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PREFACE

Gaming was one of our approaches to analyse regional water policies in
regions with intense socio-economic development. With the game MINE by
Weigkricht and Kaden a game for the analysis of regional water policies in
open-pit lignite mining areas was developed.

From experience in playing this game, we learnt that a high portability
is most favourable. Therefore, it was decided to develop an improved ver-
sion for the portable microcomputer NEC PC-8201A. This work was done
partly by 0. Varis in the framework of the Young Summer Scientists Pro-
gram 1985 at IIASA. In the paper, the version MINE-NEC is documented.

S. Orlovski
Project Leader
Regional Water Policies
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ABSTRACT

The game MINE was developed for the analysis of regional water poli-
cies in open-pit lignite mining areas. It is implemented for a GDR test area.
The purpose of the game is above all to teach decision makers and their
staff in mining regions in order to get a better understanding of the com-
plex interrelated socio-economic processes with respect to water manage-
ment in such regions. The game is designed to be played by five groups of
players representing municipal and industrial water supply, agriculture,
environmental protection and lignite mining.

In this paper an improved BASIC version for the portable NEC PC-
8201 A microcomputer is introduced.
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MINE-NEC — A GAME FOR THE ANALYSIS OF REGIONAL WATER
POLICIES IN OPEN-PIT LIGNITE MINING AREAS;
AN IMPROVED IMPLEMENTATION FOR THE NEC PC-8201A

S. Kaden and 0. Varis

1. Introduction

The main concern of the IIASA project "Regional Water Policies’ was to
investigate areas with highly intensive use of both surface water and
groundwater. Regions with open-pit lignite mining are one of the conspicu-
ous examples of complex interactions in socio-economic and environmental
systems with special regard to groundwater. These problems are particu-

larly obvious in many Central and Eastern European countries.

The study "Water Policies: Regions with Open-pit Lignite Mining" was
directed towards the development of methods and models to support the
analysis of conflicts between different water users in the framework of the
environmental capacity. This study is based on an implementation area in
the German Democratic Republic, for a detailed description, see Kaden et

al. 1985a. The research has been directed into two major directions:

- the development of a complex decision support model system based on
recent methods of multicriteria analysis and its application on a main

frame computer (VAX 11/780);
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- the development of a game for the test region as an experimental and
teaching tool.

The second direction resulted in the game MINE, see Weigkricht and Kaden

1985.

The first version of the game — MINE 1 — was implemented in BASIC on an
APPLE Ile. This version also has been implemented on a portable computer
NEC/PC 8201A. A playing board with appropriate pieces is associated to
the game. During the game, the players are sitting around the board, filling
out different forms with their decisions. The computer with the model is
running in the background, the input of the decisions is made by the game
operator. The communication between model and decision makers is real-
ized by pieces moved on the board. All model outputs as allocation and qual-

ity of water, results, etc. are printed on an additional printer.

The second version ~ MINE 2 — was implemented in FORTRAN 77 on the
VAX and the ALTOS. A graphic terminal can be associated to the VAX, that
corresponds to the board in MINE 1. The input of the decisions is made by

the players or by the game operator on the computer.

The gaming board for MINE 1 and the graphic schema for MINE 2
represent a schematical map of the test area (see Figure 1). They also show
the stream, the two tributaries, the groundwater extraction possibility, the
possibility of import and export. The lines between these items represent

the pipelines for water allocation.

From the experience in running the game it was learnt that the simpler
version of the game being implemented for small microcomputers is more
favourable due to its communicative character. Above all the game should
be portable as easy as possible. Therefore, it has been decided to improve
the NEC version of the game. The portable NEC PC-8201A has 32k bytes
Read Only Memory (ROM) capacity and 32k bytes Random Access Memory
(RAM}. The RAM capacity can be expanded to 96k bytes. It has a liquid cry-

stal screen of 40 columns and 8 rows. Its weight is only 1.7 kg.

The following major improvements had to be done:
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- adaptation of the programme to the special features of the NEC

(storage and screen-size),

- actualization of the game according to the mathematical model docu-
mented in Kaden et al. 1985, above all realization of two water quality

indicators (Fe?*, pH-value),
- interactive programme handling for the game operator and enlarged

output of model results.

In order to realize these improvements the game MINE 1 had to be largely
reconstructed and programmed in a modular and storage saving form. In
the following the game MINE-NEC is documented. It is generally applicable

to low capacity microcomputers.

2. MINE — NEC

2.1. Description of the game

The given description is a slightly modified one of those given by Weig-
kricht and Kaden 1985.

We assume five players or playing groups (compare Figure 1), each

group has at least one player:
[1] Municipality
[2] Imdustry

[8] Agriculture (irrigation; the water demand is increasing depending on

mine drainage)
[4] Environmental protection area and Down-stream water user
" [5] Mining group representing the following mines:

- Mine a (closes during the planning horizon and becomes a remain-

ing pit to be used as a reservoir),
- Mine b,

- Mine c,
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- Mine d is not working at the beginning of the game, water drainage

has to be started before it opens.

There may be an additional group, representing a central planning author-
ity, who decides in conflict situations. Another possibility is to make these

decisions together by vote.

The submodels of the game are based on he same mathematical models
as the Decision Support Model System developed for the GDR test area. In

Kaden et al. 1985 all models are described in detail.

The game is designed for 10 planning periods (cycies). In Table 1 the

time steps are given.

Table 1: Planning periods

Planning 1|12 3|45 6 7 8 9 | 10
period

Years 1|2 |46 |8 |10 |17 | 25 | 35 | 50
Time steps 12 22 2 7 8 | 10 | 15
(years)

Mine a closes in period 7. Mine drainage for mine d may start in period 2,

mining of mine d starts in period 4.

The water quality is characterized by two indicators - the Fe®*-
concentration and the pH-value. In order to simplify the game a water qual-
ity index is defined according to Table 2. To display the water quality on

the game board different colours are used.

2.1.1. Basic rules

There are certain water resources available in the region, that means
mine drainage water, groundwater, surface water in the remaining pit, in
the river and its tributaries, or water import. The water users have a cer-

tain demand that they should try to satisfy with the water being available.



Table 2: Water quality index

Index | Colour | Fe?* [mg/1] pH-value
1 blue =1 26.5
2 green >1 <5 =26.0 <6.5
3 yellow >5 <10 =255 «6.0
4 white > 10 < 20 250 <55
) red > 20 =< 50 245 <5.0
6 black > 50 <4.5

They have to decide on the water quality being required and they would like
to have from where. The mining managers decide about the amount of lime
they are adding to the water (which influences the possibilities of water
allocation, because the users have to satisfy_certain quality restrictions)
and where they are releasing the mine drainage water not being used by
water users. After this, if no constraint is violated, the results per year of
the last playing period, and the accumulated results of the periods already
being played are printed. If some constraints are violated (this happens
usually, when no attention is paid to the decisions of the other players), the
decisions have to be taken together (the majority decides) or another play-
ing group, the central planning authority, can join the game and decides,

what strategy would be the best and which are the priorities.

2.1.2. Goals and roles for players

The criteria for the quality of the decisions are economic criterias
(cost, benefits), the satisfaction of the demands, and the quality of the
water. It has to be considered that these criteria are long-term and global
goals: for example, the decisions in a playing period where one has higher
costs than necessary, but the total costs of the whole horizon are quite low,
might be better than decisions, where all the interest groups try to minimize

their own costs. It should be noticed that the players should not play
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against cach other, but that they should try to satisfy a common goal, the
rational long-term development in the region.
[1] Municipality

The objective is to provide water for the municipal water supply and to
minimize cost (with regard to the total cost and the satisfaction of all water

users).

The water demand ca be satisfied by the following water allocations:

g - groundwater extraction
b - drainage water from mine b
s - stream

im - water import into the region.

Approximately the cost increase according to the order above. The follow-

ing pipe capacity restrictions have to be considered:

Table 3: Capacity of pipelines for municipal water supply (m3/sec).

Period

im | O 0 0 05 05|05 |05 |05] 05 0.5

As the drinking water supply is very important, it gets the highest priority,
i.e. the player 'municipality’ decide first.
[2] Industry

The objective is to satisfy the industrial water demand and to minimize

cost (with regard to the total cost and the satisfaction of all water users).
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The water demand can be satisfied by the following water allocations:

s - stream
¢ - drainage water from mine c
d - drainage water from mine d.

The following pipe capacity restrictions are given:
Table 4: Capacity of pipelines for industrial water supply (m3/sec).

Period
i1 2 3 4 5 6 7T 8 9

Industrial water supply gets priority after drinking water supply. It
has to be noticed that waste water of a bad quality is released into the tri-

butary.

[3] Agriculture

The objective is to satisfy the agricultural water demand (depending on
the the groundwater table, itself depending on the drainage activities of the
mines) and to minimize cost (with regard to the total cost and the satisfac-

tion of all water users).

The water demand can be satisfied by the following water allocations:

s =~ stream
¢ - drainage water from mine c

d - drainage water from mine d.
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The following pipe capacity restrictions are valid:

Table 5: Capacity of pipelines for agricultural water supply (m3/ sec).

Period

s |04 01 01 01 041 0.1 01 0.1 041 0.1
014 01 01 0.1 01 0.1 0.1 0.1 01 0.1
01 01 01 01 0.1 0.1 01 01 041 0.1

Agricultural water supply has priority 3. There is not any demand at
the beginning of the planning horizon, but because of the mining activities,

the demand is increasing (especially when mine d is going into operation).

[4] Environmental protection area and down-siream water user

The objective is to satisfy the water demand (for artificial groundwater
recharge) of the environmental protection area, depending on the ground-
water table. The water quality should be worse than index 3. The down-
stream water user are getting the water left in the stream. The water gqual-
ity mainly depends on the quality of the water released from mines and from

the industry. Try also to minimize total costs.

The water demand for the environmental protection area can be satis-

fied by the following water allocations:

p - remaining pit (after closing of mine a)

¢ - drainage water from mine ¢

For the pipe capacilty restrictions see Table 6.
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Table 6: Capacity of pipelines for environmental protection (ms/ sec).
Period
1 2 3 4 5 6 7 8 9 10
p|O 0] 0 0 0 0 0 0.2 0.3 0.5
0.1 0.1 0.1 0.2 0.2 0.3 0.3 02 04 0.05

There is no priority at all. If more water is required than left, the con-
straints are not satisfied and the decisions have to be made a second time

all together.

[5] Mining group

The mine drainage water has to be allocated with regard to the minimum
of total costs for mine water drainage and allocation. Drainage water can
be sold, if another user requires it, and if the quality is good enough. Lime
hydrate can be added for water treatment in order to improve water quality
for user. The water that could not be sold to the users has to be released

into the river; if it is of bad quality, a fine for that has to be paid.

For the possibilities of water allocation see Table 7 below.

2.2. Computer Implementation

The programme is divided into a large number of modules (GOSUB sub-
routines). These modules are structured as far as possible similar to the
submodels of the DSS MINE, Kaden et al. 1985, considering the specifics of
BASIC.

In Figure 2 a rough flow chart of the programme MINE-NEC is given
documenting the major modules. This figure is aimed to support further
programme modifications as well as to serve as an operator’s instructions
flow chart. Each module is characterized as a box with the information of
the function of each module, the required keyboard inputs during a run and

line numbers of the module in the programme list.
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Table 7: Capacity of pipelines for mine water allocation (ma/sec).

aex [ 1.8 1.7 12 14 1.4 1.6 15 O 0
b,s 3 3.2 34 35 3.9 4.1 5 6.4 5.4
b,p 1.2 13 15 16 1.9 2 2 2

bex | 1.2 13 15 1.6 1.9 2 2 2

c,s 21 23 2.7 23 2.5 2.6 28 2.9

dex | O 0 0 09 1.9 2 2 1.5
p.s 0 0 0 0 0 0 0 0.5
s,p 0 0 0 0 0 0 0 4 4

In Appendix Al the complete listing of the programme is given; in A2 the
notations used are explained. The programme listing includes as much as
possible comments in order to support the ''readability” of the programme.

Due to storage restrictions these comments had to be minimized.

2.3. Operation of the game

Before starting the game the players should make aware of the idea,
scope and restrictions of the game MINE-NEC. FEach player should get
acquainted with the role descriptions in Chapter 2.1. The information on
capacity restrictions and the amount of water available help the operation

by decreasing the number of constraint violations.

In addition to the MINE-NEC programme and required hardware, the
board presented in Figure 1 with appropriate coins and pieces is necessary

as well as the forms in Appendix B.
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END
START ’
PRINTER? 1 or D‘ 10-20
NEXT
v — PERIOD? DATA 1680—1770
DEFINITIONS
DATA INPUT 30-1180 X
* LFRETURN T0
EARLIER DATA 1580—1680
ENTER STARTING STAGE? i
PERIOD DATA 1190—1240
ECONOMIC 1970—-2110
1 ot EVALUATION ;ngo-gggo
DRAINAGE START 130-2280
OF MINE D DATA 3280-3330 73
QUALITY
< CONSTRAINTS 5080—5160
T>TA
WAT. TABLE 35103560 4,
REM. PIT OUTPUT
44504570
STORAGE WATER
STORAG 3960-4030 | WATER (] | 47104800
GW-TABLES, WATER 1
GW—QUANTITY [« 35803740 QUALITY Prrragieed
REM. PIT
| surrace
SW—FLOW | 3350-3490 WATER = aser
‘ QUALITY
| WATER W MINE WATER ‘
‘ DEMAND fa] 1810—1950 TREATMENT | 41504220
STAGE 1 | LIME
WATER QUANTITY 13101320 HYDRATE DATA 3080-3260
WATER REQUIRED
ALLOCATION DATA [&J | 24002680 WAT. QUALITY DATA 45904890
REST MINE ] GW— ‘
WATER @ 2710-3060 QUALITY Py 4920-5060
v | 4 -
f
STAGE 2 1350—1360
SW—FLOW | [ed] 3350-3490 WATER P} 23002380
‘ QUALITY

D Any operational key of NEC's keyboard

RETURN key

= A possibie progress pathway of the program

Figure 2: Flow chart of the programme MINE-NEC
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To indicate the water quality coloured 'pieces”, e.g. small wooden
blocks, are needed. For each colour in Table 2 about 15 pieces should be
available. For the water quantity "coins" are required to represent the
water quantity between 0.01 to 30 m3/s for 16 locations. In our case play

money (0.01, 0.05, 0.10, 0.50, 1.0, 5.0, 10.0) was used.

The initial state for each period concerning water resources is illus-
trated by setting the coins and pieces a correspondingly locations on the
board. The decisions made are demonstrated by moving the coins on the
board: in the sequence of their priority the players have to make these

decisions and to fill the data in the forms in Appendix B.

The programme can be loaded from a cassette tape by using for
instance the NEC PC-828/A data recorder. The loading starts with the com-
mand CLOAD "MINE.BA". The LOAD key of the data recorder must be
pressed down. The loading requires a few minutes. After loading the
recorder stops automatically and the letters "OK"” are displayed on the
screen. The game can be started with the command RUN or pressing the key

function £.5.

The programme MINE-NEC is self-explaining. All required data inputs
are initiated by corresponding outputs on the screen, compare also Figure

2. In Appendix C a protocol of an example run is given, illustrating the
user-friendly operation of the game.
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Appendix Al: BASIC-listing of the game MINE-NEC

SCREEN O 12 WTiDEFSTR Usug=" tyye=" "
INFUTHOUTEUT ON PRINTER (YES=11';IE

IF 1B 1 THEN IP=0

cLs

PRINT:PREINT:PRINT SPACEF (17)+"MINE"

U="GDF Minewater Studv":PRINT SPACEF (10)+U:PRINT

Ji=" I11AGA [axenpurg, Austria“:PRINT Ul:PRINT

PRINT SFPACEF (14)+"DATA INPUT":

IF IP=C 3070 110

_PRINT SPACES (1 7)="MINE": Lt PRINT SPACEF (1) =i LPRINT Ul:LFRINT
‘=4« INFPUT DATA

TA=2 FERIQD START REM.PIT

Th=100 PERIJD START MINE D

DIM JUTY (US(T) 'NAMES OF WAT.SUPPLIER AND USER

‘TLV7YCPIRE EXISTS™® (100 = NO, 1=YES. O=LATER

DIM IT0T.7Y ARBITR. ARRAY

DIM RE(T) 'REST MINE WAT,

DIM IG(7) 'REQUIRED QUALITY INDEX

FOR =0 TO 7

REQOT JUCCIY JUS(I)

FOR J=C TO 7:LE(I,J)=100:II1(I,J)=m8:NEXT

NEXT 1
DATA » g¥ " m', " g, 1", "1m","ag”," a"," e, " b, ,"as" " ol text t an,
=
T4 LE(D, =1 LEMT (TYmO LE(O, 1) =1 LE(O, D) =1t LE(7 , 2 =0 LE(O @) =1 E(L, D0 =00
=Q:LE(D ,O)mO LE(T, S LE(Z,7)mQet EXS 1Y =1:LE(S, 2=l LEve, 7120
=20 L E(H, D) Ym0t LE(4, 7 =0 L E(a &) =0 LE(LA () LE(4,Si=0:LES,7)=0
250 IIX SYT0rIT (0,671 IIL M eI II(OC, OV=33: TI(0,1'=54: 1T (0,2
TIIC2 00 ST = 7.11(,.4)=48-LI\4,/)=?9:II(4.6)=40:II(4,0)=41.11\4.
260 I1(5, 7\= I1(5.11m44: 11(S,2)=45: IT(5.7)m46:1]1(6,7'=47:11(5,11=248: 1] (n,51=4°
1Ilfe,2)= Q,4)=15
270 DIM TE\lU VEARS PER PERIOD
2BC TE(L =1 TE( D)=t s TE(DS)=2: TE(4) =21 TE(SE)=2: TE/(&£)=2: TE (T imG: TE2)=mRB: TE (@) =102 TE(

10 =1g

200
OO0
10

™20
I
T40
BN
TheO
=70
pd-12
TN
Yt
REA
420
AT
aae
Ao
4450
a7
a9
acn
500
510

ey
g2

Sac

=50

S40
=0
S90

590

>

1

DAL S LY )

a
=
=}
£

DIM SE(E0,10) "COEFF
FQR I=0 TO SC:FOR ]
naTa 4.1,7.°9 e
DARTA O,
AT
DATA
DATA
DATAS
paTa
DATA
nNATA
DATA
TATA
DATS
DaTA
DATA
DaTa 1y > 0 R

DATA . 17 2 ‘7, 1 7 26 Z0 T, 1IZ - kes.al
DATA o A
naTa
DATA
DATA 1..u4..8°.. .
naTa . Z D, 0, =, 01T, -
DATL —_OQ UP Hr’— 36. L0
DATA .55..55..u6,.61,.68,.b
DAaTA . =, 018 01T, n
TDATA L0048, 0 .
npTo
naTa
bAaTA
DaTAe
naTz
naTA
naTA

SUPPER BOUNDS

TO 10:READ =='I J)-NEXT:NEXT

ZyOL,02 70 = aga
:9b1 N

Ic.
=1
7

©

w -

-

b= 1) -
» (A

i

oo s
1 0.27,3,. 81

- ng:.

[
[l

L%

.-25, ue;.-

LO13,.019,.011

L7177 8 175.1,137.5,1329.
'."ﬁ - hag,a

U75.U 01! - hag.a

OT.1,42,0,0: 12 = nhg,al

4]
0
|

o)

W

uw

L0, =, 00

L]

LR, 00 T2 - giSélal
- q::é;a:

DLTLH —ouam

naTa - Lsm

naTA - usi
- usac
-~ uimm

t 27 - uas

0,01 "I - Laex
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To0 DATA
710 DATA
T2 DATA
DNATA
naTa
naTA
naTA
DATA
naTa

DATA L1 1,.1: 'S0 - udan

DIm CES

DIm o Cor QuUALITY

FOR I=0

Cil.mm= J)YiNEYT
NEXT I1°

DATA T8 1.5 2,62.9,75.8,0,0,0: ‘cg2

dATA €,9,5,9,59,5,

DATA 17,17.2,19,20.7,2% 9,27.6,33.7,41.1,51.3:

DaTa 16.6,17.:,18,19.1,_0.4.21.4,27.9 28.2,33.7,40

DATA ©6,0,11.6,12.5,17.5,14.5,16.20.7,24.6,30.7: 'cgd

naTA 0 U,...,C,J 0.70,80,90: 'cgp

[al ’HU TD S:FOR J=1 TO 10:READ CG(I,1,J):NEXT:NEXT pH
DATA 6,.03,6.01,5,97,5.92, 5...;7...:.8_,_1.71.,0.
DATA b,b5,46,6,6,6,6,6, 6 6. cgbl

DATA 4,11, 6.1,56.08,6. S,6.02,5.99,5,92,5.82,5.69,5.51:'¢
DATA 5-84.5-g:.q.u-u-7d,5.75,s.7:,5-67,4.u?,q- u.‘.:E’ c
DATA - U_,a,.l.°-'-5.94,_4.°1,.:.8_1,.:.74.4.61,4.4 ot [=]=}
naTa y0,0,0,0,5.5,5,.25,5: "cgp

DIM 7 .10) "DEMAND FOR ALLOCATION

DM ‘U) ‘CDST

DIm CI(‘) QUALITY WASTE WATEF

DIM D1 10) D210 "ECONDOMIC FACTORS

1040 FOR I=1 T2 10:READ D1¢(I, D"‘(I\'NEX'r

1050 DATA ,979,27.8%,.8282,74. 74,.°(~,~7 LT70B,41,20,,4624,45, 42 58,500,109 |
£2.65,.261,90.5,.149,149, 87..0&9.252.45

1060 Bl=,161BM=.7:BA=Q:BE=, 021 BS=,
1070 DIM HPLO)Y "WAT, TABLE REM.FIT
1080 DIM VP (10) "STDRAGE VOL. REM.PIT

1090 VP (7)=0

1100 DIM QT (4, 1) "BOUNDS FOR RQUALITY INDEX (0O/4:Fe,pH)

b2
c

g
2

O1/2.,1125.5:01 (7, 1)=5:01(2,11=4.5

1100 Dim £E(7, s.c—\/ 1) .IS/7) "SUREACE WAT. ouaLITY

LIT0 cs«:.o>=:.cs<¢ D) m1iCS (7,0 25108 (1, 1) =k, 5:CE (5 L) =4, 010807 16,2

1146 FOF T=1 TO 7:CE(1.11=10~(3-C8 (1. 1>>:N£XT AHU FROM INFLOW

1150 0S=T . 1T:07=,98:01=4, 71

1167 DIM RG(4,10) "WATER REQUIREMENTS

1170 FOR I=1 TO 10:RE(1, 1D mAsREAD KOO, 1) RO(4, IVsNEYT: " O - m,4 - ds.1 - i

1180 DATa o.:.:z...:1,:5.,.--,_4..._ SRS L. 28,25, ,.26,26. ,.29,07. . T5,00. . 42,30
. TS,

1 DIM UOQ (4l

FOR I=0 TO 4:REQD UQIININEXT

Eam USER™"

1190 w#xx START 0OF GAME MINE
1200 =" ENTER STARTING PERIOD (FROM 1 TD @ °
1210 CLS:PRINT Usz: INPUT T
IF IP=1 THEN LPRINT U+" 7“;TiLPRINT:LPRINT
noIF TS OR T GOTO 1210
1240 1F T2 AND TD=100 THEN GOSUB T200 START MINE d°
1250 "#+=» ESTIMATIDON STATE FPARAM,

258 u="riur=st
1240 IF Tw=TA THEN S0SUBR TS10°WAT. TABLE REM.FPIT
1270 BGOSR TS20 ' BW-TABLES, -QUANTITY
1200 GNSUR TTSOSW-FILOW
1290 GOSUE 1810 WATER DEMAND

. =1:i=1 - (.CALL AaLLOC., =2 -+ Z.CALL®
‘w44 WATER QUANTITY DECISIONS
N=1:G0SUB ZZCO TITEL
7 JE=0:GOSUR 2400 'WATER ALLOCATION
"4(" GOSUB TITSO SW-FLOW

PR

tBUW=. 02t GT=4AE-0S:GM=, 01 :GT1=, 0d "ECONOMIT CDEF

QI Q,M=1:10T(1,0' 25 QI(2, M =10:01(T. 0 =20: 01 (4, D =S0: 0T (0,1 =4, 5:0[ (1.1 =62

L2827 DATA "MUNICTEALITVY  "INDUSTRV" ,"AGRCULTURE" ,"ENV, FROTECTTIAON AREAQA" , "DOWN STF
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‘w%» WATER CQUALITY DECISIONS
M=T:GOSUB 2Z00 TITEL

Ry GOSUE 4900 ' GW-DQUALITY

T°“ ZOSUB 4590 REQUIRED WAT. QUALITY

T90 (OSUB TOL0 ADDED LIME HYDRATE

400 GOSUB 2150 'MINE WAT. TREATMENT

a1 ess SURFACE WATSR QWALITYV

470 1=1:G0SUE 4240: 1=S:GO0SUR 4240:1=7:G0OSUB 4240 SELF-FURIFICATION FE(IIY ,ppi-2

4T0O0: T=5: GOSUB :GOSUB 4700 'csbd
4TTO:N=1:G0SUB 4T -i,s
4240 N=0: GOSUR 4'&H-I=b GOSUB 4270: 1=1:6G0SUB 4270:N=1:G0SUB 4760

4240:N=0:GOSUB 4T90: I=2:G0SUB 4270: 1=7:60SUB 4270:N=1:G0SUR 470"

7O N=TZ:E0DEUR 4240 N=C0:GOSUB 44Z0Q: I=T:50SUB 4270:N=1:GDCSUB 4420 csd
1420 IF T-TA GOTO 1S10°ND REM.FIT

1490 C(0, TY=C(5,T-1)

1500 I=0;G0SUB 4090: GOSUB 4040: I=1:60SUB 4090: GOSUB 4040 ' QUALITY REM.PIT
1514 GOSUB 4450 QUALITY INDEX

1520 G0OSUR 4710 OUTEUT WAT.QUALITY

1570 GDSUB 08¢ QUALITY CONSTRAINTS

1540 “«%= ECONOMIC SYALUATION

1SS0 GZ0SUR 1990 COST PEFR PERIOD

Se0 GOSUB S180°'0UTPUT OF COST

1ETO IF Tw1 THEN GOSUB 2120 TOTAL CAOST

1280 U="Do You want to return to =some of the earlier stages or per:ods (1=VE
S, O=NOY "

L2Q0 PRINT Uit INFUT MN:IF NJO OR N>1 GOTD 1590

1600 IF IP=1 THEN LPRINT U+" 2"“:N

1510 IF NOx1 DR T=1 GOTO 1490

1420 INFUT"Enter peripod';T1

143 IF IP=1 THEN LPRINT"Enter period“;T1l

1640 IF T>T1 THEN T=T1:30TQ 1240

1650 U="Enter stage (1 = Water guantity; 2 = Water qualitv"

1660 PRINT L INFPUT N

1470 IF IP=! THEN LPEINT U+"7n.n
1880 IF N=1 THEN B0TO 1270 ELSE GOTO 135G
1690 IF T=10 GOTO 178G

1700 U=s"FREVIOUS FERIOD WAS "

1710 U1="START NEXT FERIOD?(YES=1,NO=0)"
L7200 CLS:FRINT U™

L7T0 PRINT Ul INPUT I

1740 IF 1R=1 THEN LPRINT U: T:LPRINT 121

1750 IF I-G OR I»1 GOTO 1720

1740 IF I=G GOTO 1780

L7770 T=T4+1:G0TQ2 1240

1780 END

1790 ‘wes END OF SAME MINE %

1800 +es WATER DEMAND

1 . WRATER DEMAND #":FRINT U3y

L =i THEN LFRINT U9y

12 1 Timo: IF HAG=- 14,6 AND HAG:1I%.% THEN RO(2,7T'=8%.%2~.454xHAbL
LS4 TE MOk 7.S THEN RQ(2,Ti=, 64

1ES0 RO IT,T)=,075% (HENV=-13Z2Y "2

184G FOR 1= TO 4:RE(I, TI=INT(RQ(I,TY*100: /100INEYT

1887 TATa "MUNICIFALITY","INDUSTRY" ,"AGRICULTURE","ENV.FROTECTION AREA","DOWN ST
=EQam ijgzEx

190 FOR =0 TQ 4

1910 PRINT UR(INITAB(ZZ) 1USING "#4. 84" RO, T

1920 IF IF=1 THEN LREINT UDCIN;TAB(2D) tUSING"##. ##":RQ(I, T

LST0 NEXT I

194 Z0SUR TZ41T

1950 RETURN

1G4 4es COST MINE DRAINAGE, WATER SUFPPLY

197 L0 Trm0r C0 (T, T =0

L THEN CO(Q,TY=D1(T)*( 5441 T2« ( 24%GA+(, O0S=BI)4DE(T.5,Tr+ (. 015+ (ZE-D
= 0T #C (L QY +GT*CR (1Y #DE(T,7.TY) #D2(T I «TE(TY © COST-A

1

1.T =D T)%{ 90+2, T84 {, IS4GF (1, T1+( 0S=BI)«DE (4,5, T)+(, 28+, 017+GTCO(2)
T) - (2E-0S+C (2, nn-1~—u'\~r<ﬂ 0)&Dt(4.7.T\\‘“”fT?E#TE(T\‘ £OST-B
Ti%(.54+.25%+,T1&+( [, OT~BA) «DEIS,2,T)+ ( OT-BE)*DE (5.3, T)+ (. 28+.0
{a+3T+00(T) ' ¥GC-BI+DE (5,1, T\+\“=—~ L (7 u;-1=—u?>~c\,.u;~DE(5,7.T~a*n;(Twn+T£(T)
© COST-C
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Zato

TE ThHh'=T - - cT ‘.7 ("

010 De=T THEN CO(Z.T)=D1 (T %(, 72+, 19+3,803+{(.02-BA)*DE(4,2,T)=(, 07=BI)«DE
B S Tie( Te. O17+GT+C0(4) I #GD-BI#DE (&, 1, T) = (2E—Sal (4. i m{E—0T 1 40 (&, (1) = DE (5 . 2 »
«D2¢T &«TE(TY * TOST-D 31y THo(ZE-05+0 (8 (i ~1E=0T #C (3 0V »DE (5,7 ,T) )
2020 FO4A Ti= > - X
:;:EM;EA’L‘l.?l(T‘T(E.m27*.2*l.;:7*((.1‘.05)*DE(1.0.T>¢(BH*.OS)*DE(4.0.T)*‘.05*
(S=GMECS (T 0F Y eDE (0,0, T)+ (BM+, 053 #DE(2, 0, T ) «DN2(T: ; +TE(T) © COST-M

<y L

rR(s, T -
- :;.:._F=D1(T)T(.g57*1,5+_1974.475¢1_135*((_02*'05-31¢C(:.0)‘GT)*DE(5 LTV e
ST+ OS+ET+5IAC (4,00 ) #DE (6, 1, TV + (. 01+BS+, 05-GI+CS(2,0) ) 4DE(G.1,Ti+(, 01+BW+. 2) *Oh
SD2(TI ) .TE(T) © COST-1 L] 1, T . Q20w

2040 COME, TY=D1 (T (. 063+, 0 {

2 CO/E,T) TY% (. 063+{(,01+«BS)<DE (0,2, T)+BA% (DE (S '

200 COle T) DE (0.2, T)+BA%(DE(S,2,T)+DE(6,2,T) ' «D2 (T2 «TE
T.Ti=D1/Tlet T&G8«((_ O - T

Je20 T TR - TE8Y (( GZ+BE)<DE(7, . TI+BE4DE(S, T, T) 4D2/T) IwTEIT) ' COST-€

2060 CO(S. TH =Dl (Tra (1, 102+, 395+, 713+ (. 024DE (0,6, Ti+, 01«DE (7,7, T+, 024DE(4,6. T4 -F

E«DE (7 T . Ti+GTCR/O) ) #D2(T))STE(T) © COST-& ' T

207

< <

200 0

GCT=G

2090 CO(I
Q08T TT=CTHCO(I,
2100 NE¥T I

2119 RETUBN

“e%~ TOTAL COST UP TO ACTUAL FERIOD

SOF I=0 TO 8:FQR J=1 TO T:CO(I,03=C0{I,0)+C0(T,J) :NEXT:NEXT

US"TOTAL SESULTS UF TO PERICD":Ui=" Cim Mi11.Mark "sPEINT UsTsi
IF Ie=1 THEN LPRINT U:T:U1 Prarh TR ERENT BT
FOR I=0 TD 3 o

70 BRINTUMINE PeUU(T+TI 4" 1" TAB (IOt USTNG #Has. #7301, )

2180 IF IS=i THEN LBRINT"M " Thyen gw (SO0t USING 4

Zien NEXT 1 TUMINE FUUCI+ZTy+" e "2 TAB (IO s USING " #u#st  #°:1 C0O (1, 00
2200 30SUB 5410

2010 EOR I=0 TOD T

2220 SRINTUSER "eUS(T3+" 1M TAB (T0) JUSING  #ikll, #9150 (T2, 00

IF IE=: THEN LERINT“USEF MeUSETvet 1 TAB (DO 1 USING #éek, #9700  Tod, 0

‘#xx INFORMATION
SR INT: PRINT SPACES(15):"Stage ":N

cEACESF(15): "Far10d "3 T:PRINT
THEN U=" Water Guantity Decisions " SLSE U="Water Gualitv Reagulrsmen
FRINT" "Us PRINT:PRINT

IF I1P=Q GOTO 2T70
S0 LPRINT:LPRINT SPACEX(15);"Stage ":N
O LPRINT SPACEs (15):"Period ";T:LPRINT:LPRINT" “eUs LPRINT: LPRINT
B0SUB S410
“80 RETUEN
TS e%e DECISIONS ON WATER ALLOCATION
Jaad FQR g=0 TD 7:FOR I=0 TO 7
Z4aia IF NS=2 AND 14T GOTO 2670
2426 IF LE(I.J)»1 BOTD 2670°NO FIPELINE
o 7 ANT I=3 GDOTO 2670°'ND MINE A
BOTO 2460
OR J=6 BOTOD 2670°'NO REM.PIT
TD AND T=6 GOTO 2670°NO MINE T
i=T AND J=5 THEN k=!:308UB 2710 REST MINE WAT.
43¢ I J+S THEN U="DEMAND THROUGH THE FOLLOWING ~IFE:" ELSE w="ALLOCATION THROL
SH THE FOLLOWING FIPE:"
2490 CLS:=FINT U
: IF 1PE=1 THEM LERINT:LPRINT U
Us"WGTER RUANTITY":PRINT UU(I}:" - "aUS{Jr:IF NS-2 THEN PRINT L:
IF 1P=1 THEN LPRINT UU(I)z" =% "3US(J}:IF NS<2 THEN LPRINT U:
IF NS«2 BOTO 2600
U=“VvOUR RREVIOUS DECISION WAS":Ul="DO YOU WANT TO CHANBE 17 ‘i=vES) =¥
FPRINT U:DE(I,J.TY:PRINT UL
IF IP=1 THEN LPRINT U:DE(I.J,T):LPRINT Ul
UsINPUTE(1): IF U< »CHRE (49) GOTO 2670
PEINT"NEW VALLE":
IF IP=1 THEN LPRINT'NEW VALUE"
INPUT DE(ILI,T e IF DEC(ILN, T2 GOTO 2600
T IP=1 THEN LPRINT™ ~"":DEC(I,J,T!
IF DECILI,TY=SFC(II(I,J),T) THEN 5070 2670
U="TOO HIGH DEMAND. MAXIMUM CAPACITY IS“:U1="GIVE NEW VALUE"
Zady PRINT UsSF(TII(I.J),T):PRINT Ulz: INPUT DE(I,I, T
2650 IF P=1 THEN LPRINT UsSF(II(I,J),T):LPRINT Ul+" ~MeDE(I,I, T

n
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l5e0 30TOD 2&20

2670 NEXT IiNEXT I

I5&0 JF=0:50SUB 2710 REST MINE WAT.

Io9G RETURN

270G #%% BALANCING MINE WATER

I71¢ REVG)=GA=DE‘I,7,T)=-DEiI,5.T!  MINE A

:7"‘1\ I: T,TQ TL‘EN ;’E v'v:}:v=|:\

z RE(11=5F(1,T)+GB-DE(4,7,T)~DE(4,6,T)=DE(4.0,T ~DE(4,5,T) " M
740 PE(Z =BGC-DE(S,7,TV=DE(S,3,T)-DE(S,1,T)=DE(S,2,T) ° MINE C
2750 IF T:=TD THEN RE(I)=GD-DE(&,7 T)-“Efe 1 T>-DE‘b.4, )=DE (6,2
2740 FOF L=0 TO 3:1F ABS(RE(L))-.01 THEN RE (L) =0:NEXT

2770 IF DE(1,0,T: =FGM GOTO 2820

2780 U="TOO HIGH GROUNDWATER DEMAND":PRINT:PRINT Uy

27en IF is=d GOTO 2810

2800 LPRINT:LPRINT

g1 50SUB S410

2820 IF TUTG QR 1180=HF (T OTO 2850

DG

2240 IF IP=l THEN LPRINT:LPRINT U
2850 GOSUER T410
250 CLS:IF v=1 30TO 2980
2874 FOR =0 TO I

> = - AND TOTLD GOTO 2020
zee¢ IF RE(L =0 G0TO 2920

2000 1S UNBALANCET BY ! : PO INTHMINE <UL (T+L 1« RE (LD
o1 THEN LPRINTOMINE"+UU {3+l +U; RE 7LD
_-'-("l
2eTn THEN GOSUR S410
2040 ! JEa THEN NS=2:G0OTO 1IZ0 REPETITION WATER QUANTITY
2950 U=QUANTITY CONSTRAINTS ARE OK":PRINT U:

e THEN LERINT U

208

L= T MINE WATER «":CLSsPRINT USiU:PRINMT

1= THEN LERINT U23U:LPRINT '

FOR T '

iE TTD @GOTO TCAO

p:rNT"MINr“¢UutL¢T\-TqE(ﬂﬂ\-R:.l\

IE ik=)] THEN LERINTUMINE"«JU(L«3) s TAB(22) s RE LY
SNEYT L

GOSUE S410

BETIREN

‘exx DECISIONS ON WATER TREATMENT

FoOR I TH a4
TIOOQ TO I v=n
T1i0 U=rMINE WATER TREATMENT: LIME T0O ADD INY

INE B

,T)' MINE D

0 JF=11u=NTO0 HIGH WATER TABLE IN THE REMAINING FPIT":PRINT:FRINT u

T140 IF (T Ta OND I=0) OR (TD=100 AND I=4) DR (T»=TA AND I=1) GOTO I2EC

T145 CLE:FRINT Up:SRINT
T14a IF IR=1 THEN LPRINT Uil PRINT

TiSG IF 1=0 THEN T1e0 ELSE I190

Tiho INEUTHEEMATNING PIT";CO (O

T170 IF If=1 THEN LPEINTYREMAINING FIT ~":iCO(0)
Ti8¢ BOTC IS0

7100 PRINTUMINE “+UU(2+1)3: INFUT CR(D)

IE IR=1 THEN LPRINTUMINE “+UU(2+IVv+" 741 CQ(ID
2OIF CROIY $=T00 GDTO I2S0

2 UstTO0 MUCH LIME IN MINE ":iPRINT U+UY (241!

IE TC=] THEM LPEINT J+Ur2+1)

40 GOTC 7190

MEXT 1

O RETURN

274 %xs TIMINMG DRATNAGE MINE D

TRe0 Us=tHOW MANY YEARS SHOULD THE DRAINAGE DF MINE o BE STARTED

- 5\"

T290 PRINT:PRINT Us

INFUT DT: TD=S-CINT(DT/2): DT=3-DT

IF Tk=1 THEN LPEINT:LPRINT U:DT

BOSUR S410

RETUEN

4 e»+ SURFACE WATER FLOW

S0.Ul="% SURFACE WATER FLOWS *":PRINT Ug:Ul

A0 ERINTERINTYOS1 "¢ TAB(22) ;101 PRINT QSS"; TAB (23) ; 0S: FRINT QS
70 IF TE=1 THEN LPRINT US:Jl:LPRINT:LPRINT"OS1I"; TAR(22) 1G1:LFR
LPRINTHQSZ": TAB (2D : 67

SOSUB 5410 '

FI=GF (17, T1+8F /12 T W (TY 1 F2=8F (19 , TY+8F (20, TY#HF (T ° gi1D

BEFORE MINING

IHLTAR (22107

INT"OS5" : TAB (22)

A

gAY 2L
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TAOD FI=SF (21, ThF7=SF 28, TV Q134,177
TA10 FE=GE (25, TV +SF (26, T) #TM4QF (27 T) «TMETM: F4aGF (22, TH4GF 12T, T # TMGF 124 T eTMs
TM QiSs,gi&2

TATO Ohe-FS4 Sa0S4DEL, T, TY)-DE(O,2,T)
TATO DW=, T (DE(C, 1, T +ng (5,1, TH+DE (b, 1, T 1 :0D0=~F1=Fit+ld, Q+0De+N1+DW+DE (5,7 T —DE (D
ALTY QUW=a-1 s

TA40 OI=-FR-FT7+N2+N7<+DET 7, TY+DE(4 7 THISDEZ, 7, TV =DE(Q &, T)

TASO DA=-FT+2 i 4QT-DE(O,C,T)
TALS ORINT UOiULIBPERINTIPRINTIOSA 1 TAB (D2 Q6 FRINT OS2 TAB (22 s MR FEINTHAST 1 T2
BT i OT:PRINTHOSAY ; TAB(Z22) 104
TaTn 1E TE=1 TWHEN LPRINT U2:UL:iLFREINT:LERINTIOSAN: TAR (2T ¢ Qe LPRINTHNACT Oy TAR (DY
OO LPRINTOST " TAB(22) 1 QT: LPRINT 0S4 s TAB (22 ;04
“ag0 BOSUE Seta
TAQC BETURN
TEQD ese WATER TABLE REM.FIT
TS10 DO=DE (4,6, T)+DE(C,6,TV-DE(7,7, T =DE(7,2,T)
IF T=€2 THEN HP (2 =100, 08+ {46, 4T+1, 2#DO) +DO
IC T=2 THEN HP(CY=79 P9+, 2T2¥HF (B« (10, 241+, 142140 +DQ
PIF T=10 THEN HRP (1O ==h3, 747+ (2,257 - O192%HP (@YY #HP (@)« ( 1T 27T~ 202Q%D D0
TESO GOSUT T60STORAGE VOLIUME
TEé RETURN
TETR Twxx WATER TABLES, GW.QUANTITY
CCLEriy="% WATER TABLES *":PRINT (<

TSN IF Ip=1 THEN LERINT U9y
T IF TSL BO0TO TETO
TELO PRINT:PRINT"HP=" s 4F (T)
T2 IE IP=1 THEN LPRINT:{ PRINT'HP=":HF(T)
TAHATO HG=SF (12, TY+SF (1T, TY*DT+SF (14, T)*DT"2
ThHAD HAG=SF (@ T V4G (10, TY#DT+SF (11, TY*TDTZ
THSC HENV=SF (15, TY4+GF (16, T) #HF (T)
U="AGRICUL TURAL AREA "
1="ENV, FROTECTION AREA "
U2="GROUNDWATER EXTRACT. "
DRRINT:PRINT UsHAG: PRINT UL;HENV:PRINT U2:HG
700 IF IP=1 THEN LPRINT:LPRINT U:sHAG:LPRINT JL:HENV: | PRINT U2:HG
T710 30SUR Sa10
Jz=r s SROUNDWATER QUANTITY «":®RINT Jg;u
z I IF=1 THEN LPRINT &zl
T74¢0 TGM=, OTAXHG-T,S4
TTEOD IE PGMIO THEN FPGM=0
T4 U=tMUNIC. GROUNDWATER"
T774 PRINT:PRINT U:TAR(22): PGM
T720 IF IP=0 BOTO T200
TR0 LPRINT:LPRINT U: TAB(22) : FGM

RO BA=GF (1, T)
81T PRINTUMINE a":TAB(22):6A

I IE=1 THEN LPR!NT"HiNE a"; TAB(22);GA
GB=5F (2, TY+8F (T, T) *¥HP (T)
FPRINT"MINE b":iTAB(22)1SF {1, T)+CH

IF I1P=1 THEN LPRINT“MINE b";TAB(ZZV1:S8F (1,T+GE
GC=SF (4, 7T)
PEINTYMINE c":TAB(22):G6C

T280 IF IP=1 THEN LPRINT"MINE c";TAB(22):6C
zeec IF T<TD GOTO 2I93TO
TRON GD=SF (S, T)+SF (A , TY4DT+5F (7, TY»DT" 2
TOIO PRINTYMINE d":TAB(22): 6D
TEZO IF =1 THEN LPEINT"MINE 4'";TAB(22):6D
. ' GOSUB S410
Tea0 RETUEN
TR «xs STORAGE VOLUME REM.PIT
TOLND IF WP (T) =62 THEN VR (TY=0:G0TO 4020
TR0 IFE HE(T) A2 AND HP(TY =70 THEN VR /(Ti= (1= (T70=HP (T} /D)% 4:607T0 4070
TORO IE WEITY 7N AND HE(T)Y =80 THEN VR (Ti=(1=(80=HF (TY\ /10142 T+1,4: GOTC
';'OQ(:\ IC HE 7 TY 00 OND e (T b 1~1a} TH:‘N Vﬂ'fT\=(1—(Q[‘\—HF'(T)\/1(\\&5._ . T I"DT('\
IF HR (T %90 AOND HF(T) =100 THEN VR (Tim (1= (100=HF (T)) /10) #12+10150T0
TF HE(TYS100 AND HP(T) <=110 THEN VP (TI=(1~(100=HF (T /1O\%42+246: 30T0 4(')"’(;
IF HRP(TY 110 THEN VYR(T)=(1=(118-HFP (T)) /2)*59+70Q
RE TURN

‘Had QUALITY REM.PIT
BR=(UP(T) =UR {T=1)) %, OTi7-(DE(4,4, TV+DE (0,6, TI=DE (7,7 TV=DE(7 3, T)
IS, TVv=A1+(C(O, IV~AL) #EXP (=2 Q24 TE(T) /(YB (T 4YF T
QETQEN .

‘uxs COEFE QUALITY REM,FIT
AT=(UR(TY=UF (T=1 1) /ZE(Tia(1+(1-T %4, 1E~18/Ci0,1}2)+DE7,7,TV+DE(7,~, ™"
AL =DE S, A, TVHCS (T, INV4ADE(4 &, THYC (2, 1)V +GPCE(S, T, T
4110 IF T=0 THEN &1=A1+,0224C0/0) ELSE A12A1+T7 ., S2E-QS#(C(O, M YR (T=1)-C (T O) #VUE ¢
TV STEL(TY




3170 aj=otcaT
4170 RETURN
4147 “sse MINME WA
a15C FOR T=1 T 4
a1e¢ TF 1oy THEN
2170 A=l T-CG¢
4180 IF TO 0 THEM
1= * THEN
1E 01,010
NEXT T
SE TR

Téws CELT =P
&I OV=CS(]
QETURN

% SELF-FL
ChACT, 1 =08(1
TETURN

‘exx WAT, QUA

RETURN
‘wa% WAT, QUA

RETURN
Tewd WAT, QUA

[aR1-Y8)

MY #W) /(D241 E-CT
4770 RETURN

4T T#4wd WAT,QUA
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TER TREATMENT
J=0 ELSE J=1

13,1 T i COsCBI-3,0,Ti—. 692%00 (1)
C(I,M=0 ELSE T¢I ,0Vv=C0

C/I, 1) =A1—, ODS4CHIIY~, ATSQa (DG 1=, 0, T
=80 5) THEN CTH{I, 1 =100 0-2 T

v
7

SIFICATION STREAM FETI
LN

FIFTCATION STREAM H(+) |

L1

STILL

NEGLECTED

LITY BP%

LITY INDUSTRY

LITVY BFZ

LITY BPT

—COY ELSE C/T,.1'=AL

STILL MEGLECTED

LS, N =(CA(S,N)#(05+ S=DE(0,2, TV +C¢a N)*DE(6,7,T)) / (QA+1E-OT)

CI(N)=(CS(&,N)#DE(0,1,T)+C(4,N)#DE (5,1, T)+C(3,NI#DE(S,1,T) )/ (QW+1E-OT)

CS(Z NI=(CA(L NI *(Q1+4,.O)V+CA(AL N)*#Q6-CS (6 ,N)*DE(O, 1, TY+T (T ,N)*DE(S,7 , T)+C1 ¢

4700 £S(T N)=(CA(D,N) #Q2+CA (7 ,N) #07+C (O ,N) #DE (T, 7, TH+C (1 NY#DE (4,7, T)+C {5 ,N) *DE ¢

7,7.7T'=CS(2,N) #DE

(0,6, T/ (QE+1E-0T)

4400 RETURN

4410 "#%#% WAT, QUALITY BPA4

4420 CS(A NY=(CA(I,N) ¥ (QT+21)=CS(IZ,NY#DE (0,0, TV /{Qa+1E~DT)

4470 RETURN

4440 *&% WAT.QUALITY INDEX

4AS50 FOR 1=1 TO 7

44460 IF CS(T,1)0 THEN CS(1,1'=3~{D6B(CS(I, 1)) /LOG1M

4470 . 4

4420 . =QI(J,0) AND CS5(1,1)»=01(J,1) THEN IS I'=]+1:G07T0 4500
4490 1 GINEXT J

4500 NEXT I:IM(O)=IS(4Y:IM(1)el: IM(DY=1

4510 FOR T=0 TO S

4520 IF CeI,1) »0 THEN C(I,1)=T-L0G(C(I,1)) /LOG(1M

4T FOR J=0 TO 4

agan IF L1,y =0I143,0) AND CH(I,1)»=0I1(J,1r THEN TM(I+2)=J+1:30TQ 4540
4550 IMII+2i=0:NEXT §

ASACQ NEXT T

4570 RETURN

4580 ‘+w% REQUIRED WATER QUALITY

4o FOR Is=0 TD 7

4402 1F I=4 AND T-T4 GOTO 4620

4510 Us"REQUIRED WATER QUJALTITY INDEY (1-s)"

A620 IF T=0 DR T=4 THEN CLS:FRINT Ui PRINT

4470 PRINT"FOR USEFR - ";US(IM:" -":

asac INFUT IQCD)

4450 IF 1e=t AND (I=0 DR 1=4) THEN LFRINT U:LPRINT

4570 IF 1P=1 THEN LPRINT"FOR USER - ";US{I):" =":IQ((I}

4680 NEXT 1

44690 RETURMN

4700 w#ex QUTPUT WAT.QUALITY

4710 CLS:U="# WATER QUALITY ="

4720 Yi1=" Feima/1? oH Trnaex "

aATToe PRINT U U:PRINT UL

aTa) 1F TPp=1 THEN _PRINT UQ:U:LFRINT 1

avsn FOR (=1 TO 4

4740 IF (L=t AND T:=TA) DR (L=4 AND T<TD) GDTO 4720

L4770 PRINTHMINE "+ (L +2y+" MUSING! BH#, B# B4, & #UaCrL, 0L Iy IML
20

4780 1F IP=1 THEN LFRINT"MINE "+UU(L+2)+" NUSING! H#, B4 Hi, & g C (L,
el s IML+DT

a7ary NEZLT {

4200 IF TSTA THEN GOTO 48%0

40160 PRINTUGREM, ©IT "USING"  ##, ## #,o# #4:1CO, M CO, ) I
AB82C IF IP=1 THEN LFRINTYREM. FIT "USING" #&_ 4 #.#* #UrCIO, 003 C(0O, 10
TM O

427 GOSUR S410
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ag4acy FOR =1 TO 7

4845 18 CS(L Vo0 THEN CS(L,0) =0

ags0 ERINT"CSHYUSING "#" ;33

agen PRINT™ TUSING"  #e. H# L% #"CSL,MCS (L, IS L
ae7n IF IF=1 THEN LPRINT“CS"USING"#":Ll:

4900 IF IE=1 THEN LPRINT" MUSING” Hik, 44 L #"CSL Y :CS(L, 1231
Sy

4ol MEYT [ 208UB S410

4200 RETURN

4910 exx QUTPUT GW.QUALITY

4020 EOF i=l TO S:FOR J=C TO 4

aeTq IF CG(I,0,TH+=01¢(J,0) AND CG(I,1,T)=-01(J,1" THEN iM([:=]+1:60T0 4RIH
424 IM{INY=0:NEXT J

4’50 NEXT I

2047 Y="# CZROUND WATER QUALITY #*":yti=" Feimg/1l) oH Inge: "
AT SR INT Ui U FRINT Ul

4820 IF IR=1 fHEN LPRINT U8:U:LPRINT Ut

acoen £0F 1= TC 5

000 IF Is0 AND TH>=TA) OR (I=4 AND T+ TD) OR (I=5 AND TvTA) GCTO S040

500 U= ":J=I:IF Il THEN J=I-1

5010 F (=1 THEN U=“1":IF 1=2 THEN U=»2"

SO20 PRINT'eg"+UU (J+3) +U+" MUSING' #h, B4 L #':CB(I,0, T CB(I, 1,
ERLIS S

S50T0 IF IfF=1l THEN LPRINT'cg"+UUJ+I)+U+" YUSING" &4, #8 LIS #"31C6(
I,0,TY:COB(I,1,T):IM(I)

040 NEXT I

sozis 30SUB S410

S0e0 RE RN

=o70 Cxes CONSTRAINTS WATER QUALTTY

SO0 FOR I=0 TO 7:F0R J=0 TO 7

SO0 TF LE(T,JY -1 THEN GOTO 5150

S100 IF DE(ILJ,T)>0 AND [M(J) >I@¢JY THEN S110 ELSE S1SQ

5110 Us"WATER QUALITY IN ":iJi=" IS NOT SATISFACTORY FOR USER "

SI20 PRINT JsUUCI) )1 UST)

=170 IF IF=1 THEN LPRINT UsUU(T) :UL3US(JI)

Z14C G0SUB S410

S180 NEXT JeNEXT I

S140 SETURN

S17¢0 s OUTEUT COSTS

S180 U="RESULTS OF THE FERIDD ":FPRINT U:rT:" (Mill.M/vear "

S1e0 TF IP=1 THEN LFRINT LT3 (Mij] M/ivesry"

STC0 FOR I=0 TO T

S0 IF I=n OoMD Th=TAa) 0OR ‘1=T AND TD:TY GOTON =240

S2I20 U=rC0NSTS FOR MINE “:@RINT U+UU(I+7 +" ¢ " TAR(ID) :USING 448 #:COCI. T

[Shadedn)

=) A

5440
5450

IF IP=1 THEN LERINT U+JU(I+TY+" "1 TAR(TID) sUSING "#udtt 4 COCI, T)
NEYT T:A1=C0CH, TV +CO (L, TY+C0 (2, TY+CO (2, T

=ns5ym t I PRINT Ui TAB(T2Y I USTNG s, 83 AL

IF I®=1 THEN LPRINT UJ;TAB(IDY ;USING " #ieé, #": A1

GOSUR 410
FRm T1=0 TO T
U="COSTS FOR USESR ":PRINT U+UISIT i+ "« TAB(TDOV s USING Sl #";CD(T+4 T
IF If=1 THEN LFRINT U+JSOIV+M " TAR T LISING " ##de, 81 1 CO0(T+ad TY

NEXT 1

IF T/TA BOTO SISO

J="C08TS FOR REMATHING FIT:"FRINT U3 TAB (I3 jUSTIMNG ###d #1002, T

IF IR=1 THEN LPRINT U;TAB(T2) ;USING " #4f# #":CQ(2,T"

S0SUR S410

H=NTOTAL ANMUAL COSTE: “+ T INT L TAR (TOHY : CT

IF TR=%{ THEN LPRINT U:TAB(IOM):CT .

SOSUR Sa1¢

RETURN

‘aww WAIT

=" et en Hit anv key o continue LA S L L

LOCATE ©,8:PRINT U:

IE IF=1 THEN LPRINT:LPRINT U: LPRINT:LPRINT

AF=INFEVYS: IF Ax="" THEN 5440

CLS:RETURN



Appendix A2: Notations of the game MINE-NEC in alphabetical order

Notation in Notation in Description
game MINE-NEC DSS-MINE
(Kaden
et al. 1985)
BA ﬁag specific benefit for water
allocation to agriculture
BE B, specific benefit for water
allocation to environmental
protection
BI 8y specific benefit for water
allocation to industry
BM B specific benefit for water
allocation to municipality
C(LL) 1«0 Cp G -1,D Water quality after treatment
1 ca(jvl) L=0 _’[Fe++]
3 c.(J.l)
1 cd (j vl)
5 cp(7.1)
CA(LL) auxiliary parameter for sur-
face water gquality, see CS(I,L)
CG(L,L,T) I=0 cgq (7.1) groundwater quality for
1 cgp1(J7.1) period T
2z €gy2(7.l) L: see above
3 cg.(J.l)
4 cgq(F.1)
5 cgp (7.1)
CI(L) c; (1) water quality industrial
waste water
L: see above
CS(,L) cs; (1) surface water quality for
balance profile © (bp1,2 ... 7)
L: see above
cOo(,T) 1=0 cost, (J) cost for mine drainage,
1 costy (7) water supply period T;
2 cost. () T=0 — total cost
3 costy (F)
q costy, (7)
5 cost; (J)
6

costag )
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cost, (J)
cost, (j)
Q(I) I=0 cqp supply with lime hydrate
1 CQq for water treatment
2 o]+ 3
3 cq,
4 CQq
Dgp(M,N,T) M=0 —S N=0 — m | water requirement of
1 —g 1—1 user N from supplier N
2—im 2 —ag
3—a 3 —e
4 —»b 4 —ds
S —>c 5 —ezx
6 -d 6 —p
7T—p 7—>s
DQ dqp inflow/outflow remaining pit
F1 Qiq2 infiltration balance segment
F2 Qigp3
F3 Qi 3,4
F7 q'L 7.3
F5 q'L 5,6
F6 (71. 6,2
GA Q94 groundwater flow to mines
GB a9
GC 99,
GD Q94
GP 99p groundwater flow to remaining pit
GI 71 economic parameter
GM Tm economic parameter
GT 7t economic parameter
HAG h'a.g groundwater table agricultural
area
HENV h, groundwater table
environmental protection area
HG h.g groundwater table groundwater
wells
HP(T) hy (7) water table remaining pit
II(M,N) M,N see DE arbitrary array/

coordination of M,N with array SF

IM(7)

water quality index
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IQ(N) N see DE required water quality
index user N
1S(7) water quality index streams
LE(M,N) M,N see DE pipeline between M-N;
=0 — planned
=] — existent
=100 — not
PGM pg,m possible groundwater extraction
Q1,Q2, ... Q7 9S4, ..., @Sy flow balance profile
QG scost total ost
QI(4,1) bounds for quality index
QW qt,s waste water industry
— stream
RE() I=0 —a rest mine water after
1—5b allocation to users
2 —c
3 —d
RQ(1,T) I=0 —-m water demand of users
1 —1
2 —ag
3 —e
4 — ds
SF(50,10) coefficients for submodels,
explanation see Appendix Al,
programme listing
T J planning period
TA ja starting period remaining pit
mine a closed
TD Ja starting period mine d
TE(T) ATj number of years per period
UU(N) N see DE names of water users
US(M) M see DE names of water suppliers
VP(T) ‘Up () storage volume remaining pit
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Appendix B: Forms for the game MINE-NEC

PERIOD:

m L i ds
]
s
g
c im
il
®
g 8
©
&
® b
=
c
d
p
s Stream
g Groundwater reservoir
im import
ab,cd Mines
p Remaining pit
m Municipality
i Industry
ag Agriculture
e Env. protect, area
ds Down-stream water user
DEMAND: m
i : 3.0
ag
e

ds
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PERIOD:

Quantity of lime: a:

Distribution of water left in mines:

ex
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Appendix C: Protocol of an example run for one planning period

MINE
SDF Minewater Studv
I1ASA Laxenburg. Austria

ENTER STARTING PERIOD (FROM 1 TO @3 =

+ WATER TABLES #
AGRICULTUIRFAL AREA 141.5
ENV. PROTECTION AREA 171.4
GFOUNDWATER EXTRACT, 112.°
L s 2] Hit anyv kev to cortinue ol
* GROUNDWATER QUANTITY #
MUNTIC. GROUNDWATER .S026
MINE a 4.1
MINE b 2.98
MINE = 2.08
it A4 Hit any kev to continue handb i
* SURFACE WATER FLOWS =
al3} 4,71
oss Z.13
ee7 .28
LT T Hi% anv kay €0 continue LAt g d
% SURFACE WATER FLOWS =+
as4 4.1
ocz z.
asT 1Z2.68
osa 15.77
A Hit anv key %o continue ettt d
#* WATEFR DEMAND #
MUNICIFPALITY 0,20
INDUSTRY 4_00
AGRCULTURE .00
ENV,PROTECTION AREA 0‘02
DOWN STREAM LJSER 25,00
A Hit anv kev to continue Rt
St age 1
Pariod
Water Ouantityv Decisions
PR T L T Hit amy tev to ZoPptinue e

DEMAND THPDUGH THE FOLLOWING FIFE:

e -
waTER DUANTITV » 2
DEMAND THROUGH
7 - m
WATES QUANTITY ~

FOLLOWING FIPE:

DEMAND THRCUGH TWE SOLLOWING FIPE:
im - m
WATES QUANTITV ~ o

1

DEMAND THEOUGH THE FOLLOWING PIPE:
WZ -‘QUQ:TITV el

DEMAND THRDOUGH THE FOLLOWING FIFE:
i E;PﬂUQLTITV .

DEMAND THROUGH THE FOLLOWING FIPE:
N;TE;.DUA;TITV -2

DEMAND THROUGH THE FOLLOWING PIPE:
waT:;IﬂHZ;T TY ° 0O

DEMAND THROUGH THE FOLLOWING FIPE:
wz -.EuzaTITY 70

DEMAND THRDUGH THE FOLLOWING PIPE:
NZ -‘DUA:TI*V L0z

DEMAND THROUGH
= - 43
sSe

WATER QUANTITV 2 2%

THE FOLLOWING PIPE:

Py Hit anv kev to continue .
#+ REST MINE WATER +

MINE a a1

MINE b 2.95

MINE < L0O2

EE T T Hit anv kev to continue Rl g

ALLOCATION THROUGH THE FOLLOWING FIPE:
a - (=34

WATER CUIJANTITY 7 1.8

ALLDCATION THROUGH THE FOLLOWING FPIPE:

b =" =34

WATER QUANTITVY = (.5

TOO WIBR DEMAND. MAXIMUM CAPACITY IS 1.
GIVE NEW VALUE 7 1.2

ALLOCATION THROUGH THE FOLLOWING PIPE:
L s

WATER QUANTITY ~ 2,7

ALLOCATION THROUGH THE FOLLOWING PIPE
5 == =
WATER QUANTITY ° 1.7S

ALLDCATION THROUGH THE FOLLOWING FI1FPE:
= =" s

WATER QUANTITY = .02

Bk d Hit anv kev to continue L 22 23
QAUANTITY CONSTRAINTS ARE OK

I Hit any kev to continue Rt

* REST MINE WATER +

MINE a Q

MINE b (o]

MINE ¢ o]

et S ol Hit anv kev %o continue Lada 2t d

-~



* SURFACE WATER FLOWS #»

[AL=BY 4,71
QeSS T. 12
oz .98
bttt Hit anv kev to continue E2 22 2]
* SURFACE WATER FLOWS #»
2sé 4,1
a2 12.72
asz 16.95
nsa 18.84
bt g Hit anv kev to continue L2 2 2
Stage <
Feriod 1
Water Qualitv Requirements
b Hit anv kev to cont:nue PR
* SROUND WATER QUALITY =
Feimg/1} DH Index
cg a J&8.60 G0 1
cc ot 6.0 z
e o 5.1 4
ez < S.8 4
R Hit anv kev to continue R
REQUIRED WATER QUALITY INDEX <(1-%)
FOR USEFR = m — 1
FOR UEER - 1 = 4
FOR USEF - ac — &4
FOR UESEFR - e — &
REQUIRED WATER QUALITY INDEX (1-6}
TOR USER - ds - 2
FOR USEFR - ex — =
EOR JSER - s = 3
MINE WATER TREATMENT: LIME 7O ADD IN
MINE a ™ 0
MINE WATER TREATMENT: LIME TO ADD IN
MINE b = IO
MINE WATER TREATMENT: LIME TO ADD IN
MINE =« 7 10
<« WATER QUALITY «
Fe(mg/1) pH Index
MINE a TL.6O &, 0 S
MINE b 0.00 6.7 1
MINE ¢ g.62 S.8 z
L2 2 T 2 Hit amv kev to continue LS
[=3 2.00 5.9 2
csz T.ZI2 6.3 2
s h.77 6.7 ud
Csa Q.00 &.2 z
[si=3] L.00 5.2 1
56 0.89 6.9 1
ce7 .00 6.2 2
L2 T T2 Hit anv k¥ev to cpntinue Rt

WATER QUALITY IN = IS NOT SATISFACTORY
FOR USER m
e Hi+ anv kev to continue Rt
WATEF QUALITY IN ¢ IS NOT SATISFACTORY
FOR UJSER e
Pe e s Hit anvy keyv to continue LSt i
RESULTS OF THE PERIOD ! (Mill.M/vear)
COSTS FOR MINE  a 27.2
COSTE FOR MINE b @ 27.1
Z08TE FOR MINE c ¢ 10.2
sum H 64.5
bt Hit anv key to comtinue et
COSTS FOR USER m @ .7
Z0STE FOR USER 1 85. ¢S
CO8TS FOR USER ag : Q.
CRETE FOR USER e : .4
e Hit anyv kev to continue W
TOTAL ANNUAL COSTS: 136.271
L =it anv kev to continue Rt
Do You want to return to some of the
earlier stages or pericas (l=YES,=N0)
=?éVIDUS FERIOD WAS 1
START NEXT PERIOD?(YES=1,NO=O} 1

« WATER TABLES *
AGBRICULTURAL AREA 141, S
ENV. PROTECTIDON AREA 171.2
GROUNDWATER EXTRACT. 118,
LAl S Ly Hit anv key to continue e dand



