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- ABSTRACT -

e Generaﬁingﬁgrowth_pigﬁa £or powér'ététipn d:y”ash.dumpa _

' having maiﬁ and standby cgnméynr stadking'systéms is very

time conéuming using manual analysis methods, . Thisg uSually
'prohibits 1nvest1gating sufficient options or the routine
evaluat;an of operatlng_variatlons. Not achlav;ng or
changing.ahy'of the multitude of geometric,'nhYSicallor
production design assumptions over the 50 year constructian
life, can result in the dump growth dev1at1ng algn;flcantly _
:from the orlginal plan OUt of phase or koo rapld long term -
..growth situations can ensue, with costly modiflcatlons '
'somauimes needed ta- return ko acceptable grqwth plans or’

.proV;de ‘additional capac;ty.

- 1t wa. postulated th;t a'parametrically drivea computer _
model would facilitate rapid and cost effective dump growth
evélﬁation.. This,dissertatioﬁ:documents'the development of
a pratotype} spread&héet—based,'pa:ametric modeiing program
_ fof automating.the p:odudtion'cf dry asﬁ dumé_growth:pléns.
.'_The system stiowed that sensitivity, optimisation and routine

evaluacion exercifses now become practicable.
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DISCLAIMER

This’ project presents a protatype apreadsheet based computer

modeling prograw that models the growth of power statlon dry

"a8h dumps.

. The University'of the Witwatersrand-and the"*thov of this

program will not be hald rasponslhle for: any losses incurred

as a result of us;ng this program.

' Use cf the pragram is subject to the ‘above condition being

'agreed to by the user.
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CHAPTER 1
~ INTRODUCTION.

In 1885 Ezkom, the major electricity praducer in South
Africi,:adophed_thg newer, more environmentally_frieﬁdly dxy
ash disposal wmethod for the first time at its new Tutuka

power station in preference to the traditional wet ash

'__disposal method which it had used for many decades at, its

older power stations; Follow;ng thls mllestone move to’ the

- nrew technology, .all new Eskom power stations were
subsequently provided w1th dry ash dlsposal faclllties
Another four new dry . ashing stapiqns have sincs been -
constructed bﬁef the last decade, namely Lethabo, Matiﬁba,
Kendal and Majuba pover stations, show;ng Eskom 8 commitment .
to the new technology

As it takes almost a decﬁde-frcm_cancept to commissioning of
theee large 3 600 to 4 000 maegawatt pawer stations; the

" design énd coﬁstruction_mork for these new'dry ash dumps had
to befdone ciosely'fullowing one other, This allowed very
little time of 0pportunity for valuable constructlon
‘feedback to make subseguent d351gns mo;e:practzcal and less

sensitive to long té:m growth, operatiohal problems.

-Due to the size of these large powar stations and the
' commztment to utllize South Africa & low grade coal
reserves, rather than higher grade coal such as used.

 overseas, the dry ash dumps planned were of the 1argest in .




g the'worid.- This_posed some unigue problems related to
- siting and operetion due to their large gize, leawving
__relatlvely little margin far error to fit the dumps on the

availabla 51tes in some 1netances.

~ Unless extremsly fortunate in getting the design perfectly -
-Hright the first time, Eskcm was embarking'on a jourhey with

a steep learning curve at each facility and would have to
1dantify pessible’ operaticnal problems and work out -
solutlons along the way. If any of the multitude of
geometric, phyeical or Production deszgn assumptlons are not

achieved or when necessary charges to the systems are made,

‘the growth rates of the dumps could vary, scmetimes
significantly from the original design plan; depending on

 the sensitivity'qf the design to any particular parameter.

Ideally, the effect of any change or design assumption not
-achleved should routinely be assessed to determine whether

'.ths 1mpact on the growth rate is significant or nat.

Unfortunately, due to the need to praetically duplicate the

original amount of work in order to produce new growth p;ans

by manﬁal-esleulation, these variatjons were usually not .

properly evaluated. Instead, engineering judgment was more
often relied upon to decide whether the problemn seemed

serious enough to warrant such an encrmous investigationm.

After about. a decsde of dry ash dump operational experlence;

a number of s;tustlons ware ldentified where three of the

five dry ash dump’ B g;owth rates appeared to haive varled

significantly from the original growth plams, Situations

.wsre idehtiﬁied where either the entire_dump was ahead of

the original grewth plan, or the wain and standby -ashing -

_‘systems had gene out of phase with each othex, with the




.s;endhy system goipg:aﬁead of_ite grawth'plan_end the_main}
' eystem lagging behind. 'As theee appeared to ﬁe'sigﬁificant:
-variations, with concerns that the dumps could either rum
ecut of space or become inoperable before the end of the

power station’s life, due to their dependence on one eqother'

S for conveyor. ehifte, studlee wers 1n1tiated\to agsess the -

situations..

‘The evaluation of the three ‘as-built dump growth situarions,

_all needed around the same time, proved to be a difficult
'}teskwdue.to-the menhei anelysie methode.used and_the_leek of
'good growth perﬁormence'recbfds'in'the correct format. 'ns—_
builk eeriel'er tacheometric surveys (See ﬁigﬁres 1.1 and
Al-A?} and coal burn records tharefore had to be used to
back evaluate the average growths to date, Thls made 1t
difficult to identify the epecific problems and caumes, as
the eame.overeli end result cquld be echieved.by*a variation
of any of a number of-pdesihle peremetere,'or_even a

combination of small variations of many:parameters.

A sodn became clear however, that the difficulty of
e@aluating the ee—bﬁ¢1t growth situatiops was only partfof_
the peohlem. On attempting the next step of trying to find
dﬁtimﬁm eolutiees for how best'ﬁo get the'dumpe back onto . -
_ acceptable iife- cycle growth plans and how to keep them on .
‘track from that p01nt onwards, or prov;de addltional
capacity by mod.-ying the dump layout, it.wae reallaed that
a mammoth task 1ay 4hoad due to the number of varidtions to -

. be analyeed w1th k. alet*ng manual methods.

- With limited rescurces due tp recent staff downscaling
'exe:disee,:it was clear that a cempeterised'mcdeliﬂg'

solﬁtion wag necessary to aid the designers tc more easily
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. advancing_ash face ie stripped away prior to'dumping and

: placed on Eop:ef.the ash dump, behind Ehe'werking'area,'to
‘enable rehabilitation of the dump. This moving window type

_.operation chus advancas from the one side of the site to the
~other in a horizantal construction mode, ‘tather than

vertically as done with a hydraulically placed wet ar dam.

'to'the high rate of-aah-production; being in the order of
400 ‘to 600 tons per hour and suitable dump gites beirg up to
five kllemetera from the power statlon, a conveyor stacklng

-_eyetem 1s vsunlly required

"With a conveyor stackzng system, the ash i= trausported from

' to an extendible conxeyor_qn the dump, which in turn

._dupllcate the vast quantlty of - calculatlons neceseary to

reproduce new dump growth plans for all the optione, w1thin'

‘a reasonable tlmeSﬂale. This would also allow sensitiV1ty

andlyees and’ optlmizatiov studles to. .ane qulckly and,

o cost effectively to arrive at optimum golutiong.

1.1 Dry Ash Dlsposal Philosophy
Dry ash disposal basically consists of dumping moistened
ash, to limit dustbldw,'dirEC£1y:dnto_the ground to form am.

advaneing ash s;ack;wthe top of which iz then finally shaped
uging earthmoving plant. The topsoil in froﬁt-of the

The ash can be transported znd dumped using trueke,:butfdue'

1.1.1 Caneypr &tacking Philosophy

the power station to the dry aah dump using a serles of

overland conveyore. From this point the ash is transferred




transférs the ash to a éhi:tabie conveyor at the wofking
- fave of the dump. The shiftable conveyor has a rail mounted .
: trippér-car ﬁdfgnable thé ash to be transferred to the ash'

- stacking machine at aﬁy-point-alOng its léngthj The Erawlar
mnunted'étacking machine and its tripper cax ﬁoves up and
dum the shiftablé cpnveyor} to. dump the ash to tha side of
ths'cunveybf,IWithin the stacking méchiﬂe’s reach. .

Two main types of ébacking machines are uaa&; é “stécké:" or
~ a “gpreader”. The stacker has a link conveyor pivoted at

the tripper car énd'tha'stackér‘s crawler structure. The
link conveyor transfers the ash onto a.slewahle boom
conveypf, mounted on the crawler structure, which dumps the

" ash in positicﬁ.' This long boom conveyor of around 35m in
1ength,'éan duﬁp the ash over the'crest.af the advaﬁcing aéh.
platfpfm in front of the belt onto the ground to form a
“Erontstack?, which is usually around 20 te 40 meters high.

'As the link conveyor is pivoted, once the stacker reaches

the head end of the shiftable conveyor, it can move around

. the head to behind the conveyor. Due to its large aizé, the
stacker can place a second layer of ash aruuhd 10 to 12
metere high 6n top of the frontstack, to forﬁ a *hackstack",
‘which is an econamical.way of increasing the dump volume, as’
the Frontstack is usually limited ip height by_Stability and_
conveyor operating slope limitations during buildup'phaées.-
The versatility of this machine makes it well suited to o
csustructing dry ash dumps, altbough it is a fairly

expensive machine.

- The cheapsr spreader stacking wachine, scmetimes called a_'
“beltwagon” only has one conveyor mounted on the crawler
- structure, which pivots in the middle. A fixed, link.




- congtant angle to the linx conveyor, to keep the eransfer

'oonweyor 15 ‘then mounted on the tripper car, pointing

. towards the front, which transfers the ash onto the _
'-_spreader’e boom conveyor. There 1s no fixed pivot at thlB
point and the epreeder s boom muet thus be kept at a

chute in position to preven: ash splllages The spreader

‘gannot therefore slew its boom during ashing and alse cannot
form a baoksteok'due to the fixed link conveyor, which makes
it less versatile and more expeneive with which to place

ash, requiring more dooing_per'oﬁbio meter placed.

The ash stacking machlne plaoee the ash ina etrip parallel
to the ehiftable eonveyor, to form the frontstack or

- backstadk, wlthln-the maximam staoking;raach of the meohioe._
" 'At the head and tail ends of the sﬁiftebie conveyor, the ash
1ls dozed to form sideslopes, down to the natural ground, |
where required. Once the available volume for the currenmt

. ehifteble-oonveyor.position has been filled, the shiftable
conveyor must be deoommissioned and shifted forward closer
to ﬁhe new advancing crest, within the minimim safe:edge
distance stabllity requifemeﬁts, to prevent the ash haﬁing

to be dozed unneressarily. The conveyor shift duration is

around one to three waeks, depsﬁding on the conveyox 1en§th
' and shifting method used, or delays due to breakages being

encountered.

‘ Two methods of shifoing are used, “pefallel” and “radial®
ghifting. In parallel sﬁiftin-g, the entire length of the
‘shiftable conveyor ig shifted forwards a fixed distance,
usually salled the “shift length", which is limited by the -
e-staoklng machine’s aahing reach and the winimum safe edge
distance back from the new crest. The head end of the




. extendible conveyor is then extended to the new tail

position of the shiftable conveyor,

Due to the mass of the étackihg-machine:and'ité tripper car{'

'thé conveyor camnot simply be dragged forwards to its next

‘position. The conveyor must therefore be dragged forWard'bn'

" ite built-in skids with a bulldozer, into s-curves and: the
stacker and tfipper car dfiﬁén:tﬁrough,the é—curves to
érﬁgressively.“walk" the shiftable conveyor system to its
next.pbsitipn.' The electrical power supply and head and

- tail aﬁchors'nEEd ta be:moved forward to the'néxtfPOSitiqn.
‘and the_confeyor belts cannot run.with_these_mbving'
cpe?ations. The_entire.ashing system must_therefore be
decommnisgioned before the shift and recomhissioned\again_
.afterﬁards; The total'éutage Eime for such a shiftigg.
‘operation is therefore:fairiy'long; taking ardund two to
thxae weeks,’ at times being delayed by bad weathey or
breakages, ‘due to the physically str3551ng nature of the

process on the structures.

' In radial shifting, onlv the head end of the shiftable
conveyor is shifted forwards. The tall of the gkiftable
conveyor and head of the extendible conveyor remain in

place, with the shiftable acnveyor typically only having

©  slewsd about two to three degrees. This is then referred to

‘as the “slew point?,

S—cuiﬁes are alsc required for'radial shifting, however far -~

fewar are regulred as tha slew angle is relatlvely small

'allowing the stacker and txipper to be placad quickly on ‘the

new conveyor position at the tail end and_tha remaln;ng helt
- simply draggéd into place. Furthermore, as only the head
end station needs to be shifred forward and no .extension of




"~ the extendible conveynr is needed, rad1a1 shifts take much
'less time ‘than parallel shifta.. L

' 'Using a combiuation of radial and parallel shifting sectors,

almost any ash durp layout coﬁfiguration is conceivable, to
_ suit topographic and exzstlng infrastructure geometric

1;m1tat10ns.

1.1.2 Dump Siting Philosophy -

- The basilc ash disposal design Pequirement is to provide a
diépéaal facility which is available to the.pcwer station on
a continuocus basisa ovef the entire service life of the |
étation.f ThiS'could be achieved by eithér picviding a
humber of smail new facllities Qvér the station’s life, or
by providing oﬁe hig.faéility foi'thé Eotal station life;
this.dedisibn being mostly dictated by ecbnqmicaL

A dry ashing facility is more economical to construct as one
continuous dump as this lends itself to the continuous
__'édvancing'concapt of shiftable conveyor stacking systemé;-
“The 1nitial capital cogt for a large or small site would be
similar, dug to the cost of the conveyor stacking equipmanL
being the major portion and the civil works being aimilar, .
due to only needing to prdvide;drainage for_the:firat'.”
portion of a big site, which would be extended asg needad, aé
the dump advances. 'Ih"additioh, if a new site was reqgiired
later'duriﬁg the staticn¥a life, tha cost of migrating the
ash conveynrs and stacking: plant to the new site would not

* only be uOstly due te the need to dismantle and re-erect it, -
bhut would require a duplication of some equipment due to the




long constructlon tlme, 1n crder to ma;ntaln aecsptahle

avazlability te a statlcn now on lel 1load.

;In crde# to meet the power atation’s ash dispcsal'needs.for

a 40 te 50 year oneratlng life as a. slngla dump howaver, '
would require a typical dry ash dump to be around cne to two

- kilometers wide by thrae_to_four kilometers long and around-- -

30 to 50 meters high, The availability of such a large site
with acceptable topography for a dry ash dump &an be a -
problem however, with the need to sometimes do exXpensive

‘stream diversion capital works to allow ashing over wvalleys.

Normally, the most econemical dry agh dump site_ié;ﬁsed to _
provide fof the iifg;time'ashing_néeds_qf the power station.
If the. sita becomes filled or becomes inopefable pefore the
end of the station’s life, large,.unnecgssary, additional
dosts would be ipcurred in rhe form of a layout modification
. exr relocatlon to ancther site to provide ongoing ashing
capabillty, negatively aff: :ting the long texrm v1ability of .
- the power-atation. '

1{1;3 Durp Design Philosophy

Once a sultable site has been identified shich will
' éccomﬁodate.the.total ashing needs, thg'1aydut'donfigur&tion_
' of how the dump will be formed on that particular site,
_:.using a dénve&or ash Stacking-system;:needs to be .

determined. .

:The more versatlle and more ecoromic stackar type ash
‘stacking: machlna is usually chosen to build the main part of
‘the ash dnmp Unfortunata1y, Lhe conveyor stacking Eystem
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‘must be taken ‘out of service for a few weeks fer each
conveyor . shlft and also for planned maintenance and _
_breakdown per:ods of a few heure to a number of days, ef
eometlmee even weeks, durlng the aeh de9051t1on period Thle.
usually amounts ko an average unavallablllty of around 15 to
“ap percent of the time. _Ae thle_would amount to a few '
menthe a yaaf,-e second or stahdby system mist be provided.

for this relatively long unavailable time.

Altheugh the conveyors are ueually able te.haﬁdle_ebout -
_twice the normal ash rate to allow buffer etOrege.:ecdvery'
from ehart'te;m.eutage_eituations, with the high rates of
ash productian from such large power stations it would be

very expen51ve ta lay down the ash in temporary storage
facllities for this length of time and Chen recover it to
return i€ to the main ashing eyetem cnce it wag back in

gérvive.

in faet; the.uﬁa?ailabiiity_eﬁ the main system could be kept
to only a few percent, as is done with the ceal deiive:y-
system .to the power station. This is however only achieved
by holding a large quantity of expenﬁive spares in stock as
well as maintenance teams on constant call_fcr'immediate

. repair offouﬁagee, mostly on overtime. For major .
breakdewne, longex then acceptable outages are abgorbed by
'the fact that there i 8 buffer storage capabllity '
-automatieally built into the coal system due to the need for

a bilending yard with ecacker reclaimer machines.

‘The ashing standby eapahility couid be achieved by yaing a
stacker-reclaimer eystem, but as- there i@ no need for a
blending process with the ash, this moxe expensive system ie
ot juetified,,ea it_would be better to place the ash with a.




' cheaper spreader type machine and not have to pick it up
;again'end replace it on the main systen, Tha dry ash1ng
facility thus needs ‘a similar tapacity . ‘sacond conveyor

'stacking system to provide the stendby_ashlng capability,

The main aﬁd'étendby ashing systems therefore become
_”depenﬁeﬁt:pn each other, each system prdviding'the eShing'
capability when the other is out of:commiesion for shifting,
'mainﬁerance'and breekdnwne.' During any’ conveyar shirfc, 1f |
the remelnlng system breaks down, a temporary dump and
recover emergency facility is usually provided as a backup
to ensure evailabiliﬁy, allowiﬁg for about twe weeks ashing.
As this occurs ver? seldom and the ash is always recovered

te the ash dump;grhis does not affect the growth rates.

If the design philosophy'is adopted to utiliee.the-expenSive
main asgh stacking system for cleose to ite maximum expected
‘average lifetime availability‘wlth only a small factor of
eafety, as is. the case at Tutuka, Matimba and Kendal power

- statlons {See Flgure 1.2), a much cheaper standby system can
be provided, as it only has to stack aeh for about 15 to 30
percent cf the time, standing idle - for most of ltE life.
The main ashing system is therefore usually provided with
the much bigger and more vereatile'etacker:machine,'having a
higher ashing capacity.per_conveyur pesition, less frequeet
ehifting-and 1ess:dozing per cubic meter piaced; resﬁltiﬁg'
in a lewer unit ashing operating. cost. The_&mallar capacity
standby ashing system is then usually provided with the
eheaperr less versatile spreader stacking machlne, having a -
hlgher unit ashing operating cost due to its shorter reach

' and not being able to slew its boom, resulting in lower
ashing capacity per position and_more.dczing per cubic meter

" placed.




d) Tutuka Ash bump Layout.

b) Lethabo Ash Dump-Laynut

BXTENDIELE

EXTENDIBLE|

CONVEYORS

d) Matimba Ash Dump Layout

@) Rendal Ash Dump Layout:

" Pigure 1.2 - Dry Ash Dump Layout Configurations in Eskom.
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As the continuous stream of ash from the pewer station.is _
L placad'by_eithar_dug of the ﬁystEms-at a time, the rate of

advance of the one éystém ie inversely propcftiqnal'to the

:'othar;. Further, as the main system is to be used to its
.maximum capability with only a very small factor of safety,
‘the main systen 'pecomes the critlcal system, controlling the
_dnmp growth with the standby syatem’s growth dependent on -
the main system’s performance., - The two systems are thus
dynamlcally linked, with any variation in the main system’s
performanca not only affecting the main - system's growth rate
by either slowing it ‘down or speed1ng.1L up, bu;
simulﬁaneouély havihg the opposite effect on the standby
system'g-grpwth.'. : ' .

| With this design philosophy, while it way be cheaper, the
long term’ growth rates are very. eritical, due to the
'-relatzvely emall factor of safety allowed with thig concept.
_.Th;s implies an ongoxng commitment from the ash dnmp
management to keep the ash dump development on track, im
phase with the design program. If this iz not dene and the
s?stéms growth rates kept cbnstantly on track with the
design growth plan, using the very emall factor of éafaty
allowed to recover from unplannad outages, thﬂ-systems-COuld -

easzly ge koo far off the design growth pian and need major

‘femedial action to brlng them back into phase.

It is hdﬁ-ﬁéFessary to adbpt this more.sehsitive'oPeraEing oo
phlloaophy, as was dope at Lethabo power station {Bee Figura
1.2}, whlch has two equal stacking machines building - DU A
'separate advancing faces of nearly equal volume, heing o .
around a 50 : 5¢ to 60 : 40 volume split, depending on Eha '
. layout pbsiticn; 'Egch stadker system:is available fér abdut'ﬂ'
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70 peroent'of the time, but is only utilired about 50 to 60
 percent, allowing & 10 to 20 percent avallability margin
able Lo absorb fairly substantial dev1atlons from. the -

- original design philosophy and performanoe parameters, by
'-1mp1y inoreasing icg utilisation above the designed volume
split, until it catches up The ‘gher margin For error
however has & much higher 1nitia1 capital cost for the
seoond stacker system, although at a oheaper unit ashing

COEt‘.

once the main system design availability has7been'estimated,
_say at 75 peroent, as in Kendal’s case, this is used to
determine the required volumes for the nain and standby

' ashing sy’stemsr by Splltting the total station lifetime
ashing volume requirement 1nto this ratio, namely 75 percent’
main ta’ 25 percent standby volume, in this case. 'The
detailed geometric layout design iz then done, to determine

_the. gonveyor and dump layout confignration, required to
.achieve this splrt This determlnes the length of the main
and standby shiftable oonveyors‘-

If the volume split is made equal to the ntilization_split',.
both systems should theoretically take the same time'to-fill
tneir associated ash volume, resulting in the same shift.
_ frequenoy. This.allows the main and standby conveyor shifts
:'tO'be oonreniently staggered'to occur in thE'middle of each
othez’s ashing period allowing. suffiolent planning and

preparation time and preventing shift clashes.

" The main and standby'systsms can be totally separate, but it
- usually more gconomlical to keep them together to minimise
the 0pen ash working areas and allow both systems to utilize

the;same entennible conveyor-platform, vwhich needs to be
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.formed by d021ng,_as the etaﬁklng machanes cannot reach hack
ko thls pos;tion.' Ag a spreader uannot form a backstack

) the usual design layout configuration for 2 etacker—spreader._jt.
.type system 1s for the standby eystem-tq burld a portion of -
theifrqntetack, wlth the main syétém ehiftahiefcbnveynr_-'
“=llowing shertly'behind it bue ateut twicve as long to
enable it. to hulld a frontstagk next to the standby system
whlle ehlftlng on top of the epreader‘s and its own . _
:frontetack platforms, - The wain eyetem can then also form a
baakstack Behind its conveyor, on top of both frontstack'a, :
to raise the entire dump width by this h91ght in order to.

.get the maxlmum dump volume for the area used. .

Once the geometric design philosophy is determined, it must
‘be evaluated in detail to determine the relationships of
position to volume for the chosen layout conficuration, for

the growth plan.

1.1.4 Dump Operating philosophy

As the main aahlng eystem was usually dusigned to ‘ash very.
cloge to its maximum expected average lifetime availability,
the normal operatlng philoscphy was simply to use the main
system whenever it was available. With the volume split
'hav:ng been designed in line with this value, the two _
systems should theoretically etay together or in-phaee-with
~one anether, with the main system just behind the standby

syatem, over the entire dump construction life.

Because the assi-ed availability was a life-time average’
value however, some short term variance in availability per

'ccnveyor_position would be likely due to the timing of wajer
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maintenance or breakdowns, as and when they a:ieef ‘some -
| sonveyor posltions would therefore have relatively littie
planned maintenance or breadeWns, w;th only the conveyor
_ shift outage contributing to the unavailabllity, reeultlng
in a. hlgher than average availability, being in the 30
percent range at times. ‘Other gonveyor positione would
the 1 have a higher than average amount of planned
.maintenance and hreakdowns,'reenleing in an availability as

" low as 40 to 50 percent for that conveyor position. .

Teething'probleme;'like control system’s. sensitibity eo_
lightning strikes or age related failures, would be typical
frequent outage eituatlons, causing a general drop in
availability sometimes spenning over a number of shlfts,.
until the problem is fectified. with only a small capacity
for . speeding up tha waln system, thie conld taka'a
considerable time. to catch up again, if at all and such
situatlons sheuld be quickly‘plcked up and rectifled, or the
' ﬂump could’ relatively quiekly go significantly out of phase.

Wi“r the lege eens;tive Lethabo type conflguratlan, this
short term variance peses little cperating problem,:as
either system can go ahead of the other if required, by
'eimply taking over the building of the common extendible
conveyor platform.. The relatively hlgh availablllty mergin
for -error easily allowing the lagging system utillzaticn to
be increased.and the two_systems to ha Lrought Eack i line
again, to eneure_that.they remain'in.pnase over the long

ferm.
with the main system shiftable conveyor kept close behind

the standby eystem'shiftable conveyor, as with the stacker- .
spreader type conflguration, a problem can arise if the two

17




aystems are not closely managed' While tha main éygtem
aVazlablllty 18 higher than the designed average, the main
. &ystem aannct be allowad to complete its ashing right up
behind the standby system and then simply be sropped to lat
the standby system fi1l its platform and shift forwarqs,.
even though the two systems would still effectively be
shifting forward at thE'des;gned average_growth rate,

The problem with this_situation is that the stahdby system -

- would eﬁfactivaly becdme the main sysﬁem for Ehis.period,.
_'ﬂeeding to ash continuously for a considerable béricd. The

. main system would however not haVe.any ashing éapacity.to
provide backup to the standby system, as it would be blocked
:hy'tha_etandby syStam,_gffectivelf.having painted itsslf

' into & cornex. Any outages on tha standby system would now
~require expensive mobile planﬁ handling of the ésh. elther
.by dozing fuinther forwards on thp main system or by Jump and

regover on the emergancy ashing facility,

When the main system starts to -approach tob clﬁae to the
standby system, it should be stopped from time to time, to
"allow the atandby syatem to place aoﬁe ash. This keeps the
ratio of ash rlaged in sach system alese to'the regquired
volume aplit, keeping the two systems in phase, but

_requiring close management

With the standby system always blocking the wain system from
‘moving past it, the main syétem gan never go ahead of its
growth plan and then fall back to in-phase during low
availability pericds. A period of low main system
availability would therefore always csuse the main system to
lag behind and the standby system to go ahead of its design
plan. The maln system therefore always has to catch up
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after low availability periods, while being limited to the
maximum design availability while it is in—phaee,.just
behind the atandby eyetem

'-In'practice, the actual average main eyeeem.canﬁeyor ' _
‘position over the life of the dump would thus not be jueE

* behind the standby,syetem; but rather half way between this
and the average distance it falls hehind each time. This
meaﬁs.that the'operatiﬁg fequirement_to keep the main'sfetem
in-phase just hehind thefstandby eyetem wuuid_be an

. impossible task, with itrprcbabiy oenly being in that

position for & vary_amall percentage of the time.

The solution to the above operating preblem 1s toe simply. -
operate the two systems two shifts apart on average and
define this as in-phase. The main shiftable conveyor

.position will then vary from one to three shifts behind,

'-depending en the current m-*n system availability and which

system shifted last, the standby system shift opening up the

~gap and the main systen shift
_the wain system'to be able to
phase position to provide for

times by catching up with the

then falling back to in-phage

'By somltimas being able to go

and £all hack and othar times

closing it. This would allow
go ahead of its average in-
Bubseqﬁeet low availability
standby system at times and -

during low availability times..

shead of the average position
first falling back and then -

catching up, the main system should then be able to maintaih'_

this more realistic average in-phase situation

This step

of twc shifts apart must however be allowed for at thP end

" of the. dump, but wauld he a small percentage lose off

capacity in the overall scale

of things, while allowing a

“tuch more achiavable opexating requirement
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Another cgerating probiem is a éhift claéhusitﬁation'which
‘can oceur if the two systems meed to be shifted at around
;the same time, regardless of how close to one another they
.'may be, This gituation results when the two aystems have
'diiferent ashing duratiops, due to the utilization split '
being different to the desigﬁe& volume split, causing the:
._shlfting times to drzft from the ideal of haif way durlng

.-each other’s ash;ng perlod.

Idealiy,_thisuprobiem ghould be iargel? overcome at the
design stage by allccating the main and s?audby Eystems the
correat velume Eplit’in line with the main aystem’ﬁ aﬁeraga
availability, Howevur, not achieving the demigned average
main system availability, or even short term avaiiablllty
variatinns will cause this clash to happen from time to -

'time, .also requlrlng closa management

As the main system is él:eady_normally operating.at its

| maxlmum avallability during ashing in order to maintain the
”averége degigﬁed availability;_the usual solution to a shift
-clﬁsh, eapecially if.it ig no;.récognisad in’Bufficiént-.
time, is to stop the main system while it still has
-Bufficiént ashing. space for the next standb? gystem shift
‘and allow the standby system to finish comstructing its
'frbntStack platform_and mQVE'fdrwa:d;

_This'unplanned 6utage of the'main éystem however, results in
a further drop in khe average avallablllty, ¢dausing

_ additional presaure to maintain the average availability '
with ‘the very small factor of aafety aliowed and this _
aituation needs to be managed proactively to ensure that it
- doesn’t happaﬁ toa oﬁteﬁ. ‘If the shift clash is as the
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;result of ahoft term vériaticns and thé'average utilizaticn

is still equal to the. volume spllt the dump will now be

_ likely to have a shift clash every time, and a conscious _”j.:~:
' mErnagenent - effcrt w;ll have to be made to get the two sh;fts

far anough apart from each other again.

Feedback from site shOWed that the operatlng shift. clash
problem was- actually a Bigger problem than thought. with

respect to the out of phase growth. Due to a low risk

 telerance, the site operating personnel had adopted the
. proéedure qf'stoppiﬁg'the main system whenever the gtandby
'__ system came within two to three weeks of its conveyor shift,

to allow the standby system ashing to be'completed and the
conveycr moved forward wh_le the main system wag - Etlll
available

This was done to prevent the relatively high cost of
emergency ashing in the event of 2 major main system outage
durlng this eritical perzod WhEre the standby system would
than have 1nsufficient capaclty to cover the main system
outage, neadlng to shift forwards during this time, This
operating philosophy, not allowed for in the original design
asaumpticns,gresulteﬁ‘in évery gtandby system shift belng
equivélent to a shift clash siﬁuation,'with a significant-
drop'iﬁ the aéeragé main system availabiliﬁy; now being
taken out of sarvica for about two to hree_wééks per shift

mnre than plannad

The thinking in this case was flawed, as 1f the main. system
was about to fail in the lagt two to three weeks of the
atandby syetem’s shift, then stopping the main system for _
this time would not remove this potential failure sltuation’

and the main system would then mgét-pfubably have this




" breakdown in the middie of the standby system conveyor shift
.when'it was brpughﬁ back into operation, requiring emergency
- ashing in aity case. The lmpact of such a. change was ta |
simply cause tha wain system to start lagging beh;nd ita
growth plan and the,standby system to go ahead, requlxlng
additional pressure_td catch up again, for no. real éaving;
The cause of this decisibn;was-probably_attrihﬁtable‘tq.a..
singie such incident,-with the Well—meaning solntion to
1imit future exposure to such costs having a much more far
,reaching impact than intended '

The above situation ié typical of the need for such
dpérating variaﬁions'from the design aaéumptions to ba

_ thoroughly evaluated. hefore they are imniemented, or as 5001
as they ‘become known, to determine ‘their 1mpact on the
growth plan and allow & decis;on to be made whethet thia
change is tolerable.

1.1.8 Dump Monitéﬁing Philosophy -

It is essential te monitor the actual dump growkth as _
ccmpared o the design growth plan. Faxluxe to perform this
‘easential routine requirement: will not -only allow
undes;rable siLuations to arime, but will allow them to

propagata even further.

Previousiy,'the actual.tihe-positioﬁ'information for each .
syatem wad simply required to ke plotted onto the original
growth plan, with no easy means of evaluatlng the long
impact of these variat;ona.on_,he ramalgdar of the dump =]
growth, in terms of out of phase or total growth rates.
'Ouly~if the actual growth appeared significantly differert,
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or cb?iously'diVerging for a long time, was it considered
neceasary to inltiate an investigation and. produce a new '
growth plan._

'Usually, when the dump growth jia allowed to go out of phase o
and the two conveyors drift too far apart, thls would falrly
_’eaeily_be_no;iced.and could be rectlfled._ If the simple
‘rule of trying fo kaep the uenveyere togethe:, or at leas£
.within eay'two shifﬁs is followed, out of'phase mOnitorieg.
would nct strictly be necessary Thig should hnwever not
result in no manltorlng of the actual growth, as there would'

‘be no baseline data available for later back analye;s.

For an out of phase dump try;ng to ecatch up, - the ccnveyors

. would not be together and a visual check would not be

wossible, the only way to_check the performance heing to
compare it to the new approved growth plan. The overall

. dump growth is elso-impossible'to gauge by ﬁisual inspection

and must be compared against the original growth_plan, to
ensure the dump will still satlsfy its life time capacity

regqulirements,

The maln purpose of monitoring is to ensure long term health

in terms of sustained availability of the ashing facility to .

~ the power station, at minltum cost. Unfortunately,
monitoring is not eritical to_the aVaiiabiiit?'ef the ashing
fapilit ty in the shirt term, as the.dnmp can continuve to o
oparate even though it may he- both out of phase and ahead of
itse qverall growth rate. This usually results in the
Iimportence of mehitofing being forgotten, as operetlng
_personnel focus on short tezm issues to optimise current
eﬁerformancei Even though forgotten, long tezm issues eeldom_

go away on theirlnwn and usually get worse, needing constant




~management input to keep the dump W1th1n manageable 11m;te
in the long Lerm. ' '

~ The growth of a dﬁmp‘is'sdmeﬁimes.very:eensieive even to
seemingly small variatilons of a parameter in the long term,
. due to the relatively long. period over which & variation ﬁay
be extrapolated The cumulative effect of varlatione should
..be noted, as_the-total 1mpeet oi a.number of peremeters all
being only a few percent out, gcuid“reeult in an
_unaeqeptable overali'impact. The long term knppk—on'effect
is also important to remember, as a prbblem of saylloet
capacity, due to the dump geometry'having been bullt too low
or too short for a ﬁhile,.wili'not normally be able eo be
made up and while the dufp can still operate acceptably .mow,
the eﬁerall.life would haﬁe been shcrteﬁed{ This effect
elso_ceuees everythiﬁg'in'the fuoture to occgur at a different-

time, affecting life-ecyele plans,

Thorough, meﬂiﬁorieg and recording of actual growth

; peffcrmaﬁce]on the design growth plan is therefore ﬁeeded to
highlight and identify iong term growth problem situatioms.
he old wmethod of.g:aphieelly pleﬁtihg these performance
_graph:linee will unfortunately only give an indicatieﬁ of -
whethef.the actual growth is close to the design curves and
not whether it isg in faet within acceptable leng texm
11m1te. {See Flgure 1 3} EVEn ‘a relatively small differeﬁce
in elope ‘between the two graph 11nee could end vp in a large
- difference when extrapolated say 40 years into the future. '
The graphical techmigque previocusly used of plotting actual
growth on the design growth plan does not therefore ailew :
eecurete enough extrapolation of current performance to

. establish whether it would resulit in a 1ong"&erm'pfeblem.
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_ In gome instances the actual growth performanee was not even
compared to the original designm, be;ng only recorded and not.

K verifzed or evaluated Thzs was probably the main reason

.why acme of the dumps':‘ctual growths wa: ‘1lowed to go so

far from the origlnal growth plan before it became euch an

- obvious prahlem that it started to be notlced. Clearly, the';

© pavings of not 1mplementiﬁg a feasenable monitoring program_

are inalgnlficant compared to the cost of rectifying the

' problems which can, develop

' & good monitoring pregram.should not enly monitor the
pverall.growth performance, but should feeofd anﬁ wonitor
key performanee'indicatora-{KPI‘E} as well, The overall -
grcwth monitorlng would show- up an overall growth problem,
but the KPI’sa would allow the reasons eauaing the problem to

“be ascertained.

. A change. in -any . ° thé'parametera'CQule already raiee alarm,
ailowing detailed.iﬁvaEtigation of that.parameter before it
1s allowed to impact the dump too much. KPI'e should he '
cumpared against the deeign assumptions to check their
variance, - This would_immediately_reflecg an operating . -
_ chahge, or possibly even an ilncorreact design assumption.
EverY'time a significant variance is found, its;impact on
the dump growth should be evaluated, to check the dump’s

' growth'aeneiﬁivity to this range of variance aud to
determine whether_a'modifinatioﬁ will he requireﬁ.in the_
. 1ong texm or whether the parameter should be more closely

‘eontrolled.
Not hev1ng a means to quickly evaluate thesa variances,

often meana that impcrtant issues go unaddressed. More

impartantly, ta aimply request alte operatlng staff to
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' collapse of the monitoring system, It is therefore very
. impotrtant for regilar routime evaluation exercises to be

.'carried out_and written performance feedback to be given to

importance of their efforts, if'the syatem iz to survive

recard information for the sake of recarding it and never

seelng a use for it, leads tc the recording of monitoring

" data dropping-in priority with_time,_with a.degradation or

the monitoring personnel, to enable them to realise the

The main itEms'requiring monitoring zxe the as-built dump

geometry, overall and system éshing'rates;.the ingitu

average ash dump dry density and the shifting and ashlng

times, An as-bullt tachaometric survey should be takan at

every'main system shift and evaluated to check dump

‘geometry, level and siope tolerance, as well as determlna

shift agh volumes placed for main and standby frontstack and

maiﬁ backstack. Records of conveyor shifting dates as well
"ag frontstack and backstack staxt and end. d&teg'should be .
- kept. The actual tonnages of ash placed withzn these dates

per system and frontstack and packstack should be recnrded
This will allow the as- built average ash dry density to be
back analysed, from the volume and ash tonnages, The
;nfprmation shpuld be routinely evaluated and plotted on the

oxiginal growth.plan and compiled inﬁo-a report.

It is important to nqte that while as-built dump surveys

taken once per shift are valuable for growth mbqitoring

purpcaes, they do not replace tha standard Quality Assﬁrance

 system required qf'all cqnstructioﬁ vorks. These surveys

are taken after the fact_and are more for long term growth -
audit cheeking purposes than for ongolng appravai of tle -

'cdnstruct;on-wurks. Construction mistakes picked up at this

stage often have to be lived with as the shiftable conveyor




wuuld e;t&er have shlfted ovﬂr the area already or
insufficient tlma would be avallahle to ractify the problem
.:before the - conveyor needed to ghift onto the area. It is
"the;efore 1mperat1ve that ‘regulax, detailed cqnstruction'

Quality assurance is also carried out.

1.2  The Dump'GrowEh:Plan

_ The dump growtﬁ plan information is required firstly du:iqg
- .the desigﬁ phase ﬁo:détermine_the feaéibility.of_the dﬁmp'-

- layout éonfiguration and'secoﬁdly to déveldp:the'lifa.cynlé'
blan for the dump. Only vwhen the design is acdepted and
congtructed, is it required for monitoring. The growth ﬁlan
o indicétes the overall dump grﬁwth,-the'main anﬁ standb?: |

| relati?e growth ratas.and when important peints in”the life
of the dump would be reachﬁd. Amongst others, this would .
show.when.a changé of_shifting_dirgctioh or method-was  _
needed, to allow for timeous planning, training or COnveybf

' systém modifidations. It would show when new capital works
iike pollution control dams or stream:diveraicns.wéré
required, or éxiétiﬁg-facilitiés like drains and roads need
- to he extended, or when the dump would reach areas of hlghe’.
stabillty rigk, to allow fcr plannzng, 1nveatigat1on,

‘monitoring and budgeting exeroiges.

The mechod previcusly used for depicting the dump giowth
plaﬁ was to use a graphical rePresentaEioﬁ,-usually plotted
as a registerad "A0" size drawing, to allow for ease of
'-in&erﬁretation and plotting.of actual growth performance
cverlayiné the-driginal plan; for wmonitoring. A foup
quadrant *coaxlal plot” type gfaph, derived from the




" traditional we;'aﬂh or mining tailings nypé ‘rate of rige”

growth plan, was used. {S¢e Figure 1.4}

Typicaily, the dry ash dump growth plan would use thrEe of
_thé quadrants of the coaxial plot. In the first quadrant

{8ee Figure 1.4 top left) vas an ach production graph,
showing the relationship between cumuiative total powex

_station ash volume produced against time, as well as two

other curves depicting che ashing rates for the chosen
utilization aplit between the main and standby asystems,

The volume axis would be common to the next graph in the

gecond quadrant {Ses Figure 1.4 top vight), whichk deplotea

the position versus volume relationship of the dump for the
asauwrad layout configuratioﬁ and geometry. This was given
as two éeparate curves for the main and standby syétems,

showing the cumulative ash volumé up to any pcsition on the
dump;- The position axis was'usually sofe physical dimenslon -

1ike extendible ccnveyor length for parallel shifting

systems or dump toe circumference from the start for radial

shifts, The conveyor shift position number was sometimes

also added.

The above two relatlonships of the rate of ash deposition
and the dump geometry are iinked by the common volume -
parameter, thus giving a relationship between timé_and

-poaition, for each aystem. Thie very iwportant time-

position relationship is what is needsd to evaluste the

feasibility ¢f the dump corifiguration layout by checking

that the dump will not be f£illed before the station’s
1ifetime, or Lf the twa system would go out of phase and the
Sump becomes inoperabls, with the available site not being
optimally used. - This information would allow the degigners
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to modify the_dump.design to arrive at a feagihle'dqsign and "
growth plan Oniy once the desién and growth are
-_acceptahle, ‘the. detazled.time—posit;on 1nformat;on ‘can be

taken off to prepare the life cycle plan

The rosition versus time relatlonshlps for the two systems
.were plotted as two graph lines in the third quadrant (See -
Flgure 1.4 bottom right), uging the existing cowmon position
- axis and a second time axis, to emable the time to reach any .
position of interest to more eﬁsily be read off the growth
plan.n The.fnurth_quadrant was usually noﬁ'uSGd,'bﬁt dbuld'“'
show information like completed rehabilitation area versus
‘time if the positidn-area relationship was also determined.

The physlcal preparatlon of the growth plan drawlng itself
was also a time consumlng exercise, having to be generated
manually on a drawing board or CAD system £rom the analysis
informétion, for each aption or vafiation;__This'seems very
unnecessary, as piotﬁing af graphs from -y data is such a
simple task nowadays for a powerful compﬁter such as used

for a CAD draughting'wcrkstatian.-

1.2.1 Pravious_Modaling Technidques:

 The pasiticn—voluma geometrzc relatlonahip for the dry ash
dump must first be created by fixing the ash conveyor layout

onfiguration and dump construction geometry for the main
and standby systems. The dump ig gplit into the main and
'staﬁdh? ashing areas according to the assumed volume split,
" which is assumed equal to the average wain to standby
lifetime utilization.
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. This is usually the siting phase of designing a new dry ash
: dump facility,_bu;.could aleofbe'reQuifed for a problem
'_situetion requiring a layout wodification eolﬁtioﬁ'- This
would- be dictated by wany fectore like the required total
‘ashing capacity, stability height limitations, available

- land, mineral deposits,.topqgraphy,_conveyor stackzng

systems, duwmp drainage, rivers or existing'inﬁrestructure or

other gecmetric limitations.

Once this overall geemeﬁric relationship exists, the
ﬁdéition-volume relationship needs to be'determihed for euach
system. This was inicially done manually by either
determieing-the plan area and wultiplying by:the helght if
the dump was a constant height above the ground, or by .
teking.croes eectioﬁe:aed uéing aferaga end areas to -
‘determine the volumes. Tc simpiify and save calculation
effort, when dolng th1s mewally, thi e.informaﬁioe was

: usually not generated for each conveyor ghift position, but
rather only at galient pointg in the dump 1ayout and a
smooth. curve fitted through the points, to portray_the

‘continuous average relationship.

‘With the advent of powerful digital terrain modeling (DTM}
} eafthwerka'eﬁd road design packages in recent yéaie,-it
became possible to prepare a gtatic model of a particular
ash dump gecmetry-and then determine the volume of'enyfarea'
of interest between the dump mcdél.and the'erigineljterreinf
This conslderably reduced the calculation effort, as well as
_ increasing the accuracy of volume calculatlens, 'This was

still a felrly time consuming exercise, as the extra

| computing power was. ueually used to gplit the dumps up into_

more detall to glve a more aceurate p051tlon-v:1ume per

.Shlft relationsh;p

2




Althbugh‘static,.this peeition-volume modeling.exerciee wes_..
. eeeentially the geometric ‘modeling part of determining the .
dry ash dump growth. 2 eeeand modeling exereise, mich
_simpler but just as essential, 1s the power etation life
cycle ash production relationship.

The ash-preduetion information was usﬁalif'dateimiﬁed-from '
the projected_ennual'coal burn_tennages for the_statioﬁ,f
Qﬁiqh was then cenverﬁed'to'ash.tons using the ash _
pereentage-iﬁ the coal and finally to'volume"using the -
a?erage'insitu ash dump densi' >, ‘The main and svandby ash
deposition relationship curves were then determined by
splitting the total cumulative ash volume into the aseumed

average mainastandby utilizatlon split

Tl.2.2 ?revious_Evaluatiqn Tachnigues.

_Once'the ash production and dump geometric position-vblume
relationahip information had been determined it was plotted
in"the form of line graphs on their reepective quadrante of
the coaxial growch plot. From this information, the deeired'
relationship betweern time and position was determiined
graphicelly.cn the coaxial plot.

The key_ﬁo this graphical analy sis technique was to use the
same volume scale for both relatiohships en the common

' VOiume axis, This Lied the two relatiepehiga together,
"iinking'time to position, allowing the use of this very
simple graphic technique,'witheuﬁ the need for any
mathematical interpolatieﬁ between the known points on the
.graphe} ' ' o
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: The graph;cal technique used (See arrows on Figure 1.4) was
" to simply perECt llnes from saliant points for the main and ’
.atandby Eys' ims on the positlon axis, acrosa to intersect .
the corresponding 9051t10n—vo1ume curve in the sscond
Cquad: o ¢ From this intersection point, a_second line was
_Pfojéoted nt'so degroeé_throﬁgh the conmon volume.axis to
intersect the éorresponding ash deposition curve. Thentime.

at which this particilar position would'be_réachgg was then
deﬁetmined by extending a third.line at 80 degrées from this
' point down to interseot the time axis. The time—position.-'
relationship for each point was thus determined and plotted
'on the ! quadrant -graph, for each system. Aga;n, by -
simply ~ing a eurve through these points, the continious
.averagé timéﬁposition relationships Wéro determined, for the

main and standby systems. .

'1.2.3  Limitations

The main 1imitation of the above method is the number of
' nahhours-nEaded to e?alunte all the gacmetfic'and ash
'produotion relationships and thereafter to wanually generate _ '
the coaxial plot growth ﬁian, for any set of assumed. . -
parameters. Even with the use of powerful earthworks ‘DTM
-packages to do . the dump gaometrxc modellng and. caldulate the:
wvolumes, this still vequired a repeat of the work for a
change in the assumptions, due to the modeling still h31ng

'static._
whig time limitation was the main cause of usually not

evaluacing snfficient'options or variations of each option,
to enable not only optimization exercises to be done to
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determine the most ecomomic deeign, hut also to allow the

impact- cf varying any oritical parameter to be evaluated te

'__determine the seneitivity of the partlcular deelgn

configuration to the expected variatmon of this parametEr{

~ This feedback is required to evaluate the practicality of -

the design, or highlight critical parameters needing close

-monitoring and management.

.The static manual analysis method'did'nét allow for any
immediate feedback during the design phase, to allow the
.-dESigner”tuzgée the impact of a_ehange of aﬁy parameter
-immediateiy, on elther the dﬁmp‘e'geometric'layout ‘or the
dunip growth This would allow not only the developmeant of a

"feel for the sen91t1v1ty of the input parameters, but would

also allow the de51gner to identify lmmedlately if an
insufficient or inappropriate value had been used. ‘This

would alzo allow clash checking, to ensure that a ﬁeaeible .

'-model was being generated

As.the'ievel of detail an the graphs was usually_based:on'r
saliant.pbints and average values, no detailed problems in
the configuration like the potential for fraqueht shift
clashes could be detarmined from the graphs. This would not
normally be a problem with:a dnﬁ@'in phase, but in tryiné te

‘accelerate the main eyetem to catch up an out of phase

situation would require the dump to operate with the
utlllzation epllt different to the volume spllt for an .
extended time, exposing the operation to frequant shift
clash gituations, which would need to be carefully_manageﬁ

ao_as not to thwart the acceleration efforts.




1.3 Overall Adms of the Study

_procesa of producing a dry ash dump -growth plan could be

tool to speed up the avaluation and Producticn of dry ash
_dump growth plans Hav1ng such a tool would then,allow the

" the -limited numher of such fecil1tie5 worldwide, it was

firstly 1dentify1ng the necessary input parameters and user
requirements for such a system and secondly, the developing

. of a prototype: computer model to automat;cally convery thla

- Thé model-would be_tested by‘ﬁsing it to evaluate orne of the

" difficulties wers encountered. The Kendal ash dump out of

- phase gituation was chosen due to the urgent need to

. making,

The lntentlnn of thle study was to determlne whether the

automated to provide the designer with a computerised design.

dump siting, geometrlc 1ay0ut configquration design,
cperation, mcnltorlng and modification neads to be more

qulckly and cost effactlvely addreased.

As thiag atudy was a pieneering effort in thls relatively
small speclalist fleld of dry ash dump ccnstructlon, due to

decided that this first attempt should concentrata on

intormatlon into the final dump growth plans, in order to

verify the concapts.

existing practical out of phase dump situations, which would
promote further development as practical implementation

evaluate a layout configuration modiiication pfOPQSEd by the

station persennel, to allow economic and budget decision -
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CHAPTER 2
) 'fbizm’u:_.zw:oﬁ OF THE PROBLEM

The formﬁiatidn of the problém came about as a result of
.many years”of frustration in.havingito-applp_tedious manual
-'analysis méthads'to evaluate the growth qf=d£y*ash dumps;
mostly with less time available than needed to do a
_comp:ehenéive job, ﬁhile observing the rapid devélqpmént of
"powe:ful'computer.packagas.tc solve'many'other-roufine' '

tasks.

The advent of pcwerful and affordable personal computers and _.
computer software packages, which not only ‘removed the .
.drudgery of tasks like for example typing, but catapulted
this menial routine into thé powerfui, yst user friendl?
arens of ﬁofd processing, stimulated the.author_té wonder if
such a custom designed computer package could not do the
same for the menial task of evaluating ﬁhe'grgwth of dry ash
'dumps. Unfortunately, no guah ccmputef package_was

. availabiefldcaily-ho &o'this specific'taék andnan akbempt
‘was made to evaluate other packages which could possibly
aasist w1th aolving this problem.

A number bf poﬁérful damputer'packagea.for dasigning_and
evaluating earthworks arnd roads became availlable around this
time, which it was hoped would be able to assist with '

- speeding up this process, but it was soon found that while
-théf.could achieva gréat productivity ir the areas for which
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_they_had'specifioally beeﬂ created, none of them wae_cioeely
enough related to the unigue problem of evaluating the .
growth oﬁod;YVash dumps to he of significant bemefit. It

soon beoame ¢lear that a custom modeling program would
probakly have to be created io-houee,'as'it“would most
probably never be made available by the eoftwere housee-.
which developed the eartthrke'paokagee,.dne-to the very
small market and the diﬁfloulty to recover the development S
costs. ' ' ’
Buch a package'woﬁld obvioﬁely-have éreat be 1efit Lo :skom}
‘but even if one of these software houses were to be
appointed directly to develop such a package speolflcally . ' '5
for Eskom, a user specifioat;on would need to be prepared,. : '
" needing some form of piiot project to défine the'ingut'and-
ouuyﬁt xequirementa},'nue o hie experience with dry ash
dumps in Eskom. it was thus decided that the author should
'”undpttake this study as a research project, as a oilot
Project to formulate the prablem and uger requ;ramente and
develop a prototype modeling program. Baged on the results
of this study, a decizion could be made as te whether to '

- sontinue with invﬁouee_development for_the:final version, or
ehether to rather draw on the powerful yrogramming resources

‘of a commeveial software development house,

2.1 Statement of Problem

Tk a pfoblem to:be addressed is that ourrent methids of
| evaiuaﬁing the gfowth of dry ash dumps having main and
standby oonVeyor'etacking systems, are based on a static,
manual anelysis process, requiring a large amount of work to

.repeat the entire analye;s ke determlne th> new growth plan
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for any. new set of design assumpticns. This prohibits the

_neceerary sena:.tzv:l.ty, optimzation and rout:.ne monitor:l.ng .

. evalua.t.ion exerﬂises wh:n.ch are needed. to ensure the dry ash

© dump growt.h plan ig optimmn over the entire life of the

' power stal::l.on

22 - Hypothesis

Ic was postulated that a parametrically driven computeér -
model . of ‘the growth of a dry ash dumP could be developed .
which would allow a new grom;h plau to be automatically
prcduced from any set of input | -.ametera. This would then
 facilitate fﬁpid and cost effective'e'ensitivity, . '

optimization and routine evaluatien exercices.

2.3 Parametria Mo.. Ling Concept

.' ‘It was .eurmised that the r'nr;cept' of parametric modeling
would best lead to the solution of automating dry ash .dﬁmp
. growth plan ev:iluation.  The growth plan is egsentially a
syst:em of relationsh ips, which link the input data
parameters to the output growth plans. The chang:.ng of any
of the :anut data paramaters Bhould thus lead automat:.cally

to a new growth’ plan

' Parametrit modeling; as oppoeed to astatic mod.eJ-“ng', can be
~ compared to the differenee- Euotween arithmetic and algebfa;
Instead af.d'eterminin'g the .result to an eguation based on
st..a.t:ic' input values, the analysis is set up in the form of a
mathematical model based on;. input varisbl- ® or pe.rameters. |

a1l the same relatlonships which would be used for a static
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_-manual evaluation of the- input values, are Lnstead used to
" form a mathem?tlcal model of the overall relatianship, from
- innut varlables to flnal output B

‘The mathamatical_model can be seen as one big algebralc
- formula which has already been checked and verified, with
‘the menial caleulation process beiig of no interest to the

user, pnly the inﬁut and output. When using a computer

- program to autowatically perform the mathematical model's . .

caleculations, the output results can be obtained almost

instantaﬁeously.upon entering t.3 new input-pa:ametérs,_'7

allowing'iﬁmﬁiiate_feedback.

2.4 Literature Survey

. Computer library_searchés were done using the following

keywords ; dry, -ash, dump,_conveyor;.shift, shiftable,

stacker, stacking, spreader, growth, development, bulk,

- materisls, solids, handling, simulation'and'animation No - -

referencus relating directly to dry ash dump growth, u51ng

stacking. conveycr systems, could however . be found.

It soon Becaﬁe elear that the dwp growth problem is more
close'y related to the mechanical engineering bulk solids
handling ﬂisaiplina as defined by industry, even though in
Eskom the dump layout configuration and growth is usually
done by ‘the eivil engineerlng gection. This is dome because

during the siting stage, the ash dump geometry and growth
. are more closely related to civil’consfraints associated .

with laynut, stability, drainaga, pollutlon dontrol ,
bulldozing -and accaas requirementa The conveying and
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sﬁacking‘s?atems-themaélves are handled by the materials -

handling sectiqn; with the necessary interfacing.

'.cqmputer_bidtd'Engineeripg'{cAE},nﬁéing-éimulafibn éﬁd.
animation haa been widely applied'to materiﬁls_handling
problems over the last few decides, although the main focus

-was on determinista: and stochastlc evaluation of
'throughput delays and capacity of fixed systems and not

positional growth variations.’

N Pt b e L

zador'®) reviewed a numbef.of computerjprogfams with respect
“to theirJanimation.gapapility, as a tool for designing
mﬁtarials handlihg systéms These included batch. mode-
__simulation programs with poat proc9551ng anlmation developed
) many years ago, to hrand new Yor line” systems showing tr@
results during the simulation analys:s._ Simulation and
animation would be very useful tools for assisting the

. designer te argivg'at_optimum_dry ﬁsh_dump_layout _
configurations, as well as to énable management to more

easily grasp'the ope;ﬁtional coricepts and make decisions.

Another type of 1ayout_cénfiguratian'applicatioﬁ us;ng sugh.
aimulation progr;ﬁé is the design of hafbpﬁr facilities.
Ramos and Goodwin'? also reviewed a number of_similar-i
computer aimﬁlation pfograms in theilr article on harbaur_
'éimﬁiﬁtion-- They poiﬁt out that these are'mereiy3easierﬁ
programming languages, specifically deﬁigngd £c make
simulation modeling simpler. The model, iuqor?orating“the
input data and linkage relationships, must still be
specifically determined for each particular application and
the simulation could in fact be programmed using any general
..'purposa programming 1anguags.' The advantage of uslng'one_of

 the simulation prqgramming_l;nguages_is that they are easier
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: to use and have powerful built in funcr ons deslgned for

'_eaelly creatlng a slmulatlen model allowmng the deelgner to'

build the medel ineteaﬁ of a progrwmwer

. Zadof“"aleu stredses the benefit of the design engineer
beiﬁg'eble to build the simulation wodel. He states that

“often, process or product deelgn 1mprcvemante or

operaticnal changes suggest themealvee in the very activity

of bu;lding an animation model, or the associated elmulatian
. model *  He pointse ocut that the engineer would mever '
discover these points if someone else was delng the

modeling.

_Zador‘” hlghllghts the val ue of ezmulat:on as a necessary
engineering tool for planning and decision making of bulk "
materials handiin - systems, eepecially-ee they become more
eomplex. The author.hed come to the same conclusion with
respact. Eo dry ash dumps and this eupporte the need for such
a modeling system for the deeign and management of dry ash

'_dumpe.

None of thege gimuilation packages was_evaglebleito the
_euther:within Egkom and could not be reviewed at. the time te
determine whether they could in fact be used to model the
‘growth of a‘dry ash dump and predﬁce the required growth
plan. ' A laxge part of the prebleﬁ”wduld'etill-be-to
identify the necessary medellng 1nput variables and the
modeling relationshipe between them: to generate the
geometric, ash production and growth modela, together with
the required edtﬁﬁts and their formats. In was therefore
”decided the: it would still he veneficial to develop a .
dedidated_ebreadsheet baged prototype.mcdsl, as this would
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help to 1dent1fy the requlred lnputs, relationships, outputs
~and formats. '

The above mentloned simulation modeling software peckages

‘pould be 1nveetigated in the next phase, to determine
'whether_they can be used_to build a dry ash dump growth
 model and produce the necessary growth_plan, instead of

writing a custom preﬁram.' The'epreadeheeF protctype'model
. can them be used.as a benchmark to evaluate the other .

- uptlons.

IHelversen‘” looks at the closely releted probiem of belt
conveyor design “Due to the cemﬁlexity'of.the~design
celculetlons and the need to repeat them a number of timeg
.£0 arrive at ontimum solutions, the cost of engineering
becomes a burden, resulting in multiple iteratlons rarely
'being garried out.when_using_manual analysis methede._ In
hie'review of their infhouee'written Conveyor Design: '
preéram, he puts ferward a medeling program Qperating
concept of using multiple windows for the inpet data and .
outputs, quickly acceesible by pressing Special ?uncticn
Keye'cn.;he keyboard,'which served to greatly improve the
time taken during the optimization phase. '

This coneapt would aiso be extramely valuable for a dry ash
dump growth evaluation program, due to it having a npumbar of
. - input areas, with_related numerical abd graphical cutputs,.
which the designer needs to see to get visual feedback that
the input data has achieved the desired effect. The windows
based spreudsheet prcgram allows this to easrly ‘be achzeved
by resleng, mov1ng and overlaylng windows slmnly by using

- the mouse, Eeeh_WLndcw can alsoc be zcomed in or out or
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panned up or down as needed, without the need to. program all

this powerful functlonaalty

The availabllity of the maiﬁ_ash’stacking syStem is a very
important parameter in assessing the growth rates.
Lubrlchum discusses the “Assessment of Equlpment According

‘to the- Degrse of Avallabllzty and Utilization ...”,-fc
'51m11ar conveyor stacking and reclaiming equipment in Dpen .

- pit mining systems. - He stresses the.importance of uslng_
non-arbitrary definiticns for availability and utilization
‘of sucﬁ éyétems, go that the infofmation.is unambigu6us and
transferable, He advocates the need to use calendar time as '
the baéis, allowing time outades for various unavailsbility

factors._

 The validity of this concept for the_pbwer'stétion'dry
ashing situation was questioned by the author. While it is
- agreed that the availabilitych_a-system mﬁat alﬁayé'he time
bésed, the utiiiéation of the two sysﬁemé is“relatgd'to'the
rate at which each system £1ils its allqcatad ashing space.
As tha_ashing rate can ?ary as.the nurbar of units on ioad '
varies, a theoretical worst case situation couid_ariSE where
every time the standby system is required, the s:ation
‘happens to be'rﬁnhing on full load, With the main system
having a lower ‘average ash;ng rate, due to its longer ashing
Lime. Thls WOuld result in the utlllzatlon time split not -
.belng eqgual to the volume time split.

. In order to investigate this situatiom, the authdr'feviawad
the asﬁiug syﬁcem‘s.time based.qpéfating'iogé of Tutuka's

.-éshing system to d@tafmiﬁe the time based avgilahility éplit
between the main and atandbf'systems, for the period between

twe as-built suxveys, taken thrae years apart. This wag




. periods.

then eompared to the volume spllt, obtained by a Dlgltal
Terrain Modelxng {DTH) evaluatlon of the - survays. The
reaulte showed that the two approaohee returned almost

' exaotly the same maln to standby spllt, suggesting that this

_would be a hlghly unllkaiy event; eeneclally aver 1ona

It is recognised that this situation could still cceur,
'partioularlﬁ over short time-poriods,'but this would then
only affect the ‘short term growth within that partlcular

: ashing position and not the average growth of that: poeztion
As the growth of the dump is only required to he evaluated
‘on a p031t10n basls, w;th the conveyor poaition ashing
durations being fairlj iong, ranging from three te nine
months ueually, ‘the use of a time basgis for avallability and

utllization would be aooeptahle for the modeling purposee.'

The . 'y ash dump deneity iz an important varlable in
relating the conveyor position ashing volume to the aeh
tomnage that would £i11 this volume, as the ash is dumped at
a tonnage rate. The dry densiﬁy was assumed to be
_1000kg/n€; for tha Kendal'dump design, as no Kendal ash was n
yet evailabie:et that stage and it wee asgumed that the asgh.
should be similar to Lethaho’s ash.. Oooa51onal in51tu and

laboratory tests showad that the actual denslty was much

- lower at-around_asokg/m , which was supported- by estlmatlng
. rhe”average'insitu dry ash density by dividing the number of
ash tons placed betWeen the dates of two as-built surveye,_.

ay carried out extensive

by the wvolume betWeen them., Bhana
laboratory teéting which confirmed tnis,ﬂmeaning that-the_

 desgign cdump volume would now be 15 percent too small.




 0ne of the requ;rements for such a dry ash dump layout

. configuration modeling package wauld be the integration or
at least transferab;llty of the ilnal layout conflguration
'geometry into the Eskom standard MICROSTATION CAD package.

Cowdentm

et . al describes techniques for using. Ohject
. Llnk-ng and Embedding (OLE) and Dynamla Data Exchange (DDE)
technigues to ‘enable porting of layout configuration cutput
data dlrectly into the CAD ‘Package. This was however found
to very slow and impractical for the_application;: The
simple exporting of the ASCIT data from the spreadsheet and
loading it into. the CAD using a custom utility:as a post
procesaing éctivity once the optimum layout confiquration
had been detarminad, was found to be a more'préctical'

approach for the prototype system. (See Figures F1 to F3)

2.5  Specific aims

The speéific'aims of this study were firstly to identify thé
detalled cperating user requirements 6f suqh:a'modeling
prograﬁ'and ﬁhe modeling concepts and mathematical
tachniques reQuired.for the vﬁrious parts. - The input:
parametéré and the final outputg raquifements, would be
identified. ' '

Firstly, for the geametrical model, the:input.parameters and
the relationships between them; which aré-neédad tcxgeneraté
thezccnfiguratioﬁ.gebmétry of the maih and standby gystems.
of a dry ash dump, to enable the position-vglume
felationships'tb'be determiﬁéd' would be identified. The

- program operating concepts and mathamatlcal modeling _
technlques, with an automatlc plot of the layout. to enabla
.feedback for input varigble ver;flca;ion, wquld he
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determined:- The format for settlng out of the" geometrlc
model input parameters, as well as the p051tlon-volume

cutputs, would also:be determ;ned,

: Secondly, thé input parameters, as ﬁell as'thg-relatianships.
. defining the ash production model would be determined. The.
foxmat for setting out of the ash production model _input _
parameters, as well as the tlme volume outputs, would also

be determined.

Thirdly, & mathematicsl model called the growth pian model;
would be daﬁeloped.to emilate the graﬁhical bbfaxial plot
_evalﬁatian-téchnique-oﬁ.geharatiﬂg the time-position
reiationships'for the main and standby system: . The grqwﬁh
plan model would use the geometric and ash production
model’s outputs as its inputs. The final ‘output of the
growth plan model would be the automatic pzoductlon of the '
dump growth plan plct : The input parameters necessgary for '
this model and thelr 1nput and cutput formats would also be

dEt ermined.
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CHAP 'ER 3

DEVELOPMENT PLATFORM

'I‘he a.vailable computer hardware and software packages within .
'Eskom would of necessity 1argely d:!.ctata tha mcst '
'appropriate development platform, with Eskom being both the
promoter and the main user of the f:.nal system. The -

: :.nt:ent:.on was ‘to develap a dry ash dump growth evaluat:.on
package, - ‘which could eventually be integrated into Eskom’ s
computer aided draughting system, to aliow automatic
generat:.on of both the layout configuration and t:he final '
d.ump growth plan.s as raglatared draw:.nga. '

3.1 Hardware and Software Options

The hardware opf.ions oonaiderad' were eitﬁhor.a DOg based
personal computer or a Unix based graphics_'workstat_ion,' as
t:hay _would'moia earily be ables to support the necgssary -
'graphioal"eiémehts of the package. For this reason, the

“mainframe computer was not oonsi'd.ered at ail.
The software options considered were:

* Btand alone FORTRAN based package.:
. S'ta_nd dlone *C* based package.
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e Add-on. “C” based: Microetatlon.nevelopment Language (MDL)
' package, within Eekom'e srandard Mlcroetatlon CAD

r-.draughtlng~package.
% 8tand a]one Microsoft Vlsual Basic hased package.

® Lotus 123 Version 3.1 spreadsheet based package.

¢ Microsoft Excel ‘Version 5 epreadsheet based package, ualng

Vlaual Baeic for Applzcaticne as a macro 1anguage.

3.2 Advantages and Limitations

The initizlly availahle PC was a 386 SX computer with a 14
inch monitor, which quickly proved to be not cepable of

. handling the enormous calculatlon taek reéguired W1th1n a

reasonable time In addlfzon, the relatlvely small monitor

- did not ilend itself to Slsplaying sufficient data to allow_

easy operation of the program. This prablem was solved by
simply upgrading the PC to a Fentium based machiue,_with a
17 inch nonitor, due to the relatively lcw cost of computer

;hardware in the last few years.

The Unix“basedegraphiES-worketatieﬁ was very powerful and

_had the advantage of having. dual 20 inch colour monitors,
" used for CAD draughting, which would ba very useful to
__dleplay all the-neceesary-lnput and output'areae of the

package aimultaneouely, without the need to swap from one '

‘win ow to the. next. The system also had a more powerful

earthwnrks DTM package. The main d;sadvantage-was that -
there were 1nd1cat10ns that Eskom would,be mpving away fram

theee hardware platforms in the future, due to their igh

'_meintenance cogt and the_fect'that personal computers were

scon likely to become just as powerful, but at a fraction of

'the purchass and opereting:coet. Another major disadvantage -
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was that_this'piatform could not_ruﬁ_all the congidersd

- Software packages, like Visual Basic and Microsoft Exeeiu

The main’ advantage of the FORTRAN softwars development
.platform was the authorfs donaiderable experience with this
language but this wasrovershadowed'by FORTRAN not being as

- powerful as some of the newer “objeot orientedﬂ 1anguages,
23 well as not being a macro or add—on u_velopment language"

: for the CAD or spreadsheet packages.

The stand alone “C” platform would be the most powerful'for_”
a f;nal ver51on of the program, although it would have.
required the author to start leatning the language fron
{-scratch and not oifer much benefitc for the prototype

developm&nt stage.

- The MDL platform, being a_?é" based language, would be .
:Eimila'r to the abave, but with the .added advantage of ea'sier
- integration with. the CAD package in the end, for automatzo
drawing generation. Again, this would be more of an
"advantage for a final ver51on of the dump growth plan

- package'aud_not_be ideal for the prototype development ..

The stand alone Viaual Basic platform also. had the
disadvanrage of having to be learnt by the author, bhbut would
' be eas. . to learn ag it was similar to FORTRAN. . The.
language was also very powerful, as it was object orlentad
‘and WrndoWs based, although not as fast. as “c’. A
disadvantage was that it could not easily integrate w1th the
current version of the Mlorostation CAD package, although
the next Mlcrostatlon version was reported to uge Visual

Basic as-its wacro language. As this was: not_available at .
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' the time, it would POSElblY be more advantageous to the
'development of the final version of the package._

" The version of.the Lotus 123 aﬁfeadehaet package’a?ailabiea
eto the aucnor was an clder, DOS baeed wversion, and did,no*
' have the functlaﬂality needed for the develcpment, althpugh :
it was ueed inltlally to verzfy some of the prlnclples used.
The graphang facility ceuld.howaver only display X-Y graph
lines all_uaing the same x—range, mak;ng'zt nc:-capable_of _
being used to automaticaily.draw the layout and growth o
“plans, As Eekom.Had.recently adopted the Microsoft Excel
spreadsheet package asg a company standerd, ik ﬁae not
.canaidered'ﬁo investigate a newer Windows baaéd version of

the Lotue_lzj_package.

The Mlerosoft Excel epreadeheet based package had the
advantage of being very simple’ to ufa as a development '
platform,.hav1ng pewerful buile- 1n.fun:t10ns and the
poeeibility of writing user defined functions and macros in
Visual_Basic. The main feature that even made this platform
feasible in the first-piace,'was'the discovery that, ualike'
any otﬁef spreadsheet package available at the time, the'xft
:graphing feature hagd thefcapability of heing'ahle'te.display
ﬁp;tq 255 individual Qraph liﬁee} having unique'x'and Y
'rangesl' This feature was recognised by the author as being
able to’ display both. the - dump growth plan graphe _
automatically, as well as the ash dump layout conflguratlon'
drawing, utilizing it as a parametric drawing tool, as the
grapﬁ is autqmatically updated whenever a change tp'the"
SPaeadeheet ig made. lThie wou1d save a2 tremendoas ampunt of
unﬁeceeeary wpfk toicreate such a capzsbllity as compared.ﬁo
any of the other platformeeconsidered, with the effort -
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"rathar heing gpent on development of the mndellng concepts
_and ’achnlquﬂs Eor th;s study

3.3 Chosgen Devalopment Platfora

' Thé finai.haidwara plaﬁfofm'chnsen for thé prototyﬁe :
development was an obvious cholce, with the new Pentiu@

" based PC now being avajildble and.ths Unix based workstation

having a.limzted future. The PC was alSo esgential &= only

it supportad the chosen Microsaft Excel apreadsheat package

'software develcpment platform

Essential hardware configuration usad:

* Pentium P60 processor. Anything slower was found to take

excessive processing time for iteration, although it would

8till work and would still be much faster than manual
evaluation. (Fastest processor available is pféferabla]

» 16 Mb Ram, . {Probably better to use'zefaé Mb) _

e 1y inch_colour’ wonitor. (1024 x 768 resolution) A smaller
monitor is workable, but was found difficult to see emough
datz at reasonable scales, requiring mo:e.manipula;ioﬁ of
'ﬁindows. (20 inch monitor would be preferable to see the
maximum informatién on the screen at once) S

s Windows Qraphics accelerator card. This can speed up the
_proceaeing time more efifectively than a fastar processor,
due to the heavy graphical processing in the windows

'_enfironment. (Fegtest card available} '
. Foﬁr colour 34 inkjet printer. (An A3 or aven an A0 would
_ be préferable, especlally for the final version if the co-
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.axial-plbtting format is used agaiﬁ'fbr clearer po&trayal_
' of the high density of information on the new growth plan)

Essential software configuration used:

» Microsoft Windows Verasion 3.1

- e Microsoft Excél-versiaﬁ's;u:
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CHAPTER 4
Dﬁszeﬂ OF THE PROTOTYSE PROGRAM -

The prototype.dry ash_dump growth plaﬁ-automatiOn prbgraﬁ

was deéighed firstly to emulate the manual evaluation and -
graphical methods previously used and secondly to improve on..
these methods.’ ' - - S

An éttémpﬁ was made_to base the'e?altatibn'on'praétical;
meaningful input parameters, éllowing easier monitoring
during opéﬁatioh. It was also attempted to provide the
deaigner with_a use:-friendly qﬁerating gnyironmEnt, which _
would allow him to get immediate visual féedbaﬁk.as:tc.the
'impaﬁt ot'input data changes, to allow not-only.verificatipn'
- of the input data; but also the devélopment;of a feel for
the_rglétioﬁships of the dry_ash dump conﬁiguratian, Lastly
it mﬁs_attemptsd to redefine the format and informatian
.preseﬁtad on the.dump groﬁth pian,_;o enable easler and

better evaluation of optionms.

This chapter déscribea the basic degign concepts uged in
developing the prototype modal. For detailéd operating
procédures andlprogramming tedhniques.of the prototypé
modeling prdgram,”tha reader is referred to the User Manual
{See'Appendix @) and the Program Manua)l (Bee Appendix H}_
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: 4;1_- Modeling Concepts

'Thé-ovafri&ing'ccncept behind #his new.epproeeh ko
.7evaluating the-growth plans.'is tha meve away from gstatie
_manual evaluation msthodl, to & pardmetric modeling based .

system. _ This produces a system where the output results are

ca direct. function of any set of input varlablee or

paramete:s, without the designer needing to get bogged down

in a multitude of complex, burdensome calculations now . -
'_haudled by the-compﬁter, which would merely distract him '
- from eoncentrating on the real problem of what is the growth

plan for a. partleular set of 1nput parameters

"_;This 1s achieved by craating a computexr modeling-environment

whleh alliows the input data parameters and the output result.

values and gxaphlcal represnnfzrions r'hsv'ec:f to be viewed

simultaneously on the computer mcnitor. This creates the
-v1sua1 feedback s;vircnment, go vital for s;mpllfylng and e
speeding up the process of arriving at optimum sqlutlons.

The Microsoft Excel spreadsheet env1ronmsnt belng Wlndows-

based ‘allews this to be done very easily, allowing the
designer ta move, resize, zoom and overlay windows to see
the information pertinent to the stage and focus of the

 analysis,

' 4.1.1 parametric Input Data

The iﬁput parameters are specificaliy defined for eaeh
modeling section of the program, exsctly defining the
desired model end result. They are usually entered in
:specific_input areas (uging a Qreen cell'beckground on the
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_spieéﬁsh&et_ﬁm cenote input values and tﬁrquoise'fot input
formulas {See Figﬁre Bi}), with the columns de:iﬁiﬁg thé-.
pafametérs.and égdh rpw.cohtainihg_thé_daga_ré}ating tq a
specific conveysr position. This is basically in a database
'.formﬁt,falthcugh with:direct éccess to view and manipulate'
each individual-paraﬁeter, ailowing either a vﬁlue or a
'formula to be entered inte any cell, in order o generate
the input data. This’ results in a very flexihl* and’

powerful modellng envlronment.

4.1.2  Frogram Parametric Mbdels

.Ths modélé_usgdfin the prctotyﬁe'program are the Geometric.
Model, the Ash Produdtion Model anﬂ the bump Growth Model.
The Geometric Model defines the dump geometry and layout

. configuration producing the Positicn—Voiume relationships,
“the Ash Production Model. defines the rate of ash producticn
by the power staticn and the Dump Growth M.del defines the -
growth rates for the main und gtandby systems, producing the
final growth plan. S

The Geometric Model and the Ash Production Mcdel_ara.
independent models, with the Dump Growth Model being . -
_dependsnt on both, relating the rate of &sh’proauction to

| the rate of the main and standby system growth rates, using
the main system availablllty parameterl per shift to

allocate the -agh prcduced into. each couvayor posltion ashing'
area and thus determine ashing durations and shifting times.

The input deta for both the Geometric Model and the Ash
Production Moﬁél must thareforé be defined befgfé_tha Dump
Growth Modei_can'prbduca & growth plan, althﬁugh'dnce all
the models a;e:dafinéd, ;ﬁy paramatef'valua'in any of the
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medels may be changed, with the growth plan 1mmediately
reflectlng tla result. '

4.1.3 Visual Feedback Cutputs

" The visual feedback cutputs cpnsist of both numerical result . -

areas'gsually édjgcent-to the data. input areas for easier
cross referencing and-graphiCal réprésentations'in the fofm.
of graphs or layout plots. The numer: résult areas are
used to 1nspect the resulte to determlne whether des;rad
numerical values have been achieved from the input data and
" the graphicél_reéult areas are used to give an overall
pprtpayél of the largg”amount af'data,_to verify that the
desired overall reéult has been achieved by the inpﬁt”dﬁta. '

4,2 . Dump Geometric Modeling

The dump Geometric Model is complén from both an input
variable definition ag well as a modeling relationshlp point
“of view. Thls is mainly due to the large number of input
variables and.ralatlonshipa required to define the geometry
om a shiftablé convey6r~pcsition bagis,

4.2.1 Geometric Model and Parameters

The dump gecmetry aﬁd_layout configuration is totally

" defined by tha.couvaydr starting positicns and the geometric
and shifting dimensions for each shiftable conveyor position
of both'the main and standby éyatems. this allows total .
flexibility to move the'eﬁti;e.dump-afound or change:its
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'.-leyeﬁt;geometry_by changing any parameter for'eny.cqnveyor
-“positlonq at any time dnrlng the evaluation This o

:e 1mmed1ately determines the effect nct only on that .
:partlcular Shlft but how thie mlght affect the subsequent

shift pesltlons.

"~ The shiftable conveyor for each conveyor position is used as“
baeellne for deflning the ashing and shlftlng geometry,
'.deflning the frontstack backstack and s;desloPe ashing as
-well as conveyor shifting and extending geometry relative to
the stert (te11} and end {heed) posltzone (See Figure _.1)

[SIDE 5L | — " STACKER : _ SLOPE

] / W
- ; PR.'EVIOUS FRONTSTACK

L T e L] ....--.,—- Sy
| SHIFTABLE CONVEYOR | fffﬁij
R

[PREVIOUS BAGKSTACK]  |—

1 |

el

[EXTENDIBLE CONVEYORI |

oL T ' \m

FRONT ELEVATION

\

'Figure 4.1 - Typical conveyor and Ashing Geometry per.
Position. {See Nomenclature).
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'p-This allows a relatlve modellng relat;onehip, with the
ashing geometry elways being related to the conveyor
_poeitlen and tylng back to the prev1ous ash&ng crest. 'The
ashing geometry can thus be determlned ae a function of how
the conveyor is ehlfted for any partleulcz ‘shift, either .

. parallel or radial. ' ' ' '

The main'and etandby eysteme are modeled totally'independent
- from cne annther, alloW1ng total flexlblllty to allow the _'
deslgner to model almost any conce;vable 1aycut
conflguration with the system. The increaeed flexlblllty
however impliss that the designer must ‘model the dump as he
© intends to canetruct it, taking note not to ellow the two
systeme to ash in the same place, or leave gaps between
them. This klnd of claeh checklng was not poesible to
automate in the prototype spreadsheet model without - _
trestricting the flEXibllltY and it was decided that the
~geomgtric layout plot wag qulte adequate to check whether
there was a clash situation by simple visual inspection,
- changing the input paramEtere until the.layout looks right.

: 4.2}2 Radial and Parailel shifting

'.Radial and parallel ehiftlng operatione of ‘the shiftable
conveyor are achieved by simply defining the dietance the -
head and end points of the gshiftable conveyor must be
ehifted ferwatde; for each eonveyor'poeition; Ueing'the
same Shlft distance for both ends results in a parallel
ehxft‘ while using a shift dletance ‘only at the head end and
‘gera ak the tall end, autematlnally resulte in a radial
ghift, The-extendible conveyor is then extended by the .
-shiﬁt-disteﬁce.at the tail end. The Erontstack, backstack
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and elde slope ashlng geomelry then heing determined by the
stacking reach and edge parameters relative. to the new '
' -conveyDr_position head and tall_p01uts.{See Figures 4,1 &

2.2,

Rz [ R 01| i
e }rmmsmmcassmnﬂ\l e

[RG=D)] . f.'FRONTSTACKCRESTm}\' :

4

[sLem] / 1{ smrmnmcowmfoam ]

o BOL@D]
. | BLA(D) - C
[ BLAGBLAGHD) ECLO)

I EXTENDIBLE CONVEYOR STAKT |—-\4 I ]

aj) PARALT.:EL SHI ?'I'ING

. Se(i]"‘H(l)
D I

h FRONTSTACK CREST (1)
SR 1‘ FRONTSTACK GREST ()]
.E. . . -.‘-f""v -------- :

= — S . K,{smrmnmcom‘mnuﬂj_}

' B T {5130 '
0 1l e :
' [ smFTABLE CON\'EYDR m]/' :
' i ECL(= ECL{H)
i : -

[ET ENDIBLECDNVE\’ORSTARTH '

' b) m:u. SHIFTING

eFlgure 4 2 - Parallel and Radial Caneyor Shifting and
Frontstack Ashzng Geometry Modeling COncept.

_{See Nomenclature}
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..T.h.-i-:.s results in _ a 'si@pié, yat extremely poweﬁ:ﬁul mbtleling |
| comcept, ellowj‘.r_lg_ the layeut conf‘igu_retion to be determi_ee'd
by simply def:i'.ningﬂ' areas pf_"p'erailel"ar.d_ radial cdnveyo? o
shifting, with possiﬁle lengthening and shortening of the
ghiftable donveyors, to steer the dump in ‘the desired
.d:l.rect:l.cm. to suit the ‘local tmpography and other -

.' conetraints, wh:.le the model takes care of generating the
ash:.ng geometry, relative to the shiftable conveyor
pos:l.tions. ' '

4.2.3 Position-volume Reletionship

"Tha shiftable- conveyor posltinns informatzon of the
Pogitlon-velume relationship, is obtained elther from the
‘extendible conveyor exten51on length fcr parallel shifting
__or hy determlnlng the slew angle {SLA) for radial shlfting,
from the . shift length input parameters. These are then
added to the previous conveyor's position to arrive at the
" néw shiftable conveyor poeition;s base iine_angle IELA) and
extendible-conveyor_length (ECL) (SeeIEiguree 4.2 and B1).

The frontstack and backstack ashing voliume for each conveyor

position is determired by'calculating the 'x-_-and y-
'-coordinetee for each vertex of the ashing p’lan' area and

' ue:l.ng a user funct:td- to determ:.ne the ashing plan area from
the coord...nates, :.ndepe:zdent of the prientation of that
part:.cuiax shift poeit . The asha.ng volume for each
conveyor pos:.ticn - the prototype was determined by simply -

multiplying the area_ by & constant height, as the Kendal_a_eh.”-

dump needin'g' the most urgent att‘eﬁtion was desigred as a’
conste.nt he:.ght dump to achieve maxi mam volume w:l. :h;!.n the

eta.b:.lity cenat:ra:l.nts.
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'I‘he geometr:l.c calculatious are done in a calculation area of
the spreadeheet where the eta.ndby frcml:stack, main

_frontsl:ack and ma:.n backetack eonveyor and ashing geametry

coordinates, lengths, ang}.es and volumee are determined in a

calculatmn area for each positiorz {%ee Figure Bi). These
values are then re_turned to the numerical feedback and

- Geometric Model output areee AllL the 'shifta‘ le eenveydr' .

poeitions and. ash:.ng capacities are then used to produce the

f:r.na.l ?os:.t:.on-Volume relat:l.enslup

4._2'.__4 Position-Tonnage Relationship .

. When first ettempt'ing. ta moc_:’lel & real life practical ash
dump example, it was attempted to model the actual dump .
.grow_th over the previeue ene or two years, to verify' that |
the wodel was peérforming acceptably. Initially the
traditim;el Posi.l:ien—\.rolunie and 'fime—Voleme relationship

apprcach wasg ueed, with the average ash dump dry density in -

this approach used in the Ash Production model to convert
the ash tomnmages 'producad' to volumes, to arrive at the Time-

Volume relationship.

It was found during the modeling 'howefer, tﬁa.t it was
1mpessib1e to get the model to: return the same main. and
standby conveyor shifting times as the actual growth _
performance. It was then realised that the average deneity
for the 30w h:.gh frontstack was much greater ‘than for the

E 12m backstack. ‘The standby system only has a frontstack,
wh:.le the main eystem 15 around 50 percent frontstack a.nd 50
percent backstack, resulting in the average main syetem
_density being much lower than the average standby system

62

;j
|
;
:



density. 'This:results-in a certain volume of'main'system
" being filled more guickly than the equivaleﬁt volume in the
- standby system. - '

:This lead to a'very'important_deviaticn from the traditional
approach in the new modelingfsysfém,_némély to move away
. Erom using_vqlume pgr pbsitidn_ﬁo rather'using an equivalent
‘tonnage capa~ity. A Poéitibh-ronnggetCapacity]'and Tiré-
TcnnagE{ProdnLedi relationéh*p aéproach was then used £or
.the Geometric and Ash Producticn Models, with ths Growth
.'Modal then rather determinlng the durap growth hy allocatlng
aah tons 1nto each of the respectlve ma¢n and sbandby system

p051t10ns to determiné the ashing durations.

Tt was.decided to introduce separate inbut.paraheters.fér '
the standby frontstack average'densit?,-main frontstack |
average density and main backstack average dénsity in the
::Geometrlc Model to determine the Poaitlon—Tonnaga
relationship (See Figure B4). This allows the main and
standby 5y§temé to have different average frqntstack
heights, wiEh related'average densgitiles. Once.this critical
.}chaﬁge_was made, the model was easily able:tq model the -

actual growth performance..

4 2.5 Geometric Model Visual Feedback

The Geometxric Model visual'féedback ié given by numerical
result feedhack by Pogition-Volume graphs and by two plan
-draw1ngs of the layout conflguration geometry

The numericai-feedbéck is achieved by placing dritigal

geometric result information liké conveyor pogition distance
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~or angle next to the data input parameters in the Geometric
'Model'inpﬁﬁ'ranges {See Figure Bl). - This is assisted by _.
plotting_the same_lnformation on gfaphs; io show tﬁa'_;
relationship more rlearly.  -

The conveyor Pos;u*on{numbér)-Volume graph.and the_convéyor
' Positicﬁ(number}—Position(aﬁgle br.Iangth} grﬁph {See.Figure-
" B2) are very useful to pick up changes or'diséxepancies in
volumes and goaition; by being able to simply inspect the _
shape of the grephs., Unexpected volume or position changes
would Ehen promp: c¢loser ihapéction of the raievant'iﬁpﬁt

parameters for that particular conveyor position.

While the numerical feedback is'impprtanﬁ to check whether
'partidular angles or distances have baeﬁ achiavgd iﬁ |
datarmining the laycut configuraticn, the layout pleots aré_
very valuable to check that the dump is in fact heading in
" -the right direction and-the two aystema dre not clashing or

diverging (See Figures B5-B3),

4.3 .- Ash Production Modeling

| The Ash Production Mcdel is the simplest of the threa _
models, from both an input variable definition as well as a
“modeling relatiomship point of view. The wost difficult -
aspect of this'@pdel ig in determining realistic
iniormatioﬁ, so far into the future, -

hn expected ash production ié usually determined using-tﬁe
" fost likely aéh praduction parameters, which would return
”the most likely growth plan. An upper bound ashmake using
tﬁé.wdfst.caae*séenarioa ig then used to determine how much
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. ccntingency ashing capacity should be prcvided-fcr. The use '__;_'
"of the expected values is beat for deaign and ongoing .

mcn;tcring.evaluatlcn tc return the moat 1ikely impacts.:u'

' 4.3,1 Ash Production Model & Parameters

The ash product;cn is determined from meanlngful key
"perfcrmance indicators {(KPT's) like number of units in’
ccmm1351cn, availability and- load factcre, together with
station eff;czency and ccal quality parameters, - to determine

the tennage of coal burnt over a perlod. The coal burnt ig

then converted inkc ash tone using the ash percentage. As
mentioned in 4.2.4,;. the use of the traditional Time-Volume
reietionship wae changed to a Tlme Tonnage ash productzcn

relationship

. :Theuash-prcducticn,mcdel ig thus heeed:cn a simple, direct
formuila and usualiy does not take much manipulation to
_'ccmplete}_.The pcwer of this apprcach ls however that-the-_
ingut parameters are not arbitfery, but rather related
directly to meaningful paower station plamning and.
performance parameters, allowing both a betier appreaiation
- and understanding of the estimates, as well as directly -
updatable parameters when these valuee_are'revised from time

to time.

S 4,3.32 Time-Tonnage Relationship
The'Time-Tonnage relaticnehip is produced in the form cf'e:

cumulative time versus cumulative tornags relaticnahip The
values are usually determ:l.ned on an annual basis for initial
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j-éstimation purﬁqses,_as-this'is us§a11y the scale of the
daté avallable from life-of-mine plaﬁs. 'As mentiéned '
"before, the forecas"ing of 11fe tlme -ash productlon makes ls

- extremely dlfficult to ‘get accurate, as it depends on many |
unkpown factors 1ike the growth ‘of the econcmy

- A more acdﬁrate medium term prediction is usually dcﬁé_on.a
five year plén mcvihg window basis, alldwing the constant
updating of'at 1east'this-infcrmation and veviewing the
-_impact on the tlming of new capital works or axtensions for
the flVE year technical plan and annual budgeting . '
requirements. The timing of 1png_term_impacts on the_lifa—_
cycie-pian can alsc be determined within the'acguraqy of the
estimates to check critical aspects like land'avaiiability

_ @due to minihg, to ensure sound'écncéptual growth plaﬁniﬁg:

The current year is usuvally broken down iﬁto methly
'3 information, allowing geasonable variatiunuto be modeled.
This.is important if the short te:m growth is to be
évaluated to predict when the next conveyor shift.ia due.
In order to allow the inclusion of this kind of valuable
-'information{ the growth plan model needed td'ba_aésignad to
handle ash ﬁrnductiun data having a varying time step
between values. This allows aay:monthly;and yearly data in

 tha same table. -
. 4.3.3 Ash Production Visual Feedback
The ashmake visual feedback is in the form of mumerical

 results in the spreadsheet input/cutput area [See Figure
B10), much the same as the geometric wodel, with cumulative
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'_Tlme-Tcnnage graphe to plof the ‘coalburn and aehmake reeulte
{Sea Figure B11}. '

_The scenario function of Exgel was found to he very useful

'te ‘model the expected and upper bound eshmake predietions in
 the eame spreadaheet Elther of the aehmake sgenarics can
ithen be used by the dump growth model, by simply changing

the seenario reference. This allows easy switehing between

. the two ecenarioe for seneit1v1ty analyele.

4.8 Dump Growth Modeling

The dump Growth Model is very complex from a meévling _
relationship point of V1EW, but relatlvely gimple in terme
of 1nput variables and their manlpulation

4.4.1 Dump Growth Model and Parameters

The model only uses three basiec input variables to define

the utilizetioe and ttius determine the individual conveyor .

position ashing and shifting informatien‘- The main system -

availability during ashing and the main system and standby
gystem conveyor ehifr duratione are defined per Eaneyer
peeirion}'ailowing any cne of them to be ﬁeried'ae;required
for evaluating”changee_in_mein system evei;ability or ' . :' N u
increased shift outages due to say hreakages or bad weather,

or resolving shift clashes.-
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4.2.2 _Timeépesition Relationship

. The PositionfTonnage_and_TimehTonnagé_dﬁtputé of the .
‘Geometric Model and Ash Production I'odel are imported

directly into the Dump Growth Model, for use in determining
the Time- Po-;tion relatlonshlps for the main and standby :
systems.

The determination of the individual main and étandby system

:ashing durations is a fairly difficult task. This requires

the main system availablllty for that convaynr position and 
the current ashing rate including any changes in the rate,
due to load or coal quality variation during this period, to.

be taken into acaount.

Once th;s ashing duration is determined, it is added to the
ashlng start time, tcgether with the mair. system shift time,'

‘Lo arrive at the ashing start time for the uext position.

These times are then used ko determine t*e required Time-
Position felationship'for the main system. The maln system

effectively receives the average powex station alh '

- production rate times its avallability during the ashing
pariod and no ash during its conveyor shift pariod.

Although the two systems are dependent on one another for
-ushiftlng and their growth rates are inversely related, the

ma;n gystem 1s-easentially the Lndepandent gystem In terms

‘of utilization, with the standby system being'utilized for.
the remaining perlod which the main system is not available.

The standby system thus receives the difference_hetween :he-

‘average atation ashmake for that pariod and the main

-system's ashmakg;-again.taking'in;o acceint any-ashmake'rate;
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'chaﬁgeS'dcring thieﬂpericd,,-'Thia_etaﬁdby gystem ashmake:is
:.then similarly used tc.determine the ashing dcraticc for the_
current standby. conveyor position and this_ana_FhB'scandby,_
eystem cenveyor ehift'duraticﬁ3then'usec to ceterminé'the.
standby Time-Pogltion relatlcnshlp. The etandby system-

- gffectively receives the average station ashing rate times
100 percent minus the main system‘'s availability percentage
during ashing, durlng its ashing period and 100 perccnt of

-thc average station ashmake during the wain system’s
conveycr shift period.

Thia acerage_ashing rate approach works acccptablf, as we
are cnly interested in the shift growth performance on a

- shift basls, assuming an average growth rate between these
points, the sbort term grcwth rates of the stacking machine
withln its ashing period in a direction parallel to the
shiftable conveyor having no impact on the average growth of
_the main. or standby system-ae a.whcle, parpenﬁicular ta the
shiftable conveyor. This ia why the.main syetem frontstack
and backstack'tcnnage capacities-arc lumped tcgether in’ the
gecmetcic model, to give only the total ashing time for the
-ccmbined'main frcﬁtstackfand_backstack (Sae-Figure_B4r.

4.4.3 Dump Growth Visual Feedback

The wvisual feedback fcr-the dump_grcwthﬂis'bcth by numerical
result {See ?igure El12) and by gfaphical-represcnﬁaticn on
';the.dump'grcwth plan {Bee ?igurea Bl13 &“314}§ The numerical
regults are valuable to read off the date for any positich'
to be reached'dircctly, or the overall average main system
'uLzlzzaticn taking into acccunt the lmpact of the conveyor
-shifc cutage on the main syetem availahility during ashlng.”
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: fThie'iniormatioﬁ.can also be seen graphicaily en'the'gfowth
plan. o ' .

" The grow*h plan is the f1na1 outcome of not only the dump
growth model but also hoth thie gecmetrlc model and ash

production mndels, with their pertinent’ 1nformation belng

' plotted anto the same greph for evaluation purposes.

4.5  The New Dump Growth Plan

'The new dunmp growth plan for the prototype mcdellng system
:19 not drawn on a coaxial plot, mainly due to the
-epreadsheet grephlng capability not ‘being able to do thie..
An, attempt was made to place a mumber of indlvidual graphs
'adjacent to each other, but this was found to be

_ uneuceeesful due to the difflculty in melntalnlng the same
‘axi=s geoales. ;n each graph, whlch is a baslc essumptlon of a

coaxlel plot.

This limitation was overcome by using two y-axis scales, the .
left axis indicetlng tonnages and the ‘right axia indicating .
position 1n terms of both angle end distance, asg weli-ee the -
main systen avallabillty paremetere. The x-axis was used .
for time, with both the Tinme-Tonnage ashmake graphs for the

" gotal ashmake as well as for the main and standby systeme,'

to be plotted (See Fxgures Bi3 & Bl4}.

Tha POlltiDn Tonnage 1nformeticn was not plctted directly
onto thls graph, as thig is not 1mportent informetlon for:
 intexpreting the growth plan. fThe Time-Position data for
che'radiel'slewing ghiftable cdnveyof position angles and
extendible conveyor pqsitinn 1engthe for parallel shifting o _'_ . #
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3{ was tested with various theoretical and exzsting dump layout
.oonfiguratioos, to verify that it could suooesefully model
 typical radial and'parallel'shifting layoet oonfigurations_
of the staokerﬂspreader type (See Appendix ¢} . ThiS'oould
| ea-;ly be checked with the immedlate visual feedback f£rom

is ﬁow plotted. These graphs are'ﬁshally the'moet'importent'

ones being reviewed to cheok the relatlve growth rates of

' Jthe main and standby systems.

The main and standby system shift times are shown by markers'
on the ash allocetlon graph for each system. In addltlon,

: vertlcal lines are produced from the main ghift start'aﬁd_

-end points, extending down over the standby system ash

allooatlon curve. This allows. shift clashes to more easlly

be.pioked ﬁp.. The ghift position nunbers are autometically

 plotted onto the graph next to the conveyor shifting |

 information, for use in referencing the exact conveyor shift

position numbers when attempting to evaluate the system or

resolve particular shift clashes.

Extensive use of colour and different line styles was needed

-in order to allow this high density'of information on ane

- graph to be interpreted easily. Onoe a feel for the

information portrayed on such a araph is attained however, a

hlack and white version can quite easily be 1nterpreted.

4,5 Tasting and Develcpment

The versatility of the prototype geometrical modeling system

the automatlc layout oonf;guratlon plat during geometrlc _
model data input, with the detalled dimension and volume

results being cheoked by manual oalculation
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The test;ng examples not only allowed the development of 1
~_fEel for the hest sequence ln populating the- Geometrlo Model"

input data fields but also allowed further development of
vaxioue simple mathematioal teohnlquee.for generetlng date.

The power_of uging the spreadsheet for gemerating the input_

. database wes eoon’réaiieed, ee unlike a'dumt“data file or ..

. database of.entriee, the epreadsheet'aliows not only data,
_ but also formulas t& be entered in any input data field.

Thle allowe the simple, yet powerful llnking of eeoh
puccessive paremeter equal to the previoue one by simply
copying this: formula to all subsequent cells, ellow1ng only
the f;ret;feeld:to be altered, w1th.automet1o-ohanglng of
the rest. Changes in say shift length from a point, can -

simply be entered as one value, o?erWriting'the formula in

-that cell, with all eubsequent ?aluee now automatioally
‘being equal to this new veiue; This approach allows the

rapld generetion of the ash dump 1eyout oonflguratlon for

the geometric model, as well;as subsegquent what-lf-or

sensitivity analysis, by showing the immediete ovarall

" impact of a generel design parameter change, like increaeing:

the convayor length £xom a poznt with only needing to
ohange the first data value.

" Another teohnique wasg deveioped for generating smoothly

traneitioning deta, which varied 11near1y between two known

‘pointd, by uasing a simple linear znterpolation formula and

copying it to ell_requlred.oells. The inherent relative

' address oopying feature of the spreadsheet makes this task '
:'very |asy. rnie'wae found to be extremely useful for
. generating the offsat dimensions for the main svstem

5 ffontetapk inside crest, to achieve alignment of the inside
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' of the main aystem frontstack crest, with the cutside crest

" of the exieting-standby system, due to the slew points being
- differsnt. The outside crest ‘of the standby system being. a
.-c1rcular curve, . with 4 constant redius from its slew po:l.nt
and’ the inside erest of the main system needit . ko follow

the same circular c:u:r:ve, therefore not belng & eonstant:

diete.nce from the main system’s slew point.

The builﬁ- in goal-seeking .Eunc.tion of Excel .wae also :Eeund
- to be extreme}.y useful for determining the sh:.ft length
needed of a Fixed numher of shifts, tc ene.ble a desired
ghiftable conveyor bese line angle ox a part:.cular
extendible conveyor length to be reached. This eliminates
the need for trial and erxor iteration, :.mmeneely speed:.ng o o

up t:h.e model generation pro::ese.

4.7 . Prototype Program Limitations

© The protokvpe had a number of limitations, t_'nainl_.y 'dee to the |
inefficiensy of prc_:g_rar‘r_mi_ri_g such a powerful modelieg" gystem: |
.direef."'y'witl'i.in the spreadsheet cells, with mini_mel use thus
far of more_.eff_icient Visual Bagic macro processing. "I."hi_s.
caused the main limitation of memory problems, as a typical L 4
spreadsheet file was in the order of two .megabytes in size . I
when trying to model a practical dumﬁ example like Kendal.

tuis limited the number of shift positions that could be
_.'rnod_e'led.w'ithout." the corﬁputer “Shanging”, resulting in a few .
extrapoiaﬁione of.leng term gr.owf.h haviﬁg to he made in soma
instances. . This was however dome fairly easily, simply
extending the general grouwth trends shown on the growth
plan. | ' '
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. The memory limitation forced the deviation from the kasic

'1nput format reqnlrement of keeping all input parameter datae

in one Anput area 1n a database format, with the calculaticn

areas always referring to this information, ?he additional
: link'referen s becaﬁe onerous to the spraadsheat and a

'number of input variables had to ‘be placed in the

calculatlon ared. A few quick-£ix modiflcatlons al-u had to

be placed only'where needed instead of adding them as a

. general ﬂapablllty, which is hlghly undesirable as they

aren’t always noticed when UE1ng the spreadsheet for another -

applicationr.causing much time wastage to get rid of the

‘anomalies.

'Not'being able to’produee'the growkh plan in the form of a

coaxial plot was a limitation as this would certainmly bef_'

more readable than using one graph. ﬁnfortunately Excel re-

- scales the graph plot area to suit the data, but possibly a

co-axial: arrangament of graphs could be controlled using

Visual Basic, to 1mprove readability of the growth plan

The much more inefficient calculation of a spreadsheet, as . -

'ccmp**ed toa custom program, caused even the PE0 Pentium

personal computer to etart taking around 15 te 20 geconds to

'recaloulaoe 4 new grow*h plan. This is still light years

faster than the original marual methods, however when trylng
to vary input parametera_on ‘ar. .teratlve basie to arrive at
optimum'solutions, it became a bit fru&trating to sit and
wateh the computar crunching through the calculatlons,
sometimea causing the dealgner to lose cancentratlon ‘and

focus.
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It was found that the spreadsheet automatic recalculation '

feature of Excel should be switched off when changing a

" ‘number of variables as_autcmatic_recalcula:;on_after each

cell entry befcre ccmpleting all the'desired changes”waa not . -

cnly a waste of. time, hut wauld return meanlngless unwanted

: ;ntermedlate anEWErs.'
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CHAPTER 5

_--RESULTS AND DIB¢USSIONS_'

The final version of the prototype parametrlc growth plan

'modeling system turned cut te ba a very. workable and usger

triendly medeling environmant despite being a prototype,
which wae also very powsrful and certainly succeeded in
auhomating the process of . evaluatlng the grcwth of dry ash
dumps., ‘he system was able to be uséd in a productlon '
anvironment to evaluate a number of different practical dry'
ash dump growch problems on the Kendal ash dump.

The eva’uations done led to an informed decision haing able

 to he made by the power station management to not implement
" a proposed conveyor modification which they had believed was

needed to get the ash dump back to a healthy growth plaﬁ,_

- based on *gut-feel”. This resulted in a net present value
‘saving of five million rand, not only proving its worth, but
paying for itself and saving the company s substantial

amount of meney with its first implementation.

5.1 Practical Implementation Examples

The practical application of the prorotype wmodeling aystem
to the ocut of phase growth problem existing on the Kendal
ash dump showed that such a tool ‘could not only eaaily
evaluate the growth plan for any one set of design '
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assumptlons,_but could also allow the do31gner to perform
feasiblllny, qpt;miaation and sensitivity studlas very
_~qu1ck1y and coat effeotlvely, allowing optimum aolutlons to

problema to be determined.

A numbar_of different problems were evaluated by

45 Guring the various phases of-inveotigating the -

- Kreuiter
Kendal ash dump ocut of phase growth problem,_changing the

'evaluation focus from fEEElbllltY, to what- if,. to
optimigation, to economic and £inally to sensit;viEY'
analysis situotions, each focusing on different'iuput and
ouﬁpuﬁ_areas of the model, - This oiearly illustrated the
immense value of the system to the owners of guch &
faclility, where. the system was’ easily able to provide N

answers to important questions, previously considerad too

costly and time oonsomlng to-evaluate, with *gut-feel”

- decisions invariably being m&do_whioh nsually resulted in

further unforeseen prohler ..

The foaslbxllty analysls aifuation roqulred evaluating if
the ourrent 1ayout oonflguration and a proposed geomekbric
"modifioation to the Atandby system would have acceptable
long term growths,.using the avérage.main system

" availability perforhAnce to date. |

o'Tﬁo'what-if aﬁ&leia situacions arose, The first roQﬁired
- evaluaking if & geometrlc modificaktion could be elihinatedf
if the gtation were to increase the main system availability
to éoma highet valué, in ordex that the wmain system would'
gimply catch up with the gtandby syotem before the end of

~ the dump was reached. The second required evaluating if a
standhy conveyor extensien could slow down the stanoby

syatem sufficlently, to achieve the same result as above,
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This was done with two different 1eyout configurations at
the_éurfent mainleyetem eveilability,_exﬁehding the_etandbye"
:l'eonveyor_ae_ite_euerent-peeiticn and the shift back and
.extend option.  These evaluations could also be viewed as
optimisation exereieee,_ae they not only e&alueted'the

impect,_but_also returned the optimum parameter values,

The economic analyeie situation required eﬁaluatihg which

option would be the most economical, for vdrious feasible

o layout and avellablllty ‘combinations.

'._ Finally, the eeneltiv1ty analysis sltuatlon required .
evaluating how the time for the main system to eatch up wzth
the el:andby ayetem ceuld be reduced, as the main - system
ava;lablllty was further 1ncreased, for the f;nally acceéted

. aption.

- The projected power'etatioﬁfaeﬁmeke_for.#he.remaining.life

of the etetioﬁ was determined from projected powef etetion

performance and coal Quality factors. This was done once
~and used fe:'ell evaluations, as the ash dump layout

. configuration and operating availability would not influence

the projected ashmake.

5.1.1 Feaeibility Analysia Evaluation -

Thege evaluations eiﬁply required the Geometrig ﬂodel af
their proposed layout configuratione to be determined, using
tue geometrlc mode11ng feemlity and then the growth plan for
each scenario to be produced by entering the average ma;u_ _
' aystem availabiiity to date into the Growth Plan Model. The
system automatically'prodﬁced layouk eeﬁfiguretion and -
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g;¢Wth plan plots, whiqh_could_easily bé évaiuated for .
~ feasible growth by simply compa#iﬁg the positions of the o o ;
- main and standby systems to see if_ﬁhgy.réachEG_the-end'of '.

the dump boundary together. _ ' '

The current 1ayout-configuratign was fbuhd-to be nct

. feasible to continue'opérating without. somé form of

modification to allow it to prcvide a contlnunus .ashing .
facllzty to the power statinn for the remaining power _'
atatian life. {Sae ?1gures D1 & nz}

The propbsed'shift—baék énd extension of ‘the standby
conveyor by 300m mbdificatioh_was'foﬁnd to be feasible in
‘the long term, ag the main aystem would catch up with the.
standby s?stém'abcut half way thfough'thE'parallel sectioﬁ.:
{See Figures D3 & D4) This did not however sétisfy the
station’s requirement to catch up before the end of the
'.first radial shifting Sactiqﬁ of the dump, to limit the -
exposure to dust blow from.the largé oﬁt of phase copen
.ashing afeas. This prompled the what if analysis, ko
determine what length of standby system convayor extension
 'wcu1d be required for the main system to cateh up with the
'stanaby system hefﬁra this point. |

B.1.2 What-if Analysig Evaluation

The what-if anslyses ﬁére a little moré work tQ.evﬁluétem as;.
they raqulred some iteration to arrive at the optimum '
~answers. This required changing either the avallabillty
parameter in the growth model or the standby shiftable
conveyor léngth parameter in the gaometric'ﬁodal
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iteratively, until a value wasg fouud which returned an.
acceptahle growth plan.

- Changing the availabllity was a.relétively aaéy task; _
_requiring only a single parameter to be changed, while using '
axactly the same: geomatric model from the ahove current
layout configuration feasibility optionm. This showed.thﬁt
"iﬁ_the main system ﬁvailability dﬁring'aahing could be
- inereased from ‘the average to date value of 70 perﬁent to 81
-percent, the main system would catch up w1th the standby |
system before the end of the dump, allowing’the current
layout configuration to be continued with, without the neg& '
for a layout modification. = (See Figures D5 & D) |

Changiné the standby qonﬁeycr ienéﬁh however required the :
chaﬁging.of a number of other gebmetrié parameters like
shortening the wain systam_frontétack length, due to the two
- systems sharing the old main systemfs_ffontstgck width."Thg
nunber of standby system shifﬁs to reach the end of the
Flrast radial aecticn also had to be changed, together with
the remainder of parallel and radial shifts. This wag
because the same conveyor ghift length over. the now langex
side crest perimeter, due to the longer radius, would now
take more shifts to slew xedially through the game total
angle, Although this was a lot more work than the .
'availability evaluaticn, it waa still nothing compared to -
trying to iterate by manual evaluatiom methpds, a
practically insurmountable task, - ' ' '

. The first of the layout confianration mndifications was to
idatarmine by what 1ength the “Lrndhy shiftable conveyor
would. need to be extended at ite cirrent position, in ordex
to have an acceptable growth rate at the praj&cted_?ﬂ-'
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pefcent main system availability {See_Figuﬁes D7.&_DB$, it
was found that the conveyor would need to be extended by
. 310m, in order to reach the end:pf,the dump tqgether,'

- The second 1ayoﬁt c9nfigﬁration wodification was the _
question raised in 5.1.1 ahove, to determine the standby
shiftable_ébnvgyo:'extension-needed for the shift—back'_-

"bptiﬁn,'iﬁ order that the two systems could catch up as soon _

;as'posaible (sée Figuies D9 &"Dlol'. This was.found'to ba
460m 1nstead of the stat;on 8 proposed 300m, or oue. and a
.half tlmes the 1ength, showing how far out a *thumb suck”
dgc;sian can be, Knowing the now longer and therefore
higher cost of the modification needed to achieve their
_objECuive of getting the two systems back Lnto phase
Lmmediately, allowed the station to compare the cost of
fixing the out of phase situation 1mmediately, as compared .
to the optlon of no modification and catching up by slmply
_improving the main system avallabillty

Due to now being able to see the-impadt bf the main system
availaﬁility on the dump growth, and raalising'thé vaiue of
simply improving the main sYaﬁam availability from the '
rather lgw 70 percent to date average, the station operating
personnel aet.about improving afficiency-andiimplementing_
control syﬂtams te improve the main system avamlabllity
This achieved amazing results, pushing the monthly
avaliablllty up to high in the 390 perqent range almqst_
immadiately.. o ' ' -

.Ob?iouély this was a very short record and would most
cexrtainly be lower on average over the long term, due to
conveybr-shifta} breakdown and waintenance outages, but it

f_was_félt that the minimum of 81 percent availabiii;y during
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ashing could_eaéiiy be sustained, providihg an ongoing
commitment by ﬁanageﬁent was obtained. It'waé thﬁa decided
_to use 81 percent ﬁg a rgaébnable incréasg&”m;in sygtem-. _

"~ availabillity for furthér'evéluatibn, as this wduld'eliminﬁté
the need for a mddifidatiun.on the'cuffent system and any
higher ' availabillty would have a gimllar effect, only

allowing the main system to catch up soonex.

' 5.1.3 Ecanomic Analyéis Evaluation

From the téchnical report by Kreuit:a::‘uj it'was possibie'to
determlna Whlch 1aynut configuratlon and avallabllity
opt;ons were acceptable opticns. An economic evaluation was_
" then done by Kreuiter'™ aa the next phase of the projact, 1n:

order to determine the most cost effectlve optlon.

Thé'fiveffinal options chosen for economic. comparison were
the current layout conflguration and 70 percent
availabillty, with a standby system conveyor modlficaticn '
when it reached the end of the dump (See- Figures D11 & D12),
_ thaxoption_of extending the standby_donyéyor at its current _
position from 990m to 1230m (See Figures D13 & D14) and the
' standby gpnveyor ghift-back and axﬁeﬁd by 450m'optibp {Bee
Figures D15 & Dig}, all at the average Eo'dﬁte_70:percent
wain gystem &vaiiﬁbillﬁy. The Einal twa opﬁion$ ware’thé
current layout configuration at B1 parcant ;vailability'{SEe
: Figures DL7 & Dlai; requiring no conveyor mgdification_and'
- finally a similar shift—béck standby conveyor, but with only -
a 300m conveyor'extenéibn due to using a main system

-availability of 81 percent {See Figures D19 & D20).
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The main focus of these.eveluetions, was to use the.dnmp'
m _growth.plan to determine the positions of the mein and '_

':etandby eyetems at various pointe in time, in order thet thee~
timing for the new draznage, pollution control, tcpeeil
stripping and rehabilitation, shream diversion, land
'purchase, toal - eterlllzatlcn and eonveyor modificatiene
could be determined for use in the. net present value
aconomic evaluation " A{Two examples of such 5- yearly Time-
Peeltion eequences from the economlc analysis can be seen in

Figures E1-E8.}

As eccnomic costing WAS 1ot part of the prototype system,
'this atill required.e substantial amount of work by a number
: of dlEGlPllDEE to evaluate the neceseary worke at the
different peints in time and then to cost’ them. It was
therefore decided to do the economlic evaluation on & five
yearly basis, grouping all works within that period at the
midpoint of eack peried-- This was done due to ﬁhe '
relatively short tlmescale available before a dec151on

~ needed to be taken by management due to budgeting

‘constraints.

bhviouslj_it wouid ba more eecurete to cost everything at
.its actual time needed, but the limitation was again due to
the need'for_exteneive manual evaluation methods in the
ecenomie'eveination and not the fauit of the”new'grewth-“'
plan, as all thig detailed information was now evallable.
Hopefully in the final vexsion of the growth plan mndeling '

- aystem, this costing and economic evaluation capability
could also be automated, again with tremendous time‘eevinge}:

The economie evaluetion showed that the option of no _
conveyor 1ayeut configuretion modificatien by hav:ng raieed '
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__"the main system ava:i._lability.. during ashing to at least 81
-.percent, was the most econbmicél option and was in faé.t. five

) mxll:.on ra.nd more cagt effect:.ve than the orig:l.nal “thumb— o
‘suck” proposal hy the statzon._.f'

" The ‘study was also able to show that this would be the most
flex:l.ble option, allowa.ng the station operat:.ng personnel
the oppcrtum.;.y to try apd sustain an average ma:l.n system
availab:.l_:.t_y of at laast 81 percent_ during ashmg. Failing
. this, it ﬁould. simply be ';.a corﬁbin.atuion betwéen the most |
E'cﬁnom_ic and the second most ecopomic optian, 'but_:' 'ultitﬁé.{:ely
._re@iir'in_g & smaller modification, in iine with the actual
availability.thny'were able to achieve. This opcion was
also tlhe best :|.n ‘terms of cash flnw, not requiring an

E expenslve mod:.f:.ca.tlon at thes start and also allowed &
version of any of the other opt;::.ons to be J.n;plemented at any
sta.ge in the fut:ure, if the situation changed a.n.d wa.rranted.
this_. : '

5.1.4 Sengitivity Analysis Evaluation

The s_ensitivity. ana]_.?s_is was f_airlﬁr' easy to do using the
'proto‘type system, as. t}ﬁ.a- geometric' model for the chc‘:sén

- option alreadﬁf existed and the ﬁariation of the time for the
' fﬁain systém 'tdcatch up. with the étandb’y system could simply
be avaluate.d by altenng the maln system ava:.lab:.l:.ty during
ashing over a range, and reading cff the time to catch up
‘from the growth plas {See Figures D21 to D25).

As can be seen on. these graphs, the main eystem é.t_:t;uall'y. :

crosses over the standby system just after it catches up in.
'-t'hes.e cases.. This could never happen practically and the
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_main system would need to be alowed down by reducing 1ts

.util:l.zation Hc_:wever, in this case only the_ information up

'-_lstc the_time'to catch up was of intereet_and there was hq;;

need to resolve the growt'l plan beyond thi ~dint.

. This infermation was theu plotted on a graph snd a curve
plotted through the points to dEerE a graph of the
. continuous relationship between main system availability

; dﬁring.ashing juls} the_tiﬁe to catch up (Sea Figure D26)ﬂ

Tﬁe:eurreﬁt.te datefimpreved'ﬁain-sfetem availability during
" ashing was determinad.from gtation records, being at 92
percent over the first year and was plotted on the graph, to
read off the projected time to eatch up, if this could be
sustained. As the reeord becomes longer, a more reliable
long term maln system availability can be determined,:
allowing the station to reassess the time to catch up agaln

gimply fiom this . raph.
5.2 oOther Possible Applications
_Besides the above problems the system was used fef,'it can

. be used to evaluate the effect of changes to many other
input variables not varied here. It can ‘be used to check

';'the effect of logs of vo.dme due tn 1neorrect eonetruction

levels. It can also be used ta evaluate the impact on
e#eralljmain-system;availability, due_to a Ilonger shift_-
length being.used,'fequi:ing leas frequent ghifting, eithei
by uaing.a longer stacking machine, by doing additional

- hulldozmng or by allow1ng the stacking machine and ehiftable

-conveyor elcsar to the frontstaek edge, by tolerating higher
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riSks_in exchange for a higher level of gtability .-

" momitoring.

The impact of long term major stacking system outages to

replace major stacking sjétem=working parts, say once every

_ ten years, can be evaiuatad to check the impact of one very
-low main system position availability and the time needed to
'catch up again. _The best time to do this malntenance work

~can thus be determined, moving it away from critical times.

The impact'of out'of phasé groﬁth on the stripping and

-replac1ng of topsoil for rehahil;tat;an of the backstack can

be evaluated, to determine whether stockpillng w111 be

_necessary This information is wvital to update the topseil

management plan, to ensure that valuabla tepsoil resources -

are not lomt by covering them with ash, causing a problem at

the end of the dump iife when the main system béckstack
eventually catches up, ' ' '

The system will be an invaluable aid for the siting and

design of new dry ashing facilities, to be able to not only

-:evaluaté a number of possihle sites, but in fact to be able

to determine the uptlmum layout: conflguratlcn on each site

* before doing econmomic comparisons. Feedback to’ the
materials handllng.secthn can be given as to what tha

. dpﬁimnﬁ stacking machine configuration would be for a.

_ particular site, allowing a more customized stacking machine
‘design, instead bf'taking off-the-shelf designs and trying

to build the most economlcal dump with such a machlne, as

was done in’ the past.

" The system can be used as a teaching aid, to allow a
 designer to develop a feel for the dymamics of dry ash dump
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 growth relationshipé;;'The praétidality of new degign
ccncepts can be evaluated by being able to “build" the dump -
_1n a 51mulatlon env1ronment._ Too frequent -conveyor shlftlng
or sensitivity to go ocut of phase can be evaluated and
Layout conflguratlon changes made to- make the d351gn more
prac:ical. ' ' '

:The ash production model, which wig not ﬁaried_at'all for
thefabove practical evaluatidns; could be varied by altering
" the XPL’s of the bower station; based on varioﬁs load.giowth_
‘ana life. of mine quality plans, to determine the impact on
both out of phase growth and too rapld growth ultimately
_afEecting the capacity, '

One of the intéresting ohservatibns'frqm varying Ehé:ashing:.
rate is that this actually impacts the average ma;p'system '
- availability. This is hbt.dbvicus; énd'waé'picked up- .
‘because the new growth plan plots both the main system .
availébility during agshing as well as the 6vera11 main
| system availsbility including shifting. The average main '
system availability is reduced with an increase in ashing
:rate,"This'is_because the conveyor shifting'timg-is_the
same, while the ashing duration will reduce, making-thg
'impact of the same shifting 6ucage a larger percentage. .
- Thig is 1mportant ko evaluate, when the station has been
runnlng on less than full load for its early life and will
grow tuJardS_ltS full capacity with time. Availablllties
‘recorded in -the early life could be difficult to sustain
when full load is reached, especially with probable higher
incidende'df breakdowns due to ége—related.failﬁras; both
placing additional pressure on the usually low factor of

'safeties-adopted for main system growth;-
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A very importantausezia for routine evaluation of .

operational variatinne to design-assumptions The aatual

values for these variables ¢an be substituted for design

. assumptiena and extrapolated to the end of the station life,

to determ;ne their impact and whether additional ceontroliing

- of that particular paramsteyr is necessary, or whether it aan.
be tolerated in the dump growth. ' '

The number of individual varieblas thaw can be focused on to
determine the impact om the dump growth is not only large,
kut when combinatiens'cf them'are evaluated together, an ;

- almost endless numbex of combinations ie possible. At the - - -
‘Matimba ash dump, the overall dump growth was seen to be -
ahead of the growth plan, but no obvious reasoh_fer-it could .
- he found, with all .variebles inv:stigated s‘a'aming.l.y close
enqegh to the design assumptions. An investigation ravealed
that a number of veriablee were eadih only & few percent
‘akove or below their design assumptions, however each one
_causad.a slight inerease in growth rate, combining to make
the overall impact significant. Regulaz meﬁitoring and
evaluation would not only assist in identifying the
va:ietiane, buk could also enable the station to determine
whether any set of varlations was tolerable, if say the one
variation was offsetting the other.

5.3 Improvements Required

Although it was iuitialiy intended that this prototype would
only be developed to assist in identifying the necessary
.modeling condepts, input variables, output variables and
plota, aleﬁg with the*r.fermats, the ppreadshest prototype
turned out te be a vefy powerful tool. It will probably
take a while for a final version to be produced, with the
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prototype atill able to ?roﬁide.a'very Qood gervice in the

meantime. It does however have many limitations and

especially the geometric modeling capability-would]neéd;tol.

‘be modified, if say it wés_needed_to E?alﬁﬁte a two-gtacker =
'_systém like Liethabo, having two backstacks. '

The memory limitations would prebably make this difficult,
but the existing complex four-cycle raaial bhacketack

. modeling capability could probably be done away with .and an

averagé backstack volume used, as the impact would be small

due to this being the small end of the triangle. 'hﬁ there a

are so many areag of uncertainty in future extrapolation
over 4 to 5 decades, this lavel of detail is not warran+ted
fozr long te:m_gfpwth evaluations and the average wvelumea

would resuilt in the =zame overali'average growth rates in the

long term. Most of the dumps axe inm any case mow moving to

a wmore effzc1ent twc aycle ashing procedura, simplifying the

backstnck geomatxy.

This level of detail is probably only warranted Eor the _
gurrent ghift positicns to allow the estimated shifting time

'to be detexmined noxe accurately. This would then hovever

alsoe need a much higher level of both short term ashing
ratéthc be entered ap well a=m main system actual

availability. Reducing the level of complexity im the

: modeiing relationships where not-warrénted,;ucuid podsibly

allow wore shifts to be modeled without running lnto Memory

problems

A valusble impr-vement would be the ability to key in the

number of main and scandby shift”pasitions and have a Visual
Basic macro set up the calculatigﬁ areas and links to the -

outpun'la?out plota. - ‘Poaaibly this'anﬁire_area'of geometric
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.modellng processing to determine the plotting ooordlnates
and position eehing volumes could be wrltten as a Visual
_:BaSLo macro, not only'allowing the abQVe, but probably
.speedlng up the calculations by ueing arrays 1netead of the

: spreadsheet cell calculatlons.

. A Vieuel'Basio-maoro utility could be writtem to - _
lautomatically ﬁrite_the dumo geometfic.modeling output
coordinates to an-ASCil'fiie in the correct format for.easy'
- importing into the Microstation CAD system. This is still a
.very useful act1V1ty, allowing leyout draw1nge to be |

compiled,

If & capability te generate the dump top suxface levels
.uelng a forwerd slope and the shift dlstance was added, then
a three dlmanslonal surface .eould be exported fo the CaD
system, allOwing contours, cross sections and elope analysis
_of the dump model'to be avaluatéd uein§ the powerful tools

' developed ﬂor sarthworks modeling. The bonefiﬁ would not

) " only be sgpeed, but accuracy dua ko not’ having to redo the

dump medel in the CAD environment in order to produce the

| necessary layout construction drawings.

':h digital terrain modeling apﬁroach caould be developed for
Ithe ground surface using a grid off points exported from the
" eaxthworks modeling package. This would allow easy
interpolation of the ground levele below any poiut. If say
three points wére o be used alonyg the frontsoaok o:aet; the
actue1 frohtstaok heighte could automaticaliy be Jetermined,
allowing a non-contant height frentatack to ba modelad,
The importing of contour lines and boundaries in ASCII
| format could allow these to be plotted on the layout




.conflguratlon plot to facilltate positiOnlng of the dump

: durzng aitlng exerc1aes.

A capahility to autematically produce time—pcsitinn.layonts-'.
' (Bee Figunes R~ EB) would be extremely valuable. Again,"
this could probably be written as.a Visual ‘Basic maczo to
draw’ the positlcn of the standby and main systems onto the
geometric modeling layout plot, fpr any time requested, All
the-necessary information for this aiready exists in the

- model, having been extracted “manually from the growth plans

. for the economic evaluations.

An animation facility could'poaeibly be developed using
_Visual Bae1c, to allow a time step to be entered, whereupon :
the system would use the Time- Position information of the
main and standby systems for these points in the cdump life
and display them in a sequential animation, by drawing and
.then erasing the conveyor and frontstack arest 1ines at
peaitions cqrresponding to the time steps. This would allow
a better'vienalieatiqn and understanding of the dump growth '
- ko be attained,'for'the designers, ash dump cperators and '

" management .

A neﬁ prasent value coating modal could be developed.in the
- system, allowing the cust of conveyor shifting, extending
and stacker and spreader utilization to be evaluated for
.varlous layout conbxgurations A capability to aliow
additional bulldozing of ash beyond the atacking machine 5.
. reach to increase tha position aehing_capacity and reduce -
' hiftinngrequency,'could then aiSO'be builit inte the
wosti. o model, =8 thls would always be an economical nffeet

of spendlng more money. on bulldozing to effect pavings in
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conveyor shlftlng, wlth the cptlmum ccnfiguratlcns to be
determined

The dumps ware all crlg;nally deslgned w1th the ccncept cf
the new frcntstack advancing crest to be constructed

parallel to the current shlftable conveyor pcsiticn This
is hacause che ash_stacking machxnas baslcally operate in -

 this way by traveling parallel to the shiftable cenveycr and

'_plac1ng the final frcntstack crest to their maximum reach

para11e1 to ‘the existing shlftable COTVEYoXT .

:Ic'radial ghifting however, it waa_fcund mcre'ﬁecently by
'féedhack from site mobile plant opéfating costs, that it is
actually cheaper to build the new frentstack crest parallel
to the next conveyor position, This method saves on dczing,
vhile still providing the mindmum safe edye d;stance between
the new conceycr position and the new crest, although |
reéuiring mnre survey control to ensure the minimum s3fe
adge dlstahﬂe ig malntained. An option to toggle between
these types cf dump ccnstructlcn should be developed, to
allow flexibility to model bcth and allow economic

- comparisons.

An actual date scale could be plotted on the new growch'plcn
. on the second x-axis to allow not only the time fxom the

" start for any event ta be read off the first x-ﬁxié, but the -
actual year as well. This would zimply require plotting at
least one of the graphs with this x-range, on the secqnd_x{

axig.




CHAPTER 6
. CONCLUSIONS mqn mgommmions

In this dissertation the development of a prototype

. -parametric modeling computer program, fcr.eutomating the
evalueﬁion'of growth plans for power station ry ash dumps

. canstfucted using main and’etandby stacking'systems, was

presented. The prototype was developed ueing a Mlcrcsoft

Excel spreadeheet with Vlsual Basic user functions, oni an

. IBM compatible P60 microprocessor personal computer.

The_p;ototype.wee.developsd_tq_facilitete the identification .
of the necesaary medelihg coﬁceﬁts, input variables,
relationships, dutpuﬁs'and their fo:mets, together with the_
‘desired ussr'raquiremeﬁts_and aperating environments, to
enable them to be_mereleaeily and.theroughi?fdetermined.

_Thie was seen as a first and negasgary etep'to.prepafe the
way for a more powerful and user friendly final version of
such a syatem to be developed baged on the 1eesone learnt

from thls project._

E 6;1 - eConaiusions '

The prqp:e:ype _cor‘nputer mddeling system developed on the
spreadeheet plotform to automate dry ash dump growth plan '
'evaluation, .showed that the: prav1ous manual and graphical
- based eva.uation techniques could nat only succesefully be

03




- -oomputerised, but improved upon; resulting in a relatlvely
' fast, powerfnl and workable design and evaluation tool. -
'also showed that the parame . vic modeling oonoept, W1th
aotomatlo:visual ﬁeedback_ln ;he_form of numerioal-and
graphical outputs next t4 the input parametsrs, created a
very flexible and intiv’ . . e onvironment in which the
idesigner can’ operate, alluwing a very trapid process of

hom;ng in to the desired eolutlon..

The dav;atlon from using the traditional Eosition-volume and
" Time-Volume modeling relationships to derive the Tlme—
Position growth relatic~ ') using the common volume
pnrnmeter, to the new & . «ch of using the Position-
Tonnage(Capacity) and Time- Tonnage{Prodnced} relatlonshlps
to derive the Time-Fosition gxowth relatlonshlp using the
- common tonnage parametey, proved to be a major_lmproveme;.
on the ofigin&l method. ‘This allowed the more detailed
'modeling of the dump growth per shift te e aohlevad,_
resulting in good corrslation with actual growth main and

standby conveyor shiftlng times.

Praooical.implementation of the prototype to_evaluaoe real
problems on a dry ash dump, showed that such a tool could
-not only easily evaluate the growth plan for any one set of

design assumptions, but could also allow the designer to
.perform feasibillty, what»zf, optimlsation ang Bens;tlvity
‘gtudies very quickly and cost effectlvely, allowing optimum
'solutions to problems to be determined and ongolng
'_evaluation of construction variatlons to timeously and cost

effeotively'be aohiaved
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‘of the fipal version.

6.2 Recommendations for Future Work

Following this study, the next phase of producing a flnal

 version of the dry ash dump growth plan evaluation computer .

modeling system should be_undertaken. The  prototype should

.3bé used as a baBiS'to not only identify the necessary input'

data, modellng, output, formats and operatlng requirements,-

- but the limitations and additional features identifled

during the process should ‘be addressed and incorporatad into

the final system.

The developmant platform for the fipal system should be
carefuiiy'ohoson, to allow good inteération with_rhe growth
plan_and-oonotruotioh drawing output requirements. _The.
option'of an add-on paokage tofthe-Mioroatation CAD.paokage
would prowably give the best integration with existing |
drawingé and plottiﬁg, plus allow all the DIM evaluotion
capabilities of the earthworks package to be harmessed.

In the interim period until such a final version of the '
system can be produced, the prototypo should be imoroved

'sllghtly by ‘eliminating all the short cut development fixes

which were made due to time and memory limitations dnring

the practical implamentatlon phase to make it more user

: friondly.-The prototype system can then be used to address
" other practical problems in the meantime, until a £inal

version oah’be'produood ‘Depending on the time regquired io

' produoe the final verslon, it may be worth while add;ng somo
: of the new features identified t+-3 the prototypa, which would
- not only improve the capability of tha prototype, but allcw

further 1dent1fioatlon of uger requzrements, modelrng

techn;ques and practical problems to assist wirh developmont




. APPENDIX. A  AS-BUILT ASH DUMP SURVEYS

o {Sh.oﬁing'ats—_builﬁ lajrou'.: ;_md' dump growth.) -
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APPENDIX B ¢PREADSHEET DESCRIPTION DRINTOUTS

- The figures in this appendix axe given to show the format

and data types of the various input, calculation and dhtput;

areas of thﬁ pratdtype spreadsheet modeling syStem.
Although some of the flgures are actually in the form .~ _.
ables, they have beaﬁ classified as flgures in this '
appendix as tha axact data portvayed in these examples is
ot impcrtant here. o

Due to the high density of information needed to plat aiduﬁp

'geometric'configuration layout plet or the new growth plan’

information for both the main and standby éYétems;_both on a

- ﬁerlshift.basis, plotting in. colour was nécessary in order

to be able to interpret the mass of ovarléid lines. In .
crder to plot in colour on an A4 sheet within the required
margins, some of the areas had to ba reduaed resultlng in

-quite small print at timeg. It ‘wag felt ‘that this is

- acceptable here as the figures are intended to give an
:cverview of the various areaé, with the actual wvalues not

being as important for thiS-purposef
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APPENDIX €.  MODEL VERIFICATION PRINTOUTS
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' APPENDIX D PRACTICAL EXAMPLES PRINTOUTS

a) 'Faasibiliﬁy Anﬁlysis Eva_lﬁation_Exampies
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. b) What-if Analysis Evaluaticn Examples
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o) Ecomomic Analysis Evaluation Examples

The economic analysis evaluation exercises were done by :
intetrpreting the growth plans manually, to chack ‘whexre the
main and standhy systems were positloned 1n the ftve year
intervals. This was done by dxawing vertlcal lines at thesé
points and reading the borﬁesponding baseline aanés or.
extendihle conveyor lengths off the right haud axls of the

growth plan.

A the intention of this seotion is to show the informaticn

and technique used to extract this information from the
growth plan manually, these originally colour plots had to

_be photostatted to show the manual information, In_ordex to

facilitate'iuterpxetation of the important information being

shown in each case, the use of coloux highlighting had to be

" made.

on the layout plots, a green line shows the standby system

:shifting sequence and a blue line the main system. A pilnk

iine shows the standhy shiftable conveyor lengch at the

'varlous stages.

Oon the growth plan, a solid green line shows the standby

systam bageline angle, while a dotted green liﬁa'showa'the.
standby system extendible conveyor length. - Similarly a

solid blue line shows the main system baselineiangle,'while_

a dotted blue line shows the main gystem extendible conveyor

.lengﬁht' A solid pink line shows the standby shiﬁtable

cénvéyor length variation. Orenge was used to ghow the time

position manual interpretation.
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o Seﬁsiti?ity-knalysis_ﬁvgluation_ﬂxamplas'

.- The . sensltxvity analysis evaluation exercises wera done by
"interpretlng the growth plans manually, to check vhere the

: main and stapndby systems were positioned at the time the
main'system caught up with the'standby system."The maln

' system graphs were allowed to cross over the standby system,'
"even though this is physlcally impcssible, .as only the pelnt_
of catching up_was_of interest in this case, not the

- remaining dump performance.

As-tpe'intention of this sectidn is to show the infdrmation
and techniqus used to extract this information from the
_g:dwth plan manually, bhese"q:iginally-cclqur plots had to
be phoﬁoatat;ed to show tha manaal iﬁformaﬁion.flin.ofder to
liécilitata interpretation éf the important.information being
shown in each case, the use of colour highlighting had to be

" ‘made.

on the layout plot, a green line shows the standby system

shifting sequence and a blue'line the main system,

On the growth plaﬁs, a solid green line shows the standby
syatem baseline - gle, while a dotted green line shows the -

.. gtandby system axtendihle conveyor 1ength Eimilarly a

golid blue lina shows the main syatem baseline angle, while -
a dotted_blua line shows the main system extendible conveyor
1eng:h;' Yellow-ﬁaéIUEed'to_shéw the manual iﬁtérpfetation
" of thé time taken for the main system to catch up with.the
gtandby system. - ' -
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Figure D22 - Semsitivity Evaluation - {8i% stacker
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Figure DZ3 - Sensitivity Evaluation - (85% Stacker
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APPENDIX B TIME-POSITION LAYOUT EXAMPLES
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APPENDIX ¢ SDREADSHEET USER MANUAL
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G.1 LOADING AND SETTING UP THE SPREADEHEET

lt le aseumed that the user is fam;liar with the M;croseft

Excel 5 0 operating environment . If not, the user is

referred to the Excel 5.0 Users Guide

) . pollowing are the

-jbasxe steps to starting and eettlng up the spreadsheet for

eagiegt usge:

Start Microsoft Excel 5.0 from Windows.

Set the.recaiculation te “manual” aﬁd “reealcula:e'
before seve" to off, to prvent-unneeessary o
fecalculatiaﬁ:ef-the spreedeheeﬁ.until'the:esef has
entered in sufficient date to wish to view the result.
Open the spreedeheet workbook, (DAD GPZ XLS}

'Uee the w;ndow control to set the W1ndows 1n normal

window mode, to enable rapid selecting, moving and

resizlng of 1ndiviruel windows with the mouse,

- Five separate windows are set up. Additional windows -

cuil be opened if desired, dependiﬁg mostly'qn the gize

. of the monitor wnd speed of the processor eﬁd graphics .

gard for updating. BAny of the spreadsheet worksheets

. can be accessed in any window by using the worksheet

tabs, however as different zoom ratios can be set in

different windows, it is batter to use dedicated

windows fox certain spreadsheet are?e to prevent

“having to re-zoom too often. The desired window can. '

then eaéil?'be viewed by simply clicking on it with
the mouse or selecting it from the window menu, to
bring it to the top.

The varicus imput and output areas needing to be

_manipulatéd and viewed, have been defined as named

rangee, to faeilltate quick moving to any area for

anut, V1ew1ng or prlntlng. Use the Excel “Name Box“
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 to easily select any desired named raﬁge The namesd
ranges used for lnput, visual feedback and pr1nting in
‘the spreadsheet are: ' '
a)  GeoMod workaheet; . .
i) EMBinpA - gtandby, main & backstack +nput:&.
numerical feedback areaé. {See'Figuré Blf
i) SMBCalcA - astandby, main & backstack
calculatiom & input_areas.:(See Figure B3)
11i] PosTonOUtP - position tomnage output area.
_ (See Figure B4) _ ' I
iv) ' MBFBLytPlt - wain & standby frontstack
layout plot, (Ses Figurs BS) _
v}  StLytPlt - sﬁandby frontstack layout plot.
{see Figure B7). o o
vi? MLytPLlt ?'main frontstack 1ayoﬁt ploE. {Bée
_ Figure BB}
vii) MBSLytPit - main backstack 1ayout plnL (gee
) Figure B9} . '
b) _ashP:oMcd worksheet::
Y AshpfoTbl - deh production table-input &
numerical Eeedback ayea. {See Flgure B10)
1i)  ashproGrphs - ash production faedback -
| graphs. (See Figure Bll}
e} GrwPlaMod worksheet
T DmpGrthCach - dump growth caleulation,
anut & numarlcal feedback areas. [See
Figure B12) . ' _
ii? GPInPltad - growth plan plot A4 size..(Saa:
Figure B13) | '
The five standard windows are normally used for:
‘a) - Window 1 - Gecmatric mcdel numerical input.and
" output, (GeoMod kab, named ranges “SMBInpa®,
"BMBCalchA¥ & “POSTODOULPY) - '

A7l




b) window 2 - Georietric mcdel;ng laybut plot zoomed
. in view {GacMod tab, named ranges !MSFSLytPlt“ &-'
_ :“MBSLytPlt"J _ - |
c}_: Window 3 - Geometric modeling iaycut plot overali
. view. (Gandd'tab,-named ranges "MSFSLytPlt” &
"MESTytPLE?) ' '
d). Winddw-4 - Growth plan graph. {GrwPlnMod tab,
' : _named range - SGP1nPLltAd”) .
e) -~ Window 5 - Growth plan numerical 1nput and
output, (erPlnMod tab, namad range
_ “DmpGrthCachﬂj '

8. Thelhsh Froduction Model can be viewed in any window
'{AshProMoé tab, named ranges “AshProTbl® & _
“AghProGrphe”) and dnasn't.naad_a dedicated window as
it is nsudlly not varied as much as the Géametric- -

Model or Dum? Growth Model.

'@.2 WORK FLOW

'Either tﬁe Geometric Model or the Ash Pro&ucti@n Model can
-be created firs . being ihdependent_of one another. Usually '
_thdugh, it is best to staxt with.the Ash Production Model,
 as it is the easiest and requires thg'minimﬁm of
manipulation, More impofﬁantly,.the ash production lis
usually the independent variable in this exercise, with the
dump-geometfy and ash stacking plant needing to be designed
ox mbdified,.to aqqommcdaté the ash prodﬁction;' once the
Agh Production Model is defined, tﬁa Geometric Model éhould
" be defined, followad by the Dump Growth Model, for a first

| opass.,
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_Only when all three models are properly defined will a
meanlngful growth plan be returmed, althcugh due te-the way

" the Excel spreadsheet worke, it Wlll calculate a Qrowth Planf e

pased on whatever’ input data is preeent when the “Fs*
recalculate buttaon is prassed and the user should use
gaution to not acoept 4 growth plan without checking that
all the necessary 1nput data ila eatisfactory

If the growth plan is mot acceptable in terms oﬁ growth _
: phasging or overali dump groﬁth'rete, either the main s?etem_
' availability,_or the dump geometry parameters which will N
affect the relative aehing rates, volume split between the '
‘main and standby systems or totel dump volume, can be

' changed to try and arrive at an acceptable growth plah;-
This would be & second or subsequent pass through the
process and may require some iteration to arrive at an

accepteble design gituvation.

The-emounc of iﬁeretion will also be influenced greatly _
depending on whethex one is trying to evaluate an existing
”dﬁmp geometry to check on its growth, or ﬁhether-cne ig
trying to iterate towards an acceptable dump layout
sonfiguration geometry_for.a'new dump siting:exercisa. For
siting a new dunp, the indlvidual shift hedghts will have to
be checked separately if the dump is not a constant height

o P 1ike Kendal,.untll BOme | eort of DTM approach ig added -

- te automate this process.

The work flow logic is easiest descrihed by the use of a .
#lowsheet, diagram'{See Pigure @1), to ensble the user to get
a feel for thr wcueling sequence, Any of the input .
paramotere can however be entered at any time and ih any
. sequence, onoe.che user is familiar with what he is doing.
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/. Open

Spreadsheet
arnd Set Up
Windaws

S Ash Production’ ./ Geomstls. o
LN\ _Medel /7 A\_ . Modsl "/ -

Input Ash =~

=, 4 ¥ |nput Geametric [*
- Production . y
Parameters PmmEte.rs

View Geameric
Layout Visual
Feedback Data;
Graphs & Plots

" View Ash
Production Visuat
Feedback Data &
Graphs

No-

Yes : S _ . _ Yeos

Time- - 3
Dump Growth ). Input FS & BS

Téggg?ag_e / ~ Modell - Density -
- * - ’ __Parameters

Poaillon- -
. Tehnage
Data

Input Growth
Plan [nput
Parameters -

View Growth
Plan Visual
\ Feadback Data &

—yee—< Ash Production Must Change
. Scemario?, Dump
Geometry

(" Print New Growth
_ Plan, Layouts, ete.

Figqure @1 - Flowchart for using the Prot:otype Dump -Growth
' Modeling spreadsheet ' .
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Thea uear must hDWEVer, remember to recalculate the

spreadshEete manually by pre551ng the “F9" key befcre _
~ viewing any of the numevical, layout conflguretlen plote or
- graphs for visual feedback, before making any decislone

about the acceptebil;ty of any 1nput parameters.

@.3 TRPuT PMETERS '

.There are a multltude of parameters to be 1nput in order to.
"define tine three models in the spreadsheet. The Geometric,
Model requires by far the ‘most parameters to define the
conveyors and dump geametry for ‘the standby and main
'_frontstacks and the main becketacke,'ee well as ‘the averege-
dry ash density} on a per- shift position basis, to. define '
the Position-Tonnage relatzonship '

The standby system frontstack requires 12 imitial-poeition- :
setting up parameters, with nine parameters from poeition 1.
onwards in the calculation area and another four in the
input area per shift éosifion, giving 13 parameters required
per. standby frontstack shift position. The main system

' frontstadk requires elght initial poeition-setﬁing up
paremetere, with nlne parameters £rom positiun 1 opwards in
the calculation area and another four in the 1nput area per

' ehift poeiticn, giving 131 parameters required-per main
‘frontstack shift poeition. The main system backstack

.'requlree six lnltlal position setting up parametersr w1th 11 o

per gnift positicn, from pﬂextion 1 onwards. A further one
:parameter per etandby system shift 9091tion ie required for
the average fronts:eck dry ash density and two for the main
system £rontstack and bsckstack average dry ash density.
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‘The main system has been set up with 75 shift positions and
‘the etandby system with 70 positions, as this was the number
__needed for the current Kendal ash dump 1ayout conf;guratian.”

{More shift poe;tione can be edded if required, but wnuld

requlre manual setting up and linking of formulas end

:graphieal outputs ) This gives a total of {12 4 (13 * 70) + .

1) = 923 standby system perameters and {B + {33 * 75) + 1) 4+ .
(6 + {11 * 75) + 1) = 1 816 main system frontstack and

* backstack parameters. This r#~lts in a total of 2 735

parametere'to define the Geon rlc Model Poeltlon Tonnage .

'relationshlp, for thle number of main and Btandby ehifts.

This would seem to be a monumental task to define so many
parameters, but fortunately most of the parametere remeln

constant thxoughout§ with usually only the shift 1ength and '

_ cqnveyor lengths changing to generate the various radial and

parailel shifting eeetere of the dump. If the following

‘shift position parameters are aimply linked to the previous -
.:peeition pafamener, only the tirsé_one neede to be changed
- to reflect a general change from that point onwards. The _
" Geometxric Model is however designed with this man? .
- individual parameters per shift position in order to allow -

total flexikility For any of the parametere o be varied at -
any point in the model.
@.3.1 Geometric Model Input

A brief tour of the varicus input areas of the Geometrig
Model is given to assist the user in becoming familiar with -

‘the apreadsheet, The_spreadshee; is initially set up with

the Kendal current'geemetry parameters, which are given here
as defeulf'paramete:s for: reference. Before ueing'the-
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spreadsheet for ariother dump, the user must-eneure'tbat all
input variables are linked by a formula to the previcns
_shift's parameter value, to eneure that no 5pecia1 paraneter

changoa remain which would only apply to the previcus caee.'"

This is why it is good practice to aIWays colour the

: background of data valuee entered in green and formulas in
turquoiee as a standard, as theee changes are then eaelly
_picked_up later._ Tbe uae of the Eositicn Number-volume and
Position Numbar—hnglefnistance graphs {See Figure B2) are
very-useful_tor picking up_unexpected_changes by-inspection
'of the shape of the graph line. Ope can then aasily.gc_to

. the position number input:or calculation area to check for

- any anomalies.

Although one can enter in any of the parameters in any
'order, i€ is hetter to follow some basic sequence to allow
-gradual bullding of the model ‘Zrom tho vizual feedback )
information. The euggested procedure follows: (See Figures
B1, B3, Bi & G2-G7)

:1 Input the medel start point as am (Xo,Yo} coord;nate. The
standby gvatem ehiftable cenveyor etart point ie used ae .
the-model start point. The values are entered in the
. first row of the standby system shift. length columns

'{“Sls" and “Sla", yellow backgraund) in the “SMBInpAF

" range.

2 Input the dlatance £rom the standby system shiftable

' con#eyor start point to the main system shiftable conveyor
Btart point as (AX,AY) values, The values are enterad in
the filrat row of the maln.system shift 1ength columns.

N (“Sla" and “Sle”, yellow background}
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3. Input the sh1fta.ble conveyor lengths in the f;rst row of

" the standby and mam “C-Im* columns.

'4.Input the shiftable conveyor st.rting baseline angle in -

'th_e firast __ro'w'of the standby and main “SLA" columns.

5. Input the initial 9051t10n setup parameters in the

“SMBCalcA” range posltlon 0 standby, maln and backstack

areag.

The paramsters required are: ['I'yp:.ca,l Kendal

current configuration values in square brackess]

Standby Frontstack:

_ ECI..@ - {130} {initial ex‘_‘-'endible cénveyor

length )

. ECLOBLA (30] (initial extendible comveyoxr
“baseline angle}

U slis o - © 0] {to set up initial frontstack

cregt baseline radial to £irst conveyor pos)
Ste o - . [36] (shift 1e.n'gth' end)

SR o 60! (stacking reach}

.ljs. b(parallel} [30] (t:o set up :I.m.t'ial
frontstack crest baseline to tie back to}

DS ofradial) | [57]1 (to set up." initial
frc:ntstack crest baseline to tie back ta)

Ho - [22.14} (frontst:a.ck haight)
ssSe o [1.2] {side slopa end) - _
asss o [-1.2]  (side slope start, to tie onto

'existing standby system) .
- 8ED FAC [0.8] (SEPi = Hi * SED FAC)
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~ Main Frontstack:

Sls o [&] {td set'up ihitial frontatack

crest haseline radlal to fzret conveyor pos}

SLe o B [72] {shift length end)
Ho '[ZD]_(frontstack helght)_
. M8Se o -:{G.T}IIeide slope end)
MSSs o [-1.2] (eide:slepeIEtart to tie onto )

existing standby system outside'slcpe}
De o ' [260] ' {@istance from shlftable conveyor_

and polnt ‘to creetj

Backstack« o _ _
BDE o .[132] (cutback to toe of beselinel
_Bs_q T fl,z}-{backstack fo;ward elope)
BSs o . 19.8] (backstack start side slope)
'BSe o [7] {backstack end side slope) -

' _BSR'o ' [71 {backstack roadway width between

' 'conveycr and toe)

BH o __[9.53 (backstack height)

6 Input thie firat (and subsequent if required) pos;tlon

_input values in the calculatlon ares [“SMBCach”)

Stenﬁby Frontstack:

‘Follow [li (aide eloPe'efest and toe to
 follow from previous) SRR
 Flipslpmwst ~ [0] (Flip slope that is twisted,
 when going from negative to positive gloﬁe anﬂ._.
_folloﬁiﬁg}_ ' . '

Gam i . [90) (angle between extendible
eqnveyor_end.shiftable conveyor)

BR i 160] {stacking reach) -

179




» . Ds i | [14] (d:l.stance from sh:.fta.ble conveyor
' start pomt to start crest) .
e Ded . o 1201 {distance from sha.ftable conveyor o

end po:l.m; to end crest}

3 ‘H i : [22.14] {frontstack he:l.ght}
* . 888e i 11.2] ‘(side slope at end)
e« ss8s i  [-1.2] (side slape at start, to tie

onto exlsting standby system)

. Main Frontstack: _ o
. Follows [%] (starb side slope crest and toe to

:Eollow Exrom prev:.ous}

. FollowE [1] {end side =lope crest and toe to

' follow from previous) _
. ~gGam & [a0] {angle. between extendible
conveyor and shiftable ccuveyox)
e mR 4 fo2] {ai;a.cking reach)
« - Dpsi ©[10] {distance from shiftable conveyor
start point to start crest) '
e “Dedi faot (distance frbm- shiftabl_é éon’veyor_

gstart point to end creast)

. B 1 [27]- {frontstack he:l.ght)
. Mese i  [7.5] {side slope at end}
. Mass i : [-1.2] ({side slope at start to

" * g onto ex:.st:.ng standby system outside slope) .
Main Backste "v.

" No. b_ackstack parémétérs exist in the calculation area, as

all ware co'rreci;ly put into the ‘input crea of the _
| “GMBIODA’ range. The main and si:a‘ndhy' System pa'rafneters '

will e.ventua.lly also all only be in the :anut area, mak:ing

it unnecessary to need to change parameters in the
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calculation area., This is cot: 'only -1 moce difficult.

prccees, due to each position using 22 lines, requiring
- paging up and. down, bu :|.f the work.eheet is not protect:ed.,_ B
the oalculatlon formulas could. be changed or deleted by

mistake, .

7. Inp'dt' the remainder of the standby and main -frontstack and
. main backstack par_a.fneters_ in the *EMBInpA” -ange.
Standby Frontetaok ' ' -

8 SLs 3 [a] {rad1al} . [36] {parallel) _.
. SLe i [40] (radial or parallel) )

°. LetFs .- . [0] (norm_al]__ [16'?] {tie into

existing standby frontstack)

Main Frentstack:

. 8Le i- - .[0] [radial} ' [(72] (parallel)
e 8sLei . [e0] {radial or paralilel)
& - LetFs. . {01 (;mormal) [924] {tie into

existing standby. f_rcct gtack)

Maz.n Backetack _
« BS i ©o 1. 2]' .{b'a;ckat'aok'fcrward' slope)

. BSs i [1.2] (backatack atart s:.de slope}
»  B3e i . [71 (backstac}: end side slcpe}
¢« . BSR i {71 (backstaek roadway w:.dth between

'oonveyor a.ud toe)

s BH1i [9.5_] (backstack height)

' '.The re’maindef of the backatack input paramet'eref are -
required to define the complex backstack forming sequence,

either a fou.r—cyclo,' two- cycle or a one-—cycle stacking
prccedure This is requ:l.red as- the etacker carmot travel_ .

the complete distance down to the sta:rt. end during radzal
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- fxom start to end.

: backstack from the end towards the stert,-aehi itself

:_ away, whlch glves the stacker sufficient space to get out

_ between the previcus backstack toe and the new shlftable

-single—cycle which would be used during parallel shifting;
Typical parameter values for the four-, two- and single-

_shlfts, due te the size ef the stacker and the relatlvely

' small llew angle. .

In the past, a four-cyele sequence has been used to place

a short backatack, Exrom the furthest positron the stacker"

' can travel down behind the convayor. Thie ie theu

:followed by a wmedium length bhackstack, as the conveyox. is

now sleﬁad.at twice the angle. A short backsﬁack must -
first be built again and finally a full length backstack -
can be built, as the stacker ig then able to get right _ 
into the start end corner. With this procedure the
stacker must always walk in from the end to_the_etart
behind_the shiftable cqnveyer_and'then build the-backsteekj

More recently, & two-cycle backstack sequence has been
adopted, where the stacker builds a medlum 1ength

into a corner. The shiftable conveyoxr is then shifted
conveyer poeition} building the second cycle full length -
hackstaek from start to end.

The backstack modeling was therefore designed tce:

accommodate both the above procedures, as - well as a

cycle procedures are given below:




Four-cycle:

| EENEO
_ o'_'_L351 _   _¢4&5T
+  1ES2 [485]
. BL-IL2 [1}
s+ Imss  fass]
»  BL-TL3 (1]
© Foll [0)
Two-aycle: (Radial) -
. LBsL [485]
s uBs2 [4BS]
| ¢ . BL-IL2 {1
» . ILBSZ . [485]
®  BL-IL3 (1}
¢ Foll _ )
Cne-cygle: (Parallel)
{i)
. LBS1 . [108)
e imE2 12.08]
. BL:-IL2 [1]
¢ 1LB&3 f108)
. BL-IL3 (1]
«  PFoll - (1]

Igadial}

Sy

(i+1)
[485]

12}

[250]
2]
o1

(1+1)
[a85]
[250]
2]
[180]
[2]

gt

@.3,2 Ash Productioﬁ_modei Input

(2501

li+21 :

[485]

[485) .
(13
[485]

1]
[0}

BN N
" [488] -

(250}

[21

[160]
£4]
(1

Tha 1nput for the Ash Produdtion Model is gelf explanatory

{See Figurea B10 & B12), uelng tha same rules for entering
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either values or formulas. The values are usually:aﬁailable...

~fxom life-of-mine plans and power station load fo.acasting =

._information._ Eight different parameters are raquired here
(Years from Start and. Year are really the same informatlon)
and if ‘don? on an annual hasis for a2y a 50 year gtation
iife, this would result in 400 parameters to define the '
Time- Tonnaga relaticnshlp.

This model was develﬁped after the Kendal evéiuétién
exercises and ag Kendal did not requife a variation of the
ashmake scenario;'thééé_TimeeTonnﬁgé oﬁtputs were not used
in the Dump Growth Model for the aéhmaka inputs. This is
why there iz a differénca bethén ‘the values and the time
steps in the Dump Growth Mndal ;nput ‘area. This'table can
.easily ba modified to return the pame type of output and
 then the input ranges in the Dump Growch Model linked back
ko the Ash Production Model by simple spraadshaeﬁ Formula
referencés. Onee this linkage is made, the “expected”’and
“upper bound” scenarios can be used to quickly chack Lha
sensitivity of this variation on the dump growth

G.3.2 Dump Grwth Madel Input

only four parameters are required here (See Figure B12), the
. start date (which should be the same as the ash production

start f£xom the Ash Production Model) and the atandby_system'

conveyor shift duration, main syétem conVEyor'shift duration - -

and the stacker availablllty during ashing, on a per-shift
basis. - '
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A

-_.Figure_Gz - Geometric Model Position(0) Conveyor Setup Imput
' Parameters. ' ' ' '
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Figure G3 - Geometric Model Position(0) Frontstack &

 Backstack Input Parametexs - Radial.’
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=~

* ymaly) A Eipey

. HUJof Uo[oRsIAY

- Geometric Model Position (1) Frontstack &

. Figure G4

-Backstack Input Parameters - Radial.
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A

_ ?igure.eS_-.Geometric Model Position(0) ‘Frontatack &

" Backstack Iﬁput‘Parametérs - Parallel.
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Figure G6 —'Geometric'Model pugition(i} Frontstack &

Backstack Input.Paramgters - Paralliel.
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FrontCrest ~ Side Slope _ _Front Grest. _Side Slope

o | o
L |

W - 1) —

| - :- - -1
';..--*" T'Msteq _ 4 . ‘g'i—-— |
~§1. 1 Slope .{ N Slopa |
i R |
- Existing [ 7T 1| - | Exating | |
e Dump . . . RE— Dump .
® e S R ?
a) Side Stope FIIpSIpTwst = b) Side Slope FlipSlpTwst = 1

B Side Slope FleSIpTwst Parameter (Changmg frorn a negatlve
to a posltive slope) ' L

Front Crest Side Slope. ~  FS Crest . Side Slope_ -

@ @
&) Side..SIope Follow=0 | - b)Side Slope Foliow = 1 _

A, Side Siope Follow Parameter

' Figure 7 - Geometric Model Input Variable Explanations. .
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ADPENDIX H SPREADSHEET PROGRAM MANUAL - |
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| H.1 SPREADSHEET PROGRAM CODE

Althnugh the Dump Growth Madeling system, _AVElcpéd'cﬁ the ..
Bxcel 5 ¢ spreadaheat a7 a protntype, is merely a.very high
‘level form of pruy - iming, thenspraadshaet_does not lend’
'itseif-td'printing out the ﬁrngramming bddé like traditional
pragrammlng 1anguages. “Although the férmulés in the |
individual cells can be printed ocut, it would be imposslble'
to follow their logic without beinv able. to see the row and
column reierences on ‘the spreadsheat pages as well, as call
_references to rows and colunms are used in the formulas ‘end

not the column variable names,

Viewing the actual protctypa spreadsheet models would ke
much more benef;clal to anyone wishing to modxfy the’
prototype, but the final version of the modeling system
_ﬁould be much more efficiently done using a traditional.
- programmzng Ianguaga, or possibly one of the gimolation

& and Ramos and Goodwin"’ The

languages mentioned by zador"
.auditing function éf Excel wés found to be extremely usafgl
_ for_checking.the programming lagic_and cell references -
dﬁring_devalopment,_dEbugging'and varification;:as_the'andit
function will draw arrows back to all cells referred to in

' the current cell fc;mn}a} or to all the ceils which refer

back to the current cell. (See Figures HI & H4)

. In addition, due to the way thé'spreadsheet works, many -
ingenious_work?afdund_tadhniqﬁas'had to be developed for the
';prctotype,_which would be of 1itt1e_vaiué to a traditional
__progfam.1anguage'without these limitations., As the '
intention of this project was to develop a prototype _
modeling system to assist in identifying the necéésary:inpuﬁ'
" parameters, oltputs, ﬁcrmats and'ﬁodeling techniques for a
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final more user- friendly and integrated program, k- was
deemad sufflclent to rather descrlbe tha prototype program &
logic in the form of - modeling concepts and flowsheet logic
o daagrams

. H.2? MODELING CONCEPTS

The input parameters used by the spreadsheet are deacrlbed
“dn more detall in the USER MANUAL and NOMENCLATURE. As
mentaoned ‘there, due to the neéd to keep the column widthg
.as small as possible to enable the maximum amount of
information to ba viawed slmultanaously, fairly-cryptin
‘acronyms had to be used to ‘name the various. input and output
_ paramaters.' These parameter namas are placed at- the top of
the columns in the various 1npgt, ocutput and calculation
areas. Either the conveyor sghift or'poaiticn numbex is
plaaad.tqjthe left of’tha input areas fSee Figure Bl) or as
a shift position number in the top_ieft.of the individual
system shift pritian-calculation area ranges (See Figura
B3). The column parametar names could-therafofa be _
considered as. array variable’ names, with conveynr positlon :
Andices (eg MECL[i}) to descrlbe the parameters per conveyor'.
' pnsiticn. A description of the modeling concepts follows:

CH.2.1 Geometzic Model

This model is fairly complex, both from an input parameter.
ani caloulation point of view and requires a large amount of
_ aamculation-to arrive at the Tima-Tonnagé geometric
"_relatiqnshiﬁ for the main and standoy systems. The basic
..coﬁcept_offtha Gaomatric Model is.fairly si@pla though and
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‘models each individual COnvekcr éhift'ﬁcsition, for the main

- and standby sYstem, with a number of geometric parameters

- which fully descrlhes each - shzftabla conveyor pogition and -

. its ashing areas. These parameters flrstly daflne the

shlftabla conveyor and extendible conveyoxr positions for a

particular shift relatlve to the previous convevor positicn

" and than daf;ne the frontstack and hackstack ashing NI R Y

relative to the conveyor position Zrom which it Wlll_hy

formed,

Using Ehis gaverning concept, thE'dumﬁ ashing'geametry
parameters relative to the shiftable conveyors can be

entered, whlch are usually falrly constant for different

radial or parallel sectors of the dump and then all that is |

needed to generate the complete ash dump layout
configuration geometry and related shift positicn vo;umes;

‘'would be to define the conveyor shifting pafameters per
'pos;tlon, to steer the dutip in almost any conceivable .

.direction, withln tha site’s layout and ‘geometric

limitations, as_well as the physiecal and practical
limjtationa of this type of conveyor stacking equipment.

Tke concept tused to define the conveyor shifting length and

' type, either parallel or radial shifting, is to simply

specify a distarce whi;h:"hé start and end points must be

moved forwards'from tha current shiftable conveyor start and
end points; The'ashin# geometry_madeling For the frontstack'
and bhackstack alsy uses this shifting information to decide
whgthgr'a"radiél'or parallel frontstack or backstack ashing
geomatry.will he'eonafruoted, BaSicaiiy,.if a zéro distﬁnée

shift length is specified for the shiftable conveycr stark.

point, then a radial shift rasults, with only the wnd poir.
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' heing ghifted farwards, while equal shift lengtha result in
a parallel shift.. :

If the shiftable conveyor length is increased or shortéhed
for any shift, the new end point is pqs‘*ionéd this'ahift
lgngth-iﬁ front of an eqﬁiValent cobveyht'length for the .
cﬁrrent shift, acting as a baseline, to ehsure that the eﬁd
point distance in radial shifts is still only one stacking
reach away from the prav;ous backstack. If:it.were_to be -
projected from the current shiftable conveyor end point and
' then the conveyor extanded, the néw end point distahca back
to the previous backstack could be much greater than the
‘stacking reach, impiying not only dozing backwards, but
probably a huge amount of dozing foxrwards to be able to
shift the shiftable conveyor end paint this far forwards.

The aahing-gaometry for the frontstack and'baqksﬁack areas
is then determined relative to the new shiftable conveyor
start and end points. The fronﬁstéek and backetagk yolumes
are determined in t&a‘prototypa by determining the plan area
: of the new frontstack or backstack and multiplying it by a
constant'héight'paramater for each shift and system, A
varylog dump height was not allowed for in the pratbtypa,'as
it would simply be a large amount of additional work, noct
‘essential for developing the dump growth modeling concepts
for Ehis pfojact. It was also unn@cesaafy £y modeling.the
" Kendal ash dump practical problem sltuatlons due to the
Kendal dump beilng a constant height above the ground.

Although the patural ground does of courge vaxry over hills
and valleys and the ash is dumped at an angle of repose
againat the previoud face and not wi&h_vgrtical front
slopes; the basis for the volume estimace was that as a
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 fromtstack cross- section taken at right angles to the
 shiftable conveyor. is a parallelogram shape, the area is the
~same as the area of a rectangle with the same tcp length,
being_hase times perpendlculax heightr 1ntggrating these
trogs-~gection areas would give the.same'volume as tﬁa plah o
" érea multiplied_h?'thé perpendicular height. The backstack
-is-almbst always = consﬁant height to get tha maximum ash
volume within the stacking height limitation. In the event
‘that. either the frontatack or backstack heights are not
donstaﬁt for any reason, this can simply be handled in the
prctotype by entering in'aﬁ.aﬁaragé height value, aeterminéd

at the center of gravity of the area.

Obvicusly some form of automatic helght len51ng procedure
will be assantlal for the flnal version, as this will allow
-non-~constant height dumps to more easily and accurately ke

. modeled, especially for siting exercises, where the designer
- would like co move the dﬁmp éround to'get the optimum .
.'location and layout configuration,. possibly for a'number of
sites and « ‘en trying different layout configurations or

d;ffarent scarting points on one site,

The vulﬁﬁa,df_the frontstack and backstack sections between
" the start and end cresta is thus determined in.this way,
with the side alopas at the start and ends being determxned
from avarage end: areas of the triangles at the previous and
new crest lines and the distance between them. Using a
posiﬁive:aiope results in a positive slqpe.volume'which must
be added to the inside volume., Using a'nEQativg slbpe
'impiiea that the slope ié under the insidE'section'and.must '
_ be deducted from the inside section volume, as this volume
has already been placed hy a previous ashing axer&isa or the
standby system, which is always ahead of the main system.-' '
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. As the three volumes are always added together, a negative
slope will autamatically have the 6351red effact.

Thé'fk;y)'éodrdinatea fo: the extendiblé aﬁd'shiftabie .
conveyors, as well as the frontstack and backstaqk aéhing
geomELrylara dﬂtermihed for each ahift'pbsition;. The afea_
of the shape of the inside sections of the ash, which is
used to determine the volumes, is then determined from the
ahapé'sjqorner coordinates, independent of what shapé:the
area ia,_the.éhapé being detezmined by the_cbnﬂaybr shifting
péraﬁeters, .Théée éoordinaﬁes are then also used to draw

' the-layout'cnnfiguracion.plob, giving a direct 1ihk_betwaen
.the lnputs, volumes and graphical visual feadhack. Thie
ties in well with the concept of . ,AE the graphlcs looks
right, the volumes will also be correct.”

‘This modéling-approach is fairly.complex'for the sténdby

- system, as & parallel shi £t would usually result in a four-
cornered sghape, vwhile a radial shift would be tr1angu1ar fcr:'
'the first shift and prac¢tically trisngular for the rest,
however actually consist of four cornmers, due to the way

- they intersect the previous fromtastack crest baseline, This

radial intersection baselina_ié always the lapt parallel
- frontstack crest line (See Figure H1}. If the frontstack is
. ent back using the “Lsth"_parameter, both a radial and

parallel frontatack would have Ffour corners,

Bn andmalf occurs whEn'gciﬁg from a radial sectidn to a
parﬁiigi section, wiﬁh';he:firsb parallel shift inside area ..
acﬁually eonsisting of a five-cornered shape. This was
handled in the spreadsheet modeling by always using a £ive-
"cqrnéféd'shape to define the standby ﬁronﬁatack inside
areas; whibh'was_than'divided into three triangles. Tae
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' area of gﬁchftriangle'was then determined from the
triéngle’s {x,v) coordinﬁtes by ﬁsing'the user funétion
 “Area” (see Appendlx I} and tha three areas’ ‘added together

to glve the rotal frontstack inside area.

The'fivé—cbfngrgﬁ.éhapes wguld always_have-three positivé
ﬁalue triangle areas, while the four-cornered shapes would
‘have two positive value triangle areag and one zerc value
triangle area, due to two of the five points being
coincident. The triangular shaped'iirst-radial shift

frontstack Gouid'only'have one . positive value triangle area -

and twa zero value triangle areas, due to three of the five

901nts belng coincident. (See Flgure Hi)
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The main system frontstack ie much simpler, due to it always
- heing eut back and: the frontetack crest never intersectlng

"~ the previous frontstack crest baseline Thie always resulta'.
in a four-cornered inside area ehape,_for both radial and
parallel shifts. Another user function was developed which
._Weuld'determine the area of a foui—cérnered shape from the
corner’s {x,y) c¢oordinates, as thig would requ;re taueh fewar
1nput values, not hev1ng to repeat valuee common ko each
triangle. The “Areae" user cammand_(&ee Appendix 1) is more
efficient than dividing the four-cornered shape iﬁte two
triangles and calculating the area of each and totaling.the
'result in the cell formhla. The side slopes are determined
in the sdme way as for the etandby aystEm.

.Actuelly a similar formuia could be developed for a five--
cornefed shape, which would be much more effic#ent and _
easier to refer&nee; hut would naed tq_be checked'that it
does hot return. incorrect answers if some cornefs.ere
coincident, This can be done as. a temporary modification to
the_prototype_te_try and improve its efficiency in the o

‘meantime.

" The backstack volumes are much more coﬁplex to model due to
the complex four-cycle radial ashlng procedure traditionally
'used (See Figures G4 & Q6) This was requlred due to the
1arge size of the atacker and the relative small slew
angles, making ikt impoeeible for the gtacker to trevel the
‘entire distance down towarde_the start point, after a -full
backstack has been placed. The'feﬁr'cyele p;ocedure e1lewe
the first backataﬁk in the aycle to be bullt From the
furbhest point the staeker can raach, with the next shift
allowing the stacker to gc & little further, due to the
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o .full backstack from- the gtart side to the eﬁd side. This E

'lcrger cpen anglc betﬁcen the first bcckstackfand'the_cecccd”
_ shifccble ccnvcycf-positicn;"rhe-thirc cycle'must.again be
a shcrt'backstack'similar to the'firét; with the 1ast~-'

' backstack being able to be huilt a1l thB way to the start

" polnt side.'

In order to modeifthis, three four-cornered shaﬁes'ﬁcrc'
usad,_with the user being able to define the distance to cut
back each shape from the shiftable conﬁeycr start poinc andg |
which of the last four backstack crest lines to'ash.ﬁack to
in'each”shape. (See Figuxe G4) The user funciion XIn and

- ¥In (See Appandlx I} were used to determine the intcrsectlcn
points of the cutback llnesJ with the relevant baselines to

- ash back to.  The area of each of ‘these three. four- ccrnered
shapes 1s'datermined similar to the main system frontstack.
inside area, and the side glope volumes determined similar

ko the frontstack side slopes.

'élthcugh this procedure is complex, it haa great'flexibility'
in that it allows ﬁhe-designer to model either a four-cycle,
o a twcchcla_cr c'single—cycle backstacking operaticn. _
 parallel shifting of the main system allows the stacker to
‘walk the full distance down to the start to form a full

- backstack cvery time, resulting in a single-cycle
'hackstacking cﬁ&raticn; Recently an 1nncvatiVe two-¢ycla
radial backstacklng apprcach has been trled which requlres.
the stackar to bulld a shcrt First-eyecle backstack frcm the
‘end point to the start point, ashing itself into a ccrncr.

. Once the shiftable conveyor is moved away, it can build a

results in an “out and back“ prccedure, w1th the frcntstack
~alac being built in two dlractions, resulting in a saving of
50% of the traveling distance for the stacker to place the
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same volume of ash, a cone;derahle saving over a 50 year
etetion life, couemdering the main system belt is usually
' around 1700m. 1ong

The glew. angles, baseline angles, extendlble conveyor
lengths and vertices’ doordinates for the conveyors and
ashing geametry are-determlned'ueing_basic trigonometry, to
determine Ehe geometry {x,¥} coordinates. The parametric

_medeling technique used ln ‘the spreadsheet prototype to
produce the automatic laycut cenfiguretion plat of the

' atandby and main eys:emfs conveypr and ‘frontstack and

.bQCkBteck shapes, was to define a segquence for the verticee’
(x,?} coordinates in'adjacent X- and ¥~ coiumns, which were
then simply added to an X-Y graph as eeparate line series

. for esach of the positlone (See Flguree BB BS & B?}

_The etandby gystem plots the extendible cbnveyor'exteneion
_end_ehifteble_cqnveye; ueing three_pointe_aﬁd_the frentetack.
ashing front creet and sideelcpee ueiﬁg eight points. In
crder to draw one poeitian 5 conveyere and frontstack
geometry ueing one 11ne _series, to limit the numbas. of line
peries (Bxcel limit = 255}.and allow the game colour to be -
. ﬁeed_for oné pesition, a.gap.waa left between the conveyor

and the frcﬁtstack geometxy pointe, to.prevent BExcel drawing

. .a meaningless connecting line fraom the end of the shiftable

conveyor to the start of the frontstack geometry. 'The -

- frontstack geometry used some dummy points to limit the _5
‘amount of space required for each position, by drawing the

- line gver iteelf in gome eaeee. This is better than leaving

aﬂgep and then having to Specify the same etartlng point

';'again and can’t be seen on the plot . (Bee Flgure H2)

202




4 . _

'LExtendible Canveyor

b} Backstack PIotung Point Saquance
{—8} '

Frontstack Front Grast

Extendible  Shiftable Gonveyor
Caonveyor . ’ : )
: - Side Slope

i 1
Side Slape Extension
- Start - _ o ‘End
— Frontstack Frant Crest
L] GL o . ' ) |F.' . :
T- ......................... n—li--_-'—lf- . .
Exiend[hle Shlftable Convayur : o
& Canveyor

' Extenslon :
a] Standby & Mam Coriveyor & Frnn'ﬁtack Plottlng Polnt Saquance

Figure H2 - Geometric Model Frontstack & Backstack Plotting
Geometry Goordinai—e Sequance o

1203




The main system conveyor and frontstack gecmetry ia. done in
ithe same way a3 tha standhy systam. (See Flgurea B3, BS &
'Ba}_ The frontstack side ¢t and front crest, as well aé.
. thé two side slopes front edges and toe are thns drawn; with
“the new position's'shiftﬁble conyeyor being seen'Standing on
: Ehe'previouS'positicn's frdntstack This geometry is simply -
_laid agalnst the prev1ous positlon, glving the impresslon of
the frontstack area added. - The front slope toe lipe of the
frontstack is not drawn, as this has little. beneflt, while
making the already compllcated per-shift layout
configuration plot even more dgifficult to interpret.' For
. clarity, the standby systém geometry is drawn in a solid
11ne and the maln system in & 6ntted llna, with each shift
in a different colour, reiatzng back .to the vertical colour
bars on the edges of the input and output areas and the
i number‘s colour in tha calculatlon araa ranges. (Sea Figﬁres

B3 & BS)

The ‘backstack géometry:is determined in a similar way'to'the__
frontétack's, réiative Eo the main system shiftable donveyor
stéxt and end pointa, {See.Figureé.B3 & B9) In this case it
was deeﬁad-necassary to also include the backstack froht
sloﬁa toe iine, as mot only is the backstack front slope._
crest line important to check that the stacker can reach to
" this point, hdﬁ'the aCGESS'rdadway"batwéen the shiftable

. conreyor and the backstack fronb toe line must be specified
to allow either single or two lana cperating and malntenance
access behind the shiftable conveyor, after the new

' packstack has been formed. (See Figures G4 & G6).

Thié:mofe complicated backstack gecmetry also including the
: Ehrea cutback'areas; needed 22 points to desciibg the line -
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‘eeries. -(See-Figﬁre'HZ] This was drawn on another'plOt,

together with the‘meln system frontstack and conveyore

. 'This ellows the backstack geometry to- be meen together Wzth R

.1te ehiftable conveyor and meln frontstack end zide slupes. .

Tha final part of the Geometrlc Model is the eonvertlng of
the position frontstack and backstack’ velumes into an
 equ1Ve1ent tonnage eepacity, by elmply_mulplplylng the
volume by the iverage dry densi.y. {See Figure 34} The main'
system fronteteck and backsgtack use different dansity
' parameters due to their very dlfferent heights, but are
added together to return only a total main sygtem equivalent
'.tonnege capanlty, as growth performence with;n the shift wag

not required

H.2.2 Ash Production Model

This model is very simple, both from an input parameter and
calculatidn.point of view. The estimated energy. semt out
(BSQ Gwh/y) 1s determined Zfxom the mumber of units in.
" commission, the net unit pownr rating in MW, the
availability (UcF) end-energy utilization factor (EUFi
.percenﬁegea and converted te Quwh/y.  The reguired coal burn
tonnagas are 4’ hrmlned by dividing this value by the
caloriflc value [CV) of ‘the eoal and overall station -
efficiency factor, taking care of the unity, te produce the
.coal tonnages per year. This is then wultiplied by the ash
pereentage Lo determine the dry ash tons produced per year.
- Thege are then added to give the cumulative Time—Tonnage ash .
.preductlon informatien ‘(Bee Figure B10}

205




H.2,3 Dump Growth Modsl

H.Thae model ls very simple from an inpnt parameter point of
'view, but falrly complex from a calculation point of view.
The per-ghift Geometrlc Model Pogition-Tonnage information
-_{main and standby shiftable cdonveyor baseline angle,

- extendible conveyor lengths, ehlftable conmeyox.lengthe and
.fequivalent tonnmacz capacity} and cumnlative Agh Production
' Model.Time-Tonnage information ie'uaed, together witn an'
ashing staré date parameter, the main eyetem etaoker
availability durlng ashing and the maln.and standby
-ehlftable conveyor Bhift;ng time paramete*e.

_The_dnmp growth is & fairly tricky relationship to determine .

on a per-shift basis, as the ash production rate can vary at

any point'in time, depending on the time step used for the.
:_nodeling. It was felt necessary to allow any time step
‘interval to be used at any time, te allow annual estimates
for long term planning and geasonal or monthly time steps
for the first one to five years, to allow more accurate

short and medium term evaluation and planning.

The ash production time steps bear mo relation to the main
or standby shifting times and a change in ashing rate could
~ happen during a shift or during an ashing period, or it
:oouid be ‘constant for a few shifcs, deﬁending on the ash
production time step at that particular time. The'solution
to thzs prablem was found te be .hat the cumulative time - -
cumulative tonnage ash production relataonehip always had to
Je used, to interpolate the cumulative time from the start
for a pa:ticular cumulatlve ash tonnage to be reached and
then adding say the Ehlftlng time to the time to arrive at

the cumilative time to the end of *™= shift., The cumulative"
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ash tonnage produced by the end of the shift was then

determined by using the reverse ash production relationship,

. - to interpolate the cumulative ash tonnage produced at this =

time. By deducting these critiecsl ashing or shifting start
‘and end point cumulative times from 6né énother, the total -
times or tonnages between these points coﬁld be ﬁéterminéd{
no matter how the relationship had varied in between the two-

-points, due to the difference in cumulative values always

veing used.

.The'main'syatém is the independent vgriabie in this
exercise, and the analysis must start with the main system.
The time to f£ill a mainIBYStam ghift equivalent tonnage
capacity 1s determined by dividing'thﬁ shift equivalent
'tonnagé capaciﬁ? by the ashing avallabiiity for that
position. This vonnage is added to ths cumulative ash
produced at the start of the positicn, which is zero at tha
'atart and wbuld be equal to the cumilative ash tbnnage_aﬁ
the end of the previous main system shift for all othaé
~ ghifts, .The'total Eime that thiz tonnage would. have been ' -
placed into either the maln or standby syscvems ia then
interpolatad £rom the ash productich infermation. As
mentioned above, the shiftt time ie then added to the above
time to detexrmine the time to zeach the end of the main
system shift, The cumulative tonnagé produced st this time
is thew similarly interpolated, Deducting the a~tual ash
placed by the main systém;in thege periods f£yom the
diffevence in the cumilative ash tonmages at the start and
end times, gives the remalnlng tonnége_of ash which was '
placed by the standby system, during the main éystem ashing
time and during the main system conveyor shifting time,
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The wain system thus éffectively rxeceives an average ash
rate egual to the toktal ¢umulati?e ash rate aver its aéhing
period,:mﬁitiplied_by the maia system availabllity during |
ashing parameter and zero ash tonnage during its shifting
period. This informatidn-thén gives the'stepﬁad graph fior
the main Syéteﬁ ashing rate on:thé new growth plan, (See-
Figures 813 & Bl4 (“CSLATS iine serles))

The'atandhy system ash tonnage raceived du?ing the mgiﬁ
.éystém’s aahing pericd and the ash tonnage received dﬁriné
the:main.sYEtém'é ﬁonveny-shift period'ﬁre then_acéﬁmﬁlatad
to produce tha cumulative stepped standby system ash rate,
given on the new growth plan (See Figures Bi3 & Bl4
(“CSpATo@stsh” line series)) Clearly, this graph shows that
the'étﬁﬁdby system is récaiving_the difference between the
total cumulative ash production ovar the main system’s
ashing period and the main system’ ashing rate and all of
- the agh preduced during.thé main s?stam*s.canveynr ghiftting.
period, All ashing for the main and standby systems wi:hin 
..any main system period i1s conéidered-té be done st an
- average ashing rate over that main pystem ashing or ahiftiﬁg
period, independent of whether there wmay have baen an? ash
production time 5tep'fﬁte changes during that period. This
effectively converts the original cumulative ash production -
 time step relationship into a new. cumulative ash production
CLime stéﬁ'reiationship.at'the start and end ﬁcihts of the
._'main systém ashing_and shifting periods, the total
cumulative ash tonnages at these timeg being the same as the

original.
The time for the standby system to have complated aghing

its squivalent tonnage capacity per shift is determined in a
similar way to the main system, however a new interpolation
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- lockup table is generated Erom the above spreader cumuletive

~ ashing rate'information.i The times to reach the end of the
standby system's aehlng oapaclty are than. 51mp1y
interpolated from this table uaing the cumulative standby
.syetem ehift ashing times, ..

A1l this information and the shiftable conveyor pesition
baseline and extendible conveyor lengths plus the_main_aﬁd
- standby shiftable'cooﬁeyor lengthe pef posiktion is then
eimply arranged in an area of the spreadsheet in the correct 8
order to glve the necessary positlon, length or availability:
value at each of the eritical time points{ to give the
stepped shiftable conveyor hasaline_angle:or extendible
~ conveyor length graphs. - o

- The steodby_systemfs shifting times are dependent on the
main { standby volume split, statker'ashing utilization and
oon&eyor shifting times, but thefe is no baok werification
that the standby system can in fact shift when 1ts .
equivalent tonnage capaolty it filled, as the main eyetem :
may also naad to shift at this point. As the wain system iE

' the independent variable here; it will either have to shift

whan.it_reaches the end of its ashing space, or it should -

' heve been stopped sooner to sllow thée standby system to £ill

uﬁ the last portion of its area and shift before the main

eystemaneeds;to shift, This is simolated'by'simﬁly _
allocating the main system a lower ashing availability for
that poaition; te reflect the =dditional outage time, -

This ewift clash outage time as well as the maintenance and
_breakdown outage times during ashing conld be added into the
Dump Growth Model as a time outage parametex in days, rather
~ caloulating the average wain system availability during
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ashing. . This would be done by adding theSE outage times to

_the time to fill ‘the maln gystem’s equlvalent tonnage .
Vcapacity for a gpift and div;dlng the time ko, place the

equivalent tonnags capacity at 100 percent ashing rate, by

thig total ‘time takan Erom the start to tha actual end of -

main system ashing.

' To facilitate the identificatiun of these shift clésh.

'.situatlona, two vertical lines were drawn down fxom the main

system ccnveyor ahift start and end tlmes which can easily
show the relatlonship ‘between the main system and standby
system’s conveyox ‘Bhift‘e start and end times. The standby
syétém'shift time was plottad on the standby system ash

-a'production graph as a seParate 11ne, haV1ng only markers at

the shift start and end times, with the standby system
ashing rate having no markers. The ghift position numbers
for the wain and atandby systems were added into the new
grﬁwth-plan_by using the data point 1ébéls of the shifting.

- line geries, every five positions. This allows the exact
"shift positions clashing to eaéily be identified and
'lndlvidually modified in the Dump Growth Model or posslhly

even the Geomstric Modal.

A summary of the Dump Growth Model calculation sequence
follows: (See Figuras Hs-H4 & B13- B14, the User Manual in

Appendix G and ‘the Nemenclature, for more detalled -

explanation of the variable names)
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Maln System Growth: (See'the circled'numbexs next to the

column headar variahle names ‘and audit linkage arrows on

. Figure H3i. These variable numbers are given here in braces

{}, the variable name in brackets {) and the unlts of the
~ variable in sguare brackests [1)

{1} = Input (stacker Ash gtart Date) [Datsl]

{2} = Input frea Main Pos- Tonnage Geometric Model output
'_fstshmo) [Tens/shi £t} '

{3} = Input (StAUL%) (%] _
{4} = {2}/{3} * 200 (AmoDurStShAl {Tons]
{5}.= o at Start, {5}, = {10}11 (CATo@stAs) [Cumulative
toné] .
{6} = {5} + {4} (CATO@StAE} ICumulative tons]
" (7} = LKUPGET{6} * 365 (Ti@StAR) [days from start]
{#) = Imput (sStshbur) (days]
{9} = {7} %+ {8} (xi@stShE} [days from start]

{10} = LKUPCAV[B} (CAID@StShE) leumalative tons]
{11} = {1} + {7} (stacker shift start) (date]
{12} = 0 at Start, {12}; = {9}1; (Ti@stas) [days from start}
C {13} = {1} + {12} {Stacker Ash Start) [date]
'-{14} = {3} * ({7} - {12}} / t{a} - {12h (AVSEA&ShULY) (%]
{15} = {6} ~ {5} - {2} (SpATopursta) [Tons/shift]
{16} = {10} - {6} {spamonurStShi'[Tons/sniﬂt]

'LKﬁPCAI - Linear interpolation procedure to determine
cumulative time from start in years as a funmction of

cumulative'ash tonnage produced;
LKUPCAV - Linear interpolation prucedure to determine

cumulatlve ash, tonnage produced as a funection of cumulatlve

.time from start in days.
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..Sténdby Syﬁtem Growth: (See the circled numbexs next to the -
columr header variable names and audit llnkage arrowa on .
_ Figure H4. These variable numbers are given here in braces
{}: the varlable name in brackets () ‘and the ‘units of the
- variable in squara brackats [])

{1} =
{2}
{3}
(SpshTa} [Tons/shift} R

{4} = {3} + {4}*1 (B.7Ton) [dumulative tons]

{5} LKUPSPTH} ¥ 385 (Ti@SpAE) {days £rom staxtl

{6} = Input (Spshbur} [days] _ _

{7} -{5} + {6} (Ti@spshz) [da.ys from atart]

{8} = 0 at start, {8} = (7}s, (Ti@8p2S) [days from start]
{9} = {2} + {5) {Bpreader Shift start) [date}

{10} = {2} + {8} (spreadsr Ach Start) [date]

Input (Stacker Ash Start Date} ‘[Date]
{1} (Spreader Ash scart Pate) [Patel

-

Input from Standby Pos- Tonnage Geometrlc Model output

ll

LKﬂPSPT - Lineaxr interpdlation prccadure to detarmine

. cumulative time from start in years as a functlon of standby

system cumulatlve ash tommage rata.

H.2.4 Program Logic Flowchart

A program 1ogic flowchart was produced to give an uverall )
impression of the calculation processing 1oglc to go from

- the Ash Productlon Model and Geomatrir Mndel inputs, to the
new growth plan. (See Figure HS)
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'Function XIn{xl, y1, x2, ¥2, X3, ¥3, x4, y2)
'Functlun RIn caleculates the X- coordinate of tha-

'intersactlon point af two lines

| If x1'= x2 and X3 <> x4 Then
 Xex ' _ |
Mb e (¥4 - y3) / (x4 - x3)
Cb .= y3 - Mb * x3
Yi » Cb 4 Mb % Xi
 XIn = Xi

.Flseif_xB =.x4'And_x1 <s %2 fﬁen
X = %3 ' ' |
Ma (yz - vi) / (x2 - xl)
Ca =yl -Ma*xl

¥i = Ca + Ma -

' XIn = Xi
.Elge _
o Ma = (yZ - y1} / (x2 - x1)
Ca =¥l - Ma *_xi

n

Mb = {ye - y3) 7 (x4 - x3)
Cb = y3 - Mb * x3 '
Xi = (Cb - Ca) / (Ma - ME)
O Yi o= Ca o« Ma * X4 .
_ - XIn - xi
End If
 End Function
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Function YIn(xl, yl, X2, ¥2, x3, y3, 24, y4}
iFunctidn YIn calculaktes the x—coérdinaté'of the

- tintersection point of two lines -

1f x1 = xz'And'x3f£5 x4 Then

) ) . _ s ] .
| T b= vk - y3) / (x4 - x3)
| Cb =.y3 - Mb * x3 o
¥i = 'Cb + Mo * Xi
YIn = ¥i e
Eiga:f X3 = x4 And X1 <> %2 Then
Xi = x3 | ' |
‘Ma .= (y2 h'yl}./ %2 - x1}
Ca=yl-Matxi
fi:= Ca + Ma * Xi
¥In = ¥i
Else } : .
 Ma'= (y2 - yi) / (%2 ~ xI)
ca = Yl - Ma * XL
Mb = (ya - y3) / (x4 - x3)
Cb = y3 - Mb * x3
¥i = (Cb -Ca) / (Ma - Mb) .
.Yi = Ca + Ma * Xi
Yin = ¥i
End If

#nd Function

e e TP T S T UL LIE LR T EAL S LR
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Functlcn Lng(xl, y1, %2, yz} _
_'Punctlon Lng caleulates’ the 1ength of the llne
~ Ybetween two.pa;nts
wog = ({y2 ~ y&} * 2 + {x2 ~ 21} * 2} * 0.5
End Function
_|*****************************ié**t******************#*w:&ﬁ**

Functlon Area{xl, yl, xz, y2, %3, y3} _
'Functlon Avea calculates the area fal & triangle

'ghven three points -

Arga = abs(({Xl * y2) + (xz * y3} + (43 * Y1) {x2 *
yi) - (x3 * ¥2} - {x1 ¥ y3}} /.2}

End Fun~tion

: r********ﬁ***********i***n**********iii******i*k****ﬁ******* )

Function:hreaétxl,'yi, %2, y2, X3, ¥3, X4, v4)
_ ipupction Aread caiculates the area of a four sided Figure

.'giVEn”the four vertice points .
© Arest = Bbs({{xL * y2) + (x2 * y3) + (x3 * y4) bo(xa
| yi) - (%2 * yl) = (x3 ¥ yZ) - (x4 ¥ y3) - (x1 %
ya)) /.2) L '

~ End Function'

PR e T TR ST L L TR PR TS S LS L
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" Punction PAL(x1, yl, x2, y2, x3, vy _
'Funct:l.on Pdl czalculatas the perpend:.cular distanca between
a point and a 1ine N . o .
"uslng the point alope form of the straight lme equa.tion
and that the _slope of a perpend:l.cula.z_‘ line is.

Tequal to the _nagative.'-raciprocél.df the other Iine. { n;l2. =
-1 /'mi) The first two pointa define the "1‘rie. e '
'The length is found by find:.ng another point on the -
-Darpendl.cular line and f:.nding the inter..sc*.::l.on between
‘the lines 1.151.!19“ XIn and Yin and using img te find the
length . ' | L

(y2 - y1) / (%2 - x1)

mlL =
ma = -1/ mi.
y4 = 0 '

x4=x3-y3/_m2

x5
vs
Pdl = Img{x3, ¥3, x5, ¥y5)

XIn(xl, yl, %2, Y2 x3: Y3 x4f Y4]

YIn(xl,-y:L_, X2, y2, %3, y3, x4, y4)=

_ End Functlon
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