulation (L410-430). Similarly, STO Q is called if any
quenes exist (L470). After the above initialisation,
MBIN, is called to execute the simulation {L506). If the
flag F1 indicates that plotting of output is specified,
then PLOT QUTPUT is called- (L510). FINAL is called last
to carry out any user-specified instructions after the




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

Qutput. The program heading and a list of notes giving
the cufrent size of arrays and matrices dimensioned,.is
printéd. A list of the ifitial 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 (LE10)

Input. The user specifies whether the .input;.output;
interactive conversation -etc.; must be printed on paper
--or displayed on the screen.:

Procegsing. Only DISP Statements-are. used for.output
in the program. If the NORMAL statement was-executed
last then output -only appedrs.on.the screen..If the
PRINTALL statement was éxecited:last then output.is
printed on paper and displayed oh the scréen.

Quput. None.
INPUT (5700}

Input. Input options (1 to 12} are entered one at a time.
Each option represents-a different change or correction
which cadn.be made to the input (initial values, plotting
times etc). After option .I2 has been selected the user
specifies whether the output is to be printed or display-
ed: '

Processing. Tf f£lag 2l equals 0 (L710) then one of the
input modules (L) INTTIAL VALS to L1)Q DATAY is called
according to the value of 22 (L1000) which is defined
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in MASTER- (L292}. Cdntrol is then returned to MASTER
(L2005) . IF 21 equals-l (set on L304) ther the list of
12 options ig displayed on the screen and the user
selects bne, the relevant modular is called, and the
chanqes are made. The option list is repeatedly dis-
playad until option 12 is sélected and the simulation
run 15 bedun. Congirdl is returned to MASTER after a run:

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

Ly T, vaLe. (11030)

Input; The N1 inirial valuas 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 storeZ in the azray A0.

The values are not affected during simulation, and should
a re-gsimulation be required from the same initial con-
ditions then the module RE-INITIALISE 1s called: The

next: module discussed; RE~INITIALISE, {4 part of this
module and will be -executed every time "INIT VALS is
called. :

Output .. Hone

4) " RE-INITIALISE (L1110)

Input and output. None

Processing, During simulation, £he values of all the
variables are continuously Baing modified, The arrays

A and B are used to stors the latest values and the
values from the last iteration respectively. This module
injtialises A and B to the same values &s 30 at the
beginning of the first run (see INIT. VALS. above), or




whenever the user wishés to.start of continué d Simu~
lation with the original -dinitial values. If queues are
being used (F3=l) then all queues will .also be initiali~
sed (L1130).

3) CHANGES (L,1180)

Input. The number of changes, the variablé rumbers and

their new initial values.

Processing. This module performs the same function as
INIT. VALS. above, but allows the usér: 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 re¢ord of initial variables (array A0)
and . the, latest values (arrays A and B) are modified.

Output. None.

4) PRT.LIST (L1280)

Input. If the user reguests printed output (L1310) then
the number of vdriables and- their numbers are entered.
The variable list can be entered through the Keyboard,
or read from data statements in INITTAL:

Processing. ™ ., values of certain variablés are required
during si~ulation: This module enters the reguired list
of variables iato an array AL, in the order inm which
théy must be printed or displayed. The next module

PRT 1IHES determines when the output is displayed (and
printed).

Output. None

8) BRT TIMBS (L1450)

Input. The start and finish times, and the frequency

i

S

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

Processing arid Output. None.

6} . PLOT DATA (L1500}

Input: The number of graphs to be plotted, ‘the maximum
nwitbar of points available for esch'graph’ and the -units
along the time axid. For each variable to be plotied the
variable number; the minimum-and maximum values; and the
units along the vardable axis are required. The datd- is
entered via the keyboard or data statements.

Progessing. Flag Fl ig set to teéll MAIN whether theré is

any plotting, and if go to store the relevant-plotting
dataon tape.

Outputsi. Notie

7). BLOT TIMES.(L16%0)

Inpukt. Start and finjsh times for plotting and the ap-
proximate number ‘of paints that 3heild be used:

Processing and Output, None

8).  SIMUL TIMES (11740

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

Processing and Qutput. None.
9 ALGORITHM (L1790}

Input. The solution algorithm to be used in the simula-
tion; Simple Euler, Modified Buler or the Fourth-Order
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Runge-Rutta.

Processing and Outpuk. None.

10) ‘PABLE DATA (L1830)

Inplt. The number Gf tables DY used by the model. For
each table: the number of times the table is used during
the simulation; the numbexr of data pairs in the table;
the simulation times when use of the table is to starty
the data pairs in ‘the. tableée (time inerement 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 pré-
sented in table form. This module only defines the
arrays and matrices reguived to stors the data. If the
mode) requirés the use of tables then MODEL defines the
table number and time and calls USE TABLE to interpclate
a.table value. The notes at the beginning of the program
iist the max. number of tables, start times etc.

Qutput. Error messages dre given (L2160 and L2330) if
the table start-valués and the time-increment-after—
start-values do hot 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.wols in
dppendix D should be sufficient to explain how the
module operates.

Example
Suppose the abservations made in £ig. Bl, @.g. water
flnw rate versus time, are to be used in the wodal.

;
{
!
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Fig. 81 Graph of Observations at pifferent Times

The -data can bs represanted as one table uysed thiee
times during simuldtion. The three stariing times “for
the ‘table are 6, 24 and 60. Each

data pairs:
wime increment after start ; o 6 12 18
Table value [ 1] 2 i

table consists of 4

aAssuming that this is the second graph of cbservations
being represantsd by & table, i.e., table No. 2, than
‘the above data would be stored in DL, D2 and D3'as shown.

Magrix DL

Row Na. =
table No.

78 Hours

No.of Ist Row No. of 1st. Row
Times of Dats of. Matrix
Used Arvay. b2 “Pairs B3

L RS . R

2 3 é 4 5

e
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Array D2 Matrix D3
Time The
Increément Table
After Value
Btart Start
Values Row Value
. - 1 g = -
Assume Agsume: -
Table - 2 Table = -
1 is 1 has
used - 3 4 ‘data - -
5 pairs
times - 4 . - -
- 5 Table 0 1
2
Table (] 6 starts 6 - 6
2 cat row
stmrts 24 7 No.§ T 2
al ToW f——y
No.5 | g0 8 18 [
Table = Table - =
3 S 3

Thig example is continued with USE TABLE bélow, where' it

.4s shown how a value is interpolated, given the time and

table punber.

11 DATA (£2380)°

Input. Yes or no to the use of queués. The nimber of
quenes and the variable number and lag time corresponding
to.each gueue. The total spaces available for -all thé
Gdeues. Yes or nc to the space allocatidn for edch

guete. An initial value for sach quewe. The module is
broken down into a number of seéctions 8o that changes

can be made to particular inputs without having to' res~
encer ‘all input data. Input can either be éntered through
the keyboard or read from data statements. Reference ig
¥isde to the notes at the beginning of the program (LS50

to L100) which state the maximum numiber of queues, Vi
times etc., and which arrays and matrices have been
dimensioned for this.
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Processing. -Queues- are required when it is necessary to
know the value of. certain variables at scme timé. earliér
than the current time in the simulation (see 4.2:1d). &
flag F3-is set to tell MASTER and MAIN whether guéues ‘
are being.used or not., The processing involved is hest
described by the. example below.

outpuk. The space allocation for eacH queue (columi two
of matrix Ell in the examplé-below is displayed for ap-
proval or re-allocation:

Example. Assume two queues,: 1 and 2, dre required to
store past values of variables; 7 and 16 -respectively.
Queves 1 and’'2 store 2 and 4 values respectively, as
shown in array B2. The length of the queues is automati-
cally proportioned and displayed. (L2670 to L2730)
according to.the guete-lag times and the total aumber of
spaces épecified - E8.

MATRIX E1 MATRIX E3
4
. BE
§ 25 gn
o (]
o 55 B 3
- zm = 5
Q Hu QM o i
L] oW oM ';jﬂ) o
Rl N L ]
N s 0 + e o
g g% A4 58 .8
LA Row No =
7 k3 1 Queve Fo. 1 66 6
16 4 3 ] 92 | 12
3 .
i "
= %/_‘
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ARRAY #2 '(initidl vilues iniqueies)

Row
o
1.4 68 2 values of variable No..7 stored
F—— -in queue No.
2 56 -
3-°1 92 | ‘4 values of variablé No. 16 stored
in- queue No.
4 92
SR
5 92
6 92
Queue -3.. (if required)
___JVL__

The module has two entry points, the first:at the begin-
ning of the module and the second at line 2850. There-is
only one ¢xit. at the end of the module. The portion of
the ' module after the sécond entry point is uséd to
initialise all the gqueues {array E2) to the initial
values stored in matrix B3. This is doné before the first
simulation, and £or a re-simulation’ if.the RE-INITIALISE
optidn is selected. In the example, the guéues.1'.and 2
are initialised to 66 and 92 respectively. The initisl
values aré Stored in matrix E3 and-are not altered
during simulation.- Axray B2 is used to storé the queue
values generated during simulation. The diagram shdws

the initial values stored in array E2 béfore-the cofmence=
ment. of similation. .

The example is’ continued with STO. Q and USE Q where it

i5 explained how the queue array B2 is updated with.the
latest variable values, -and how variable values at parti-
cular lag times are interpolated from B2.

DATA/PROMPT (L2921)

Loput. Choose whether input data is to be entered from
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AHRAY B2 (initial values in queues)

Row.

1 66 2 values of variable No..7 stored
f—emd . 0 gqueuve No. 1

2 66

3 92 4-°values of variable Mo. 16 stored
pe—i—d - inqueue No.

4 92
bl

5 92

3 82

7 Queue '3 (if reguired)
Lo |

The module has two entry points, the firsy at tlie begin~
ning of the module and the second at line 2860. There is
anly one exit at the end of the-module! Tha portion of
thie. modiule after the second entry point ig used ko
initialise all the.queues (array B2) to the initigl
values’ stored in matrix E3T This is doné before the first
gimilation, @nd for & re-simulation if the RE~IN1TIA£ISE
option is selécted. In the example, the quéves 1 and 2-
are initialised to 66 id. 92 -respetiively. The initiél
values are. stored-in mutrix B3 and are not altéred

during #imulation. Array E2.is used to store thi queve
values genérated during simulation: The diagram shows

the initial values stored in avray E2 before the commenée-
ment.’ ¢of simulation.

The axample is continued with STO-Q and USE Q where it
is explained how the queue arrdy EB2.is updateéd with the
latest variable values, and how variable values at parti-
e@ular’ lag times are intérpolated from E2.

DATA/PROMPT (12921}

Input. Choose whether input data is to be entered from




214

data statemencs or through the kéyboard by the user
responding to prompts which appear ¢n the screéen.

Processing. A flay P4 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 entxy.

Qutput. None

MALN {12530}

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 respensible for carryirg out
the iterations. Tl 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. bepending on.the flag P3 and the counter E; STO-Q
is cailed to modify the queue values:. Depending on-the
flag Fl, the time range specified for plotting,. and the
céunter Pl,  STO-PLOD is called to store plotting data.
If the number of values stored Cl is greater than the
number of spaces available per plot. Q9 ‘theén no more
data.will be stored Depending on the-fladg FO, the speci-
fied time range for displaying tabular output {and
printing. if specified) &nd the counter §, PRT QUTRUT is
called for output.

BULER (L3175)

Input and Quitput. None

Trocessing. The simple Buler Algorithm is. the simplest,
least accurate of the three algorithms available in the
program to numerically solyr the differential eguations
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describing the model. MODEL is called once to gét K-
values for each differential-equation-variable used in
the-model. The latest.variable values  are -then calculated
and stored in array A at thée end of the iteration: Sed~
tion 3.2 describes the mathematics of the different
numerical methods used in the program.

_ MOD. EULER (L3190}

Input and Output. None. '

Progessing. Thé Modified Euler algorithm is used ir -3

. same way ag in-Euler abdve except thak MODEL is-éal.
twice per iteration instead of once and it is more
dccurate.

4R=KUTTA ' (L3340)

Znput.and: Qutput; Wone

processing.. The Fourth-Order Runge-Kutta algorithm is
the most: dccurate of the three algorithms available in
the program. It is used in the same way as. in Buler
above, except that MODEL is c¢alled four times per iterax
tion instcad of ongel

{8T0~PLOT L3560)

Inpuk-and Qutput, Wone

Processing, This module is called by MAIN to store the
specifiad variable values and the corresponding timei T
on. the -tape file - called P-DATA using buffer number 1
(see user manual}. After the simulation is compléete,
PLOT OUTRPUT 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
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example, variablés 1, 4 ‘ahd 9 are to be plotted at times
Py Tyr Ty then the corresponding varidble and time
values. Will be recorded on.tape during simulation.as: fol~
lows:

9 S [
vy Y| v

1
Tol ) 1

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

BRL & . 3670
Input. |

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

Qutput. A.list of the cuzrent variable valiues from the
cormpleted {aration, and the.corresponding .simulation
time T will be. displayed and printed if specified’ (only
those variab:s specified in .array Al).

§20 0 (L3740)

Input and Output. Nene

Procesaing. Bach time this module is' called, the value
at the bottom of each queve is lost as the guewe 18"
shifted ond position to make space for the latest .vari-
able value at the top of the queue, The gueue vilues are
stored. in array BZ and matrix Bl is used to store theé
variable number, the number of values in the queue. and
the position of queune values in E2 (see Q-DATA .for more
details). :
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The example .given in Q-DATA is continued hére. If
variables 7 and 16. (queéue pumbers 1 and 2 respectively)
have.the values shown .in table CL at the differsnt simu-
lation times when: 8TO ¢ is valled, theh the queue values
are changed . as. shown in array E2.

Table Cl - values of variables 7 and 16 gt Qiffevent
simulation times.

[time To |T1 [T T3 | Ty bore
the valués at
[vaname 7 56 |67 les |75 [B1 T, axe the
vatiable 16 |92 |85 lso 77|75 i§1hial va;ues
shown in. Q DATA

Array-E2

Queue No.l.| 66
variable 7))

Quene No.2
{variable
16}

Time Ty

This example is continued with USE Q below vhere the
interpolation »f variable values from E2 at particular
ldg times is explained:

USE @ (L3840)

Input. None

Processing. This module is called by MODEL whénever the
value of a particular variable is required at some time
earlier on in the simulation.
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The example ‘in STO Q explains how values of ‘the variable
chosen in @ DATA. are entered into queues. MODEL specifies
the queue ntmber J and a check is made (L3900) to ensure
thdt the gqueue exists. If not, eXecution is terminated.
The lag-time {the difference between current sinulaticn
time and the time of interest) is specified for each
queus i Q DATA. The lag-time can be’ changéd with each
call by MODEL to USE Q by specifying a new lag-time

L= 0.6, for example. A vdlue of L=0 is interpreteéd by
U8R Q .as”an instzuction to use the original lag=time
spécified in Q DATA. A check is made (L3920) to ensure
that any new lag-time specified; %, is less than or
equal to the original lag-time specified in 'O 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 walled again; unless L is changed by MODEL.

The ihterpolation/extrapolation of values from. a dqueue
for & given lag-time. is illustrated using the last array
of queue values, B2; shown in the example given in §T0.Q.

Arydy B2
ng 8L Quene 1
(variable 7}
2|78
3 75 Queue. 2
(variable 16)
4 7
5 80
5 |ss
- Queue 3

Assune that queue values are entered into B2 every 6
iterations, j.e.. E0=8, The iteration time-~step H=0,1
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hours and 5 iterations (E+1=5) hi e elapsed since &I

and 75 were stored in queves 1l and 2 respectively. Since
sucdessive row numbers in-E2 above represent a lag~time
difference of E0.H=0,6 hours; values can be interpolated/
extrapolated from E2 by calculating a row nhmber R2
equivalent to the specified 1ag~tihe L. The row number
R2 is nok recessarily an integer and the tweo guele

values (V6 and ¥7) in the rows Rl and R3 .closest, to R2
can be -used to interpolate/ektrapolate the gueue value

ab L. For example:

1) * .What is the approximate value of variable 16
{gueue 2) at.a lag-time L=1,16 hours earlier.in
the simulation?

The value reguired is-at the row number.
R2=3+1,6/0,6-5/6 = 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 E2. The gqueue
values at row 4 {(V6=77&R1l=4) and row 5(y7=80&R3=5)
can -now be used to interpolate the value at ‘row,
4,833,
The interpolated value. (L4000}
FNQ & V6+(¥7-¥5) (R2-R1)/(R3-R1)

= T7TH(80277)(4,833-4)/(5-4)

=.79,50

is returned to MOUEL.

2) . As £0E 1), but the lag-time Lw0,2 hours:
R2=3+0,2/0,6-5/6 = 2,50
which is less than the first row number of queue
number 2-ahd thexefore riles out the possibility of
interpolation. The first two queve values in rows
3.and 4 are used to éxtrapolate a value for row
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hours and 5 iterations (B+1=5) have elapsed sihce 81

and 75 were stored in queéue® t and 2 respectively. Since
successive row numbers in E2 above represent & lag-tiue
difference of EO.H=0,6 hours, values cdn be interpolated/
extrapolated from E2 by caleulating a row. number R2
equivalent to the specified lag-time L. The row number
R2 .ig not necessarily an-integer and the two. queue

valugs (V6 and'¥7) in the rows Rl'and R3 closest to K2
can be used to interpclate/extrapolate the queue value

at L. For exXample:

1) What' is the approximate value of variable 16
{queue 2) at.a lag-time L=1,16 hours: earlier in
the simulation?

The-valus: required is at tie row number.
R2=3+1,6/0,6-5/6 = 4,833
of array E2 above. R2 (L3940 equals the start
row ne; of guewe 2.plus the time-ldg i.t.o. the
number of rows, less the elapsed time, i.t.o. rows,
since the -last valua was stored in E2. The gueue
values at row 4 (V6=774Rl=4) and tow 5(V7=80&8R3=5)
can now be. used to jnterpolate the value at row
4,833,
‘The -interpolated walue {L4000)
ENQ = V6+(V7-V6) (R2-R1)/(R3-RL)

= 774{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 gueue values in rows
3 and 4 are used to extiapolate a value for row
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2,56 (RL, R2, V6 and V7 equal 3, 4, 75 and’ 77
regpectively)., The value required

FHQ=T54(77~75) (2,5~3)/(43)=74,0

Quiput. An eyyor message will result 1f the queus number
specified doas not exist ox the lag-time ilg excassive.

8B TABLE (1.4020)

Ioput and Gotput.  None

Procsssing, This madule ig called by MODEL to interpolate
2 valve from a table T2 for a given time:X. The time is
asgumed to be the current. simulation time T. The table
inteypolation time can be changed by MODEL if a time

i DO is specified. If, for example, T=15,2

hiours ‘and DO=~llthen 4 velue will be interpolated from
#able TS ab time X=14,1{L4050). On exist from this

wodule DO is set egual to 0(L4340) therefore MODEL must
speeify DO each time USE TABLE is called if a time other
whan the simulation time T is to be used. for. interpolation:

“he process of interpolation from & table is illustrated
by using the input data from the exawple in TABLE UATA,
Fig.B2 shows the plot of obsgerved values repeated for
gonvenience, The matrises DL and D3I, and array DI are
Apt repeated hare, The table number 15 equals 2.

R, R2 and B3 are c¢aleulated (L4060 to 4100 and shown
on the graph:. If the time ¥ is beyond the range of the
table values (less than Rl or greater than R2+R3) thea a
zaxo table valus FND is veturned (L41l10).

The next secticn of program (L4120 to 4170) determines
the closest gharting time 81 which ig lesa thun or equal
to bime X. If X equals any time between 24 and 59,99
hours. for example, then ¢1=24 hoaks (see fig.B2).
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2,50 (R1, RZ, V6 and V7 egual 3, 4, 75 and 77
" respectively). The value réquired

FNQ=75+(77-75)(2,5%3)/14-3}=74,0

Qutput. An: srror message will result if the guete  number
gpecified does not ¢xist’ or the lag-time is excesgive.

USE "“TABLE (1,4020)

Input and Qutput. . None

Processing. This module is called by MODEL to interpalate
a.value. from a table T5 for 4 given time X The time-ig: :
assumed to be the current simulation time T. The table
interpolation time can be changed by MODEL 1f & time -
aiffersnce DO is specifiedi If, for example, T=15;2
hours'and DO= “1lthen s valus will be interpolated from
table T5 &t time ¥=14,1(L4050). On exist from this

module DO is set egqual 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 intérpslation.

The process of intérpolation from a tablé-is illustrated
by using the. input data from the example in TABLE DATA:
Fig.B2 shows the plct of observed values repeated for
convenience, The matrices DI and D3, and array D2 are

b S rot ‘repeated here. The table number T5 equals. 2:

" RL, R2 and R3 are calculated (L4060 £6 4100 and shown
on the gkaph. If the tide X' is beyond the - range of the
table values (léss than RL or greater than R2+R3) ‘then a
zero table value FNU is returred (L4110).

i
¥
i
H
i

The next section of program (L4120 to:4170) determines

| £ne closest starting time Sl which is léss than or equal
to time X. If X equals any time betweer 24 and 59,;9%
hours, for ekample, then 51=24. hours {see £lg.BZ).
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Observations

8

2

1 p

0 L NS : . :

0 6 12 18 24 3036 - 42 48 54 60 66 T2 ‘73 hour's
f R3=max '
1 me increment.
t 2nd Ra=last “start times

Rl=ls

. FIG.B2 Grapﬁ of Observation at Different Times

If the start. time (S1=24} plus the makimum time ingrement
(R3=18) is less than the time X=43-hours, Say, theh &
zero table’'value- FND is: returned (L4180). If .the time X
is within the range of the table, ‘X237 hours, 3dy, then
L4190 to 4300 will find the times T6=36 dnd 27=42 hours
which are .on either side of X. and for which there are
cgrresponding table values, V6=2 and V7=1, The table
value ¥ND=1,75 is interpglated from V6 -and V7. (L4310},

PLOT QUTPUT (L4350) :

Data stored on tapeby STQ PLOT is read into

MERITY

Progessing. After simulation this module will use the
variable values, stored on tape file P-DATA Dy STO
PLOT, to .plot separate g:aphs'against time,of the
wvariables specified in PLGT DATA. All graphs ars 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 stofed on tape as shown:
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Observations

12778 28 30 36 42 48°" 54 60 66 72 78, hours

3
: R3=ia:
me incrament .
t

2nd Re=last " start times

. F1G.B2 -Graph of Cbservation at Different -Times

If the start time (81l=24) plus the maximum time incremeént
(R3218) -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 ®f the table, X=37 hours, say,’ then
L4190 to 4300 will find. the times TE=36 and T7=42 hours
which.are on -eithexr. side of X and for which there are
corresponding table values, V6=2 and V7=1. The table
value FND=1,75 is interpolated from V6 and V7 (L4310)% 7

PLOT OUTPUT {L4350)

Input. Data stored on tapeby STO.PLOT is read into
nmemory .

8 1) A SRS

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 vaxiable {numbers 1, 4 and 9, say.)
is stored on tape as shown:
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1hod |9
Tl iVI‘} Vl Ivl

STO PLOT enters valued into a buffer which stores its
contents onto tape whenever it is full. L4410 will empty.
the Buffer onte tape €o. 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 1 in the -abdve diagram. L4435 to 4460 defines
the axes scales, defined in PLOT DATA and possibly modi-
fisd in STO PLOT, so that time incredses from Léfh-to
“rignt ip all graphs.

1oig4
TO VOV

oo

Each graph number J.is plotted in turn and invclves
starting &t the beginning of the tape each: time and
reading every -valve into the buffer but -selecting only
the time T and the variable value for the partitiulazr
graph. . In the above example, L4455 to L4505 will search
' for the following points and plot them £. 41l the draphs
in the order shown:

(& yVlL(T ,Vl)r('Y r\,l)f - ~ graph .l {variable 1)
[ 1 2’72

V) (Y gy, vEY e -~ graph 2. (variable 4)

(TG V)4 (Ty V3] (X;95)  =mmmmwmness graph 3 (variable 9)

Qlitput . ‘If thers are less than two data points then-a
megsage to this effect will be displayed instead of a
graph (LA380,4400). If the graph consists of points with
a constant variable value then. the value will be dis=
play€d 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 papaer.
The minimun and meximm 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
hdve been plotted.

B




MODBEL, (L4630}

Input. The user enters. the model between L4640 and L796"
using only the symbols A{l); A{2), A(3) ----- for vari-
ables and F(1}, F(2), B(3) c=-w= for differential equa~
tions.

Processing. This module is called by the particular soiu-
tions algorithm module selected in ALGORITHM. Each time
MODEL. is. called, ‘the valués of certain of the variables
(A(1l}), A(2) ==—== ~ etc.) will change and this, 4in turn,
determines -the values of the derivatives (F(1), F(2)-=~).

For.: example,
F(6) = A{LI+F(4)*A0T7)/ (T-A(17)

‘where T is timé. L7960 to L7990 is a permanent part of
MODEL' @&nd will calculdte a’'k-value {X(J,%Z) for each of
the NO. differential equations)edch time MODEL is called
by the algorithm modulé. Depending on the algorithm;
MODEL' i5 called & number. of. times. during each iterationm
of the simulation (%=.1, .2 ¢r 4 for BULER, MOD. EULER
and 4R-KUTTA respectively) .«

OQutput, None

INITIAL (LB0QO)

Input, Processing dnd Output: This module is'called by
MASTER (L310) before the simulation begifis. The user can

thexefore e€nter any program instructions into INITIAL to
perform input, processing or ocutput required before the
simulation of the model. INITIAL is used:only for initial
input, processing and output. for which the simulation
progran has ne facilities .such as variable names, simu-
lation heading, calculation of pdrameters etc. The return-
statgment at the end of the module and the ¢omment state=
ments at the beginning are permanent features of the module:

3
e
1
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FINAL (1.90G0)

Input, Processing and Outpuat. This ipdule has the ‘same
purpose as: INITIAL above, but is called by MASTER (L515)
aftex the simulation has been performed and the resuits
printed.
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SOURCE - CODE" OF THE SIMULATION PROGRAM
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DISP:"3¥8eace is prowvided ‘in
A.ABLE forup tio 195 va
riables in the erem®
DISP "4)Space is provided in
AL tor Printing ue to 5
@ variables 3t esach ster®
DISP “S¥Fils seace provided
tor<=2088  ararh points.M h
as space far ¢=284rarhs. "
92 DISP "E)Space is Provided in
01 for =1@ tasbles and

&

o
o
o
B
@
0

.
@

g

=

0
@

2]

93 DISP:* total ofd{=lBUstart
imes and {=ig@data points

94 DISP "7iS=ace is providad in
ElkEZfor <=RPayeuns and a

a2l of 184 values®
ag PlSP‘k“**i***********#*#*****

REM DI'N/E’EF RPRRVS&VHRBLS
DPTION BAS

!(?ggls H(iBS),B(lBE),K(ZB,‘D)F
SHORT ABC185).02¢188),03(180
423, E2C1B6) , ESC208,2), H(20,4)
INTEGER A1¢%BY.C,01,C3,01%1@
J4¥;09,E,E6,E1¢(28,2),E9,F&,F
1,F&; FS.J Jl;JZ;NBH“rNZ;N:‘ .
a IN EGER P@.P.PD TS,V

@ pIse "DIFFERENTIBL EQUHTIONS
%UHRIHSLEb" € GosiB 618 ! (P

bl
28@ DISP "dR(JIZdT=F () . J=1 1a%;
£2@ INPUT HB

&35 DISP

248 DISP "ng)) func (T, ACL . ALY

258 DISP USIHG ”SB i NA+1.M@

@
S0

-3

oo
S

I



268 IMAGE "EXTRA- VARIABLES ARE A
CHL. oo, Yy, H(Ni)(IF NCI E?’TRRS
ENTER N!*";DU»

jes: i IN

298 NDRHHL @ Z1iFB/F1,F2.:F3=8
2es1 T4 11

15 1 INITIF\LIZE SOUNTERS
2@ T=Té TIR‘;IZE CLOCK

! P
I8E IF (T4—TB)#H>B THEN 482
399 DISP "ERROR-Plot frem"iT3;"t
oM iTHi*but stér zize="sH € &
QT0 588
484 po= 1NT((T4—T37/((\38~1)XH)+ 4

=@ THEN 493 1 'NO DUEUES
B=INT{E?~(EB- E9)/HBS(H)+ °9
¥ B EASHAXCER,

476 GOSUB:37d4a

E=@
499 IF F@=8 THEN 582 1 noPRT OUT

433 [F (T2-T2)XH¥@ THEN 496
494 DISP "ERROR-Print from" ;T2

5"
1ol T2 "hut step size="; E
GOTY S8l

4388 DISP USING 497

497 IMAGE 32¢*%"

493 DISP “XNITIRL URLUEC(S) "8 §
asie e

588 IF T2= TB THEM. §=8 ELSE S=88~
i T FRM START ELJE HOT
g N 385

s82 DI"P UJXNG 49

Sid IF Fl=1 THEM GO"’UB 4358

515 GOSUE 9

S2@ NDSMRL & DISP- "ANCS b i TUNCY

S48 INFU

I “N“ THEN -, o
33 NDR!’!FIL @ GOSUB ¢ ¢
596 GOTO 310 | RUN ALl o
€88 END
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e PRTZDISF
NORMAL
DIsP "Rriny or Display(ForD)

PUT 1%
6§ IF

Is="0" THEMW €949
IF I$#"P" THEN 649

PRIHT ALL
Q D @ RETU!

DISPUE négp o15%Rnce AL

crép "égas -USE INTT.WARIABLE

DXSE "B)CHHNGE SUME VARIREBLE
UES

2 DIck "4>DHHNGE PRINT LIeT
5 SCHAN [HES"

DI8P ~EICHANGE PLORT NG BarA

8IsP "?)CHHNGE TIMES FOR FLOD

TTING
GI5P "8YCHANGE EXECUTION TINW
E

i

& DIZP “9)CHANGE RLGORITHM®

EISP Y18 CHRNGE FUNCTION TRE
P "LLICHANGE AUEUE PARAME

8 DISP "12)ERECUTE PRDGRHH"

DISP “(LRST OPTIONY;Z2;™3" &

DIEpP “ENTER NEN UPTION 170

12 ;@ INFO

IF Zga HHD 22(12 THEN . 1883

1FZ2=12 THEN iae1d

BEEP 150,120 B GOTY. 360

QN Z2 GDSUB_ 1939.1118,1189,

125@;1459 1520, 1698, 1748, 17
G, 1830, 2 BE

NDRHﬁL IF J1+8 THEN (@28

LSE ?9@
DISP “GUTPUT DF RESULTS-" @
GOSUB B1B
RETURN

1. et e
DISP “ENTER I'HE INITIRL VAL
UE FOR EACH VARIABLE

GOSUB 2921 @ IF Fd4=i THEN R
ESTORE 5889

GOSUB 618

FOR J=i TU N1

8
8 DISP AL didyv;

IF F4=2 THEM INPUT RBC(J> EL
SE READ HB(J)L BDISF RAlJY
NEKT J & Go 138

[ it RE~. IN!TIHLLJE
{ NOTE-2) XS PHRT

IF 21=8 THEM

GR3UE S18 @ DISP "UHRIRBLES
SET - TO INITIAL VYALUES,

© et
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IF Fi=1 THEN GOSUB ZBes
FOR - J=1
H(J) B(J) HB(J)

——————————— 3ICHANGES
msp "HOW- MANY CHANGES™:

FUT. N3
DISP "ENTER MARIABLE No, GND

.,

RECAZY BLAII=ACAZY
HEKT dJ
F]QETURN

) =4 ¥PRT LIST
Fo=R 1 F 0
DISP "PRINT RHYTHING(Yorf)®

INPUT 1§

IF 1#=%H". T} 40

Fatsi

GUOSUR 2321 Fd=1 THEN R
ESTORE 887

GOZUB 51@

DISP USIHG 1362

3 IMHGE "HOI-I MANY VnRAﬁBLES"

AaRACLY CCACHLK, YOHUST BE PR
INTED"
IF . Fe=2 H%}g INPUT N2 ELSE

2
ALSL "IND M dshry
IF Fé=2 THEN IWPUT R1(J)> EL
SE.READ R1YJ41@ DISP RI{JD

N:
RETURN

——————————— PRT TINES
gISP TBUTROT TEe-+ A gosh

oIsp "PRINT QUTPLT FRON T=T
2 70 T8 EVERY S@ TIME ST

P5*

DISP "(T2,T8,88)";

TNPUT T2.T5.54

RETORH

| S e SIPLAT ORTA

@ F1=0 | FLAG-NO(F

DISP. *pLOT GNYTHTNGU-’ (AL 2R
INPUT If
|§(F Ig="N“ THEN 1888 | RETUR

Fl=t 3 FL L)
G03UB 2921 @ IF Fa=] THEM R
ESTORE 3870

5%
|
R
)
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1570 GOSUB 618

1358 DISP MHO. PLUTS; MAX HO.PTR.¢
Ses note )Y

1590 IF F4=2 THEN INPUT PS,03 EL
SE READ FP9,098 DISF F2;C9

tsER DéSP' *URIT SPRCING ALONG T+
AXIS"S

L1610 IF Fy=2 THEH INPUT Ri ELSE
ERD wig GISP WY

o ) 1620 DISR "FOR EHCH \)HR!HELE TO

[ BE PLOTTED El

[ 1836 DISP "y~ UBR]RBLE HD S MIN=MIN

JVALUE; MX~ HAX NALUE, U~UNIT

"‘PF!CIH!’ ALDNG WARIABLE AR

154n FDR J=l 70

185@ DISP "(U |“|N: ><

1666 IF Fd=2 THEMN !NPUT A2 A3, A4
/A5, ELSE READ A2, A3, A4 ASE
DiSP R2:RZ;R4:H

1861 ML, 1)=ﬂ2 @ N(J;Z) A3 @ MO

3 4 @ e dd=

[ motmmie Sl oS P SPLOT TIMES
1695 DISP “PLOT TINES-V & GOSUB

. &
PREa . 1799 DISP "PLTT SPECIFIED VARIAB
- ‘ LES FPUM T—T3 TO T4, USTHG

Bis "(T3 T‘hDﬁ) .

1748 ! —————————— BISTINUL. TIMES
1745 Dé‘ﬁg YEXECUTION TIMES-" B G

1759 DISP. UERECUTE FRGM T T8 -70
TG WITH TINE &

1769 DISP. ACTA; T2 HI "2

1778 THBUT T4, T8, 1

i7s8 RETURN

1750 1 m e F\LGORITHM

17835 DISP “RLGARITHM=Y 8 GOSUB

; 1808 DISP "EIJLER‘ MO0, EULER OR 47
= ) 3 RUNGE~KUTTAY 1 20

)
1318 INPIJT F2@ IF F2<1 OR FR23 T

1820 | mmesimme 1B)TRELE -0ATA

1835 09=0 forUSE TABLE

184%@ OISP "USE TRBLESCYarNd ™)@ I
HEUT 13

1843 IF If="N" THEH ZE?B

1845 IF T$49¥" THEN 184

1846 RESTORE fSBE e EO:.UB 2921 ®

1847 IF F4=1 OR Z1=@ THEN 1393

1850 DISP “ENTER/CHRHGE HO L OF TR
BLES, MO, OF TIMES ERCH USED.
QR NO.OF DATR FRIRS(YorNy
H




THPUT

HE I$
@ IF [g=iNn THEW 2040

- Nl

a
nise "ﬂUN HMARY TABLES(s&E n
ote
IF F4=2 THEN INPUT D8 ELBE

RERD b9@ DI

013: “F‘OR ERCH TABLE ENTER
DISP “WJ DF TIMES TF\BLE W1k
L BE.USED, MO, OF .BATA PAIR
‘E IN T?BLE(sge hote 6)‘
DISP LTABLER i 8

E . READ H4, 358 DISP A4;35
D1cds 13=A4 & DI T=AS5
NEXT: J

Dé(la’c‘);Dl(lM)-‘l
l DEF STRRT ROM ND'\‘\ OF .. D2

muu;a B, 2)**-01(.)'1)
DiCJ¥1, 435014, 42 +D1Cd, 3

EKT J
IF.F OR-Z}=@. THEN 2878

3 DISP "ENTER/CHHNGE T=YRLUES

NHEN TRBI ES ARE. TO BE. STRRT
ED¢ orN

INPUT Z$ .

IF é$"‘"H" THEN 2288

Ji=
FOR J=i. TO
DISP "THBLE";J

@ Ag=~1 ) DUNMMY. VAL,

2
2 IF. F4=2 THEN INPUT pEciis B

LSE READ DZ(Ji)@ QISP D24t

Ir DZ(Ji))RE THEN 2178 LA
TEST 8TART TIMEMPREY

Fd=2 @ DISP "ERROR-start.vya
lues must dincrease" @ GOTO

049,
AZ= DZ(Jl) 1 HEW PREV,
MERT J2

IF F OR Z1=9: THEN 2232
ngsz "ENTER/EHF\NGE BATR' PAT

R
IN PUT I$
Ig="N" THEN 2378
orsp AENTER T=INCREMENT AFT
ERVEEBLE START. VALUE, TABL

1_

J=1 TOLS
DISP STABLE
AZ=wl ] DUMMY AL,




231 .

Fiig J2=1 TG DiJ.3)

Ji=Jdi+1 .

DISP J2: " (T-ine, TABY "

IF F4=2 THEN INPUT A4,AY EL
SE READ A4.ASE DISP 34195
D3CJEs1r=R4. @ DFLJL,2)=A8
IF D362, 1)>A3 THEN 2348 ¢
LRTEST IHCR.>PREV .

F4=2 DISP "ERROR- Txhcrﬁme
t< must increase" @ T2

H3 D3(J1 13 L NEM: PREV.
NEXT- J2

NEXT .

RETURN

————————— 1138 DATA
I ta USE 2

I FLAG=HB(

F3=B
B DISP “USE mUEUEb(\"arN)"'

ENPUT: IS

IF. I$="N" THEN 2528, 1 RETRN
IF.1$#"Y" THEM 24i%

F3=1"

GOSUR 2921 '@ IF Fd4=1 THEN R

‘ESTORE 8378

GDQUB 61.8 B .IF F4=1 OR Zi=@
THE

DEbF‘ “ENTER/CHRNGE No.OF au
EVES,;YAR-" IABLE MO*S,0R LR
G TlMES(‘f rN)"

INFUT 1%

IF If—“N" THEN 238

DIsSP "HDN MANT QUEUEb(SEE n
ere 7%

IF Fd= 2 THEN !NPUT £9 ELSE

R SP-E9

RISE. “FOR. ERCH QUEUE ENTER
VBRIABLE NO:LAG

E7=8

FOR.J=1 TO

~DISP "G NO.“;J"‘(H\’?) LAGH ™

IF F4=2 THEH INPUT. A4,AS_EL
P

E7=ET+ESC(J, 2> 1 TOT.LAG=-T
M| T .I -

IF GR -Z1=G THEN ‘2622
DISP “ENTER/CHHNGE SPACE AL
LBCATION - FOR QUEUESCYOrND
"

INPUT 1%

IF 1#="N" THEN

BISF "TOTAL SPHCES FUR @UEU
E_WALUES (Seg ‘note

IF- F4=2 THEN. INPUT E8 ELSE
RERD EZR DISP Eg

REM 18T ROW HO 0OF E2 FOR ER
CH @ 15 -3T0'0 IN _E1.NO. R-VA
L3 .15 PROP.TO LAG-T'S %370’
o IN El
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2659 E1CL,30=1
Z568 FOR ¥ O _EZ Y EACH ‘@
2B7R ELCI 2= INTCES( D, 23%ES/EP+.
2679 IF El{J.2)=1 THEM E1(J,2)=Z
| ‘NEEC AT LEAST .2 PTS.
2588 IF J<EY . THEH E1(Jd+1,3)=t'1¢J
 LBYRELCA 2
2696 MEXT -J <
2788 DISP "SPACE. FOR QUEUES 1 TO
i ES
2718 FOR:J=} TO ES
27z ISP PEl(J;Q);
2038 N
2748 Eg=E1(E3. 3)*E1(E9¢2) b
arse DIS? PTOTAL="/ES: ¥, {see rot
2755 IF THEN 2768
2758 DISP./IF ‘RLLOCATIONS UNSATE
SFRCTORY:, . CURRECT LHTER (P
r;gs CONT kexd" @ PRUSE
2768 ‘DISP "HLLOCHTIDNS AR orHI"
. FRLTHRUT 1%
2778, IF. I%="H* THEN 20
2726 pPISP “ENTER/CHRNGE INITIAL
. VYRLUES . TO. BE STORED. IN EAC
QUEUE(\‘ PN
2790 INPUT
2348 IF IS""N“ THEHN 2529
2318, DISP. *INITIALIZE EACH -QUEUE
- TOo40 VALUEX
2828 FOR -J={ T0 EI
2838 DIQP "R OWOTIJ RACTIELCS 1)
2848 F F4 2 THEN. INPUT EB(J iy
. ELbE RERD: E3¢J, 15>@, O018P EIC
2859 NE.’(T
2868 1 ENTR‘(LFROH 257U RE-USE TH
T T TR =
2g78 FOR J=1
2838 FOR J l(J‘E) TO E1CJ.3)4E
ECJ 291
2899 E2(JIISEICILD g
2998 HEXT Ji
291 W
2928 RETURN
2921 ¢ e 2w OATHZERONPT
2323 DISP "I)USE PREDEFINED  DATAH
"R DISP "ZIKEYBOARD IWPUT®
® DISP “Clor2)¥ ;@ INPUT.F4
2524 'IF F4#1 AND F44#2 THEN 2323
2923 RETURN
2938 ] =lSi-o—t-i HEIN
2958 FUR C=@ TO {TAw Tﬁ)/H 1 1 N
: SHF - TIME INCREMENTS
2968 Ti= Ta+CXH
2378 DN F2 GDSUE 31?5; 3132, 3340

! RLGORITHHS




L ST 8
IF F3=9 THEW 3839
=E+

IF E(EB THEN felxi-]
GUSUB KEES

T FL
1E Fisb ThEN 31

IF 4T3 T)*SGN&H)}B DR {T=T4
JESGNCHIMA THEN 311

9 Pap+
IF P<P@ THEN 3118

IF CL¥C5 THEN 3118

GOSUB 3962

P=i

Ci=01+l 1 PLOT COUNTER

i PRT OQUTFUT

IF ‘F@=9. THEN 2179

IF {72 T)*a\aN(H))? DR (T-TH

GDSU 46381 KLS 1D
FOR d=
F\(J) B(J) BOIY+HRED 13

ety
RETURN

i act.time Tn
Z=1:1 FOR KCJ, 22
GOSUR- 46381 K(J, 1)

+H Trots

50 FOR - J=1 T0 Ha
ALII=BCIIHK IS LY

B RERT "J

. GDSUB- 4528 ! KiJ:2)

FOR J=1. T0 Ng®
ACIIEECIYS: 3(J)+(K<Ja1)+K(J,

e 2))/2 L. AL

F446

HE,

RETURN

e —“-‘4R—KUTTH
1z 1 timeTn

GOSUB 4636 1 K{J, 1)
T=T+HH/E | 7n+H/2
FOP 2=2 T
FI(JJ-B&J)-#K(J;_*I)/Z

£
GUSUB 463871 R Z)
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