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1 INTRODUCTION

The purpose of t.his proj act was to provide Generation

ExpanoiOn. l?lanninq division with a tailor-made usar-

friendly flexible computer model 5uitable for th~
evalUation and optimisation of alternative 9'sneration

capacity ~nd energy plans.

The:' obj acU va Wall! to devalop ,thl';1t E:skoll\ l?r.oduct.lon

Schadulint;;l$ystem, by the end of 1990, which would form

the! .fr.mndation fo·r the nm~inder of increl\\$nU of the

final provide Generation Expansion Planning model.

The cU.1:.'rtan+:.statue .?f the sYalhm uUlis&d is cO'Jand in

a s~patatQ chapter.

1.1 ~xaoutiv. summa~

In r.eportint;;l on the progress of the new r",il1$$.r

prOt;;lnmmi11t;1 fU11ction, d18vCflloped for the Gtint:lration

Expau1s10n Plannint;;l division (GEl?)I an ov.Jrview of the

literature surveyod is cova.racL/ This is fol1owod by

what curnntly is in place. (fhe speciUcatiol1 of the

new system h then documented. 'A l::;rid chapter 011 the

:tWJ.1rtoPUC'l'l:ON
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ABSTRACT

The purpose of this document; Ls to report btl the

deve'Lopmenc of d. Linear Programming funct.i9n for tne

Goneration Expansion Planning environment of Eskom.

This was achieved by rel::leat'ching the modeling methods

employed in this and related fields of work. Aft.e):;'

establishing the scope of the work to be performed all

the options were oarefully assessed ~nd it was decided

to develop the Pt'oduction Scheduling function first, ~~

this would serve as the foundation for future work.

The requit'ements wet'e specified afte:!: e~tensi.ve

discussion with the customer. These requirements ware

utilised to establish the formulae, including their

bounds and constraints. 'l'hese were :i.n turn oonveztied

into the Linear pJ.\..'lgrammingfunction. To faci,1itCll.te tbe

data input: process a simple input facility was

deve Lopad , To maximise the vaLue of the :t''';lsults the

report writer was developed to enable sensitivity

studies to be performei:i~: This work was later used as

the foundation of the NewGexprosr.ramme.
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electrici ty generating systems and propose an opti1tl:1llt\

expansion plan.

(I

'l.'hau qeneration expansion computer proQ'J:.amm~a are

desic;rned to evaluate the cost of electricity c;reneration

and installation of new generating plant. Ai tIIIrn&ti V(t

qemen,tion (IIxpansion plans for long periods, l'&nging··

f:cd4t 15 to 30 years, are evaluated to aet!lblish thlll

optirm.trn plan (1. e. .leut cost). A generat.:."\fl ,.,.expansion

plan has ~~o major functions:

(1) alecttibi ty produ~'.ion simi.llati on and

(2) capacity I!lxpanl5ton optimisation ..

Buides performing a largoS quantity of calcuhtir.ms,

the a

systematic mean! ~or thrt evaluation of thE) timinc;r, type
amd ein of new capacities which could be inc:luQ.red" in

an expl!U'lBion plan.

2.2 LP:tn '.l,1hl&):0''161:1: Utility Industry

It Wi!l.$:l'( in the early 1950 I s that math<llMitical

pro9'ranuuing techniques were developed and 'appl1!Scl to

9'&ne.1:'at10n planning., It was Muse' and Gibrat: (I) of

n:lectr1cHe' de Fiance who developed and solved !\.

Unaax.' programminq (Ll?l model of the qeneration

OVE1W!JtW
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i.) the planners have to $xamine more I!lltarJ.'latt1vt

technologies and sizes of generating units,

1i) the operating costs with different fuels 11

subject to different aVailabilities and inflaUon

iii) devices to pr.lilvemt health and eafaty hazards hu

become a eignificant portion of the operating coste (a~

much as 30 percent),

1v) long ccnet ruct icn pe.dods\\ for {9 to 10 years or
(\

even lonsier) f

v). uncutain load growth,

vi) fluc.t:ue.til'lg and high interest rates,

vii) a Ill.clear industry which hu had numerous probll!lmlS

both while undllr construction u well as in open.tion,
il

ruulting in lower productivity and hiqher qllneration

cosh .

.l1'or thue resacns , the ple.nners are no longer Ilbll to

1:'llI1yon simplistic and ili.tui Hve decision making. They

have to .invutigate the effects of var Lous decision

pan.lIlert,ere and the possible future chanqal!! of thu$

parameters. They have to answer mc!lnywhat""j.:e: typtl

quu'tions befon a \1eneration capac:Lty plan its decided

upon, This catl only he achieved by utilising computtU'

programmes that simulate the operation of the

OVERVIEW



CHAPTER 2
ove:!!tV' .tEW

This chapter provides an overv'iew ann summary of the

li'l:;era't:ure surveyed for this proj act. The purpose was

to establish an undllrstandinq ot Linear l?ro9'l:'!llnm,ingand

it's utilisation within the power utility industry,

focusing pal:'tlcull!l.rly on Gf.>neratlon, J?lanninq.

2.1 Histo~ of Generation Planning• G

Until thCi mici-1960s, planning of genaratiol1
(elllctricity capacity) Glxpansi'On wC\s relatively dmpl.

because of the t!lteady incrtuo!!l of load growth 4lnd the

Ii rapid and technol09ical advancu 111 haw and larq&r

generating units with 11ttle pubUc concern about

heal t11 and ufety huards. The cost of l.t1ect:ric1'ty

dl.tcJ.inGiduntil the.latl.t J.960s when the tnnd reven~d.

si~be the late 1960$, decision making on capacity
Iifixp~nsion has bacI)me increaeingly more complicated for
;i

OVERv:rEW



LP was a well known and widely documented t61chnic:;cu~
which ~~duceel the time for n(jlw-come:r.sto understa.nd and
use the model.

INTRODUOTlON
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conduct all studies using EGEASdor POWR$YMonly.

'this provided J nadsquat e modelling optiol1S.

1.7 ReMon foI. Selecting LI? Technique

A high-quality l,P package (scaconrc) which included a

:matrix geliE~rat(.)r and report-writer 'lanquage was

available on both the IBM taa.inframe and Apollo/HP

workstaticm computing platforms. Any other optimisation

techniq1.1€l would have required !TICS' to (:lavalop their
'')

own algo:d. thm which would have been a very complex and

time~consuming task.

L1? formulation would have allowed the addUion or

modification of constraints to be.\ done relatively

easily.

Energy constraints on production schedu1J.nq could be
"

ConSiderable Ln-house experience with tEl formulation

existed and outside expertise was I!l.vailaple at. a p:t·:\'ca

(SCICON- developers of ")ciconic, universiti~s etc.).

IllGll:AS- Ebotl:'ic: C;"Ml:fltion , }!1ltpllndon l?hnninq A!\1I1y.d$
system ptoqrtlltUlllII.
l?OWI!:RSYM 1?owu SYAltllll1t l?robflbiHstj.c: SimuhtiQI1
Pt{iCJ~tunmll.
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J \\)

(Co{rElred in mot'e detail in the 1\lext section),

better editing facilities on IBM and ,~p0110/HP,

::- scf ccmc is mo~e computationally efficient than

APEX (by a factor of about 3).

1.2.5 tusk.s

DevelopnHill1~ of NewGex is ~ task \I~hich might have bei'!iln:(

too demanding fo'r the resourcee available in GEl' and

Information Technology Inter-Connected Syst.me (nICS)

and the pr,oject: 1;i'9'ht have had to be scaJ,ad down,
,,-'\

contrsactiad out''--'(nsult1ng in skill not remaining within

Eskom{' or dropped altoc.;Jether.

1,2.6

A number of potential 13.1ternati VEladid exht 1riz.

to ensure that the CDC mainframe would rema.tn

available to Eskom. This was a costly and extremely

difficul~ option,

'.acquire a new generation expansion planning mod$l

from another utility, in:5ti tution or software vendor.

This was also costly and the software was inflexible,

INTRODUCTION
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b) ~rbi trarily weighting the normal <i and wor.st caS$

improve the production schedule requi res roughly twice

the amount of equations and ~.s a techni<l1ue which has ne
theoretical foundCition; the new modal, should use a

technique which could enable the calibl;'ation of

indi vidual load factors us i119'EGEAS!,.or other models,

c) the Load Carrying Capability (LCe) ptogramme, which
.:_,

was bainIJ used by Generation Expansion l?lanl'lil'lg, wu

computationally very
'",

inefficient, unreliabh and

ou'l:dated; the new model should make use Of new theories
t,

to represent the LO$$ Of Load Probability (LOl,'!?)

ccmatraintl3 as lim~ar equations.

1.2.4 Oppol:'tunitia.t:l

A number of opportunities which could be realised viz.

up to date Hnear progr~mming.~package( Scicbnic,
~\

which rune on IBM mainframe and ApollolI-I1? worksta:l:ion

When aVl'ttat}(;l avail,ability of tha powel: statiollS I av • .raqe
prod.uction hvel$ at tha aolli~J:.'ies anct aVl!luga hydro
e!lU9'Y is u,url in cO!llpi;l,ing constuint., t.ht!! l801ution
will p.tovidtl 'thlll but way to Itxpclnd and opUattt!l );h<t
system uncial: ave.t:age c(mditionll onl!' - the No~al Ca•• ,
This will not <IIllow :eOl:' pa:ciodll whan outaqill '~atills are
abova lweugll!!, when below lIv.r.agll prod.uction, lev"llS
pu:sbt at thl!! c:01l1ui(!s or: wham drought litnit:ll the
hydro enuyy IlVailll\bh, th!!lufortll the Wo):'.t CU. ilS
uqui.t:ed.
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editing of input: files every time a new study was

started.

Poor data validation, especially consistency checks

between related data records.

The situation, was aggravated by the inflex::i.bl~ repo:r:ts

that could be produced and. the poor archivin~

facilities that existed.

1.2.3 Modelling shortcomings

Model shortcomings which could possibly be avoided by

NewGex;

II

a) simul tanaous oPti}~li.$ation' of the whole study pe:l:'iod

could. be very costly in terms of. computer resources;

yaar-by-year optimisation might produce acceptable

results.
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f .
obsolescence. This switch-a \rer was to rend'er the old

modei useless. Converting CDC-FOR'r:RANto standard

Ji'OR1'AANand APEXinput/output: rorwat to Sciconicb'\nput

/ output format was almost impossible and woukd have

consumed a grr;:n.t amount of time,

"u
1.2.2 GEX shortcomings

1\
A number of progranunin9 shortcom1ng~ identified in ~te
GEXmodel that could be avoided' in. +\feW~exare lhted;.

a) Programming code
(~ i.

The· GEX code had been modified orten in a quick ....and-.

dirty reactive marmar resulting in reduced reliability.

It did not have a proper modular structurer maldng it

difficult and risky to modify.

The matrix generator was written in FORTRANin$tead of

a specialised language .-ceducing flexibility in terms of

implemllmting new or modified. equations.

b) Input/outpt.tt facilities

No data. base was available resuJ.ting il,)/ laborious

Sciconic~ Linttl.r progro!lltmting God .. ganer~tor mnd opt:tnlil!loJ:
band on t.he unIX enviJ:Qument.
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;-'L_.)~ .

. '>. _'\ -::;

agreed that this would be the foundation upon which
rest of the NewGex model would be developed.

'::",Chapter on formulation documents the v:ariollwformulae
included in the new system. A l;?riefdescti:ptil~nof each
is provided a~ldends with the objective funclJion which
links the various variables, bounds and constraints

, together.

The final chapter concludas the projact on thGl LP
function of thlS-EskomProduction Scheduling'system.

\\ -

:I.. 2 NeE':lctto Replace GEX Model

This section lists the main reasons why a new modelling
facility WaS required by the customer.

1.2.1 Urgenoy

The CDC Cyber ~ainframe (including APEXa and CDC~
FORTRAN) was to be phased out and replaced by an IEM

';:-?mainframe computer by the end of 1990 clue to technical

Al?E!l{ - A linur p.rog.tamming optinddng pro9.ri!1tnme
d$V$loped for thlll CDCI$tlVi.tonment.

;INTROOtJCT!D'.t.:t
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house, is discussed and documented. A number of

features ar~ covered, such as

The linear representation and constraining of

transport requirements,

Scenarios that allow for average and extreme

operating conditions and demand,

Reserve requirements for planned and forced i\\
r .... \\

outages.

With an understanding of the applications of Ll' in :fhe

power utility estab;I.ished and an in depth knowledge of.

the current system achieved the user' s :r.:~quiremep.ts

were documented in the following chapter, Additiona1

points covered include et-a1.

Objective of the project

Available resources and their responsibilities

StrateQY to complete the project

Scope and methodology of studies to be performed.

The chapter em ,.computer software covers the software

utilised in developing the new system, NewGex . OnJ,y an.<,

overview is provided and inclUdes !I!\. brief desr;.ription
I'
ilof a number of the problems experienced.

The rest of report focuses only on the production

scheduling I planning part of the L1' model. It was

INTRODUCTION
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computer software utilised is included. Thi.s Leads

the chapter which contains a listing and descriptioth

the formulae included in this aspect of the oVerall new

prog'ramme to be developed. The final chapter has a

nuntb~]:of concluding remarks.

The ovarvd.sw focuses on documerit Lnq the. literature

surveyed. The h.i.s%o{-;~}·of generation planning

and the application of Linear Programming (J'JJ?)

this environment. The reprt:Jsentation of elect:dc pO~"'!r'
·V'

demand and its linear representation is ilJ.ustr_~~~)ed.

The objective function and a number of the basic

copstraints are discussed. The various constr;ints are

then covered viz.

Demandand supply of electriCity

Plant; capacity anq. the impact of availability

Hydro""energy

Pumped Stor&ge

Impact of the Z-substitute alternative

Replacement and e:lp;n'l.t1Sion

The inclusion dt transIt'iission
I)

The following chapter covers the history and current

status of the appHcation of LP in EskoJ;n's Generation

Expandon Planning division (GEP). The existing LP

system Generation EXpansion system (GEX), developed in

"tNT~6DtJCTION



~p 'i' 121 3 and ,$ ... hydro I:!tation

"]
~--------------------~--------------------------------~

(\

- ST$yp ~s the energy stored at the begj.nning Ot the

period p in hydro-station $, and

.. GO$yp! is the power output in y~ar y, period p and

slice e by power station $,
- SWyps is the dice wi.dth

slice s,

puiod p and

t1Hyp is the wat:e'C inflow in period p, adjustmemts
; \must be made ~or seepage and evaporation.

If ST':$yp il5 the oi:oraqe capacity of l:'E'lurvoj.r and

ST,yp the energy stored at the beginning of the period

(p) at &. h}'dro power station ($) I then



Thia is the operating cap~city of a plant that accounts
for availability, 1.e. the maximum capacity availt!lblt-
for generation. This " the constraint that ensures
that the utility can cope with y!!rying availability

all $, y, p and $

...GO$yps is the power output for the power plants in
year y, period p and slice s by power station $,

- AV$yp is the availability factor 1.01" plant $ at
puiod P,

- IGC$ypS is'! the installed qenerat:f.ngcapacity of,pl.smt

$ that can bM sent out in a ~pecffic slice. !

A mathematical representation of how the potential
energy :storedin the dam is cOlwertGld to power I

OVERVIEW
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The peak alemand (oapao;i.t;t) oonstxoaint, w~~e:r;(i)

available ineltalled capacity exceeds or equals

the
o
o

tr.$

demand plus reserve margin. 'I'his conat radnt; will ba
covered Ln details in a later chapcer ,

all ,:/,p and $-1$!' .~ ;....u-~J._,~$-~-..-'k-a-O-$-Yr-'.-) -~---l?-P-Yl-'.-.*-(-l-+-RM-,.....p-) ---u---.

... AV$yp is the availabUity factor for plant $. at

p&riod P,

- GO$yps is t:he power output for the 1,!lower pla\,nts in

yeary, pe3:'10.:.1p and a1'lce'$ by·power station $~

- l?Dyp iIs thi:! pe~k demand :tor year

'1, 'and

- RMyp is th(~') reserve marqili. tor year I!ll"ld period p.

-if

OVERVIEW
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- FCl$YP is the fixed cost per unit capac! ty of POWQl'

station $ in yeat y, pe~iod p, and

- GC$yp is the capacity of power at at Lon $ in year y,

period p ,

2.5
!/}

The OQmand I Supply of Electricity

Thlilreara two conE,traince as~ocj,ated wi th demand
\,

- instantaner)U5 demand and,

.. peak demand.

The inet~ntanaous oonst~aint ensures that the demand in
~, a particultr slice will btl :satie:Eied by the total power

generated by the Various power stations.

':;

- GO$yps is the power output for the power plant.s in

year y,operiod p and slice $ by power station $, and
DMyps the demand satisfied by power plants,

$ • l ••.• $~ in year y, period p and slice s.

i\
\\



re~ardlass of the amount of electl:'tcity produced, viz.

interut paymente f cr'lptdn pr Imal:y energy costs.

associated with the variables

~:niSts.ainttJ that are used in the obje;ct;~ve function
"''', '\..,l (f

~~.", ( ,

L~J(tia.blu and 01." a constraints are listed below,
'.v; !

'$ b)ol-;er 2IOUll~>e
tpowu si''-ldon •.. )

"

y year

P peJriod (il'l.cludj.ng yt'ear index)

Il'llice (includinq year and period indic~)I!I)
jI
/i
/i

1/
Minimis. b----~~~~--~.--------------------~~--------~~$ y p S
COST ... t t r. r. (CGO.yl, oj, SW\1. .• * I.:IO$YI''') +

$-1 y.1 p"l .-1
s Y P
t t t (F'CI$;'I' * GC,,'l')$..1 $"1 $..1

- GO$yps is the power output in year y, par icd p and

slice e by power station $, and is the only var~able0
for a specific slice,

- CGO$yp is the cost of producing one unit of ener(~y in

year y, period p and slice s,
- SWyps is the slice width i11 year YI period b~ and

.slice /;,5,
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are related to the corresponding load duration

for each peri~d. Each load duration curve

approximated by a series of histograms (s .. 1•..• S) of

width SWs (Figure 2-4). These widths are usually

not of the same length, with ~hose at the beginning of
the period, \""h8ra greater accuracy i:s" required, bdng

shorhr than i:hose at the end. For ease of presentation

~Ul.chhistogra,m will be referred to as a slice pi tb.(!I

load duration curve (ll"igura 2-5) .

The goal a po.wer utility is to supply electricity at as

101.." a cost &8 possibl a, by minimil3.ilfg the production

costsC~I. It is on this premise that the objecti.ve

functiqn . (coat functicm.) is deV<~loped to minimise the

cost of operating the eXisting syst:em and installinq

and operatini additional plant.

'rh6 costs aasccf.at ed vvith exilSting plant are fixed

~osts and ol?~rat:Ln9 costs (variable costs). Fixed costs

are those c:os)jts" not directly associated with the

production olf,' electricity that have to be incurrad

OVERVIEW
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LOAD DURATION CURVE
100~-------------------------'----------'

75

65

~------------------------------------------------~
Figura. 2-3

load duration Curve to represent the demand for
electrici ty 'ere The planning interval must be broken down
il1.toyears (y...l..•.Yl I and each year into a l'luml::H~rof
periods (p"l•••.P). The generation requirements per
pex:iod
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THE DEMAND OF A TYPICAL WEEK

20
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~
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1 .~ ~ 00 00 100 1~ 1~ 100

HOURS OF THE WESK

Figure. 2-2

the demand curVe ~f a typical week: (Figure 2-2) are the<

two daily peaks; at about 9: 00 and 19: 00 respectiY(Illy,

and that the weekly peak usually occurs on Friday

mornings.

Most :r..F: models used tor generation planning":') and

generation e~pansion planning(4l, make use of a weekly

OWRVIEW
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2.3 Rapresenting t-be Load on tha System

In the South African context, the analysis of

historical records show that, in terms of the annual

peak demand, the weekly peak demand throughout the year

follows a reasonably predictable pattern (Figure 2-1) .
The annual weekly maximumcurve will vary s,li<;rhtly with

the growth in electricity demand. In Figure 2-1. the

weekly maximum curves of Year-l and Yea.r-2 have been

no,~malised and it can be seen .:that the energy demand in

ye'ar-:1 was the large:t of the two, due to the smalle:t

drop in the weekly maximumafter the wil1ter peak.

If the hourly demands during a week (~'igure 2-2) are

plotted as a fraction of tAt;! weekly maxdfnumdemand, in
l)

descending e>rder of magnitude, the weekly load duration

curve Call be es tablished (Figure 2-3) .

The Weekly load duration curve will 11'ary slightly with.

the growth in electricity demand. This will be evident

by the existence of a more peaked weekly lOel.dduret:ion

curve. This is primarily as a result of domes:':ic peak

loads increasing. Some 1nte:tesUn<;r felatures to notG 011
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WEEKLY MAXIMA CURVES
FOR YEAR~1AND YEAR ..2

WEEKS

E'igur\Z.2-1

Method of Z-Substitutes
R~placement and Expansion
Inclusion of Transmission
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planning problem. This initial work has served as

basis for many LP models that have been developed for

generation planning and. genera{~ion expansion planrdng

departments in utilities throughout the world.

The models are usually developed, with the pz Lme

ol;>jective being, to enable the planning engineer to

determine the optimal investment in g-eneration

expansionl21 or operation of the existing power system,

subj act to a number of impos~c1.·t::onst:r.aints .

To enable the use of linear programmihg .la number of
?

aspects of power c;Jeneration have to be If considered.

These an;

The Objacti ve ~f~mction
? /"

>._/-}(
Tue Load on tria' System

'rh)b Demand I Supply of Electricity)-

The Capacity Constraint

Hydro-Energy Constraint

i' .c:'Utnpe:lStorage - Constra:i.nt
If

OVERVIEW



CHAPTER 3

3 CURRENT S'l'A'l'trS

"1'hehirst.ory and current atatuiS of the applict1tion of LP

in Elllkom'lIGenel~~ationExpansion Planning "c!iviE!~'on(C4EP)

h covered in t:his chapter.

The tndn activity of the Genet'ation mxpansion Planning

division starts with the prediction of future

ele<~tricity cOllsumption which is prc:)v:l.dttdand revised

al'lnulllly by the Power MI9,rkotingDepartment .•

Once these p..:®dictionll1 have been approved I it hi GEl?

role to determin~ how mu~hl when and what type of new

generating pl.ant:; should be construnted by the

Engil'leering Group. Thb includes e:x:srcil!les in
determining when and what old pOWer stations shouJ.d be

taken out of service.

'1'11eexpansion pl."ogrammeshould en,sure that the need. of

EskomI s customers are satisfied at the lowest poelilible
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c) If the transmission system is designed to tramrmit

energy in large quantitielll, the markets of regione rich

in Ell"t!lrqyresources lfossil or hydro) can be expanded,

and r~gions less rich can import the cheaper anergy.

dl With interconnection, larger units can b<t

installed embodying con5iderabl~ economies of scale.

These four I!lspects of the transmission sy,tem - the

\:poolinq 9yf reserve capacity, the pooling of peak
t t

capacity,iI the opening of markets to regions rich in

low-cost' resources, and economies of scala - car" make

large savinge in cq parison ~to the coete of the

G transmissiori lines and transmisSion losses.

It Ls beyond the scope of this work to conddar

transmisflion any further. This matter 1s covered in

mora depth in Anderson feSt'·) document.
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period p.
»

c i(
.If

- G $yp is the capacity of power station $ an Y$l!l.r y,

How these ~xpanedon plans are implemented is the task.

of thEl expanal on planning eng'ineer who will per:forro. a:

n\lItl}jer of what-if tests on a specific implementation

and then make his proposal.

~.11 Inolusion of ~ransmi4sion.

Tn.nl!lmie llIi on. systems uduc.1!l costs of supply in four

way,,_

a) If nqioM an inteJ;'connected, in th~ event Clf
v

qentilrlltor b.ilure in one reqion, it is pouible to call

upon the l~eser.val!l of other reqionllSJ the required

t'!IlIlH9l:'Vf;i cap.acUy is lus with Lnt arconnact.Lon than

without.

b) I~ peak damands occur at differ~nt times in

different :r:e.gions, then interc011nection permits peak

power capaci '.;y to be eXportad and imported, and the

aqqreqata peak demand can be met with lees capacity.
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associated directly with fixed maintenance

operating costs.

The discounted, fix&d maintenance, and operating CO$ti

of plant s , in year y, period p is denoted by CX$yp.

The .problem is to decide how much at this plan should

remain in service in year y. Let GC$.ypbe thl1l amount of

plant $ in service in year y, period p. Tha obj.ctiva

lnd the constrainte follow much the same pattern all!

before. 'tJeing the i!'J13.l'Ml .notation the object;j,ve function

now become! I

Minimise

COST "" +

i)
(/

- CGO$ypis th,a cost of producing one unit of <tnElirqyin
ysar y, period p and slice $,

- SWyps is ths slice width in year y, period p aind

sli¢.e $,

- GO$yps i! the power output for th~ power plants in
,'l

YEUl)i y, pe;~ocl. p and slice IS' by pOlier station $, ana

- l1'CIh'P is th~ - fJxed 04.'lst .per unit capacil:y of powe;
o

station $ ~n year y, period p. ')
CI

OVERVIEW
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s~"'5tem w\thout a specific powar station. This In!!lY

because of rising operating and maint~nanoe

relatiVE! to those of new plant, or beceuse d tEUI fa;!;'
(,) 0

new pOI'ler stCltions are not available and old cnse need

to be scrapp.Fld to make room for neWt, larger stations

and incl:easElI;t / mora .stringent pollufion legislatiqn.

Similr..lrly if 'the demand increas6s it ffi#,).ybe n$cQuary

to ~xpa!lCi the syst!!lln ,b~ building a new p'ower station.

An accurut e tre~tment of repl!acement or expansion
( ....'requires explicit *,epl'l.tation of fixed annual op6lration

"i

and maim:'Elnanc<i costs 'from other costs. 'l'hes61 fix®d

cce cs IOwa ",sually added to the al'lnuitised charges on

capj tal" wh.i.le the variable mainhnance c;osts an added

to the other variable operating coat/IS. FoJ.lowil').q Me:$e.~'
(~) .. . \\

and Anderson' thAI)variable GO$ypSI power output :Cor a-

plant, is '6xtemdtlld to inclu~e tho amount of plamt

scnpped or new pLant to bEl conutlission(Qd or. tYPIlil $, in

Yl'aar y, par Led p, and write C'apit~l cost terms in the

Objective function such as CGO$yp' whete CG~$yp aquals

th(!i fixed period coste __plula al!nuiti'elied charges on
1\ . (' "':';r::::. ~~::~::.~ ,') (_, i~':

capi tal. Thh dan_ howsver lead to solutionB (which sCrap

plant ~iefpre capital costs have bean accountecl for by

the annuities. Since the decision to inetall new plant

requires I new deci8ion variable, this variable can be

OVERVIEW
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The GO variables, which had to satisfy plant capacity
I'

constraints on every portion of the load duration curve

can thus be uplaced t with new non-negatlva:C"VIB.ri&blru,

by the Z-substitutu, which satisfy one constraint tor

the whole curve ..

:r.ntroducinf~ The Z-variable reduces the numbar of
YI

conetraintfs in an LP model sub8tamti",lly and a11ow$

linear progl~ammirig to be ,appli~d to J.arQGJ: problems.

'Q lUthousrh the introdU}:ftion of t:he ~i""~ubsti tutQS

?!increases;f the, matrix density there 15 a considerable

reduction in model she. Typical iml1"f'ovEllmG:lntsin
(AJ 1<11 /1ptarfarmance reported and coni'irmecl .,j ;;7.'(# nductions

'-,/) ,<

in the number of constraints by as much as 80% and

increases ,in the speed" with wbtch the computer performs

the optimisation b)!, !i.' factor of betw~en two and five.

()

Optimum replacement of a l,10\'lU station usually occurs

wll'en it is cheaper to expand and operate th(J pawar
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- GO$yps is the power output for 1~).epow~r plants

year y, period p and slice 5 by po*er station $,

The capacity constraint i.s

for aU s
I =--:-

j\

- IGC$yps is lithe installed generating capacity of plant

$, i.e. the same plant as GO$YPISIthat can be sent

out in year y, period p and dli~e s.
Therefore by definition

for all 15-1, ••• ,S-l
c:.:;: Z$yi'.~ .. GO$YP -

- Z$ype is the Q&creal!le in pO\1er output of a certain

plant for tha period s to $1.+1

andI-C_::::.:- .....- ..-.---Z~~-,.l:[;-3",-.-~:...-G:-~O.....1-Yf.-·,,-~-5L~-::::~~::-._.__3
it folloW$

I
and

for all s
....___]
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1.0
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li'igure. 2 - 'J Z - SUBSTITUTES

on~, '1';"1ock to the nsxt , If such variations occur, the
\

'~;~!:'I.·~,.an of the ldad duration curve h t.o~ long and
', ..-_-;. r ' :
\ ... -,

shoulr" be reduced.

Let Z$s be the decr~ase in power output of a certain
plant for the period I~i to Sitl (Figure 2-7). Then it

tallows from the load dUration curve that

for all 5r-----------------~~------~------.-----------.~.~,'-- , GO~iC! GO$YI, '1 'I '..-.J

o
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2.9 Method of 'Z-Substitutea

The main d;!,sadvantage or early LP models was that the

number of constraint$ w.;)uld soon become prohibi tively
.,J ..,

large as the n\.l.ll\P~tu~· p Lann.Ln« ,interv6l.ls, plant ~~iel::l,
\ . . .) "~,,

< , •.. ,

gllmetation groups and blocks in each load dur.ition'

curve incna:!H~la. Attention wasil turned to different
il .

approachu to tire problem of LP medal, retr~eval and the
iI

mathotl of Z-subl~ti tuta$, a general tG!chniqu\i attribU1!ed

to aeal

developed.

(refl'lrenced in Andasons paper (7) ) / was

This method is based on the observation thae the Load
\\

Duration curve can br9ken into a numbar of blocks for

each interval of the planning period (Figure 2-7). Then

\doing from one block S:t, to the next Si,+:J. alon9' the time

axis of the Load DuratJ.on curve, as thl1l demand level

decreases, the output of any plant will not; be

increMed. In fact it will either :remain t.he same as

be:Eol'e, or it will be reduced. This deduction i~ valid

p:t:'ovidElld that the plant ava;!.labUities, prodUction

costs f and hence the merit order (i. e. "the ordGlr In

which the powal." I3tations are called upon to generate

electricity) does not var.y from
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II'
'\In addHion, it. is necessary to implement the pl.lt!i:ped

storage coristirs Lnt to ensure tr,at the energy generated

in a pal:iod p is equal, to the energy used in pumj;)1l'l9',

multiplied by cycle efHciency of the plant.

All v, p and where $ "" pumped storage

s I
..-ii ....' E_"lf....l!"_$_yr__ *~__;__(l_sw_yp_" _*__P_L_$,_Yl'_' ~_} _" __ O ,_____j

- SW~1Jsis the slice width in YlilarSf period p and

slice s,
- GO$yps is the povler output for. the pump stor~ge powar

plants in yelllr.' y, period p and slice ~ by power

station $,
EFF$~p is the overall efficielwv of thel pumped

storage station, and
" l' I

- l?L$yps is the energy 'required to pump the water to

storaqs.
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E!lBm
CJ 2.= 3.

1. P~imary energy from hydro
~nergy available from base

load stations
Energy prcc1\lcedby pumped

sto:rage
3. Energy produced for pumped

storago

1to

DEMAND
(NOruw:.:tSEO

LOAD"

0.0

o PURATION Oll' !..OW

Pig-ura. 2-6 PLANT MIX {(4)"'(3)+(2)+(1» .. ElNlllRQ:(DEMANP)

PL$yps i5 the energy used to pump the water to
storal"e and is contributed by ot.her stations on i~hGl

national grid, and

llHyps the demand satisfied by power plants,

$ = 1...• $, in year y, period p and slice $,
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2.a Pumped Storage - Constraint

The introduction of a pumped storage I',) station into the

national grid was to do peak ~hiving, i.e. to generate

at I::hepeak demand, and to pumpiJwater to storag:)': in the

trough$ 'of the demand cycle (Figure 2-6), by utilising
II

excess et1.ergy. The x/esul t is a ii reduction ii'1, ,Juel costs

to the whole generating system by sto:r.ing energy at low

load periods and generating at high load periods.

The power generated by all the power stations must be

equal to the t.otal power demanded includ:tng the power

ussd by t.ne puIt\ped storage station., 'l'he instantaneous

demand coneltralnt nlust be modified" as follows,

AU Yf P and s

$
!: (GO$'IPS PII$:IPB) ;;: DMyF's I

~$._l ~ ~. _j
- GO$yPS is the power output for tl').e power pJ.ant(ll an

year y, period p and slice s by power station $,

OVERVIEW
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Overall aVClilabiJ.ity and forced outage rateSJ a~~

determinec". from past records :Ed:t:'exiSJting plant and:

assumed performance of future ~lant.

The diff$rence between the :I.nstalled capaci.ty and

ave~"laE'l th~'.:: hi' sent out "lS a re:lIIult of plaflt

availab:l.lity; repre'N.entu *:he average allowd\nc;le requ;i.red
IIfor forced and planned outages. 'I'h& amount of pl$,nmld

outage (that J:equired tor generral oV'srhaula and

inspections) can be det~rmined from the calculat~d

forced outage which is bued upon the assumed forced

o\'ltage :t.'<;ltes and the all..:>wance l'le&ded for planned

3.3.6

Relving ellu.blhhed the I"1ver~t,;J'ereql.tirementll for planned

nll!l.intlR1'lanCein thili! waYJ I:he, reaerve neeCt~"dto cater

for forced outages with a given degree ,of Alecurity of

supply can be establilihl'!d using probability met.hoC:lII.

F~~ a given scanlon having set's with (:mown forced

outage n,tes, the problllb:Llity of s.ny number of fUttlS

being out of service at \:,h$ same time it!! I:tllltl\blilhed

ullin; 1:1',19 binomial p;(ob~l..'1iUty formula ,
\\
\
\\
'II
,,\
~\

\\

CURRENT SlTP.TtT$

\)



of the time it .Le ):1t'Jssible to wail..:untiJ. the

the next weekend to carry out th~ repairs I when tha

demand on the system is lo·.r. 'rhis type of outage d.oal!!

not ref{uire any additional 'reserve as dt can be
II

schaduli~d when the load. permj.1~.s.On the other hand, if

the repair work is not completed bl'ifore the n$%t

weekday peak, the portion of peak time.l when th& liI$t ia

still out of service must be treated as forced outage

of the first category.

Pb.nned outage I generd overha'l.l.l n.tes are basad on

thea long term maintenance policy and on the various

typ('ll)Sof plane. :!.nvolved. At the old power stations

wherfl!l the eet I!3ize does not etxceed .30 MW, the

ma:!.ntenallce of the boilers does not nll'loessa:dly cause a

reduct.ton of outpy:.c' M there mra morel boilers than
(!

turbo-genelratore. At I5Itations where t~ierf~ is one boil&r

pelr turbii'le, but where there ill also III steam range (60

- 200 MWsets) I the boiler ov.arhauls do afhct the

overall !l\vailab:!.lit\y of the stat.ion, but less than &\1;

thl!!)larg'e ;-~eti!lequipped with reheat (300 MWand lmrger

!!Jets) where there is not: ponibility of crotUl-h$ding.

CURRENT S1Il\'l'US



when and wh&t:.amount of additional capacity to

lilt the sameil\,time.
~.
~

\,\

~¢~aed outage reServe
1\
!\
I.

Foroed outage~~ can be divided :l.nto three categor;!'$$ I
\
!

namely

a) l?ure. foroed d\.\tag$

ThiS! category of outage oocurs when a slUddsn brellkdown

fCll!'oes the coihplllJte l1enerating 1,.mit 01,.iCof tUlrvice
(>

without \ any delair' Most electrioal faults and the
II

rribdhanical faul.ts \' affecting beu.trings I b<ilong to this

O!ltegory.

b) l?artilll foroed \~utage
\~

'1'hill oategory outagef;\ £03:'0$$ an immediate radu¢tion of

thlll unit output, bu\,; G~oaSlnot require its! oompletll
'II

JlIlh\.ttdovm,Cod mill ahd h,n breakdownlll are typic-al of
r" "~1\\

thillii~' or' ~gory of outage bllo6ttlsl!:l there are always

several sueh ltu:x:iHllry pb,ntlS.

0) Deferred forced outage

Thi/l!l category of forced outage occurs because they do

not require the ut to be shut down immediately. MOlllc

CURRENT STATUS
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....--- MW..MONTHS AVAILABLE FOR PLANNED OWTAGe41

--1--- --- -....--- ...
. -I.. -'-- -I,~ -

~
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I

12 is 20 24 28 3?', ZG 40 44 48 5~I.. \;

"WEEK \\

Figure 3..2 Load ReprlHlentation And A~set\!e Requirelllenb

CURREN'!' S~A'rOS'
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1:1/ the:l:'e was no load growth, the installed

would rema:im conat ant; and tj~us the raserve

maintenance would be scheduled in such a w6l.ythat the'

eum of the maximumdemand of eveJ;'y week plus the amount

of plant on maintenance at the time of this demand is

kept at a consnant minimumva l.ue throughout tJle year.

If' there is 1061.8.growth, additional generating capacity

is p:t::ovided from tim$ to time. The optimum maintenano(!l

programme depends Ott how much extra capacity i\
installed in year, A reasonable ,modelling

simplification ifil to add capacity at the beginnd.ng of

e~ch four-monthly period so that: the in·.lt6l11ectcapacity

.:!.ncr~ase~, in equal steps ~1iI illus((crat!&d on ll'igttl~e 3-2.

Maint(tmance scheduled on this astilumption may require
{I, ,.

ndjulIItment to meet the, ac;:;tual situation, as the $121& of~
the sets added and the fact that seta are not

necessar:l.J.y added in each four ..monthly period.

This situation is allowed for "in computer studies by

permitting it to schedule the maintenance of one or t~o

;Large stations. Thie enables the computer to dt!ltatt'mina
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In th19 model a probability of oocu~rence may be

assigned to the average ~nd extreme oonditions (usually

called the'! normal and worst case). Iff; for exa.mple, 25%
is allClcated to the extreme oonditions. and 75% to the

\i

averag~\ conditionS! r the production comts ma~ing up the

obj Iilot;!.yefunctiOn take thJ.s allocation int<;" account .
.!' \,

Suoh an alloo8tt:ton is neo$ssary as the penal ty of

produotion oosts, at a lower than average availability,

is higher than the savings when che availability is

h~gher than \.l\'~rage. The cost of production versus the
/t

/~~ailabili ty of t.he w)!stem is not. a linear

relationship, ellil t. !>.(Jst of production rililes futer

A.eter t~:{e load ~)I!lpresemtation hae peen determined the

m5tintenancs work \ can ba scheduled. 'rhG objeotive of
v.

this! eXelrc:i:se ita to ){\eep the rt!lquil:'19d inllltalled

generating oapacity of th\~ syst19m U\s low as possible

while fulfilling the mail'l.t~\nancerequirements diotated

by the.' maint$X1anCepolicy.
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phased in to provide coal, from the time that the first
::'1

of the six power generating units requires fuel unti.l

all si~ ~bits require coal.

Average and extreme conditions

If, in the constraints, use is tnlJ!;te of average

availaoility of the power stations, average production

levels at the collieries and average hydro energy/the

solution will provide the optimal best way to e~and

el,nd operate the <system under aVt!lrage condJ.tions only;' /:
\\

This will not allow for pariods whan outag~\ ratas are

above aver-age, when below average produCt~pn levals
\1

persist at the collieries or when droug'ht l\mits the'
~
I\,hydro energy 'available. \\

To caca:t:' for the advers!lI conditions, it Wa!il l~~""esSaJ:Y

to conillidar the g'enerating ~ystem twice in meet.ing ,the

demand:

once w:i.th average con~Utionl!l of plant t'.l.l::xd
\\
\"

availability and
\once with ext:t:'emeconditions of plant (and entargy\
\\
\'sho:r.ta.ge.
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COAL.fIREO
STATION

2
HYDRO

STAPON
COAL FIRED
STAPON

I
\

~~~STING"ORONOROffi'-~--"_(- IL CANDID~TES FOR EXPANSION J
, '. _----.,;" ........" "-----------_ ...-1

')

Fic;rure 3-1 'rrimesportal:j,on Representation

.~ ')
\, 1\

'\, supplied by a colliery or wat:l;r source. NO..r.''''laJ.\~ractice

'\~~e that a colliery becomes tied to a po....'E'Ir 5tati~~.

\. . .. \
T~~. me.us that once ',he contra"t is .~u.d' upon\coal

is \>~nlY 1llodt.1ced for ',:he or-a ?o'V-l~r stat;Lo~. 3. f it~~i3

con!,,idered that 1t teLk~IS closs to ten years .co builC\ i!\
\\ "

modern 'SIX ?,{''l.CK' POWEll. stati(m,' a coJ.J.ie:ry has to b¢
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3.3 GEXreatures

To obtain the maximumuse of the liP methodology a

number of special features, in a<'ldition to those

covered in chapter one f were designed into GEX. This

improved the value of the final results and enabling

the testing of additional scenarios.

The more interesting of these features are 1'10W

discussed.

The transport problem

This pr9b1em;,~ose when it became necessa:cy to 6litri(tlate

a network of power stations linked to primary energy

sources via transport channels. Thl.s allowed the

transportation ot coal from one coal scurce; to more

than one. thel:mal p~wer statiOl'lS

Similar1.l'; one dam could supply mcee them one, hydro

statiol'l.
1!}

'1:'his section of the programme only allowed a maximuI\\of

three destinations per co1J.iery or water Source. ~~he

number of d~st;inations is Bmited as Elskom'dot!ls nc.\t
\have ncr intends to have more than three power stations



Deoember 1975 did not maz-k the end of

development as the progl:'amme, now called 'GSXI
Genel:'ation Expansion, was enhanced unt.il the eal:'ly

1980 IS.. These enhancements include the develc.i?ment of

a Matrix GeneJ:.'l'l.torI Repol:'t Wl:'itel:', a Matd.x S)j}litter,

Integer Programming, and the inclusion of the z
"subst:Ltutes methodology, FUl:'ther changes were made to

the programme to Lnczeaas the value of the out:put t

remove programming .errors I and to interface to othaa:'

oomputer technologies as late as 1989.
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Therefore I tbe problem of finding an eooncmd,cexpansion

programme, however simple it a::;,pea,rs at first glanoe,
.':;_"O'_-;~\...

is in fact complex and requires the use of "computers.

3.2 History of LP in Generation Expansion Planning

The application of Linear programming to Generation

Planning I in Eskom, came iflto its own Ui'7t1. The tQam

oonsisted primarily of two people, from the,i
~,

Generation Planning group and the other from the

Information Systems group.

The progress of the l?l;"ojeot was as follows (101 I

project definition

Systems Design

Systems Programming

'(Jser Tests

June 1974
Ootober 1974
February 1975.
May 1975

Implement:.ation June to December 1975.

While developing the programme =xtensive work was being

done by Rubbers (12) to determine and oollect data to be

used by the L·Pmodel.
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(lost I while complying with good reliab:l.1ity of supply

arid.wit.h limited impact on the. environment.

GEl? I IS work ends with a presentation to the Efskom

Management Board where the various alternatives are

outlined. for a new expansion programme. This includes

the recclmmendation of certain pro~..,sals.

Vmrious types of generating plant (coal~fired, nuclear,'
l

hydro, pumped stbrage, combined cycle gas-fireq,

stations and turbines) have different',i,
tt I

charaqteristics, such Iii}:.';:

levels. of reliability

maintenance requirements

operation rec;(i.lirements

energy limitations

efficiencies

conat.ruct i.on, operating ccat,s and life cycle costs.
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4.5 Generation Expansion Planning Methodology

The customer prop(M3ed that the programme be developEi4d

inc.r.ementally. The sequence in which the develClptnent

was carried out was determined by what operat:Lcna).

advantages could be achieved from each of tl'la

increments. The J.ndividual sect ions are listed b:dEllf1y

with a number of the issues coorddered.

a) bptimieation of present value of production and

capital cost.

b) Re1iability criteria;

- Reserve margin (25%) I

- Loms of load probability (LOLP) nt four"monthly peak

hour (10%) I

- t,OL'Elat fl,verage four,·tn9n1:.hlyw<!leklypeal, hour (4.1%) I

~ LOLP of daily peak hour (G d/y) I

- 1",011111 of lo~d hour (LOLH) (22h/y),

- Unused Energy (UE) (,007%) cost to cUlStf.)tnerlll

(J; to 5 R/KWH) •

USER REQUJ:ltJ]MFlNTS



a) Evaluation Ijf alternative plans:
- foous on production scheduling I planning (e.g.

capac:i.t'yfactors) I

- parformin,9 present value, escalated or const..:tntRand
cost projections, and

- unClertaldng reliability evaluati\':)n$cenarios ($. g.
Load Carrying Capability, Loss Of Load lfrobability,
tfnulJedEnergy)

b) ll:xpansionp;\.ancptimisattion:
- continuous or i135egel·phuing of commirssion:Lng or

decommissioning of plant, and
" plemt mix sCudiem ($. g. thermal Ot;' pumped IlItorage)

c) Long~term budget.

A 1:l.1!l1:of the type of studies dons by GEl? are listtlldin
Appendix B.
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Technology Inter ccnnecced systems (ITJ:CS) staff we:e'el

- develop, test and q,Ocumentthe model,

- design and develop the database, and

- project co-ordination and control,

4.$ Strategy

II
f)

Due to urgency of the project and the rather limited

rewourclu available I the developmsnt of the new modlll

was to be based on the experience gail'led with th$ GBlX

thodal . Furthermore I the Ope,ratiollS Resea:l:'ch expertise

of J:TICS was to be 'utilised in selecting the right;
\ t

methodology and ITrCs was responsible for adopting the

~ight: appro!tch for gener~don expansion studies,
:,1

r::n:l? IIItudj.es pm:formed ostensibly full. into the

following categories;

USER REQUJ:RBlMBlNTG



CHAPTER 4

4 USER R~QutREMENTS

4.1 purpose and Obj'ecti VEl

'l'he purpose of this proj e,ct was to provide Genl'!;:t'ttt ion

mxpanSiotl Planning aJ,V'ision with a tailor~mada usar~

friendly flexible oompl.tter moqel liSuitable tor the

avall.tat.:l.on and optimisation
~-.

of alt:.ernat~e( !'Jenaration

c:ap&.oi ty and energy plans. The obj !!ll:::tive was to dElvelop

the Eskom Production Sohe~1.ulins sYlStem, by the end of

c-;" 15190.

The GEl? staff were primarily responsible to aSSlilllt in

tha I!lflltablimhin!'J of a methodology «lnd Illpeoifioation of

the model, and then ,i to assist in 'Us t:.ing and

dccumeriaat Lon, The ruponeibilitic)1iI of the Information

II



annual pxoduct Lon expenses exceed those for ca1?ite.l~

there are often signif:i.cant di.fferences bf.'lll,Ween

axpansion programmes oorrer:lpClndingto each of these two

objectives.

/~r

Once tha LCCI iii are calculatad for all possibl.Ii

combinations of new plant that could be added to make

up the capacity shortfall, t}')'6 computer optimif;lation
(/'

programme selects the alt.ernative which will meet the

min1mumtotal oosts.

\I
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(iil With a loss of load pl..ohability of six days

every ten years, the optimum set size is 600 MW

tor all forced outage rates considered.
o

From Figure 3-4 it oan be seen that the economic

penal ty is higher, in the case of poor

reliability, if the system is exp.:mded with

large set& as opposed to more sets of a smaller

capacity. Assuming the results C)f the computer

studies predict that it is economical to install

very largfl;: sets I a bale nee will have to '.'be

stru:::k between a non optimum solution of small

eets involving little risk and an optimum

solut:;ion Of Urge sets which mj.g'~,tturn into a

near disaster if expecced reliability does not

mate::::ialise. In other words I the economic

adv6tl'ltage of very large sets should be
(I

subs1:antial befol"e a decision is taken to

in~:;I.1.ldethem in an expansion. programme.

To el;J,surean economio expansion programme, it is not so

necesIlH.u:yto ensure that construction costs are kept to:"
~ minimum as to ensure that the total of production

pluS! capital costs are kept to a mJ.nimum,and since

CP'RRlllNTSTATUS
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,\ R/kW a
': J..

-;;o~M* ~--jLOLP OF 6 DAYS EVERY 10 YEARSI- <,. FOR:; 0,25 <,

/
il

,i( ',)

GOO MW set 850 MW sct.,
FOR::: 0,20 LOR;; 0,22 1200 MW 5et.
~ ....... --..N~ FOR t 0,17

--......r- ~... r::::: ::::_...--- --- ... --... -""1-0. i"GOO MW s..:t. ,', r---f~ ~0.15 850 MW 5~t
FOR::: 016

i) r-- - -_...._
i-t- r- -.._

f""-
I I I I I I

1980 1981 1982 19~3 198,~1985 1986 1987 1988 1989 1990 1991

))o

~ . R/kW 0
I I I I I. .I. I I

l~OOIMWlsel-·"1LOLP OF 6 DAY~ EVERY YEAB I' _,...i-.

600 MW sJc f-u... " {~:: 0,25-- ii :--,._FOR ;; 0·20 850 MW.set.......::.:1--.. I

-..I- FOR;; 0,22-
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,
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FOR;: 0,16
I I I FOR I: 0,11
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560
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450
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480
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410
400
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YEAR

figure 3-4 lnsta Bet.ion Costs Per kW of Lee
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the set size will be much reduced l..c the £o1'c$.o

It.\\rtagc rate is low. At the limit I where tn.,:;}

forced outage rate i~ zero the LCC is of .couxse

unity regardleSs of the set size.

Based on th1s i.nformation, it becomes possib.le to

~\~~"sess the El2l.vingsachieved t.h:r:~;;\\gheconomy of sc~le

.<~ith co\I:J.st.ruction costs expressed in Rand per kW of

lOad cab:ying capability. The following observatJ.ons

regarding coal-fired stations are de):."ived frltim the

graph~ shown in Figure 3-4.

(i) With a loss of load probabili!1Y of six days per
:1

year I and C011sidering const:J7uction costs alonel

e'h~1/ ~?onomic set size depetl('is on the level of
'\ }/
:fr'o:l:cedoutage rate assumed. For t,he al te:t:'nati ve

of forced outage rates of 15 percent applying to

"the 600 MWsets I ;U5 percent to the 850 MWsets

and :1.7 percent to the 1 200 MWsets, :I.t :I.s

economic to select set si;l'.es larger!;' than I$PDMW.

On the other hand if the forced outage rates are

20 pel~cemt for 600 MWunits, 22 percent for 850

MWunits and 25 percent for :I. 200 MWunits, it

is egua'{,llyeconomic to have 850 or GOO MWseem.

CUR~lilN'l' S'I'A'l'US
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which has aLec, after allowing for

maintenance, at least equal to the shortfall. Q

It is thus interesting to see how the Lee of a

getlj-;lrator expressed in percent .:0£ its rated output,

:Eluctuates under various circumstances, and how C

conclusions can be :teached for a policy regarding tl1e

addition of very large sets in a system. It has been

found that the Lee of a proposed new generator will

vary as follows!

(i) The Lee of. a particular set will b~ low if the

required :reliability of supply i~ high, if the

set .:fo:rced outage rate is high and if ita. size t

f "
in" :t;elation to! the whole system, (its tCC) is

also high.

(ii) 'there is a non-linear relationship between set
Ii

size and nee <!dependingon the number of similar

sets already installed. For example, there will

be a large Lee improvement over the ,first, when

a second larg~ uni.t; is installed ih the system,
;

such as the second set at Koeberg, and It much
if

sTtiall~r improvement when! for example th/f tenth
/l

simila:t' und.t is insta1:Led. Also I the e;Cfect of
'.':::c,

CURRENT STATUS
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the system- r~r;{u:i.res to cater for forced outagA.s
, )' \,; _\

given degree of security of supply.

!f a new set is then added to the system ·of ~igure 3-3
and the probability curve recalculatedt it is possibJ.e

to establish what the contribution of that set is to

the system wi,~h the '.j'iew of meeting the load. at the

present. level of secur i ty of supply. This contribution

is known as the "load carrying capability" (teC) of

tihat; particu14i:r: set if added to that pal.~t:i.cular system.

3.3.7 l:nstalted capacity

r-'

Having established the system demand, the reserve

needed for planned maintenance and the teC of the

existing system, the shortfall of capacity in any

period can be determined by comparing the tee of all

plant not on planned maintenance with the system

maximumdemand.

AS a year can conveniently be divided in three periods
((

of four month~rjeach, the shortfall should normally he

examined three times per annum. To retain security of

supply this shortfall must be made up by adding plant

CURRENT STATUS
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[ N!

Ip---- Fr(:L-F)N-:r;
:r;!(lIT....:r;)!

whe:r;e: N "" numbe1'('~f sets in ~'he station

r := number of sets out of service

F = fo1'ced outage rate, pe:r; unit.

The p:r;obability of r or tewe:r; sets being out is the sum

of the probabilities of 0 (zero) to :r; sets being out

and is the same as the P'fobability p.~ N - l' Or more

sets being available.

If each station is treated in this way and the result~ \)

are combined a curve. is obtained which shows the

p1'obability of any giv;::n amount of power beil'lg

available for the enthe system, as illustrated on

Figure 3-3.

f{

If a m.:tnimumacceptable level of seoudty of supply is

now decided upon , the }!amount of powe,t which would be

available from the system' and which would satisfy the

desired criteria can be determined from the ouzve I :'!lli:l

diffe1'ence between this avad.Lahl.e output: and the

installed capacity of the system, is the reserve that

CURRENT S'l'A'l'US
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5 THE SOF~WARE USEP

The software salected for this proj set, htLd tt:> run on

bot:h the mdnframe and wOl:kstatit'ln en'ltirorlments within

the oomparlY. <:;1ncethe formulae had baen finali$Gld the

development of the simulation package began.

The software packages emploYlld were MGCiJ(Matrix

Generator) and 9cioonic (optimising

aloi!tware). Figure $-1 illustrate$! the Slt&PS in the

functional flow of the system.

Once the fl"Jrtm.tlll.$ had been decided and agreed upon the

programming commenced. Th~ first file that: had to be

creat\!\d wae' MCilG{fHan.me} DATAand nrves as the inpu.t

:.Hle to MGG. ThE!!structure of the file will not b$

discussed here but more .il1.formation illl l!Iupplitfld. in

appendix C. The formulll\l! w!'Ire then entered into the

f.1.le in the required format.
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J)
jl

Comput ell:' perf ormanq~~/requiremen till
/;';/

->:

- production optimisation run of a
II

f1hould not take lont~er than one hour

- expansion optimisation run of a

j)
IIfull iiibe s*ucfly
II

on an Apollo, il
II

full !She st:,u,'ly
I; (I

should not take longer than four hours on

mainframe,

k) Documentation

Thill..following is a list of the \'documillntation that was

required.

- user manualt

- p:rograrnm~.;rsma11ual,

- &let of taet call1e.i,

- ill. CUiIl study for trllining pt.'irpoSles.

USER :RElQUIREMJ]NTS
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- ~,eport on unserved energy (frequency drop I

generation, load shedding stases) I

4 facility to aggregate period data into sub-years

data,

- facility to as.gregate station data into station group

data,

- LOTUS 123 interface,

~ graphics package interface,

- optional ,r:iepugreport I

~ optional sensid.vity rl!port (shadow prices/marginal

costs/rang'es) ..
!}

i) (3",l'll!ll·al.requi:rementlSl

- a facility to evaluate different scenarios withouto ~
having to :rerun the entire: ~tudYI

- a facility to use a IIItarting pa'ilti!of a previous run

03:' ulSu"·defined,

- th~ be posssipiHty of to monitoring the pI'ogress of

the optimi~ation run Py a'.ccessing a constantly

updating statue :r~port should exist,

- l"Unning 1;'I:rocedures ehot.tld be menu-d:rivan ,(as in

EGEAS) I

- a short day- file should :tisl! t'l1,e major steps and.

further report only eXC.leptionsor abno:rmal:l.tiss.

USER REQUIREMENTS



4-11

representation could "substantially thli;
,'-'\

execution time or curn-ever time in the int'lwm;Sdel fo:l:'
.';

a typical study) I

~ a facility wher(3by the cOl').st:raints which bad to be

applied could be specified .~ad to be av.xilabJ.e,

- a facility had to be provided which would enable the

assigning of input-given values to specific input

atelecticll'l of variableu1

- de~ision variables were to be def~ned as in the

Reference Table (appendix Ai I.

- constraintf:S were to be defined afll in the RefeX'ence

Table (appendix A) I

- th, uppex' limit.s of the )indices that we:r.e required

;are a:a tabled below.

Index Reer.tired limit Old GEX Hmit- -
l?OWirsource 200 124
Coa source 100 26
Other rersen:-ce 50 NA
'Year 50 30

c Period S2 9
Slice 1613 99-

h) Outp~t facilities

The following we:!:'ethe stipulated output :eacilitie:s.

- flexible reports in terms of format, level of detail

and time steps I

USER REQUIREMENTS
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few stations or by allocating maintenance the

r~.serve could be levelizedt "

~ expansion optimisation had to be performed by
:-)

applying th~ rolling horizon method, if at all

possible,

- an option had to be provided where by a non~economic

merit. order in the product;l.on scheduli'l.1.g could .be

chosen by applying a set:" of modified variable

operating costs,

~ an option had to be provided which would enable the

calibr(-. ...;i.onof the load factors of the individual
'\

unj,ts by 'progressively del'acing the capacities

(POWRSYM or EGEAS to be used for bench-marking) ,

~ an option \'lhere by .,the decommissioning of stations

could be optimised had to be provided.

g) LP formu1at:l.on

wi th regards to the LP formulation the following Wfire

the requirements

';" the adding and rnodificolltion of equationli1 .had to be ''at

relatively simple tasle which could bs perform&d by an

- t11&Matrix Generator had to allow for possible latet;'

ilJ.trodu(~r.ion of the Z-substitute repl:'eset1.tation for

lSelecte(~ variables (It remained to be tested if this

USER RSQUIREMElN'rS



few stacions or by allocating maintenance the system
reserve cOl,1,.J.dbe levelized,

- expanedon optimisation had to be performed by
applying the rolling horizon method, if.at all
possible,

~ an option had to be prqyided where by a non-ebonomic
merit order in the production scheduling could be

\\
It

chosen by applying a Set of modified v~riable
operating costs,

-;an opt:.ionhad to be provided Whlch iiwouldenable the
,

calibration of the load factors of the individual
units by progressively derating the capacities
(l?OW:RSYMor EGEAS tClbe used for bench-marld.ngl,1<)

- an opbLon where by the deCOtnltlissioningof stations
CQu.ldbe optimisad had to be provided.

g) LP formulation
wi th regards tC' the Ll? formulation the following were
the requirements
~ the adding and modification of equationa had to be at

relatively simple task whidh could be performE\d by an
experienced user,

- the Matr;i.xGenerator had to allow for poss~.ble later
introduction of the Z-substitute representation for
selected variables {rt remained to be tested if this

USER REQUIREMENTS



- Selected reports / gr~phs / lotus files,
- modular flexible structure designed fer easy

medification.

e) Input facilities
~ data ant:t,},via data base system was still under

development when Production Planning algerithm 1)()'al:!l
'cempletedJ

- data validation and consistency checks had te provide
a validation report different
(defaults used, out of normal range, inccnsist@nt

\/with other data, nen~fatal errer, fatal er'l:eretc,) I

vE1lidatien required beth Ln interactive and batch
mcde cf operaticn,

- facility had te be p:tl3,pvidedwhich ccu19 greup unil;s
~!

inte groups with equi,faJ.entprcperties

f) Optimisatien methcdolcgy
~ weekly load prefile had te be represented by a step-

wise tDC lOra chronolegic~l curve,
- LOLP ccnstraint had to be represented by a linear

equaticn,
- maintsr.tancecptimisatien had to be prcvided 11<)0 that

by selecting the va:l:.'iablemaintenance cptio:! for at

USER REQUIREMENTS



b) Software

~ $ciconic LP package includ:l.ng matrix generator atfd.

"report writer for both the IBMand Apollo-v$:t:sions,

- VM operating syatem on IBM,

- ORACLErelational database package for IBM and

Apollo/HP which had already been acquired,

~ Graphic package on Apollo/HP,

- All other. coding to be written in standard ANSI

.F01t'!'l~AH77 and to be self-documenting.

c) Interfaces

The interfaces which had to be established had to

:faoilitate proper integ:r.ation of the different hardware

platforms.

- XBM/Apollobi-dl.rectional link for file tl.·a:nsfe:IJ,

- Apollo/PC hal:'dwa:ce1£n]<:for file t:t:'ansfer I

- scdconf.c / report ..w:dter to r~OTUS 123 format I

- Sciconic / report.-writer to graphical d~;Splay output.

d) Model st.ructure

- Data entry and data editing,

- Input Data Base

- l?:r.e-proc::essor!matrJ.:x:generatol,"

- tl? package

- Report Data Base

USER REQUIREMENTS



4.7 Requi~ements Fo~ New ~odel

T'b.e requirements for the of the new model had to cover
the :Eollowing aspects, and are discussed briefly;

- Hardware
~ Software
- InterfAces

- Inpu'",facilities
- optimisation methodology
- Ill?f'ol"mulation
- G~n~r~l facilities ! p~dcedures

\\.- Comptlt;'sr\performance requi:rements
'I 1\
/i Ii- Documentation

- Model structure

a) Hardware
- IBM for large studies,
- }ipollo!HP workstations
entry.

~for smaller studies and data

USER REQUIREMENTS
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f) Time horizon and end effects;

- Study horizon cove:t:'s period of interest I

- Horizon is artificially expanded by N years or to

infiaity (expansion plan assumed to be frozen at end

of study bori:4on but in the e:lttra years plant at the
(i •.

end of t!Xeir economic life is replaced by identical

plant) .

a) Use of models, the following computer prog:ratriltes

were used, by GF.:l?as paz't; of their normal wOl:k and in

the evaluation phase of this project.

- GEK, EGEAS, POWRSYM,CAPEK, and GENRELa,

ounput manipUlation by T.JOTUS123.

b) Computer hardwarei the type of computers utilised

by GEE'were Mainframes (IBM, CDC)I minicomputers CHP -

.Apollo) and PC's.

II OlllX· Old O"M);,IIt:ion IlIXptmll.l.on Pl!lon:!.nEf P1'oS);,lImme
lllOlliAS - liilllctric Oelnl!Il:Ilt:ton , lilxplolnsioll V1Mn!.ng

M~lyt;l;i.lI SYlltllm progrllrnrae (by lllPRI)
POWlllRil'lM • l'OWI!);' systl)m Prol;lIlbili$t.l.c Simullltion

programme
CAPIlIX • Capital lllxpenditure programme
GlllNRllltr • Clemel'atio11 Rllliability programme
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0) Treatment of uncertainty;
~ Scenario development;
~ Cost-benefit analysis of flexibility.

d) Data collection & validationi
- On an annual basis t.yomeans of memos or reports I

f· "

~ Using consistent data sets,
~ Using specified formats,
- Manipulation to suit specific p~oblem ~r model.

e) toad representation;
- Three fou;r-monthly periods of equal weekly peiak
loads/
- fixed maintenance in each period,
- Weekly toad Duration CU1:'ve(tDe) (due to l?ump Storage
I weekly cycle) t

- Different winter and summer tDC's,
- l?rojected Demand Side Ma:"lagementeffects incorporated

in load forecast,
- toad forecast scenarios.



TR13",p

TR13ty

Transport channel Retirement (pu)

6.3.3 Reso\l;toe variables (.I.J:l.dbOUnds
RO"p

RO"y

RR&p

It..,t.Y .

ROt1,.p

ROt1&y

Resource Output (pu)
(RO!.."pJ

fRO!.."y]

Resource Installation (pu)
RIB"p

RIE"y

Resource Retirement (pu)
RRB"p

~RB"y

The values of the co~f£:l.cientQlel.regiven in the! Ma.trix
(ilenerator input dalta ul:l.leSlfilothsrwiee indic$,ted in

section G.4.2(a). Int:ermedhry trans:l!ormatj.onlll from
the NtI\~Gexmodel inp1.tt:datal to the Matl:ix OeneJ':ator
input data would be done in thlilNewGexDatab!\.se.

AU codfic::ients are defined ll\IlI red (fractional,
numberillunJ.eu otherwise indicated.



GOB $p

C:lerlarati(.l~1,Retirement (pu)

COltp
COUIIP

COlly eoully
TO~

[TOU.p]
TOllY

[TOUey]

SLep
(SLU.pl

SL.~
rSLUttyJ

),

fit.p
(SIU'tpJ

"~~tty
(SIUltyl

seep [sgue..}
)90~{

[SOtTey)

CIlIp
e!altP

CI"y
CIBuy

CRUll
CREijp

CRUY CRBny
'rI ...

TIE.p
TI~,

TIB..,y

Colliery Output (Mt)
[COl'!l9J

(COLHy]

'l'rilinsport:on channel output (Mtl
[l'OL"pl
(TOtey]

Sto~kpile Level at: end of period orrSLLep) year (Mt)

[SLLeyJ

S~ookpile Input {Mt}
[SILep]

(S :rT~,."1
Stockpile Output (Mt)
[SOTJ.pl
(SOL"yJ
CollielJ! Installation (pu)

Colliery Retirement (pu)

Transport channel Installation Cpu)



In the case of the boundl

defined per slice the values thereOf are c~lc:mla,te\d

~i'6m"~/;~f~d values given i.'1 the matrix generator input

data. ))-{(
!/

Tha coal and l.'esource variables and bounds are defined

either on III year basis or on a'period babis. The coal
C:

and resource constraint~ are defined accordingly.

Fixed bounds arG defined by g:lving equll\l lower and,
;-~,

upper bounds in the input.

em ..
e:lOu••

PL••
PLU••

1?Iia
nUb

1?E1..
PE1UIII.

PO$p
RS• RSU•
GIC$p

GeE$p

Gt1.P

Generation va:riables and bOUllds

G~neration Output (GW)
[QOL$,J

1?umping Load (GW)
(PL'W$.l

l?owet Import (GW)
[PILipJ

Power Export (GW)
[l?E1J.J]••
Planned Outag'lS (pu)

Relaxation nf Spinning reserve . (G~n

Generation Commonequipment inliltallation
(pu)

Gener<:!ltion Ul'1:i,ta inEltallati0n (pu)
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ex.port
{interconnection ... )

y year

p period (including year index)

slice (inc:t&iCiillgyear and period indices)

5.3 Pefini tion Of Va~iables And BOtln~~

Some variable:s are used only for g~tUration exnansion
ti 1)

planning applications while other variables are only

used fol." production planning applications (rl!tfe~' to

Appendix 11.) "

In appendi* II~II l~he upper bound names are compcaed of

the variable name and tne latter ,1\1'. J...cwer bound

names are composed of the;: va:ciable name,.and the letter

'LI. :Bivalent bound names are oomposed of the variable

name and', the letter 'B'. ;Optional bounds a:ce indica.ted

by tJ.

In most cases the valueS! of. the bounds are giveln

directly in the input data. Othe~wilile the V&l.l\lEUl 6f

the bounds are calculated from l-',H!:l co~fficientfll (refer



- SOUlSvariabl.as, bounds and c'?eff:1.c;!.ents, which ~:t.y
apply to the eXPl\~rJ3.on plamning phase" of this

project, are tentatively included in this chapter but
~1

(~I\.l.,l..d"C,. rl'!lwiSiJedlate:t~ on,
Ii
if
/I

The indicu IlllUloc:iated with th$ variable. afid

constraint iii that were 'l;lllledin the definition 'of ths Ll?

solution a:t:e defined :1.:.'1this section. A va.:dabla lIlna

or a COlUltraint can have any of the indice1$ listed

fJclow lUll an index or combination of indicelll.

$ power source
(power station .•• l

# coal source or. in gentilral
any resource linked to a transport chsnneJ.
(inte:t:connected c:clllie:ry, open market,
water •.. )

lie other l'I!IliIOu:t:oenot: linked to a transport
channel
(it!lol.nt$d collier~' I nuclea:c' fuel, manpower,
finance, envirollmont ..• )

tr!lnl5port channel linldng coal SOUl'r.:e and pOWl!!l:t:
30urce; multiple. links between s"me eourou may bet
defined (conveyor belt, truclte ..,.)

i import"
(cogen~ration ... )



ITEMS REQUIRED

Year~ in study periodPeriods in yearPe~iod$ in study period
Slices in periodPower stations - inoludin;rimport and export
CollieriesResourcesConstraint~sConl'!ltraintsand variablesUnique values

MAXIMUM
.NUMBERREQU!RED

36
52

360
168
200

100
100

16000
32000
32000

360
3<S0

16000
32000
32000

SYSTEMIMPOSEDLIMITS
36

3';0
360
360
360

To facilitate extra-long~range generation expansion
planning an alternative version in which the maximum
number of years in a study period could be increased to

,;,

E'Oand the maximum number of pl:l~:iod~in a year could be
decreased to 36 was to be provided.

Speoial. Aspeots

Special modelling aspects that were considered,
~ the matrix partit:ioning of the p_6duction planning

system was to be implemented in the expansion
planning phase of this proje..::t.

~ fixed op~rating costs are not lit primary consideration
in production platl.ningand would onl.y be defined in
the expansion planning phase of this project.



6.1.1

The following is a listing of the differences bet'M~en
the old GEX programme and those of NewGexi

- c~libration of unit availability instead, of worst
case ec;ruations

- z-substitute formulation not used
- transport rr;at:esare defined between collieries and

stations instead of between stations
- choice between period ,rr year ec;ruationsand decision

Ii
variables fo:/:coal and other resources

- additional resource equations
- coal stockpiler modelling

(;'1,2 Dimensions

i.\
The limits required to enable adec;ruat& modell:Lng and
the hard lim~.ts imposed by the LP formulation are
listed.
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CHAPTER 6

6 FORMU~ATIONOF Tam PRODUCTION SCRmDULIN~SYSTEM

6.1 ~ene:ral

This chtlpter contains in a concise form all t:.he
necessary information about the L1?~formulation of tha
production scheduling sy cem of the NewGex model.
During the development of the Matrix Generator
Programme this chaptez' was continuously updated. The
deferent points covered in this chapter are,

- Differences in formulation to the old GEX model,
- Indices used in the formulae,
- Variables and bounds for the differSi'll;.;~spectsof

generation, coal and resOUrces,
- Definition of coefficients and related calcul~tions,
• Definition of generation, coal and resource

constraints,
- Finally, the establishing of the objective function

and the cost oontributions from generation, coal and
resources.



Matri~ Size Limit
The settings for the size of matrix can be dhangE\!d.

without much diffioulty provided. that the limits of

both MGGand Sci.oonio are not violated. The limits of

these two paokages are not more than 32 768 rows plus

columns plus ranges.

SOFTWARE
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5.4 Pr.oblems Encountered

The incremental approach was used in developing the

p.l:'ogramme.First the parameters we:t:'edefi:.ad and t.hen

each equation was implemented in turn. After that t a

series of simple tests' weze done t i .e. a simpl$ report

writer was used that just showed that the equations

were be;Lng satisfied. The l?R:tNTRANGEoption was not

considered at thi8 stage. Once all the equations had

been implemented the focus shifted to the report

writer.

5.4.1 obstacles in developing the r.eport writer.

It was with some relief that it. was found out that

Sciconic had the facility to caloulate the rf1.nges over

which a shadow price is effeotive. This howeVer did not

solve the whole problem. The only way that this

information could be obtained was to dump the

il'l.:eormation onto a flat file and read .it in as data.

This was all well and good until a redundant constraint

waS present and instead of a range being given,

"-INFINITYII (negative infii'lity) or lI'rINFINITYII

(pos1tive infinity) WaF.'given as the range. Extra

FORTRANcode had to be get"'.erated to solve this problem.

SOFTWARE
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IPRINTRANGEr enables one to do the ranging

matrix to ascert.ain over which ranges the

is effective. The output of Sciconic is stored ill

d:ile .Which can only be read by the compiled report
" \\

wdter. A $eparate report writer had to be developed to

proceEls this output.

5.3 The Report Writer

The report writer could only be written in FORTR..~,

illustl"ated. in appendix E. The commonblocks produced,

i:q the form of files I by both RONMGG and Soiconio had

to be included. By us:i.ng the common blooks the

necesfil""iY information regarding th," < optimised matrix
\ ~-

could be written out in any specified fobnat.
it \, ."..~\

Aooess to the ranges, over Which optimality was

aohieved, was a little more oomplioated,,, 'rpis W9S:/~<
'~:. , . .<J-;.~,-

achieved by printing the range$ to a data file ;;U1\:\ tt',"

file Was later opened in t.he report:

processed.

SOFTWARE
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The RtJ.NMGG,pommand was executed next which ohecked the
input format of" the MGGfile and produces the Matrix

Generator. It also sets out the format in which thEli

input data was to be proceased, illustl'frated in appendix

D. An additional set of files was cre~ted fOl: later

used in the report writer. The MGGfile being correct,

the MGCLcommand is executed to compile and lil1k the

ma.trix generator. Using the prescribed format RtJ.NMGwas

executed. The output :e:rom t:his operation produced the

matrix file; which standard IMl?SI format. 'this is the

file to be used by the optimiser.

5.2 The Optimiser ~ Soioo~io

sciconic is a separate mathematical programming packag'e

and need not be used in conneot.Ion wi th MGGprovided

that the input. format conforms to the 'MPSI fOJ:'mat

standard. By issuing a se~~j{J~of commands the mat:l:'ix is

loaded and optim,ised.

Two of the commands that may be used while running

Sciconic arE 'PRINTSOLN' and 'l?RINTRANGE'; The

, l?RINTSO'LNI I instruction enables one to view at the

solution and by specifying certain options one oan look

at specUic st;lotions of the matrix solution.

SOFTWARE



$-20

6. b\~1 (i) Energy export. lower bound

BUilL (e I y / (pJ ) [GWh]

tor aelocted power exports in each $elect~d ,);>(9r1od
and/or. year

PLWp * !: (PE •• 4 SWH.) ~ EEL ..p
liI.p

and/or
!: (PLWp * !: (PE .. * SWHII)) I:: EEL,},

Ps.Y s IllJil

Energy 1::. Energy ow do :J.,Ex ort~d Lower Eound~--------------~--------~--------------~_I--------~
The energy of a selectGd power export cannot:be lUll

than the en~rgy lower bound.

\
\



6.5.1 (h) E!nel:'gyexport uppel:'bound

lll:l!lU(e.,y, (pl) raWhJ

for :?Jelect~ci powelr EI:l<:portsill each selected pe-ried

!lnd/er ye!l:r

and/or
t (PLWp * t (PB .. * SWI-l.)) ::; EElU,y
PcY "IP

tWa energy uppel: bound.
\\



6.5.1 (g) Energy import lower bound

)IlIL, (i I Y I [pJ ) [GWhJ

for selected power import sources in each seleoted
period and/or year

and/or

T.he ene:.:-gyimported by tl llIeleot~¢lpower source cannot
be less than the ene~gy lower boYnd.



6.5.1 (f) Energy import upper bound

lll:tU (i,y, [1'J) [GWh]

fol:' selected power impol:'t sources >;.r.t each" selected
pe:t:iod and/oJ:' yeaJ:' ! ,: '

E/Qr
r.:::

1: (l?t,wp * t .(PIh * SW:rI.)) ~ Etuiy
PQY IlII!!P"

:: ..:: :::.:J
The ena:t'gy imported by a fldected power source" cannot

exceed the energy upper bound.
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6'.5.1 (e) Pumped storage balance

l?SE' ($ I Y,P) [OWh]

for \~ach pumped $\:orago st.ation

~he t9tal eUI"l;t'gyg'.;:-nerated by .che pumped storaSJe

station must ba equ~: to t.he total pumping 6111er91'

multiplied bj' ,the cycle effioiency plus the generation

eltergy &vdh.ble from the net water infJ,8w into the

upper :t::eservoir.

week.

The time span o~ this equation is one
(I

"
,\

rz:

li'ORMUl:IATtON
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The energy produced by a seleoted powar station cannot;

be lees than the "energy lower bound.

6.5.1 (d) Planned outage balance

l?Q13 ($ Iy) (puh)

il

fol:' sl'Illecteo. powe~~stat.ions in each select:)ed year
((

--"""'~su.m of. 1?er·j,Cd...'. . .'.Lengt:hs .
It ........... -J'

j /

:/
The weighted aW.lraga of the variable ~lanl"lE!ldcu!;!".~e

tTiust be equal to the ~ven,ge planl'leld outage.



6.5.1 (b) Generat.ion energy uppar bound!
GlEU ($d', (pJ) [GWhJ

for each hydro st.at.ionand for ot.her selected power
st.ations in each select;'"'Idperiod
and/or year

and/or

The energy produ¢ed by a selected ,POWGl"C station .can not
exceed the energy upper bound.

15.5.1 (0) Generation Energy Lower Eound

[GWh)

for selected power stations in each $elect.ed periOd
and/or year

and/or

m Energy', I! 1 '; ";. ----.---. ~..Glenerate;:......__ ~_~_6..;_; ..~y...E...jo....u_n_~.d......__ ...~.~_ ....."",.__.... .-1111



I,

the output generated at. all the power stations plus the

total power imported minus the energy reg:uired £0:1:

pumping at all thi? pump storage stations minus all the

power exported plu.s the relaxatiol1 on spinning reserve

must be eg:ual to the consumer demand.
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6.4.:2 .(b) Calculation of bound values

- Upper bound on generation output

GOO$. ... ADF $. * (1 - POR$p) * (:I. ~ FOR$p) * :I:GC~u..

- Opper bound on pumping load

PLOh .. ADF$8 'iI' (1 _. J?OR.~) * (1 - FOR$p) * Il?Ct/p

(;•5 :Odin! t::iox'l Of Const::rail'l.ts

Some constraints are US$d only for generation expansion

planning applicat.iol'lS while other oonstrdnts are only

used for produotion planning applications (refer to

Appendix A) •

(~
~ r
i I

I i
The cod and :t'9source oonstraintS3 cl:t'&dltfinedc !!!ithe~: on

\ ~,
a ,,{!lady buis or em It period bash. Coal and :t'eei'8uroe

va:t'iables and bounds are defined aCdordingly.

6.5.1

6,$.1 (a) Generation load balance

for each slice ill the st\.tdy

-_. : I
Generat:;i.on + Power - pumping - Power + Relax ... Demand.

Qutput Import LO!ld Export Spin.
Res.
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REF"p Resource efficiency (excluding
auxiliaries) (:reclourceunits / GlWh)

SWHII
SL:r:clli

Auxi1iary,resource consumption at noload (pu)
Slice width (hrs)
Initial stockpile level (Mt)

RI:(!:~ated calculations

(5.4:.:4 (a) Calculatiol'lof coefficients

- l\vailabi1ity derating faGtor
ADF$S • to be defined by the user of the system.

Heuristic methods to determine an app:r.op:date
availability derating factor would be fully eV'~*uated

\\in the testing phase of 'this pro:)ect . Fot the time
"

being this av&ilability deJ:'at.:i.ngfactor has beer

assumed to be equal to 1.

- Demand of consumers
DMCm .. load level in slice * weekly peak * annual peak



l?OR$p
QGO$p

Ql?I!P

Ql?EiIIP

QGCI/p

QGU$P

QCOilp
QCOlly

QSL,r.
QSl:tlly

QS!,p
QS!4Dy

QSOOp
QSO.y
QTXlIlpQTXlllly

peIup
QClj1y

QTlllllpQTI,.y
ORO,p
QRO,y

QRI,p
QR!,y

\J\

QR\":. \'f<p
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coefficient could be negative i~ the
water outflow exceeds water inflow.
The average planned outage rate used
in the planned outage balance equat;t:on
(pu)
The planned outage rate (puJ
Variable Operating &: Maintenance cost.
(Rm/GWh)
Power Import cost (Rm/GWh)
l?ower Export income (Rm/OWh)
Generation Common equipment cost ()
(Rm/GW)
Generation Unit cost (Rm/GW)

ifcolliery variable o~:tput cost (Rm/Ml{j7~,-=~c>,f'
{,

Stockpile levf?l cost (Rm/Mt)

81::001<pi1einput cost (Rm/t-1t)

Stockpile output cost (Rm/Mt)

Transport cost an channel (Rm/Mt)

colliery Installation co-st (Rm/Mt:)

Transpo:.~t Channel InstaJ.lation cost
(Rm/pul
Resouroe Output cost (Rm/pu)

Resouroe Insl::alJ.ationcast (Rm/pu)
\~\

Spinrling Reserve Re1a~ ftion OO$t
(Rm/p1.1) )i



AUX~p
(pu)

Availability derating factor (pu)
AuxiliClry coal consumption at no load

The calorific value of coal from
colliery # (TJ/Mt)

CVR.p
CVRtty

DMC.
EI<'F'$p

The calorific value reduction factor
f.rom st::.c16kpile® (pu)
Demand of consumers (GW)
Station efficiency (excluding
auxiliaries) or cycle efficiency for
pumped storage stations (pu)
Energy :I.mportuppez' bound (GWh)EltT,ip

EltT,iy
[I

EILiP
EILj,y

EETJsp
EEUsy

EELiIIP
EEL.y

FOR.$p

GEtT$p
GEtT$y

GEL$p
GEL$Y

IGC.$p

c.Energy imporl: lower bound (GWh)

Energy export up/per bound (GWl'l)

Energy export lower bound (GWh)

Forced outage rate (pu)
Generation energy upper bound (GWh)

Generation Energy lower bound (GWh}

Installed generation sent~out capacity
(GW), (excluding mothballed capacit:y
or reserve storage)

IPC$p
PIMp
PSI$p

Installed pumping capacity (GW)
Period length (weeks)
'rhe canergy which can be generat.ed from
the net wat'er inflow into the upper
reservoir in one week (GWh). This



Thoinnut .tructur.. andreport layout., illu.tr.t.~\ in
appendices nand F respectively. were deVelOpep."\",n

parallel veith the programming of tha fo:rmulae but w($l5;.'e
"customised to simplify inputting of data and ra.ading of,

reports. This included the presentation of sensitivity

analvG'i.i :data. In os~ablishing the input and, output.
\,

formats it wu necessa.ry tc.. keep in mitld that:. ila GB:l?

da.tabue would be uli1Eldin futurE! to cri\~te thlll relsvanl!,

inputs I and that at similar dm1:abl;\lu\would pOflu!!ibly

capture the output to en!lble ea.s.l.er complArisCJns 1:0 btl

per:f:ormed.

l'i'inal acceptance only
\

one..~ a
'I \\

1
thorousrh

evaluation of the production planning motlule ha.d psen
'\

performed. This required that tha cUst4mer test a
number of scenarios tf~ ensure that

problems and computer l'bugell had been removed. Thh

atep could have delayed the proj act a~ the \customer
\\

could not give the required attention tCl the ev~~\.'S\tion
'~,

of the programme. Fortun!1.tely! t:hel Product:.:l.on l?l~nn:i.n9'

and Inter.l"lal Tariff di v:ldon of 'I':ral(~m~.eil3i.on(:l~CIUPI

requir~d th6 use of NewGe:x:. This
'\

in ·thet

speeding up of the t~dGt.ion of the proj ect , In the

evaluation of NewGexa uumber of: requests were :reoeived



HC!Lvingad~~pt$d ..tn inoremental approach, it implied th'At

for each '~pecific stage of the production plannin~

proj eq,l.:., wo~k which had been completed was thoroughly
Ii \"teet:.eil b$for,~ proceeding fUrther. As a result of this

\J

met.hodology \mplemetJ.tation t~.me was l!J1.ilistantimlly

reduoed. Thls \was achieved by adopting t::he follo~ing

four steps in de.:veloping the computer algqrithml

- establishing the relevant: formulae,

:_lIetting 1.tl?the input IIItruoturr!is am.' layouts,
/,_. ..._ .... '

- I!:letting up the l"eporting structures, and

~ d.lltermining the correctness or c!\lculatiol1.S and

scceptance of I:he a_bove threat interface&!.

In til" formulation of the production plaxming section

of NawOex the formulae ut:.il:tsed were agreed to by the

customer, asp, before arty computer programming wam

undert!lken, In developing ',\:he prog~~mm~ a l1.urober of

test cues were compiled. t(')""ensure thmt each formuh.

implemented opGratead within the required l.imitatioms.

Thili!lwas carried cut IlIYll'ltematically to amam.re that no

anomalies occurred due

fOrml,l.l;l'Le.

to interactions



Establishing the user I I? reqt:lirementa and needs re'lfl'a'~~!$~~,

that the LP mt~dies performed by the customers,

PP&IT, fell broadly into tha follow,ing &reaeJ;

at) The evaluation of alte:m<$\tive production plans.

b) :e;gpansion pJ.an optimisation.

c) LongMl;ermbudget, e:x:ercisas.

[)

!n amalysing the requirements it b$oama 01$ar that the

model should be deV'dopl&d. incrl&l'lIent::.ally, allowing t~~

work.. achieved. at !.~each milelBtonltl to. be used as a

production tool. Thus it wart agreed I::h&t the production

plann.Lng function, alS the .)ltoet p:r.eseing l'l.eed, would be
()

the first increment to be dev$loped ell1.d.would earve as

tl!e<1 fOU1'l.dQtion 'lP01'l which the :I.·est of th~ Naw(illl:X:

fUnction would be built.

AS!a ruult, this raport hu !j):r.im6l.rilyfocused upon thti

P~Oduc~\ion planning section of the N'ewQe:x:proj act.
/ " ,_y
Hdwe~ .r I other requiremeants I formulae and reJ.ev·"'nt

aspe.cts deemed. l'leJcelllsary have been documented to

achd.eve a holiGltic vi.ew of the probl$m.
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CHAPTER 7

This rl!lport has documented the process of dev$lopil').~;

thai production planning element of the NawGex t.tinear

Programming (NLP) function. The usar's requirements,

for this section of the NLP function, have been

succesSlfully a.chitilved and th~ system j.ct currently. being

utilised by Generation Expansion Planning. Division

(GE:P)~nd Production Planning &: Internal Tariff (PP&lT)

OiV'ilBion within E:sx:om'sTransmissi.::m Group.

\

To eaU.bHsh an understanding of t.hs various

applications of Line41.r Programming (LP) a literature

Sl.\rvsy was carr.:!.ed out. This eXerc:j,se revealed the

history of L'!?and that LP had been put to use in Ehe

power utility industry, fo:l:.' modelling pUrpOlllt$lW,as

earl.y as the late lSlSOs, An overview of thh worlt was

conducced anQ. documented, by tha !l.1.l.thori forming the

ba~ili from which NewGexwas developed. This included a

thorough analysis of the axialting linear programming

function within E1f;kom,i. e. the t,P function "GEX".
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1,' Coal Costs
+ l: (QCOnp * COj~p) -~ !: (QCOjly * COlly)

• #
Colliery Variable 01.\tput cost

+ 1: (QClj/,p* CIIIP) 'I- !: (QCIlty* a;X#y)
# #

Colliery Installation cost
+ !: (QSL"p * SL"p) + 1: (QSL"y * SL"y)

III) C
Stockpile Level cost

"+ 1: (QSl.p * SIftIil.l +} (QS~pty* SXey)
III \III

Stockpile Input cost
+ !: (Q90"p * 80"p) + t (Q90"y * SO@y)
@ @

,'Stockpile Output cost
+ l: (QTX.p * :ro.p) + !: (QTXey * :rOey)c 0

Coal Transport cost on channel
+ !: (QT:.t.p* Z'X.p) + !: (QTtflY'* Z'Icty)C III)

Transport Channel Installation cost
o {J

Resource Variable Output cost
+ ~ (QRIli,p'I.- R.r~p) + !: (QRI"y * RXt.y)& &

Resource Installation cost
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6.6 Objective Function

The obj ecti ve function, needs to be minimised. All the

cost coefficients are named acco£'ding to the vaz-iables

al:'ld are preceded by the letter 1Q I. All the following

te.t:'ms in the objective funotion apply to all relevant

periods atjd years and are expressed,: ill millions of

Rand.

6.6.1 ,Generation Cost~

+ I: E {(:CO$P * PLWp * t (GC~$1iI * SWf.t,)}
PI!!'Y $ III E!P

Variable O&Mcost

+ t i: {QPIj,p * '~ \ * k (prill * SWE,) J
PcY i iii foP

Power Import cost

,~I: i: {QPEl"p * PLWp * t (PEu * SWH,)}
PIIIY It SliP

Power Export income

- i: {QRSp; * l?LWp * i: (t~s,* eWE.)}
:P,,:)" EI ,p

Relaxation of the spinning resel:'ve

'r ~~ 'Z (QGC$p '* GO$p)
PlI;J' ~.

Genl!lration Commonequipment cost

+ t l: (QGtr $p 'II' Gli$p)hY
Generation Unit cost



:Resource COrist:r;-ail1ts

6.5.3 (a) Resc)urce transfer balance

R,TS (lie, $,":1, [p]) lpuJ

for each selected resource
for each period in each year
or
for eaoh year

».. 4 (Go$1j * SWHs I Rt,F$p)
Ii! Ei!P

... PLWp * t" {SWH,I .~

I!I aP

,;

or
RO&y .• }: (PLW *): (GO$II * SWH, / 'REF$pl 1

PI!!Y p III q;P

Resouroe Suppliedto a power Station '" 0Resouroe and AuxiliaryRequirement at a
.~ __ u-~ ~ __p_o_w_erstation

Resouroe and al.lxiliaryrec;ruirementsat a power ii1Itation
must be equal to the resource supplied to the power
station.
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6.5.2 (0) Steckpile balance

fer each selected steckpile
fer each peried in each year
er

s:tfllP 'M $(J:Jip + :~:::::.,~ SLop .. 0 Jo~
SIIfl'j!. ~ S0lll!t + - SL~ .. 0

\\

C···Net Increase '* 0

.•.,.....~...~OiOe_~;;,;;~...p..i...l ..e ......t_· ~_t;....~...i~e_c_'k_p...i""'l....e ..,_j!

I'the st;pOipi:Le input:. miml.l!l the steckpile output must be

aqua! to tha increase in steckpile level.

Nete Fer the Unt pt!rilOder year the variable
SLI\II(P-l.l OJ:' SLIiI(Y'l.l is net. a variable but: a
cq$fficient (SLI.).



(5.5.:2 (b) Coal transfer balanc:l19

C'l'll (#,y, [p]) tMt]

for each coll.iery

for each period in each year

for each year

,-°4:__ :_: __::_-·_@_:_T_:_:_:_~._:__ ......~----,, .__ ,:_)_", ].,..._. ......J.

\\ ::
The cucput; of a coll.:l.ery must.be equal to the total

Ii coal transported from the colHery on three possible

channels to various stations.
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Illustration 6-1

COLLiERJS$:

'COLLfE$i.Y - TRAHSPOJtT -STOCKpj·1,.E '"G5H£RAT10H' - RESOURCE ...NETYlORK lLt.US-TffATtOtl'

'J"RAMSJ=ORT
CHAItt'ELS

Note: In a particular study the decision variables COr 'T'Or SI,SL,SO and RO will
ether all be defined per period or per year.
In the first case optional constraints are allowed to put upper and lowe bounds on
the aggregated annual output (1: COp <=> k ,C:::_iROp <=> k)



6-22

PLWp * E (GO$I) '/( SWH. I EFF$p)
s ep

+ l:(S l.,p * CVLjlP I 3. 6)
\lI)

M L (SO,.p * CVRIlIP * CV1'jIP I 3.6)
@

or

+ L (S loy * CVL#y I 3. 6 )
Qil,

- ~ (SO"y * CVRUy * CVL11y / 3.6)'
I/fI

= " E (PLWp * E (SWH. 'k AUX$p * !GC$p»PeY s~ ~ ~

Energy i"of CoalfromStockpile

Energy'l'ransportedto a
Power Station

EnergyRequirementincl. Aux.Power at apower Station

.. o
\'

The heat val~e of the energy required at a power
IIstation J.ncluding auxil..~a:l:'Ypower must be equal to the"

total heat valUe of the ene:l:'9'Yof the coal transported
over the different routes tl.)the power station and
taken from the stockpiles. The interrelationship
between").collieries I transport channels I stock.p:i.leeand
power stations is illustrated in Illustration 6-1.



5.5.2 Coal C!onl3tX'a~.nts

6.5.2 (a) Generation transfer balance

GTH ($,y, [pJ) [GWhJ

for each selected poweX' station
f'Or each period in each year
or
for each year



e ..
e ..
e ..
a ...
c .
S1'l'Y
c
coo.
c ..
e ..
c .
e .
c ..
e .
c .
c...
c••
S1'1'P

C

C-6

u.s stOCKPILE INPUT LOWER SOUND (SILl
U .. G STOeKPILlE INPU'1.'COST (QSI)
U,,'1 STOCKpXT.lE OUTPUT tiPPER BOUND (SOtI)
u.s STOCKPILE OtrrPUT LOWER BOUND (SOL)u.g STOCKPILE OUTPUT COST (QSO)

(C,a,Y,UJ (2X,r6.4)

s'rPP *** S'!'OCI(PILEPn:RJ:OPPAT1\.***
U.l $'rocI{Pltlt LEVEL UPPER BOUND (SLU)
U..2 STOCKPILE L~\~L LOWER BOUND(SLL)
U..J STOCKPILE LEvmL COST (Qst)
U.4 S1'OCK~ILE INPUT UPPER BOUND (SIU)
u..~ STOCKPILE XNPUT LOWER BOUND (SIt)u.s SToeRPXtE rNPUT COST (QSl)
U.7 STOCKPILE OUTPUT UPPER BOUND (SOU)u-a STOCKPILE OUTPUT LOWUR FOUND (SOL)
Ud STOCKPILll: OUTPUT COST IQ.!IO)

(C,a,Y/P,uJ (~X,F6,4)

"..C....
RlllSG

CC....ew.
e..•c...nosy
C

nn:sa *'I<~.RS:SOUClllalll.NERAL DA'l \. ***
J-1

(l~,J) (2X,.I\4)

RIU1Y **.. Rll:SOUClllYlllARDA'l'A u."
L.l RlllSOURcm OUTPUT uppmR SCT~
L.2 RESOURcm OUTPUT LOWER sOtiNo
t-3 RmSOUl~cm OUTPUT COST (QRO)

CR, Y, L) (!aX,IN&' 4)

mom
(ROL)

0.. R!~P *** RISOUe! PIRIOD DATA ***
e~. L-1 RmSOURClll OUTPUT UPPER mOUND (ROU)
Cn L..2 MSOtTl<Cl1OTJTPtrrt.OWll:RBOUND (ROL)
Co<:' L .. 3 RESOURClt OU1'PUT COST (QROI
f{ll:SP (I>. Y,P I L) (:lX, Jl'6 .4)

C .
-C**It **~**1*** t*"***2**~'******3 ***w****** **~** ****** ** kit **id, **It,,* *1·.
C
IN'l'n:RNAi< VALUES
C
C
C *****,,****
C CALCULATD: tlll:MANO !N S:V1CU: AND SLICn: W!D'rn
C
C SW!i *** WIDTH 011'SLtCIt***
SWI{ (Y,P,S)

C
C DMOS *Wit Dll:MANO Oil' CONStlMER"'**
OMCS (Y, p, S 1

C
C
C
C
PLW

C
C
C
C
C
C
C

PLW *** PIl:R:tODLENGTH Wl£B:KS***
K .. 1 I PLii
K .. :c I Tl1m SUM or smi IN PllRIOO

(,{, P, K)

*** PART or COlU·P'ICl'!!:N7.' "PO:.!"
..H Pu\NNU:D OUTMlll SAr..ANCll! CONS'1'RIlI~

SUMOT') COJtll'J.l'ICINT "!\" Pt I:lltNSr.A1l'ION ..h
'l'AANS'n~ T:IALANcl: a9NSTIt',IN'l' ** II

*w*
twit

APPlllNO;CX C



TCXG
C
C....
C....
c••
C.. ,~
l'CXY

C
C
C....
c...
e...
c••
'I'ClP

C
C······
c·",
c...
TC¥G

Cc••
c...c·.c••
rew
c
e
e....

/ c...
e••
c...
Tey!?
c

(C,J) (2X,l.\'!i.'l)

TeX'l *** TRAN£;PORT ON CHANNJl:L 'X' 'lEAR DA'rA ***
L .. l 'l'RANSPOR'l' Cr:J.INNEI.. 'X' trPP:l!:~ BOUNO ('l'XU)
t".2 TRANSPOR'.l' CHANNItl! '~' LOWll:R BOUND (Txt)
t..3 TltANSIlOll.T CoST ON CflANN'lllt. (Q'l'X)

(C,G,1,L) (2X,l.\'G.4)

TCXP *** TRANSPORT ON CHANNJJ:L 'X' Pll:R!OD DATA ***
r.. .. l TP,ANSP01'l.'l' CHANNJl:L 'x' UPPER BOUND (TXU)
L .. 2 TAANSPORT CHANN!l:L 'X' LOW:O:RBOUND ('rXLl
L..3 'IRANSPORT COST ON CHANNn:L (QTXl

(C,G,1,9,L) (2X,l.\'G,4)

*** TRANSPORT ON CHANNJr.I, '1' GIl1NERAL DATA ***

TC'!'! *** TRANSPORT ON CHANNJl:L ''l' 'ill:All. DATA ***
1..1 TRANSPORT CI11lN'NJl:r, '\" U1?PlllR nOOND ('I'm)
L.2 'l'PANSPORT CHANNll:L ''i' LOWll:R BOUNO(T'iL)
7..",3. TRANSPORT COST ON CHANNIl:L (QT'l)

(C,G,'i,L) (21,'6.4) ((
II

TC'.'];, ** *, '.RANSPORT ON el-lANNll:r.. 'Y' PIl:tUOn DATA ***
L .. l 'rlUlNSlPORT CfIAmTll!L '';l' UPPB:R aOUND (·1."lU)
L"2 TRANSPORT Cl-lANNn:r, ' 'i' t"OWll:R £\OUNO (T'lL)
L.3 TRANSPORT COS'!.' (J~: CHANNn:L QKT1)

(C,G,Y,J?,t..j (2X,.l.\'Ei.4.'

(OJ c _",. · · · __•• ' · · "" · lIt ..

e... TCItG ** 'L'RANSlPOR'l.' l:lN CHAN~~L '2' GlIlNB:RAL OATA ***
J..:t.

(C,J)
c••
'rCZG
c
C....
c...
c...
e••
TC2Y

C
c

(:aX,FIS.4)

Ten 'It*' 'l'RANSl?OR'l' ON C~ll:L 'Z' YEAR PATA '***
L.. l TRANSPORT r.l-mNNJl:L '1:1' 'UPl?lllR mOUND \'l'Iml,
L .. 2 ~rRANSPORT CI-mNNll:L 'Z' t,OWll:J.t aOOND ('l'ZL).'
1.>03 TRANSPORT COS'l' ON CHANNlIl1. (QTZ)

(C,G,'.I',XO) (2X,ll'G.4)

TCZl? *** TRANSPORT ON C~B:L 'Z' PlllR!OD DATA ***
t. .. l 'l'RANSPOR'l' CIlANNlllt. 'Z' UPPlllR IiOfJt'jO ('rzl,fj
1.-2 TRANS]ilOR'1' CliANNll:L 'Z' LOW~R SOUND (TZLl
r,..3 TRANSPORT CClST ON eHANNlIiL (Q'r2)

(C,CI,'\;'.li',t.) (2X,ll'1S.41

C..•
c·..•
C ..
e .
TCZl?e .

C····-"--~···-···..·······-········-···········"·······••..••.••••...
C..... s'rPG *** STOCKPtLll: Clll:l'lll:RAL 1::ATA ***
e.. ,f",1 INITIAL STOCKPIL~ r..B:Vllil:. (SL:tl
STPG (C.G,J) (2X,).I'15.4)

C
en S'1'Ii''f *** STOC1{PILa: yltAR DATA *n
C.. U.1 STOCKPILlll LlI:V!L Ul?Pll:R mOUND (St.U)
C .. ,. U.. :I I3TOCRl?ILll: LltVII:L LOWll'R SOUND (SLI,)c... U-3 STOCKPILll: LB:VlllL COST (QSL)e... U.. 4 STOeJ(P.tI,!l; INPU'l' UPPJl:R 1l0t1ND (SIU')

APPlll1mtx C!



c••
e...
PIMY
e
c...
e••
C;! ••
e....
c••
C"' ..
PIMl?

C
c

C-4

K-1 ENERGY IMPORT UPPER BOUNO
K-2 ENERGY IMPORT LOWER BOUND

(t,Y,K) (2X,FG.4)

(EW) (GWH)
(lULl (GWH)

PIMP t** POWER IMl'OR'!,PERIOD DATA ..**
N-1 powmR IMPORT UPPER BOUND (P!U)
N.2 POWER IMPORT LOWER BOUND (PIL)
N-3 COST OF POWER IMPORT (QP!)
N.4 ENERGY IMPORT UPPERlilOUNP (EIU) taWli)
N-S ENERCY IMPORT LOWER BOUND (ElL) (OWH)

II,Y,P,N) (2X,FG.4)

c
e .
e ..
l?EXG

C
C
Ct.
c....
a.1It
PlllX'{

Ce ..
e ..
C .c·.C....
C••
PlllXP
c
C
~C**.*'* ••1~*******ta**.****.t3.** ••********t**********tAt* ••• t •• t
e.... COLO *~* COLl.lI1lRYOIllNlllAALPN!'A *It'llc... J..l.
COLa (C,J) (2X,J.1'G.4)

C
C...
c ..
C ..
c...
c...
e....
COLY

C
C
c••
c••
e/ .•
CII.
0...
e....
COLP
c
C

PEXO *'I!'k POWIllREXPORT an:NERAL OATA ***
.;r"l.

(E,J) (2X/FIS.4)

PI1lXY wIt POWER EXPORT YEAR OATA *t*
1(.. 1 ENIIlRGYEXPORT UPPJl:RLlOIiND (Illn:U)(OWln
.1(-2lllNlllRGYEXPORT LOWEn SOt1ND (Il!ll:L) (OWH)

(~,YtKI (2X,FG.4)
PIX!? *** POWn:R EXPORT PElrtOO !lATA ***
'1'-1 POWER n:XPO~T UPPER BOUND (PJl:O)
'1.'.2 POWil!REXPOR'l1LOWER BOUNP (PEL)
'1'-3 COST OF POWll:RIl!XPORT (QPE)
1'-7 U:NlIlRG1D:XPOR'!'UPPER BOUND (1llIl:U)(GWHl
T.a ENERGY EXPORT LOWER BOUND (n:ELi (OWH)

(IIl,Y/P,T) (2X,l)'15.4)

COLY **w COLLIIl:RY yn:AR PATA I*~
M.l COliC.:r.Il:RYOUTPUT UP.PltR i30UN'D (COU)
N-2 COl.LXU:RY OUTPUT LowmR BOUND (COL)
N*~ COLLln:RY OUTPUT COST (QCO)
N-4 CALORIFIC VALUlIl (CVL) (MJ/KG)
N.:S CVR

(C,Y,N) (2X,FG.4)

COLP *** COLLIERY PER tOO DATA t**
NOll C'OLL:tltRYOUT1'UT UPPll:RBOUND (COU)
:".. 2 COLt.Ill:R'..!OU'l'Pl1l'LOWn:R BOUND (COL)N-3 COLLIll:RY OUTPUT COST (QCO)
N-4 CALORIFIC VALun: (CVL) (MJ/I(Gl
MooS CIffi

(C,Y/P,N) (2X,F6.4)

c~. TCXO *** TRANSPORT ON CHANNEL 'X' GENll!RAL DATA ***

APl?lllNDIX C



C ..
C ..
e ..
9YS'l

C
C

Ca.
SYS)?

C

\ ,.-

SYSY *** S';{STIl:MYEAR Dt\'l'A.***
K.l THE LOAD PEAK FOR THE 'tEAR (1311)
1<.2 THE WEn:KLY MAXIMA CtmVll:

(Y,K) (2)(,)]6.4)

BYSP *** SYSTEM PERIOD DATA ***ad TilE LOAD DURATION Ct1RVn:NUMBER
(Y,P.J) 12X,'S.4)

c
c.."c....
c....
c....
e...
c....
e...
c....
c·.
e••e·.
c....
STAG

C
C
c••e··a••
e••
STAY
ce••
c...
c...
c..'"c...
c...
a••
e••
e••
e-.c' c...
c...
ew.
e••
a....
a••
e....
C..a
STAP
e

STAG *** STATION GENERAL DATA ***
r.,-l 'l'YPEOF S'l'A'rION(USED lOY GlilNERA'.r:tONREDUCTl:ON EQUATION)

1··2 NO GENEAA1'XON REDUCTION
3- .~. ~ENERATION REDUCTION
3 .. HYDRO
4 • PUMPED STORAGE

L.2 PLANNED OR EXISTING STATIONo. lllXISTING
1.. PEAK pLANNED
t. J3ASll\PLANNED
3.. PLANNED PUMP STORAGll! (NS )]ORan:'!'TO Ol?JJATn::CPC :tN STAP INFO)

L.3 Dl]OR (Pn:FERRED FORCED OUTAGE RATn:)
(G,t.) (2X,l!'~,4)

STAY *** STATION YEAR DA,!'A***
Lool. GENlllR.4.'l'rONll:Nl£ROY UPPER 130lJNO !Gll:O) (OWH)
L.~ .~n:~n:R~TIONENERGY town:n SOUND (OEL) (OWH)
twa PL1~Nn:D OUTAG~ ~Tll: (PCR,Y)

(O,Y,L) (2X,).1'G.4)

STA? *** STATION PERIOD DATA ***
'11.. 1 <lll:NJrt<A'l''I;Qj)jLOI~B:R J30tlND (ClOL)
'11.2 COST OF Oll:Nll:t<ATION(RQO)

ENTER SMALL DIFJ.I'ElU:NCESIN cosr FOR HYDRO, PUMP ST
TO UTItISn: FUNCT~ON VAR1!)

V.l :tNSTAr..LIl:DGn:Nt:RA'l'iONCAl'ACITY o;ac) (aW)
'11-4 PLANED OUTAGE RATn: (POR)
V.! FORCED OOTAGlll:RATE (FOR)
V..iIi GlIl!NERATIONlllNlllRQYtJPl?O:R BOUND IGO:U) (GWfI)
V-7 GIl!NlllRATIONltNERGY LONER SOUND (C'iln:L)(GWJo!)
'II-a STA,!'ION !l:FJ.l'ICJ:JllNey (OFF)
'11.9 R~souncn: EWFICrENCY (nn:F)
'1-:1.0 AUX1'LIARY CO]~ eONa'fJt~l?'rION (AUX)
'11-11AUXILIARY Rll!SOURe~ CONSUMPTION (nnx)
'11.12PUMPING LOAP LOWER SOUND (PtL)
'11-13 IN3TALLll:O PUMPING CAPACITY (GW)
'11.. 1.4 PtJMPSTOAAGll: INFLOW (PSI) (GNHl
V-15 lNSTALLAT10N COS'!'0].1'PLANNll:P s'rA't'XON(GOP) (Rm)

lO,'I,P,V) (2X,F6.4)

ee••
C...
PIMG

PlMG *** PO~IItR :tMJ:lORT Gll:Nn:ru\L OM'A *"*
.1..1

II,J) (2X,F6,4)
c
c
e.... P:tMl' *** POWER IMPORT l'ltAR DATA j,*'/r



N NI~
C

C 'l:'HENUMBE:R O.F YEARS IN '.l'IUSS'.l'UDY
'{ NY MAXY 10

C
C THE NUMflER OF PERIODS IN '.l'IUSSTUDY

:;> 1'11' MAXp 10
CP 1'11' MAJ{P 52
C
C 'rH:a:NUMBER OF SLICES 1.1'1 TRlS STOPY
CS NS M1I:JtI:l :to
S NS MAXS 50

CS NS l1AXS 100
C
C THillNUMBn:R OF POWER S'l'A'l'lONS
CO NG MAXa 10
0 NO MAXG 22

CG Nel MAXG 100
0
C THE NUMBER Oll'COLI,:rn:R:tES
C NC MAXC 10

CC NC MAXC 50
C
C TH~~ NUMBER Ol" POWER IMPOR'r ROUTES
I NI MAXI 10 "~

CI Nt MAX! 52
C
C THll:NUMBl5R OF pOWll:R l'Cl{pOR'.l'ROU'.!'lilS :.:.::

ll: Nit MAXE 10
en: Nll: Mrum 52
c
C 'tHE !.'lUMBEROl" Rll:SOUltCms
OR NR MA.lCR 52
It 1'19 l1AXR 10

C
CC********1******.**2*********3***********************.ttl.tttttt.
C
WX'1"ll:P.NALVAL'(lJl;S
C
C
C

LOC '**1 T~OAD DURA,!'ION CURVll:S kH

L..l THE NUMBll:R OF HOUP.9 Pll:RSLICll: ··(SWH,S)
L ..2 Tall:L01\O NJ:R S1..1CI£•• (PER UNt'.rOF WEltKtN MAX DltM1\Nl.l)
L..'l DrOR FACTOR

{P,S,L) (2X,ll'IS.II)

c...
C .
c .
c...
LDC

C
Cc... WMC *H W:a:ll:l{LYMAX1MA CURVES *t.
C-'1\ K ..1 TRill PERIOP r.ENGTJ{ IN WEEKS ." (Pt.wI Pl
C.. K ..2 TRW LOAD pmR PERIOD -. (P~R UN!T OF ANNUAt MAX Dll:MAND)
WMC (W,P,I<) (2X,FG.II)

C

C'
c.. sysa SYSTEM OENERAL DATA
SYSO (I{) (:.:X, FB.;I)

c:
C

APPENDIX (~
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APPENDIX C
o

MGG SOUR-ell: CODE

This appendix provides an example of the source code

which serves as .Lnput; to the Matr;i.x Genera.tor Generator

and which is then converted FOR'l'RANcode i"for the Matrix

Generator.

C FILm NAME souro~.Mgg
C THIS l"ILli:HA~, ..Jl:ENDESlGlNll!DFOR TWO S'l'tlPlES
C AND WAS CRll!ATll:OON 2 MAY 1990 * UPDATE: 14/5/9~

.,C THE S1:mROUTINE SLICED IS US~~D TO GET TH)l: Dll:MANDDATA
'<t:* **..,,***1** *'"*** **2" ***"" .."*3 w *"..*t **..*..""***t***" 11.,.. *H," ~""" ****
,,(1 )

NOl'ATlONC .
0.*******1*********2**1******3***********************************
C
SWJ.1'J:Cll:SC••••• '*1lf

C 'iJATASUFFIX FROM 1 '1'0 ::.
J NJ MAJl.J 1

C
C Dl\TA SUll'FIX tROM :\.TO 2
r< Nl<: MAXK :iI

11 ~' DATA SUFFIli FROH :1. TO 3
t, NL MAXt. 3

'.::::::::: d
C DATA SUFFIX FROM 1 TO '"~I NM MMM '"C
C r, DATA SUll'J.1'!X FROM 1 TO '3
N 'N!'l MAXN 5

C
C (' PAT;, SUFFIX FROM :t TO a
T wr MAXT B

o
a DATA Sl!ill'F:t:X FROM 3. TO 9
U NV MAXU 9

",0
,C 'DATA SUWFIX }'ROM :1. ro lS
v NV ',' NltXV :1.S
c
r, DATA SUF, '.X FROM :1. 'EO 52 (l)'O~ WMC)

1\.PPIllNDXX C
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APPENDIX 13

'l'tl?ll1OJ!' GENlJjRA'l'ION E:8;PANS;rON S'l'UlJIES

50 year expansion plan
20 YE:lStrexpansion plan
plant mix
IJSM
marginal cost

tariff structure
design optimization

Lnt e.roonnecc i.en
fo.reigl'lutilities
plant design improvements
availabili:!z.;1'imp:)."ovements
:teliabilit.y

evaluation
optimal target.

plant refu:rbisl';uent;& deoommissioning
excess plant management

oanoellation I delay options of pll;;.ntunder
oonstruction
reserV'e sturag~;
n·uthballing I ~~e~actj,vating

case studies
eduoation
testing of new ~odels

long~term budget I produotion planning
audit of other studies
sensitivity analysis
unoerte.inty analysis



, -
.............................. - - ),"_ "" - -_.,," - - -_ _ ';'e'~";''''''' "" , :-- - ...

RESOURCE CONS~RAINTS

- PRODUCTION SCHEDULING

R~!:l & $ yip pu G/p R"SOUl:'(J~i'Tl:'anster SalaMa *
kRO-Cllt9" .. k

- .. - _ ,. - _ .;.. 3"'" '" .,. "!: - ,.", _ ,

Oll.:t Rm G/p O]3Jeot.Lve functi"~\
ClkGo+ekPI.ClkrE+ClkG~~akGu+
OkCO+Ok$L+OkSI+Cl~fo?O+ClkCX~
OkTX+Clk~t+ClkTZ+OkTI+
ClkRO+OkR:t

0']3
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RESOURCE V~~X~BLES
RO & yip pu t1{L] G/t? Resource Output
RX .. yip Pit BV G Resource Inst.p.llation
RR .. 'lIp pu BV G RElSoUrce RetiZ'emelll:

------------~--------------------------------------.-----------------~

No'rES

REFERENCE TABLE I C;:ONS'l'AA:tN'l'S.OF THE NEWGEX Ll? MObEL (PRODUC'l'ION SCHEDULINCl)

(:for, abbreviat:l.on.'3 see App. A)

k positive co~ffioient
Cl summat;l.!;ln (alt~22B)

dHferentutj,on (a1t·2:55)

NAMJJ: :tNDICES

GENE!i'l'.'l'IONCONSTAA'IN'l'S

- PRODUCTION SCHJJ:bULtlllO

GLS yp iii OW Glt?

"lEU,$ y\p GWn GIP

GEL :;; y\p GWn Glp

POB :;; Y pUh G
;/

P3B $ '1P &Wl'i GIl?,

m:ru i y\p OWh OIl?

;:m:rr. i y\p OWn GIl?

Emt)' e y\~ OWn GIl?

Elll.L e y\p OWh OIl?

* variable not de:('ined in old OEX'.
\ and/ol;"
I or

DE)SCRlPTION
EQUATION ll'OR

OLl:)
GEX

Genera.tiotl toad Balance
Mo ..6PI-oPL-ol?E " k
Generation lllni)rgy Upper bound
ekOO <_ k.
Generation Energy Lower 'pound.
dkGO >.. k
Planned Outage Balanc~
dkl?O _ k
Pumped Storage Balance
¢~GCHlkl?L .. Jc
Energy Import Upper bound
dkPI <* k
Ellergy Import Low!:!):;'bound
Ok.P:( >- k
Energy EXP6rt Upper bound
&l?ll: < .. k
Energy mxport Lower bound
Ok)?!!:>- k

MEl

Hi

til

P4

tl.

L2

*
*

GTS:;; yIp Ol'lh olp
c~n j~ v/»
sPS It $ ylr'

Mt. G/p

Mt: p

Qenlllre.i;ion 'I'rllnsfa):;' BlllllllC\!I
I3k.ClO-ClK'l'X-dk'l'Y-OkTz+Oksr;'dkSO .. ·k
COlII.l'fransfer Ba3,artcl!I
CO·dTX-dTY·~TZ • 0
Stockpile Balance
ax-so"_st ..0

'l'R

COP

*
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wm:CES

(power st"lt.ion...J
(interconnected colliery, op~n-matket .••)
(nuclear £uel, manpower, finance, envircnment ••• J
(cogeneration ...J
(interconnection •..)

$ power
# coal source
& other resource
i import
e export
'I year
l? period
s slice

MBREVIAT!ONS NOTES

BV Bivalent Variable * variable not deHned in old GEX
U Upper limit \ and lor
1. Lower limi.t I or.'
G Gen. exp , planninf'[&ppl:l.qatir;m [l optional
P production planning application

NAME INPlCES UNIT BNDS APP PESC~IPTION OLD
GEX

GENlllltA'l'l:C>N VAR:t,~:aLES
GO $ 'I P s OW
PI. $ Y P s OW
PI i 'I P s em
FE e 'I P s OW
PO $ 'I P pu

U[t)
tI (tJ
uIt]
tIltl

O/p
Glp
O/p
Glp
G

Generation output
pumping Load
pqwer :Lmport
Power ExpoJ:'t
P:I.llnn,~dout ago

OE
l?tI
LN
*

de :;; 'I p
GU $ 'I l'
GR $ 'I p

pu BV G Gen'lration Common equipment installation BE
l'u lov G Gene.:ation Unit"' installation as

'>J?U BV G Gendration Retirement: *
COAt. VAR:tABtESl
CO # yip Mt u[t] alP Colliel.,,!Output cpO
'l'X # $ 'lIp Me Cu[L) IJ/p 'rl:anaporton C.ihannelX U
'l'1 # I;l yip Mt [U[L) Glp l'ransport on channa' y V
'l'Z # $ yIp Mt [0[1.] G/p Transport on ohannel Z W
sx. if $ yip Mt (OCt.] l? Stockpile Level at: end of pedod 01: year ..
sx II $ yip Mt !Uil,oJ l? Stockpile Ill)?ut *
SO # $ y/?? Mt rU[t) P Stockpile Output *cx jl yip pu BV G ColUi:Il:Y Installation CFC
CR 11 yIp }.Ju BV G Collhry Retirement *
'II jf $ yIp pu BV CI 'l'J:'anSlportohannel Installation R
'In 11 $ yip pu BV G Transport channel Retirement *



- Finally the importance of the st.at ement; IIGarbage tn..;

garbag'~ put' {(~(tGO)II is particularly :relevant::' In. this

type of model.
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to enhance certain aspecca of the programme improving

the validity and value of the final product.

o
As part;. of the final pzroduct; documentation was provided

to facilitate the use of NewGex. This consisted of a

simple step by step l?rijduction l?lanning

Gu.ide and was compiled by B van SchalkwYk,

Operating
/"

a fellpw

member of Information Technology - Integrated Connected

Systems (Appendix G) .

To conclude this document a number of important

observations were made;

\\
~ .\

- It is important to mak(~the input data as accurath as

possible,

- It is necessary to have an adequate understanding of

the formulae employed and how accuxat.e ly they model

reality is essential,

- 1#! is realised that the final answer of a Hnear

progriSl-mmingmodel has to be understqod in relation to

Ltis sensitivity to 'lnc.nges Which could OCCUJ; I



O~4 • STAP(G,Y,P,7)
c
c
C II. Ylmltoms. STAY(G,Y,2)
cC**I**II*l,I********2*********3***.**********~I******11*.I**tl.ll.C.,............. SECTION 5.1.. <1
C CO~~FICIENTS Fon P4~~EO OUTAGE ~ALANCE
C

POl. PLW(Y,P,l!
c
c

P02 • STAY1G,Y,3) * SUMJilLW1Y)

C**.t**.*11** •••*w*2'1*.***~'3***********.******~.*.***t*.tt •••I.C•••••••••• smCTION 5.1.5
C COl11Fl1'ICXl!lN'!'S ton PtiMPEO STOl'lAGE BAL1INC}l)EQUATIONS
C

C
PSl .. SWH(Y, P,Sl

PS2 J :tW!ilY,P,S)
1J:FF

'1!t'AP ca, »,», S)

c
C J.\NOtiNTOF WA'J:'lilR EXPl'lESSEO IN OW}! THAT FLOWED OUT
C PSo,P

PS3 .. STAP{G,Y,P,14)
CC********1**.******2*.' •••***3*******************.**** ••1••••'.1*c.~w•••••••SECTION $.1.6
C COlll11'l)':tC:tn:NTS 11'0R ll:NB:RGY IMPORT UPPlllR aoONO
c
~ *~* PERXOO

1ll:t2 • DIMP(I,Y,P,41

C
C
C *** YEAR

llltS • P!MY(I,Y,l)
c
C********1***·*****2*********3**·····****··******·***************C•••••••••• Sn:CTION 5.1.7
C COIl:Fll'Icrn::rrs S'OR Jl:Nll:RG"{ !Ml?OR'l' r,OWltR l»OtlNO
C
C ••• PlllRIOO

mX4 .. PIMP(I,~,P,S)
CC Itt YEAR

lllIS • PIMY{I,Y,2l
C n

0*··*·***1**··***··2·******··3***·**···*···******····· •••****••*.c.................. SII:C'i':tONr:; .1. e
C COllll!'ll'tcXttNTSFOR IXNl1:1~GYlllXPORT Ul?pmR lilCUNO
c
c ..H P;;:ltI'OO

ll:lll~ • pn:XP{ll:/Y,P/4)
c

Em1 • PLW(Y,l?,l) * SWH1Y,l?,Sl
c
cC tt. ymAR

AEPl!lll'tPIX C
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c
C STOCKPILE OUTPUT COST
C *** PERIODOSO* STPP(C,G,Y,P,9)
C *** YEARQOY. STPY(C,G,Y,9l
cC·~-···-········
C COAL TRANSPORT COST
C h* PERrOD

QTX. TCXP(C,G,Y,P,3)
C .w* YIllAR

OXY- TCXY(C,G,Y,S)
COAT. 'rMNSl?Ol'l.TCOS'.(' ON CHANNll:L "Y"

VI** PERIOD
QT1- TCYl?(C,O,Y,P,3)

*** 'lIARQY1- ~CYY(C,G,1/3)
,\
',}C

C
C

a::mt. TMN'Sl?ORT COST ON CHtlNNlllt,"Z"
Hit PERIOD

QTZ .. ).'C13P(C,G,Y,P,3)
*** YEAA

QtY .. 'rczY (C, Q. Y, ~l
c
Cc _ · " '.- ' ' ~ -., ..- ...
c.... r<r................ ~n._-rI'~N 6 13
C *** RESOfJRClt COSTS *~*
C R!i.SOtJRCn:VAR!ASLft OUTPUT COS~'
C **1 PERrOpORO. RESP(R,Y,P,3)
C *w* YEAR

QRY. R)j:SY(R,'{,3)
c
C ~
C****',w ,HI1******** *2 **,\*'t>l'***3!,'\~******* ,~***,)* ** * * ********II****~**
c••• w •••• s. SmCTION S.l,l
C NlllGAWA'r'r laAL1INCl$ EQUATION
C

c
CC******'*1*w*.t*.*I~.****I**·3*··******·k*** ••,•••••• ****** ••••**C•••••••••• amCTION $.1.2
c COlllFFIClm~~s rop omNER~TXON ENn:RO¥ up~mR SOUNDS
c
C ** * pmltloli~'am2 ..STAP(O,'{,P,G)
c

au::t. .. ),)J:,.W(Y,i',1) * SWI-!(Y,P,SJ
c
C
{: H. '{mAR

Qm~ • STA,{(G,Y,l\
c
C****'It **'1 *w***•• '*:F',~****'*"'3 wtt ~**.**~,****tl*t ******* ... ***"' •• *'"c SmC'l'IOu'!S.1,,3
C com))'J.I'!(,;IO:N',l'S l1'C)R Clll:NIllRATl:ON D:Nll:RG'lLOWltR laOUNOSC .,

C *** l?ll:lUOn



* RTSY '***RRGGY' NOT ~~ (R~9S~N() ,~Q.0.)
ROY (1<, ~'l ~ SliM (J?,l;l) R'l'2 * 00 (Cl,Y I Jil, S) •mo. RT4

FOR ALL 'I
FOR ALL G
FOft ALL I<
CC
C ,..IIC IfI ~ ..U _.' ••

cC****.***1**.***.**2*.**.****3 ••••••••••••••••••• *** •• tt*tttl ••••
C
1l:t,lllMttN'l'$1
C
C·····**·1···****·12··****··*I*******tt •• ********** •••***** ••**••
C
C OSJttC'l'IVn:FUNCTION
C~•••••_.M........ smCTION 6.1
C ••• COST OF On:NltRA'l'XNG t.t
C VA~XABLn: O&M COSTS

QGO ..filLIit(':{, 1", 1.) ISTA!? (GI, v, P ,2) *ilWlr('i I P, 8) "'VARl (0
C
C VMI.MLiI O&M 'o!,OSl'tS FOI< PiJ1.1PING, Of)' PS StATIONI'l

QJ?L_PLW[y,P,l)IS'l'Ay(~,y,J?,lS)ISWH(y,P,S)~VAnl()
C
C
C P.OWll!RIMPORT COST

Qn.. PLW(Y,P,l),.* P:t;MP(G,Y,P,3) I SWH(Y,P,.~)
c
C pown:n n:XPORT RUvlt~

Ql?n:..l?LW(Y,l?,l) * PIlIXt'CG"Y,l?,3)'" SWl{('i;!>,SIl
c
C·.•. ~W~.~-~-~.•_~._•..•.~•.._••~..••W~.~.YM.~.•~~••••~•..M._~~_
C l?111NNRD llI'l'A'l':tONCOST
.'. OUX .. SYSGI (1)

Q"~"'''''''''''''''''''''''''''''''''''''''''''''''' " .." ....... oN""........... "";00" fIOJ"' ............ .,. ..... .;,. "'".oil >II! .. __ ........... ""''''

C P~NmD STATION COST
GUY .. S':l1ll0{2lc ~ ' - "~ ~~ -.~ ~.-~ ~..

C l?LANNID PmAK STATION AVAILADILrTY COIll~~!Cln:UT
G~P.(l-STAPiG,':l,P/4l}*(1·STAl?:O,':l,P,S))*

• (1-r,OC(l,S,31*STAG(CI,Hl
CC ft.M....... amCTION 6.2
C ."** COAL COSTS u;,
C COlJ,,:r;n:lW VA1UABLlt OtJ'l'PVl:' COST
C wi'" l?~RIOPgco. COLP(C,Y,t>,31
C *"'* ,:(~AR

QCY~ COLY(C/Y,3)
Cc···············C STOCKl?ILIlI Lll:vmL coaT
C **w pll:nrOD

gSL- STl?P(~,G,Y,P,3)
C ~k* YF~R

QLY. STl?Y(C,G,Y,3)
c
c
C

$TOCKP:t;r..ll:IN~'UT COS'l'
*** Pn:RIOOQSI. STPP(C.G,Y,',ll
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C tOR EACH SreL~CtEo STOCKPILE
C tOR mACH PIR!OP IN mACH YEAR
C
t:! H,u.·'l'Hn: VO.tll.ST PB:RIOD OP' THft S'l'UOY **U+,
* tJS'li;ll' *CCGlGYPP' Nul' IV' «STan () .EQ. 0.). OR. (.Il'l'PGrc, G,l) .LE, 0.»

'l'iC,G,Y,P) • OW,G,Y,P) ~ S(C,G,Y,I?) .EQ. - 13)4X
FOR];> .. 1 .
Fl)R Y. • 1
FOR At,!, G
1l'OR. ALL C ()
C
C •••••~••••••a*••• _.
C
* ,.STIS '*CCGGY!?P' NO'!.' XlI' (P,}l:O.l .OR. (S'l'SFt.O.reo. 0,)

'l'(~,G'YJPI • O(C,G,Y,P) + S(C/G/Y,Pl) • ni~,uIY'P) .mo. 0.0
FOR pj. .. P • 1
FOR ALL l?
l!'on A1..L Y
J.l'OR·~l.L G
J.l'OR Att. C
C
C
C
C
C
C
c..

STOCKPILE aALANcn:
l1'OR Jl:ACR SlllLECTll:O STO~[lItlll
FOR ilACH '{mAR

****'* THE FlRS'l: 'ili!AR 0).1' THE S'I'UOX *****
':I'STlBl ,*W*t:' I)i!' Not Il!' ({ST1Wl"td) .mo. O.)'OR . .(S'J,'PG(C,<iI,.l.).Llll. a.l}

SI(Q,G,Y) - SO(C,o,'l) - SLIC.a II .RO. - SLI
)!,OR ':1' .. 1
l)'Oll.ALL G
l1'on ALL C
C'C ••~•••••••••••••••M
C* S'l'13Y 1**~cct.lClYI NO'!' IF (':{ .mQ. r.on. (STS'lll'L().EO. 0.)

SX(O,a,Y) - SO(C,a,t) + st'(O,G,':l1) - S:r.W, Gl,V) .EQ. 0.0
J:l'O? 'll " '.(• 1
I1'OR AtT. Y
I1'OR A1..L G
J:l'OR A1..L 0
C
c ·.'.JiI ' y .C................ S1J:O'L'It:>N.s . .3 .1
C R~qOURCn:.TRANSl)'n:R !ALANen:
C FOR v\CH enLll:CT1U) RlllSOtJRCll:
C I1'OR mACH Pll:RIoD IN EACH YIl:AR
C
« R'!.'Ja '*RRGGi!':" NOT XI!' !R!J;SS·.l'N() .tto. Il.)

ItO :R, Y,P) • SUM (09) RT2 * GO (a, Y, 1), 13) .:0:0. l'l'.t'3
»'OR ALL P
IrOR AtL Y
ll'ON. ALJ:, G
J!'OR ALL It
C
C
C
C
c
c

Rll:SOURCll: TRA~s~mR BALANon:
ll'OR l!:ACH SJl:I,ll:CT1l:0 RJl:SOtJRCn:
FOR mACH YEAR
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c
c
c
c
*

OENll!RATION TRANSFll:ltBALANCE CONSTRAINT )1'ORTHlllplll:<~XOD
FOR ll!ACHSELECTED PCWll:R STATION !
FOR Jl:ACH PE1UOJ:) IN mACH ¥ll:AIl. "

GlTE '***GGl'tPP' NOT Il1'(~T.41'IG,Y,P,13).GT.
SUM(S) dTl * GlO(G,Y,P,S)
SUM(C) CV!, 'It X\C,GI,'t,P)
SUM(C) I!!VL * Y-(C,O,':I',1')
SlJM(C) CV!, * Z(C,G,1,l?)
SlJM(Cl cn. * T1C,G,':I',P)
SUM(C) GT2 * O(C,G,Y,P) .WQ. GT3

+

I!'OR ALL P
li'ORALL Y
»'OR ALL Gl
C
C
C
C
C
C

.* ".:'iIt ••• 1IIII •••• ., *ca .
GlllNl1lRATIONTRANS»'WR SALANC!l. CONSTRAINT FOR Tum l?11l1UOD
FOR Jl:ACHsn:r..mC'J.'mDPOWER STA'frON
J.l'OR BlACH YlI:AR

* GTay '**** GaY' NOT XF((ST)\P(G'Yfl,13),~T. 0,) .OR. (O'J.'BYFL().lllQ.o.»
SUM(P,S) GTl ~ GO(G,Y/P,B)
SUM (C) CVY 11 TX{C,G,Y)
SUM(C) CVY * TY(e,G,Y)su~(c)CVY * TZ(C,G,Y)

+ SUM(Cl CVY * SI(C,G,Y)
SlJM{C) GT4 * SO(C,G,Y) .EQ, GT!

roIl. ML.\Y
FOR ALL 13
C trOIl. ALL C
C
C
c••••••••••••••• "••• *••••• ~•••• M•••••• *•••••••• ".ft ••••••••••• _••••••••
C••••"••••• SECTION 5.2.2
C COAL TRANSFER SALANcm
C FOR EACH COLLIERY
C FOR EACH PD:RIOP IN mACH YEAR
e
'" eTa ,'***CCYPP' NOT II!' (COLIt{C,Yllf,'ll .lllQ. 0.)

CO(C,Y/P) • ~PM (G) X(C,G,Y,P)
• SOM (0) Y(C,G,Y,P) • SUM (G) Z(C,G,Y,P) .nc. 0.0

FOR ALr..It
r~R ALL Y
).I'ORALL C
C
CC ._•••••••••••••••••• ft •••••••••••

C COAL TRANSFER BALANCE
C FOR mACH COLLIERY
C FOR >1t!\CH YmAR
C
* C~'BY '****CC'l' NOT 111' (COL).' {C,Y, 4) .5:Q. 0,)

Coy(e,'l) • SOM (G) '1'~(C,G,y)
- SUM (0) '1'Y(CiO,Y) • SUM iQ) TZ(C,G,Yl .EQ. 0.0

FOR ALL YFon ALL C
C!
C
C•••••N."•••••••"••••••_•••••••• ~••_••,~••~•••••••••••• ~_••••••••••••••c.u_....... SEaTXON $.2.3
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SUM (S) mIl * :tl?I(I,Y,P,S) .Gm. mI4
FOR ALL P
FOR ALL Y
FOR ALL I
C
C
C
C
C

ll:NmRGYIMPORT ~OWER gOUND - CONSTRAINTS rOR
smr,ll:C'.l'!l;D POWE? IMl?ORT aouacsa IN EACfl Sl!:LEC',l' YEAR

* Jl:ILY ,**** In" NOT IF (l?:tMY(I,Y,2) .mQ. 0.0)
C

SUM (P,S) mIl. ." IPI(X,Y,P,S) .GIll.F_otS
gOR ALL Y
FOR A!.L I
C
c "'•••• " 'a .C•••••••••• SmCTION S.l.S
C ENltRGY U:XS>ORTuppeR 1lI0UNO - CC'.~,S'l·RAIN'.t'S FOR
C SELECTEO l?OWll:nIMPORT sounCES iN EACH smLmCT P!l;RIOD
c
."

C
Il:EV. I it**mp.:'lp~'. NOT Ill' (PEXP(ll:, 'l,P,4l .sc. 0.0)

\
SUM (8)i \.;Jll:l * 1l:l?Il:(m, 'l,P,S) .LE. IllE2

FOR ALI., P

~g~~ti
C
c
C
c
C

••••••••••••••••••••••••••••••••••
lllNERGY EXPORT UPFIllR SOUNO - CPNSTRAIN1S WOR
Sll:LlllC'l·ltn l?OWliR IMPORT SOURcms IN n:Aca SIl:LECTltO YEAR

* mEVY '**** mm'l' NOT IF (PEXY(E,Y,l) .EQ. 0.0)
C

ll'OR ALL Y
FOR ALt n:
C
c ·•••• _"••••• , • • •••••••••••••••• ,.••••••C••••• _•••• SECTION ~.l.~
C IllNJJ:RGYlllXl?ORT LOWltR 130t):NO ~ CONSTRAINTS FOR
C Sll:LlllCT1U) POWll:R IMPORT SOURCltS IN mACH SIllLltC'l'lllP PlllRIOOC 0

«c. ll:JJtt. '***ll:ll:YPP' NCOT Ill' (l?ll:XP(Il:,Y,P,S) .Jl:Q. 0.0)c .
SUM (S) lllm~ * EPlll(Ill,Y,P,S) .GIll. ll:1l:4

]),ORALl, l?
ll'OR ALL Y;
FOR AI.•t, Jl:
C
C
C
C
C

,•••••• ~•••~••••• *••••••••• ~••~••• -
lllNl-MY ltXPOR'J.'LOWlllR JaOUND - CONSTRAINTS FOR
Sn:Ln:C'l'ltO J?OWll:R IMPORT SOURcms IN ltACH SELJJ:C1'JllD YJJ:AR

* llllllL'l 'u** n:lllY' NOT lll' (Pll:X'l(lll,i.','1) .EQ. 0.0)
C

ll'OR ALL "l
ll'ClR ALL It
C
C,.."n JW iII •••••••• N:I!II *~•••••• III 1 .

SUM (P,S) EEl * l£l?li:CU:,'Y,i:',S) .GIL lllD:!5



u

c GJJ:~lmRA'l'ION ENJJ:RGY'LOWER BOOND FOR 1l0R AOOI'rXONAL
C CONSTRAINTS ON STATIONS FOR THE YEAR
C

Gm!.)!' IU*", GOY" NOT IF {STAY'(Q,Y',:;q .EQ. 0.0)
C

FOR'~~L Y
FOR A£t"G
c
C
c*.*••• *•••••• ~••••• ~.U.~c••_••••••*.~••••••••••M•••~•••••n•••••• _•••C.......... SECTION 5.1.4
C PtANL'11l:P OtTTAGIe 131UJ\l'l'i:l/Z - CONSTAAlN1'S ON Sll:!.ll:CTl!)D
C POWER STATIONS iN EACH Sl!:LECTED Yl!:AR
C* POB '~'H GGY' NOT Il!' (STAY(G,Y,3) .ac, 0)

SUM (PI POl * PO(G,Y,P) .EQ. P02

* psa' ~.**GGY'l?!?' !~OT Xli' (S'l'Al?(i3,¥,,!?,13I.EQ. 0.1
C

SOMIS) PSl * GO(G,Y,P,S} - SUM(S) PS2 * LPt(G,Y',P,S) .EQ. PS3
FOR ALL P 1\P'OR ALL '{
)JOR ALL G
C
c IIIIf ••• *"•••••• W'!: •• , * ~t."•• JiI ",. .

c•• ~•••••• * 'SEOTION 5.1.6
C ENl!:RGY IMPORT UPPER BOUND - CONSTRAlNTS FOR
C Sl1lt,mcTED POWl!)R l'MPOR'l' SOORCl!:S IN !mCH sn;:r..EC'l'll:DPll:RIOD
C* mIt] '***I~Y'PP' NOT IF (~IMP(I,Y,P,4) .EQ. 0.0)
C

FOR ALL P
rOR ALl. Y
tt'ORALt.!
C
C
'c
c
C

••••••••_•••••••••_._•••~•••••~~.M
Il:Nll:RQYIMPORT tfPPIllR BOUNP .. CONSTRAINTS FOR
SELECTlllP POWlliR IMPORT SOtTRC~:;J IN lliACH SIllJJli:C'l'lllO Yl1lAR

* ll:l:t1Y' '**** IlY' NOT Ili' (P!M\:'(I,".{,l.l.EQ. 0.0)
C

SUM U?, S 1 u:u I< IP! ('l: , Y •!',S 1 •r..n:.EI:)
FOR ALL Y
FOR ALL I
C
c••••• • ••• ···~··.····~··M...••.-.•...••.••~•.•.•.••.•.~.•.•.*•••••••••
c SECTION S.l..'1
C lllNERGY IMPORT LOWER BOUNP • CONSTRAINTS P'OR
C SlE:t.ll:C'.!'ll!Ol?OWll:R IMPOR'r sOlJRCll:SIN EACH SlllLn;C'I'lllP PERIOD
C
* EIr.. '***IIYP)?' NOT IF (PIMP(I,Y,P,S) ,EQ. 0.0)
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C UPPER SOUND EQUATION OF P~~EU BASE ~OAD STATIONS
* SaN '*C3GY.PPSS' NOT IF (STAG(G,2) .NE. 2.)

GO(G,Y,P,S) - GOP*PRN .~E. 0.0
FOR ~L S
).\'011.~I, P
D'OR Al:.L'{
FOR ALI. G
C
.C
c•••••• ~••••••••••••• ~••• •••• ••••·-~=····..·.•....~.~ ~•..*••••••
C UPPER BOUND 0))' Pt.lMPINGJi'ORptA."lNmn PUMPED STORAGE S'tATIO:NS
* QPN I*GGYPPSS' ~;OT IF (S'I'M(G,2) .NE. 3.)

LPL(G,t,P,S) - GOP*DPN .LE. 0.0
1;i'0R ~L S .
FOR ALL P
FOR ~L y.
FOR ALL G
C

'C PUMPING INCREASE CONSTRAIN't
* VPIC '*GGYPPSS' NOT IF (STAG(G,l) .NE. 4.0)

LPL(G,Y,P,Sl) - LPL(G,Y,P,S) .GE. 0.0
F9P. Sl ..S 1- 1
C S NE NS INCLUDED TO ENSURE NO INFEASIBILITY DUE TO DWA
FOR S.NE.MS
FOR ~l:t'>P'YIG
C (!
c..:. '" Sll:C'rION5 .l .• 2
C GlllNEAAT;t;ONENERGY t1PPll:R:SOUND FOR ADDITION~
C CONSTRAIWTS ON STATIONS DURING SELECTED PERIODS
C* GEU '***GGYPP' NOT IF (STAP(G,Y,P,6) .EQ. 0.0)
C

STJM (S) G~l * GO(G,Y,P,S) .LE.,Gll:2
FOR ALl:. P
FOR ALl:. Y
FOR ALL G
C
C
C
C
C

r ••....M.~•••..•*•••••• ~~._*.~._....
Gll:lf1J)RATION I£NERGY Ul?Pll)!(l?OUND FOR ).1'ORADDI'l'IONAL
CONSTRAINTS ON STA'ql,'!.(S FOR THill '\!11!,M

~, GIl:OY ''**** GGY' NOT Ill'(STl\Y(G,Y,l) .l!:Q. 0,0)
c

SUM (P,S) Glll1* (lO(G,Y,P,S) .L~. Gn:3
FOR ALL Y
FOR ALL G
C
C.iIlM JU1 tUOt a:.'.'II!U •••• .=t n•••••••••••••••

C•••••••••• sreCTION 5.1.3
C GlllNERA'l'ION ENJl:IWY LOWER SOON!) FOR ADPI'l'IONAL
C CONSTRAINTS ON STAT tONS nURXNG sm~ECTn:p PERIOPS
C* GlJ:L'***GG'll?P'NOT J:F (S'l'Al?(G,Y,P,7) .EQ. 0.0)
c

SUM (S) 011:1 * GO(G,Y,P,S) .oa. GE4
FOR ~!J P
FOR ALL 'l
FOR ALL G
CC ••••_••••~•••*••••••• M ••••• *••••••



C-l0

c•••••••• n••• ~•••• *•••••• ~.*••~•••••*••••••• #~~ •••••••••• *#_.~••~.K._=
C~_,""R,* ••• " •• IIIt IIct _ ••• = ;Kt.IC"".ISj:';~••• :iII"•• ".=._.*'itc'A~." •• " •• _•••
C••••••••••••• IIlI "#. ••••• IIt ••••• rt t.l.I41"- *'= -••••• 1t •••• C; ••••• "'.

$00,1];0'1'TO '.
C

c............................. Sll!C'I'IOl'l'S.l.l
C OENERATION tOAD SA4ANCm
* Or. 'HYPPSS' NOT II1'(SWH(Y,l?,Sl .LE. 0)

SUM (G) GO(G,~,P,Sl
+ SUM ~ll :r.l?Ic:t,!'l,J?,Sl
~ .sUM (G) LJ?L(G 1 1, P; S)
• SUM (ED EPE(E/Y,P,S).ll:Q. DMC

IrOR AJ;,1 S
IrOR ALJ;, l?
l'OR ALL Y
C
C
C .,' I:t •• .,.'$;_ •• " *•• irt IiII •• IJI •••• _ ~*O'. ,;,~__ IIIIfIlf .

C Gll1NERA'.\'IONREDUCTION CONSTRA):NT , "
* WGRC '*GGY)?PSS' NOT IF (STAG(G,l) .LT. 2.5)

OO(Q,Y,P,Sl) • GOla/y,P,S) .::.m. 0.0
l~OR 53. '" .9 + 1
l!'ORS.NE:.NS
C SEm VPIC fOR REASON WHY S NE NS (INCLUPED HERE ONLY TO ~E CONSIOTENT
C WITH Vl?IC CONSTRAIN'!'
)JOR ALL Xl,1, G ii
c .:It IIIl ".II ea " '..
C UPPER noUNO EQtrA~roN ow PLANNED PEAK LOAD STATIONS
* AJ?N '*GGYPP$$' NOT IW «STAG(G,2) .Nm.l.) .AND. (STAG(G,~) .NE.l.ll

OO(G,Y,J?,S) • OOP*PPH .t..ll:. 0.0
FOR .1\!sL Il
FOR .1\!sL P
trOIt ALL ¥
FOR ALL G
C
C
C.,.~ *.\II ••••• 2 •••• "IIII •••••• IL1.. W'I ,._ ••• IIC ••• IIIl a .

APl?:ElNDIX C
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S (C,G,Y,P) "kCCGGYPP' NOT IF (S'lh~:,!c,G'YIPI1) .EQ."'O.)
SOUND UP Sl:J(J NO'.\' IF (STPP(C,G,'l;P,l) ;d:~, 0.)
BOUND LO SLL NOT IF (S'L'PP(C,G,y,p,2).E,Q. 0.)
C
C I3L *** S'l'OCKPXLlll LEVlllL "SL" A'l' EI>!DOF YEARS (MEGA TONS)
C
SL (C,G,'l) '**CCGG'i' NO'.\' Xl" (STPY(C,G,Y,l) .'IllQ. 0.)

BOUI>!PUP 'iLU NOT IF (STPY(C,G,Y,l) .IllQ. 0.)
nOv';D LO 'ILL NOT IF (STPY(C,G,Y,2) .EQ. 0.)
c = .... =~=:u;t:::t==
C
C 'l' *** S'l.'OCKl?lLE INJ?'U'l' "S!" AT END OF PJilRIODS (MEGA TONS)
C
T (C,'G,Y,P) '*CCGGYPP' lITOTIli' ,(STPP(C,G,'l,P,4) .EQ, 0.1

BOUND TJP, SIU I>!OTIli' (STPP(C,G, Y,P,4) .EQ. 0.)
BOUND LO SIL NOT IF (ST.PP{C,G,Y,P,S) .EQ. 0.)
c
C SI *** STOCKPILE INPl)T "SI" AT END Oll' 'I1lllMs (MIll('l;ATONS)
C
$I (CIG,Y) '**CCGG'l' NOT IF,')S'1'P¥(C,G,Y,4) .t;;). \1.)

BOUND UP 'lIU NOT IF (S'l'PYiC,O,Y,4) .EQ. 0.)
BOUND LCLYXt. NOT IF' (STP'l(C,G,Y,5) .EQ. 0.)
C' •••••••••••
C
C 0 *** STOCK~.I11l! Ol.JTl."UT"SO" A'!' J1:ND Oli' PERIODS (MEGA TONS)
C
o (C,G,Y,P) '*CCGGYPP' NOT IF (STPP(C,G,Y,P,7) .EQ, 0.)

:aOt1NP UP SOU NOT IF (S'!'PP(C.G,Y,P,7) .);;Q. c.:
BOUND LO SOL NOT IF' (STPP(C,G,Y,P,B) .EO. 0.)
C
Q SO *** S'1'OCI{l?ILE OUTl?l.JT "SO" 1>'1' END OF YEARS (MB:GA'1'6N$)
C
SO (C,G,'l) IHCCGGY' NOT IF (STPY(C,G,Y,7) .EQ. 0.)

BOUND UP YOU NOT IF (STl?Y(C,G,Y,7) .EO. 0.)
BOUND 1.0 YO!., NOT lli' (S'1'PY(C,G,Y,9) .EQ. 0.)
C \1 •••••••••••
C '\:
C RO *** RESOURCE OUTPUT "RO" li'0)< PERIOD (PTJ)
C
M (R,Y,P) '** RR1PP' NOT IF (RESP(R,Y,P,l) .EQ. 0.)

BOUND UP ROU NOT IF (RESl?(R,Y,P,l) .EO. 0.1
BOUND LO ROL NOT !F (RESP(R,Y,P,2) .EO. 0.)
C
C ROY It* RESOURcm OUTPUT "SRO FOr-,THl£ YEARS (PU)
C
ROy (R,Y) '*** RRy' NOT!F (RESY(R,Y,l) .EO. 0.)

BOUND UP R111 NOT !F CRIl:SYO",Y,l.) .EQ. 0.)
BOUNP LO RYL NOT IF (RESY(R,y,~) .EO. 0.1
C
C
C
C********1*******··2*********3***********·******************.****
C
PROBLEM
c\~***•*..*1* ****** * *2* *."*." ****3* * ******** * • *'"***** '* * ***.* ** .'Il-~''''* * *C********1*********2*.*******3**************** ••*'****.t****_.t*tC********1*********2 ••'***.**3****.***************.***tlt*.*.t.tt
C
MINtNXIIl\:
C IH~ OBJECTIVE FUNCTION it#
* PCO.qT '*.***'
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')
(

C
C
PO

C
C
C
c
C
COY (C,Y) '*** CCY' NOT IF (CCLY(C,Y,4) .EQ. 0.1

scwn UP eYU
BCUND ro CYL NC'!' IF (COLY(C,Y,2) .EQ. 0.)
c 2l.=a;~t=;:K:.I;a.~

C
C
C

PC *** pLANNED OU.tAGE (PU) ***
(<il/Y,p) '** GGYP1?' Nt;)'!' IFU.lTAY(G,Y,3l.EQ. 0.)

COY *** COLLIERY OUTPU1' IN A YEAA (MEGA ±ONS)

co *** COLLIERY CUT PUT m A PERIOO(MEGA TCNS)

co (C,Y,i?) ... * C:CYPP' NCT IF (CCLP{C,Y,P,4) .BQ. 0.'
noUNO UP COO
EOUNO LO CCL NOT IF (COLP(C,Y,P,2) .EQ. 0.)
C .=...".~..-
C
C X *~* COAL TAANSl?ORTillD ON CHANNEl. rx IN PERIODS (MEGA 'l'Ol~S)
C
X (C,<il,Y,P) '*CCGGY1?1?' NOT IF (TCX1?(C,G,y,P,l) .EQ. 0.)

EOUND UP TXU NOT :tll' (TCXP(C,G,'t,p,l) .EQ. 0.)
BOUND LC TXI, NO'l,' IF (TCXP(C,G,Y,P,2) .EQ. 0.)
C
C TX *** Co.~L TRANS PORTE}) oN CHANNEL TX IN '{EMS (Mlll<ilATONS)
c
TX (o,G,Y) '**CCGGY' NOT IF (TCXY(C,G,Y,:l.).EQ. 0.)

BOUND UJ? yxa NO'l,' Ill' (Tc!.Xne,G, V, 1) .EQ. 0.)
EOUND WO "\:XL NOT :tE' (TCXY{C,G,Y,2) ,EQ. 0.)
C -'*:11.= •• = ....
C
C ~ *** COAL TRANSPCRTED ON CHANNr£L TY IN PERIOlJS (MEGA TCNS)
C
Y (C,G,Y,tJ) '*CCGGYPP' NOT Ill' (TC¥J?(C,G,Y,P,l).EQ. 0.)

BOUND UP TYU NO'!' IF (TCY1?{C,~,y,P,l) .r£Q. 0.)
SOUND LO T"lL NO'l' IF (TCYp(C,G,Y,p,::l) .EQ. 0,)
C
C TY *** COAL TRANSpORTED ON CHANNEL TY IN YEARS (MEGA TONS)
C.
TY (C,G,Y) 'HCC<ilGY' NOT IF (TCYY(C,G,Y,1) .EQ. 0.)

BOUND. UP YYl1 NOT IF (TCY1(C,G,Y,1) .EQ. 0.)
BOUND LO yyr, NOT til' (TC'I1'Y(C,G,Y,2).EQ. 0.)
c =••
c
C Z *** COAL 'l'RANsPORTmD ON Cl-L\NNEI. TZ IN PERICD.';; (MEGA TONS)
C
Z (C,G,Y,J?) '*CCGGYPl?' NOT IF (TCZP{C,G,Y,P,l) .EQ. 0.)

BOUND uP TZU NOT IF (TCZP{C,G,Y,P,l) .EQ. 0.)
BOUND 1.0 TZL NOT IF (TC~P(C,G,y,P,2) .EQ. 0.)
C
C 'I'Z * " * CCAT" TRANSPORTEP ON CHANNIU" TZ IN YIil1lRS (Mlli':'~ TONS)
C
TZ (C,G,Y) '**CCGGY' NOT IF C'I'CZY(C,G,Y,l) .EQ. C.)

BOUND ap YZU NOT IF (TCZY(C,G,Y,1) .EQ. 0.)
BOUNO LO YZL NOT IF (T02Y(C,G,Y,2) .EO. 0.)
c .
C
C S *** STOCKPILi:! LEVEL "SL" AT END OF PERIODS (MmGA TONS)
c
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SUMRT4 COEFFr.CINT "4" OF RESO'ORCll: ***
TRANSFER BALANC£ CONSTRAINT *u

C
C
SUMPLW
SUMGT5
St1MR'I'4

C

('l)
(O,'l)
(et/'l)

c
C********1*********2*********3************************t*lt'***'**
C
OJl!CMRATIONS
c
C
C
C* ** * * 'k,' *1 ***1* * * * *2 * 'It **I* *~/*3 *."* * * * ** *1 'It ** ** * ***1 ** * *'j,* * * I * * ,.• 'II"
C
VARIABLES
C
C
C
C GO III GENERATION OlJTJ:lUT P'OR A SPECIF!C SLICE (GW) 11*
GO let,Y,P,S) '*GGYPl?SS' NOT IF (SWH(Y,P,S) .EQ. 0.0)

C
BOtJNO UP GOU NOT IF «STM(G,2) .EQ. 1,) .OR. (S'1'AG{Gt,~) .EQ. 2.»
BOUND La GOL NOl' IF (S'1'AP(G,'l,P,l).EQ. 0.) ,
c . ~==.~===.~=
C
C DPN H:' UPPE:R BOt)ND GENE:RAl'ION OF PLANNED PEAK LOAD S'l'.II.TION
DPH ,***,

C
C
C :Ii:I ... =-=.:tt::.:ct ••
C
C DBN III UPPER BOUND GENERA'1'IOl\f UF PL.l\.NNED a.ll.SE LOAD Sl'A'!'ION
DBN "**'

C
C •• #1.*11:1: ......

C
C LPL U'II PU~IP LOAD FOR .II. SPECIFIC SLICE (GW) 1**
C i.
LPL (G,'l,!?,S) 'IGO'lPPSS' NO'1' IF
«STA!? (trw, P, D) .EO. 0.) .OR. (SWH ('l, P, 5) .EO. 0.»
BOUND UP PLU NOT IF «STAP(G,'l,P,13) .EO. 0.) .OR. (SWH(Y,P,S) .EQ. 0.»
BOUND LO PI.!, NOl' IF «STAP(G,'l,P,12) .EQ. 0.) .OR. (St1HIY,P,S) .EO. 0.»
C 1,

e
C !PI UI POWER lMPORl' FOR A SP.~!!IF:rc SLICE (GW) HI
IP! (I, Y, P, S) '*!!'lPPSS' NOT IF ( (SWHey, P, S) .EO. O. \ *OR. (J?:tMP (I, 'I!', P, 1) •EO.

0.) )
BOUND UP PIU
BOUND LO PIt NOT !F (PIMP(I,'l,P,2) .EQ. 0.)
c
c ==;a==~=====_=
C
c: EPE *** POWER EXPORT FOR A SPECIFIC SLICE (GW) 1**
EPE (E,Y,P,S) '*EE'lP.PSS' NOT IF\(OWH(Y,P,S) .£Q. 0.) .OR. (PEXP(E,Y,P,l) .EO.

0.) )
aOUND UP PEU
aOUND LO PEL NOl' !F (PEXP(E,Y,P,21.EQ, 0.)
c
C ._ •• :C ••• l=I==
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it 'It

,,!, * STAG *** STATION Oll:NEAAL DATA ***a-I TYPn: OF STATION

i:lTAG
STAG
stm
STAQ..
.. S'l'AY..
*....
*STAY
S'1'A'{
*

....
"

S'1'A'l'ION TYPE
t7NlllN
l?ll:AK
MOM'!'
SASn:

1
2
3
4

**'" STA'rION YEAR !lAtA u"
r.,-;j. OJJ:NJl)RAT:tON lllNlJ:RO'iU!?Pll:l'{BOUNP
L.2 OENll:RATION JJ:}tmROYLOWER 90um~
r...3 PLANNll:O OUTAGE RAt!!: [AVlllRAGJJ:l

(Ql£tJ) (QWH)
(Gm!..) (GNrt)

(POR/Y)
STATION POR

a90
U90

a736.0 0000.0 0000.2
oodo.O 25000. 0000,1

* STA!? ....* STATION Pll:RIOD !lATA ....*
.. ""\ GENERATION L~Wll:R BOUND (GOL) (GWl
A' 19ST OF Gll:NltRATION (QGO)
* V ..J ~S'l.'ALr.ll:t> G!llNl£RA'l'XONCAPACI'!'Y (IGlC) (O~>
.. V.4 PLANmP OUTAGE RATP- (POR)
'* v..s FORCll:D OUTAGE AA'l'm (FOR)
* v..g G~Nn:RATI()N ll:NlllRGY tJPPll:R mOUNt> (G!!:U) (GWH)
.. v.., Gl~Nn:RATI()N' L:N'lCRGY LOWll:R .aOUNO WELl (GWH)
.. v..a ST~T1:C>N l£I)'FIC:Cll:NCY (Jur).. v.~ Rn:S~ORCn: ll:l)'rrC!IllNCY(Rn:r)

Y.. l0 AtIl0:UAR'l' COAL CONSUMPTION fAUX)
v.a A'm:!l:'IAA't RlllS0URCll: CONSUMPTION fRA.'C)
Y.12 l?UMPING :r,01\tl LOWll:R mOUNt> (l?t.t,)
V~l3 I~mTALtl!:D F.'JMPING CAPAcr.n (XPC) (GIl'll
V ..14 PUMPSTOR.AGll: INJ.l'LO(·/ (PSI) (G~IH)

*
*
'k

fi' •
*..
•STAP
STAI?
eTAP
STAl?
STAP
S'rAP
STAl?
$ITA!?
STA]?
STAJi'
ST}:\P
STAP

*
*
II

STA!?

l:l'!'A'.t'ION 1111M PERIODS SB:Q GOL OGO IGC l?OR FOIt
................... .. ............ "" .. ... ..............

UNUN lSlSlQ 01 1 0000.0 0000.0 002.00 0.2000 0.01300
t7NlllN 191'0 O~ 3. 0000.0 (1000.0 002.00 0.1000 0.0!:i00
UNlllN 19.90 03 1 0000.0 0000.0 002.00 0.2000 0.0500
pll)J.I,K 19S10 01 1 (lOoo.a 00]'0.0 001.aO 0.0000 C.0200
Pll:AK 1.9!lO 02 1 0000.0 001(1.0 001.1.\0 0.000,0 0.0200
l?RAK 1990 03 1 0000.0 0010.0 001.90 0.0000 '0.0200
MPMT 1990 01 1 0000.0 01)08.0 001.aO 0.0000 0.0300
MOM! a90 02 1 0000.0 0006.0 001.eO 0.0000 0.0100
MPN'!' 1990 03 :1. 0000.0 0008.0 001.110 0.0000 0.0300
liME 19510 01 1 0000.0 0004.0 003.~O 0.1000 0.011130
UJ.\Sll: 15190 0:1 1 0000.0 0004.0 00~.90 O.OO(JO 0.04.1$0
mASll: 1.91'10 1)3 1 0000.0 0004.0 003.510 0.1000 0.04150

STATION "mAR lI'll:RIC1~S stO emu oreL n:J)'1l' l'!n:11' AUX
........ "' ......... .................. 00< ,. ........... 10·""

UNIJ:N 199" 01 2 0000.0 00110.0 t.oooa 00(.11.0 0000.0



*
I<:tNAMll: 002 SNAW

.. ll:XP ROtJ'l'lll

Kll:NAMJ£ 001
ltillNAMlll 00:1

SWAW
MAIiU

* RJ£liOURCll:
>It

KRN1IMlll 001
KRNAMll: 002

H201
MlllNP

."

." LOe **" 1.01\1:) PUAA'l'XON Ct1RVlllS *it ~

.. K-1 T.HI~ NUMlllll:R 011' rl~!J.8S pJJ:n SLICll1 • - (SWH, 9)

." K .. 2 Tl·nt LOAP PER liILICl!: (Pll:R UNI'l' OF Wlllll:IttY MAX OlllMAN:b)

*
."

*r...nc
tiOC
L~C
LOC
LOt.:
LOC

CtTRVll NO ill:.:tCESc !lH LOW
.................. "" ..... ". ............

01 001 01B.OO 1.0000
01 002 020.00 0.51000
01 003 OBO.OO O.BOOO
01 004 013.00 0.7000el oos 015.00 O.liSOO
0. 0015 OJ5.00 0.15000

."

.~ WM::' *** W~:ll:IQ,Y M1IXlMA Ct1RVSS ***
* K-1 THll: PJl:lUOD Lll:NG'l'H IN WJJ:lI:KS .~ (fJLW,P)
~. 1<-2 11m LOAD Pll:R PJ.1:1UOP •• (Pll:R UN:t.T 0].1' ANNUAL MAX Dll:II~nl

'* //.. ,',
.. ! t

WMC',
WMC
WMC

*

CUIWn: HO PJJ:RlOL'lS l?LW LOW....... _ ....... ,._ "'..................
1 01. 17.000 0.7$00
l 02 16.000 O.SSOO
1 03 17.000 0.6000

sysa 00.000
."

*
." SlYS\' *** f;lYSTlllM YW: DATA *-II",
* I<M1 THill LOAD PDlAI( FOR Tfllt Y!1:M (IJWl
~, 1<-2 'l'Hlll Wll:lllRLY MAXIMA C01Wll: NtfMllIlllR

*
* LOAD WMC

195)0 0'1.000 3.

* SYSP *** S¥STIM p~Rron DATA w**
J.:J. THIt 1..0110 D')l,A'fION Ct3RVIll NtJMSDlR

*
*
SUP
s'{sp

"JlA1l. i?ll:RIOOS LOC

lSISlO
l.S)90

01
O?

1
1



** MGlt'ROP1'.ci-~~, /')1
* MG J\':itlt '1'0 '.h~~~MGG )),ORMULA'l'ION l"ILI!:
~. J.1'OF~\Nll:WGlllX PRgipUC'l'ION SYStEM
: 10/04./90 (/

TXTLW NltWamg TltSr
»(

MAXIMA. N'l.. IS NI? .. 4 NS .. ~ NGl .. IS MC .. 4 Nl: .. 2 Nlll .. 2 Nit • 2
k

W1l:RNAL VIU;Un:S

.,( ¥lI:M SUl1'I!'IX

* ... w .. ·~ ........

KYNAMlll 01 '1990

*
* l?B:~IOl:l IlU).1'J)'IX

'" ..... !~... "" ......

l(!?NAMlll 01 01
l<J?NAMI1l 02 02
RJlII'tAMlll 03 03
*
* SLIClll IiUl"Il'IX.. ,.............. ,,.""

I(SNJlMll: 01 001
K.IlNAMlll 02 002
KSNAMlll 0:1- 003
l{SNAfoillt 04 004
KSNAMll: 01) 005
KS:-IA~ID: OIS OOG'

** ::--STAtION SUll'))'IX

* ......... """"" .....
Y,GNAMIll OOl tlNI1lN
KGNJ.\III!l: CO2 Pll:AI{
KiJNrulJl: 003 MOMT
I{ClNAMm 004 BASl!:.... COr.t,IIllRY SUl)'))'IX

* .................
KCNJlMIll 001 'l.'COA
I(CNAMIll 002 Ol?'L'I
KCNAMIt 003 OWA

*
N IMP ROU'rn: S1Ul)'JI'IX

* ..................
KINJlMll: 001 CABS .,

()



APPENDIX P

l-'IGQ DATA INPUT

A typical data input file :i.S illustrated in theis a$ction.

It is such Ii teml?l"",~!ewhich was setup for thEI user of th'fl

system to create his own studies.
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ltLlU:
sore 1.1.0

}liNDU
CONTINtrB:

pmRIOD LlllNGtH Wlt~KS
li't.W (I'l, 'tlil) • Wl4C(N~IMC, Ill, 1)

WRITm(G,laaIIy,I~,IlLW(IY,IP)
WRITIH3,136) :I:\', IF; PLW(IY, );P)

fORMAT (lX, ,*** PLW(',Il,' I ',I1,F~.3)
CtiNT!~tJll:

C01f.t'XM

0"
O~onOOO
O~'700!l
OatHIO·a
OlllOoa
Q400QO
041000
04200.0
043\)00
044000
048000
046000
047000
04aooo
ouooo
0$0000
01$1000



C••••• • ••••• • ••• •• M ' ..

FUNCTION OMCS()C
C
CC .
C
C
C
C
C
C
C
C

THIS ~C:'l'ION CALCOLA'l'n:S THE CONSUMJl!HO~;'1ANO PlllR SLICE

NWOC • SYSY(Y,2J
NLOC • SYSP(Y,P,l) _
IF(LOC(NLOC,S,l) ,mo. 0,0) PMCS • 0,0

OMCS • LDC(NLOC,S,2l * WMC(NWMC,P,2)
RETURN'

END

* SYSY(Y,l.)

c •••·• ". ., ,..' .
c•••• ~~••• *•••• ••
c
C********1*********2*****'***3***************w*******************
lllNOATA

-c I THIS ilUlilROUTINll: On:TEltM:tNn:S THll: Oll:M1IWOSFOR
C I n:AClI m.ICll:, SLICn: WIOTHS AND I?BlR.IOOLIllNGlTI1S
C
C

INCL'OOIl: (WICOMS)
C
c
C *********k
C CALCULAT!COIl!NANDIN SLlen: AND SLrom wrOTH

DO 140 XY • 1,NY
o NUMa:CR OF 11n:a:I<LYMAX CURVll:

NWMC. SYSY(IY,2)
DO no II? • l,N!?

II~ (WMC(NWMC,IP,l.) .OT. (1,0) THIllN
GOTO 90

lll:l.SE
OOTO 140

ll:HO II)'
C '0 NUNt>!l:RA])' Wll:ll!KLY MAX CtlRVll:
90 NLl.)O .. SYSP(IY,Il?,:tl

00 100 IS .. :t,NS
c
c w:mTH OF sr,Ica:

XJ.l'[LOamLOC,IS,l) ,GT, 0,0) 'fHItN
IlWH(IY,:l:P,IS) .. LOC(NLDC,IS,l)

C l~n:MAND oq COl/SUMItIt
DMCS(IY,lP,IS) .. LOC(NLDC,IS,:l) ., WMC(NWMC,:rP,~l

+ * SYSY(IY,tl
WIHTIl!(IS, :t913l1Y, IP, IS, SI1H(IV, 1P, 113) , XY, IP, IS, DMCS(IY, IP, IS)
WRXTJl: (3,lllll) J"i, IP., IS, SWH(l'l, IP, IS) , t'l, IP, IS, DMCS(IY IP, IS)

:ua ]),ORMAT (lX,I~:WH(I,U,III,Il,I:',I:t,')I,J.1'a.2,

0010ao
OO,;!OOO
00300'1)
004.000
00$000
OOGOOO
007000
006000
009000
010000
011000
012000
013000
014000
Q15000
OUOCO
017000
018000
OUOOO
020000
021000
022000
023000
024000
025QOO
026000
027000
029000
02$1000
030000
031000
032000
033000



c
c
c
c
C 10.0.
C 110.
C
C
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SUMGTS .. a
00 100 Il? l,NP

Ill' (P:tM(~,I?,l) .zo. D.) GOTO 110.
SOMC:lT5..::':lOMG'rS+ PLW('i,P,l) * STAP(G,Y,P,lO) '#(

STAP{C:I,'i,P,3) *' PLW('i,P,2)
RE'l'URN

reNO

c
c

" c
c .
c
c
c
c
C lao.

c•• O' •••• ., _~.JI!I· :M •• *••••• _••••• (I.:_ \.. i••••• ~CI ,..".

C J)'UNCTION SOMsr,ICE () ;'
C
C TIns .FUNCTION SUMS THE "SWl:1'S" Il'ORA PERI<IDc -
c
C
c
c
C
C
C
C :1.0.0.
C 110.
C
C

C 110.
C
C

l)'t1NCTION SOMR'l'4 ()

THIS FUNCTION SOMS THE TERMS FOR COlll].1'FIC:tEN'l' "R'l'41(

StlMR'l'4 .. 0.
00 :1.00. Il? l,N!?

IF (J?LW('i,IP,l) .EQ. C.) GOTO 110.
SUMRT4 .. SUMRT4 + PLW(\',Il?,l) ~ S'l'AP(G,Y,IP,ll) *'

ST.AP(G,Y,IP,3) * PLW(Y,P,2)
RltTl.iRN

lllNO

SUMSLXClll • 0.
I'l .. 'i
Il? • l?
00 100 IS. 1,NS

Ili'(SNH(I'i,Il',IS) .EQ. c.: GOTO 110
SUMSI,ICE: .. StJMSLtCE + PLW (IY ,IP, IS)

CONTINUE
RIl:'l'URN

ll:NO",j

C' A J:.t.Ii&IIn" lI'I!l~t,. •••• tUi: .

C THIS FUNCTION C1\LCULA',rms THill W1D'l'H 0].1' A Sl:'ICE

c.u•••••••• smCTION 5.1.3
C NLDC • SYSP('i,P,1)
c n'(LDC{Nt.DC,S,l) .EQ. 0.0) SWH .. 0..0
C SWH .. LOC(NLOC,S,J.)
C Rll!TURN
C ltNO
C
c•••••• - ••• • •• - ••••••• *~··.···.···.········.······I ..•••... ~...•..••.
C
C
C
-c ..... 111 ......

C
C
·C
C
C
C
C

l)'UNC'l'l:ON l?LW ()

THtS FUNCTION CAt.Cl1L1\TES THli1 PIilIUOD !ll~NGTH

Nwnc • SYSY{¥,2)
tF(WMC(NWMC,P,ll .EO. 0.0.)

PLW • \~MC (NWMC,l?, 1)
I~E'l'URN
ll!ND

]?t,W • 0.0
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WRITl):(RESO(J.:4),'(M) I) RJ);SO(R,l)
WRITE (STNM (1:4) , 1 (1'.4) I) I<GNAME (G)

It (RESO(1!4) .EQ. STNM(1:4» nESSTN. 1.0
Rn:TtmN
END

C••• -"•••••••••••
C.··.··.· ••·~······.=.-··.····.···*.·.·····=.···· ••.··.•..••.•.••••FUNCTION GTEFL()
c
C FLAG FOR THE OTE CONSTRAINT
C

G7.'BJI'L 0.0
c

:00 20 ::1 .. l,Ne
OTBFL • OTaF~ + COLP(II,Y,P,4)

20 CON'\'!NtJE
RE'J.'tJRN
11:110

c•••••••••• -·.-··c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
FUNCTION OTBYFL()

c
C FLAG FOR THE OTEY CONSTRAI~
C

GTBY]),L " 0.0
C

PO 20 II .. l,Ne
OTB1FL. OTE1FL + COLY(II,Y,4)

20 CONTINUa:
RIllTIJRN
ll:NO

c••••• ~.~••••••••
c•••••••• ~•••• ••••••••••••• ~•••••••••••••• ••• N •••••••••••••••••••••

)!'UNCTION STEFL()
C
C 1"LACIV'OR THillS'l'llCONSTRAIN'l'
C

STBFL .. 0,0
IF((STPP{C,G,1,P,4) .0'.1.'. 0.) .AND. (STPP(C,G,Y,P,7) .GT. 0.» THEN

STEFL .. 1.0
JJ:NOIF
1~Jl:Tt1RN
END

c•••••••••• ••••••
c••••••••••••••••••••••••••••••••••••• ~••••••• M•••••••••••• ~I•• *.M ••

1"UNCTION STB).'FL() .
C
C FLAG ~OR THE STSY CONSTRAlNT
C

STEY))'!,,. 0 •0
IF ( (fJ'rp,:{ (C, 0, t; I)) .91'. 0,) •AND •. (S'l'P,{(C,G, 1,?) .G'l'.o.}) THJJ:N
,STBYlI'L• 1.0
ENOl!!'
RD:TtmN
END

c•••••••••• ··~···c•••••••• •••• r••••••••••••••••••••••••••••••••••••••••••••• _••••••••

C FUNCTION St1MGTS()
c
C THIS lrmTCTION SUMS THJJ:TERMS FOR COElnl'ICIENT "0'.1.'5"C .
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C BOUNDS SET FOR VARIABLE "A" (SO, P)
C tiPPER .. >

SOU • STI?I?(C,~,y,P,7:
C LOWJl:R ..aOUND

SOL • S'l'I?I?(C,G,Y,P,S)
c
C SOUNDS SET. FOR. VARIABLE "SO"
C 1,Jl?l?IllR..>

YOU = STl?Y(C,G,Y,7)
C LOWER ..SOUND

YOL • STPY(C,G,Y,B)
c
C BOUNDS SET ~'OR VARIABLIll "RO"
C Ul?!?mR ->

ROU .. RgSJ?(R,Y,I?,l)
C LOWl\1R..SOt.JND

ROL .. RESl?(R,Y,I?,21
Cc"""~"~"-""·"-"""-"··············"·-··"········".···" ••.•.•••.-
C BOUNDS sm';;;' FOR VARIAl3Llll "ROy"
C UPPER "'>

RYU • RESY(R,¥,l)
CLOWER -BOt.JND

RYL • RESYIR,Y,2)
c

C
C*************************, ••*****•••****.*******.**** •••WI**.*
l!'t.JNC'l'XONSc•••• u••••• _M ••••••••• _M ••••• ~•••••••••••••••••••• ~•••••••••• _•• =

C
C
C

FUNCTION VAAl ()
CHECKS WHIll'.rHlJ:RHyDRO OR pUMl?lilD STATION AND MULTIPLIES
'rHE COST QGO WI'rH A Fi\C'rOR TO AVOID THOS])) STATIONS
TO aE SW1TCHEO DURXNG Ol?TIMXS~TION

IF «9TAO(G,l) .lEO.:H~) .OR. (STAG(G, 1) .EO. <1.1) THlllN
VARl • 1.0 + (LOC(l,9,3)/10000.0)

ELSlll
VARl " 1.0

ENOl])'
Rlll'I'URN

ll:ND
c••••••• ilit .., "' ". •••••• '...........•• ,A "Q.
C FUNc'rION VA'R2 ()
C VAR2 • 0.0
C IF (.9'l'AG{G,l) .sc, 4.) '.rHlllN
c VAR2 • 1.0 + (LOC(l,$,3)/10000.0)
C ll:NOIF
C RJl1TUtm
C ENDc.*•••••••••••_••••"M •••••••••••• *••••••••••• ~~~••••••• *••••••• ~.~

l!'UNCTION RESS~'N ()
'THIS FUNCTION Illl:'rERMIN11:S IF 1\ l'tllSOURClll
AND STATION CORRlllSI?OND

o
CC .

CHAr~CTmR R11:S0 * 4
CHAR~CTlllR STNM * 4

C
C

RESSTN • 0.0



C BOUNDS e;E;T,FOR VAlttAl3LE: "'fX"
C UPPlnR '»

,(XU ..TCXy(~,G,y,l)
C LOW}l:R..!:lOUND
, '(XL ..TCXY{C,G,Y,Z)

C---"~··--"··"--"--··-·--·-----····------··-··--·--···-------.-.C SOUNDS SET FOR VAIUABLlll "Y"
C UPl?E:R..>

TYU ..TCYP(C,G,Y,P,l)
CLOWER ..>

TYL ..TCYP{C,G,Y,P,2)
C CO
C~-w ••~~~'~_~~.M~__~~~.~-~~~~~--~~~--~------~~~.-.~~~-~~~.----~-
c aOUNbS SET FOR VARIAl?)J1l) "Tyll
C UPPll!R,,>

YYU ..TCZY(C,G,Y,l)
C LOWjl)R..SOUND

YYL • TCZY(C,G,Y,2)C--··_----·_-··----·····-··-·······--··_----------_··"> ...._--.
C SOUNDS 51STFOR Vf\P.J:ABz,a; liZ"
C UPPll!R..>

TZU ..TCZP(C,G,'I,P,l)
C LOWE:R ..>

TZL • TCZP(C,G,Y,P,2)
C

C MUNDS SET FOR VARJ:AlilLlll "TZ"
C UPPER 'II>

'YZU .. TCZY (C,G,Y,l)
C LOW)i:R""SOUND

YZL ". TCZY(C,G,Y,2)
C
c.----· .....~-----·~-.---·-·-····~·---··--·------·C ~OWDS SET FOR VARIABLE: liS"
C Ul?Pn;R .. >

SLU • STPP(C,G,Y,I",:I.)
C LOWER ",SOUND

SLL • STPP(C,G,Y,P,2)
CC·-------··---·---·-··------·-··-··--·-·--·~·--·--····.--.~.- ..C BOUNDS SIllT1J'OR Vl\lUASLll: "aL"
C tTPpn;R "'>

YLcr = STPY(C,a,y,ll
C r.,OWll!R..SOUND

YLL ft aTPY(C,G,Y,2)
Cc-···--····-----····--·---·-···--··--------·--······-- ..-._-_ ..C BOUNDS SET FOR VARlAl';l!,ll:"'1''' (sr.Pl
C! UIJPll:R..~

SIU • STl?P(C,G,Y,P,4)
C LOWlllR..lllOt7ND

SlL • STPP(C,G,Y,P,S)
cc ·__• •• __•__•__•__••••••• __··_····· __··o•...__....--_.--.
c ~otmDs SET FOR VARlAl3LIl:, )lSI"
C Ul?l?lllR ->

YIU • ST?Y(C,G,Y,4)
CLOWER ..aOt1ND

YIL • STPY(C,C!,Y,5)
c---·---·····--------···-·--·---· _...-..... ---..--_._---.- ....

o
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Got) .. S'l'AP(G,:ttP,3)*(I-S'rAl?(G,'1,P,4»*(I.·STA1?(G,'1,P,S»*
" (I-LDC(l,S,3)*S'rAG(G,3»

c
CLOWER .. >

GOL ~ ·'l~'.'_.P(GI,'l, P ,I)
Cw-~~.~•.~.~~~-~-__~_~ ~_~~~~_~ ~._~_~ ~__~_~_~~--_.~*~.
C
C
C
C rr~PER ..>GOU .. Il?C * (I-P0R) * (l-FOR) * ADF ?

PLU .. STAP(G,Y,l?,13)*(1-S'rAP(G,Y,P,4ll*(I-STAP(G,'l,P,S»*
* (1-LDC(I,S,3)*STAG(G,3»

Ml.mpS SET FOR VARIABLE "Pt."
ADlf}S NOT Dll:FINED ].1'ORTHIS MObmL IE. ADF .. 1

C
C LOI'Il)lR'0>

P41, .. STAP(G,Y,P,12)
C

C BOUNDS sm'!' FOR V1\.RIASJ:,tJ:"PI"
C
C UPPER ,,>

PIU ~ PIMP(I,'1,I',l)
C
C LOI'IER ..>

PIt, ..PIMP(I,Y,P,2)
C

C--.-----------.---------------------------.-------------------C BOUNnS sm'! J.1'ORVAlUABLE "pg"
C
C UPl?l)lR..>,

1;)'l>J .. PEXP (lJl, r,P, 1)
C
C LOW)i)R .. > !

PM:.... !?n:xp(.:,Y,J?,2)
C

c------------------------·---·_------_·_--------_·--·-.--------CK~."._•••• SECTION 3.21
C lilOUNDS SET ]),ORVAR!ASt.l1l"COY"
C
C UPPER ,,>

CYO .. CO:"'\'(C,'I.',l)
C
CLOWER ..>

CYI., .. COLY(C,'l,2)
C

C-------·_--------·---·-----···--_·-----·-·--··----···---------C BOUNDS SET FOR V.MXASLIi: "CO"
C UPPER->

COO ~ COLP(C,Y,P,l)
c
C LOWER->

COL. COLl?(C,'l,P,2)
CC-····--·······--···········-·----· ..·--··--······--···-- .
C BOUNOS SET FOlt 'lARIMilLE "X"
C tJP~ll);R to>

TXU. TCXP(CIG,'1,P,l)
CLOWER ..>

TXt, ..'rcxp (C,el, Y ,1? , :I )
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113 .nPEXY{.,Y,ll
C
C********1*********2*********3***********************************C=-••••• = •• SECTION S.1.9
C COEFF1C!ENTS FOR ENERGY IMPORT LOWER BOUND
C
f'" ••• PERIOl)

IE4 .. PEXl?(E,Y,P,5)
C
C *.t YEAR

EES .. PEXY(E,Y,2)
C
C********1*********2*********3***********************************
C...."..."'.......SICTtON' 5.2.1
C COEFFICtENTS FOR GENERAT!ON TRANSFER BALANCE
C
C *** P~RICD

GJtl'" SWH(Y,P,S) * PLW(Y,P,l) / STAP(C:I,t,P,8)
GT2 " COLP(C,1,P,5) * COLl?{C,Y,P,4) I 3.6

C
GT3 .. -1 *I?LW(Y,P ,1) ~'S!'AP(a, Y ,P ,10) *Sl'AI:'(0, it,I?,3)*l?LW('!{, p, 2)

c
CVL .. COLP(C,Y,P,4) / 3.6

c
C t** YEAR

GT4 ~ COL1(C,Y,S)' COLY(C,Y,4) / 3.6
C

C
GT5 .. -1 * SUNGT5(G,Y)
CVY. .. COLY{C,'Y,4) I 3.6

c
C*******-1*********2*********3************************tt*t*****t*
C 3ECTtON 5.2.3
C COItFFICJ:ENtSFOR S'l'OCKPILEBALANCE
C

SI,! .. STPG(C,G,l)
c
C /,.'//1

C********l*t '******2******ii~3~*************'.*****.*****.**.***.c=•••• ~••~. SECTION g.3.1
~ COEFFICI»NTS FOR RESOURCE TRANSFER BALANCE
c tl. PERIOD

RT2. SWH(Y,I?,S) ~ PLW(Y,P,l) / STAP(G,Y,P,9)
c

RT3 .. J?LW(Y,P,l) * STAP(G,Y,P,l1) * STAI?(G,Y,I?,3)* PLW{Y,P,2)
c
C *i;· YE1\.!{

RT4/.. SUI~RT4to, '{)
c
C
C********1****.*W**2*********3*****.*************t*****t*.tt***ttC*******·1*********2**t**I***3*****~*C•••••••••• SECTION 3.1
C BOUNDS SET FOR VMIABLll: "GO"
C
C UPPlllR..>GOO ..lGC ~. (l·POR) * (.l-FOR)* MF ?
C ADF IS NOT DEFINED FOR THIS MOl)EL IE. AOF • 1
C



209Q
C2000 CONTINUE
C
CC ===",,==============COLLIERIES=====================================
C
C
C
C

c

21302140
2145
C

2150
2100

cc

IF (TOPRGO(IJ).GT.0.000001} THEN
WRITE OUT INFQRr"'4ATION FOR EACH STATION

l!iRlTE {KPRINT,2140J KGN...2!ME(IJ}. {PRGO(K} ,K=N'OMPRlJrNPRl»
WPJTE (KPRINT,2145)
END IF00 21.30 K == NOMPRD,NPRD

PRGO{K) = 0.0
CONTINUEFORMAT (rx. J if •,A,T13, •if I .1.0(ax, FS. 2) }FORMAT ('+' ,T100)

IF ({NPRD .EQ. NP}.AND. (TOPRGO{IJ).GT.0.000001l)WRITE {KPRINT, 2150} TOPRC'"c~IJ}FORMAT ('+t ,T110, 1:jf',lX,Fl002,T100)
ENDIF
CDN'I'INUENOMPRDCONTHIDE + "'..0

=-==***===
NPRD 0NUMPRD o
NUYR o
TYPE 0

START PRINTING THE TABLE
INITIALISING VARIABLES ===***=""=

DO 3080 III = 1,200
TOPRGO{III} == 0.03080 CONTI!iUE

C

c ~UMPRD == 1

DC 3~00 II = 1,NY,10
IF {{NPRD+10) .GE. NY) TEEN'

NPRD = biY
ELSE

NPRD =NPRD +10
BNDIF

c
C ====T**",,== WRITING "TABLE HEADINGS ==,,,,***====
C

E-5

00139000
0014000000141000
00142000001430000014400000145000
001.46000
001470000014800000149000
00150000001510000015200000153000001540000015500000156000
00157000
0015800000159000001.600000016100000162000
0016300000164000
0016500000166000001670000016800000169000&iJ170000QOl./1GOO
00172000
0017300000174000
001"l5fJOO00176000
00177000001'18000
0017900000180000
00181.000
0018200000183 OUt}001.84Erotl



s
C ==============="'======',=Pll_MPING LO]>._D============::==============::::=======
C
C
C

c
c
c

2080
C

C

c

===***=='= START PRIlII""TING THE. TABLE
INITIALISING VARIABLES

==",***===

NPP-D 0
NUMPRD 0
NUYR 0
TYPE 0

DO 2090 II == 1,r~I

DO 2080 III == 1,200
TOPRGO{IIIj = 0.0

CONTINUE

NUMPRD = :l

DO 2090 IK = l,NP,10
IF «(NPRD+10) .GIS. NP} TEEN

NPRD =' NP
ELSE

NPRD =NPRD +10
ENDIF

DO 2100 IJ == l."NGc
C =:=;===***===\WRJTING TABLE EE...li.DINGS
C

c

===***====

IF (IJ .80. 1) THEN
"n"PE" SPECIFIES WHICH TABLE IS BEING PRINTED

TYPE == 2CALL TBHEAD (TYPE,NUMPRD, NPRD I IIi
ENDIF

C
C ONLY TO BE !lONE FOR PUMPED STORAGE STATIONSC ???1??11? IF (POWR1(IJ,2) .NE.1.0)GOTO 2100
C

DO 2110 I = NUMPRD,NPRD
C

C

2120
2110

DO 2120 J == 1,NS
PRGO{I) == PRGO(I) + BLPL(IJ,II.I,J}*SWH(II,I,J}*PLW{II,I,l)
CONTThlJE ,~'TOPRGO(IJ} == PRGO(I} + TOPRGO(IJ}
CONTINUE

E-4,

00091000
00092000
0009300000094000
00°9500000096000
00057GOO
OB098nOOG'),q~9COO
OOl.<JOOOO
00101000001020:)0
0010300000104000
0010500000106000
0010700000108000001090000011000000111000
0011.200000113DGO
0011.4000
001.t5000001'1600000117000
001180000011.900000120000
001210000012200000123000
0012400000125000003.260000012']000
0012800000129000
00130000
00131.000
00132000001330000013400U=-~
0013500000136000
00137000'
00138000



c
c

c

NUMPRD = 1
DO 1090 IK = l,N~,10
IF {{NPRD+l0} .GE. NF} 'l'HEt~

hJ?RD = liP
ELSEHPRD =N"PRD +10
ENDIF

00043000
0004400000045000
00046000
00047000
000480000004900)
000500r.W0005100000052000
000530000005400000055000
0005600000057000000580000005900000060000
00061.{}{}O
00062000
00063000
00'06.A-: 0000006500000066000
0006700000068000
00069000
00070000000'7100{)
00072000
0007300000074000
0007500000076000
0007700000078000OOD7900000080000
0008100000082000
0008300000084000
00085000
00086000
0008700000088000 c

0l'}089~DO
00091JOOO

DO 1100 IJ = 1.NGc
C ====***=== WRITING TABLE HEADINGS
C

PRGO(I)
1120 CONTINUE

TOPRGO (IJ) -;:::PRGO {Il + TGPRGO (IJ)1110 CONTHt'"UE '
C WRITE OUT INFORMATION FOR BACH STA.TIONWI~ ~~~I~:B:~glKGNAME{IJ} r (PRGO(K) ,K=NDMPRD,NPRD}

00 1130 K := ~RDTNPRD
~==,PRGO (K) = o , 0

1131} - -XUNTnmE
1.146 ~T ..I1X,·i J,A,T13,'i',10{1X,F8.2»11.45 FORMA'l"',' +' ,Tl00)C' '-=,.~;

- IF (NPRD .EO. NFl THENWRITE {KPRINT, 11.50) TOPRGO{!'::-) ,
1156 (~~T (t+t,Tll0, 'it,:iX,Pl0.2.T1.DO)

,;7&IDIF .
1100 CCJtl""Trmm

NUMPRIl, = NOMPP..D + 10
C'ONTINUE

C

C
111.5
C

C
C

10§0
c
1000c

===***===
IF (IJ .EQ. 1) '!'HEN .

IITYPE " SPECiFIES WHIC'".dT~..BLE IS BEING PIU:NTE!}
TYPE = 1 .

CALL TBHElID (TYPE,}'4UMPRD, NPRD, II)
EN"DIF

00 11.10 I, = NUMPRD,NPRD
DO 1120 J = l.,NS

PROO(I) + BGQ(IJ,II,I,J}*SwH{II,I,J)*PLW{II,I,l}



SUBROUTINE REPORT 00001.000
00002000
00003000
0000400000005000000060000000700000007500
00008000000090000001.00000001.10000001.2000
0001.3000
0001.4000
0001.50000001.5000
000170000001.80000001.9000
00020000
00021.000
0002'l000
0002300000024000
000250000002600000027000

C =========? ======C*************************~*****************************C*********************************x*********************C***** TRXS RE:POR'i'WR:rT~{WAS CREATED. FOR THE *****e***",* .","iiE¥IGBXPR:OJECl'4 FEBUARY 1990 **"',..*
C***~;r BY L. R .• BOTHA *****
C***** JiliD MODIFIED BY P. DR WINTER. 24/4/90 *****
C******************************************-f:************C*******************************************************
c. . - usEd para.ureters to d:i'mensionlocal arrays
C••
C%INCLUDE f~~q.I'
%INCLUDE 'RWQ:)MM. I '
C

c
C

c
c
C
C
C

c
C
C

C

:l080

RANGEV
RP.NGEX
Ail
AIJ
AI{

·REAL P..A.lifGERt1.00 I 2)
REAL RANGEY(1.00,2)
REAL PRGO{2(0),TOPRGO(200}
REAL SUM

INTEGER NUMPRD,NPRD, TYPE

""=cr=***===STA.~T PRINTING THE TABLE
INITIlU!ISING .111'.P.L.1il:U.R~

===***=\:=
NPPJ) = 0
N\.JMPP..D 0
.t-tfiImAD "" 0
TYPE 0

CALI.t R.lUiiGE1.~
DO 1000 II = :tINY

00 1380 III == 1,200
TOPRGO(1II) = 0 _0

COl'ilT~

E-2



APPENDIX E

R.ll!YOR.T WRI'l'lilR COti.lll

'1'h~r'Report Wl::ite:r: code is showl"l. in this appendix. Note

the .:I.nclufl:Lon of the common blocks' pl:oduced by RtJNMGQ

and Sc:~iC'cm;i.c 'n1'lmelj 'MGCOlVlS. I I and IRWCMM. 1:'; •



*
*
~'Rn:Sa

*
'* RmSY
"*,.

n
"*
"'RlllSY
*
'" Rn:Slil
*
'"*
*
*'IIams!?,
*MS!?
"MIIlP

"ll:NO.ttltt'A

))-11

RRRR
H20:!. SASE

*** RESOUCn: Yn:AR DA'l'l\ ***
L.l, RIJ:SOUCa; QU'l'PtJ'l' UPPER SOUND (ROU)
):.,-2 n)l:SOUCE OtJ'l'!:,U'l' LOWER SOUND (ROL)
L ..s REsoueE Ot1l1l?tJT COS'!' (RHO)

'nRRR
H20:!.

'iy'{'{
1990

-nou-- -ROL-· -QRO··
900000 0(100:1.0 .l12000

"''II'll nn:SOUCE PERIOD DA'!'A ***
L-l. RESOUCS OUTPUT uPJ?ll!R BOUND (ROU)
L-2 RmSOUCE: OUTPU'J:' r.ml,Il:R SOUND (ROL)
L.:! RmSOUCIJ: OUTPUT COST (RROl

RRRR YY.,:{,{ PI? -ROU-- -~OL·· -QRO··
H2O! USO 01 SlOOOO '600000 .02000
H2O:!. USiO 02 90000 000000 .02000
H201 191)0 03 1)0000 OOOOOQ .02000



D-10

*ST!?!? TeOA PEAK 1991 03 1 000100 000010 .00100
*STPl? PUVA MOMT 1990 01 1 OOOl.( ., oaOU05 .oo~.oo
*ST!?]? nUVA MOMT 1990 02 1 000100 OOCOOS .00:'00
*S'l'Pl? nUVA MOMT 1990 03 1 000100 000005 .00200
*s'rpl? OUVA MtlMT 1991 01 1 000100 000005 .00200 OOO:t,j:)O
*ST!?P DUVA MOMT 1991 O? 1 000100 000005 .00200 000100
*STPP OUVA MOMT 1991 03 1 000100 OOOOOS .00200 000100
*STPl? OPT:! BASE USIa 01 1 000200 OOOOOB .Q0300 000100
*STPI? QP'l'! BASil: 1990 02 1 000200 000008 .00300 000100
*STPP O)?TI BASl!', 1as 0 Q3 1 000200 OOOOOS .00300 000100
*STP!? OP'l'I BASE 1991 III 1 000200, 000008 .00300 000100
*STl?P OPT! BASEl 1991 02 1 000200 oooooe .00300 000100
*S'l'P!? Ol?T:t BASll: 19S1l 03 1 000200 000008 .0031)0 0(10100
*
* ecce GGGG 'l,{,{y PI? SEO ·S!L·~ ·QSI·· ~SOt1~~ ·SOL~"
*STPP TeOA PEAK l~SlO 01 2 .00000 .00100 010000 0;)00(,)0
*STl?E> Teo)\. P1U\1< 1990 02 2 .00000 .00100 010000 000000
*S'l'!?P TCOA PIllAr< ~.990 03 :2 .00000 .00lOO 01(.)000 000000
*STP!? '1'COA PlllM< 1.9!il1 01. 2 .00000 .00:\'00 010000 000000
*ST!?!? 'tOOA PEAK 1991 02 2 .(10000 .00100 010000 000000
*S'!'pp TCOA PEAK 1991 03 2 .00000 .00100 r 0000 000000
*STl?!? lJOVA MOMT/ 1990 \)1 2 .00000 .0()200 ! lOa (1)0000
*$'l.'llp DOVA MOMT' 1990 02 2 .OOQOO .00200 ohi100 000000
*ST!?)? DUVA MOMT 1990 03 2 .00000 .00200 010100 000000
*STl?!? OUVA MOM'!' 1991 01 2 .00000 .00200 010100 000000
*STPP DUVA MDNT 1991 02 2 .0O()fJ().0020() 0,10100 0(1)000
~ST)?P OUVA MOMT 19~1l 03 2 .00000 .00200 010100 000000
*STJ?!? OPT!: BASE 19.9'1 01 2 .0000'0 .00lOO 011100 DOOOOO
*STp!? OPT! BASE 1990 0::1 2 ~OOOOO .00100 011100 000000
*STPP OUrl SAaE 1990 03 :0 •00000 .00100 011100 000000
*S'l'!?!1 OPT! B.1ISlll 1$191 01 2 .00000 .00lOO 011100 000000
*ST!?!? O}?TI BASlll 1..95):1. 02 2 ,00000 .00100 011100 OOouM
"'S'L'PP OP'1'I BASE 15l9:J. 03 2 .00000 .00100 011190 000000
*

('

'" ecce C:1GGG "i.'{'ly PP SlllQ -oso-.
wS'L'!?!? TeOA l?ElA!< HlSlO ('11 s .00100
*STl?P '!'COA !?EAI( 1990 O!:- 3 .00100
*ST1'1" T(.':OA itlllM< 19~0 03 a .0(1100
*S'!'!?l? TeOA !?IllAK 19!)1 01 3 00:1.0'6
*STPP TeOA Pll!AlC 1991 OA :; .00100
*s'!'}?!? '!'COA PEAK 191>1 03 a .00100
*STl?l? nUVA MOMT 1990 010 3 .00200
*STP!? OUVA MDM'l' 1990 02 a .00200
*S'l'!?P DOVA MDM'!' 15190 03 '11 .00200
*ST?!? nUVA MOM'~ 15191 01 3 .00200
*STPP nOVA MDMT as SlJ. 02 :; .00200
*STPP nUVA MDM'l' 1991 03 ;,) .00200
*ST)?!? OPT! BMW 1!l90 01 :; .00lOO
*STP}? OPT! 13ASll: 1990 02 :; .00100
'kaT!?)? OP'l'I SASE 1990 03 3 .00100
*STPP OP'!'I BASE 1991 01 3 .00lOO
*ST!?l? OP'l'I BAam 1519l. 02 3 .00lOO
*a'1'!?!? OPT! BASil: lSlSll 03 3 .00100
'"'" ~:U:SG *** RESOUeD: C:1IJ:Nll:AA

-.. _D1\TA **w
'" cr .. 1



.. r...3 TRANSPORT COST ON Cl:tANNIl!r..(QtZ)
"* ecce GGGG 'lY'{Y 1'1' ·'l'ltU-- -TXLM. -QTX··
*TCZl? OPT! EAS~ 1990 01 000050 000000 0.0050
*
*
* stl'C:l *** STOCKPII,E GJJ:Nll:RALPAtA ***.. J..1 INITIAL STOCKPILE LEVEl:, (SLI)
"I< ccce GGGG ·S.t.I--
*STl'G OPT I BASil! 00010.
*.. S'l'PY *** STOCKPILE ':lEAR DATA ***
" U.. l stOCt<rILll: Lmvn:t UPPER BOtIND (SW)
" U ..2 STOCKPILE tEV~L LOWll!R BOUNII (SLt.)
" u..:l STOCKPILE Lll!VEL COST (QSt).. u.~ STOCKPILll: INPUT UPPER aoUNP (SIU)

" u..s STOCK1?!Lll: ':NPU'].'LOWER SOUN)) (SIL)

* U .. G STOCRPILlt :tNl?U'l'COST (QS!)

'" U .. 7 SrOCKl?Il:,n:OUTPUT UPPER BOUNP (SOU).. u.a S'l'OCKP:rLll:OU'l'!'UTLOWEl< BOUND (SO!,,).. U-,9 STOCltP!Llli'!OtJ'l'l?UtCOSt (Q80)
'I< n

" eccc GGGO ':lYY,! SEQ -stu-· ·St.)..,··-Qst-· -sru·· -stts··
*ST)?).' '):'co). PEAK 1990 1 d00900 000030 ,00300 000600 000.\)00
"S'l'PY TCOA PEAK 1991 1 000900 000030 .00300 ,'100600 ooooad
*ST!tY nOVA MDMT 1990 :1. 000900 000020 .00400 OOO!lOO 000000
*STP¥ .}JWIr. MDMT 19n 1 000900 000020 ,00400 000500 000000
*STPY. OJ;lTt SASE 1990 1 000900 000020 .oo:aoo 000500 000000
"'s'rp,! ",~'I'' EMil! 1991 :1 000900 OOr92O .00200 000500 0000(1)

* ~)~~6 GOGG '{'[yy SI£O ·OSI·· ·sou·· ·SOL·· -0$0··
*STl?Y TCOA PEAK 1990 2 .00lOO 000500 000000 \00100
*STl?'l TOOA: PIl!AK 19III 2 .00100 000500 000000 ,00100
*STP1 ))UVA MDMT 1990 2 .00100 ooosoo 000000 ,00200
*STP'l nOVA MDM~r 1991 2 .00100 000500 000000 .00200
*STl?'l OPT! BAS.E lSlSl0 2 .00100 000400 000000 .00200
"$TP'! OPTX BASIl: 3.991 2 .00100 000400 000000 .00200
it

* ST):Il? *** $'J.'OCKl?:ttI£Pll!,RIODDATA *'1<*
..* '0.1 STOCKPIt,ll: Ln:Vll:t'OPPER SOUNP (stU)
* U .. 2 STOCKpILE Ln:V~L LOWI£R 13OUNO(9LL)
'k U .. 3 STOC1{PILm LltVl1:tcos'!' (KSL)
'* '0..4 STOCI<PILll) INl?U'J.'UPPER BOtlNP (SJ:U)., u..s STOCRPJ:Lll: INPUT LOWER B~~P(SIL)
* th·15 S'l'OCKll:tLEINl?U'!.'COS'.!.'(RSt)
* U.7 STOC!(l?:t:I.D:OUTPUT UPPER BOUND (SOU)
* u..s S'l'OCKPIl,n:.QO'J.'l?U't'LOWER BOUND (SOL)
* U ..9 S'.!.'OCRl?ILn:OUTPut COST (RSO)
."

* eccc GQGG ''iY.Y.'! l?P SEQ ·SLU·· ·,'aLt.·· ·QSLI'.~ ·s:u)'·- o

"'ST!?}? 'l'COA !tICAl< 1990 01 1 000:1.00 000010 .00110 000100
*S'l'l?l? 'l'COA l?ll:.I\l( 1990 02 1 000100 000010 .0010·0 000100
~STl?P TCOA l?ll)AK 1990 03 1 000100 OOOOl,O .0OlOt 000100
*STPP TCOA PEM 19S11 01 1 000100 000010 .00100· 000100
*STPP TCO.i\ PJJ:A!( lNll 02 1 00010Q OOU010 .00100 000100



*'l'CXP 1COA PEAK :1.990 03 010000 000000 0,0100
*'l'CXl? TCOA l?lllAI( 1.991 01 010000 0110000 0.0;1.00
*TCXP 'rCOA PEAK 1991 02 010000 000000 0.0100
*'l'CXJ? TCOA PIllAK 1991 03 010000 000000 0.0100
*'l'CXl? PWA MOM'!' 1990 01 010000 000000 O.O:{OO
*'l'CXl? POVA MOM'l' 1990 Q2 010000 000000 0,0200
*'l'CXl? OWA MDM'!' 195)0 03 010000 OOQOOO 0.0200
*'l'CXP nOVA MOW!' 1991 0:1. 010000 000000 0.0200
'*'l'CXl? POVA MONT 1.9111 " 0;1.0000 000000 0.0200..
*'l'CXP nov1\. MDMT 1991 0:> 010000 000000 0.0200
*'l'CXP Ol?T! 'BASre '\.99(1. .'1. ~(JOOO 000000 0,0070
*TCXl? OPT! BASE 1ti90 02 ''()10000 000000 0.0070
*TCXl? OPTI SASE: :1.990 03 010000 000000 0.0070
*'l'CXP. Ol?'!':!: 'BASI 195)1 01 010000 000000 0,0070
*TCXl? OPT! 'BASn: 1991 02 010000 000000 0.0070
*'l'CXl? OPT! aASIl: 1l1S11 03 OJ,OOCO 000000 0.0070
*
* TCYQ *** TRANSPORT ON CH1\NNI1lL 'Y' GIl:NIllruu. OATA ***
'It J-l
*
* CCCC
*'l'CYG TCOA..
* TCY'¥ *** TRANSPORT ON CHANNEL. 'Y' t))JAA OA'1'A H*

* 1..-1 TRANSPORT CHANNre1.. 'Y' UPPll:R l~OlmD ('1'W)
'It 10.. 2 TRANSPORT CIW1'NlU, I\,' LOWER 'BOt.JNt)('l'YLI
'It 10-3 TRANSPORt cos'!' ON C[WlNll:r. (QTY)

*,~ ccc~C'
*TCY't rcox

-TXt1-· -').'yr.-. -0'1'1'· -, \
000010 000000 .00900

*
'It TCYl? 'It 'I;* TRANSPORT ON CaANNll:r.. '\" Pl1liUOD DA'!'A *It 'It

'It 1...1 'l'RANSPOR'r CWWN1U.. 'Y' Ul?Pll:R ammo (TWl
* 10.. 2 TRANSI?ORT CHANN1l:1.. 'Y' t.O~!D:R 130UNP (TYLl
'It" 1.... 3 'rRANSl?ORT COST ON CAANNll:t. (Q'l'Y)

** ecce
*TCY]? OPT!

GGGG
SASU:

iilP
01

-TYU·· -'1'1'1.... ·0'1'1··
000010 000000 O.OOGO

'It

'It TCZG *** TRANSPORT ON CHANNEl. '2' aD:NI1lRAt. DATA ***

'It ecce
*'!'C2G TeOA

I' 'rCX)." ** 'Ir Tq.l\NSPOR'l' ON CHANNll:L 'Z' Yll:AA OM'A *H
!~ 1... \ T~l\NSPOR'l' CHANNEL 'Z' UPPER BOUND (T2U)
'" 1.-2 '1:'lttl.WSPORT CHANNll:t. iZ' LOWD:R LlOUNO(TZ1,,)
* r...3 TRANsPOR'!' COST ON CHlWNll:l, (QTZ)..
'It ccce
*'l'CZY TeOA

-TZU-· -TZ1..·· -O'1'Z··
000010 000000 .00600

'It

'It TCZP *'** TRANSPORT ON CHANNIl:x.. '2' PltR:tOD DATA ***
* :r....1 TRANSP.ORT CHANNIl::r.. 1'2' TJl?PltR mOUND ('1'ttf)
* x.....2 TRANSI?ORT C:HANNIl:x.. 'z' r..OW!ia~ MONO ('l'2Ll



*COL~ DWA 199:1. 900000 000000 0.5000 0.lS00 1.0000
*
* COt!? *** COtL:mlW PER.IOO DA'l'A ***
* N ..:I, COLLIER.Y' OtrrliOT UPPER BOON)) (CO'tJ) (MT)
* N ..2 COLLIER.Y OO'l'!?OTLO\'l~R BOTJN)) (COL) (MT)
* N,.3 COLLIER'\!' OU'!,!?UTCOST (QCO) (RM/M'l')
* N..4 CALORIFIC VALUEi:'==(iNLl (TJ/M'!')
* N ..5 CVR
*
* ecce 'iY:'iY I'll ~COU-" -COL-- -QCO-- -cvn-« -CVR--
*COLP TeOA 1990 01 100000 000000 0.2000 0036.0 1,0000,
*COLP TCOA 1990 02 100000 000000 0.2000 0036.0 1.0000
*COLP TCO)\ 1990 03 100000 000000 0.2000 0036.0 :1..0000
*COLP 'CCOA 1991 01 100000 000000 0.2000 0036.0 1.0000
*CO.t~ TCO.1\. 1991 02 100000 ooonoo 0.2000 0036.0 1.0000
~·cor..p TCOA Uill 03 100000 000000 0.2000 0036.0 1,0000
*COLl? OPT! :1.990 01 100000 000000 0.3000 0072.0 1,0000
"COLl? 01''1'1 1990 02 100000 000000 0.3000 ocza.o 1.0000
*COLP OP'l'I 1990 03 100000 000000 0.3000 oon.a 1.0000
*eOLP OPT! 1991 01 100000 000000 0.3000 0072.Q 1.0000
*eOLl.l OPT! l!I91 02 l.OCOOO 000000 0.3000 oa72.0 1.0000
*COLl.l OPTI 1991 03 100000 000000 0.3000 0072.0 1.0000
*eOLl.l OWA 1990 01 100000 000000 0.5000 1008.0 1.0000
*COLP DWA 1$190 02 10t}QOO 000000 0.5000 1008.0 1.ll000
*eOLl.l !)tWA 1990 03 100000 000000 0.5000 1009.0 1.0000
*COLl? oWA 1991 01 100000 000000 0.$000 1009.0 1.0000
*eOL!? ))WA 1991 02 100000 000000 0.5000 1008.0 1.0000
*eOL!? mWA 1991 03 100000 (100500 0.5000 001S.0 1.0000
'I<

* Tcxa * ..* TRANSPORT ON CHANNEL 'X' GENlllAAL D1\.'l'A**11-
* .1...1
*
'I< ecce
*'l'CltG '.I.'aOl~
** TClty **", 'l'RAN$POR'l'ON CHANNIi:L 'X' Y'll:AR oATA ***
* :r..-:t. TRANSPORT CHANNn1L 'X' UPPER BOOND ('l'XU)
* L..2 ·rAANSl?OP.T CHANNEl, 'X' LOI'l)l:RBOOND (·rxI.)
* L.3 TRAl'ISl?ORT COS'l'ON CHANNEL (QTX)
."

* CCCC GOGO W'1,:( ~'l':XU·· -TXt,- • -{1'rx- "
*Tcxt TCOA mllAl\ 1990 900000 000000 ,01000
*TCX1I: 'rCOA l?l1:AK 1991 900000 000000 .01000
"'TeX'i DWA MOMT 1990 900000 000000 .02000
*TCX'i DWA MOMT 1991 900000 000000 .02000
*'l'C}cY op'!'! BASE 1990 900000 000000 .02000
~TCX'l OPT! MSE 1991 900000 000000 .02000
*
* Tcn *w* TRANSPORT O~ CHANNDlI. 'X' PERIOD PAT.1\.***

tool TAANSPOR'l' CHANNEL 'X' UJ:Pll!RaOON)) ('.!'XU) ! }
!

r.,..2 TRANSl?OF'l' CHANNll!L 'X' LOWDlR BOON)) (TX):.,)
* L-3 'l'RANSPORT COST ON CHANNJl:I. (QTX)
*
</( ccce GOGO Y'f'l'l PP -TXU·· -'l'X):"- • -Q'l'X·-
"'Texp TOOA PJl:Al( 1990 01 010000 000000 0.0100
*'l'-:XIi' 'l'COA PillAR 1990 02 010000 000000 O.Ol.OO



D-6

;' /

P!Ml' SWAN 1990 01 0000.4 0000.1 0009.0 0000.0
PIMP SWAN 1990 02 0000.4 0000.1 0009.0 0000.0
PIMP SWAN 1990 03 0000.4 0000.l. 0009.0 00(10.0
*
* PJl)XG *** PONtR EXPORT GENERAL DATA ***
'" J..l.
*
* EXpOR'X ./.\MOIm'!'
* .. - ...... ----
fJEXG SPIAW 0000,0
l?EXO MAW 0000.0
*
* PEX'l *** POWER F.:XPOR'l'YEAR DATA 'k**
* K..l ENERGY EXPORT UPPER BOUND (lllEU) (OWl!)
* K.. :;a l11Nll:RGYEXPORT LO~lER BOUND (~1:L) (GWH)
*
'Ii EXPORT YEAR EEtT EEL
* .... _- ...... ;.;, ... ,_, ................... 0

rEX'! SWAW 1990 3500.0 0000.0
PillX'! MAPtT 1990 000000 1000.0
*
* PEXP *** POWER EliPOR'l'PERJ:OD DATA **'h

II* Nal. POWER ll1XPORT t1J?l?ERBOUND lPEtJ)
* N ..2 P()W!l:REXPORT r..OWE;R]OOUNb (PEL)
* W"3 COSry-Oll' POWER EXPC.\~T (QPE)
* W ..4 ENERGY EXl?OR'r UPPER BOtJND (EEUl (aNH)
* N.S ENERGY EXPORT r.,OWIllRBOUND (E:ELl (GWJ.I)
*
* EXPORT Y!l:AR !?ER):ODS l?EU PIt!. QPE IlllS'O Elll.w
* ................... ........... _ ... _ ... .............. "' ...... ................. ' .." ......... ,. ...
PIllX!? SWAN :1.990 01 OOOl.O 0000.5 12 000 0000.0 0000,0
l?ll:XP SWAN U90 02 0001. 0 0000.5 12.000 2000.0 0000.0
PlllXl? SNAW ;1.990 03 0001.0 0000.5 12.000 0000.0 0000.0
PEX!? MAPtr 1990 01 0001.0 0000,5 10.000 .. 0000.0 0000.0
PEltP MAPtr 1990 02 OOOl.O OOOO.S 10.000 0000.0 0000.0
PEXP MAPU 1990 03 OOOl.O 0000.5 10.000 COOO.O oooo.\)
** COLC! *** COLLIll)RY (lll)NERAr..DA'l'A ***
* a..l
11

* ecce
1ICO!.('iITCOA 000000 J;;

11

t COr.N t** COLLXER'l yEAR DATA ***
* N.l COLLIIllRY OU'J.'PUTUPPER BOUND (COU)
'w N.2 COLtIERY OtJTPUT LOWER aOlmP(CQLl
* W ..3 eOLLJ:Ill!tYOUTl?t1':CCOST (QCO) " .

'" N..4 CALORIFIC VALUE (CVt) (MJ/KG)

* N..S CVl~
11

* eccc YY.Y'l -eou·· -COL·· ·QCO·" ·Cvt.·· ·e~··
\\,~COLY. TeOll 1990 !lOO(JOO OO()200 O,.2()00 0.3500 1.0000 If>:I;'','~COL'.( TCOll U511 90000(1 000000 f:aooo 0.3600 1.000":,\
\',*dOLY oPt! 19M 900000 000000 ,/3000 O.72QO l.oo.obi.
\ltICOL'l OPTI 1991 900000 OOODap ~(3000 l'.7200 1. }O\lo
i\*COLY DW]) 1.9110 900000 000000 0.5000 O.lBOO 1.0000
\i



STAl? UNIl\N 1990 02 2 0000.0 (l000.0 l.odoo 0001.0
STAP UNEN 19!1O (13 .2 0000.0 0000.0 1.00ll0 0001.0
STAP PlllAl< i990 01 .2 COOO.O ').029.2 1.OOCO. 000:\..0
SrM PEAt< 1990 0.2 2 0000.0 :1,080.6 1.aooo 0.001.0.
STA)? PEAK 1990 03<. 2 0000.0 1028.01 1.0000 0001.0
STAP MOMT 1990 01 .2 0000.0 1285.2 1.0000 OOOl.O
STAP MOM'!' 1990 02 .2 0000.0 J.36(;. B 1.0000 0001.0 0000.0
STAP MOMT :L990 03 2 0000.0 1295.2 1.(1)00 0001.0 ooco.O
STAll BASE 1990 01 ~ 0000,0 0000.0 :1..0000 0001.0 fI?OO.O
S'!'AP :eASE 1.990 02 .2 0000.0 0000.0 1.0000 OCOl..0 \,,000.0
STAP :eASll! 1990 03 2 0000.0 0000.0 1.0000 ocm .u 0000.0
*
* STATtON :;I'll:ARPER:tODS S:.l:Q R1\X PLL J:PC PSI
* ... - ........... "' ... ...................... - ... - ................. ... ... _ ........ "'i~ r,,'" ~_~
S'l'AP UNEN 199V OJ. :j 0000.0 0000.0 0001.0 OOl'O ;-b
STAP fJNlllN U90 02 :I 0000.0 -0000.0 ·OOOL a 0010.0
STAll fJNl£N :)..990 03 3 0000.0 0000.0 0001.0 0010.0
STAP PD:At< 1990 01 :;; 0(100,0 0000.0 0001).0 0000.0
S'l'Al? PEllJ< 1930 02 3 00:10.0 0000.0 0000.0 0000.0
ST.'tiP PEAK 1990 03 :I 0000.0 0000,0 0000.0 0000.0
£ITA? MPMT 1990' 01 3 0000·,0 0000.(1 0.000.a 0000 ._,0
STAP MDM'l' 1990 02 :3 0000.0 0000.0 0000.0 000010
STAP MDM'l' 1990 03 :3 uooo.O nooo.O 0000.0 0000.0
STAP EMS 1990 01 3 0000,0 0000.0 0000.0 0000.0

l'lASm 1~90 02 0000.0 0000.0 0000.':' CJS'l'Ail :3 0000.0
ST.1\P :eASE 1990 03 3 0000.0 uooo.o 0000.0 0000.0
*
* l?!MG * *~, POWER :tNPORT Gll;N)l:AAL PATA ***t· ,:,..1
"* IMPORT AMOUNT
* ... _ ...................
PIMG WIn 0000.0
nMG SWAW 0000.0
*
-* PIMY *** PQWlllR IMPORT YEAR PATA *"'*
* !{..1 ENERG"! IMPORT t1PPIl!RBOUND (mItt) (GWl·n.. 1\..2 I1NERG"! IMPORT LOWE:R l'lOfJND (ElL) (GWH)
*
* IMPORt YEAR 1m] ll::tL.. -- ................ ... .... "' .............
PIN"! CAHl'l 1990 2500.(1 0000.0
PIMY SWAW :1,9$/0 0000.0 0600.0
*

!;

* l?lMl; **" POWl'UR IMPORT PlllRIOD DArl~ ***
* N ..l POWER IMPORT tTPPER 130t11~f.1 (PlU) (OW)
'" N,,2 l?OWlllRJ:MpOR.·l.'i,OWER 130!.l1V-Il (PIL) (GlW)

'" N ..:3 COST Oil'POWER IMPORT 10P3:) (RM/GW)
* N-4 ENERGY IMPOR.T UPPE:R BO~)ND (lllJ:U)(ClWl-!)
* N.. 5 ENERGY IMPOR'l' LOWER nO\tND (lUL) (ClWH)
~,

'" IMJ:'QUT YlllAR. PlllRIOOS P!i1 PIL OP! JUU " En.
* ...................... .................... .............. OO! .. "' ...

Pl:MP CARD 1990 01 \.000.5 0000.1 0007.0 0000.0 0000.0
PIMP CABS 'USIa 02 0000.5 0000.1 0007,0 0000.0 0000.0
P~MP Chl'iB 1990 03 0000.5 0000.1 0007.0 0000.0 0000.0



APPENDIX F
REPORT. EXAMPLE

The first three pages of the( rt~pc.rt in. this avendix lir-ts
the result of the study.

I?RO:BLEM NAME: --KOPT-SDl (TESTwR,X
OPTIMISATION STUDY
SCENARIO D CASE 1)

PROBLEM VEnS~)N KOPT-SDl

SOLUT1I;N S'1'ATtTS OPTIMAL

OBJECTIVE FUNCTION 5674.S77209957
~ltJMBER OF ITERATIONS 2i)991
NUM:BER OF ROWS 1507,7
NUMElER OF COLUMNS 16'102

STtIDY PERIOP
NUMBER:OF PERIODS.
~1JM~ER OF SLICES '
NUMBER OF STATIONS

S~ART 19$13 F.)m,)S It)98
13
9

18
NUMBER OF COLt,IE1UES 17
NUMBER OF IMPORTS 1
NUMBER OF EXPORTS 1
NUMBER OF RESOURCES .2
NUMBER OF TRANSPORT LINKS l7

The remaider. of the report table:s the dati;\ils of the study
performed I (\\s inde:ll:edbelow.

1
I

ENERGY OU'rpU'I' OF EACH STATION (CfW'h)
POMPSTORAGE LOAP (GWh)
ENERGY IM.l?Ol\TED (GWh)
ENERGY EXPORTED (GWhl
PLANNEl.) OUTAGE (pu)
SYSTEM MAINTENANCE (GW}
POWER .. OUT),'UT/IMPOP.T/EX!JOR'l'/l?tJMP IJOAD/SPIN
RESERVE: REL.AX/DF.MMD
AMOUNT or COAL MINED/TRANSPOR'l'ED (MeGA 'X'ONS)
COAL STOCKPI:r.,ES T,lWEL/INPUT/OUTPUT [AMOUl'lTSJ
(MEGA TONS)

'l'A.Br~E n RESOTJHCE USAGE (pu)
TABLE 6.1 COST· s'rATION O&M (Rm)
TABLE 6 • .2 COST - IMPORTS (Rtn) _,
'l'ABtE IS. 3 INCOME ~ EXPORTS (Rm)
TABLE 6 ,;,.,.4:;:..'__;:C;.:O.,;;;S.:,T_-..,.:;S;::;;l?:...:;I;;N:,;;,;;,:N.::;,IN:;..;,G::;.....:R~E:;.::;S:.:;;~:.::.:.~:..;.V::.E..,.:;R:.:.,:El;::t,J\::;...:;;.:.:,?J:\.::.;: :.::;.Tz.IO:::,:N:.:.,_{!,:;R:::!!m::,.).....1.1

TABLE 1.1
'tABLE 1.:2
TABLE 1.3
TABLE 1.~1
TAl~;LE :2,1
TABT...E :2.2
TABLE :3

TAStE ·4.1
TABLE 4.:2



c
C
400

9999
C

c

GO TO 500
ENDIF

GO TO. 500
0061(WOO
00611:000
00612000
00613000
0061400000615000
006160'000061700000618000
OQ-~OOO00 6:zti\.":O00062100000622000006230000062400000625000{)0626000
00627000006280000062900000630000
0063100000632000
0063300000634000
00635000

.c=.=···~'---·~636000
.~ .~c,·· ,.~~ 00637000

006380000063900000640000
006410000064200000643000

410

GOUT = tN' .' ;.~\
IF !RANGEV{NA.loffi,2,2)(3:3j .EQ. GOUT; THEN i"i

~l~t~:=;~~.;~i~~s;: ~1~5;1~~{l~LANT}
I~1= :~8:!J ~ ~~g

ELSEREAD (RANGBV{N..~,mm,2) (2;3), • (12) .) NPLANT
WRITE (RANGEV {N1i...ME, NNN, 2} (1: 8) , f ~A8) t) KPNAME (Nl?LAl'l""T)

IF \mt"N .EQ. 1{ GOTO 210
IF {~~ .EQ. 2/ GOTO 250ENDIF

READ (RANGEV(NAME.NNN,2) {2:3j I' {I,4}"/ Nl?L..2l;N"T
WRITE(J@.NGEV.;~"'AME,NNN,2} (1~M r ' {AS} I) KPNll-..ME{NPtJANT}IF (NNN .EQ. 1) GOTO 210IF (NNN .EQ. 2) GOTO 250READ (P-ANGEV{NAME,NNN,2) (2:3);' {I2} I} NPLAm'
WF-;:TE{rurnGEV{~~NNN,2} (1:S},' (AS)') KCN1!ME{NPLANT}

IF )~<NN .EQ. 1) tiUTU 210I~ \NNN .EQ. 2) GOTO 250

420



c

c

21.0
C

C
C
C
C

c

c

C
250

~
C
C
C

c

500200 0056200000563000
00564000
00565000
0056600000567000
OO~6BUOO00569000
0057000000571.000005720000057300000574000
00575000
005760000057700000578000
0057900000580000
00581.00000582000U058300000584000
005850000(l58@00
00587000
0058800000589000.00590000·
00591.00000592000
005930000059400000595000
00596boo
00597000005980000059900000600000
00601.0000060200000603000
00604000
COGO
006

GOTO 999?-

GOUT = 'Gi
IF (RANGEV(NA.tm,1.,2){1.:1.}.BO. C-OUT) GOTO 400

GOUT = 'PI
IF (RANGEV{NAME,1.,2) (1.:1.).EQ. GOur) GOTO 41.0

GeUT = 'e'
IF (RANGE""v(NAMEr 1.,2) (1.:1.).BO. GOUT) GOTO 420WRITE {R~{NAME,1.J3} (1.:2),'(A2)') NU(131.:1.32)

WRITE (RANGEV(NAME,1.,3) {1.:2}.: (A2}') NU{1.~:132}
\,.. ....... J

P.ffiI...D THE UPPER ACTIVITY
RRAD(1.3,20Q;-END=99991 NU

NNN = 2
READ {NU c74:87} J (F14.0) '} ffi\.NGER{NAME,2)

WRITE (Rzt.1'lGEV(NAME,2,2)(1.:8)I t {AS} '} NU(1.22:1.29}
GOUT = 'G'

IF (ffi\~v(NAMEr2,2} (1.:1) .EQ. GOUT) GOTO 400GOUT = 'p'
IF {Rll..NGEV(mMB,2,2}{Ll} .EQ. GOUT} GOTO 41.0

GOUT = 'C·
IF {RANGEV{NAME,2,2} (1.:1.).BQ. GOUT) GOTO 420

WRITE (RANGEr~(NAME,2,3) (1~2},1 (A2}') Ntr{131.:132)

RE1ID A BLANK LDiB _
RR4D{1.3,200,END=9999} NORElID{NU{1.:1)r , {I1} t} NEWPG

IF {~ .BO. 1.}GOTO 95
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C
END

CC ii#i#ii#iii¥####i#~iiiiii##ii#i#i##i'i#i~i#iiiiii###ii~*i#i####iSUBROUTINE R.~ (Rl&GEV,R~1
C ========== ======C__ - use"'l parameters to dimension local arrays
C. _
C%INCLUDE r~g_rJ
%INCLUDE 'RWCOMM_I'
C

NU
NUMBERROWCOLUMNGL
GOUT
RANGEVc

c ~~ RF~{100,2)
OPEN (13 r FILE= I ran' T STATUS= I OLD r )

C
~iuMBERROWGL
COLUMN

•.bI"TIMBER f

'F..ow''GL''COLUMN'
C

90
6050

C

C
C

DO 50 NI = 1,100DO 60 NJ = 1.,2
00 70 NK = 1.,4
RANGEV (NI, NJ; NK) "" • I

CONTINUE
Rl\..NGER (NI FNJ) = 0_0

COJ),'TIJ:.."'IJE
CO.tiITINUE

NAME = 0

95160
~~(13,100,END=9999) NO
FORMAT (Al32)

IF (NUt2-:?} .EO. NUMBERj TriHN
...];11 (NU{1.2:14) .EQ. ROW} GOTO 500

END IF
GOTO 95

15-14

00514000
00515600
00516000
005170000051anOO005190(lO
005200000052100000522000
005230000052400000525{100005260-000052'/000
005280000052900000530000
0053100000532000
00533000
0053400000535000005360000053700{J
0053800000539000
0054000000541000
0054200000543000005440000054500000546000,005470000054800000549000
0055000000551000
005520000055301:)0
0055400000555000
OQ556000
005570'00
005005
&000·



9225
C

C

FORMAT (r+' ,TIOO)

WRITE!KPRINT,9050)
END

CC ======--==============:f!:if##:f!:ii#:ffi:f!:ii=========;==========="'''''====
C

C
C
C
C
C
C%INCLUDE tMGCOMS.I'%INCLUDE tRWCOMM.I'
C

C

9040
9050
C

SUBROUTINE SHlillOW (TYPE,NIJMi?RD,NPRD, YY)

THIS SUBROUTINE WRITES 001' THA TABLE HEADINGS
AND

T.dIS WRITES orrr THE TITLE OF THE
PROBLEM{50-f:Hl!...RACTERS LONG) AND '!'HE VERSION

IN""TEGER TYPE,NUMPRD,NPRD, YY

WRlTE(KPRI~~,9040)FOF.MAT('1',120 {lH-}}
WRlTE(KPRINT,9050}FORMAT(lX,120(lH-})
WR1TE(KPRINT,9100}K~bEtKVERSFORMAT (I :f!: === 1 ,A, J === STUDY CODE : f ,A,TI0a)

C
C
C

9220
9225
C

WRI1E{KPR~>T,9220} (~~{I},I=NTIMPRD{NPRD)
FORMAT (lX, '# NA.J4E -# ',10(lX,A;}.';iRlTE(KPRINT, 9225)
FORMA:l' ( '+ I ,TIOD)

WRlTE{KPRINT,9D50)

E"'13

.,. ,

0046600000467000
00468000
00469000
0047000000471000
0047200000473000
0047400000475000
0047600000477000
00478000004790000048000000481000004820000048300000484000OQ48500000486000
0048700000488000
0048900000490000')0491.000
00492000
0049300000494000
00495000
0049600000497000004980000049S00000500000
0050100000502000
005030000050400000505000
0050600000507000
00508000
00509000
0051GnOe)
0051.1.0.(1\0
a(l512.0{JO
0051.3Uq{{



91.00
CC ==~==***===TABLE NAME===***=========IF (TYPE .EQ. 1.}T!IE.N

WRITE (KPRINT f 9150) KW.AME (yy)
FORMAT{1.X, ':if',T2,'=== PO¥."'ER OUTPUT

+ T61.,'Y&AR ',A,T1.00}

C

9040
9050
C

CC91.50
C
C

C
CC9160
C
C
C

91.70

AND
TIUS WRITES 0iJT THE TIT.u.E GF··THE
PROBLEM(50-CBARACTER,.q. LONG} AND TF..EVERSION

00418000
004190000042000000421.000
004220000\]423000
0042400000425000
0042600000427000
00428000004290000043000000431.0000043200000433000004340000043500000436000
0043700000438000G04390CO0044000000441.00000442000
00443000
00444000
004450000044600000447000
0044ffUOO00",490000045ilOOO
0045100000452000
004530000045400000455000
004560000045700000458000
00459000
00460000
Q046WOO00462000
00463000
00464000
00465000

WRITE (KPRINT, 9040)
FO~~~T(/lr1XT120(lH-})WRITE {KPRINT, 9050)FORMAT (1X,1.20{Lli-) )
WRITE\:KPRINT;91.00}KTTLE,KVERsFORM..2\.T(1.X,r# === I ,A, 1=== STUDY CODE~ - ',A,T1.00)

ENDIFIF (TYPE .EO. 2) THEN
WRITE {KPRINT, 91.60) IG.~_r4E. (yy}

FORMkT{lX,'#',T2,'=== PUMPSTORABE LOAD ==='
+ T61, 'YEAR • ,A,T1.00)
ENDIF
IF (TYPE _EQ_ 3) THEN
WRlTE{KPRINT,9170}

FORMAT{1.X~ ':if',T2, '=== COAL OUTPUT (KTQNS)==",,!,T1.00)ENDIFcC =====***===TABLE NAME===***=========WRITE(KPRL~r.9200)
9200 FOR.~llT(1Xr':ifCOLLIERY #' ,42 (1.H=)T r rhARS t ,43 {lB=} ,Tl00}
C

IF {NPRD .. EQ. NY} 'l'HEN
WRlTE(KPRINT,921.0!921.0 FORM..1\.T( I +' ,Tl06, '# ANNUAL TOTAL if'}

ENDIFc
C

9220
WRITE (KPRINT ,9220) (K":lNAME (I) , I==NUMPRD. NPRD)FORMAT {lX, I # NAME if I r 1.0(lXrA} } ..

o WRITE (KPRINT, 9225)

E-1.2



91.00
C
C ~~===***===T.~LE N~ME===***=========

IF {TYPE .EQ. l)THENWRITE (KPRINT r 9150 ) KYNA..'4E (YYl9150 FORMATux. lift, T2, I=== POWER C:JTPUT
+ T61, 'YEAR t ,A,T1.00)

C

9040
9050
C

c

9160

INTEGER TYPE, NUMPRDI NPRD, yy

w:RITB(KPRIN:r,9040}
FORNAT{j/rlXt120(lH~»WRlTE{KPRINT,9050}FORMAT (ax, 120 (:LH-)}

00370000
0037100000372000
00373000
003740000037500000376000
003770000037800000379000
00:;:;80000
0038100000382000
003830000038400000385000003860000038700000388000
00389000003900000039100000392000
0039300000394000
00395000
0039600000397000
003980000039900000400000
00401.000
00402000004030000040400000405000
00406UDO004:070000040800000409000
00410000004110000041201)0-,
00413000
00414000.
00415000
004160'GO00417000

WRITE{KPRINTr9100}KTTLEr~~S
FORi-iAT(lX, 1# === ' ,A, '=== STUDY CODE :

(GWH) ===1 I

ENDIF
IF (TYPE .EQ. 2) THEN"WRITE {KPRINT ,9160} KYNAME (YY}

FORMAT(lX, J # J , T2, J === PUMPSTQRAGB
+. T61, 'YEll..R I ,A, T100)

ENDIF

LOAD (GWH) ==:::t #

cc
C =====***===TABLB Na~===***=====~~~~w7tITE(KPRINT, 9200}
g::ioo FORMAT{lX,'# STATIOii :jf',42{lH=),, PERIODS ',41(lR"'},T100}
C

IF (NPRD • EQ. NP) THEN
WRITB{KPRINT,9210}

9210 FORMAT('+' ,T106, '# ANNUAL '.tOTAL il}
ENDIFc

C

9220
9225
C

c.

WRlTE(KPRI!rr,9220) (KTNAME(I),I=NUMPRD.NPRD)
FORMAT{lX, t~ NAME:ff J ,10 {lX,Aj)
WRITE{KPF~T9225}
FGRMAT!~+I I T1.00)

WRITE-{KPRUiT,9050}

c . .
C===================:i'f:#4i.####:ff#ii#.;J} ."'====';'=============:::0;====
C

C
C

STIBROO'l'INE C'7tIEAD .(TYPE, NUMPRD T NPRD)

THIS SUBROUTINE WRITES OUT 'l'HA TABLE ~.DINGS

",.B-11



cc
C
C
C
C
C
C
CC4095
C
414u

41.45
41.65
41.67
C

::i:m (i~~i~:4I~~1{RANGEY{KK, 1.} " KK-=NUMSLC INSLC)
~~ITE KPRINT,41.67 {R~GEY(KK,2),KK=Nl~/NSLC)WRITE KPRINT,4145

CONT!«UE
FORMAT (1~:, • # • r ',,,,,PERIOD,,,' , T1.3, ',i ',",' --- SHADOW PR!CE {Rjkh'H) _ - _ t* ,::10Q,Il,1.X,'i ',A,T1.3, Ji'T:::'~J{L1{,FB_2j)
FORMAT {' +' T1.CO}
FORMAT ax, ~# R..1lliGELL' ,T13, 'ir ,100.X,FB_2}}FC~~T lX, 1# P~~E UL',T13.':Jj:',1.0(lX,FS_2}}

N""UMSLC== NUMSLC + 104100 CONTINUE
C4\)90 CONTINUE
C
40!HJ CONTINUE
C
C
C
C

6969
WRITE (KPRINT,1S"969')
FORMAT {'l',lX,II'*** DUMMY PAGE ***f}
WRITE {KPRIN:f,6969}
P..ETUfLl>I
END u

C =======.:========d=======iiiHj:iiif:fftf:iiif;#.-=====",,=i::=:;:===::=£=========i::
C

C

ccc
C
C
C
%Th-cLUDR
%INCLUDE
C

SUB~9UTINE TBBElill ( :;-;PE ..NUMPRD,NPl,ill, yY)

THIS SUBROUTINE WRITES OUT THA. TlI-.BLE HElIDLl>4GS- .AND
THIS WRI'lES OUT,THE TITLE OF THE
PROBLEM(50-CHA..iZACTERS LQNGj A.liID THE VERSION

tMGCOMS.IJ
tRWCOMM.I'

E-l0

0032900000325000
0032600000327000
0032800000330000
0033100000332000003330000033400000335000

00336000003370000033800000339000
003400000034l0(}O
0034200000343000
00:440000034500000346000003470000034800000349000
0035000000351.000
0035200000353000
00354000

00355000.00356000'
0'3357000
00358000,003590(M
003600t,lD00361.000
0036200000363000:
00364000.
Oo.365QOo.o.036600Q
O0.3670Oc(}00.36800.0.
0036S'.GOO

'\\



+ lXr~# ','1'13, '#' rlO(lX,F8~2})
9876 FOP.MAT f

+ ix, 'i I, ':jf.PERIOD' ,T13, '#',' ---
+ lX,'# ',T13,f:ff',1.0(lX,F8.2)}

=~==****=== SORTING THE RANGES===****=~j=

DO 4160 K ==NT~LCTNSLC

cCC
CCCCCC
-e

{HRS) f ,T1.00,/,

DO 4170 KL =:1,100
IF{ (RF-.NGER(KL,. .EQ. O.O) .AND. (RAl.'IlGER(KL,2) .EQ. O.O} )80'1'0 4170~~~~}~;i:~{~~~§{::~l~<:(I~

READtH1~NGEV(KLTlr_d t6:7~ I ~ ...2i i IKA
IF( (IrA .LE. n) .A}.I"D. {IJA .LE. IJ} .AND. (IKA .LB. K)}T.HEN

imi~ !!~~EiI~JI.aJ!:: fK~}fl'b~z?1~~J!(1:8)~I~ ~~X ~;~ }i•.~~•.;; t-~g:W{rX~G~{iti:~4r'lT31 {1:2}
WRITE !L~GEX K,5 tl:8 ,. A8)'} RANG~v(KLr2t2} (1:8)
WRITE (RF-.NGEXK,6 ll:5 1'· 3X,A2,3X) ,} R_2\.NGEV(KL,2,3){1:2)

E1'<"DIF

cCCC
C
C
C
C
C
C
C
CCC
C4170CC
C4160 CONTINUECC
CC =============.==========================:;:===============================
CC ****** WRITE om RANGE INFORMATION FOR EACH PERIOD
C WRITE (KPRINT,42301
CC .
C4230 FORMAT (lX, ':fj: 1,'1'13, l:fp ,'1'100)
CC DO 4180 KL = 1.,6
~CC WRITE {KPRINT,4165} (RANGEX{KK,KL) {1:8} ,KK=NUMSLC,NSLC)_ WRITE (KPRINT,4145)
CC4180 CONTINUE
C DO 4995 KKK = NOMSLCNSLC .
C P..EAD {RANGEX(KKK,1f (1:8), l (F8~13) I} RANGEY{KKK 1.)
C REll..D (RANGEX(KKK;4) (1;8) It (FEL 3)'o,} RANGEY{KKK;"'~
C4Y95 CONTTIIDE
CC
C WHITE (KPRINT,4165) «P..ANGEnr{KK,l} - (SDM(Ir;IJ.KK,2)*
C + PDM{IIIIJt2}*DMD(II,2)c}}~KK=NUMSLt.NSLC)

g ~f~ Hg~~;~ig~l «(PlNGEY{K.l{,2) - (SDMHI,IJ,KK,2)*
C + PDM(II, IJt2} *DMD{IIr 2})} ,KK=NUMSLCrN:SLC).e WRITE (KPP..INTI41.45)

CONTINUE

00291000
00290000

00291.000
00292000
00293000
00294000
00295000
00296000
00297000
00298000
00299000
00300000
00301000
00302000
00303000
00304000
00305000
00306000
00307000
00308000
00309000
00310000
00311000
00312000
0031.3000
00314000
0031.5000
00316000
00317000
00318000
00319000
00320000
00321000 "
00322000 \/
00323000
00324000

E-9



o

00265000
0026600000267000

00268000
0025400000255000
00256000

0025700000258000002590000026000000261.00000262000KENAME(IJP) r (BEPE{IJP,IIr.lo.K) ,K=NUMSLC,NSLC) 00263000.... 00264000
0026500000266000002670000026800000269000002700000027100000272000
00273000
002740000027500000276000
00277000002780(\0
00279000

C
C4243 FOR~T (1.X,'# ',ArT1.3,'#',10(1.X,F8.2)C4297 CONTINUE
C
c··==========<==============================================
C ~iRlTE OUT EACH POWER EXPORTC WRITE {KPRINT,4390}
CC4390
C
C
C
C
C
C
C
C4343
C4397
C
C
C
C

DO 4397 IJP == 1,NI
WRITE (KPRINT,4343)
WRITE {KPRINT,4145}

---f,Tl00)

FORMAT {1X,'# t,A,T13,'#',10(lX,FB.2}}
CONTINUE

===~=====~=============~========~=======~=============w"RlTE OUT EACH STATIONS PUl1PING LOAD
WRITE (KPRINT,4200)

C
4200 FORMAT (ax, ':if ". ,T13, '#' ,Tl00,1,+ lX,'# ','PMP LOAD',T13, '#',' ---

DO 4210 IJP = lING
C
C
C

4202

C
4210
C
C

C
4142

{kW} ---',T100)

IF {POWR1.(IJPr2} .NE. 1.0)C-OTO 4210
SUM = O.

DO 4202 L = NUMSLC,NSLCSUM == SUM + BLPL{IJP,II,IJ,L)
CONTINUEIF {SUM.GT.O.Ooaao1.} THEN
WRITE (KPRINT,4143) KGNAME(IJP} I (BLPL(IJP,II,IJ,K) ,K=NUMSLC,NSLC)WRITE {KPRINTr4145}
END IF
CONTINUE

WRITE OUT DEM..1iND FOR EACH SLICE
WRXTE iKPRINT,4142\ tJ)MCS{II,IJ,K) ,K=NUMSLC,NSI.C)
WRITE fKPRINTr98761. iSWH(IIrIJrK},K=NUMSLCrl~~)WRITE {KPRINT r 4145}
FORMAT (

+ 1.X, '# t I '4J:DEMANDt,T1.3, '#l, I (kW} t ,'1'1.00,1,

00280000
00281000
0028200000283000
0028400000285000

E-8



ELSIi!
NSLC =NSLC +10

ENDIF
C
C ==~=***=== WRITING TpJBLE BEADINGS
C

c
C ====***=== GETTING RANGES ===***===
C CALL RANGES {RANGEV, RANGER}
C
C
C
C
C
C

===***===
CALL SHADOW {TYPE, NUMSLC ,NSLC, II}

======================================================~==~=
WRITE OUT INFORMATION OF SHADOW PRICE FOR EACH SLICE

WRITE jKPRINT,41.401 KPNAME{IJ) I+ ' -1.0 * (PGL(II,IJ,K)}
+ ~SWH (II, IJ,K) *PLW(II, IJr 1.}J) ,K=NUMSLC,NSLC} ",
WRITE (KPRINT,4l45) i:

C
C
C ================================================~=======
C

C
41.43
4097
C
C ========================================================
C WRITE OliT" EACH POWER IMPORT : -
C. WRITE; (KPRINT,4290) -:_,"r»
C4290
C
C
Ce
C
C

C
41.90

C

C

Vi"1UTE OUT EACH STATIONS GENER.~TION OUTPUT
WRITE (KPRINTA190}

FORMAT ux, 'i t r Tl3, ':jf' ,'1'100, I, .
+ 1.X.. '# ','STN OUTP',T13,'#',_' --- {kWj ---',T1.00)
DO 4097 IJP = l,NG

w"RlTE {KPRIN'l'r4143} KGNAME{IJP} r (BGO(IJP,II,IJ,Kl "K=NUMSLC,NSLC)
WRITE (KPRINT,4145)

FORMAT {lX,'# ',A,TI3,'#',10(lX,F8.2}}
CONTINUE

FORMAT ux, '# I ,T13, 'if',TIOO,I,
+ lX,I:ff " 'POWER IP' TT13, 'iP r t -_- (MW) ---' ,Tl00)

DO 4297 IJP = l,NI

WRITE {KPRINT, 4243} KINAME (IJP) T {EIPI {IJP in, IJ r Ie} tK=~Ul.fSLC rNSLC)
WRITE (KPRINT ,4145}

E-7

00233000
00234000
0023500000236000
0023700000238000
00239000
002400000024100000242000
002430000024400000245000002460000024700000248000
0024900000249500002500000025~OOO00252000
002530000(l25400G
00255000
002560000025700000258000
002590.00002600(\00026~OO-0
002620000026300000264000
002650000026600000267000
0026800000254000
002550006000



c
C
C

C

C
C3120
C
C

3140
3145
C

3150
..1110

3100
3090
C

C
C
C
C
C
C

C
C

C

C

c

"TYPE" SPECIFIES WHICH TABLE IS BEING PRINTED
TYPE = 3

CALL CTh'EAD (TYPE~NUMPRD.NPRD)

DO 3110 IK == 1rNC
DO 31.20 I = NUMPRD,.NPRD
TOPRGO{IK} = BCO(IK,I) + TOPRGO{IK}

CONTINUE
liRITE OUT INroRMATION FOR EACH COLL1.ERY

WRITE {KPRINT,3140) KCIjAME(IK} I {BCO{IKrK} ,K=NUMPRD,NPRD)
WRITE {KPRINT, 3145)
FORMAT (lX,'# ',A,Tl3,t:jf',10{1X,F8.3» .
FOP.MAT (' +' •T100)
IF (NPRD •EQ. NY) THEN
WRITE(KPRINT,3150) TOPRGO(IK)

FORMAT ('+' ,'1'110, ':if' ,1X,F8.3,T100j
ENDIF
CONTINUE

NUMPRD Nt1MPRD+ 1.0
CONTINUE
CONTINUE

CONTINUE

====================SHADOYl PRICE================================
===***=== START PRINTING THE TABLE ===***====

INITIALISING VARIABLES
NSLC
NDMSLC
.NUYR
TYPE

'J
oo
o

DO 4000 II 1.NY
DO 4090 IJ = 1,NP

NSLC = 0
NUfof.BLC == 1

DO 4100 IK = 1,NS,10
IF «NSLC+10) .GE. NS) THENNSLC = NS

&-6

0018500000186000
00187000
00188000OG18900{}
00190000
00191000
001.920000019300000194000
0019500000196000001970000019800000:L990000020000000201000002020'00002030000020400000205000
00206000002070000020.&000
00209000
0021000000211000
002120000021300000214000
0021500000216000
00217000002180000021900000220000
00221000002220



#.::::.,;==':=%====....- ---=--==='=='-'===-=== PBiU.OD82.=====-_

;f.ADT

~.QH)

i' OOVA
E GaTJ'

i HEliV

E: nIL
~LTBO
* -.U
~ Ml'3!

if M1'Ll!.

'iii SRIiG
~ ·TGTti

~·mim

il'H"1I'n:

;l: tJIL:u:
ifp1\!.K
t Gms

1.122

0.000-
2.0CJ.f
0.000-
L509
0.723-
1.BS8
2.998
O.COo-
2.904
1.955
D.2oG+
3.016
3.S6B-
D.50S+
0.644
Ii.110:1-
0.000-

1.122
0.000-
2.006

0.000-
I..509
0.723-
1.8S8
2.998
0.000-
2.S04
1..955
0.000-
3.016
0.B6S-
o.oeo-
0.667 ...
0.371

0.000-

1.122
0.000-
2.•006

0.000-
1.50!l

0.723-

1.888
2.998
01.000-
2.90.
1.955
0.000-
3.016
11.868-
o ",:"PI!+
0.000-
0.260
0.00'1_

~ O.10!l+ 0.100+ !l.000-

if
if ~ BX if --- {GW} --- (-)

~ 0.000- 0.000-

1.122
0.000-
2.006

0.000·
1.505
0.723-

1.lI8!t
2.998
0.000-
2.904
1.!!55
0.000-

3.016
0.868'
0.000-

0.000-
0.220

0.000-

1.122

0.000-
2.1106

0.000-
1.509
0 •.~40
J:!• .I!30-
L!I!lB
0.000-
2.!!04
1.955
0.000-
3.IU6
C.B6S-
0.337
0.2IJS
O.uo:.-
IJ.uOO-

:1.12:;
O.omt-

2.&tM>
0.000-
1.509

0.7:;;.3-

0.e3!!-
2.998
0.000-
2.904
1..955
0.000-
.2.279
0.868-
0.50S ...
o 000-
0.000-
11.000-

11.100+ 0.000- 0.031

1~122
a.ooo-
2._
O.GOO-
L509
0.723-
1.8U3

2.9!1B
O.Doo·,
2.904

1.955
0.000-

1.088-
0.8S8-
0.000-
0.000-
0.000-
11.000-

1..122"
0.000-
2.0Gb
0.000-
~.5119
0.723-
1.258
2.998
O.OOG-
2.904

1.955
I).OUO-
1.088-
0.86!!-
O.GOO-
0.000-
O.OO!)-
0.000-

1.122
0.000-
2.1106

0.000-
1.471
0.723-
D.S:'O-

2.998
0.000-

2.141-
~.955
0.000-
~.fjl!8-
i).SliB-
G.ono-
0.000-
c.lli;!!-
0.000-

0.000- 0.000- 0.000-

U.ooo- 11.000- 0.000- 0.000- 0.008- 0.000- 0.000-

~ PKP ~ ~ _-- IGK' --- (-,
i DR."..x * P.DOD- 0.000- a.ooo- 0.000- 0.000- 0.132 11.667+ 8.667... 1).667+
*" ~ i 0.300- 4.000- 0.Il00- II.DOO- 0.000- 11.000- 11.000- 0.2li7 0.378+

j; SP :res :RL# --- (GW) ._- {+} .~'"~~
0.000- II.DUO- 0.303-0.000- 0.000-

1"-13

0.000-

754.
O.

1348.
O.

1010.
507.
915.

2015.
O.

1572.
1.31-! ..

1-
1378.
584.

:llli211.

9'7 ..

<!4.

SO.
o.

16.

I).

217.
67 •

o.



]?,-12
" MA.:iU ~ 0._- 0.000- iI.DOO- Q.OOO- 0.060: 0._- 0._- 0._- 0.600- i O. if~
~ M!;XI ~ 2.997 2.142- 2.991 2.141- 2_,,7 2.997 2.141- 2.141- ,2.141.- if !ilO. If

~Mr.t..1l. ~ 2.844- 2.844- 2.8440 2.&44 2.544 2.844 "::'.&44 1.077 1.025- if ::'~8. i
~ SR$fG if !l.000- 0.000- 0.000- 0.000- 0.000- O.!lOO- 0.000- 0.000- 0.1141(1- it Q. if

~ TU:i.1J "'- 1.0S8- 3.016 3.1)16 2 ...211. 1.088- 1.038- 1.Ii~B- 1.&8B· 1.OaB- '" 1025. ii-'" ..
'" I!Di!i:il ~ 1.060- l.OGO- 1.OGo- 1.061:- 1.9&11- 2.OGB- 1.&60- 1.G60- 1.C60- l! '112, i~
if B'iVlt i 0.000- :o ..SOS~ 0.508+ 1]-437 0.000- O.DOO- 0.090- 00.000- 0.000- '" 97. i.".

.~ !lR1!X i 0.667.,. 0.326 0.000- 0.000- ILoeD- 0.300- 0.000" 6.2% 0.000- ~ 44. i
~ P.l'.I.M if 0.378+ 0.000- 0.000- 0.378+ 0.099 0.000- o .!IOO- 0.000- It.000- iF SII. if
~ ..GTBS i D.OItO- O.. ::l"JIl- 0.1)00- 0.000- <>.000- 0.000- fl.OOO- 0.000- 0._- i o. if
~ ~".

'" I'(MBR IP i --- (GW) --- ~+),..
i SlIl!.w ~ a.l00.,. 0.:'.00+ 0.100 ... 0.000- 0.000- 0.000- o.coo- O.()62 0.000- " 16. if-e- ..
i '" is
l! POIolI&R EX '" --- (~ --- t- ) i~
l! BXPl S 0.01)0- :1.000- 0.000- 0.00<1- 6.000- 0.000- 0.000- D.CDO- 0.000- ~ o. ~

"
i " if'"
i PMP LOol'.D i- --- !Gh'1 --- t-} ->L~
iF- ~ 0.000- 0.000- 0.667+ 0.1)00- '1>.1)00- D.COO- 0-',67+ 0.364- 0.667+ " 217. "w :

if PAUl ~ 0.1:00- O.OOG- O.DOO- ~..ooo- 0.000- O.3711T 0.035 11.000- 0.378+ iF 67. E
;; ;; If

i SP RES lPA --- (lOW) --- (+1 ~
'" t: 0.000- 0.000- 0.000- 0.1)06- 0.00'3- O.ODO- a.ooo- 0.0110- 0.000- * O. ~
" t ~-e-

'"' ~ l! --- {GIl, - -- (=) if
if ~ 20.172 19.855 1:;1'.490 19.049 1".441 17.364 :'.6.089 15.288 1:3.967 " 1;.\1,64- #tr



-------------------------------~~----------------.----------------------------------------------------~-----~------------
1# === KOPT-SDl. (TEST-RX <P'i'!M1SATIai STWr - SC3II'ruUO n= 1)
=='" TABLE2.2

,. twP .miD if 2.800 5.600 5.500 5.600 5_600 5.600 5.600 5.660 5.600 5.606~
"- VAWE "- 2.S(0 5.443 5.600 5.142 5.601) 4.183 4.113 4.515 3.530 S.G04= ,.
i LoOK BIm i 0.000 2.000 2.000 2.000 2.000 2.l!{,Q 2.000 2.000 2.000 2.000

.. === ltOPT-SDl (TP...5T-RX OPT:llD:SATIOI!f S'I'IXIY - !lCBKl'-..RIOD CASE 1)

=== T3BLB 2.2
ltOPT-SDl

=== S'fS!"BK ~ (GW) YEAR 1993

~ app: !l3iID if 5.6&0 5.600 2.80n
if W-LUE. -" 4.1.02 5.5:::! 2.80C'"~ LOW !!lID ~ 2.000 2.006 O.llOO <

"

------------------------------_- ----------------------------------------------------------_--~---------~----~-----~----
- - _ ...--- _ ...- --- -- - --- - - -- - ....--- - - --- -- ......-- - - - - -- - - - - ---- -- --- -- - _ ...- - --- -._ --- -- -- _..;.-- ....--- -- -- - ------ - - - -- --- -;~"'~i- - --- - -- - - - --

if :== :JJJPT-SDl (TEST-ret O!?'rI1US1!TIQI( STUDY - SCE!@..RIO D ~ 11 ltOPT:-Sll:!.
=,.= TAl1LE 3
"'== !?()OtiiER - oon!ur:/~/E:r:POO:X/PfJMP LJ::WJ/SPI1!f ~ ~.xlDS!@.JiD == YEi'.:R 1.993

________________________ w --------------~ ....-------------..;.0--------------~------..;.._. ~-.---- _
;;-=======---====--=====---=====:====--===== ?BRI0il 31 -=-=======- =* (me) If

if
if 1.675. if

* O. if

if 19SIL ,.
".

jf 6 • if
if 751.. if
if 496. ..,.
* 6&4. ~

* :!.758 • if

;; snr 0I:l'l"P li --- (GW) --- (+l

i ARlIT i ~.2S5 1..564 ~.33S 1..531 1..63l. 1.63l. 1.631. 1.631 1.631
~ Ci!H) i 6.000- 0.300- 0._- 0.000- 0.000- 0.0041- 0.000- 0.600- 0.003-
lO IIU'iA "" 2.9::'''' 2.917 2.917 2.917 2.91.7 2.91.7 2.917 2.51.7 2.917~
~ GRTV ~ 0.000- (1.000- 6.0CO- 0.000- 0.800- 0.060- 11.008- 0.000- 0.800--e-

if BmiD i 1..118 1.U8 1.ll8 1..118 :l.ll8 1.U8 1.1.].8 1.ll8 l.U8
;t Ka!iD i 0.723- 0.723- 0.723- 6.723- 0.723- 0.723- 0.723- 0.723- 0.723-
if :nn. if 2 275 1I.53IS- O.S3B- 0.830- L2S5 1).8;50- 0.830- fl.S30- 0.830-
~ I,_""OO Jot 2.71.0 2.710 2.710 2.710 2.710 2.535 2.44.1- 2.71.0 2.479...

1<'-1.1

"



r-.LU

(:
!! == :ta:l!1T-:liU (TI!$T-RX 0PTn!ES.7>:n0ll S'!1liJ!" - ~ D a.5E 1)
=== ~ 2.1

--------------------------~-------------~--.-------------------------------- .------~--~¥--.--------------------------~
;> ARlIT " C.Il~_ 0.333 O.2ge 0.1i30 0.333 0.030 0.030 0.036 0.030 0.M3 ~'"
" il-J'IIA '* 11.030 0.333 0.333 0.33'f 0.333 0.123 Ii.333 0,036 6.nG 0.004 if,.
# :a:ElID '" 0.300 6.1155 a_oss 6.0S5 0.1155 C.30:; 0.3(1)' 0.300 0.087 0.300 if~

* !tE!ID ... 1l.051l 0.050 0.050 O.t!50 0.132 •D.051! 0.241 1l.5:JO 0.050 0.342 if"~ IGUL ;> O.04PC ~L2C4 0.333 0.040 0.333 0.040 0.048 1.'.tl44 0.040 (I.11l1 *~
if LTBO if C~U3 Il.0311 0.030 0.241 0.037 n.333 0.030 0.333 0.317 ~1.030 ",,_
It MAXI ~ ::;..~2a 0.051 0.30a 0.300 0.301) 0.300 0.238 U.159 0.047 !L300 :iJ'<
* ·HTL,.lt " 0..t30 0.333 0.030 C..IBO n.2Ht 0.0311 (1.03(1 0.030 1),030 0.180 l=~
'" TtITU '" 0.1130 0.030 0.0)11 C ..06{) 0.0,,1} ,;).0311 0.030 0.1l30 0.333 0.20;1 if~ =

-------~-----------------------------------------~---~--~~---.--~----~:----~--------------------------------~------------
if "'== ltOPT-SlU .TEST-lU: O!?':rDfI~.:rIOIl STElD'Y - SCElII1-.lUOD CASE 1i -;' K01?'!'-SD1 if

=="~2.l.
::'" ,~ 0I7,l:'1\GE (pcl Y3:1IR1.993

~ .l'JllI'l' il 0.n3 0.fi30 0.0;1.0
j;! l:JOV7< "'- 0.030 !l.235 0.035"
-"- ~ 0.300 11.1.13 lI.nss'"
'" l(EIIiJ ii O.O!;O 00439 9.056
ii-IaUL jf 0.1.4{1 D.IM.O D.lJ4G

-= LTIIO I 0 ..061. 0.930 0.030~
~ KATI ... 0'.265 0.3'00 0.021~
it MTL..'I. ii IL030 0.333 (;.030
~ 'roTI1 ac.· 0.129 11.030 0.030

_________·__~._w_~ ~ ~ ~ ~ ~__~ w_~~ __



'if === lIXll"!-S!>l 1'IEST-lU: v..""Y.IM!.SATIOIi Sl'OOY

~""~ ~3!.-R 1.3
=:= miERGY ~ (GI;h)

II

16.
12
16.

13

1.6. 2011-

~---------------------------~-------,;-----~----------~----------------------------------------------------------~--------

208.
______________________ ~ ,~ M ~~-------------------- ~

- - --- _ ... -- ------ - _ ...--- .... - _ .... --- ........... _ - - - -- --- --- -- - _'_ - -- _ ........ --- - - - - - - -- ----- ......... -_-_ - -,-", -- ---- -- -~,------- -- - .. _ .... -- -- - -- ... _; .... ,'_ _ ... - -.,;._

~ =:= 1CO!?T-SIll. ('l"E$T-RX Ol?'l"!M!SA...=rON ~
== TI'r~ 1..40

=== E!iERGY" EXl'OR7ED (GWhf ===

:;roPT-S!)}.

~.R 1993

o. IL D. IS. o.o. o.o. o.

.......- _ ..._..._---- .......- -- -- - - -.., - ---.--~;,_ - - _._- -- - ...- _ ...- - ......---- -7";:--- _..._ -_ ....-,- --- - _..._ --- - --,,~- - ...._- - - - - --- - ------ -- --- ......~,,--- .......- - ...._';"_ ...-----

'if === lCDPT-SD1. (TEST-RX OPTDUSA'I'tON STUDY -
'l'ABJ..E 3..4
:!niERGY ~ (Giib}

SCIllOOUo D C.l\SE l.} KOPT-SDJ.

YEl\R 1.993

PERIODS ====~===~==================~=======:==~=='* S'I'ATJ;ON

f- JUl..ME

II. II. n.o.
-----------------.--~---~-------------~------~--------~------------------------------~~-----------~------~----------_-----------~-----------------------~------~----------------------'~-~------~------------------------------------------------

o.#

--------------~---------------------~----------------------------------~--------~------------------------------------~--
F-9



F-8
Ii

- - _, -- - - ---- - )i- - - -- -- ....._.:...-- - -- --- - -- ---- -- ---- --------- - ------ ...-,..;_- -_ ...- - - - - - - - -'----- - -- - -- -- - - -- - .......-- - - --.;:,_--
______,-__,,,'-__.... .... ~.~ .... ....__... .... ....1 .:.. '- ....__...;...._..~, ..._

~ === lCOPT·-.ii:,

=== TJ...BLE ~.2
=== ~ LOl'.D {Qib}

PERIODS

5 6 7 8

ii:~..K
~~~LM

2~7.
67.

217.
57.

217.
67.

217.
67.

2~7.
1>7.

2~7.
67.

2:!.7.
67.

217.
67.

21.7.
67.

2~7.
67.

* === KOPT-SDl. (TEST-ilX CPTIMISl':rION STUDY
== TABLE ~.2

=== !?OMPSTORlIGE LOI'.D (Qib) ===

KOPT-SD~

YEl'.:R 1993

67.
21.7.
67.

2l.7.
67.

if, 281'3. "'"ii.' 812. if

_______ -------- '- .... w ~ _

3687.
---------------------------------------------------_-------------------------------~~------~---------------------~------

a 2 3 5 6 7 a 9 10

---------------------------------------------------------~----------------------------------~-------------------~-------- (\

----~------~------~r----------------------------------------------------------------------------------~----------~------
It ~:= KOPT-SD~ !TE.'·T-RX OPTIMISl':r:rON STt!iJY - SCERl'.:RIO D CASE 1.)
=== l'.l'.BLE 1.3
=== .ElfBllGy IMPOR'l':ll!> (GHh) ===

KOPT-SD1.

16. :i6. 16. 1.6. 1.6. 16. 1.6. ~6. 16. 16.

------------------.---------~------------------------------------------------------------~-------------------~-----~----



li ::= KOl>T-SD~ {TEST-rut ClPTIMISl'ITION STUDY - SCE'iU!R!O D=~)
=== TABLE 1.1
=== ~ OO'TI'IJT CF El!.C!i S'IA-.'J':!ON fGlfu}

i ~OM ~==~===~~~=============~~======~~=~==PERIODS ==--=~~==========~=====~====--==~=== ~
"""" 2"3 "I '".J: 1iP_"£3 p n ~ _ lL ".

- ,... ... ,... .. .o;o,... ... ,... _ ... ... ";" ... ,......, ...... ,... ... ... _,... __ - "". ,... _,...,...,... _,...,...,... ... _"',:~ ,... .., ,...,...,.,...,...,...,... ... __ - .. _,... ~_ ... ,... _

if 1I!U:lT ii: 754. 1096. 925. # 12526. II
~ Cl!MD * o. o. c. li o. lir.

" l)""lIA II 1816. 1546. 1829. oli 21464. ify

# GR'IV .:. O. O. o. if o • "'~ r.

,. HEliD if 751. 952. lll14. If 1H76. li"
" KElID if 550. 54:2. 486. if 7079. if-e

ii'KaIL if 1057. 1071. 760. i 12719. #

" LTBO if ISS!}. 2illS. 181l. if 22567. if"... MAJU if O. O.c> o. if o. "" (')". ,
it MATI if 1489. 1439. 1530. if 1985<;. if
# MTLA if lEn!. 1217. 1598. if 2:t4~7• ;;...
i· SRWG * ?5. 13. O. if 15Z. if
i- '!'DTU. * lOSS. 1549. 1018. l> 16954. It
if KOEB ~ ;;:086. 895. 350. #-

. ,
'''11789. ~

;; B;It-V.c # 97~ 97. 97. if ~266. #

i IlRAK '" 44 .. 44. 44 .. " 571.- if,.
# pALM -'" 50. 50. 51l. If 654. #=
'" G"!"dS '" 0. O. o. if o. #,. r.

~6M90.
~-------------------------------------------------,~---~--------------- ...---------------------~~----------------~----------



F-6
.---------------------.------------------~-----------------.~-,------------------~----------------------------------~~--:::-_
;'f === KOPT-SD~ (TEST-illl OPTDlISMIOH STOP:, - scm£AR:IO D CASE l.)

~== TAF~ ~.1
=== E!iEP,.(;Y OU'I'PUT OF= STATI{2f {GHh) :== YEAR i993

b. STJl...TICl!l E===========================--=:::=:::==.;;:===~== P.BRIOOS- ==:=-_,,======:==.========:::;==~~==~--===
1. 2 5 6 7 8 9 ~O

--------------------------------------------------------~-----------------------------------------~----------~--~-----~-
ll- AIUiT ~ 1.075. 754. 793. ~O22. 754. 1096_ 109'6. :1.089. :l.Q96. 976. if
if ~.MD * lI_ D. 0; :0. D. O. O. D. O. o. if
" DU"1IA Of zssn. 13.:1:8, 1348_ 1.3'18_ 1.34!L 1771_ 1.348_ :i9,,0_ :1.957. 1892_ t"
if GR.TV "! ll_ o. O. o- Il. D. O. O. O. o. If

" :BEND li 751- :to~o. 1.0H. 1.014. 988. 75!. 751. 751.- 979. 751.- #""
if lG3iD .. -185. S07. 487. 5~1.. 541. 527. 71.3.. 545. 546. !:39. """~ lOU!. if 504. 915. 8,,5. 1133. 780. 13.47. 3.1171. 1224. 1G18_ 101.4. #
~ L'TOO ... 1758_ 2015_ 1965. 1552. 1978. 1284. 1.815. 1284. 1.312. 1817. #"" "",. Ml'..JU i: 0 O. O. O. ( 0. O. O. G. 11. d. #-~
;'f WJr # 1.530. 1872. g39. l.439c. 3.439. 3.439. ~ !'~58. 1584. 1.66!. 3.439. -"

"
* MTL.?i. * 1538. 13M. 1742.. 1911.. H:<3. l.9l.l.. 2793. J.722. l.722. l.614. If
iF. SPJ(IG ~ O. L 14.. 21. ;L. S. 35. 3" l.. 0. j;;.>.

* TIJTU " 1.025. 1378. 1326. 3.209. H37. l.4l.2 • 1737. l.4.42. U97. 1168. if"
if lCOEB " 712_ 584. 584. 584. 3.167. 1167. 1167. ;!.l.67. U67. l.1.56. .J!"
if HVVlt if 97. 97. 9? 97. 97. 97. 97. 97. 97. 97. #

* oo.lIX # 44. 44. 44. ~4_ 44. 44 .. 44. 44. 44. 44. t!
i P1ILM i 50. 50. 50. SCI. 50_ 50. 50. 50. 50. 50. "'"g GfBS # O. o. 0. G. O. O. O. O. O. O. j

-
------------------------~--.--------------------------------------~-------------~-----------~----------~----------------



,_,

-.JU ""Links S'-..ation MAJU To Colliery MAaUc:
~

MATI r.1nks S"""~tion M1'..TI To' Collie-."Y MAXI
MTLA Links Station MTLA To Coll.~ MTLA
SRVR Lin.'cs Station SRWG To Co~.:u~ SRVR

= Links Station TUTU To Colliery TUTJ.

TUl':. Links station TUTU To 'Col,lie.......-y TiJ'l'2-
WILG Links,. Station SRWG To Co1.liery n-ri.G

F-S



NUMBER CF COLLlJ:;RIES

NUMBER OF IMPORTS

NUMBER OF EXPORTS

NJJMBER OF RESOURCES

F-4
~7

ARNT

CA!ID

nOVd
GRTV

BEND

:KEN1

KEN2

KRL~

KRL2

LTBO
M1l..<J'"Jl

MATI
Ml'L-'l.
SRVR

TUT1.

=
HILG,

I

SWAW

a,

EXP~

2

!COBB

GTaS

NUMBER OF TRl'_"SPORTLINKS ~7

AmIT Lt.Ji'i.;s Station 1IRNT TO' C".Lliery 1IRNT
ClIMD ~ statiO'n Cl\MD TO' CO'Uiery C1I.MD
DUV1'_ Links StatiO'n DUVA TO' Colliery nuw,-
GRTV Links Station GRTV TO'Colliery GRTV

BEND Links Staticrr;;:;;P£ND To CO'lliery BEND

KEN1. L±nJr.s Station KEND To Colliery KENl.

KllN2,' Links Stati= KEND TO Col1iery KEN2
KRL.l Links St:ation IGUL TO' Colliezy KRLl.

KRL2 Links station IGUL To Collie..ry ICRL2
LTBO Links Station LTBO To.CoUiery LTBO



PROBr;SM NllMB
PR.OBLEM VERSION

SOLUTION STATUS

OBJECTIVS FUNCTION

NUMBER OF ITERATIONS

NllMBER OF ROWS

NUMBER OF CarJJMNS

STUDY PERIOD

NmmER OF PERIOPS

NUMBER OF SLICES

NUMBER OF STATIONS

;.~:_:JPTIM1IL

\~:=--

KOPT-SD1 {TEST-roc OPTIMISATION STUDY ~ SCEllAlUO D c..J>,SE 11

KOl?T-SD:L

5674.877209957
25991
15077
16702

START 1993 ENDS 1998

13

9

18
J!..RNT

CAMD
lJlJV1'_

GRTV
HEND

KEND

KRIL
LTBO

MAT!

MTLA

SRWG

TUTU

KOEB
HVVK

DRAK
PJ!..LM

GTBS



F-2

TABLE 7.1
TABLE 7.2
TABLE 8

COST OF COAL INED TRANSPORTED (Rm)
COAL STOCKPILES LEVEL/INPDT/QUTPUT[COSTS]
RESOURCE COST (Rm)

Al?l?EliiC'IX li'



--------------~~----~------------------~-------------------------~-------~------~------.~-----------~~--------~---------~--
j === 3D!"l."··SD1 (TEST-me OPTlMIsp~ STutl"l - SCBli1>~O D CASE 11
=== 'l'.II3lB 4.1
=== ~ OF COl'.I. 'MI:liiID~ (~"lWS) "'== IJ'iIEe. S"rlJijY PBlUOD

i COL i ST.A g~~~==;=======:==========~=~======~==~===__==~1lS ==~===~=;=~=====~===~L-====~======~=
:1 3 5

------~---------~----~~~-------~--------------------------~---------------------------------------'--.---~---------------------
~ .~
j G.lIDif
if 00lIM

*'~.!'i
1i= i'EIJ2"
li;i(l~,

~ :..~}C~

*~~
i .t-ATli

if Ml"{Ai

i'T6Tl;;
t Ti1U~
if irt'"ILGif

j ~ * 6.:180... 6.:1S0+ 6.180+ 6.180+ 6.18:1+
;:; 0U'Il?UT j 0.000- 0.000' 11.000- 0.000' O.OGO-
~ OOTPUT ~ 10.200+ 10.200+ 10.200+ 10.200+ 10.200+
~ 00TPUr ~ 0.000- 0.000- 0.000· O.aoo- 0.029

6.180+
0.000-

111.200+
0.038

~ OOTPDT ~ 6.000+ 6.000+ 6.000+ 6.000+ 6.000+ 6.000+
~ OOTPOY ~ 4.300- 4.381 7.500+ 7.500+ 7.500+ 7.500+
;; 0U'l"PUl' ~ 0 .000- 0.000- 3.594 ~.6% ,!__ 740'" 'b740+
;:; 0Il'1"PUT i!o 0.000- 2.::<50+ 2.250+ 2.250+ 2.250+ 2.250+
~ OUiP01 ~ 15.120+ 15.120+ 15.120+ 15.120+ 15.120+ 15.120+
~ OUTPUT ~ 0.800- 1.100- 1.100- 1.100- 1.100- 1.100-
;; 00Tl?C1" '" 10.450- c'l.0.45G-10.450' 11.400- 1:1..400- 11.400·
Ii OOTPDT ~
fr oun:ur ~
~ 'OO'I"PDT if

'" 00'l'PUl" iF
i OOTPUT ~

j AlUtT".,lIlZII'1' ~ 'IR C!! if.

~'~:MD ~ TR CB ~

~ ~...antFJA ~ Tit c:e: :i
~~~7RCH ~

;:;~*TRm ~
i: KBKlixmtD ~ "rR. CH i
~ ~!fl'.E!li!> iF 'TIl ca !'

~ lCRLl.~mn:, ~ Til CR *
ii D3.2#i'JUr. * 'IR ea *
~ L'l'llOifL'r!lO ~ 'IR C!l ~

~~~TRC9 i
~ W.TI~ iF 'IR CH *
i- H'?f~ i TR CH i
~~:'l'Rca :i

iF 'NTl~ ~ 'IR at ~

10.500+
0.000-
8.000 ..
0.000'
0.066
6.180
O.OOIJ-

10.20n
0.000-
6.000
4.300
0.000-
6.500
0.000-

15.120
0.800

10.450
10.500
c.ece-
8.000
0.000-
1i.066

.I1l.500...
0.000'
S.OOO+
0.0011-
0.125
6.180
0.000-

1.0.200
0.000-
6.000
4.31:1
0.000'
6.500
2.250

15.120
J..J.trG

10A51)
:lo.sea
0.000-
8.000
O.®il-
0.125

1C.500+
0.000·
s.lIao+
0.000'
G.12S
6.11:0
O.Ur-O·

10.200
0.000-
6.0011
7.500
3.594.
6.500
2.250

15.120
1.103

20.450
10.500
0.000-
8.000
0.000-
0.125

13.500 ...
0.000-
8.000+
0.000-
0.1.25
6.:'80
0.000-

20.200
0.000-
6.000
7 •.;!I0

3.696
ii.SIlO
2_250

15.120.
1.100

11.400
10.500
0.000-
8.goo

0.000-
().125 ,

.l.1. ..000+-
0.000-
S.GOO+
2.137
1).125
6.:l.ilO
11.000-

10.200

0.029
6.000
7.5CO
4.74.0
6.500
2.250

l5.120
1.100
11.400

l.l..ooo
0.000-
8.000
2.137
(1';.125

11.000+
0.0;;0-

S.DOih
2.200"
0.125
lL.1SG

0.000'
10.200
C.03S
E.OOO
7.50G
4.740
1:.5,)0
2.250

15.120
:::.100

11.4;)0
1:".000
0.000-

8.000
2.2OG
o!i25

F-2S
o

37.030
O.DOO

61.200
0.067

3E.000
38.68~
15.770
11.250
90."20
6.300

65.550
64.000
o.ooe

48.000
4.337
0.692

37.080
o.oao

61.2011
(,.1>57

36.000
38.681-
1c6.77a
39.000
1:<.250
90.'120

6.300

65.556
64.&00

0.000
4S.000

4.337
iii. 692



'" STIi 0Ul"P ;ii --- {t'H} --- (+1

~ BEIID

i KE!ID
;i nIL

ii I;roo
~J9~

if .MATI

~ MT"".!A

*" .sRJ«::;

E 'TUT!1

~ KOSB

1..1;]lc,

0.000-
2,722
0.000-
1..509
0.723-
2.228
2.998
0.000-
2.141-

1..631
9.000-

2.722
0.000-
1.5~
0.723-
2.276
2.998
0.000-
2.214
2.844
0.000-
1..088-
n.521.-
0.508 ...
0.000-
0.34!>
D.OO!)-

* ro.fi!R. 1.1' ilo --- (G!'It --- t+;

=..

0.000-
3.01.6
0.52::'-

0.50S ...
0.667+
II.OCO-
(l.OOO-

0.589-
O.DOO-
2.722
0.000-
1..509
0.723-

I}'S30-

2.998
0.000-
2.1.4J.-

2.M4
0.000-
3.0l6
a.521.-
0.508+
iI.622
11.006-

0.000-

1.631.

0.000-
2.722
0.000-
1.509
0.723-

2.276
2.998
0.01)0-
2.995
2.844
11.000-
1.088-

0.521.-
0.000-
O.OOO~
n.oon-
0.000-

if 0.100+ 0.1.00... IL100.. ILOOO-

i* POHER. EX ;if --- (GW) --- (-l

ilo 0.000- 0.000-

~. IJRJi..J:

i:PAIM

if _ I.Q;ID -# --- (G!'I) --- (-)

a.ooo-
0.000-

o.oao-
o ilOO-

'" SP RES l!I>.li --- (GWl --- t ..l

Q.OOO-

0.000-
o.OtO-

1.631"
u.oec-
2.722
0,000-

1.509
0.723-

0.$3G-
2.998
0.000-
2.l41-
2.'344
0.000-
1.559
0.521-

0.507
Odl41.
c.coo-
0.000-

0.067

1.631

0.800-
2.~122
0.&00-
1.509
0.723-

1.631.

Q.Oi!!l-

2.722
IhIlOO-

1.509
0.723-

2.998
0.030-
2;1.41-
l.026-
0.000-
2~93S
0.521-
0.000-
0.000-
0.000-
0.000-

2.443

0.000-
2.141-

2.844

0.000-
l.DSB-
0.521-
0.000-
0.000-
I1.DOO-
0.000-

1.631
Od)OO-

2.722
0.000-

1..500'
0.723-
0.830-
2.035
0.000-
2.141-
2.844
0.(1)0-
1.088-
0.521.-
0.000-
11.000-
0.000-
0.000-

0.900- 0.000- O.OOO~

0.000- 0.000- 0.000-

0.61!>
0.000-

0.000-
o.ooo~

0.000,
0.000·

0.589-
0800-

2.122
o 000-
1..509

0.723-
0.83'.1-
2.574
0.000-
2.1.41.-
1..026-
0.000-
L08S-
0.521-
0.000-
0.000
0.378+
0.006-

0.800-

0.000- 0.400- ~.ooo-

0.657+ ~O.667+ 0.130
0.000- 0.378+ 6.267

~ 0.000- 0.000- e.ooo- 0.000- 0.000- 0.000- 0.000-
if

19'.790 19.4SO 2.9 121. 18.688 1.8.00'2 1r.1I35 ;t5.785 1$.703

;/

(GHElI

925.
O.

1829.
O.

1014.

486.
760.

1813.
O.

1530.

1598.
O.

l018.
350.

11.247.

~a.
50.
O.

l6.

o.

21.7.

67.

o.



if.====--=======--=======-===========- 'P'Se!OD 12 =-::;==-~============-r==S:
if S'ER OOTP " --- (GW) --- ( ...1
if ~.:ar.r
:i C1:tMD

~ DU"-1A

~ GRTV
~';EE!fD.

~ KBJk)

i MATI

* MTLA
~ sm«;
.:; TUTU

if~
;to:~~,~I."It .."!C

;1.£31
O.OOO~
2.;101
0.000-
1.417
0.723-
2 ..276
2.:l!l1!

.11.000-
2.1U-
1.955
0.2\15+
3.016
:l.337·'
,j·750e+
. ,
t ..3?~+
n.nco-

1..631
0.0Il0-
2.301
11.000-
10417

il.723-

2.27!:;
2.998

O.OO£;-
;2.141-

1.955
0.000-
3.G15
1.33'7-
0.50e ...
0.37!!...
0.030-

* POHBR Ip * --- (GU? --- t...)
If 0.024 0.010

if l?OIiBR ax :;; --- iGil) --- t-'

1.531
1l.9!l'l-

-.301
0.000-
1."n
11.952
2.276
2.998
0.000-
2.1~1-

1.955
0.2115+
3.016
1.337-

O.SOIl+

G.OuO-
G.OOO-

1.631
0.000-
2.3111
0.000-
1..·U7

0.723-
2.276
2.9!'8
9.000-
2.141-
1.955

0.000-
3.016
1.337-
0.000-
0.353
0.000-

0.1110+ 0.9110-

1·.631
0.0Il0":
2.30J
o 600-

2.417

:1.155

2.276
2.998

Il.OOO-
2.141-
1.955
O.OO'J-

1.906
1.3~7-
iI.507
0.900·
9.000-

1.631 1.631
6.1'.;10- 0.,000-
2.381 2.301

".0Il0- ~.:ooo-
1.417 1.417

0.723-
1..187

2.998
O.tWO-
2.141-

1.9!O5
O ..S'G3-
:>.01$
1.337-
0.000-
0.000-
0.000-

0.100+ 0.000-

O."23-

0.830-
2.998 .

0.000-
?~241-
1.955
0.000-
2.922
1...33"i-

0.000-
9.0Il0-
0.600-

1.631
0.000-
2.301
0.0Il0-
1.417
0.723-
1.430
2.998

0.000-
2.1.41-
1,,955,,:
0.000-
)-.088-
{337-
0.000-
O,oop-
O.OOG-

U.OOO- 0.000-

1.631
D.OOC-
2.302
0.00il-
1.417
fI.n:;-

0.830-
2.598
6.000-
2.141.-

1.025-
6.>lCO-
1.1171
1.337-
0.000-
D.oeo-
0.000-

1:.000-

~ 0.000- 0.050- 0.000- 0.000- 0.000- O.coo- 0.000- O.DGO- 0.000-

~ PMl' LOA!) JO --- (Gil) --- ( .. )

0.000-
D.OOO-

£1.000-

.0.000-

if SP R!!lS :RI.! --- tGK} --- {+}

0.0Il0- 0.000-

0.0Il0-
D.OOo-

0.000-

0.000-
O.OOD-

O.GOO-

0.000-
0.000-

o.OOu-

0.D2
0.0Il0-

0.0Il0-

6.667+
0.378...

''-GOO-

0.667+
0.000-

0.000-

0.667 ...
0.267

0.Il00-
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0.000-
2.1.41.-
2_B4~

0.206+
3.016
1S37-
0.50&.,.
0.667+
0.378+
0.000-

1..6::'1.
0.000-
2.637
o.oeo-
1.:!.l.B
1..953

2.276
2.06;;!
0.000-
2.1.41-
2 ..B44
0.000-
3.(11.5

1..737-
P.377
O.UPO-

0.378<-
0.000-

1..631 1..531.
0.000- D.OlJO-
2.1537 2.531
D.OOO- 0.000-
1..1.1.8 1..1.18
0.723- 0.723-
2.276 2.276
2.a62 2.062

O.OQO~ 0.000-
2.1.-U- 2.1.41-
2.S44 2.844
0.000- 0.065
3 :016 3.016
1. ~7- <~.737-
o .50!!+ IL508+
0.667+ !o.OO[l-
0.378+ 0.000-
0.000- 0'.000-

;;POWER !F if --- (Glil--- (+l
if ~ # O.lOO+ 0.000- 0.100+ 0.092

~; '::c:;;:·~ii

if

;;POWER EX ;;--- (GIi} --- H
;;EXP1. if 0.000- 0.000-

g. PMP LOP-.D if --- (mi) --- (-}

# 1)RA.'t if 0.000- 0.050
~ 0.000- P.ooo-

0.000- 0.000-

1..631
0,000-.
2.637
0.000-
l.US
0.")23-
2.276
2.062

0.000-
2.1.4:1-

2.S44
0.000 ..
2.881
2.7'.17-

0.000-
0.000-
0.000-
0.0:10-

1.531.
ILOllO-

2.637
0.000-
1.US
0.723-
0.995
2.062
0.000-
2.241-
2.!"44
!l.oao-
3.01.6
;t.731-
0.000-
[;.019
O"lii7
0.000-

1..631
(j.aOO'::

2.637

O.Oi)O~
1.HS
0.72::;-
2.276
2.062
0.'336-
2.14~-

2.S44
0.000-
1.1)88-
L737-
0.000.
0.000-
(LOOO-
0'.000-

O.OOO~ 0.000- o.oao-

0.000- O.OOD- 0.000-

1.6.31
.0.:100-

2.621
0.000-
1.n8

0.723-
a.asn-
2.062
cl1.000-
2.2.41-
2.844
0.000-
~.08B-
~.":n-
0,0017-
0.000-
o.ooa-
0.000-

0.000-

0.000-

2.63:4
0.00'0-
2.63.7
i).000-
1.118
0.71:3-
0.839-
1.()B2-
0.000-
2.Hc~-
2.lI44.

O~OQO-
. 1_088-
1.737-:.::'__--
0.000-
0.000-
0.033
11.000-

0.000-

0.000-

0.000- 0.000- 0.07:4 0.000- 0.667,. 0.667+ -l}.667+
0.206 0.000- 0.000- 0.000- 0.248 0.000- 0.•378+

~ SP RES RL# --- fGW) --- (+1
li' ;; 0.000- 0.000- 0.0!)!)- 0.000-

if --- (Gi!) _-- (=}
...
". 22.511 22.128 2:4.631 20.84:'

0.000- c .coo- 0.000-

19.978 19.089

0.000- 0.000-

J.5.127

{GWtil

1t96.
O.

..1.771.
O.

751.
527.

1147.
12M.

O.
1439.
1911.

S.
1412.

1167.
97.
H.
50.
o.

l2435.

15.

o.

227.
67.

#

If

'#



F-:l6
if *============"'-~~=="'-~="'=====~=PERIOD as ==="'==========="'---':- ==-=--=if
'Ii S1:i! 00'l'P 4t --- ({;HI --- (+)

~ 1L~ if ~.122 ~.~22 ~.~22 ~.~22 ~.~2Z ~.~22 ~.~ ~.122 ~.lZ2 if
;: C1OO)

#=DrnTA
if GRN

* lOOm

Jt laur.
Jt r.TBO
ii: MAJ1J
if MATI

# MTLA

# SRWG

# TUTU
# KOEB

* HVVK.#DRAK
* PALM
# GTBS

if 0.000- 0.000- (I.O(!O- 0.000- 0.{)0(i~ 0 ..000- 0.000- O.QOO- 0.000-* 4.006 2.006 2.005 2.00;; 2.0[)£) 2.006 2.[}06 2.M6 2.006
I 0.000- 0.000-
I ~.509 ~.509
• ~.239 1.71.
# 1.582 ~.582
if 2.577 2.977
if 0.000- <'.000-
if 2.~4~- 2.~41-
'" 2.3~7 2.317
Jt 0.206+ 0.000-
if 3.016
• L737-

0.(100-

L509
0.932
1..582
2.977
0.000-
2.141-
2.317
0.000-

0.000-
~.509
0.723-
~.582
2.977
0.000-
2.141.-

2.3~7
0.000-

0.000-
1.509
1..794
1..582
2.!:77
O.tlGO-
2.1.41-
2.3~7
0.000-

0.000-
1.::09

0.723-
0.830-
2.773
Q.OOO-
2.~41-
2.3~7
0.000-

0.000''-
L509
0.723-
0.830-
2.977
0.000-
2.~4:!.-
2.317
0.000-

0.000-
~.509
0.723-
0.830-
2.977
0.000-
2.14~-
2.317
0.000-

0.508+
0.039

3.009 3.016 3.016 ~.900 3.016 2.234 ~.OB8-
~.737- 1.737- ~.737- ~.73?- ~.737- ·~.737- ~.737-

0.508+
0 ..667+
0.37!H
0.000-

iL298

0.000-

# ~~ IP if --- (GWI --- {+}

0.508+
0.667+
0.000-
0.000-

0.348
0.000-
0.378+
0.000-

--- (GW) --- H

# D~.1C

#l?.MM

I PMP LOAD if --- (GW) --- {-}

if 0.000- O.OO[)- [).ooo- 0.000-

!l.ODO-
0.000-
0.000-
0.000-

0.~94
0.000-
0.000-
0.000-

0.000- 0.000-

0.000-
0.000-
0.000-
0.000-

ii.OOO-
0.000-
0.000-
0.000-

O.OO[)- 0.000-

0.000- C.OOO- O.OOQ'

o.oao-
~.263
0.723-
0.830-
2.887
0.000-
::a .. ~41-
1.026-
0.000-
3..088-
1.737-
0.000-
O.tlO[)-
O.OOll-
0.000-

O.OQO-

(b:100- 0.000-

if 0.000- 0.000- 0.000- O.OO!!- 0.000- 0.~2 0.567+ 0.667+ 0.567+
if 0.000- 0.000- 0.000- 0.000- 0.000- 0.000- lJ.267 0.378+ 0.000-

# SPEES RL# --- (CH) --- !+)
# # 0.00[)- 0.000- 0.000- O.ClOO- 0.000- 0.000- O.OO[)- 0.000-

# 23..503 23..~37 20.562 ~~.93.6 3.9.08~ ~a.234 3.5.660 15.405 3.4.3.55

(GWH)

754.
O.

·~348.
O.

986.
641..

780.
1.5178.

O.
3.439.
~423.

a ,
~437.
:t167.

97.
44.
50.
O.

#

#

~3.879.

16.

D.

2~7.
67.

D.



? #===::;===================~=====:--:;;:-= PER.IOO 04· ==----=c=========;,---===::;;;:;:::=:fF
{I S'i.'N 007:P if --- (GW) •• - !+) !,.
if AR...~

* cruID
iiDUVA

i GR.TV

~ BEND

-if KEND

if KRIL

4fLTBO

-if' MAJU
if MATI

if MTL1\.

ifSRWG

;# TUTU

flo KOEB

if IiVVl<
# DRl'..K
iPALM
# GTBS

#

1..63~
a.OOG·
2.006
O.uoo-
~.509
0.'123-

2.276
2.345
0.000-
2.~4:l.-

2.844
0.206+
2.922
0.868-
G.50S+
0.667+
(L378-f-
0.000-

1 ..531.

0.000-
2.006
0.000-
LS09

0.999

2.276
2.345
0.000·
2.H]'-

2.844
0.000-
2.922:.
0.86B-
0.508+
0.000-
0.37S<-
0.000-

if POWER IP if --- (GWl --- t+l
!l.000- 0.000-

~.63J.

0.000-
2.00&
0.000-
1..509
0.723-
2.276-
2.~2]'
o.ooa·
2.]',;].-

2.644
0.000-
2.922
0.B68-
0.342
0.000-
0.378<-
0.000.

0.200+

1..631

O.OGO-

2.006
0.000-
LS09

0.723-
2.276
4.345
0.000-
2.241-
2.844
0.000-

2.922
0.B68-
0.000-
0.000-
G.DS
o.OQO-

0,000-

1.6:'11.

0.000-
2.006
0.000-
1.509
0.8n

2.276
2.345
0.000-
2.2~2-
2.l!44
0.206 ..
L08B-
0.B68-
O.SOB+
0.430
0.000-
0.000-

0.038

#

# POWER EX if --- (GW) --- (-)
# EXP1. if 0.000- 0.000- 0.000- 0.000- 0.000-

# PALM

Ii PMP LQIl.l) Ii --- (GW) --- {-}

Ii DRAK # 0.473 0.204
if 0.000- 0.000-

Ii
if SF RES RL/f --- {GI'l} --- {+}

# 0.000- 0.000-

0.000- 0.000- 0.000-
0.000- G.eoo- 0.000-

0.000- 0.000-

2.631
0.000-
2.006
0.000-
1..509

0.723-
2.276
2.345
0.000-
2.1.41-
2.844
0.01l0-
l.osa-
0.868-
0.154
0.000-
0.000-
0.000-

o.ooa-

0.000-
0.000-

~_631
0,000-
2.006
O.DUC-

2.509
0.723-
0.830-
2.345
(LOaO-

2.~4~~
2.844
0.000-
2.].57
0.868-
0.000-
0.000-
0.000-
0.000-

0.000-

0.000-

1..631

0.000-
2.006
c.coc-
'l.50:3
0.723-
1.350
2.345
0.000-
2.141-
2.844
0.000-
1.0S8-
0.86S"
0.000-
0.000-
0.000-
-0.000-

J.l:.ooo-

0.000-

0.667+ 0.667-!-
0.000- 0,267

0.000- 0.000- 0.000- 0.000-

(GWHI

0.9~e;
O.O(}O-
2.006
0.000-
1.509
0.723-
0.830-
2.345
O.OCO-

2.14l-
2.844
0.000-
l.oaa-
0.B6a~
0.000-
0.000-
0.000-
0.000-

],022.
o.

1348.
G.

~U14.
511.
11.33.

15E2.
O.

1439.
191]"

21-

~209.
584.
97,
44.

5(J.
O.

o.aoo-

0.000-

0.667+
0.378+

#
#

0,000-

# ~DEM1'.lID If --- {GI'i} --- (=}'* If 20.~5 20.222 ],9.850 ],9.400 :l8.782 17.685 16.386 i5.571 1.4.225

'\;.1
F-1.5 \;,

16.

D.

217.
67.

#;



* #========;==;====;============~~=~~==== pEP~On 03 =========~~-====~=======~~~=========i
# ~ GOTP #- --- (GH) --- 1+)

~aRNT
ii CJOO)

if ··WVA

#. ·GRTV

# BEND

*LTEO
if Ml'.JU
:#' MATI

'# MTIJ!...

~ sawc
# TUTU
# KOEB

.~.~
* DR..2Ut:
# PALM

li GTBS

>I

#

~.~80
o 000-
2.006
(1.000-
~.509
0.988
~.582
2.998

~.~sa
0.000-
2.iJQ6
0.000-
:1..509
0.723-
2.582
2.998

1.180
O.OOC-
2.006
0.0000:':
1.509
0.723-
2.582
4.. "<22

0.000-' . i.OOo-
* 2.14~- 2.~41-
# 2.844 2.844
>I 0.206+ 0.000-
# 3.01& 3.016
~ 0.868- 0.868-
• a 508+ 0.508+
~ 0 667+ 0.065
li o.noo- 0.378+
# 0.000- 0.000-

>I POWER IP # ---(Gal --- t+l

1.180
0.000-
2.006
0.000-
1.509
0.723-
1..582
2.853

2.:180
0.000-
2.00·6
0.000-
1.509
0.723-
1.582
2.998

O.COO_ Ii.OOO-

;'::,1.'1:L- 2.:Ln-
2.844 2.844
0.000- 0.000-
3.016
0.868-
0.508+
0.653
0.000-
0.000-

3.0~6
0.868-
OA68
O.OOG-
o.ooa-
0.000_

2.1.4~-
2.e44
0.000-
2.581
0.868-
0.000-
0.000-
0.000-
0.000-

'Ii 0.100+ 0.100.. 0.2nu+ 0.000- 0.067

#: 0..000-

0.000-
<:.378+

>I POWER EX #- --- {GWl --- (-)

* 0,;000-

0.000- 0.000- 0.000- 0.000-

# J?Hl' LOAD # ~-- (GH) --- {-}

0.000-
0.000-

-if SF RES RLif --- (GH) ;--- (+l
# 0.000- 0.000-

# liDEl-I1'.ND # --- (Grl1 --- C"')

0.000-
0.000-

'l.DOO-

o.oaa
O.DOO-

0.0(10-

0.000-
0.000-

0.000-

# 20.234 19.916 19.550 19.:1.07 :1.8.498

~.180
0.000-
2.006
0.000-
~.509
0.723-
0.830-
2.998
0.000-

:1..180
0.000-
2.006
0.000-
:1..509
!I.723-
:1..449
2.998

1.~80
0.000-
2.006
0.000-

0.723-
L023
2.998

0.00([- {I.OOO-

L~80
e 000-
2.005
0.000-
~.509
0.723-
0.830-
2.998
0.000-

2.141- 2.:l.4~- 2.~4:1.- 2.:1.4:1.-
2.844 2.844 2.244 1.220
0.206+ 0.000- 0.000- 0.000-
2.~:l.3
0.S68-
0.000-
(t.QOO-
0.000-
a.ooo-

1.088-
0.868-
o.oeo-
0.000-
0.000-
0.000-

0.000." 0.000-

0.000-

0.000-
0.000-

0.000-

0.000-

0.657+
0.000-

0.000-

~.088-
!I.B68-
a.ooo-
0.000-
0.000-
0.000-

O.OCO-

0.000-

1.088-
0.1I6B-
0.000-
0.000-
0.368
0.000-

0.000-

0.667+
ac37Bf~ 0.253

0.000- 0.000-

17.4~7 16.~38 :1.5.335 14.010

IGWR)

"r.

793.
O.

1348.
O.

:lOU.
487.
B65.

:1.965.
D.

1439.
1742.

:1.4.

J.326.
584.
97.
44.
50.
O.

41-

>I

H499.

~5.

217.
67.,

D.

if
#
If
It
#

if
-#

-#

if
#
#

>I
-if

#
i
li

if



~ GAMl!R..:!ITIClI( c::tfItOf BQUIl?KaIn' COOT (Roo} = 0.6(;0 iI'"~ COLLIERY IlIS'.rM.LATIClI( cosr (llJa} iI 0',1;>00 iI'"
if TRl\.liS!?'!JET :::.JAlOIKL. IlIIS'U!LLATIOt' COST {RaJ if O.OQ~ ,...,. ltESOIJIZCE ::YST1'.LL.UIClI( COST (lOa) jf 0.000 iI

~-~-----.------------------------.,--~------~--------------------------------------------------------~----~-----------~---

c'

F'-37



~- ;;:0
\\

F-36 )\ u_ J/~ -_~,-- ~ ~ ~_. s..~,,£ ~ - _

- ..._------- .... -- --_ ..---------------- ---- ....--~-------... -.~--.: --- ---.------------- - - -_ ..;,:_'" - ... - ...... '''''...- ..-.'-'-- .....---~.-~-
:# "'~...1UA'BL£ .o&!~ . :'051" {RaJ
.. ~~~:):MPOirI CO!."l" (RaJ
~ POIilm EZl'CItT COsT IlGa)

If RKU\XATICB OF SPI::!iiI!1IG l!ESEll.VE COST (P<l)

1697.073
O.OGO
0.i)00
0.326• ~ • w ~ ~ ~ ~--

if cur..LDmY W.lU}l_m:;j;; OUI'PIJT cosr (Ra)

ii o::ru, ~ ~ COST ellal
lio STOC!C!'ILB LE\"3L COST {llal
ii Sl'O'"..:.ItPILB ~ COST (RIll
lio S"l'OC1!PILB 001'I'VJ: eosr (Ra)

4('57.096
0.(1;10

-7!i.2B2

_~.oa,.
5.286

::::";

- ~ - ~ ~ · __ w~ ~~.~_~ .... _

582.295

---------------- • ~- ~_. ~ • • M __ ~ __ ~ __ ._



* STJ', IJiE ~
;; S'lX~

~ STlC .:a; ~
i;STX~

:i~Df;;

li STlI: OO'I'¥

D.SOO

0.000
n.ars
O.COO
0.000
0.11.7
0.000
O.ODO
0.1104
0.000
D.001
0.1.12
0.001l
0.01l0
n.aeo
0.000
0.000
:I.OOIi
0.000
0.058

1.012
{U)OO
0.11.0
G.OOO
0.545
0.107
0.000
0.000

0.004
O.l!jl.0
0.000
0.102
0.000
0.000
O.lren

0.000
0.000
c.ono
0.000
!I.OOO

11.924

C.DOO
0.075
a.oae
(;.286
0.067
0.00(>
0.336
0.003
3.000
0.000
0..Q82
0.000

0.123
0.000
0.001!
!),.._GQg-

o.ooa
o.aoo
Ii.oeo

0.00&
0.000
G.1i69

0.000
0.000
O.OQ2
O.OOG
0.000
0.003
O.OilO
0.000
(l.076
O.DOO

0.000 6.001:1
0.050 2.424
0.663 -8.895
I).GOO 0.000
0.006 {I._
0.057 '.-8.404

0.000 0.000
0.000
O.GOl
0.000
0.000
0.11'70
0.001'1

0.000
-il.246
D.OOO

(>.000
-7.669
0.000

0.000 0.000 0.19£
0.000 O'O_fl!l,-",~_~~'"'"
0'~l>lk?=-1!'::1100 3.000
0.000 c.O(;'(" 0.000
0.000 0.000 0.000

2.736
2.474

-3.40:'
0.000
0.832

-7.995
O.OOG
0.336

-0.228
e.<lOO
0.001

-7.227
!l.OOO
0.319

0.000
0.000
0.000
0.000
0.\100
O"~ ';8

0.;)00,
0.000

0.090
0.00!)

::1.000
O.O;)D

.,;-- -,~- _ ... --- ..._--- ....:;:..--------- ---- --_ ..._---- ----------- .. -- ..:.:::.'- -----.--~--- ---- ... ------ -_.-_ ------ ...------- ------- --- ... .,. ... - -_ ..... - ....__ ... _ ... ----
-~----------------------------------------~-----------.~~------~---------..;~--------------~-----------------------------------

g 'l'Cl'AL TP_'WSPan" ~ COST

i? Tm:AL STOC1iJ?ILE ~ COST
li ~ STOC1iJ?!LE !lIiPIl'I' COST
if 'l'OTAL .$'I'ClCKl'ILE 0IJTPIJl" COST

(!!la) li

{RID} if

iRla) J
(RIa) F

0.000 if

-70.21!2 F-

3.084 if

5.2SS F-

----.---- ...----------------------------------------------------------------------~---------------------~-~-~------~---~--------

if ==- T.OPT-SD1 ('!'E.:>"'"1'-RX0PTDIIS&':IO!i STDii't - SC~.lUO D cr.sE: 1)
==~s=== :RESOURCE COST {bl ===
~ ~ F.=============~==~=~===========~====--==--====
if~ J. 2 3 >4

if ~ 121>.733

i': GTBSjf. o- ...~o
lO?2~9

O.ii~

8i~540

0;000

:l.In.:fla
0.0-00

93.609
(\,000

CIIER STJJfJ![ ;!?l!:RIOO

~~ ==~===-,-,-_'_";_:_=
5 6

7O.06!S "

0.00«

'='"'"'=-

00

582.295 ~

l}.OI(I~'\ i
_~ ~:..."",,,,_,-- ;"._~ ._,:... - __ - --,j ':;.__ ....... ;.. ~ ,~...-;~_ ....__ .... ...... ...._ ..._2. '..:__

-------------------------~------------~-----~--~------- ...---~--....----------- ....--- ...~----~--------~~------~------------~----------:;-1



(LOOO

F-34
0.000 0.000

-----------------~-----------------~-------------------~--------~--------~-~----------------~-~-------------------------------,. , ______________~ ~~ ~ ~ . ~~---~~---_---------------w----~-----~.------ ~---------
It == KOJ?T-SD1.lTE::.-r·n OPTIMISlITIOIl S'l'UDY - SCmlJA'UO D CASE 1.)

==,: 'l'AllLS 7.2
=== CQIU, S'l.'OcKPn.ES l.Ir1lEL/IXPIIT/OOTPI1I'ICOSTS] (Rm) == 0'<E!t STUD',{ PERIOD

(i_C44

0.000
0.0('0
0.098
0.'l()0
0.300
0.089
0.000
O.GCO
0.031
0.000
O.COO
3.046
0.030
ILOOO
0.1.27

0.146
0.000
0.000
n.coo
0.000
0.083
0.000
0.000
0.000

ILOOO

Q.OOO
O.~
0.000
0.0::Ml

0.21S

0.040
0.000
O.OOf)
0.090
0.000
O.DOO
0.081
0.000
0.000
0.02e
(LOOG

0.000
11.041.
1).030
Q ..Ol.~
0.082
O.OOG

0.285
0.000
11.!l00
n.O{lQ

0.076
0.000

0.000
O.:!lOO
o.Dilo
0.000

0.1.12
O.OOi!

11.000
0.2:!M1

0.052
;;,,1.72

0.000
0.082

!I.oon
0.000
D.074
0.000
0.000
0.026
0.000
0.000
1),038

o.ooa
9.0GO

0.074
G.OOO
0.000

0.000
0.000
0.000
0.070
0.000
0.000
0.000
0.1.'00
oJ. 000
0.oa8
1..000
0.l.60
0.>50

0.04R.
c.ooo
O.OO!!
0.016'
0.0(1)
0.000
G.069
a.ODG

D'~OllO
C.O:t4

a.,!oo
0.000
1i.1l35
6.006
O.IlGO

0.068
0.0'(.'0
0.000
I..J06
!I.COO

0.000

O'.tMi4
o.ooa
0.000

0.000
0.000

0.000

1I.08l.
0._
0._
0.323

0.044
0.000
O.COO
0.-I}63
0.000
0.076
0.01>3

0.000
0.000
0.022
0.000
1),000
0.0'32
0.600,-,I, 0.000
O.tMi2
0.000
0.000
0.000
0.000'

0.&00
C.059
0.000

0.000
1).900

O.GOO

0.000
0.074

0.009
9._
9.29~

-4.243
9.000

-3.050
0.000
0.345

-7 ..651.

0.000
0.:"23

-2.191
o.noo
0.000

-3,898
0.000
O.OIB

-7.958
O.O{)O
I!.O.OO

0.000
0.00'0
0.000

-6.391
0.000
0.125
0.000

0.900

0.000
-8.21.9
O.BOO
O.ml'6

-6.953

-4~(i1S

0.17:1.

0.l.33
-2.641. #

0.000
0 ..-421 *
-7.276 ~

0.000 ~
0.123 if
-2.060 if
0.000 if
6.GOO' li'

-3.707 ~

0.030
'}.D!?

-I·556
0.1.'.6

0.285 if
0.000
0.000
0.000

-5.950
0.001}

0.1.25

0.000
0.900
0.00'0

-7.742

D.OOO
a.~611

-5.482



_._------ ~---------------- ----- ...- -------.-.---------- - --_._ - ...., - ...,..... _- - ...-;...... -~; ;,;",.-- ..... --
---,.~------~---_--~---------------.----------------------------------------------------~------------~--------------;-----~---~
~ "'== 7~:c""iili1. (TEST-RX ~0It STiDY - SC!l:I!(lO.JUOD Q\SB 1)
=== 'n'.BLE 7.1.
=== COST OF COI'.L MDIE!>/i'JU..liSPOR'TBl> ClIIa) ==~ OIIB!!: ~ PBlUOO

--~-------------------------------.------~----------------------------------~---------.--------------~~;~-~----~----~--~-~--~-
~p~

* CMDi~~
i SR'l'Vir

~ X!>K2w
~ KRL1.jf

If lG!L2*
=L~~-..~
~ M'!I.M

~~
iF TtTn~
j;'TUT2~

~ 00T.PllT ~

~ OOTPOT g

i 00l"PCT ~
~ 00TPm: ~

;; 00TPlil' ~

i:. 00T.Pl1T ~

~ 0G"ZPUl*. ~
~ 00T.Pl1T. ~

* 00TPm: *

56.676

0.000
7;;.500
0.000

32.94:Jc
50.826
0.000

47.S1.5
';.000

46.492

0.000
70.],86

o.ooe
3.),222

47.505
0.000

43.58~
l.5AIB!!

],03.],18 94.606

20.1."4 25.41.1
2l.6.3~ 1.58.456
69.405 63.572

~ OO'I'PIJT EO. 000
* 0UTl?tIT E 66.560
~ OOTPm:.f- 0 ..000

if CU'I'POT ~ 2~1'19

i ~-AR!iT ;: TRP CH ~
~ G~..Mi) i: 'TRP ca ~
;; D!T~00Vl\ * '!lU' ClI E
E GRT....'!lGRTV ~ 'IRP Cl! E
.~ ~HEMD i ntP CE i
if ltEW2ii:n:MD ~ F-P ca: ~
i: KEM2~J:E!iD ~ TRP CJI ~
ii ~-;~nIL E: TRP' CH ~

:i .i:RL2inn.. if TRP CH ~

~ L~:u.mo ii "1RP t:'R !
E Ww""l:JiOO!wIl E '!lU' ClI *
~ !'@:n~ :: 'Ti@ ca ~
~ ~ ~ TP-P ca ii
E~ETRPCl!E

if Tnni'TIlTU i TRP ca i
* TUl'2~ E '!lU' Cl! E

D.ODI)
0.00(1
0.000
O.OO{J

I).COb
0.000

0.000
0.601i
O.IIDO
O.O~O
0.000

0.000

0.000
0.000
0._
8.000

(1.000

61..0&4

0.000

3.793
0.000

0.000
1).000
O.DaD
0.000
0.000
0.&00
0.000
0,000
0.000
0.000

6.000
0.000

0.000

').-
0.009

42.654

o.ono
64.3!H
0.000

27.726
74.61$

35.783
39.994-
1.3.844

86.789
23.3B

:182.070
58.422
0.000

56.024
0.000
3.480
0.900
0.000
0.000
0.000
c.ooo
0.000
0.000
0.000

0.000

0.000
0.000
!l.!M)0

(1.000

o.GOO
6.000

0.000

39.1.32

0.000
59.D6S

0.000
25.434
68.452
33.763
36.G93
12.701.
7S.622

21.38B
U2.2111
53.592
0.000
51.400

0.000
1.192
O.()OO
6.6\10
0.000
0.000
0.000
1l.€HJ0

0.000
0.00(1

0.000
0.000
0.00tI

O.OC£!
0.000
IL600

8.000

0.000

35.900

0.000
5'1.:193
U.MS

23.334

62.1105
39 •• ;16

33.663
ll..li5):
73.OJ5

1.9.1022
167.1.711
51..5:1..$

?_ ...' 933
0.000

49.715
1.045

21.40B

57.&1.5

3E.446
30.S82
1.0.6S0
67.1127

18.002
:153.376

e, O<)Q 0.000
47.,~~=~'U •.256
25i2a~ 2S-~.B7S
2.S:!9 2.~
0.1)(.'0

O.DC!)
0.000

0.001}

0.000

tl.OO,'
0.000
0.(;00

- ,,:0
0.000
0.000

6.001t

O.lJ06

::-;;.000

0.000

0.000

0.000

0.000
0.000
0.000
11.000

0.000

0.000
0.000
.~ ...QOO:

8.008
O.OO<l

€I.oce
e._
0.900
O.1liM)

9.001J

F-33

2'#.7.787

0.000
3<74:.054

1.91.1.
1.61.0!i4

:;;61.821.
:145.718
232.336
63.976

504.207
127.880

1093.604-
!43.800

i 0.000 if

i 325.456 iii
II _. 49.:161. .if

if 1.8.259 i
0.000
0.000

0.000
0.001t

0.000
"0.000

IJ.OMJ
0.000

8.008
0.000
0.000
0.000

8.000

0,000

e.&iliQ
s.geO
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~ === KOPT-SiU (TEST-P-X 0!l?TlMISATI{¥ STUDY - SCEIIil>JUa D ~ 'I.)

=== 'l'l'..!3l.E ';.4

=== COS'l" - SPllIIlI"IBG R:ESERVE R.i!:Ll\XATICIi' {bl YBl'..R 1993

~ STA ~=============~================================= PERIODS ====~=========~===============-~~=========
;l.l 13

___ ~ j~ ~ w ~ ~ _

0.000 ~

12

0.000 -a.DOO 0.000

jj: o
*i
",.
i



* ~== "iWPT-SD;1 (TEST-R:'I: DPTrMISATJ:ON STWY - SCEIfAlUO D C1t.';E 1.j

=~~ ~ 6-2

# STA ~===================~=========================== PERIODS ===~=======~=====================~=========~
12 1.3

0.000 0.000 0.000 0.000 ~

;1 2 3 s 6 7 8 ;10

=== Tl'..B!.E Ii.3
=== :llfClJKE - EltPORTS {Ra} === YEAR ;1993

~ STA ~=============================================== PERIODS ==============================================

if; EXPl:~ 0.000 0.000 0.000 0.000 G.OOO o.oon 0.000 0.000 0.000 0.000

--- ------- --- -------- -------_----------- --- .... - --- --,-:~';.;.--- --_--- _ .. ---- -- ------ --""-----------------_ ... __ ..... - _-- ---- -- - ------_ ... - .. --
~ === lCOPT-SD!. ITEST-RX OPTrMIS.'\'i'ION S'l'UDY

=== ~..B:4E 6.3
=== IJlCOME - EXPORTS {:!la)

SCENAlUO D CASE 1.) ==;:'

YEF-.R l.:193

O.OOll 0.000 0.000 0.000 -Ii

-------------~--------------------------------~------------------------------------------------------------------------------
# =-= KO!'T-SD1. {TEST-RX OPTIMISATION S'l'UDY - SCENARIO D CASE l.)
=== ~ 6.4
=== COST - SPIliIGlIG P..ESEaVE REL.l\Xl'.:i."ION {Rm} "'=

1. 2 3 5 7 a 10

lCOPT-SDl.

"l(BlIR 1.993

if m ~==-=::::==========:::===-=======;,.========:::;::::;::==== PERl.OOS ====-==:::;===

-----------~-------~-------------------------------------------------------------------------------------------~-~-~--------~
C.DoO 0.000 0.000 0.000 0.000 0.000 o.oeo a.eee
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F-30
__________________________________________________ ~ w ~ ~ -----------------

-------~-----------------------------------------------------------------------------~----------------------~---~-------------
if =,,= ltO-"T-SD1.ITEST-RJ( !X'TIMlSATION STllDY - so;:NMIO D cass 1.}
=== TABLE 5.:1

------------~----------------------------~--------------------------------------------------------------------------_--------
_,.

~...Rlf~ :1.33.9 3..';!l.8 l..6:!!1 if 21..920 -'"~ "... CAMDl! 0.000 O.OO!} C.OOO * 0.000 *~
~~~ 2.334 1.995 2.360 If 27.688 ..... ".

if GRTV# 0.000 0.000 0.000 if 0.000 '",.
: HEJi!)lf 1.622 2.056 2.1.90 i 24.789 if
"
~. KEND# 0.61.3- 0.602 0.539 * 7.1:'58.if

" KRIIAF :1.693- ~.714 1..2:16 i 20.35:1 Ifr.

#0 t.TI3Oif 2.458 2.539 2.284 " 28.435 if
if Ml'.J{g O.!JOG O.OOC D.eoo if Q.OOO 1f
# MAl'I~ 1..653 1..597 :1.6911 il 22.040 If

if MTL.lI.i1- 2.331. 1..485 1-950 # 26.1.28 if

i ~ l}'OTI 0.041. 1),000 if 0.476 ""
* TtJTIJt' 1..330 1.952 1.283 # 21..36~ if

~ KOEB# 0.000 O.OOG 0.000 if 0.000 *
if lNVA~ 0.083 0.083 G.OS3 if 1.076 if
if Da..>.Kif O.O~~ o.on n.car If 0.1.<13 #

if p~ 0.01.3 0.01.3 0.0].3. if 0.~64 .,.
".

if Im!Si 0.000 O.OOG 0.000 if 0.000 #

-------------------~----------------~-----------------~------~----------------------------------------,---~--------~-~-------~

1. 2 3 4 5 7 8 1.0

if.== XOl'T-SD~ ('XES'):-RJ( OPTIMJ:Si':rION STllDY - SCE!UllUQ D Cl!ISE 1.i
== TABLE 6.2 "'--*=== COST - ~ IRa) ===
;;:m ;t===:===========--============:::.---;t==-'--== PERI<DS ============;:-'-==-;....====~-=.:=========:

0.000 0.000 0.000 0.000 D.ODG 0.000



if === KO!?'l'-SD~ (TEST-RX OPTIM1SA'l."IQN STIlDY SCEliARIO D CASE a)

=== Tl'..BLE 5
=== .RESOilRC& US1IGE {pu} === OVER STUDY PERIOD

¥ RESOURCE i:;======~========:======================= ~~ =============~==~===============~=====

KOPT-SOl.

2 3 5

~*******~******** 9672~8SS ******** ****~*** ******** * 61>422.742
0.0:10- 0.000- 0:::>000-0.000- 0.000-il.OOO-

# =~= KOPT-SD~ (TEST-RX OPT!MISlITION $TUfJY - SCENl'.R.IO J) CASE 1.)

=== T.l'.BLE 1>.1.
=== COST - =.T!QN O&M IRad ===

KOPT-SD1.
---~---~------------~---.-----~-~----------------------------~------------------------------------------------~,-,--------~----

1. 2 1.03 5 g 9

# .Po.lUiTi' 1.~8S1. 1..31.$ 1..387 1..7B8 1..3~9 1.9:18 1.91.8 1..907 1..918 1..707 it
" Cl'~ 0.000 0.000 0.1l00 il.QOO 0.000 0.000 0.000 0.000 il.OOO 0.000 ..
" "
if DtTl7.Aw 2.52& 1.'13S 1.739 1.739 1.739 2.284 1.739 2.528 2.525 2.44~ #
it GP..TV¥ O.GOO 0.000" 11.000 0.000 0.000 0.000 0.000 0.000 0.000 O.OOll #
it ~ 1..622 2.1.lh 2.1.!HI 2.1.!!0 2.135 1..622 1.1>22 1.622 2.1.25 1..622 If
it l'IEl'ID# 0.539 0.562 0.541. 0.51>7 a.711 0.585 D.790 0.605 0.606 0.599 it
# KRlLlf 0.967 1.464 1..384 1..81.2 1..248 1.835 1 ..714 1.959 1..725 1..622 it
;: L'l'B()!; 2.21.5 2.539 2.476 1.968 2.4:92 1.6n 2.287 !.6~7 1.653 2.290 *# ~ 0.000 0.000 0.000 a.ooa a.oao 0.000 o.coo 0.060 0.000 0.006 it

',1

it MATIif 1.8:La 2.078 ~.597 i.597 1..597 :L.SS7 1..618 J..758 1..343 ~.597 "-...
if MTL.~ 2~877 L603 2.3.25 2.331 l..736 2.331. 2.187 2.10.1 2.J.01 1.970 *"- ~ o.aoo a.DG3 0.044 11.065 0.003 0.024 O.1ns 0.1.08 0.003 a.ooo if>:

*~ 1.292 1.736 1.570 LS24 1.!!1l 1..779 2.188 1.8l.7 1.5&8 1.471
it ~ 0.000 O.lloa 0.000 0.000 0.000 D.oao 0.000 0.000 0.•001l 0.000·
i IN'I:-':' a.083 0.083 a.OS3 n.083 0.ll83 0.083 0.ll83 a.OS3 a.OS3 0.083A".

ll' DRAJr.: 0.ill1 0.01l 0.0:1~ 0.0:11 (LOll o.on 0.011 0.0:11. G.on 0.012
i} p~ 0.013 a.a13 1l.013 0.1i1.3 0.01.3 0.01.3 0.013 0.013 0'<113 0.023
;. GTBSi 0.000 o.aoo O.QuO 0.000 .0..000 !).OOO a.GOO O.DOG Ii.&ll(} I},COO
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F-28,>
""- t u. STK :IN if o.ooa- a.ono- 0.000- 0.000- n.au:!- 0.000- t o.aoo l!" v

t "- if STK OOTt: O.flOIl- 0.000- O.~47 0.000- 0.$0- 0.30~ if 0.44& It".

A Lullh=mT2 if :rN!T"~ ifee

'" '" if LEVEL " O.uOO If'" ~ ~
if 'I'UT"JlmlT2 " STK $.VL';;; o.aGO- Q.ooa- 0.000- 0.000- ll.OOO- 0.000- ...

# ".

"" " * STK :IN " o.OCO- 0.000- 0.000- 0.000- 0.000- 0.000- i a.ooo it'" ". ':"

if ""- if b'TK ~ 0.000- 0.000- 0.000- 0.000- 0.000' 0.000- it 0.000 if"
if 5~k ~ INI'r.L1'.Ljf if
e. t' ;< I.EV'EL " 0.058 *"
" SRliI:h"Wt'C ::; if STR LVT_).1; 0.000- D.OOO- 0.000- o.OOG- 0.000- 0.000- I'"
"- jio A STK IN iF 0.000- 0.000- 0.000- 0.000- 0.000- 0.000- l! 0.000 l!". »

"- '" "- STK otn'# 0 ..058 :1.000- !I.1I00- !I.OOO- 0.000- 0.000- l!' !I.05S l!~ tt W



if S'l'K 0iJTil: o . COO-

0.000-
O.GOO-

0.904
0.904-
0.000-
0.'100-

~ LEVEL ~ 0.000

0.000-* STK IN .~ 0.000-

# S'IK otJT:if, J ..000-

If ~.JU If nnTIA!.i
;; # If LEllEL jf

* }Il~ * STK LVUt

1.331.
1.331.-

G.OOO-
0.000-

1..55G
2.35U

U.BGO

1..904

~.ZT!C Dl i
:g:STK~

# MATli{MATIit ST!t ¥VLJio 1..904
U.l)UO-
0.000-

1.270
1.270
0.000-
O.UOO-

i SIX IN ~ o~ono-
~ ST.K ~ O.QO~

If L<rVEL If 1.21.8

0.000-
U.OOO-
0.0l}0-

0.9{}4
O.UOO-
O.OUO-

O.OOil-
0.000-
0.000-

1..331.
0.000-
0.000-

3.450
1.1.00
U.OOU-

1.31.0
0.000-
U.594_

O.GOO-
!l.000-
O.GUO-

0.904
0.000-
0.000-

0.000-
0.000-
(LODO-

1..1.40-

0.000-
0.1.91.

4.550
1..1.00

o.noo-
0.000-
ll.OOO-

0.904
0.000-
0.000-

0.000-
C.OOU-
0.000-

1..1.40-
0.000-
0.000-

0.000- ,0.000"

4.550
O.OilO-

o.~s>;)~
'b340

0.970-e• 0.970-
0.000-
0.000-

.r~
0 ..OC~;~:~(r-(f:40a..i

I.-'.~~"

0.044-
Q.COO-
Q.OOO-

1.21.8

(.(lilO-

0.000-

~,.870-

C.llOO-

0.000--'" b .JO-

O.OUC> O.COO-
0.000-

0.904
0.000-
0.000-

0.000-
o.ooa-
0.000-

1..1.40-
1).000-
0.000-

4.480
0.000-
0.070

0.970-
0.000-
0.000-

U.~ •• 0.000-
0.000- 0.0\)0-

a.S70-

0.{}44-
0.000-
0.000-

1..071.

0.71.2-
'l.GOn-
0.1.92

0.000-
0.000-
0.000-

l..HO-
0.000-
0.001,-

<1.750-
0.000-
3.730

(J.97C-
Q.OOO-
D.QUO-

0.870-
O.UOO-
0.000-

O.OOO,=" 0.000-
0.000- 0.000-

0.044-

1..071. 0.770-

F-27

3.000
0.000

0.000
0.1.92

0.000 if
0.000 if

0.000 F-
0.1.9J. It

if

;r
3.000 JI.
3.800

0.000

0.934

0.000'
0.400

if
i
#

if
o.noo if
u.oaa
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...--_ ... -- - - -.-- --- -- ----------_ .... _ - "" -----_ ..--- -~ -_ ...... --._ - ...----- - _ ....... _ -- - ---- --- - -- -- - ... -------------- - - ........ -- ---- -- ... ---- .... -- _ .... _ .... ,,' -- ---
;; === KOPT-SD! ('1-B.,"l'-RX OPTDIISJ:.:tIOIif STODY - .~.JU{) D Ci'.sE ~}
=== TIIBLE 4.2
"'== C01'.L STOCKPILES LEVEL/n;;roT/OUTPIJT[.l)M(l{INTSJ {MEQ],. TONS} = OVER. S'I'JDY l?BRI()!}

* STA ~ COL *======~==========~=~=====================_~= ~~~ =========================~==================
~ 5 62 3

_ .... _ ... -- _ ..---- _ .... -- - -- - -- ------ -_ .... _ ...... _-- --- -- -- -- -_ ... ---/,"/~~-_ .... --- -- _-_ .... - -- ----_ ........... -- -_ .... -- - --_ ....... -- ... -_ ... --_ .... -_ ............ ----- - -- -- .... -_ ... -- - _ ...........

# * # STK di:lT!
# Cl!MDi!Cl\.!ID If INITT..AI.::f

#

0.473 ,-;::::

0.473- G.473- 0.57& 0.67& 0.6.78 0.473-
O.OOO~ 0.000- 0.205 0.000- 0.000- 0.000-
0.000- O.GOO- 0.000- 0.000- ~l.GOO- 0.205

~.070
~.O70 ~.070 L070 ~.070 0.963 0.432-
0.000- 0.000- 0.000- 0.000- 0.000- 0.000-
C.1I0D- 0.000.- 0.000- 0.000- 0.1.07 1I.53~

0.966
1I.966 0.966 0 ...96'6 0.%6 0.966 0.776-
0.000- 0.000- 0.000- 0.000- 0.000- 0.0.00-
0.000- 0.000- 0.000- 0.000- 0.000- O.~O

0.336
0.336- 0 ..3:36- 0.336- 0.336- 0.336- 0.336-
0.000- 0.000- 0.000- 0.1I00- 0.000- 0.000-
0.000- O.OO!l- 0.000- 0.000- 0.000- 0.000-

if
0.205 if

If
#
If

('.001} *
'·0.63& if

0.000 #
0.~90 if

0.000 #'
0.000 if

0.473
0.503 0.4B8 a.4BB 0.48B 0.488 0.483-
0.030- 0.000- O.OC 0.000- 0.000- 0.000- f 0.030
0.000- 0.(l~5- O.f}O~. ):n.ooo- 0.000- 0.005 # 0.020..

~.U4
1..270 0.960- 0.960- O.SSO- 0.960- 0.960-
&..1.46' 0.000- 0.000- 0.0011- 0.{)I10- 11.000- " 0.246.,.,.
0.000- o.no 0.000- 0.000- 0.000- 0.0,00- if 0.31.ll



4 Ge:ne:x:'al

The LP ooftware MGGand SCICONIC are inl!ltalled on a

single node. In order to run the softwall'Il.'l, softlil'lks

" have to be set: which 1'>oint to the software. This J.1tI

done with a <. :profile> fill'! under
rs,

a use:r.1.il"homa
directory. AESidetance will be given in this regatrd.

The ERRORthat occurs most often is the follov~ing.

RAN: not found

It should again be streseed that UNIXis case sensitive

and {RAN} should have been entered am {ran}.

rrli'leacript. file {:ran} aborts when an er:.:or ie d~tected

with resu:tting errOl' mel!lsages.

If the so:rj.pt j.s aborted and the operatt:ing sylllt'!lm :I.S!

still t1NIX, there are two methods to get baak to the

AEGISoperat:i.ng system, ie

a. Press the {CTRL}l<:.eyand while holding it Pl:'I!lSlI!l[a}.

b. Type Icofn/ 1311. and pl:'ess the ENTERkey.
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Th~ input required h~re is exactly tbe sam~ ~s to~
.t'~port ttJ.bl~EI to be produced and is therefore not

discussed in detail.

F.1.nally tbe l11atl'i-x; will be cr~atedt tb& LP.-Solver will

be run, tIle report: wr:l.t:.er will be xun and the pr:J.l'ltoutll

will be made. It an error occurs at this IStagf"l error

messtJ.gf!Jf1.Iwill b('l) displayed and the program wil,1 be

stopped. It looks as follow~,

t~i~STATUS t~# Matrix genarator MG :l.s running.
## STATUS ## MG successful - matrix generated.
## STATUS ## LP·solV'er SCI CONIC is running.
4:~# S'l'l\TUStf# SC.rCONl:Csuccessful .. solution status ill!OPTIMA! .
ITERATIONS OBJECTIVE INFEAI!)Al3ILITlE:S TIM1i:

0 12.l00000 4915.al~e60( 14) 0.52
32 20.600000 O.OOOOOO{ 0) 0.78

sOtiOTIOlITIS OPTIMAL
4t# STATUS ## Report WritGr R.W is running.
tHf. STATUS ## RW atl.ccl!!Iseful '. report generated.

****************************************************
* ** GENERATION EXPANSION MOOEL *
* ** PRODUCTION PLANNING *
***
*
*

24 Apr 1~91, 10:47:12
END OF RUN

**
*1<
*******'*****************************~***************

$

01?lllRA'I'ING GtTIDl!:



n11 ~21'{RETtm·m
'I . /'

* NEW
* STUDY NAME TEST NG~2P

Sevl!llAEl..l files Ca!t.t be s"lected to bl!) pr:i.rlt:.ed. 'Th<9

iollow:i.ng I.)ptions will alJ.;)w th.e use:/;" to do th:l.s.

****************************************************
* ***

PRINTOUTS ************w****************w****~*******************

liThe files followed by [y] will be p:dnted ! !
I! TheS :H1E:l1iBfollowed by Inl wiJ.l not be p:rintG)d I !!

11 1 .. Shortened initial input file
II 2 .. Shortened expanded input file
11 3,,~ MPS file
I1 4 - Sciconic ~olution tile
1 1 ~ -. Report Output

(y] J J(n) II
ryJ I I
[y] I I
[yJ I!

\\

'k* If you want to toggel between [yl l~nd lnl , ",.*
'lit Ent',ar the nttmber I or Ie **** Prese ENTER to continue. **

"
Option 2 the ,Shortt!llned expsltlded input the 1'1:1.11deisul t

not to be p:d.l'lt:ed.

1{Returll}

III ..Shortened j,nitial input fileI! 2 ..Shortened expanded input file
I 1 :3 .. MPS fileII 4 ..90ioonio solution file
I I S - Report Output

(nJ 11
(nJ 11
ryJ 11r~'.] !I
[yJ 11

**
****

\i
Ii** If you W!ll"lt. to toggle J::)~tween (y] emd Inl .

** Enter the number, or** ~ree~ ENTER to continue.



All globals are resolved.

Th~ next: option concezns the actual study to be

perfol:med.

**************************************************~*
* ***

STUOY NAME ************************w**************************~**
\1

** Enter the FILE NAME that oontains the new STUOY. **** or, **** p.ress ENTER to cont i.nuewith the currerlt S'1.'trm;. **

!J

Tlle study mune of the previous study is displayed. Th(f)

new study C21.n be pert'oi-mad ""i tll the sewle stl,tdy :file" or

a 11$W study file could b(!l used. To USe th(f) C!urrl!llnt

study f.Ue <:l.gain, the user only J:'J.l!Jedsto prl!Jss the

ENTER key. If howeve1" a new f'He slloulc:1 be used tlle

complet:s file name sllould be typed i!l.ni.'l ella ENTb."Rkl'3Y

pressed •. T! tlle input: file to be used i.'r/ oil a different

diz'ectory thall the working d:i.J."5ctoryt;:lui full pat:hname

should ~lso be erltex'ed. If the fil~ nam!S ent:ersd is 1:20t:

foun.d an el"J:Ol" Ine.f!.lsage indicating this fett;:t will bet
!I

,?

displayed and tht!' u5'er will be> g:1.'!fen the opportuni ty to

:t:etry. It l~he file was found tlle fol.7.6w.;f,ng w.il1 b~
\'\
<:

d:J.sp.lltyecl. If only t::b.eENTE1.{.key wetta pressed .!lQth:J.n~r

will be displayed.

OPERATING GU':I:1JE
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:3 {Return}

11 1 - Energy output
I 1 :2 - Planned Outage
I! 3 - Generation Output
11 4 - Coal Output
II 5 - Resource Output
I 1 6 ~ Generation Costs
II 1 - Coal Costs
I I a - R=source Co~ts

Table
Table
Table
Table
Table
Table
'l'able
Table

1,1 - 1.4
2,
3
4.1 - 4.2
5
6.1 - 6.4
7.1 - 7.2
8

I!
! 1
II
11

** If you want to toggel between [y] or CnJ, **
.~*,Enter the number/ 0:1:' **
** Press EloqTERco continue. **

It by miS1ta1ee a table bas been turned off I wh:f.c.hS1hould

~em&in on, t12tiIJtltunb~r of t.r.etabl e and the ENTER key

shou1d.be pressed and tlle, flag should again indicate

[y). The StyE/ternwill not progress past this point unt:i.l.

olll.Y the ENTERkey :i.e.:pressed as confirmat:Lcm that tbe

correct tables ~,~j.l be created.

If the max:i.mUll1dimens:i.ons we2:e changed by the user I the
\\

_, sour~e w:i.ll he rl.9comp:i.led displaying the fol.low;i.ng

~f# STATUS ~f# ~}lnning the yearly Version of MGG.

#~t S'l'ATl:JS#i~ Compiling the MG code.

All global~ are resolved.

## Status M~ Compiling the RW code.
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The next option concerns the tables produced by
report writer.

****************************************************
* ** 'l'ABBLESPRODUCEDBY THE',REPORTWR:tTER *
* ** * * * 'A' ** * ***'1.' * * ** '1<'1(*** 'I.' ** ,"\~** * * ** ** * ** * '* ** '* * *'* 'II'll * * * '* *(/

I I The tables followed by [yJ will be produced : I!
I! The tables followed by tnJ will not be produced: 11

I I 1 - Energy output 'l'able 1,1 ,~ 1.4 [yJ
! I 2 ~ I.Vlanned Outage Table 2 [y) I I
11 3 - Generation 01..1tPUt Table 3 [yJ 1 I
I I 4 - Coal Output Table 4.1 " 4.2 [y) II
11 5 - Resource Output Table 5 [y] I !
I I 6 - Generation Costs rrable ($.1 - 6.4 (yl I 1
1 1 1 - Coal Costs Table 7.J. - 7.2 [y) 11
I! 8 - Resource Costs Table 8 [yJ 1 I

'II'll If you want to toggle ;"'(·tween [y] or (nj I ***'1.' Enter the number, OJ" **** Press ENTERto COll';;. ie-ue . **

.By defaul t all tables ri'rl1 he created. If howevel- some
!

of the t!ililet; are not . 'equi:t:ed they can be el.:i.m.inated

ett this point. For exmmple to prevent t61hle 3 from

heitlg created press .3 and the ENTER.kay. Th@ :fl1!l.9'

.fo).lowing .3 em tl'l"~ d:i.spll!l.Y will ')?Of1 be turn.ea to [n].
') '.,
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** Enter tr!~ new vaJ.usfor ¥EARS.
5{Return}

C THE MAXIMUM NUMBER OF 1. ¥EARS - 8C 2. PERIODS ~ 52
'0 3 . SL:CCES - 9C 4. POWER STATIONS - 20
C S. COLLIERIES - 14C 6. TRANSPORT LINKS ..14C 7. !MPORT ROUTES - 2C 8. EXPORT ROUTES - 2
C 9. RESOURCES - 2
C 10. LDC CURVES - 5
C 11. WMC CURVES ~ 5
Age.in ths system wi.71 L .t: prog.ress pe.st this point

untill only t121!JENt'ER key :!.s prel3(f1l!1d,. when the user :is

sad.sitad t::h6l.t;;tlul1 ma.x.i.mUll1climens:tons being displayed



*
****************************************************

** MAXIMt.JMDIMEN8IONS FOR THE CtJRRElN'I'STUDY' *
* *****************************************************
## STATUS ~f# Reading the MGG file.

C THE MAXIMUM NUMBER OF
C
C
C
C
C
C
C
C
C
C

1. YEARS
2. PERIOnS
3. SLICES
4. POWER STATIONS
5. COLLIERIES
6. TRANSPORT LINkS
7. IMPORT ROUTESS. EXPORT ROUTES
9. RESOURCES
10. LPC f!. r:tVES
11. WMC ¢tJRVES

** If. you want:.to change some -
** Enter the number" or** press ENTER to continue.

~ 2
- 52..9
- 20
~ 14
- 14
~ 2
- 2
- 2
- 5
" 5

****
**

only the ueex» of Genel"ation Head Offiol!/: will 118lVathe

option to chanf;fe some of these dimensions. To obange a

speoif:io d.iml!lls:/.ontlle Usel" should ent$l" a numbel" fl"olll

1. to 11 !Iud press the ENTER key.

Xf for example the 11~lf4x1.mumnumber of years which is 2,

by default should be changed to 5, press 1. a.nd the

EN'i$R key. You will be prompted for the new value. To
enter the new maximum as 5, press 5 ane;;\the ENTER key.
The changes will be made and displayed again if any
furche ohanges are required or if the entered values
were oorrect.

l{Return}
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'l'he £1.1:$1;opt1.o:i.n available is to ohose to .1;'l1n

or a PERIOD version of NEWGEX.
o

****************************************************'
* ** PERIODS OR YEARS *
* *********************************************~*******
It '1"1'10 v~"'F,lions of NEWGEX ex:'. ,,!. ! !

I I 1 - l?ERIOD version I I
! 1 2 - YEAR version I I

I 1 Decide wich version you wO~ll,dlike to use I ! I
! t by ENTERING ei ther 1 or ::ail I I

:rha ust;lr shou.ld ei. the::: preUfJS 1 or 2 ew.d. EN'l"ER k$W to

sel~ot wh.ich vereioi: of NEWGEX should be used. onae the

number has been entered • .:i.t will be displayed to the

user for aonfinnation.

1{RETVRN}

I I You have chosen the PERIOD version
11 If you want to CONTINUE pres ENTER, el$e

I 1 ENTER :;) to sell!lct the YEAR vanl.on.

I!
! 1

!l

:I:f the .information :1$ oorxeat: press t111!! ENTk.."'R ]t,;ey,

ot:llerwise pe:t:'ss .'L and tht!! ENTER key (.f03: this

.instamae) to c:hangl!1 whs.t yew have chosen :1n:1.t:i.ttJ.ly. Th$

system wil.! not p3:ogress past this point Ulltil on:J.y tb.$

Em'ER key :is pressed &'$ aonf:lrms.tioxl t~ the a.ho:lse tll!l.t

tV'as made .

.1J'o1:Low:Lngtil:lS the max:lmum d:lmensiol'J.liiI fOl" the 13tud:v

w:i.1J. b"'l d:Lepl.ayed.
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A typical NEWGEX run will look as £0110\,19 •. The ~Unn1l'l..g'
"procedure is discussed with comments given in italics.

The opera ting system is AEGIS,

$ env{Return}
Welcome to SR~.5 SYS5 D01~IN MOTDt

Put your message here.

Tbe .operat:ing system :is UNTX.

# ran {Return}

# ~t ##:##### # #: #4f### #######: # #
if# if if if # # # # # #
if # # if if if # # if #
# # # ##### # # # # if### ##### #
# # # # # # # ~f # # t~ # #
# ## # it # # # # # #: if #
# # ##4t#4t## ## U# ###4~# ##4t#ft#ff: # if.

~*************************************************~*
*
*****
*
**

GENEl~'I':rON EXPANSION MODEL

P~ODUCT:rON PLANNING
24 Apr 1$)91, 10: 44: 3.6

START OF RUN

*
**»..
**
**
*****************************************************
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upgraded to (Apolo Domai.n/OsVersion SR10.3]
UNIXoperating system.

It should be noted that once the UNIXoperating system

:1.s running I ALL further user inputs sou1d be given in

10\01ercase as UNIXis case sel;~sd.\:.i·v~.
/.

'\~
A:etel.· '<ran> is entered the system is\" interactive

req:uiring l~he user to read what is displayel.' and to

respond correctivelywhen req:uiredto do ao.

The following options can be selected by the user when

l'unning the system.

a. Alterng the dimensions o~ the cu:t,"reutmoQf,it1.

b. Sel ecting which part (tables) of the report to

produce.

c. Selecting the inp\.1.tfile to be used.

d. Selecting whioh printouts should be prodUced.
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APPENDIX G

PR.ODUC'l'!ON·PLA.."IJNl'NG - O:r?ERATING Gu;rPEl

It must be noted that this chapter Ls taken directly
"/from the ¥RODUCT!ON P,1:A.NN'ING~ OPERATING GUIDE.

'1. Aim

The aim of this section of this document is to tell one
how to use the Net\'gexProduction System ie

,
Rum~:ing the system.
Detaileg discussion of the input required.
General.
Problem solving.

2 R:t.tlming The Sys tam

The system is fired by running two scripts.
A script is an ASCII (r~a.dable) file Which contains
system commands.

- Start UNIX operating system.
- Start the Newgex System. {lowercase}

The «env» sc:dpt would probably :fall away once the
operating system running on the Apollos have been
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Contact pars~1f - 13e:t'tusvan Schalkwyk
Telephone - aoo 5545

## STATUS ## RW successful - report generated.
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Large studies will run fOr a number of hours

fact that the systett is busy" (l;'1.tnning(l

displayed, eg

## STATUSIf# LJ?~solver SCICONICis l;'unning.

\(
If uaez's want; to get an estimate of the siZ€1 (i~ :t;.he

oombined number of. va:dables and constl;'aints) ot, the

~tudy to be l;'un, as there is a soft limit on the siZe,

they cap. contact Eel;'tus van Schalkwyk. The:re exists a

Lotus 1~2-3 spreadsheet which can do ~his calculation.
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