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SYNOPGIS

This atudy establishes a2 nethod of analysing a physiecal
digiribution gystca with a view to rationslising its atructure zond
ninimiging overall costs of distributione The technique iz demonstrated
with a real case involving 1 centrel source, 13 existing depots, 72
potenticl depots and 613 centres of deawnd. It ig, however, flexible
cnouc: to cope with congideradble variation in these nuabors ard to handle
the design of a “gxons roots" agystome. The rosulis of the annlycis indicate
the nunber and locatlon of depots in the ideal patiern, from vhich can
be deduced the chaanges, if any, thet are required in the cxdsting

nediroric.

A brief descripticn is given of a digtridbution gysicn
thich could bo used for any commeditye thia generaliscd approach is then
norrowed dowm to the petroleun industry, vhere much effort io being spent
cn tho :-.e-shapink; of existing netvoris fo improve overall ccunony and
productivity. The prceblen ig a fernidable one and it is the ir;fention
behind this giudy to acsist oil company excecutives in their tosk by
presenting them with an enalyticel technique that is both simple and

efTicicnte

A typical petroleun distribution sysienm im described
and likely areas of developnent erc indiecated. The broad aspcots of
digtribution theory arce discussced, end links are estai:lishcd with Planning,
Jorecasting, Investinent Approical, Inventory Control and other tcchniques

of scicntific nanagement.

Joourvey is nrode of the importoant work already done in
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thig fields The bulk of this is concerned with the use of feirly
gsophisticated algorithns adapted for computer application. The proposed
tochniquo is based on simple logio. Relevant comparisons are made between

published work and the new technique.

"A computer program ( in FORTRAN IV ) has been speclally
written for use on thae ICT 1905 configuration insta_lled at the Loughboroush
University of Technologys The algorithm that has been employed is based

upen the reduotion of total distribution cost by using varying conbinations
of depota in the distribution netwcxii. The progrem is heuristio -~ it
generates an "acceptable" solutiony while not guarantceing "optimality™e
It3 moat important feature is that it adopts o Total Systems approach -
there are no sub-optinmisations. Inch successive ntop ia self-contained,

tut it is the last iteration vhich prdvides the test solution.

The case study that hes been 't;a.citled. is the analysis of
the distribution system now operated by the Ceylon Potrnleun Corporation,
vhich has o mononoly of the refining and internal distridution of oil
products in Ceylon. It acquired 3 entirely separate and self-gufficient
disiribution netvorks from three international oil companies and operates
then &s once The need for rationaliseatlion 1s clearly seen. Aotual data
and costs have beon usedy tho few estlmates that have been made are fully
compatible with the dota.

The analysis shows that a few small changes in the network =
tho closure of 5 existing depots and the opening of 5 new oncs ~ could
reduce overall digiribuiion cests by mere then 4.2%, & saving of over
Rs. 114,000.00 (& 8000)‘ per oomthe The findings have been analysed and

rertinent comnents made upon the implications of their implenentation.
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1. Leononmigts tend to soparate the activitics that

comprise Distribution from the process of Productione Production is
degcribed as those steps which convert one or moro raw materials, which

in their original state are of no direot use to man (cxcept, of course,

as rav materials), through one or more manufactwuring processes, into a
comnodity that can be used and is desired by mane Production is, therefore,
the addition of Fhysical or Form utility to goods.

l.1. Distributiony on the other hand, is tho addition of
Placey, Time and Cwmorship utilities to goodse. It consistn of several
functions of which the nore important arc g

lelele thoe transportation of raw matericls and goods from the

point of original location, through tho point[points of intcrmediate/final
production to the point of sale or consumption. It is the movement of goods
from places vhore thelr cconomic wvaluo is low to places where it is
hicher. The principal econcmic basis for this function is the inorease in
velue of the commodity by tho addition of Place utility.

leleZ2a the storage of poods at various stages of the manufacturing
process and, more impo;tant, after tho complétion of manufacture and
before final sale/consumptions In its strictest sense, Distribution
would include all intermedicte storage in the productiog line, e.gey the
storagoe of semi-finished goodas, but it would be convenient at this stase
{40 assign tho responsibility for intormediete storage to the Production
function, particularly because it is caused by the lack of smoothness
in the various stages of nanufacture itself. Vhilo recosnising that
storage of raw materials foo could bo a function of Distribution, it too
will be delegated to Hamufacture.

The storage of finished products is the result of
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factora other than discontimuity in ihe process of manufacture. One hag
now got to cope not only with internal problems, but also with thome
problens created by the comsunming public. It is impossgible to picﬁc out
an industry vhere the demand for its finiched goods is continuous and
absolutely predictables Commodities such as electrie pocuer, towm's ges
and water are notorious for fluctuztions in the short rum (pezk hours)
end in the longer run (seasonal veriations, etc.), while even basio
goods such as bread show small wnpredictable variationse.

Cne hos therefore to provide an effective bridge
betwecn what may well bo & smooth production process and & démend which is
intermittent ond verying in intensity in both the short and long term.
This bridge is Storago, vwhich 2lso acts as & resevoir for finished
goods, Goods are received from tho production line and stored until such
time as they are neededs The form and period of storape will depend upon
the nature of the goorg.gz but it is the necesalty for some form of storage
that is common to all commodities. Gitorage, therefore, adds a Time utility
t0 a commodity that has already obtoined Form utility.

lele3e Omership utility is added to o éommodity after a
series of stops which includes packaging, purchesing and delivery. These
are the last links in tho chain of activities vhich llie between manufacture
ond sale/consumption, 'Ifl;e nmerchandising, display and actual sale or
tronsfer of gopds into the hands of the ultimatce consumer glves
ownership utility to gooda.

leleds Fige 1 illustrates a hypothetical canse dhich exhibits
all the typiczal characteristicse This example includes provisicn for on
intermediate storage point or depot in ihe distributicn network.

1.2. A depot cany in addition to conferring Time and Place

utility, serve other important functions, such as cost reducticn, creation
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of strategic reserves, customer convenienco and customer goodwill., Of
these four, the laot three noy bo difficult to quantifys it is left to
nznagenent 10 decide how much emphasis has to be placed on ‘them. However,
cost reductions are easior to determine and can show more striking

results. This study focuses attention on this aspccts

FUNCTICH CF A DISTRIBUTICH SYSTEM

1.3 A commodity has value only beczuse éomeone wents cither
to eat ityburn it, wear it, look at it or use 1t in some other way. Its
ultimate volue depends upon the consumerg it is not achieved unless the
commcdity im in a fit state to be used and is available where and when it
is neededs The most advenced type of motor car at the end of a production
lino has only built up a costj it still has no value. A small novement of
the car, say into a showroom, immediately gives 1t value as 1t then beéomes
available to sctisfy some consumer's ncede. lMany pcople may handle the car
or its components during tho course of manufacture and sale. They are
people who do so because they can sell i1t at a higher price than which they
paid for it ~ with the lest sale taking place to the consumer. During the
short life of tho car it has chenged from & lump of iron ore in the carth
to the complicated piece of machinery that it finally becomes. The niner
extrooted the ore, the smelter converted it into metal, tho menufacturer
chenged its shape, and 1ast but not the least, the distributor changed its
pooition.

The essenticl funotion of a distribution system is to
bridge the area between production and sale to the ultimate consumere It
requires movement in space and time, and the provision of storage to
belance the flow of demend and the flow of productiony it also involves
the concept of economy in disiribution by the proper use of the facilities

of the systen.
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A distribution system can range from the extreme céﬁ;fjﬁ
of o menufacturer supplying a sinpgle item direct to the consumer (eegey’
an sirplane), throuch varying stages of complexity (cegsy o system which
hendlesn lhrgo voluros of liquid in bulk, such as our caso study will
tackle), to the instunce of & nunber of factories, each producing a range
of goods, and lirked to a lar;e mumber of retail outlets throush warehouses

end wholesalerse

CHANIELS OF DISTRIBUTION

1.4. Pige 2 13 o dizgranmatic representation of the normal
channels of distribution vhich may be cnployed in overydey commerce and
industry. Distribution here means the movement of finished pooda from the
point of manufacture to the point of consunption.
Therc are four main types of distribution channel.

lodele The manufacturer c¢an soll/supply goods dircct to
consumers. Thias method is relatively uncommon and where used is usually
confined to very specianlised goods. Commodities liko coﬁpﬁters, ships
end, other complicated mzchinery are dealt with in this mannere It ig in
the best intorests of all concerned that tho consuner has direet accesa
to the menufaoturer, ond o rmiddlenman is redundant.

lede2e The next channel is created by the insortion of a
rotejler between the manufacturer and the consumers. The naturs of the
gocds 1s such that o direct conncotion io cither undesirable or
impracticable. Conuumer goodsy foodstuffs aﬁd other high volune commoditiesn
are handled this waye The reteiler plays a vital part in the gysten. le
crecates & source of supply close to tho consumerssy ho saves the nanufacturer
the itrouble of dealing with large quantities of small orderssy he evens out
fluctuations in demand of individusl concuners by plocing regular large
oxders ocn the nanufooturer, and gives the consuner o cliolce of commodities

which would otherwise require connections with soveral menulacturers.
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lefele The next channel im created vhen o vholesaler intor-
venes between manufecturer and retailers. the wholesaler maintains the
sana relatiqnship with retailers os the latter have with their cﬁstomers.
The wholeoalcr becomes eszential vwhen the nunber of retailers increases.
The foctory finds 1t inconvenicnt to deal with so many retaillers, particularly
if their individusl regquircnents are relatively snalle The many rotailers
would be ensisned to o few violesalers thereby heving u two-fold coffect
on the Tactorys the number of order:s is reduced and the size of coch oné
is inercoseds. These two foaciors help {actory noncgement to plan thelr
production more elficicntly.
| lededs Tac last inportznt chommel is ercated when Jjobborn are
introduced between wholesalers and retailerass ihe Jjobber comes into
proninence when retailers are scotitercd over @ vide creae iz first
funetion ig ususlly one of specislised transport and the removel of this
activity allows both wholesaler and reotailer to concontrato on wtier
important aspects of marketing/distridbution.

lededels The representation given in Fige 2 is gtill not {ully
compiztible with tho set up showm in Pige 1. The dif'forence is the non-
existence of depots in th. formoere Thege depota belong to the nanufacturer.
I nof, it i3 in rcality a wholegaler's depots. A depot operated by a nante
facturer serves a different function. The vholesaler adds Tine and Place
utility aiter the goods hawe left the nmanufacturerts control. Uwnership
utility ic added later. A namufecturer's depot wlso adds Tine and . laco
utility and, in addition, assicis in snoothing out demand on the {zctory.
A depot aloo essists in the ercation of regerves o cope with secoscnal
variations or stroteogic requirementis. lihile storage at the factory may
also gexyve the same purposo, tho depof does mo at o location which is
mach closér to the morket. This brings out the mont inportont i'umection of
a depot -~ 4t enables goods fto be moved over the greateot poogible distance
by the moot econonmical neans of trancport. Whe introduction of depots into

tao network crcates thc new set up depicted in Jig. 3.
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(6)
ledede2s Jefferys hos prepored comprehensive data upon the

channels of distribution used for various consumer goods rangins freon
bogie foodsiulls, throuch clothing and footwear, to newspapcrs and peirol.
The resulis have been based upon {ifures collected for 1938. ‘hile being
for out ol datoe as regords detail, they arc still valid in the brocder
aspectse

(13)
ilepner lists sewvercl other cheonnels of distritution.

They arc leass inportant than the four given earlicr, now thet quantitics
of commoditics in transit are increasing, but are included in order to

provide o full descrintion of tnegse channols.

lede5e The manufacturcr can gell throuch salesiens Door-fo-door
selling is the most comuon nanifestation of this clannel. Salesnen sre

sually retoeined upon promisc of payment of comuzission and do not, generally,
- take title tu goods. They solicit orders and accept poyment on behall of
the nanufocturer, end request shipment direct to the cansuier. The chonnel
ig not very popular because it cuin be ratier expensive. Saleomea’s cosis

can be highs 30 can tae cost of pachaping and dovelopnent, and delivery.

Mrmgy wihich gpeciclicse in mail orders con attzin an
advontace over other traders by carrying thie type of distribution atill
furthcere They are vholosalers who employ salesnen 0 contaof cugtoncrs

rectse & mail order firm has to carry high ceats on account of commissions,
paciasing and delivery. In addition ceriain customers nay be given-the
privilese of _cyment on easy terns, someidimes with no extra chzrge fer
crcdit. In such inatances, the coat of credit +tco has to be considercd.
The big advanta e, however, is tazt such firms do not nced to mzintain
cxpensive shops, nor spend on direct advertising, displey and counter
stalf,
ledebe lenufacturers may sell to consumers through their owm
ohcpge iere the manufacturcer displaces an independent retailer. ile onjoys
the nornul proiit of the retaller in return for tie additionzl function

of retailing.
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1.4.7; l'enufacturers may scll to censumers throush "wagon
retailera"s ihe simplest illusiraticn of a wagon retailor is a mobilo
phope The troditional villago mariet or the travelling shop are further
exanples. This channel accounts for a relatively insignificent volume
of tradoe

le448s Salecmen nmay be used to canvagg businesg fron retailers
or wholesalerss Sales agents or broliors too may be employod for this
purposcs Such perties usually represent the mamufacturer. Thoy handle a
linited line of goods and aro consequently moroe knowledgeable than the
wholesaler or retaileres Thoy do not tako title to gocdss Thelr costs are
low but problems can crise duc to lack of control or cven loyaltye.

1e4e9e Just as much as the manufacturcr can toke the place of
the retailer, so can ke take the place of the vholesaler.

l.4¢10. Tho hondling of indugirinl goods introcduces o now typo
of organisation to the picturcs They are Industricl diptributors, who
handlo a ;oneral line ol induairial gooedn &nd sell largely to indusirial
consunersa They aot a5 niddlemen, teking titlo to end carrying stockse
They assume gone of the risks of distribution and rmaintain roecsonadly
close contact with their customerss Alcxander,Cross ond Cunningh§;4gave
studied their performance in detcil znd have addueed severpl rezsons for

their succenge

Tha conuento nade in tho next few sections are undex
the cosumption that Distributicn includes not only the uzse of Harchouses/

depota, but alao wholesalers end retailers in the supply network.

CCSTS O DISTRIFUTICH

1e5e The costs of distribution aro token to bo the total
cutlay, including profit, in getting comrodities from the manulacturer

to the consumer at the ri ht time, in the ri:zht place, in the right
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quantity, in the richt quality, and at the right prico. Tho total would
include panufacturers' cost in addition to those incurred by wholesalors
and rotallerss .

1.5.1s - llenufacturers could theoretically build up costa from
tho stope that the peoeuction process has beoen completced. Pnckagiﬁg could
- thercfore be considered as a diatribution costs Cne could differentiato
betwecen the coats of immer qnd ocuter pacpaking, the former being essigned
to manufacturing and the latjerlio istribtutons It is oflen an individual
decision ap to where these cgsts}ahould be allocated.

| Tho next iﬁem of nmenufacturer's distribution coat would

bte that of carriage. llere tOO'pradtico varies fronm iqiust:y to industrye.
In the mctor-car indaatry, delivery cost is specifically added to tho
retail price. In other cases it_is hidden in oither wvholescalerto 6r
raiailer's coats In the newgpaper industry, neintenance of nn elaborato
distribution noetwork is an interrel part of the business.

Other itemn of cost which could be included arc tho
oxpcnges of advertising, promotion, merchandising, otc., but practico
varies so much that pencralisations would bo vaiucless.

Tho final majer iten of manufaturcr's cost iz that
incurred in iiold storage/sellins operations. The cost of building and
adninistering depots, salesmen's coots, invoicing coots, etc., are all
relevanty the chief difficulty lying in isolating theso c.ats not only
in absolute ternms but also in differentieting them between the various
products that arc handled.

Cortain elcments of manufacturerts costy, such a g

transportation and warehousing costs, form the subject of this study.

le5e2e Thorc secmp to be less difficulty in determining
costa incurred by wholesalers and retailers. It becomes a vory simple
mattor if tho intcrests of these traders oro confined to & single lino

of guodsy eegey 1i ht spricultural machinery or hardware. The differcnce



between the outlay on the gocds oand the revenue derived from their sale
consista of cost and profit (before tax). We come across a new element here,
nanely, proefits Haznulzcturers rorely meke a profit fron their distribution
oporationsy their profit coues from production. A wholesaler or retailer,
on the other hand, depends solely upon the intermediate activities of
gtorace and resale to nake his profit. This is his only line of cetivity
and he pust nake a profit if he is to survive.

The clencnts thoat make up the oxpenses of o wholesaler or retailer
will include 'costs ol ordering, storage, breaking bulk, displzay,
ncerehondising, shrinkage, obsolescence and eVGn—bad debis. Problenms arise
wien these coats have to be clloceted between. numercus lines ol products,
ond the trader has to divide his cosig often on an arbitrory basise

l1e5e3e The congsumer nay in sone inatoences be called upon to
poy moxe than the retail price of a commoditys. Ve have already relerred to
the delivery coct of o nmotor car. Additions such as purchage tax are
" mentioned only in passing, because while they. exist, they cunnot be
.changed enollye The most conmon cost which is solely the responsibil;ty
ol the consuner is that of hire~purchase or crédit. The consumer has the
cﬁuioe of deeiding whether or not hoe hag to bear it. ile nced not purchase
a comnmodity on hire-purchase terms — 1L he chooses to do so, he hoa o

pay for the privilege.

COST CCECTS

(15) (30) (31)
l.Ge Howard, Plowman and Smith set out the following concepts

of cost as applied to merketing, that "bring together the accountuntls
view of the problem and the theory of cost, and focus both on mariceting

(15)

decigions™.

l.6.1e Cutlay vs. Opportunity Cogtis. Cpportunity cost ia a econtral
concept in cost analysis. It is said to be the price that the factor of

production would counmand in the root profitable alternative use. The
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actual cxpenditure invelved is the initial outloys It is usurl to add
opportunity cost to the other costs when determining the profifability
of a project.

leGe2e Tubure vae. Uintorical Costse The distinction between futwre

and historical cogis 1o often i nored. lHistorical data is often factunl
and correct in detail, and also has the benclit of hindsight ia its
compilztions The comnmon cosumption is ithat the fuilure is nerely an
czionsion of the pasts. This iag often true, o2 cost giructure does not
change quickly, but tucre econ be variations in individusl elements of
conte Therefore future costs can sometimes show mariked variations from
higtorical cuvato.

1.Ge3s Chort—lun vs. Long-Pun Costse Howord quotes three periods

in ccononmic analysis - "market®, short-rmm" and"long=run'e. ie describes
"na:ketﬁ‘as being applicable vhen the rate of output io constentsy Yshort-
" wien scale of output (plant capacity) is constant but rate of cutput
can chan§e; and "long-run" when both seale and ratc of outpub can change.
Constantiigglaboratos on thig theme and uses nany clear dicgrons to

illusirate his argoument.

1.6e4e Voriable va. IPixed Coats. Mlxed costs are thosze vhich ore

constant in total, and do not vary with ocutput (or clse, wide ron oz of
output). Vhen fixed costs are ﬁividei by tho output, and cxprescscd ag
on averagey 1t varicen inveraely withloutput. Variable costs are thoso
which are proportional to output. Howard susgesta on the basis of
cunpirical evidence that average veriable cost moy be roushly cqual to
marginai cogt within narrow rances of output.

l.645« Increnental vo. Iarminal Costs. Cne can differenticte between

inercnental and marginal costs on the basis of seanle. erginal cost is
the additional cost of one more wait. (Sinilarly, marginal revenue is the
additional Tevonue from the sale of one more unit). Incremental cost, on

the other hund, is tho additional cost of severcl) nore unito.
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l.646e Traceable vo. Common Costge A traceadle cost is one that can
(15) h
be igolated Yas a practical mattor”, from any scotor of the orgenlcation's

activitics. Common costs aro thoge vhich camnot be so identified for
technological roasons alono. A olegok: case of common coats arices in an

0il refinery where crude petiroleum iz treatoed to produce various gomhingtions
of différcnt producta. Much of the processing is common to neny products,

and the igolation of costs for individual produats becomes difficult,

3 not imposoiblo.

14647+ Direct vg. Indircct Costas The diffcrence betircen Direct end

Indiroct costo im on oxtonsion of tho distinction betwsen traceablo and
common cogtse Direct coats can ugsually bo traced to o singlo product,

wﬁilo indirect costs nay apply to ccvorule.

146484 411 thesc concepis are relevent when considering the

case ol a distribution gystems. The sect of 'production' is cubstituted by
the act of 'distribution'; the other factors ar: still applicablo. Cutlay
can represcnt the cunastruction of & now warchcuse, or the purchasc of |
speci&iised vehicles which ray inmprove transportaticn practice, or oven the
installation of a computer to specd up operations at a large storzge

depots Cpportunity cost would bo the incomo that could have been carned
from the most profitadble altommative invesiment, which may not necessarily
be in the field of distribution. The case study is confincd to tho
conatruction of new storage depots, and the opportimity cost is tho income
that could havoe boen obtained by‘invcstment in g41t edgoed mecuritiog.
(Cpportunity costo have alweys been treated in this wey by the orgenisation
which forms the subject of t:c casoe study. Uﬁile having @ gommercial |
outlook,lif is 8till a govérnment-owned coﬁporation and uses roelatively
congervative cstimates of opportunity coots). |

1649 Historical costs arc particulerly important in the

nenagerient of a distribution systems A Digtribution llanager nust ensure
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that actuasl cost data is aveilablo as soon as possible, go thet ho can
plaen for future using information that is not steles Distribution is an
arca where the differcnce in structure between historical and future costs
is not great, certainly in the short mm. Furthermore prediction of cost
cven without historical data can be relatively casye eepey in a systen
which ugses rail tank wagono for transporting fuel oll, conversion to a
pipeline could be undertaken after a fairly accurato predicticn of costs.
Conts of pipe, wayleaves, and actual installation could be foreenst

oven without histordcal data.

Day to doy cctivities would tend to reflect in the future
tho samo order of costs as they have in the past, cnd one weuld not dbe too
far wrong to exteund historieal costs into the futurc. foresceadble changes
in coat structuroe should be incorporated into the estinates, but this in
cesy when tho basis of preparation of the p-ust data is knowm. In the case
study, historicgl costs havo been used as future costss The proviso has
however been made that the study will not produce absolutely accurcte
;esults. The study is not intended to give the zactual coot of the distribution
network, but to reorzenise its struotura go that costo will be minimiced.
1,610 The concepts of short and lon:; run coatis are less
inportant when considering a disiributicn sysicm, pariticularly o crass -
roots aystém..ﬂ distribution systen consists of a notwork of physical
oBcets aﬁd one or nore organisatiohs which usce various conbinaotions of
these asseis. The ascots arc cithor fixed, such os depots (storage tonks,
loading equipment, ot0e,), and novablo assots cuch as vchicles. Tho fixed
essets are much more valuable than, sa, a2 single tenik lorry. It would be
relatively casy to purchase a new vehicle, but the increase in ca ceity
of o siorasw area is o more éifficult undertoliing. A wide range of
variation is therefore build into the desian of fixed mssetss A detoiled
gsiudy is made of market devolopment (outsido the ﬁistribuiicn department)
and an adegquate margin is left for increcase in throughputs Thig neans

that Joward's lord run doveloprments ore really o long timo awaye



The pattérn of derend for a considerable poeriod has becn incorporaied into
the design of the plant.

| Thio outlook has beon adopted for the case study, where
market forecasts have beeon usod in conjunction with certain cost csiinates
to determino hoth the capacity and the contis of new storage pointse
Uperating costs are unlikely to change sicnificently from the prescnt
lcvels since no drastic changes in operating proctice has becn plonneds
l.6e1le . The identification of Fixed and Veriable costs ina
digtrihution system is less complicatad thon for & production systen. The
cozta of distribution foeilities can be isolated without dAAfficultys it
is the differentiation between fixed and veriable costs which can vexy
Iron cape to cases Cortain activities are clear cut, for instance fuel
cost varies with throuchpute Cther costs, such as meintenance, insurance
nay be dcemed to be fixod. Unce & basis for allocation has been declded,
natiors beoome easye.

In the came study, salaries and wages, anortisation,
opportinity cost and certain other éosts wore decmed ag fixcode laintenonece
and operating costs were taken ag variablo with thrpuahput.

1.6.12. The scale of operations in distribution is ouch that the
theoretical "ono more wnit" is infeasible. Wo deal with "soveral noxre
units" and thoreforo with Incromental rather than marginel costs.

In the case study, a compromisoe has bocn struck. The conceﬁt
of increnenial costs has been used, but in quantifying theso ceots, they
have adjusted to a per unit basin.

l.6.13. Traceable and Common costs present problens in
diatribution. Products moy be hanuled individually and certain coats can
he 8o allocateds esges premiuwn gasoline is stored in o soparate tonk and
all costs of this tank can be assisned to this product. lowever, it would
be difiicult to detornino the coat of a single delivory, beczusc the lorry
may bo used for otihor products at other times. The variable cost of that

Journoy can be ellocated to premiuwa gasoline, but the fixoed cost presents
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a problem. Similarly the cost of staff cannot bo easlly divided ond
therefore hecomes a connmon cost. |

The approech adopted in the case study has been to
convert all produsts into a "gtendard" products This step has been token
because of the nature of the problem. Petroleum fuels are sinilax enough.
They arc handled sinmilarly and are moved in the same type of wehicle. The
need for tracing cests by product does not arises cosfe have been gpread

over & homogeneous product &nd a single activity.

THD SYOTLHS AFPPROACIT

1.7. A digtribution system does not consist only of @

central source = the manufzooturing plents The notwork radiates from this.
Stast(gll)ma described the distribution fimeiion by using tho anglogy of
a wheol. Tho producing plent is the hub, while the market is the rim.

Zach spoke represents a fornm of hlgh-volumo long-distance transport, while
each point where o spoke meets the rin is a2 warchouse. The cotivitices

that together comprise a phyclecol distribution gystem are then easily
disccmiﬁle. Transportation is represented in 4wo scales - the large scale
low éoat rmovenicnt in bulk from tho central plant to each warchouse (fronm
the hub to the rim clong the spokes), and the low volume high-cost
movement from cach warehouse to the market (along the rin). Inventory/
storage/dcsspatoh aotivities are neccssary at each warehouse to change '
the scale of the tronsportation operations.

JeTale The rature of thess activities is such that it is not
eagy to evaluate any one of these components without affecting at least
one other aetivity. The introduction of high-capacity wehicles affects
loadingz/dischar:ing facilities. This in turn affects storage/handliing
costss This point has becn proved in the oil industry when Gulf Cil
Conpany had to build & massive new transschipment depot at Bantry Bay to

handle
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the mammoth 300,000 ton tankers that could not be handled elscwhere.
Also, reductions in lead tinme could result in lower inveniories. There are
nmerous such exanples all or which sor&o to cmphasise that a distribution
netwvork nust be treoted zo o gingle systems This approach will result in
an overoll optinications FPiecewlsce optinisation is not ccceptable as the
combination of soveral puch optinisations will not produce an optimun for
the completa system.=Certaip compononts nay have to be operated in an
"inef{Ticient" nouner, to pfoduce a oysten optimune Hagégllefcrs to such
instances as "trade-of{s"y wheXe ono replaces o component of a
diatribution systen with o more expensive slternaiive if the exchanpe

is accompanied by & greater paving elsevhere in the systen.

le742e The oystcms approcch in distridution anzlysis con best
be implomented by using tho wifying factor of coste ALl componcirte of
the gysten either cdd {o or reducce overall costse. Thero gié scveral
wnquantifiable faotors that nced consideration = cUstoners! convenience,
stroatesic reasons, ond the meintencnce of an institutional reputatione.
These factors do contributo to en overall deeision, but the overriding
conzideration is that of coste

leTe3e Thé total cost conecept hag been emphasisew turoughout
thio studye It heoo influonced not only the colution, buf also the logio
employed in roaching it. All possible factors have been quentiiicd and
have been oxpressod &s o series of cogt clementa which enter tho
calculation.

1e704e Tho total cost/systems approach ensures oach iteration
in the ezlewlaticn ia self containeds iach is completoiy.feasible,
tﬁoﬁgh tho initial iterationa may not be desirable. The objective, which
is %o roduce total coat ig achiocved in steps and each atep hasg boen
dosirmed so that 1t can be implencnted without alteration as o complete
nciworke All costs in tho systen zare $oken into zcecount. Provigion has
beon nade for non-linearities in transport cost, and tho fixed cogiu of

deosots figure prozincently in the study.
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1:e7¢5e This approach shows & marked improvenent over certain
techniquen et out in carlier work. These techniques tend o breck up a
network intc soeveral components and tacklo them geparately, or tend to

imoro tho effect of certain compononts on the entiro systom.

PHYSICAL DISTRIDUTICH

1,84 In the past, much of the cffort made in inereasing
productivity ond officiency in modern indusiry hos been directed towards
the menufacturing process. Those offorts have becn greatly eassisted by
the dovelopnent of nodorn techniquos of sciontific monagenent, vwhich can
vary fronm relatively basie work atudy to hishly sophistieated computer
oxorcisaose. JBut until recently nancgonment hag eithor not realised or tended
to overlook tho coonories which could bo achievod in the fiold of
disfribution.

The elenent of physical distribution costs in the {inal
prico that the consumcr poys for o commodity can boe largee. Gentry and
Shauvggsgave estimated it to bo botwcen 1/4 and 1/3 of the final prices
o Dritigh Governnend publicatigi claims an even hiphor figure - 4073
wvhile Deolyo's collection of papc§g4lake_the figure to be close to 50
Despilte those high costs the change in emphnosis cune only rececentlys. llore
and rnore firma have begun to exceroise centralised control over thelr
phyoical distribution systema and arc iooking to these activities to
bring about raducticns in operating costses Fhysical distribution appoored
to hevo been tho ‘noglected cougin® of tho mamufacturing ond nmesketing
divisionge
1.8e1e Physical distribution hus been dofined by Snykay ot
algi)as boing that arca of business management which is responsible for
tho nmowvement of raw materials and finished products ond for ithe development

of systena of novenent. It i3 concorned with the geographic arrongement

of manufacturing capacity and warchousing facilities in such & nanner that
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while the merketing requircments of a fimm are satiafied, movement costs
oro ou% to a minimum. The activity that links together the mamufacturing
facilities, the network of warchouses and the {inal consumers is |
transportations. Tho scope of physical distribution therefore enconpasses
+tha prdper location of manufacturing plant, the detcrmination of the
numbexr, cize and dispersion of warchouses and the sclection of the most
efficient means of {ransportation available, with the object of maximising
woth the short and long term profits of the firm while meintaining the
required stendards of customer service.

1s8elele Tufgég referenca {o tho management of movenent, control
of inventory, protection and storage or stockpiling of raw matoricls and
procesced/finished goods to and from the line of production, is siniler
| %o Omykay's definition. Thile including trensportation, materials
handling, packasging end warchouwsing, it also includes the importance
of an cfficlent system of cormunications linking together all these
phasea of the firm's activitiens. The commmiocctions networl: is cmphasised
by Beckman and Davidsgiz_who desoribe a phy=zicel distribution network as
conginting of not only the combination of transportation zgencles, plant/
storage loocations ond levels of inventory, but also the intercommecting
flows of information, which together form tho least combinztion
conmencurate with gervice roquirements.

1.841e2s The conditional clause in these definitions is vital.
The physical distribution effort should be an integral part of the marketing
cctivitios of a firmm. It should be, to a large extent, subservient to
rarketing policy and the needs, prefercnces znd convenience of customers
should be considered vhen plenning a physical distribution network. There
will be nothing cerved by having a system that could operate perfectly,
but for the fact that there are no custonmers providing the demand for the

(5) -

goods that it will hondle. Turner empha?isis that distributicn is a
12
component of customer service, vhile Converse calls it "the other half of

nerketingte



-2

le8a2e The petroleun industry 1o one which has of nccescity to
opread ita operations over tho length end breadth of a country. Tho nature
and quontity of its nain commodities, petroleum fusls, requirce the uso of
highly specialised equipnment for storage as well as diastributions The necd
to keep down tho investment in cxpensive epuipment, whilo still ensuring
adogquato cévcraga of & country, vie a sories of dopotc, preocents an
~Intoresting problem of optimisation.. The problem is complicatodlby tha
fact that o0il companies have always ownod and kopt fulllcontrol of thelr
disfrihutiva networks, at least at tho vholesale levels Tho burden of
éxpenditura falls squarcly on tho oil industry, in contrest with, for
instanca, the stoel industry, vhero tho distribution structurc tends to

be operated by orgonisations other than tic manufacturcrg.

INSUSTRIAL LOCATICI

1.9 The scopoe of Physical Distribution includes location
of nznufacturing plant as well as dopotse. It would therofore bo apriropriate
to review tho theorics of industrial location. lention rmust bo made of
the work ol wvon Thun233), who studied the effect of trangportation upon -
thoe location of production. Ho dealt with agricultural products in a highly
artificial "isoclated state" - with a single‘ciﬁy located at the cenitroe of
a level plein, surroundoed by forms vhich wers of identical sizo and
efficiency and having identical climatic conditions, produgtion costa, otce
von Thunen ascumed that tho price of produce at tho o;i;ip yould bo the
price a1 tho clty minua trapsportation gonte It then follows that location
of production of individual commeditics would depend upon t.o ratio of
the weight of tho product to its velue. The heavier tho product in relation
to 1t3 valuo, tho nearer to tho city will it bo producede. It also follows
that ghe value of product at its origin decreasen with increasing
digtance from the markot.

(36)

1941 Weber widened tho scopo of von Thunen's axyunont by

considaring moro than one cenitre of cansunpition in an industrinlly oriented
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nerizets He rcasoned that there woere three goneral factors influencing

loentione They wera

1.941,1s Transportation Costa (incluﬁ;ng fuel and raw materials).
Iroecssaing would novo towzrds the point wherc tho transfer costs of
rew materinl and finichod produet would be a minirmme A product which
lbst wedlzht heavily in processing would be dezlt with closer to tho
source of tho raw materizl, vhile those with low woight lozs wﬁuld
gravitate towards the arca of consunpitione If nore than one raw naterial
wes uzod, processing would fako place at that point wiere the total
iranaportation costs would be o minimun. Loagg?)elaborating on this
peint, mentions 3 ncthods or determining the point of ninimm tronsport
coat = vwhere tho total freight costs arce the lowvest. -

1+s9:121.1¢ Tho first 1o the construction of the point of minimun
transport cost in tho locotional trien;le by tho proposition of ecxtorior
angleoay disoovered by Loundhart, cnd rediscovercd by lobors Palundéga)
has described the method in detaile Losch has deemed this nothod to bo
of neithor thooroitical nor practical importeoncos It applies only when the
numbcf of gources of materials and planca of consunpiion adds up o 3,
and wvhen freight costs are proporticnal to wei ht and disionco.

1.9.1.1.2. The mceond io the mechanical models erforoticns ere.
nade in a ctiff map of tho arca ot sites of matoricls sources and markotse
“hreads bearing proportional weighis ore passed throu;h these holes and
ticd together in one knots. The position of reat for the knot is the
desired loeation of productions The nathenatical proof ol thoe mothod,
which depends on the agounpiion that the problen of iinding tho lowest
freicht cost is that of {inding the position of equilibrium of fo:ccs,
is given by Palaéggg. This method is dimcussed in greater detail later
on (porarraph 4e9.).

JeQelels3ds The third method uses Isodapancs. lieber's isodapanes
are lines of cqual total frelght per wunit ol product; that is, lincs
connecting peinta for which a definito combination of haulg ig cqually

cxpensive. Thoe combination consists of the shipment of raw naterizls and



intgrmediate products to, and finished products from tho fnétozy.
Isodapanes must be distinguished from Isovectures (after Palender), vhich
are lines represcniing equal unit freizht rates for simple transport to
and fron a cortnin placoe. For a homogenoous transport surface, isovoectures
cre concontric cireles that follow one another at ogual intervals for
ginmilar freight c¢iffercncess They aore proportional to distance aos cne
proceads outwasds from tho contrcs I tho transport srec ig {roavorsed by
esyocially cheap lines of tronsportation, cefe, railroads and canala,
combined transporis rcsult (rail and lorry) and the isovectures can be
digtortedes Cnco tho isovectures have been desarcated, they scrve lor the
conatruction of isodopaneg. They are drawm for the iranspert of tihat
quantity of goods which is required for the production and sale of 1 unit
of finished product.

leGelelede Az an illweiration of the sccond mothod, il Ay Band C
are raw matcxial pitca of which 3, 2 and 0.5 tona respectively arc nccded
to produce 1 ton of finished product,and if D, I and  are mericta
conSuming 80, 157 and 5. of the total output, then tho weiphts used will
be in tho ratio 3:12:10.5:0.8:0.15:0.05 for A to 2 rospoctively.

l1e9eleleBe Mge 4 1o o gketch chowing tho construction of an

isodapano fron isoveotiurea.

1e9e142. Labour costse Wehor defines a Labour co~efficient as the

matio botween labour cost per ton of preduct and the total weizht of all
transported goods necescary for proce:zing ite I the lzbour coefficient
iz high, processing tends to nove to an ocrea vhere transpertoticon coats

may be grentct.

1.9.1.3. Apzlomeration Factors. Tho signifioanco of this factor may

b2 the influcnco on location of tho proximity or otherwise to auxiliary
indugtrics, sorvices, cormunications focilities, etce

(42)

1eGaZe Hoover makes tho follwing commentis upon the cholce
exereicol by producers in sclecting locations for their plont.

i) thoy attempt to nmaxinise carnings which are built up
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from the combined uso of the factors of production. .
ii) Reguls rity and seeurity of carnings in important.
iii) tho expected trond of occrningg is also relevent.
ivj propexr cvaluction of the stdbility, security and futurc prospects
of o venture may be under-=rated.
1.9.2410 o divides tho aotivitics of 2 productive or anication
~into 3 categorios,
&) rrocurenent (of raw materials)
b) Processing
¢) Distribution
Pron the stondpoint of distribution o producer should
deternine how location can aficet denand, since proxinity to o market
(particularly in relation to competitors) can significently affect level
of denande
192426 lloover devotes much aticention to the influence of
vericus oxternal factors cuch as industricl soning, ftrancportaiion
facilitica, ac well as internal factors such og processing cost aifferenfiuls,
upon industrial location.
leDe2e3e His work extends the thinking of carlier writers in
this Tizld, Hig detoiloed excnination of thelr work, and his analysis of

transfeor cogts ond thelr influencoe uvon loecation ig exzcelleant.

(58)

1e%s3e Ureenhut deviated foon previous thlnk-n onn the subjectr
by staiing that opiinun distribution of location was not based solely on
considerations of cost. !le stated that demond ond elasticity of demand also
had an cffcet on location. "Location deeisions then appear 3o be based not
only on the eentripetsl forece of minimu?sggst attraction but nlso on the

centrifunl forcoe of denmand elasticiticsM.

(60)

1.e9ede Iserd's work in the vield ol regsicncl science lhas also
been i mificonte le dewls with regions which cre not honogencous = various

1

arcag have varying charoctordstics. e giudics tarece typoes ol decisions,
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nenely, location, scale of operations, and {low.

1s9e5. The application of t.ess theories in the field of
petreloun digtritution is o subject that is too deviant f1enm the sudbjeet
of tiais siudye Tacy are conceruced with ithie leeation of the monufacturing
plant, the oil refinery in this case. owever there are cerituin aspoecis
tiat czn be included in this anwlysis which deals with the intermediate
stera_e polint, which con bhe likened to an originating point vhich iz to be
located wltnin the 'catchment orea' of cach depot. Aspinaigzitates that
poodas tund to be drawn fowvards the point of final conounmplion zf & rate
establiched by the ultinate concu er. Zollowing uson this, depoic tuind to

.,.

nove towerds the areas of noximun demande Vhey elso tend to be loczted in
such o fashion thot the lines of demorcntion of zdjoecent desot areas are
cn the watershed of delivercd prices = 1% costs the scone delivered Iron

eithor depots Thie theorics about lebour, ctcey, are not significant as the

requirenents of slidlled lezbour are very low,.

WAL MLUSTNG

1.10. Sinee the nmzin interest of thig typo of stuly is the
gtructure of the netirork of uarehouses/dcpots, a few general comnenta of
relevence to warscheusing would be approprizte ot this staze.

The meanin: of the term "warcheusin:” hos bean va ue and
underined. It is generally used to enbrace, rotacr looscly,-the functicns
or reccivihg, cierare and desputch._These sane funeticng nay be corricd ond
‘at places other ithan warchouges ond this adds fto the ambipouwd fy cbout
Dfunetions of warchouscs. An oddition to the generally zceept:zd meaning
wculd be that the acbove functiong conprisce warchouszing vwhea ilcy are coarried
cut odthor zpaticlly or Dumetionelly gepuratel Jron the manuloceiuxing
nrocusge Ladin extends the aedinition to Mtie Junctions ou receiving, ctering

rondlin: and doopaten of goodg boetvesn the tiue thoy ar:e produced until
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the tine they arc neecded". Here agein is on arnbipuity. The "time they are
needed™ cculd mcﬁn either the receipt of the goods by the linal éonaumcr
or their handling by someonc at an carlier gilage in the distribution chain,
i.Cey o wholegaler or & retailers Ve can tiercfore further amend-the abovoi
definition to rcad "tho functions of ctorage, handling and despatch of
goods between the time they are produced and ithe time they arc rcquired in
bl or in sneller lots suitable sized for the next link in the dictribution
chain"s 1% is implied in this definition thoat worchouszing is an wcetiviiy that
is corried out by the nanufacturing function and that it endo with the
transfer of gocods to the selling {unction. Vo have now run into ancihen
arca of doubt ~ ig werchousing a port of the nonufecturing Dwction?

(7} ' |
Jenking is quite definite in his enswer to thin queation. ile states tlat
warchousing is 2 clear and distinet profession thot will pley an expanding
role a3 & ﬁital cector of the ccononye. The final definition of vorchousing
wouldlthcn be" the separate Dunetions of roceiving, storagc, hand;ing ond
despateh of poodg between the tire of manuf&cture and the time theoy ocre
required in bulk or in. cmaller lots puitably sized for the selling

function.

Tl B3H ;;:‘1'1“.3 G UATUICUSTING
1.10.1-‘ : Varelousing ies an cxponding field. Its importance has
been grouins‘ovcr the past few decades and is likely fo grow ot aﬁ ¢venn fester
rate over the nexi fewe Its uses {0 an orgonisation ars noany.

1.1001.1. It pernits longer production rmumnse In genoral, lﬁnger.
Tuns nmezn lover unit production costss Uet-up costs which con sometines
he Gcfj high cun be gpread over a larger quoniity of gpoods. Autonated
equipnont can also be justified more casily if long runs arc posaibles 4
warchouse con pluy an importont role in abzorbing the high volunme ol product
put out alfter = long run.

1.10.1.2. A warchouse, by itoc ability %5 receive anl siore poods
provides a buficr between the continuous rate of production of a fuctory

and the intermittent, somctines unpredictadble denund of the naxiet. It is a
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reservolr vhich absorbs the goods produced in lons runa and scands out
smaller shipnments {o customers as and when required.

1.10.1.3. in important cconomio reason:for the exlatence of
warchouses, particularly those located close to areas of high demand, 1a
_the opportunity for savings in freight costs. The factory produces goods
in large quantitieo and ships them in bulk to the warehouse. Custsmeraf
requirenents are ﬁovcd in much smaller lots eithexr beccuse thelir total
'rcquirements moy be small, or they may be nmuaking frequent purchases
in order to xrcduce caplial tied up in stocks awrniting consumption. Julk
tronsport to the warehouse is done by tho cheapest available method of
{transport, consistont with the volwies involved; while the smaller
shipnents to custoners are carried out using the nore expensive methods.
Therefore the intcrpolation of a wnrchouse between a factory and its
custoners enables goods to be moved cheaply in bulk and then broken
dowvn into the costlier small shipménts close to the customera. IT the
warchouse did not exist, the oxpensivo smell seale transpoxt would be
required for all movements of poodsy with resultent increases in cost.

1.10.1.4. The preasenco of warchousss close to the consuners will
reduece lead times This enables the customer to reduce his owm inventories
because replendehment of stocks is much speedier. The converse also
applica, that tho firm has to carry at its warechouses ruch larger stocks,
but this 1o deemed-to.be a part of the gervice offered to tho public.

1,104145. Customers find the existenoce of a local warchouse very
convenients The elenment of customexr service cannot be quantified, but it

is something that cannot be overlooked.

FUNCTICNS PURFOIMED IN HAREHCUSIHG

1.10.24 Varchouaing spans a broad scope of zetiviticsy related
to some extent to tho noture of o componyt's business. Sone firmgs need
little or no warchousing. e.gey 2 machine tool manufacturer alnost

inveriably buildas equipment to speclal order, which is not stored but
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shipped direct to the custonmer. Cne the other handy 2 firm dealing in
consumer goods like shoes or radio sets invariadbly requires warchouses
in its systens There may be other £irms whoso piincipal business may be
warchousings €«g8.y & diotributor exists on the margin he con make.
between the amount he pays for goods and the amount he receives fron
their calee lds main function 1o to make goods awvailable eﬁsily, and
varchousing is therefore the principal aspcect of his bucinoss.

An analysis of thoe activities involved in warehousing
shows certaln functions which are either directly involved with ox

(17)
closcly related to it. Jenking liots 11 funcilons as followar-

Manetion Directly involved Closcly Related
1. Receiving,storing,shipping ’
2+ Inventory zcoountability

3. Inventory levels

= - - |

4. laintconance,safety,housekeeping

&4

5« Cutting to order and packaging

6. Purchasingylabour relations and
Induatriazl Inginecering X

T« Transportation X

S Traffic

9« Accounting

10 Produoticn and Sales

F A A

11, Incpection and Cuality Control
Durther comments on these functions ere made in his
(a7)
book.
(18)
Iapgee lists the egsential proceosing funoctions that
8 warchouse noy performs—
l. Nececives goods
2« Ideutifica goods
3. Sorts goods
4+ Despatches goods fo storage

5+ llolds pgoods
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6) Recalls, sclects or picks goods

1) liarchals the shipment

8) Dispatches the shipront

These functions aro allied to those which Jenkins roferred 1o as

"directly involved",

Wo arc concerned with the determination of the bost
conbinztion of warehouses in a distribution systenm in terms of their
nunber and location in order that the functions listed adbove ore
performed in such a mamner that the benefits will accrue not only to

the firm but also to the goncral public.



PLTRCLIUM DYSTRIDUTICN SYSTIMS

2 The comnents made in the earlier seotions dealt v:ith the
gencral problems of all distributive industrics. This broad field will now
be norrowed down to those systems which handle the distribution of
petroleun products, mainly fuels in bulk. The petrqleum industry provides
excellent examples of complete distribution systoms which have been in
continuous operation for many decadese Thoe industry had small begimings
znd so did its methods of distribution. However, it enjoyed o very rapid
rate of _rowthe Developments in distribution were widespread and, to a
certain extent, disorganised, but lack of plamning did not prove to be a
serious disadventoge because the industry developed so ropidly that growth
in any form was &cceptables However, in this day ond age, there zre
increasing pressures to prunc costs in all phages of the industry, most of
211 in those stages where expenditure does not cnhance the intrinsiec wvalue
of tho product. Distribution practises have been increcsingly subject to
econony drives -~ o changoe in empheais from the past vhere most of the
effort was concentrated in effecting economies in producticn.

241 The petroleun industry is one of the rare cases vhere
one industry undertzkes the whole sequence of operaticns fron searching
for raw material to selling the finel products of manufaoture. It is
usually fully integrated from exploration to marketing. It is difficult
t0 recall other industries where the degree of vertical integration 1s
s0 complete.

2.1.1, The oll industry also provides almost classical exnmples
of oligopplies oand monopollies operating on 2 national scule. The history
of the industry hog shown that its natural growth favours the establichment
ond perpetuntion of locel oligopolicms There are o few large organisationa
in each country ( o few operate internationally )3 outsiders canmot

readily ehter the industrys the degree of competition varies at cach
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phase of the industry, but open worfare is cvoideds and what appears to bo
o united front is proscnted to the public, particularly regarding pricos
2el.2. A nmoncpoly, on the other hund, is almost ccrtainly the
result of state.intcrvcntion. For sone rcacson or othoer, the static hag
obtained control of the lndustry. In such cases we have the typlezl condle
tions of & monopely = one intcrost; ontry barred to others; and gomplcto

control of all acpects of tho businecsae.

In our narrow field, the following commenta maj ba
rclovant when formulating ways and nmezns of rationalising poetroloun
distribution networks, whether thoy bse operated under oligopolistic oxr
nonopelistic conditions.

2¢le3e oot countries have many oil companies/braanisutions
cperating in compotition with each otier. This nmecans that cichconpany
has to modify its own networi” independent of tho networks of other
ccmpaniés. Yo will therefore have several sub-optinisations, bui no
overall effort to tackleo tho national networks. Thore aro oxceptions to
thig, 1liko the UXOP line in 3Britoing vhich will hendle products bclonging
to soverzl oil companien, but it is only financial expedicncy or the
provisions of national legialatigg?ihich couses thise The UKCP line
yould have bheen oo much of o commitment fer any ono coﬁpany {0 beuar,
cnd the obvious step of forming o congoriium was takeone However,
development on a omallor scalo is wndertsken by individunl coupanies
 after having been consideored in geparsto plamning schedulos;

In spite of the fact that cach conmpany will {ry to
raticnalise its oun notwork there will be very littlo done cn & nacro
scale where 2 synoptic cxamination is made of a nationmal networik. Thers
will st11) he duplication of facilities which will be & national loza.
Such lozses can only be eliminated vhere ono body has the authority to

nake an overzll study of the cntire nctwork. In other words, some Cong

of unified control or monopoly nmust prevail. Such a eoncept cennot b

entertained in a market of free competition execept in pericds of
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energency, such ag wartine conditions, when the national interost
overrides all othcrse iven 50, any measures taken at such times are
only temporarys |

2eleds Honopolies do exist in tho petroleun industry, but
thoy are fow and for betwecne (The country chosen fortie come study -
Coylon - has & monopoly orf refining, internal supply and distribution.)
Hore are ingtenceca whers the process of rationalisation ean move to its
lozical conclusione the study is on a national basis and can give an
overall optimune There is, however, one very significant wecakness in a
monopoly situatione Thore is no other or_anisation on which te fall back
at any time. Aﬁ oil conpany operating under competitive conditions is
aware that other companies con not only attack its bﬁsiness, but also
complenent 1ts efforts by covering up blani arces in its notwork. A
nonopelist has to cover cach and cvery area by itsclfy knowing all'the
time that any oversight or ommiusion will have serious consequences on the
commaunitys This means that his safety marpgin hos to be much wider and he

has to poy for added seourity by having o nore conplex noetwork.

2424 A distribution systen dosigned to handle poetroleoun
producta ig cémparati?cly sinple. Pigs. 5 and 6 show fhs atructura of
a pétroleum systen and a nore complex one vhich handloa cammed fruit.
Paotroleun distribution is the penultimate 1inik in the

long chein of activitles that spans tho industry. Its fumotion iz to
ensure that ell products are gvailadble at places where the consumer can
draw his requiromcnta at iines and in qQuantities convenient to him. Jonggz)
baa_listgd thé following functiong of distriﬁution as applicable to tho
food industrys— |

1. Transportation

2s liatorials Handling

s Varchousing

4+ Inventory Control

5« Production Planning

6e Laministration
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Uith the éxcéption of Production Plamning, they are anll
relevant to the field of petrolcunm distiibution.

The crransenment that is accceptable to one type of
consunmer nay not suit others. For instance, the motorist is willing ond
able to travel some distonce to obtzin specinl fuels for his car. Dut the
petrol station must not be too far awny from hig residence or place of
work. lle doea not care to go- far out of his wny nerely to get petrol. At
the other cxtreme we have the cbnsumer (in countries like India =nd Ceylon)
who uscs‘kcrosone (peraffin) in small quaniities for illumination cnd/or
cooking. Hig daily rcequircment nay be lecs than - gallon. He neither
wiches ner expects to go out looking for kexocene. e doemands 4hat the
kerosene be brought 4o him, to his doorstep. This meana that these
countrics have very complex distribution systensa for kerosene. There are
algo customers who require such lorge quantities of product that apeclal
arrangements, such as pipelines, have to be made to supnly them.

2:2e10 Ve have thus, on the one hand, a large number of
consuncrs (petrol stations are trcated as consuners) seattered all over
the country and having verylng patterns of demand over the full ronge of
products. Cn the other hand cre the comparatively few sources of petreloun
producia from which these customers have to be suppliede. The sourcos may
be refineries or ocean terminals. In between the nein cource/s and the

customers are the facllitien which comprise the distribution network.

2e3e A refinery is geored to a continucus progesa of
separating, treating and finishing products in bulk from crude oil, Just
as mach ap its input is continuous so should be the rate of draw-off of
finished producta. The supply of the intermittent needs of the cuantonmers
can upset the smooth flow of operations within the refinery. Therefore
all work involved in supplying individual customers is removed from the

refinery and centred around a scparate storage depot one of whose fumetions
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booones that of insulating the refinory from intermittent extermal
demands The depot may, in somo casos, bs adjacent to the rofine;y itsclfs

2e¢30ls In the pregent ocntoxt or improving cn exicting network
to mininmise total costs, we could consider that the only fixed clcnenta
of tho network are thome at either end i.e., thc refineries and the
cuatonerss “he location of tho roiinery is governed only yartly by the
.‘pattorn ot interns:l dcemonde Cther factors, such as tho exdstence of
decpwater harbours, supply of freash water, or cven acrea developnent
are conditiensl in lacating refineries. Custoners are of_neccusity
fixed ot locatliona to their convenienda.

Yo therciore congsider only tho intormediate depota

£g being vericble. We will concentrato on improving totzl distritution

ceats by manipulcting these dopois.

© 2ede The chennels of communication andrdistribution Tink
the rofinery with its custoners. The refincry should be producing (in
the ideal cose) just swoficient quantities of producfs to satisfy thoe
total demand of its market. These products will have $o move to all
parta of the country. llow can they nove?
By a) Pipolines

b) Coastal tonkers

o) Inland waterwey, by berge

d) Rail

e) Read

Mze T shows sll these mothoda of transporte

2e4els Pipelines. The uso of pipolines for product iransportation was
initinated in the U.seley which clains thoe longest product line in the
worlde levelopment of product lines in other parts of the world has been
somowint slowere The newes: one is the British UNCP line, anout 240 nmiles
long, linking in two sections tho rofinerics on ilie Lhames Lstuary
end ! orpey-sido with the industrial liidl-ndse

Pipelines ero a uniqus forn of transport in tuat ticre
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i9 no return journey involveds The product ig held in a container, the
pipeline, but tho latter does not movoe It is the product that moves. Thism
feature ennbles 100 % utilisation of a line with no waste of time and
offort in hauling back an cmpty containere At the same time the coat of
operating a pipoline is olosely influenced by its throushputs Unit cost
increasea veory rapidly when throuzshput falls below optinum capacitye. This
is due to the very high fixed cost in pipolino operation. Hubbaig?has
clearly illustrated this point in his bhook dealing with comparative costa
of product transporte A pipelino can bho quito occonomical in its use of
fucl and manpower, and can be almost fully automatede It is also
cninently suited for on=line computor controls

2¢delele The disadvanta cs of pipelines aro considerable. They
cost a lot of money to builde In addition {o the cost of nmaterials, the
securing of way-~leaves, rights of way, etos., can bo vory tine-consuiings
- Cnoe ingtalled, they cannot bo movede In addition a pipeline can handle
only a limited rungo of products at & tinoe. The use of multiplo product linen
hag incrcased rapidiy in reccent ycars, but even now there is a snall
anount of contanination at the interfaces. ligh viscosity products such
ag fuol il are icxy-awkwnrd to handlo in 4 pipelino. It has to be heated
and thinned out belfore pumping and the line itsolf haa to bo insulated AL
ita length i3 of any significences What was clained to bo tho longeat
fuol oil line in the world is the lipso line from Fawley to London - 64
nilcs or go of heavily insulated linc.

2edeleile Pipelines arc used to supply produect to high volunmo

customers or to storage depotos

204424 Coantal TorkoTs. Thoy aro gcnorally uﬁéd to supply depotis or
terninple and can bo up te about 18,000 tons deadwoighte. They are
conparatively cheap to operate, oven though they nay be much more
expenasive than their lerger occan-zoing counterﬁarts. A single vesuel)

can carry many produoté on the same trip in comparimented tanks ond
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there are no overwhelminé difficultics in hondling fuel oilse

24442410 Coastal tankera cre used to supply products to harbours
which are too challow or too congested to handle larger vessela;; Owing
to the beneflts of cconomies of seale, the biggpest possible vessels are

{or should be) used for each rune.

2.443¢ Inlond watermy Barges.  The nize of the parcel is decreasing and

unit costs keep risings The principles of operation of river barpges are
the same as those for coastal tankers, except that one can hoave "itraina®
of bargbs plying on the larger rivers. The seriougs limitation is, of
course, the lack of suiinblo inland watexwayss Dritain has very few, but
the Low Countries zre fortunate in hﬁving complex networks of canals. The
capacity of a barge can vary from ahbout 250 tons to about 7500 tons for
the giant pusher trains that ply on the Idosissippi and thoe Rhine, ith
decrease in sizo comes decrease in flexdibility. A single barge gencrally
cerries only one product. They are used mainly to supply produncts to
inland depots from refineries ox ocean terminals,

2ede3el. The cdventages of waler carriers are many..

1) they have relatively low costs per ton mile provided loading/
unlonding i3 not too costly.

11) they can haul product over long distances, and
111) they can handle comparatively large tonnages.
2e443:20 The disadvantages are
1) thej are much slower than other forms of transport,
11) specinol terminal facilities are required, and handling conts
mey bhecomo excessgive,
111) they are generally limited to hondling goods of low value/ﬁeight

 ratio,
1V) some water carriers ascume less liability for loss and/or damage, and

V) they can be scamonal in certain areas.

2edede Rail Tank larons. The size of the poreel decreases furthers The

older tank wagons used by British Rail carried between 4000 and 8000 gollons.
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The newest 100 ton wagons can carry abdbout 20,000 ¢nllons. Sinoé there is
2 bottor network of railway linmes than canals, rail tank wagons have a
creater spro2d of deliverioce .

Ledledels The operation ol tonk wagons hes been greotly inflﬁenced
by the introduotion of "block" or "linexr" trains. rormerly, tank wegons
wyore treatéd like other goods wagons = they wore loaded, chunted and
handled oingly. Iﬁ a block train scveral wajons remain pcrmmcntiy
coupled torether and aro. loaded, moved and unloaded zs o unite. The
considerable expenso of Installing additional facilities 4o handle these
compoaite wnits ham been conpletely offset by e:wingsl i}x the forn of
greater utilisaiion and fegter turn-around of wagongse The use of block
trains is very populer end 1t now 1s exceptional for single wasons to be
uscds

Rail wogons are generally uwsed to supply product to

bulk depots or hizh volume custonerae

2ededele | “ho edventages of rail tonk wogons are

1) they arc quite flexidblo in rence of product (fuel oils may
requiro heatod wagons for long journcys)

11) thoy are vory ccononmicel carriers of goodn on intermedicte or
lonz hauls

111) they are not wmduly affected by the wezthor

1V) they aro quito fast, and |

¥) an interconmected systen of railweyas provides hi:zh s’.‘lexi_l:ility
of movenent, cspecially without unloadinge

2efedee Thelr disadventa cs aro

1) thoy 2ro genorally uncconomical oh chort haula

11) they con sometimes toke longer than trucks on long hauls sinco
. handling time can be high, and

111) they are generally not fonsible for less~than-full load lotge
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2¢445+ Rond Tonk Lorries. The road tank iz the smallest arnd most expensive
vchicls for product tiaﬁ3portation. ﬁowévcr, 1%t perforns a vital funetion |
in that 1% serves tho majordty of consumcrs who, without i%, would not have
& practiccl mcana of obtoining their requircenentss Road toenkers moko up
for their cxponno by their almeost wnlimitod flex;bility of operctionse. They
can go alnost anyvhore and can hondle drops of'even 1/8th. of thelr
capacitys. They can carry scveral products at & timo (in comportmented
tanka), and con serve several custoncrs cn tho one trip.

2e4e5els The oxtent of utilisation of tank lorries is soverned
by factors such as their (comparative) hich capital and operation costs,
nanpower requirements end statutory limitations on working hours, distance
of trevel, etce In addition, tho avercso sime of drop and the number of
cﬁstomers cerved on & single irip con affeet overall cogtise

 2e4e5¢2.  Dood tankers vary in sizo from about 1500 gzlleons to

the present practical meximum of 6300 grllons. (the present statutory
reximun is 6600 gallons, but desiecn problems get the lower limit)e. The
larger wvchicles con also be used for bridging, i.cey supplying o depot
rother then a customers

Celia5ealn The advantages of road tank.rs are

1) they con handle goods of hiph valuo/weight ratio

11) thoy aro most effcetive on short houls

111) trucks give door to door service. There is no handling irvolved
wing the course of the journey |

1V) delivery is quick; end

V) "difficult” products such as fuel oils present no problem.

Continucus heating can be arransed easily.

2040504 Tho disadvanta_es aro
1) tkeir nanpower requirenents are high .

11) they operato in singlo unita ( as compared with the multi-unit
block trains )» and

211) costs can he quito high, ospecizlly on long huulg.
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2e4e6e Yot another method of mowving product is in 45-gallon
drums on package lorries. This mothod is almost extinet in Britain but
is still popular in countrics where olther the demand ig lew or the roeds
are unsulitable for tank lorrica. Costa zre very hizh beccuse the containcrs
deteriorate very rapidly and have to be replaced often. In addition, lorry
costa can bo high becauso the vehicle mey not be corrying its rated load
capacitys This method of transport is so unimportant that i4 is not
conaidered in the preocent octudy. The only note that nced bo made 1s that
facilities to fill containers‘may be desirable at terninals/depots if

cuntoners continue to use this method of transport.

2¢5¢ RELATIVE COSTS O HMDTIICOD3 OF DISTRIBUTICH
~ The fiold of petrolewn distrilution is an important

arca for potential savingse Activities in this field do not affect the
intrinsic value of the product, except that spatial (or temporal) movee
ment may make it more desirable and attainable to the consumer. Severe
conpetition in wooling customers has resulted in a high level of invest-
nent in facllities. Zvery effort is madoe to keep doim not only initial
capltal coots but aloo the recurrent operating/maintenanco costs of these
assetss Vhile general distribution practice secms to be similar in all
oil companies, tho one¢ point on vwhich little or no informaticn is
available is that of detailed costs. The objective student has no access
to actunl costse Such costs may not only give away veluable sccrets,
but may also provide critica with a potential weapona

Re5ele The only work on average and relative costs is that
published by Hubbaﬁgz)ﬂa has collected information from soverzl sources
and carried out o seriea of aonalyses to establish ranges of specific and
rolative costse llo is the first to state that his results are in no way
typical either of a method of transport or of a particulor country; but,

all the same his work is veluable in giving a useful idea of comparative
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cogise The numerous graphs and tables which complenent his article are
wgeful for this purposec. They illustrate very well the points nade
earlier resarding the relationship between percel sizo and cost, a2g well
a3 quantity and distance, and cost.
2¢502¢ The date used in the caso study is real date obtained
from historical rocords. they are fully in confornity with the trends

degceribed by Inbbarde.
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'3a The problen is to analyse o dlstribution systen and
determine how it has to b5 altered to achizve nininisation of toial
distribution cout, consistent with efficlent scrvice. Alternatively, it

nay be desired to desipgn a new notwork to achlieve the sane end.

Jul. It is clear that suvea on annlyasie hag to bo preoceded by
the determination of a secrics of sogts, requirercnts, and other picces of
relevent informations If an exiating network is D2ing studied, hintorical
records would provide the btulk of the datas The data have to be chccked
 and adjusted, where necescary, to make then compatiible for the stu&ya'ﬁ
£Tess :ooté situationrrequires nore extensive resezrch, partiéularly it
suitable data is not readily aveilable. |

3424 7ith this beckpround, one hos to Cevige an acceptable
baois of forecesting not only future dencnd, but also other factors, which
ray influence the atudy; For instance, a change in genercl policy nmisht
negate the results of a study which could have tuken it into account but
did not. Future costs too have to be catirated. It in possible that they
may not chonge sipgnificantly fron proscht levels, 5ut here too, any
foregecnoble ¢ onges showld be tolien into account.

3e3a A oswitoble anelytical teckbnique could then he used to
deternine the detailed structire of the opiinzl networlk, and how best to
adjust 4ho cxisting network to forr the optimal pattern. If o drastic
chanpge is neccssary, onc munt be certuin ot the benefits of the chonge
Juntify the investnent required to cffcot ite An acceptable technique of
inVCStmenf appreisal would fit in hercs Sn appraisal of the quontifichle
aspects of the change would be casier than eveluating other implications/

congequencess sor instance, chancses in  purchesing habitc, business contacis
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or cven deeper sented gocizl or political changoege.

Jeda Ify on the other hand, the exercise demonstrates that
no chanee isg necoszgary in the exigting network, that, by chance, the
developneant of the gysten hos produced zn optinal netnroxlz, then vhot could
well have heen a tricky problem has been eliminateds Tiforts can then
be concentrated on other aspests of 102 dbusiness, with the lmouledpge that
there is 2 sound fromework on which to base Tuture growth.

3654 A ocpeeific cope io tockled in this'projcct. It is contred
in Ceylon, cnd oll data has been obinined fron theres All costs are
expressed in Coylon lNupees and cents. The sterliné equivolent io £ 1 to
8e 1420 centoe It is intended to present this nrojees to the Ceylon
Petiolewn Corporation ag o conecrede proposal oo reorponising the existing

networks for the distribution of petrolews products in that country.
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de Basicolly, we erc concerned with the problem of
reducing, prefercdly to an absolute minimun, or else o gone point very
cloce to it, tho toial cost of distributing o commodity f{ron cne (or a
few) central source to muny hundreds or thousands of custome:s. It is
convenient to group then together to form a few hundred centres of demand,
on & geosrophical basis. These centres of demond would be located at

varying distances and in dirferent directions from the gource/s.

4el. Telle o very ginple case = 1 pource and 3 centres of

a moYile n e % 3 c &) : i . i H 2 ]
demends Let them be called 519 Cpo 02 nd C3 respectively. Lot Pl, 2 ond

v

y be the recpective requircmentﬂ at these threo centres and lot tl, t2 and
t3 be the cogts of transferring cne umit of nroducts from the cource to the
3 centrc« of dcmonds Ve now have to ninimise the total cest 7, wvhere

T = Ryt

i ‘b+qJG

1t 2 33

In cucir & cuge thie only woy we can reduce T is by
reducing ti, t2 ond t3, cince tho values of Hi connet be altercd. Tokidng
thoso coots ti’ we find that they ard based upen o coot per unid distance
ond {ixed distencee dl’ d2 and d3. e are new dowm to tze cnly voricble in
the syuécm, i.0¢y coot por unit distoneee Life would be cittrencly casy if

cost remains conatant with distance, and tl, t2 and ¥, vary lincarly with

3
disiance, therch; costing twice as ruch to transport onc unit of procduct
over 50 niles ag over 2% niles. Untortunately this is nct so. urthcr
bresicown of the tronoport cost per unit per unit distonce reveanls that
while several cost constituents are in fact proporiional to distoncc, others
cither do not vary at all, or elsc chunge in stepg vhich are only rou hly
rclatéd to change in distance. For cxonple, within the limits of cccuracy
tﬁaf we are veriing, sucl cost for o leorry will be preperticnnl to dicdunceg
so «ill eost of tyres. i coot that dees not very with distarnce will be

that of loading und unlonuing its carsoe Costs that vary in steps will
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inelude nalariea/wages, overtime, shift allowances and meal subsidies.
Theae foctors together result in o transpord cost per
unit distanco which, while increasing with distance, does so at a verying
aCost varies with d4,.
ddi i
Fige 8 shows a linecar change in cost;y Fige 9 shows a

rate bf changey Lece,

coot that does not change with distance, while 1'ig.10 shows o cost which
changés in steps. 1i'igell shows the total cost, the cun of the above 3
costs, while Figel2 shows the relationship between total cost per unit
distonoe and distances

delele There are iwo ways of clmilating the relationship
depicted in Iigs 11s The first is to assume that the curve is a continuous
snooth curve cnd derive, by the method of least squares, the expression that
fitas it best. The second is to carry out a process of piccewise lincarisation,
and to obtain a series of pub=exprescions vhich will produce the sune
result. This 49 possidble because each segment of the curve is itself a
straight line. ["igs 13 shows the smooth curve which was obtained by the
_least squares methods The opproximations aro oclears

belele In view of the closer representation of the relationship
by piecevwise linearisation, this technique has been selected to nmoke the
nathematlcal model more recalistics There is however, one serious disadvontace
in piecewise linecarisation. A omooth curvo can sonotimes be extropolated if
.actual data is not available, whercas piecoewise treatment camnot cope with
extrapolation. O(ne has therefore to ensure that the raw data is comprehensive
enough to enable the full range of variability to be covercde

4.1.3. A series of cxpressionsa can be btudlt up of the form

¥y mogE ko
T, = BT, + Cny ctcs, where oy and m, vary with rengen

of Xy and Xy The use of these expressions requires the selective cholce
of ny 9 the basis being the valuo of x.\ Thig sort of operation is eminently
suited for use on e;ectronic computerd, Ce.gey the conditionzl or loglenl

IP astatement in FCRTRAW IV can be usced.
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delede e 14 gives the logle dicgrom for the caleulation
‘of total costfor our cinple case. The seguence of calculaticons is vcr&
simple and straichtlorwards The value of r, will determine, for instanco,
ﬁc runber of trips that a lexry will have to mokie to complete deliverye.
It io clear tant even the simplest cese hos coxtain
problens. lere it is that of simulating the manncr in which unit tronsport
ccat chongoes with distonce. This same problem persists throughosut the study

and I have used the precese of piceewise linecaricotion to tnciile it.

4e2s Ve have alrea.y scen that the only veriable in the
syaten vas the {ransport cost per unit distance. fnong the steps thoat
noy be token to reduse thiso coot are the followingie

4e2eleChance the nethod of tronsport. We mey heve rcached the

point vwhere the throushnut warronts o change 1o o cheeper upethod of
tranuport, e.g.y the movement of feedstock nophtlcs in rail tank‘wugons
nicht givo way to pipeline {ransport. The condition is that there i a
cheoper and feasible mothod of tronsport.

4e2e2s Dovelop tho exintine method of tronsnort. The practiecnl

linmits to wvchicle capreity moy permit larger vehieles to be used. Costo
czn then be gprecd over a larger volumes A new desipn nijht resultd in

lower conts, giving thoe same result.

4e2.30 Reduce loadines/imloadine costas. The use of specialised
cquipnment may allow reductions in these costse. They normally do not change
with distance, but can still a.fect unit cosgts sipmificantly.

4e2s4e Reduege multinle deliverieg. A vehicle which has to call at

gseveral locations to completely dizcharge its contents builds up couts on
two aceounts, stending time in disc&mrging,.and operating with nert load
after the first delivery. It moy be sometinmes possible to persunde
custeners 40 toke full looad deliverics and thoreh, reduce cosis of thig
type. -

442454 louto vchicles pronerlye. IZ multiple deliveries carmot be

avoided, savinss con otill be effected by plomning ti: reutcs tolien by
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vehicles on their rounds. Moot ¢0il companies place great cmphasis on
vehiole routing, oo considerable anounts can be saved by correct
routing procedures, .

4e2e00 Vo see from this sinmple cazse that one'sreffoit mst
be directed towards administrative improvements as well ex the use of
modern cquipnent to achiecvoe reductions in transport costise. lio have used
very littlo equipment, only the loading facilities at the sourco and the
- vchioles, but even these can bd potential sources of savings..
4e3e | Having narrowed dowm our perspective te the petroclcum
industry, we progress to a more complicated case. Vo deazl with many more
customers, still being served from one main source, but wo now have 2
different mothods of tranasportaiione In addition to the tank lorxy which
is used for ohly eomall parcels, wo have the use of rail tank wagons which
can move larger parcels over greater distances. Vo can then use tank wagons
to move product in bulk to a point clogse to tho centres of consumption,
brock bulk there, and use the nore cxpensive tank lorries to make the
snmaller deliveries to the customerse 'ig 15 depiots the new situntion.
The significant chonge is the creation of an intermediate storage point
where product is storcd aftor receipt in bulk and prior to despatch in
snaller lotse

Refercnce to Figel5 shows that customers ( or contres

of demand) C, to C¢ aro supplied dircet from 5; because it is the closest

‘sources Customers 07 to G, ere located in such o manner that they could

5
be supplied from the new depot Dl' Large parcels are moved fron Sl to Dl

by rail, at a much lower rate than by road. Ve realise that the further

Dl is away Lfrom Sl, the greater is the saving in itransport costs. This is
due to two reasons, one being that the unit transport cost by road increaces
with distance, while tho other ia that the same cost by rail either stoys
siable or decreases with distence. Both reasons add to the adventage of

using rail tank wagons for the first leg.
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I+ pays us therefore to locate Bl a8 close es poussitle
o the customers 0 s thum increcaging the distance over which the
to ti t 07 t clﬁ 1 i i ¥ ist ich 4}
'choapcr mothod of trensport is used, and reducing the distance over vhich
the mere expensive tani lorrica are uscde
de3ele Let us postulate 2 possible sites for the dupoty Dy
and Dpe Fige 16 illuotrates the set-upe. Let us aleo say that t17, t18’ t19,
) - a # ] 5 {* rom ]
tllo’ tlll""'t115 be the cost of supplying one wit of product from Dl
to 07 to C15§ end thot t27’ tga’ t29, t210’ tell’.....t215 arc the costs
of eupplying C? to 015 Lron 32‘ Let Tl and Ta be the cost of noving a
o reupectively. Finally, let R be the
sun of R?’ R&’ esoce Rls’ vhich are ithe individual requircnenta of C

wnit of product Ironm Sl to Dl and I
to
7

015.
The costs of the nlternatives arc

+ R,t

! r g Nﬂ L LI ] L ] - -
i) Using 2 T=Iny 7ty * Rgtya + ves + Rlbtll5

ii) Using D, T =17, + Batoy + igbog + eesess + Rystors
1o have. to choose the lower of tho two. The variable
Tactor hérq ig the location of the depots We have to sifte D in euch d.plaoe
that a) product is noved in bulk over the largest possible distance from
5, (heve T as far awy oo poséible fron Sl), end
b) product is moved in small lots over the least pOsﬁibla dintancs

fron D { heve D =s cloge aa pcs#iblo +to the location of C?.to‘cl5. )

G342 Ve now have a new cost which is not related direcotly to
transportation. This is the cost of establishing and operating tic new
depots Ve have to adjust the lecziion and size of I so that its cost is
more ithen offget by the savings in bulk + rinsport. Murther benerits thot
moy be difficult 1o quantify are

a) convenience to customers. Their direct supply point is mueh
closer to then - they can order casily and are assured of a snaller lecd
tine fox deliveries..This meang that they can operato with lower sloek

levels and gove on inventory costs.

b) improvement in service. This is nainly coused by the proximity
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of tho geveral oustomerz to the depot, and due to the consecquent
- reduetions in lead time.

- ¢) removel of routine distribution functions from the central
gourccs Thias ia particularly important in the oil indusiry. Refining is
2 continuous process while demand is irresular. Duffer storape is
required to balance production end offtake. Part of this storage is-
vrovided at the refinery itself, but the other pari could be at the
dcpotse Ve then have only refining operatlons et one point and
distribution operations st tho othoxs.

d) otratogic reasonse. Considerable stocks of products are maintained
noar the centres of demand to allow for energencies, cuch as when long

distance comrunications are interrupted by the weather.

“The distribution cost now becomes
DC + RT 4+ R7t7 + RBtB +ecven R15t15 s whero DC repregsonts
the additional coot of the depot (including the cost of holding atocks

there) and ET ia the cost of bulk transport from the main source to it.

fedo In the general case, We can have noro than one nain

source 31,32, eto., soveral hundred centres of demend, 01,62,....0500’

and a 1 rge nunber of depots, elther existing or propoesed, Dl’DZ’ otce
In this type of annlysis the only diiffercnce between an existing depot
and a proposed ono is that actuzl costs can be cobteined for the former,
while estimates have to be made for the latter,

In tho theoreticcl case, one has to ascume that each
and every ccatre of demand can bo supplied either direct frou each
gource or from ecach of tho depots, both existing and proposed. Thig
increases the number of pousible routes to & very large number, and the
algorithn employed has 1o select those routes which together add up to
the loweat total costs eagey if thero are 2 main sources, 100 depots and
750 centres of demand, cach gsuch centre will hove 102 possible sources,

and there will be 76500 feasible routos in the systems Tho best 102

/
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have to be solecteds

4edale FMge 17 illustrates the network referred to aboves It
is olcar that most of the routes are not desirable, for obvious recsonses
Cogey C; Will be supplied from S, rather thon fron 5, or D) or Dy

4efe24 Towever, the choice of which route is undesirable should
ba made, not by the operator, but by the algorithm itself, It is only then
that the pure logic of the technigue can become effective. Cno rust,

perforece, set up the problem almost blindly, and let it 'smort itself out'.

405, Vhen conslidering a problcem of this sort, what irmediately
comes t0 mind is the uso of modorn Opérational Research techniques. The
Trangportation math§g3gr the generalised Lincar Programming algoritégs)
would secm to be applicable. There are, however; certain aspects of the
problem which are not conducive to the use of these technigues.

4e5ele Taking the Transportation method first, a itypical
epplication is described ih the exzmple given below.

"A company has 4 warchouses Wys Hz, H3 and H4. It is required to
deliver a product from these warehouses to 3 customers'cl, 02 and C.e

3

The warchouse stocks and customer requircments are

0y - 12 6, - 17

0, - 13 c, =- 16

Wy - 11 6, - .20,

W - AL 23
23

The cost of transporting one unit of.product fron cach
warchouse to each customer is expressed below.
k%4

W W W

1 2 '3 4
Cy 5 6 9 1
C, 3 7 4 2
¢, 6 7 2 3

(19)
Using the fechnique described by lnkower and Villiamson

wo arrive at two optinmal solutions, as shown below,
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W u H W v W it v

| 1 2 3 4 1 2 3 4
¢, - - - 17 6, = 4 - 13
C, iz 4 ~ - c, 12 = - 4
c, - 9 11 - ¢, - 9 n -

Tho total cost i3 166 in both coses.™
Thoe problen and its solutions croe quite stroightfommrd. The
customera' requircments added up to the totel warchouse stock, and cvery
warehouse was empticd in satisfying all customers.

Je5e2e The difficulty heoa arisen in that each customer has to
draw hig requircnents from two warchouses (except in the firat solution,
vwhich is degcnerate)}. This is because tho individual requir:ments ere ag
lar c oz gonoe of tho warchouge stockae I the warehouses were all very
largse and ecach one could satisfy all the requirenents of all the customers,
e will comé up with the followlng soluticne.

W 1 i W

1 2 3 4
¢, - - - 17
C2 - - - 16
<y - = 20 -

Potal cost iz 89.
We have hore a betier situation whero each of the

customers draws his requircments Ifrom only one warchouse, and only 2
of the 4 warehouses are usced at all. Thig demonstrates an additional
uge off the transportation techniquee It can be set up to produce not only
an optimal routing paticrn, but also, in ceriain ocses, an optimal
warehousc location pattern. This technique could eamily have boen used
for tho problem under review if it had produced a complete solution.
The difficulty lies in that this method conciders only narginal or
incrementnl conts. It poys no attention to fized costo, and this io very
irnportant in a warchouse selection exercise.

de5e3e Tho solution does not take into account the possibility

that werchouse H4 which supplies 2 of the 3 customers could have a fixed



f68~

cost ofy sayy 50 for tho time period under consideraticny while warehousé
Hl which is not utilised nay have a fixed cost of only 20e Tho cogt.
fisurce used in the czlculation are fhe ma:ginal variable costs, those
which are directly proportionnl to throughput. Then completing the cost

pleture by incorporating fixed cogta, warchouse ', could becone infecsible

4
and o further study is neceecasary to reach an optimal total cost. lowever,
the transportation technigue cannot proceed beyond the optirun it has
now recached, since any further changes in the basis will only increase
transportation coste But thia is what we rcquire, namely, to make a
cﬁan;o in the basis, and introduce another warehouse into the basis at
the expensge of one which has already bescn scleeted for the optimal‘basis.
Ve are noving ocway from an optinum and thercby completcly nepnting the
value of what is otherrizce a powerful optimismation technigue. The
ransportation cannot therofore be used to tackle the problen under

consideration.

deBe This same weockness arises in the application of the
gencralised lincar programning approach. The above probleﬁ can be expressed

as followate

Let xllbe the amount sent fronm wnrehouge Hl 1o customer Cl

]

12 - do - | o ] Gy C

M

34 w do - i ~d o= C
Iininigse = = 5x11 + 6x12 + 9x13 + xi4 + 3x21 + 7x22 + 4x23 + 2x24 .
stl + 7x32 + 2x33 + 3x34
Subject to X119%)paerececareeday Xy, > 0
and 3y 4 XpptHytEy =
Xoy + %o * Xpy + Xpy = 16 Custoners' requirementas

131 + x32 + x33 + x44 = 20
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and
X1 * Xt 200
Byp + Xpp + X35 L 100 Warchouse capacitics
- (large warchouses)
3:13 + x23 } :x:33 < 100

Xog *t Tyt Xy & 100

Hers too we will zrrive at the asame solution which will
gelecet the werchouses to be used and how much they will supply to cach
customer. The earlicer difficulty regarding fixed costs arises and this
wcakness still cannot be overcome easily. This technique too is deemed
unsui table for our problen,

Ae64le The problem now resolves itself to ocne wherce éue
weightago has to be given to the fixed costs of cach depot, and provision
for this has to be incorporated into tho algorithm. It cannot be left to
bo cdded later as this might defeat tho purpose of the above techniques.
iven if provision is made for the incorporation of fixed costs in a
gpocialised lincar programning algoritﬁgf)the problen becomes imnenses
€.sy the number of variables required for the problen set out in
seotion 4.5.1s would be over 76,500, anli the number of cquations would
excced 8§50, Feldman, Lehrer and n£$ gtate iIn a foofnote that "theorcotically
any warchouse location problen with piecowiso linear warehousing cost
curves can be given a fixed cost formulation. A worchouse can be aggoclated
with each linezy segment, the fixed cost being determined by extendins the
segment until it intersccts the cost axige The difficulty with this
approach is computaotional. If cach warchouse has a cost curve describadble
by five linear segments, then there would be five times as many warchouses
in the fized cost formulation",

4e6e2e Due to tho above reasonsy problems of this naturc have
been tackled by other methodsy involving tho use of Analopuc techniques

and by Heuristic nethoda.
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4.7. ‘ : Ilechanicnl nmodele have becn used & great deal in the
location of singcle plents and werchouses. Reference hag already been maégs)
te the location of manufacturing plent. An carly eoffort on the loeation
of a contral gorage im that of Keefe£?0)ﬂe surested & nmethod for locating
a ccntral garage at which overhauls and major repeirs could be carried
out on a fleet of trucks. These trucks woro lecsed daily to a number of
customers on long torm mileage coniraets which required their aveilabdbility
at several locations cach morning and their return to the base gonrage cach
c;cning- The edvantages of a ecentral gmropge were roducticn of idle . nileage
to a nininmum and the consolidation of personnels

JeTele The spatial location of the gevernl subegerages (which
the company was secking to repluce with one central garcge) and the
customers was narked with pin-holes on a sheet of corrusated board with
tho ai& éf.a gupcerimpoced map of the areca. The nunber of wvehicles regquired
was noted ageinat customer location. Small weights (bb shot) were pressed
into the bourd at ecach of the points repregenting customer locations,
the nunber used boing in proporiional to the number required. The centre
of provity of the whole gysten was deternined by balaneing the shot-laden
boord on the end of a pencil.

Tho theory behind thig method of solution was the

"resultant?of forces™ fronm which follow: that any ceries of weishts on
the same plane could bBe reduced to o single equivelent foree and bilanced
by & counter~force applied to the cenire of gravity of the oysien.
Congideration was glven in this gtudy to the effect of distonece, dircction
and na:nitude of ecch contre of demand. A correction wns also mode for
the wel ht end centre of grovity of the coirugated board itcelf since only
the effcct of tho pattern of BB shot was rcquireds

4eTe24 This method acsunes that there is a lincar relationship
between transpordt cost and distaneee IV aloo jays no zeccount to actunl
digtoance cince the uso of ihe map will only consider gstroicht line or

"erow-{ly" dictonces. It was also usod $o locato a single source, rather
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than several depots, which is the purpose of this exercise. 1% was also

assumed that tho cost of the gorage itsell could be imored.

(a1)

4086 Bruce has zlso described the cenire of gravity method
‘as commonly used to locate a single distribution point. e procceds
further to demonstrate certain insoouracies of tho method. Tho theory
is basic. [ig. 18 depiots n simple situation. 4 points A, By C and D
cach have a demand of 100 units. Their location is plotted on a graph
with the following co-ordinatcs, A(5,5), B{10,5), ¢({5,10), and D{10,10).
The determinaticn of the x =« co~ordinate of the centre of gravity requires
the following stepsi—

a) Multiply the X = co~ordinztoe of each point by the demand at that
point,

b) sum the products so obtained, cnd

o) divide the sum by the total demand

i-eo, D

————

x,
1™

Dy

«*s the x = cowordinote = 5,100 + 5,100 + 10,100 + 10,100
100 + 100 + 100 + 100

= 3000 :
200 = T+5

Similarly the y - co~ordinate of the centre of gravity wlll be 7.5 .
Tha centre of gravity P has co-ordinctes (7.5,7.5) and

is at the céntre of the square formed by the four points. This is
obvicusaly correct. |

448.1, Hewover this method does not hold good for all ceses.
If point D was moved from (10,10) to (100,100), and A,B and C were left
unchanged, the positici. aof the centre of gravity moves to a point closer
t0o D. Its co=—ordinates turm out to beo,

Xy = 5100 + 5.100 + 10,100 + 100,100 12000 _ .,
100 + 100 + 100 + 100 : 400

G therefore moves %o the point (30,30).
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Ia this the best location to supply Ay By C 2nd D fron, so that the -
cost of doing smo, a function of the total distonce travelled, is
nininised?

Using Pythogorast theoren, tho distance trawvellced

(2/5?:;52 - 2%8252 + 202§+S702 +70° = 198.4

4e8e2e Iruce coserts that the minimm distonce will be

worlza out 4o

ravelled only when the.'depot' ig situntced at the point of intersection
of the two strnight lincs which connect the two pairs of points (selecting
them so thnt the two lines cross).

Vhen D was at (10,10), the point of intormection is
shotm in FMge 18. It is (7.5,7.5), the samc point as thé original centro
of gravity. ¥Yhen D was moved to (100,100), the point of interscction
renzing at (Te5575), while the centre of gravity moved to (30,30).

If wo located the depot ot {T+5,7.5)s tho distance travelled turngs out to

3 {mszi \{Esz/@;s2 - 141.5

vhich iz mecen to be much less than the 198.4 resulting

ba

from the use of the centre of gravity.

Tho proof is simple. It i3 boged on fhé theorcn that
thelsum of two pides of o triengle in groatef then the third side.

4eCe 30 Tho technique recommended by Druce Lor the location of

a cingle depot uses the principle set out above. He plots the cenires
of demand on a graph ond thon nanipuleies the position of two straight
lincs at right angles to each other so that the demands on-each side of
either line are approxinately equale The ldeal centre is then the point of
intersection of the two lines. The method is desoribel fully in reference
(21).

Tho resultont location is mnot necessarily the best nor
is it wniques It helps however in narrowing tho cholee of leocationg. Itas
edventages lie in that there are no lengthy calculations involving

distoncoes.
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4eTe Turstall, lLeaver and Sussams have used a technique
baned on Losch's ncchanicnl modgi?)Thcir problen g to locate & "best
vartner® facto:y for a foctory of knowm location. They mounted & map on
& board ond drilléd holen thrdugh points fepresenting sourcés of rav
materialn and centrea of denands A thread was pagsed throush cach hole
and tho ends above the table were joined in a knot. fo each of the other
cnde uas.attaghcd a welysht proporticnnal to the dcmnnd‘at that centre. TFor
row materdals o different scele of wedghis una used t6 differentiate
between the freight rate for row materials ond finishéd poods.

The lmot was choken slirhtly to ovefcomé fricticn ond
if moved to the place where transport costs were lezst. It was demonstrated
that frictionnl forces did not invalidate reoulta.

The nzchine was foumd 4o be accurate enough for prictical
purposes but hod the following linitations:-

i) a linear relaticnship was implicd botween distonces
end transport costs,.
ii) cctual distonces could not be represcented.
iii) natural bizards ox delays were ignored.

However, 1t wags choap to operate and guve resultis gquite
quickly. The results obtazined from the use of this machine were incorporated
in a computer program decigned to calculato cosisy ctes, for o series of

alternative combinations.

4410, The methods described above deal with the problem of
locating onoe supply point within a market area in order to nininise
transportation cost. Thoy are simple to operate znd have produced reagon—
eble results. However, the recl life problems are rmuch noroe complicatede.
A big difference is made when thoe problem roquirss the location of ceveral

supply points agoin to nminimise total transportation coat.

(23)
4.11. Brim: and de Cani have described an analogue solution

to the problem of locating severzl supply points. The anzlo:ue computer

that vas used was designed and built by Dernard, and evolved from a crude
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prototype diccussed in a report on an U. 5. Air Force contracts. This
computer utilises electrical potentials on pointo in a plene. The plane
ialmoved so that iso—=gost curves are traceable through the measurement of
clectrical current.

4e1lel, Brink and de Cani mcke several assumptiohs before
attenpting a soluticne They arc -

1) Coats, both in time und in éhipping costs, can be
necasured and computed.

2) In the ficld of actual cost, only shipping cost is
consicdereds Cther cosis are ignored.

3) The mmber of distribution centres is less than the
nunber of customer locationg,

4) Shipping coat is dircctly proportional to the number
of unita shipped. |

They precedoe thedr analogue solution by setting out the
problem in mathematical terms. They use a matrix approach and nininice
the totel cost {umetion by differentiation. .The details of tho calculation
are sct out in their article (23).

4011024 The procedure commcnces by arbitrarily. locating
Cisizibution points which could dbe judiclously chosen according to the
pattern of customer demend. The loecation can then be altered during the
cbmputation in order to achieve z ninimum trangsportation coste When
iterations produce no reduction in ocst, an optimunm has been acﬁievvd.

It ia stated that the optimum achieved in this way is not nccescarily
unique.

The article under reference also gives details of the
anclosue computer cnd the principles on which it coperates. It also
deseribes how a two cenire case can be tackled, ond usélf an example
involving the location of a bar to serve the members of the faculiy of
the University of Pemnsylvonia, to denonairate both the itechnique and the
results obtained. .

dellele The wealmecsses of this technique lie in that it does not
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toko into consideration certain very impertont fuctors in digtribution
analysises The firot is that this ncthod ignores nll costino othor th&ﬂk
actuval chipping costas or inatance, the fixzed cost of the distribution
centre/s, and the cost of supplying the distribution centro arc both
isnored. This is evident from tho siatement that is rade in tho toxt,
nenely, " transport costs could bo reduced to zero by putting a distribution
centre at cach customer location.' It io oclear that there is a soriouas
weakness in tho technique if it cannot consider rejecticn of such o
posaibility immediately,merecly bectuse the advantages of zero transpord

cost would‘be nore than offiset by the fixed coot pf the diztritution centresn

end the fragmented cost of supplying each of these centrea,

dedlede Secondly it is inplied trat unit transport.cost is
linecar with distance. This peint has been nentioned earlier ond its
inmporiance enmphasiseds In tho discussion on i1his and other allied papers
that non-lincar ofi'ects and gpeecial linmitotions could be allowed for, at
least approximately, by oppropriate adjustments of tho mechanieal
anclogue machiness In his sumnmary Dantzig siatod that while annlogue
machines were useful for the solution of spccial types of linear
programming problemg, digital computers would be required for the

general types, in order to ensurec speed and accuracy.

HEURIGTIC IITIODS

(28)
del2e Daunol and Volfe demonstrate the epplication of the

transportation method in wmrehouse location, but state that impoertant
non=linearities nay preclude the success of this method. ilowever, they
ouzreat & nethod which would produce a local "optirmun" and a solution
that probably cammot be improved except by prohibitively expensive
conputing for a large scale problem. This nethod uses the Transportation

technique and preselected warchousc pites.



“hey describe ihe problems thot could arise duc to
non~lincarities and the concavity ol the cost relationship, andi chow ilieir
fterative proceduré secizs to ovoerconc ticke

4412410 ¥hile egrecing that this is a distinct advance, it nust
be noted that they have otill not paid any attention {o the fixed costs
of the warchouso/s. “ho transportation method operatcs on marginal coots,
and when cone has deternmined the transportation cost in tho final iteration,
one has to add therclto tho fixed costs of the warchouses. This could
produce a result that ney not necessarily be an overall optirmz, cnd the
tecimique used does not help in deternmining what has to be done in ordex
10 rcach a "best" golution. In addition they tackle the cése where there
is either only one product or a composito product. No indication is made

of how a multiple product problem can be handled.

4elle Karanzaézslackles the problen of location of supply
points by incorporating in his znalysis the use of Jellmun's algorit£§6)
(vhich finds the shoricst path befween any two pointa of & network) cnd
a routine for the determination of the “"ecentre of grovity of a get of
waightcd nodes", His technique involves the arbitrary secleotion of a
cortoin mumber - m - of sources {or depots) and the division of the
network into proups of destinations which will be supplied by ticse
gourcess Thig i3 done by allocating each destination to its "nearest"
gsource. llext, the ccntre of gravity of cach set of destinctions is
deternined and the original sources ere replaced by these poinits. This
process is repeated until the sources do not change, i.esyvhen the source
is also the centre of gravity of ecach set of destinations. This process
of allocation and re-zllocation in conjunction with the source for the
"nearcat" source is clained to reduce path length to a nminimune It is

inplicd that cost ig o fumotion of path lengti.

4ellele "hig sanc serics of oteps is repeated for differcnt
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values of my, 1.0.y o difforent number of depots is selected for cach
trinl, and one can finally determine that number of depots vwhich brings
about the minimiscztlon of path lengthe.

It eppears that the final solution obt&incd by
larenzena's technique is not cucranteed to be optinal. He stztes,
howcvery that with o computer 44 is feasidle to carry out this exercise
cen o mmber of different initial selections so thoat one may be assured
of arriving &t a good solution, even thoush it moy not de optimnle ile
_dcmonstrates non=optimal converccncc with o smell scaie preoblem invelving
9 destinctions and 2 depotse Tho initiel sclection of 2 depots aflcets the
Tiral solution. ile als§ shows how a non=unique cenire of gravitiy can
produce {inal colutions which ore significantly different from ezch
other. loronsons has dicplayed the résulta of a 3«gource problenm in Iialy
involving anciwvork of 40 citics.

Lel3e26 A eriticicm of this nothed isc thot it dependo upon tho
selcétion of the centre of grovity to minimice foicl distunce invelved.
This point wns dealt with carlier (section 4.8.2.), when it was shoam
that, in certain éases, the contre of gravity was nct the best location
for o digstribution cenitre. No attention heas becn poid to the fixed costs
of the depotsy or of the cost of oupplying the depots in the Lirst inctonecea.
L Purthor ecriticism ia the atrong dependence of this rnothol uneon repcated
trizls with diffcerent numbers of depotis, to determine the "begt"

golutions.

(27)

dadde Cooper odoptos o purely mathematical approach in tackling
the problems. He denls with cortain restricteld problens that meoy oriso in
industry, where coriain locations are fixed by externzl considerztionsy and
whers costs ore elther indeterminable ox are subject to wide fluctuationa.
e agsumes that there ore no restrictions on source cepacity and that unit
shipping cogts are independent of ticushput. His poper exanmines the

problen of simultancous sourcoe deterninaticny indieaten the moemitude
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of the computational problema involwved and sugiests general approaches
that may be used in prectice.

4eldsle He postulates that for m sources the capital, depreciation
cnd operating costsy €y would bo a funoction of m = ( C = gl(m) ;......(l)),
end that the mindrmm cost of supply from these n sources, D, would be
another function of Il = (D = gz(m)..........(E)), when tho n sources are
optinally located. The total cost U woﬁld be given by

D=0+ D= gl(m) + ga(m)s........}..}...(3)

The ninimun cost solution ig obiecined when
a3 = dgl(m)/an + dgé(m)/am = 0, and solving for m gives the
numbor of gources for the final solution.

Ile ptates that relationship (1) can be obtained by
fi4ting exioting data into-an ompirical cquation. The problen lieca in the
determination of relationship (2).

4ellae Ho then procceds to do so. He first describes a rather
lengthy method involving differcentiction of several cost expressiona
znd the subsequent solution of scveral cquation§ to dotermine tho
Cartezsian co~ordinctes of the m sources. He states that the cmount of
conputation involved could be very congiderable ahd even very prehibitive.

He then deseribes a modified itorative procedure whereby
the omount of computaticn is reduced. llo has used an IDM 704 computer to
produce "excellent results™. -

lfe denonstrates his technique with gseveral cxamples which
confirm that here too thero ic no pusrantee of optimality. e suzocots
that onece a solution has been obtained, the oplimum could be reached by
colving the extremal ecquations.

Qelldele Thins nethed too leang heavily upon the uge of co—ordinates
for hie location of the sources and the subsequent oclculation of transport
ceotse Actunl disiances are not used. In fact, Cooper mentions uclidean
distonces, vhich involve 2 ecosunnticnne The first is thot erow fly distance
is corrcet, and the cecond is that cont is proporticnal to distonceos Both

aoowptiono can introduce sericus crrors into the resultoe.
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A further wealness igs that one has to firat determine
& velue for m, the number of sources, ond then proceed Yo recach a ninimum,
not only varying the lecations of the m depots, but also varying the value
of nn itzelf.

Cne feature of this techniquo ig that the mources could
finally be located at o point which is not a centre of demand. This noy
. ¢r moy not ba significant, but it may bo desirable to locate a cource et

nt contre of domonde

(29)
4e15. Griffiths hog used an analytieal approach to determine

the beal location for a depots o deala with the ccso where the reguire—
nent is for a transit depot vhich is the sceond link in a distributicn
chain. llanufactured goods are noved from the factory o a nmein distribution
contre, ond then to a transit depot, before they are finally delivered
to consuicrs. :

liec concentrates his atiention upon cozts incurrcd in the
last lap, from the tronsit depot to cuztomers; and decls with costs
agscociated with 1) muber of wehicles and drivers

4i) mileages run by the vehicles.

lie states that the most inmportant contribution to
dolivery cost iz the nunmber of vehiclen requiréd, under the varicus
regtrictioas of customors' convenicnce, legal working houra or even
crbiirary company ruleass lle decides to mininmise the total wvehicle-heours
rcquired to meke all delivericse

4e1%414 He uses regregsion analysia 4o determine coefficicnts

in an expresaion of the fomrm T a il + BT + ¢Vy vhere 7T is the total
vebicle working time, II is the distance covercd, I is the number of stopa,
and V is the volume handled. The coefficicnts ore o — the inveorze of
averape vehicle speedy b~ the tinme cosoelated with a singlo step, - ond
¢ -~ the time roquired to unload o sinle unit,.

The values obtnined altcr an snalysis of on arca in the
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Hone Countics are

averase vehicle speed - 16 nepehe
Time per dxop - "f4e2 ninutes
Unloading time per unit -~ 0e2 ninutes
4el542e llo then looks further at the term zally, and formulztca a

‘techniquo adapted to determine a valus which would be a route-indcpendent
meésuro of nilecage which would be o function only of fhe rclative lucations
of demands and depot and not upon the routing patiern adopted.

441530 lle postulates that o reosoncblo functicn of the total
mileage run on a dolivery round would be the sum of the atreight line
distoncen of each towm fron the depot. This is in contruat to the uzoe of
inter=town distances to represcent milec;c per round, since inter—towm
digtances are depenuacent upen the réute token.

Thq expression given ecrlier now becomes
T =ay é&:Di + bl + o;V 4 vhers j is the number of towns

Lzy
on the round and Di is the straighi line distaonce of cach towvm from the

depote.
The valucs of a,, bl'ani ¢, var, fron these obtained
ezrlicr.
8y = 084 nings. por straizht=-line nile
bl = 46 ninutes per drop
c, = 0.2 vinutes per unit
4el5440 “his technique was usecd fo detemuine the location of

cne depote It scems to be unable to cope with tho lecation of suveral
depots sinmulionecusly. It also nakes certain assunptions regarding coats
and cistances vwhich noy not be eatirely justificds Finally, this nmethed
approaches the problém fron tae engle of wvehicle hours only. It docas not
consider degot operating costs, capitul costs, which may upoct tho results
obdoined. It also goncontrates on tuie situstion vwhere a vehiecle nnkes
geveral drops on the sgue trip. Thig situation is onc which oil conapnieg
wish to drav aucy -Jromy, and it is felid that too much promin.cncs should not

be given to it.
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(39) (29)
44164 Webb locks furthor into Griffitha’ straight line

distonco methods The roin objeotive of his work wes to compare.the
results of locating depots ot points of minimal monment sum (the sum of
delivery quantitics nultiplicd by the distence of the corrcaponding
delivery from the depot) with locating depots at the point of minimal
nlanned distonce with regerd to'organisations requiring miltiple~dclivery
journeys from their vehicles. Hé gives some oif the facts governing
transport costs a3 -

a) Vehicle costs/ton capaclty per milo decreaso ropidly
23 the vehicle capaclity and digsionce increagse.

b) The cost of fuel znd {yres, i.e. direct coats of
distance mctually travellced 1a a small proportion of total costise

o) The major component of tho cost of operating a vechicle
is the fixed coate

ile asoumes that the route~mileago of distonces is o
better nmeasure of voriable cost thon the rmoment sums.

He deseribeza the data and methedology that he hus used
and claims a high correlaticn botween moment sums cnd planned distonce,

with certaoin reservations.

41641 In kis final peragraphs he comments on certain chortcomings
of hia nothod. An importont one is that the data would ba too nearre 4o
draw any general conclusions on the nmethede He coneludes by siating that
the nethods of caleulatizn {of depot locatiocn) based on cost functicns
whaich uze the data ol cach order separately or zecuwmnlatively, 22 does the

nement cumy tend to bo misleading,

(40)
LalTe Lourence and Pensilly hove used an iterative heuricsie
technique which sets out depot locaticns after considerinsg the effect of

deloyed delivery tinme due {0 congesticn, the presence of naturel hazcords

cnd the »oosibdility of infecsibhlo depot locations.
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The costs that were to be mininmised werci—

a) the cost of moving the product to the arcus of demand
from the depotse.

b) the operating cosis of the depots.

¢) the rental cosis of the depois.

d) the cost of moving the product from tho factories to
the depots { trunking costs). Congesiicn wes declt with by incrcosing the

actuzl distance. A similar device dealt with infeasible depot sites.

4.1?.1. The technique centred around the calculation of toial
coosts Tor each iterztions An approximaticn was used in calculating the
opcrating cost of cach depot, but this was found to be only a omall error

which wog ultimately wived out at the {inal iterction.

LelTe2e The data required for the progran is extensive ond the
optimisation hos been czrried out on en IBH 1130 computer. The recults
are not guaranteed to be optimal, and the aterting soluticn bioses the final
answer. It is claimed, however, tﬁat repeated runs using widely dlffcrent
starting points chould throw up an answer that would not be too far fron
the absolute optimum,.

Thio nethod rakes uze oi several basic ascumptionsz uvhich
would nflect the final solutions They are:—

1) the demand is.assuned t0 be divisible into severzl prids
(in this case squores with oides 6.21% miles long)

2) the distinco covered within cach srid is the sonc.

3) a general factor//u'convcrts "erow L£ly" mileo into
rozd miles, Tais foctor need not be correct for 2ll grida,.

4} it cssumes o stondord delivery cost per ton nilc.

The mont important wenlmness is that {the number of depots
iz determined wefore commencing the calculaticn. The process of cost
reduction ontails the neced lor severul runa on tho computer bhosed uscn
diffcrent nunbers of dépots. There is no sclf-adjusﬁing feature vhich ncokes

the choice of the numbor of depots an integr:l port of the algorithnm cmployed.
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elTe3e This nmethod is, however, an advance on carlicr work
becausze it brinss in costs of thoe depots themseclves end it mzkes provision
for delays due 1¢ congestion wund for infezsible Jourmeys due to notural

hﬁzards-

(42)
4.18. Keuhn and Hemburger have also adopted a heuristic

apsroach in their method of locating warehouées._ They clainm the following
auvantages for their method -

1) it provides considerable flexibility in tho specifica=-
tion (modelling) of the problem. |

2) it can handlo large seale problems - several hundred
potentinl warchouse sites and several thousand customer locaticns.

| 3) it is economical of computer time,

They also claim that theo results obtained have been
better than those obtained by the alternativa nethods they have considered.

The problen is stated to be « the deterninction of the
gpatial distribution of werchouses which will be mogt profitable by cquating
tho narginzl cost of warehouse operation with savings in trensportoticn

cost and incremental profits resulting from qguick delivery.

4418410 Their progran has 2 partn - the nodn pro ronm ond the
Dunpeand=Schift reutine. The formor locntes warchouses one ot o tine until
no nore can be added without increasing total costs - while the latier
atteapts to nmedify colutions obtained earlier by evoluating the effcets

of dropping warchouses or chifting then Irom one locttion to cnothere

Ge13e 20 The nain prosronm consists of 3 secticna, the ilirst of which
sercens potential siarchouse locaticns to elininate {hic neccssity of
searching over wide arcas of clearly infeouible territorye There 1o the
risk that & desirable.cite may be overlovked in this initial proccos of
climinaticn, but they can be specificelly ihcluded as alternativese The
second oceticn finds the warchouse thet cun tring the greutest sovings,

while the third furthcer rcluccs ihe sewrel: Jor the best warchouse by
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restrioting the choice to only a few - a nunbeor get beforeband 2o an

interiediate buffor.

4e1843s The writers set out their problem in mathenatical
terms cnd have demonstrated the tochnique with 12 éample problems. In
3 of the .12 problems, subzequent investigation showed marginal improvements
ovcr-{hé colutions found by this program. The inmprovemcents were of the
order of only 055 and this clearly demonstraies tho soundnoss of this

houristic technigues

4e1804 As on oppendix, Xeuhn and lanmburger ncke a comparative
study of the zlternative methods of solving the warchouse location problem.
They arsree that, in theory, a modified lincor progromming arprcach could
be ﬁccd, tut state thot in ccetunl proctice the siéo'and the dogréonof
non-lincarity prcelude the use of the.L.P. alporithme. " Their comnmonts on
the Baumol—wo£gg) approach arc focussed mainly on the lack of provicicn
for hundling Tixed costs. They also comment on the Averapo Cost method
used by Balingski and Hiiggz fere too the lineaf prosrenning troncportation
model is used, but costs arce deseribed by picccowine linearisation rather
than by the concave functicn used by Baumol and YVollfc. Fixed coats can
be incorporated. 'The simﬁlaﬁicn approach cdopted by Uhycon ond Haf‘gg)

iz 2lzo mentioneds The use of computed air miles is undesirable « and

one hog 40 deeido beforehond the number of warehouses that in desireds

441345, Cf the methods deseribed carlier, the Keuwin-Lonburger
nethod secms to be tho most comprohensives It consideras all relevant
factors including, ol course, {ixed coatss. It aleo considers a x»e—~
eveluntion of the warcehsuses sclegted in order to drep ocrtoin wurchouses
vhich cre no longer prefitables i.ce thie scovings that they could cffcet
by supplying cerioin demand arecs have been wiped cub because,those demand
arcas have been re-clloecated to oiier warciouses. (this is c;rricd vut in
ihe Iunp-cnd-chift lLoutine)

In the course oif the caleulotion, any warch.ouse whose
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additicn does not reduce toizl distributicn conis is eliminoind fron
further cnelysis in the main programe. This step is olaimed to reduce
tho mmmber of warchouses thoet will be considered in subsequent iterations

by as much as 904

441846, Keuhn and Hamburger have not described how the first
selestion of warchcuses is made. It appears that their technique is oppl=
icable only to the re-cvoluaiion of an existing netwqu‘of warehouzced.

Zven so, atep 2 in the flow diagron incorporated in their article, which
reads " Deternine aﬂd.place in the vuffer the I potential warchouse sites
which, considering only their local demand would produce the preatcst cost
savings if supplied by local warchouses rather thon by the warchouses
currently servicing them" is not clears It seems that a study is nade

of the arezs supplied by cach existing warchouse -~ in which cage tho

number of iteratichs scems to be limited beforehand. This doubt is not
erased by tho reastriction pleced on the alporithm by fixing at U tho

nunber of wvarchouses that will be considered in each iteration. Thic
point encrrens in one of Lhe semple problen vherce a desirable warchouse site
hes not been considered merely beexuse it was not included in the N locations
sot in the buffere The effect of making N = M, i.e., ploce nll potential
warchouso sites in the buffer so that they cculd all be considered in each
4Lcrati§n has not becen mentioned = hewever, it is stated that computing
tine increases epproximately linearly with the size of the buller. There-
iore, a balance hos to be struck between the expense of computer time and
the rigk that a dosirable locaticn iz not considered due to restriction in

tha size of the buffer,

4¢18470 The Dunp=-ond=Ghift routine is exercised cnly ot the ond
of the main progroms. This mecna that all potential worchouse sites are
evaluated ond thero cnerges o final basls which consits chly of thoesno sites
which cculd offer savings over the existing network (or is it supnosed to
be the theorotiecal network determimed up to thot stope by the cliorithn?)e

Yo ottention is paid to thae foet that sovines could be duplicnted ie0aey
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more thon one potentlal site will get credit flor savings allreted by the

supnly of producis to ilhwe seme demond crea. It is only in the Dump section

of the Dunp-and=chift routinc that this io checked., If this check could
bo done concurrent uith or irmediately efter cach iteration in the meoin
PrOLTeN, thgre would ba cdventages in dropping unprofiinble depots corly
rother thon kecping thon in tho besis until tho finul checks cro nade.
This angle is glven proninence in the method of analysis thot is proposed

by this worke.

40188 The writers mention that muliiple prcdﬁct syotens could
be handled by their routine - but do not deseribe how this ig done. The
sample problens deal with only one product and it is statcd that the chifd
routine described in tho article connoet be applied direetly o multiple
product systemase A nodification wea being plenned but its completo
cffcetiveness was not egtablished.

| llention is also made of tho possibility of alioring the |

routine of the prorron to handle & "drop" approach rather than an "add"
cno - i.0.4 wo cooumoe that oll potential wafohouses are operating and drop
those 4that are not profitable or causc locsed.

The sanploe programs had the féllowing partnoters e

1) 50 arecs of demend.

2) 24 potential werehocuse sites (all were at centres pf

demand)
3) 5 ucrchouscs in the buffer.
4) 3 conbinationa of faotories.

5) 4 levels of warehouse fixed costa.

4418.9. The time taken for thece 12 problems in the nein progronm
ctage totalled 72 ninutes on an IB = 650 computer uwith RAIVC dize storape.
Tack protlen regquired 2 ninutes sed-up tinme and 30 zeeconds per wrarchouse
locztede The writers claim that computation time increnscs ot 2 much slower

rate with inecrecse in problen size thon is the casze with the opécizlised
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linecr programming algorithns designed to handle fixed copt clonznis,
4018410, The Duap=cnd=Shift rputine roguired a further one hour

on the IBI = 650. Howeover, it ig claimed that an efficient computer

would have token enly about 10 = 15 ninutea to pcrform thiz operation -

ond sinilar savings would be enjoyed for tho nain progronm as well. .

o (45) |
4419, Feldman, Lehror ond Noy have deseribed o conputer codo

vhich they hafo developed based upon extensicons of the work done by Heuhn
ond Hamburégiz They have considered the non convexdtiecs coused by tho
ccononies of scale associcted with the cost of opening and operating
extra facilities (warehouses) in o distribution network. They have
considercd single-product problems involving many faotoriess. They have
assumed tﬁat the warchousing cost funetions for each depot cro continuous
and concavoe. This fact and the laciz of constraint on warehouse capzcity
has cndowed a useful prozerty, nanely, in the final seclution no demand
coentre will reoeive product from more thoan oho worchouses 4 further
nodification introduced by theso workerz is the provision for éifferent
regional varchousing costse. They have also developed iurther the "drop"
zutine suggested by Heuhn and lHomburgere This routine is that warchouses
would bo dropped from the basis rathor than added to it.

4;19;1. The codo wag tested on & problem with 4 factorieq) 49
warchouse sites and 200 custoner locaticna in the United States.
Transportation cost wms agsumed to be lincar with disténée.

4919626 The solutions obtained were quite cloée to the optimal,
about %ﬁriesa for the drop solution, but about 35 greater for the édd
gsolution. Anothor mm using n different cost curve for the warchousing
funotion produced solutions which were within 0.2% of each other, tho
optimal solution coinciding exaotly with thé cdd solution.

These worlcers have developed the Keuhn-llamburcer
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appronch of heuristic enclysis, but have still not maée provigion for

2) non-linearity of iransportation cost

b) centirnuous checking for profitability of individusl. warchouscs, and

c) complete flexibility in allocation of custoners to vurehoﬁses.

441943, The lest point is clearly illustrated in once of the test
coacs solved by this techniques A worchouse was ploced at Cmeha o supply
Torth vlattey Nebraska, evon thouwsh Omzha itself was supplied fronm
Pilvcuiiecs The reoscon for thig is thot ilweukee was not one of tho
sup;liers necreot to llorth Ilatte end wog therefore not considéred to dbe
o reasible cupplicr to it. This has boen czused by a sube~routine in tho
cede which restricts consideraticn of supply only to ih.se custoners vhich
form tke Loezl Customer Set (LCS) of each worchouse, isCey clogest on &
pure tra.spbrtation cost basis. Ilo justification is claimed for the use
of luczl derarnd, but it is scid to pexrlorm a2s well compuitationelly as
eny othor measures suzsesiced.

5e184d, The oonple problems have been tried on on I 7094
compuicre. The time talien for ithe problemg formulated and golved by loubn
cnd Honburpser wos under L ninute cach. tubsequent work on a more renlistic
.nroolcw, involving 25 poteniial warchouso cites and 150 CUQtOWC Sy VRS
conpleted in 2 to 3 nminutes. Ilo time estimete hao been given for the
soluticn o the larger problenm using 4 foctorics, 49 mwerchouse sites and

aC0 cuctenoery.

(46)

4020 Jeference must be nade to oan articlo by Vanty vaich
deseribes the detorminction of on opiinel network of Copots for the supply
of vorious petrolecun products over an cree nhout Nnll the size.ol 3Jelgiumas
Liwe ovjective woa 4o el out the muion o ;u3a£3, their locaticn, ihe
foellities to bo instelled cnd the aren cover d by coch such dopoty to
pnininice totnl conis, i.c.y sunply costs (to depots) and distribution éosta

" s N L cu
(Copotns to cusioners).
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4e20e1s Ho has set cut the fotal cost function in 2 cimple
formula and used an itcerative opproach to mininige it. His subject talics
into account 4 products and proswicbly once central sources e uge
historical data to determine distribution costs which are (1) independent
of distance znd (ii) proportional to it. lic uses the least cost notiod
of trangport in ccleulating t.:esce costse Supply costs were so variable
(becunse of geographical discontinuities) that o grid of costo was used
in place of o nathematicol cxpressicns Desot fixed costs were defernined
by regression annlycis, and demand was estimated for loy 15 and 25 ycors

122d.

de20e2e he scarch procedure started with the détcrmination of
the nunber of depots to bo utilisced and to look for optina in coch nunber
reciioncde “here waos no specific nethed deseribed to seleet thc depoto in
cech trial, end it ias esswed thet systenmatlie selections were nade to
fzite in all possible combinaticng ol depoige 4 simple cost dillercntinl
nethod was used to gelect the morginal doepot thét wquld increuse tho
networic from (n ) to ( n + 1 ) depots. Iso-cost lines were droim wup
arter each change in depot location in oxder to deternine depot
distribution zrcog.

4e20a3e when an optinmum had been detcctsq (several neor optima
wero Dfocund) the necessary adjustments were made to deal with other
petrolceun products, and to determine the fucilitics required at coch
donots

de20ede The vhole study scuna to have been done nonuclly and has
taken about 12 to 13 man months, plus come clerical help.

4420450 Lwoanty's approach comes nearest to the meth.4d proposed
in thic sumeaery. e hus recognisod- ot practical conditicns coan cemetines
preclude the use of mathematical relationships in setting up o nodel of
industry. ife has uscd an elenentery approcch and based his.speciric
argunenis upcn actual cosise. iio heg uced o nothenctical expression vhere

he {eelos it will clusely resenmble the real life situntion, eeey, in
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caleulating tranaport costs fronm depot Yo custoner, but hos used o data
grid to deternmine depot supply costs In incrcosing tho nunber of dcpots
in the basis from (n ) to (n + 1 ), he has u:ed the cono assunption aa
2

euhn and Hambursgi 2 nonely, that the best ( n ) depots will be contained
in the best { n + 1 ). Vonty hos also adepted his study so that the
mumber of depois is & peranetcer that con be scgrcgatcd and chonged Iz on
iteration to iteration in the cearch for the ontimum. Vanty implics thot
h2 doea reach the optimume. This nmay be due to the faet that his moetheod
seeng to congsider all poasible combinaticns of depoils in cach basis. anty
has not siated the dinensiens of his problem, but even thoush the study
tock many man nontho, it seems highly walibiely that he has tried out cwvery
noazible combination. ilo has mentioned thet the scorch wzs in the supshly
cost grid, but he hos aloo nentioned total cost . rephs, vhich icplics that
he has carricd out the rest of the caleulaticns (depot conta, cte) ao
wroell. IIe atgtes however that the nuot inportant single facior vwas the
uit supply coate

4420460 Tanty's nethod seens to be too leng drawm ocut, particularly
if the bolief that he tricd 2ll pocsoidble combinations of depots is corrcots
It igc a noot peint whether in doing so, the improvemznt obtained by the
determination of the ubuo lute optimum is cigmificantly dilfcrent from the
near—optina obtained by other methods { espeeinlly vhen a hcuristic
scarch too may reach tho optimume)

4e20a7T. The belicef also chared by lleuhn and Hamburger that the
beet ( n ) depots will be contained 4n the best ( n + 1 ) mey not be
nececeoarily corrects It oppoars to be a wesckness ol the technique if 1t
connot con: with a situnticn thaet dees not brhave in thip monner. This
roctriction ooy be tco covere.

A+20.8, Venty's provicion for distribuiion cests vwhich ore bLoth
dependont on and indereondent of digtonee is o digtinet ivprovemont over

other methods desceribed eoxlicry most of which ascwned linenrity of

digiributicon cosot with  distonce, e does not stots how he hos node



provision for costs which were indecpendent of distance, but the foot that
he has used the least cost method transport seems to indicate that he

hag used a grid in this caro as well.

(48)
4420 ‘ Snykay has rcoently publishod an account of an

operational simulation program for the solution of the general purpose
Physical Distribution problcm; It is called the lichigan State University
Distribution prograne It is clained to assist in the deiermination of a

- wide variety of distribution monagement decisions inecluding sales ferecasting,
market planning and plant location.

44211, The 15U systcen is baged upon o rational description of
the market, csgey 28 being a grid of blocks, the U.S.A. being divided into
more then 300,000 blocks, cach 3 miles by 4 miless Zach block is casessed
on thoe basis of certain information including sales data by custemer and
product, and iz identificd by a 6-digit number. The data also includes
information ahosut mothod, source and cost of supply, and other relevant
statistica.

442142, An important feature of the program is a setl of decisions
nade by management about the basis on which the problen is to be approached,
Gefley Mininum cost, nmaximum profit, ectc. In the case of the warehousc
location problem, management has to choose, initially, a set of feasible
warchouse sites. The computer sinulation program then commences making
distribution assignments to znchieve lowest totzl cogte The computer staris
with all feasible sites ( n ) and prints out a list of customers who would
be served at lowest cost from point. It then drops every distribution point
in sequence, one at atime, ond caleoulates the cost of supply from ( n -1 )
pitess There will be ( n = 1 ) such caleulations. The process is repcated
for combinaticns of (n« 2 ), { n - 3), cte., cites until all possible

combinations are exhausted. Finally, the computer progranm conpares the
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results of all combinations and sclects the lowcst.cost confisuration.
4021030 The gsitructure of the prosram containg provision for
making a generaliced study of fixed and operating costs,y delivery costyetce.
4e2lede Smykay's work secns to have formalised tﬁe efforts of
Vanty (described earlier). He has converted Wanty's approach into a
computer progfam and added several useful features such ag the determinatioﬁ
of basio cost fipurcs on & dynonio basise o
4421450 However, it is still not freo éf cortain weaknesses that -
have bocn detected ecarlicer. For instance, Omykay still 4alkas in terms of
the market being divided into prids with distences between them being
neasured by triangulations. 1le does make provision for converting crow-
fly miles into actunl road distances = but adopts a common conversion
factor for all distances. Ilo also depends upon a mathepatical regression
for the calculation of transportation costs - which then gives an equation
to convert hypothetical costs to actunl costs. The most serious weaknoss
cecms to be the large number of trials that have to be made beforo the
best solution ia ob@ained. e ey for a prodblem invelving 40 likely
40, 40

, - 40 -
e u39+ 0381 seest C2+40 )

an ecnournous number indeed. In actuzl practice it is cortain thatxthe

warehouse sites the number of trials is (14

total cost hits o minimm long before this number is reached, but one
would bo unable to deternine beforchand exactly how many triala are
requirede.

4e2)eb0n The wvalue of the liSU progranm seens to lie in its ability
t0 handle other problems of physical distribution, such as sales fore—

casting, market planning;:, ctce
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THE WuW PROCIDURE

e The loglo eomployed in tho new procedure is rofreshing
in itc ocirmplicity. The only mathcmatical techniques used are addition,
cultiplicationy subiraction and division. Only first order relationchips
have boen used, but the introeduction of higher orders is easy. The medium
which 19 usced to evaluate the performanco of the technique is that of
coaty which is universally undergtood and accepteds Certain other tochniques
use indirect media such as (minimisation of) path length or vehicle
utilisation. Their weskess is that the comversion of these units into
coat tends to be oversimplified, particularly in connection with the
non=-lincarities deocribed carlicrs By exprossing everything in torms of
coat, the solutionAof the problenm is puch simplified, with due regard still
being pald to the difficulties which were overlooked enrlicr.

5¢l.le  fThe sequeﬁoe of tho celculations has been expressed in
the fornm of a computer program, which is in meverzl stugese It first
calculates the cost of the present distributlon systcoms. Using this oo a
reference level, it commences a systomatic acarch for improved pattemns.
Initially the model uses only the central source, with no depots at all,
and calculates tho cost of supplys. Wherealter it introduces depots, one at
a time, into the baslse Any gross saving reallised by the introduction of
a depot into the basis is reduced by the fixed cost of'this.depot, and if
there is a positive nett saving, the depot remzine within the basis. The
next { seo secotion 5.9+ ) depot is then tested in the gome menner and
retained in tho basisg 4f it too can show & positive nott saving. Con-
currently o check { sce section 5.6 ) is carried out on cach depot

alrcady in the bagis 4o ensure tuat its presence alweys bringa in a
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pesitive saving. If, at any sicges & depot shows a negative suving (in
other words, a loss ) it is irmediately dropped from the basis. Such an
event con take place when destinations originelly assipgned to o pariicular
‘depot ors re-=allocated to cnother because the latter con supply thenm ot

a lowor cost than tho former. Thoe toial savings showm by tha‘ Tormer are
reduced by this trunsfer but its fixed cost does not chanse very much.

" (cee scotiin 6.2.5. Tor deseription of coat build-up)e If o sufficicnt
nunber of demund centres is re~allocated away from & depot, its Iixed cost
will oxceed the sovingsg it con shows  VYhen this lieppens, the depot is
dropped from the basis. Xts removal sets a special cubercoutine (seotion
5.643¢) into action to rcadjust the main progran.

S5ele2e 4 pronminent featurc of the program is the extensive use
of indicators. As would be cxpected, thore cre muny instonces in the flow
of logic where subsequent calculations dopend upon vwhether or not certain
cond.itio'na provail at that steges The alternatives have been reprecented
nurterically by the use of indicators such as Iiy 1, iDy colice 7The walue
carried by ily eithor -2, -1, O or 2 determines which course is followed
by the flow of calcwlationse It i felt that the use of thege indicators
hag contributed significantly both to the sirplicity of the losie and to

the speed of computaticne.

5e2e . The computer progron has boen writien in MRTRAT IV,

for uze on the ICT 1505 conliguration installed at the Conputer Ceanire

of the Loughborough ﬁniversity of Technolory. ( Appendix "AY sives

deteils of the computer). The program consicts of a aster segment

(length - 3220 ) called "Distribution Gos‘b Analysis" oand 2 library sube
routinces UTDL aﬁd UTD2 which provide access to off-line magnetic dise
atoragos. The core space requirencnt of the master sesment, £eml-compiled
 sub=routines cnd raw and intcrmediato duata is 21312 and further sforage

is required for 2 large duta grids oi costs znd savings. Sinece the internal
core sitoraze of the conputer is inadequate to hold the 2 grids, en casy

agceas backing store was requirede. llagnetic discs wero selected because
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of their rarid randon access tine.

5e¢2e¢le INPUT The input for the program consists of the percmeters
which describe the size of the problem, and several blocks of data as
followsy—

S5e¢2¢2+ Parametcers of problem and baasic coat data.

The number of centres of demand, the likely sites for
the depots Ly number, the mumber of exlsting depots, tho operating coat
of the central source and the basic cost of road wvehlecles arc firat fed
in. The first three wvalucs are dimensions which control the rest of the

progran.

5¢2¢3e Transpo:t Cogt Data Grid
The next item of input is a pgrid of tranaport costs. The
dimensions of the grid is determined by the number of centrca of demand
and the number of likely sources of supply. These parameters have becn
sot out in secotion 5.2.2. above. Zach element in the grid is the cost of
supply to a centre of demand eithér direct from the central source or
fron the central source wvia cne of the depotss Fige 19 i8 a reproduction
of a part of the zride The cost elements have been calculate& external
to thiﬁ programs Section 5e3. describes how this wao done.
The coat grid is passed on {to the magnetic disoc storage
for easy acoeos,
5e2e4e Centres of Demand end thelr requirencnts
The names of the centres of demand vhich together cover
the vhole market area, and their tctal requiremenis are then fed ina
Section 6.3.1. desoribes how the information for the case study was
prepared.

5e2¢5¢ Sources of oupply

The nomes of the ccontral source and the depots comprise
the next input. These sources are crrunged in a particular order, tho
central source coning first, followed by the existing depots, and finally

the proposed depots, arranged in sequentiel order awny from the central
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Pigse .1

' REPRESENTATION OF PART OF TRANSPORT COST DATA GRID

ﬁ fQ£;Qﬂ‘oblumn.reﬁresents 3 gource 6f supply, i.e., Koloﬁnaﬂd is'the firat
i*i;géiumn;:Mafaré (a depot) is the second, Kotagala (a‘depot).iq‘the third,
'Vdnd 50 Ofl. | | |
"ﬁqch.réw‘répféseﬁts a centre of demand , ifo., Adalachqhenai is the first,
‘ﬂéﬁiaﬁdﬁte is.ihe‘secdﬁd; and:Agrdpatana is the thif&; and S0 on.

Each eieﬁent represents the total ccst of supplying the_cenfré of demand
'fiom the source. These costs, together with the fixed costs, accountlfor

"all the costs of distribution.

0.4594 0.4493 0.3946 0.2137 0.3045

0.0933 0.1472 0.1767 0.2552 0.0968
0.1934 0.0739 0.1361 0.1804  0.3289
0.1750 0.05283 0.0831 0.2529 0.2750
0.0986 0.2096 0.3920 0.3764 0.1021
0.4594 0.4282 0.3764 0.3476 0.2997
 0.1582 0.1379 0.1435 0.1679 0.1345 .
©0.1545 o.i635 0.1926 0.1008 0.2087
0.1539 0.2503 0.0968 0.1197 0.1269
0.5140 0.1509 0.2658 0.2367 0.5418
0.1582 0.1361 0.1029 0.1987 0.0985
0.0792 0.1305 0.0986 0.2003 0.1486
0.2693 0.4978 0.1786 0.1999 0.1609
0.0810 0.1638 0.0647 0.1768 0.1279
0.2387 0.5140 0.1983 0.2587 0.5432
0.167% 0.0599 0.2234 0.0987 0.1275
0;1074 0.1190 0.1166 0.1543 ~  0.2196
0.2067 0.1619 0.2378 0.1987 0.2118
0.2348 0.2781 0. 3654 0.1998 0.2763

0.0739 0.1398 0.1186 0.2044 0.4041
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pocurces Section 5.9.'dcscribcs how the order of depots was decidede

542.6. Fixed Costs

The next input will be the fixed cost of the central source
 and the existing depois. (see seotion 6e3e3els ). These figurcs are
erranged in the sane order aa are the depots in scction 54245+ above.

5:24Te Variable Cperating Costs

The next input consista of the variable operating cost
o the central source and the existing depota,. Tiese nre fellowed by
cstimatea of the veriable coats of the proposed depots. (coe secticn
6424704« for further details.) Theoe costs too are arranged as in section
5e2e5¢ obove.
5462484 DNail freicht costs

Iail transport coats comprico the next input. These coats
cover hauloge from the central source to the exdisting tnd proposcd depotse
Secticn 643.5. glves further detoilo.

5e2.9. Prescnt scurceg of supply

A peries of code figurcs is then fed in indicating vwhich
scurce presently cupplics cach centroe of demands Thege fipurcs cre crranged
in tho ceoro ovder zs are the centres in section 5.2.44 above., Thig inform-
ation is rcquired to calculate the cost of the prescnt systen of
distribution.

5024104 Linmitations of depot capecity

There ig the poscibility that come of the existing or
proposced dopots may have sone consiraint which seis o maximum to tho
ancunt of product that it can hondle during o periicular time period. If
such cases exist, the last ltem of input makes provision for consideration
of thig congiraint. The mexirmn is modificd to make it compatible with
menthly demand ond fed in for each such depots I no consireint cxiasts,

a value of O (zerc) is fed in. Scciion 5.83. doseribes the gub-routine

which comes into operation to cdeal with these linmitotions.
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5e3e Section 5243+, Transport Cost Data Grid, requires zono ”
ciarification at this point. As mentioned carlier the elecments of the grid
are costs of supplying each denand centre from cach source. These costs
have been obitzined after o sobarate exercise which has tcken into account
the following componentgi-

5e3¢ls ~ the unit 0pe£ating coat bf the ccntral sources (sce
gaction 6.3.3;2.f) The dentres of deomand are fed cither direot fron the
central source or from a depot which is in turn supplied from tho central
source. Therefore, the contral source is common to all routcs and is
included in the computation of every olcment iﬁ the éost grid.

He3s2e coat of transporting product {in bulk) from the occntral
gource to the depot (see section 64305474)e Deliveriba direct fron the
eentral ﬁource 1o the customer will have a 2Zero contribution on this
accounte

503030 the unit operating cost of cach depot (mee sections
62343420 ond 6420Tede)s lloTo %00 dirTeot deliveries will have a zoro
contribution. |

S5e3ede the cost of the f£inal leg of transportation by road.
This cost 1a obfained using tho distance fron the central source to the
demand centre (in the caso of direet deliveries), or from the depot to
tho denmand centre (where a depot figures in the distributio?6%?ain).

The distances used in tho case study are actual road nmileages ond not
approximations made by assuning crow-fly journoys.

5e3edele The other factor that is cousidered is the cost por unit
distonce of road transport. Reference was nade earlier to nen-linearitics
of transport cost. Scction 6e3.4¢4. dooceribos how thia prodblem wes tackled
in this study.

Heledele Tronsport costy 20 expressed by T would then be

T = Cperating cost of central source + trunking cost to depot (vhere
applicable) + depot operating cost (wiere applicable) + road houlage cost

from central source/depot to the centro of demand.
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Appendix B" describes the exercise which produced the

elencnts of the transport coot grid.

THE PRELININARIES

Sede Once tho input hza been fed in, the first stage of the
computer progran calculatea the cost of the precsont distribution systems
This consists of threco constituentspe

a) the fixed costs of the central source and the existing
depota,

b) the operating costs incurrcd at these some points,

including delivery coats, and
¢) the costs incurred vhen customers pick up their

requircments on their own.

The deternination of the first eclcement is sinmples. The
calculatién of the panme cosatz hes been dono earlier and have beoﬁ fed in
carlier (oee section 5.2.6.)s Tho scoond constituent is determined after
putting together 3 pieces of primary data. They are the quantity delivered,
the cost of delivery and the source of supply. All thrce are itoms of
input, as per sections 5.2¢44ey 5¢2+3¢y 8nd 5,2.9. above. The cost of
cellections by customers 1s determined by putting together the quantitics
collected {cection 5¢2¢4.), the source of colleotions (section 5.2.9.)
and the costs Incurred in meking product avallable at these sources. ¢egey
collecticns from the central pource involve only its operating costy while
collections drawn from depotas incur source operating costgs, cost of
transport fron the source to the depot concerned, and the operating cost
of the depot. All this information has been fed in earlier.

These three constituents are sdded tojzether to pgive the
total cost of the prescent distribution system. (This total cost is the
base figure against which the performance of the optimiscation progran is
Judgeds Regular comparisons are made between the costs generated by
successive iterations and this bage cost.) At this stage the prosran prints

out & series of tadbles which set out tho input data and costs of the
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present systen of distribution.

THUE MATH. PROGRAM

55 _ The objective of this program is to bring about a
re-orcanisation of the existing distributive network so es to improve on
the base cost obtiained earlier (oection 5.4.). This section of tho progranm
gets up procedurcs for o systemctic search for ﬁifferent combinations of
depots which together with the central source will reduce overall
distribution costas. The study is confined only {0 direct transport costs
and to notional fixed and operating costs. No attention will be paid to
the astudy of each depote This can be done as & geparate excreige alter .
thin progran has produced itas sclution.

HeHels . As the firat feasidble solutiony I have teken what appears
{0 be the obvious first step in sﬁch an analysis. I have assuned that
thero are no depots at all and that all custonmers will be served dircct
fron the central source. (This conpares with the initisl feaoible basis
in the.aimplex nethud of solving lincar programming problems)e. The cost
grid (described in section 5.3.) has been set up with this approach in
mindy and it is.a simple cqlculation which produces the %total cost of
supplying all destinations from the central gource. The elements in thel
first column of the grid are multiplied by the ecorrcsponding demand figures
t0 sive the total variable cost. To this add on the fixed ccot of the
central source and the cost of collections and the total is the hypothetical
cost of Bupplying'all centrea of demand from the central sourca.

5.5.1;1, In the majority of cagses, this cost illbe hisher than
the base cost of the pfesent systen, and negative values appear as both
absolute and percentage improvenents over the base coste It is only a very
rcmote possibility that the initidl basis will show any impfovement over

the base cost. Such an event will take place only in a very emall markot
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in vhich illogical and unnecessoxry development has faken placo. It is
inconceivadle that the oil in&uatry?anyuhere in the woxrld could be guilty o
of such & cine —
505620 The initial feasidble solution gorves {our important
funetiong. They are

5e502410 14 eliminates the unlikoly possibility that the exdsting
network has boen grossly overdeveloped.

50502426 It 3scts up & base figure of unit delivery cost (named
131) to cach destination, in this case the per unit coat of supply fron
the oontral sources It is this cost that provides a pivot for the intro-
duction of new depois into the basis. o

50502430 It gives initinl wvalues to the indiecaters (named 'LA')
which identify the aource from which each individual demand centre is
supplieds. There are a3 nany indicators ag therce are demand cenires. The
values of IA are subscripted. All values of LA are get at this stese ot
1, since this ic tho distinotive numher of the central sourccs

5e5¢26e It alzo gives a value to tho indicator cclled '!DY, which
shows tho status of cach depot in tho'program. The initial feasidhle
solution enables ¥Xn(1l) (the 1D valuo corresponding to source 1) to take
tho value 1. Scction Se5¢6+3« £0r details of other values of KD(i).
505630 ‘ Having_paaaed through the initizl phese of the main prog-
Tem tho algorithm is now set to increase the baslsy i.cey to bring in
more depots. inving selocted the next dopot to take up (sco scotion 5e04)
the procedure is to compare dolivery cbsts from this new depot with the
proscnt base cost (generated in section 5.5.2.2. above). The coat grid
hes heen set in such o wmy as to enable quick compardsons to be mado,.
Sabede Costa are compared for cach centre of demand. If the
new depot can supply tho first centre (i.es, the first row in the grid)
at a cost lower than the central source, then there will be a saving in
trensferring the first centre to the first depots The potential saving

iz the difference in tranaport costs muliiplied by the volune required at

the {irpt centre. Similer coleoulations are made for every other centro.
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A punmaticn is thenr mede of the total gross savings thot are possible by
the introduction of the new depot into the basis.
HeGehHe The test of whether the new depot remaina in the basis
or not 1s carried out by comparing the total potential savings with its
fized costs If the movings exceed the £ixed cost, there is o nett gein in
retaining the depot in the basis. If, on tho other hand, the fixed cost
exceeds the potenticl saving, the depot is not kept in the basis, but is
reteined for reconsideration at a later stage, if necessary. |
545460 Let us agsune that the firat depot did, in fact, show
a positive nett saving and was rctzined in thg‘basis. The progran then
diverts a little from the main stream of calculaticns and sets up certain
indicators as followst=

5a5ebele The source indicators (L&) teke new values vhere
necescarye If the first demand contre is diverted {0 the new depol while
the second centre contimues to be supplied from the source, LA(1l) tckes a
value of 2 (which is the distinotive mumber of the first depot ), while
1A(2) remzina at 1.

56500026 Tho bage delivery cost figures (8) which were set up
'eaﬁlier are now altored to. reflcot tho change in the delivery pattern.
S(1) will now tazke the value of the cost of delivery to the firat ccantre
from the new depot (it will be lower figure than before, becouse supply
is cheaper from the firat depot than from the central source), while
s(2) remain; at its former value, since the central source continucs to
supply this centre.
| 5e5e6e30 The valﬁe of KD for the firat depot = KD{2) also becomes
l. |

The indicator KD can tcke one of several wvalues. They are

SeBeba3els ¥D{i) = O« Vhen this is so, the depot has still not
been considered for the basis. All depots have this wvalue at the etart of
the prograna

5.5¢6e302,  KD(1) = 1. The depot has now been considered, and having

shown 2 positive nett saving, has been retained in the basis.
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5¢5¢663¢3¢ KD(i) = 2. The depot hos been in the basis but is to be
dropped becouse the deﬁand cenires assigned to it do not have any effective
requircmenta. This proviaion has been nade to cope with a situation where
a demand is only expected in tke future or is for another product or type
of products In such an cvent the depot is not retained in the basis beonuse
fixed costs will be inocurrcd with only the expectation of {uture demand,
_and this would be wasteful at the prescent times The inelugion of this
depot can be token up later at the appropriate time.

5e5s6e3e4e KD(i) = 3. The depot has been in the besis but is being
dropped bhecause ifs contribution to savings has changed from pomsitive to
necative. So many of the centres originally allocated to this depot have becn
shifted elsewhere, that the savings position has been inverted.

I'D values of 2 or 3 assist in the evaluation of the
nummary, wilch takes place at the end of each iteration, and chews thoe
gtructure of the current networks At the end of the summary, the value
is changed from either 2 or 3 to 4.

5¢50643¢5. KD(i) = 4. The depot has been considered, but is not
in the basise It has elther shown a negative value for nett savings in
the firct place (in vhich case it would never have cntered the basis) or
it has been dropped from the basis for some reason or other. Depots with
KD values of 4 are cluoys eligible for reconsideration.

Ye5e603e6e  ¥D(1) = 5. This value can be acsigmned o a depot if
it 1a to be speeifically exoluded from consideration at any stoge in the
programe Criginally, the provisicn was made for completeﬁess, but iater
work hes shoun that it can be of ponitive value to even a.routine prgblem.
Thig aspect is discussed further in section 5.7. which describes the

sensitivity anslycis procédure.

He5eTe A print ocut iz also obtained summarising the status quo
03 follownt=
5e5aTele the volume of demand, source of supply, cost per unit

and the total distribution cost for each centre of demand.



5e5eTece the throughput allocated at this stage of tho progron
1o the depot in questlon.

5e¢5eTe3e the fixed cost of the dcpots If it 48 en existing depot
the fixed cost is knowm. If it is propoced, th: fixed cost 1s calculated
according to the forrmala deseribed in scotion 642.8.

HebaTade the voriable cost of supplying the ﬁémand centres
ellocated to the depot.

5¢5¢7850 tho gross saving rcalisable by the introduction of the
depot into the basis.

5¢5¢Te00 the nett soving ol thé depot, iee., the gross saving
minua the fixed coste

5¢5e77e A pumery of cll the depots {(end the central cource) in
the besis, giving their present throughput, fixed coat and vorinble cost
for cach depote.

Se5: 7080 the total fixed cost of the entire network up to this
sta_cy 1eCey & cummation of the {ixed costs listed in soction 5.5.7.7T

505+ TG thoe varizble cost of the entire network up to this
gtage, ieee, the sua of variable costs of all tho points listed in
gection 5¢5¢7eTe above.

5¢5.Te10 the total cost of collections (soe section 5.4.)

Be5eTelle tho total overall ocosty iecey the gun of totel [ixed
coats, total variable costs end tho cootis of collections. This total
‘should be lepgs then the correocponding figure in the previous iterotion.

5¢5e¢Tel2, the total suving realised by the inolusion of the dcepot
in the begise It is usually equal to tho valuo described in scction
5e5eTeGey but this con chinge if the iteration caused a depot to drop
out of the baslis. It can evon have a negative vnlue;'but this i3 alwoys
corrected subsequentily.

5454713 the improvement (absoluto) in cost over the existing system.
This is usually ncgative at first, but will become positivo if the algorithm

i3 successful in improvin; upon the present systex.



=106

S525eTelds the cbove improvement expressed as a percentaco.

5e5e8a This is the end of the {irst iterations Tho sane procedure
is followed for the next depot. Itn supply cost is compared with the present
base delivery cost, which could be for supply from elther the central

gource or from snother depots “he same compardipon as ghove ig rnade and

if {the new depot shows a posltive nett gsoving, if {00 eniers the basio,

end the requisite changes are mado in the S5 and LA values. ¥2(3) oloo gots
its approprizte value and after certain checks {see scotlon 5.6.) are

madey tho atutus quo s agoin summarised. The jterative procedure carries

on wntil all depots have becn coniidered.

Se6e ciracxs

Eéch iteration containg a check to‘ensure that every
depot in the beols is productives, i.044 it makes a positivu contribution
towards the savings realised by the improvement program; The check is on
whether the nett savings of each depot are negativs, zerc or positive.
If the depot has a negative nett caving, it ia conirory to the nmain streanm
of the progronm and must be dropped. If the depot has é zerolvalue for
nett savinga, its presence in the basls, while not being unprofitable
finanecially, doQG not make any definite contribution in the desired
direcotion. Cn the other hand, its prescncc méy load some unguantifiable factor:
such as plenning end supervision time aﬁd record—keepiﬁg. It noy, of course,
add to cﬁatomeru' convenience to have this depot in operation. All in all,
its prescnoe in the hesls ney boe debatablos The decision as to whether it
in permitted to remain in the basis can bo made in the light of general
circumgtanges. Tho computer program requires only very minor alicrations.
{In the case study, I hove decided that ouch a depot should not remain in
the bagls and the progran has becn.adjustcd zecordingly)e A positive nett
value is deasirable end the depot remeing in the basis. The program can also

be adjusted to handle a ninimum value of positive savings, vhich will ensure
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that & realistic pasa mark is observed. Volues of savings smalicr than this
will b2 treated ag i they were nozativa.

54Gele The nett savings figure is obtzined by deducting the
fixed cost of cach depot fro.i the grons savirgs realisable by ifs intro=-
duction. Cross savings arise when the depot can suphly demand centers at

a oost lower then the provious base delivery coste 8ege, lot us assume that
the central source S supplies demand contres Cp, 02; and that the firast
éépot Dl supplies 03, 04, 05, 06, C7 and 08' Let us assuxo thafjiﬂg &rosg
savings of D, were (3, and that lts neit savings were G3;-7C, (wherg FC,
wag the fixed cost of Dl). N3, would have been positive, otherwise D

1

would not have entered the basis. G3, has been built up of the savings

1
contritutions on account of 03, 04, 05, 06’ C7 and 08‘

5eGe2e Let us now consider the introduction ol depoi I, inmto
the basis. A couparison of delivery costs may show that 03, C5 and C7
could be supplied cheaper fronm D2 rather than tho present ﬂﬁpplicr Dl'
If thé total savings on account of these thros centres oxcecds A (the
fixed cost of Dz), thon the sccond depot enters the basis bocouse 332 is
pooitive. At the same time Dy would lose supply to Oyp Cg and Cpe (I

is also likely that ccntres may be allecated away fronm the contral
gource, but its feasibility is never queastioned because it has to be

present in the basis at all tines). This means that €3, and therefore

1

3, would be affectede GS, would now consist of the savings contributions

1 1
of only C,, Cg and Cgs The fixcd cost FC) may or may not changoe If 1t

is an existing depot, the fixed cost will no{ change. If it is a proposed

depot, tho estinmato of 3, will change according to the formula derived

in scotion 6.2.0e Tho expression which changes the wvalue of UG, ig

1

5 and'c7 + vhate

over adjustient is nccessaxny {0 the fixed coast, the thooratical value

new [Sy = old Hsl - savings contributions fron 03, C

being obtained from the use of the abovenentioned forrmula.
Sele3e Wo now look at the new value of HSl. If 14 remalins positive

the depot Dl is atill procductive and remaina in the basis. $he case with
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zero savings hao been discussed carlioer (sscte 5e6.)e If us, becones
noeutive, we haﬁn en undesirable situation where a depot which come -
1égitimdtely into the basis, continues to supply certain centres of

demand, bult does go at u loss. This cannot bo allowed - and'tﬁe depot

is dropped forthwith from the baais. ( It will, however, be avmiloble

for reconsideration in future iterations even thoush its performance

bas not been successiul 2t this stages. Provision for reconaideration

hag boen incorporated in the progranm in crder to éoi)e with the poosibllity -
of subsequont re-shuffling of demand contres that moy enable this sane

depot to becoﬁe "profitable” cgain) Vhen this depot in'dropped from the -
baéia, gome adjustnent has to bo made regrnrding those demcnd cenires

that it ﬁas still "supplying'. It would complicots progrémming imnensely

if a search.were nade at thigs stage to doiermine the next best source of
supply -~ there is an equal chance that this next best source is oither
~alrcady in tho basis, or it has been considéred and rejected, or it is

sfill to bo considercds In order to cope wlth all possiblae eventuzlities,
the devies that ia adepted is to revert supplies to £ll their demond cenidres.
to the contr#l sourcos. At tho same time an indicator (IR) is aotivated

so that, when all iterations in the main program have becn completedy L.cey
2ll depots have been considered, the progran loops back and tekes up all
the depots for re—consideraticne Thin loop ensures positively that the
denend centre will in fact bo assigned to the next best source vhich will
then be kept in the basis, providéd, of course, that iits nett savings
position is favourable._ The roversion of supply to the central source

noy inecrease the total cost of distiribution - since wo eare faking a
retrograde step - bub ﬁuch an eventi.is only tcmporary. The indicator

IR causen the progran to loop and the inbuilt provisicn for coat

rcduction cnsures thet ground loat is caught up acaine

S5e6ede The check described above heg proved its value over
geveral runs of the teat problen. A un without this cheeck suve a result

vhere more than 2 depots remeained in the basis even thoush thoy were
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unproiitable. Thisg 13 bocause they cntered the basis initlially a3 profitable
depots - but re-allocation of their demond centres reversed tho position.
In facty it is only a check like that described above, that will ensure

that such rcverszlo are detected and rectified.

5e7s SLUSTPIVITY LMALYSIS

A sensitivity analysis forma en integral part of the
new technique. It hes been designed with two primary objectivesi-

a) It performs ithe ususl funciion of demonstrating the
cffect of making chonges in the final basis.

b) It provides » mechanisn vhercby the operator may be
able to bring chout further improvements to the final soluticn obiained
by the nmoain progrom. Since tho p50posed technique is hourdistic, the final
solution cannot be pgucrantecd to be optimnl. The senai%ivity enalysis
could roint cut arecas of further secarch vhich mey bring o non-optinmal

solution closoer to the absolute optircun.

HeTels The rcutine is also iferatives It comnmences with the
finnl solution obizined by tho main program -~ which displeys the nunmber
end identity of the depota chogen and tho allocaticon of demond centres
10 theso depots. An assessment 1s now made of the effect on the final
cost of dropping ono at a time, the selected depots from the finel baslio.
The effect is aléo deteimined of foioing non~gelected depots into the basig.
The nechanlsn of these oporations is sinple. lPor the firat, the relevant
depot is specifically exciuded from oonsidei&tien by'setting ite XD indicator
at 5 ( sec Scotion 5.5.643.)s Concurrently, all demend centres allocated
to it are reverted {or supply from the ceniral source - and the nain
program routine (described in Cection 5.5.) is repeateds The main progron
does not siart from scratch ( i.e., with nll demand centres being supplied
Irom the central source). It contimues from the potiern rcached in the
Tinal iteration with the only chango being in the source of supply of
these contres which were allocated to the depot in quention. This shord

cut saves computing time. Tho main program (repeated) now brings the
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" amended problem to & new finsl basis — and determine the change between
this bosis and the former final basise In the majority of cases, the
anended final basis operates at a higher coats The difference is the
extra coot that would be incurred if the basic depot was dropped. If,
on the other hand, tho amended set-up costs less than the originad basis,
tho scnsitivity analysis has produced a bonuss It has detected an
opportunity of improving upon the final solution obtained carlier; In
sucﬁ #n event the earlier program hag not reached the optimua ( not
unexpcctéd since it is o heuristic progron) and a clue 1o obtained as to
how it cen be approacheds. The exclusion of this depot will improve the
golutione.

5eTele If only one such dopot is detected by the analysis, no
furthor work is ncoossary. The anended final basis is displayod as the
result. If, however, thore arce many such depots, & re-run of the progran
iz required (after spocifically excluding all theso depots) as the
~analysis can only cope with one depot at a time and the collective ciieot
of dropping several depots is not the sum of their individunl depotae.

S5eTe3e The socond alternative consists of forcing non-selectod
depots into tho basise iach such depot ls examined to determine whether
“there are any centrcs of demond which could be supplied from it at o
cost lower than that from the assigned source of supply. If there arc no
such centres the effect of fércing thig depot into the baais is to incur
an cxtra expenditure equivalent to its fixed coste I, howevery there
are contres which ococuld be supplied chemper from this depot, the total
potential saving in so doing is determined. This saving is deducted Sron
the fixed cost of the depot and the balance is the extra cost of lorcing
this depot into tho basis. The fixed cost will always %e higher than the
potential saving. If it vasn't tho depot would have been included in the
first ingionces The reduction of potentiul suvines fron the Lixed cost
takes into account the effeet cn fixed costs of other depotis of the

hypotaatical tronsfor to the new depot of ecrtnin centres of demand.
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HeTede The value of this gensitivity analysis ia clear. The
effect of making cheonges, either ways in the basis is expressed in the
forn of extra cost, and a dcoision regarding possible chenges can be nade

with a D] knowledge of its consequences.

SPICIAL PUATURIS

5e8e In addition to the checln and sensitivity cnalyesis
described above, the now techniquo incorporates provision whurchy on
additional constraint con be connidered. The cons traint sonserng &
possibility that certain depots nay, for some reason or other, haove g
maximn throushput sot upon them by externnl factors. (see scetion
5.2.10.) Laok of space, inadequate transport faocilities, or lernl
rectrictions may be sone of theve factors, A ceiling to throushynut is

a serious handicap end nrovision is nnde in the progrom to sive the beat
results within this constraint.

S5e8ele The naxinu in doternined separately and is fed in oo an
item of input. Yhen the usual teet of feasibility of n depot i nade =
oro tho nett savings positivc? ~ a check ig made to determine whother
the throushput so ellocated exceeds the maximuen throushput (Lf any). I
the maximun hag been exceceded, a gpscial sub-routine comes into operation.
Thin sub=routine first crrangesg demand contres assisned 4o the depot in
decreasing order of magnitudé of the cavinga that they can contribute i
cupplied from this depote An allocation is thon nede vhich vhilo keeping
the throughput within ito naximum consists of these centres walch contribute
the pavings to the depote Having done so, a further check ip nade on
the fersibility of the depot - do tho savings rezliscble by the new
neleotion of contres of demend still excced the fi: o& coot of the depot?
I so, the depot cnters the besis, with e throushput that is within the
congstraint. If noi, the depot dcen not cnter the bnois oi this gtoge, since

ita consirained threoushput does not produce adequaie sovings to Justify
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Ita entry. Iowever it remains avellable for reconsideration at a loter
stece 1€ necessary.

56824 - ~ Adequete crogs chooks have heen ingorporated in the
progren to ensure that the moxdmum throuchput is not exceeded, and that
overy effort is made to operate such depots as close as possible to the

throughput ceiling so that savings too can be maxinised.

SuLECTICH CF DUPOTS o CCNEIDDPATICIT T IASIS

5eQe : The proccdure described anbove enviesages the introduction,
one by oney of all feasibla depotr into the bLasis. The initicl dbasis
oongists of only the central source. Depota are brousht in thercafter.
The question arises now cbout the order in vhich they arc tcken upe. Thia
quecticn can be bhest answered by describing how I have taclzled the cas
study.

5eGels The case gtudy deals with 1 contral sourco, 13 cxisting
depots,y T2 proposed depots and 613 centres of demande I hove arrenged the
depots . (85 in all) in the following sequence after the central sources—

a) the 13 existirg depots. The order in which the 13 are erronged
is that in which they oppear in the rocordsa of the Coylon Petrolecun A
Corporations I do not believe that there io any significonce in their
arrancement and I extend this belief to the order in which they are tcaken
up in the program. The main reason for thisg avsunption is that these
depots are fairly wmifornmly scatitered thrcughout the cowntry and are, to
a certain extent, independent of each other,

5e9.24 Thero are three reasons for toking the existing dopots
firgst. They aros=

HeGZale I o hoping to reduco the need for altering the existing
pattern of depots to & pinimm by giving fho progren cvery chance to keep
then in the basis. Then 21l demond centres are Yexpezed! to the existing
depots firet, there 1g & greater chance that they would remain attached

to their present sources. Cneo these depots are in the lLasis, they can be
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eliminated only 4f o sufficient number of denond centres is withdrowm from
then. Iy nethod does not cnsurc that all existing depots will remzin in
the basis = it nerely givcs then every opportunity of doing so.
5e9¢2420 3y reducins; the anount of cliterationa to the existing
satiern, I om hoping to keep down tho requircments of fresh cepitczl that
will bo necded for the construction of ncew depots. This is in deforénce
to the universsl shortase of capital in all parto of the industry.
5404230 I an depending on the fact that the oil companies would
kave carried out sonmo sort of annlysis of distribution patterns ond costs

before censiructing these depots at their present locotions.
153

56¢9e3e It is the method of arroanging the balance 72 depota that
is inportant. Iy {first intention was to devis: sone sort of priority besis
for seleection. I assuned that the bipgsest centre of demond would, by
virtue of its hish volume, show poitontial for the greatest saving in coste
I therefore crranged all demend cenirces in decreasing order of volume of
throughput. Theny Lfor the bigeest volume centre, I found the depot that
could ciaow it the greatest caving in transport cost, and concidered it
first of oll for the bacis. The next depotito be talken showed the greatest
saving for tho sccond highest volune centre, and so forth. It was Jound
howover, thut there waz no guerantee that every depot would be considered.
Gejey 1L a cortain depot could not be ithe ocheapest supplicr to any ceatre,
it weo never conzidereds In audition thero was the fact the depots were
cenoidersd more than oncey since there would be 613 itcrations involving
only &5 depotss (n an average, cacl desot wma daken up cbout § tines. This
wos very wastelul in comoating offort. Furthermore this nethiod meant that
there wero atrlcast 613 iterntions, mosot of then being repeated many tines
OVeT'e

5¢%ede Before rejecting this nmethod, I repoated the run with
the centres of demand taken in incrotsing order of throushput, o reversal
of the abuve order. The result obioined showed consideradble variation

fron that obtalned earlier, and confirmed my belicef thot I was Iollowing
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2 wronrn aprroachs

EaCsb5e I then changed the syoten of depot selection to tabting
each znd every depot in the bagis. As stated ecarlier the first few that
vere concidercd were the exdicting oncss The rest of the sites were also
lecated cn riluny lines radiating cwny from the central sources liach
railvey line woo token up seperately, and the depots on it were tcolien up
Jin the order that onc would meet them when travelling awmy from the
central gources Cne would therefore use ithe same rationcle os wes used
in the nain prograne. Tho corlicr depots started off with high throuchputs
sinee they covered the whole "ocatchnent area™ of the line, but this
threushput voo vhittled awvcy when depots further dowm thie line were token
uwpe inis neant that all depots but the last one on tie line ztarted off
bie and logt their volunoe 4o the depots coning ofter them. zch dopot wmaa
therelore gciven the best opportunity to remain in the basis, ond if they
did drop out, it wmg due entirely to the "eompotitive" pouition, and not
due to biag on my part.

500e0s By bringsing about this changey I detected several creeas

of improvcnente.

HeCelels I made sure thot cvery depot was considered for the
hzaige
5¢Je0020 I cut down the number of itcrations from 613 to 85. (In

nost exanples, the ratio of demand centres to warchouse sites would be of

the sam: orier.)

50040436 Thero was a logical secquence in which dcpots were
considereda
5e9eGede The consideratian/bejcction of depots was done by the

eloorithn and wes not influenced by any bias on the part of the operators

S5e9eTe I hove incorporated this systenm In tlie program.
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THU COMTUTLR PRCGRAM

54104 The computexr progran, written in FORTRAN IV ig listed
in the following pages. The gtatenents have been numbered for ecasy
identificatione This soction is devoted to a quick run-~through of the

progran, with a brief explenation of the flow of logics

Statenenta
10 - 45 Thig is the program description segment. It gives a
nunber to the program ( GPO3 ) and indicates the input
and output nedia.
50 gives the title to the progranm « Distribution Cost Annlysis
55 =~ T0 sets tho dimensiona of the subascripted variables used
75 = 85 Data statement describing alicrnative legends
90 - 100 deternines and prints out the Starting time
105 sets the space requirenent on the magnetic disc( UIDL )
110 - 125 sota parancters of problem - IC = nunber of centres of
denandy ID = number of depotaj JB = nuf::ber of existing
gourcess Also feeds in basio cost data -~ AX and AY are
coefficlents in the expression L = P x AX + AY, which
calculates the fixed coat of proposed depoiss GK is the
operating cost of the central source; RR is the basie
coat per gallon mile of road tank lorries; and IG is a
parcmeter ( IG = IC x ID ) which influences storage/retrieval
of data from the magnetic disce
130 - 180  reads in ( from mammetio tape ) the transport cost data
grid ( D ) and transfers it to the magnetic disop also
reads in names of tho centres of demand ( DY ) and theix
requirements ( Sy SI, X and T3 being Standard Gallons (A),
Standard Callons (3), Kolonnowe Gallens (4) and Kolonnawa

Gollons (3B) respectively )j the ncmes of the depots ( DP )3



Statenents

190 - 195
240 - 525

530 =~ 625

650 =~ T50

170 = 900

965 =~ 1015

1040 ~ 1165

1170 - 1275

1280 - 1335
1375 - 1400

~116=-

the fixcd costs of the cxisting dopots ( I )3 depot
operating costs ( TT }; irunking costs to depots { TX )j
cost of supplying each centre from the central source ( Y )3
maximun throughput of depotas ( LX )3 and the present
sowrca of supply to each centre of demand { IS ).
calculates the fixed cost of thc present network.
caleunlater the cost of the pregent distribution systenm
and prints out all detailg of the present set upe.

prints out lismt of depots { existing and proposed ),

and ox depot coata.

calculates and prints out coat of supplying all centres
of demand from the central sources

gets up certaln preliminary conditions for the iterations
of the main progran which commences from statement 790.

Statement 775 1s the one which specifically excludes

‘depot numbers 12, 264 40 and 43 from the basis. See section

61442444 foxr reasong.

6hecka on tie pessibilities of savings for the depot being
congidered. lach centre of demand is taken up separately.
dheoks on the profitablility of each depot alrcady in the
basise If o depot becomes wmprofitabley it is dropped

from the bamis, and the centres allocated to it are
reverted for supply from Kolomnawae Statement 1125 aotivates
& loop which fepeats the whole cycle of operationa to
engure that centres of demand are assigned to the lowest
cost source.

sumnarises and retainoe the throughputs and coats of all
depots ( ond the central source ) in the basis.

checks on the profitability of the new depot.

inveatigntes whether the maxdrum throughput, if any, has
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Statements been exceededs If po, it mets up a special sub-routine.

1410 -~ 1470 this segment comes into operation only if the throushput
asslmmed to the depot has oxceeded its maximm throughput.
It arranges the sovings contributions of tho centres of
denand allocated to it in decreasing order of savings,.

1500 - 1630 ellocation of demand centres to the depot in decreasing
oxder of magnitudo of savings such that the nmoximm
throughput is approached but not exceeded.

1635 « 1710 ' summary of the balanco centres of demand.

1715 = 1805 check on the profitability of the depot with its constrained
throughput.

1810 - 2185 summary and print out of prescnt status. All depots in
the bagis are ligted with their present throughputs, fixed
costas and variable coostse The new depot's contritution
to savings, its throughput, fixed and variablo costy the
nuber of depots in the basisy the fixed and variable
cost of the network to dates the savings over the present

cost of supply and the percentage savings are algo printed.

The iterations of the main program end hores The next iteration starts
from statement 790

2195 =~ 2525 end of iterations of main programs I the loop in _
statemeont 1125 has been activated, the main program is
reoycled ‘o rcpeat the whole series of iterationa.

Cnoo the main progran has been completied, the final basis
is summariced and printed. In eddition to givihg costs
and throughputs of the whole network, each source is
listed scparctely with thoe centres allocated to ite. This
listing permits casy determination of where a particulax
centre has béen allocateds |

2530 = 2685 finnl sunnmary of depots in basic, with throushputs and contge



-118~

Statements
2?10 - 2725 provizion for idenfification of dopots whose exclusion
will improve the solution.

2730 = 2750 provision to alter estimates of demand ( if necessary ).
2755 provision to exclude scnsitivity analysis, if so desireds

2765 = 2760  time check and print out.

2785 -~ 3070 socnsitivity analysis,

3075 - 3085 final timo checke
3105 ond of sement.



AN COMPILATION BY #XFAT MK 24 PATE 25/04/69 TIME 07716756

CLisT(LR) , : ‘ _
_SEND TO (ED.FORTCOMPAREA,ONE) . 10

PROGRAM(GPO3)Y - - _ 18
_INpUT4=CRO. i o 20
__COMPRESS INTEGER._ e 28
_QuTPUT2=LRO e o .30
_UsE4=MTO(COST MATRIX) e ‘38
__TRACED o o 40
_END. . . 43
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MASTER DISTRIBUTION COST ANALYSIS - 50

DIMENSION DP(¢(86&),E(86),KD(8B6), TT:36>,TX<86>.Lx(86) RA(BB).F(QK) RY™ 58

1(88),D(613) ., n~c613).LA(613),9(613>.x(613).vB<6T3T”Ys?613T“VTKT1> § 60
21¢6 T35 ,ND(A13Y,10C3),11(3), l?<3) 13<3) 1&(1).15(3).16(53 17713.!8T~“—*“”6§
355,12¢613),57(613) /NEC(36) _ 70
DATA 14(1)/12H  INITIAL /.15(1)/12H ADDITIONAL /.!1(1)/T2H 75

JUSTON 7/, T2 ¢1) /120 RETENTION /, 17 (1) /20HENTER THE BASTS™ B
2) 720HREMAIN TN THE BAS!S / 8y
CALL TIME(T) : 90

WRITEL2, 10T L 9y

_FoRMAY(/1X13HSTART TIME = A8/) 100
CALL UTD1¢110000) 105

_RBAD(Y,2)AX,AY 110

_FORMAT(FS.%.F6.1) 115

READ(&)IC,1D,JR,1G,0K,RR - 120

CREADCAY (DG L J=1,18) 130

CALL UTD2(2.1Cw(1~1)+1,1C,D (1)) 135

DA 4 1=1,1C 140

READC4IDNCT) , 9(15,s1<13,xt:).73(1) 148

READ(A) (DP (1) ,1=1,1D) - 15

READCAYC(E(T),121,JB) 188
READ(AI(TT(I),1=1,1D) 180

READ(G) (TX(I),1=1,1D) 165

READ(AI LY (L), 1m1,10) 70

READ(4) (LX(¢I),I=1,1D) 178

_READ(&AYCISCTI), 1=1,1C) T80

_REWIND 4 1858
Po 5 1a1,08 190
CTeCY+E(D) 19%

_WRITEL2,6) 200

FORMAT (/3X3IBHSUMMARY OF COUNTRY u:DE DFMANn PATTFRNII) 208

WRiTE(2.7) 210

FORMAT(3X5HDE§TN&X5HDEPOTZX6HDEL EXTX6RCOL EXIXGHDEL 8x1x5nan EX, 215

12 ¢2XSHTOTAL3XSHTOTAL)Y) 220
Wel1TE{2,3) 228

FoaMA?<19xSHne90?3XSHDEPOT!XSHKOL4X3HK0L3X3HnFL3x3Hc0LQX6HbEMANDLx %8

14HE0ST/ /) 235
009 1=1,1¢ 240

1eds(110,10,11 245

CaLl UTDZ(1MJC*(IS(I) ~1)+1,1,pX) 280

Go TO0 12 2?55

Séym0. L0

Ir (I3, 13 14 285

CALL UTDR(A Y, 1,00 - 770
G0 70 15 27R”
Xi1y=0 PR
98%

T2=5(1)+pX




Tsrslt!)*(nk+rr(lstt))+Tx(!s(1))) T R 29
CTh=X(1)x0 , . U298
_TEaTBII)#0K , 300
T4nT6eTI D B - : - - 105
T7277475 . e . L . L 310
w~v2+v3+76+rs h N BEiLY
CimCiew . T _ T R R . 24
WysWileT 2+4T4 o ) _ L¥13
Derd=s (Y +xX (1Y - __ T T : I3
CTeRSILID+TRA(L) _ B : ) 335
_FimFlepCr - o ) 340
_FomE2evy B ‘ ' 345
Vep(l3+T1 B . _ 350
“J0mSCD) - 355
SJimSItD) A I . T 3160
_dasxXery o I 143
“JsstB(Y - T B ' ' 176
J4mpD () \ T . 578
TJsaT | ‘ 380
JéeV 585
WRITE(2,16)DN(1),DpPCISCY)),J0,J0%,92,0%,J4,05,J6,¢1 _ {1
FORMAT(2(1%A8), 1x16 1X15, 1x1? 1X!6 1x17 1X16, 1xx?.1x=? L0y o LY
" CONTINUE s , ) - L0
WRITE(2,17) 4ns
FORMAYC(/ /) , . - LNy
_WRITE(2,18)F1 T - . ALY
FORMAT(3X1OHTATAL DELIVERIES = F11 2/) . _ 426
_WRITE(2,19)F2 , o 425
FORMAT(3X20HTOTAL COLLECT:oN"Mi‘ F40.27%Y . _ L3
_F3aF1sF2 ) ) L35
WRiTE(2,20)F3 - ' - AN}
FARMAT(/IXIOHTOTAL DEMAND THROUGHOUT THE CnUNTRY I's Ff? 27 445
_WRITE¢2,21)CT L350
FORMAT (//3X33HFIXED COST OF EXISTING NETWORK = F{1.27/) 455
WRITE(2,220WY ‘—‘ ‘ TTTL6N
anMATCI/3x16HDELIVERY €OST OF Ex:srxus NETNORK = F19.2/) L&Y
CYalT+CH e _ I . 470
T8aTésT/ B L75
“WRITE{2,23)T4 - B : L8n
_FORMAT(/3X34HCOST OF COLLECTIONS FROM DEPOTS = F10 . 2) TTTTTLEYS
WRITE(2.,24)T7 190
_FORMAT(3X42HCOST OF COLLECTIONS FROM CENTRAL SOURCE = F10.2) _ 495
WRITE{2.25)T8 o 2 . 00
FORMA?(IBXSZHTnTAL cosr OF ALL CnLLFCTIONS = FIT0277 508
WREITE(2,26)C1 _ T 570
_FORMAY (/IBX?GHVARIABLE cosr OF Ex!ST!NG NE?NORK 'FTTT?T) 548"
_WRITE(2,27)CT - Y

FnRMAT(I!ISX?!HTOTAL COST OF EXISTING NETYWARK = FVY. 27/ 5y




] 28m

_Nemlbs1

530
.nyaizsiﬁkas>npc1),JcLJB 540
3_FORMAT(//2X30HTHIS PROGRAM WILL ARRANGE SUDPLY FROM THE" cENTnAL SO . - 545
JUREE w AB/17H AND SOME OF THE 13.52H LIKELY DEPOT LOCATIONS TO RED 550
2Uer TOTAL DISTRIBUTION/2?H COST. OF THESE, THE FIRST X3,42H DEPOTS _55%
3 _fOMPRISE THR EXISTYING DISYRIRUTIVE/B8H NETWORK) 560
—JBalBa 548
—UWRiTEL2,.2%)28 570
] _FORMAT(3NALHTHE 13,29H LIKELYWDEED'[ LtOCATIONS _AREgw=//) 878
~WRITEL2,30) 580
) FORMAT(ZNSHDEPOTIXA4HOPERATING CASTIX1AHSUPPLY COSTIXT11HSOURCE €08 585
ATSXI9HTOTAL COST EX DEPOTO) 5§90
—WRLTEL2.31) 505
|-FORMAT(2SX246HRUPEES PERIMPERIAL ﬁALLDN[) 600
—Dn. 32 1=22,1D . 608,
uAIzalxtthIT(I)+QK 610

L WRlYEL2.33) NP, TXNLLY, TTCL), 0K, T2 i 615
{ FORMAT(IXAR,.7XEE, 4, 9XFR . L BXFE, 4, 11XF6,4) 620
~ WalTEL2.17) 625
—J B 430
MRITEL2,34)DpC1) ' 635
L FORMAT (3XS4HINITIAL DISTRIBUTION PATTERN = ALt DESTINAT!ONS suppL1 540
AEP/26H_FROM_THE CENTRAL SOURCE. (A8.:.1HY /) . 645
_CﬁLLJJLBZJL._LLOaS(iL) : 650
—~V. Ws 655
—D0..35.I=1.1C A610)
- Weglen (1) 668
—LAtly= &70
R TIIYE S N &75
m££511ﬁ+Vt18 6810
~WRITEC2.,3A)DRCYI,E(L) 683
- FORMAT(ZIXALHAIXED CoST _NE_AB,AH_IS_F10.2) 690,
~WRITEL2,37)Dp(1),V 6958
ﬁJORMAJLSXAQHUARIABLE_£051_QR_SUPPL11NG ALL_DEStJNAIJoNS FROM AB.4H 700
i - R T B, N 7a8
—WRITEL2,25)T8 710
~WRITEL2..3830 718
uFORMA3¢3K23HLMITIAL_QVERALL_QDST_a_Fl3,2II\ 720
—L2elT=l 725
—MWRITE(2.393C2 730
_FORMAT(IX4L2HIMPROVEMENT OVER €0ST OF PRESEMT SYSTEM = F412.2/) 735
_Lxadq00xC02)/CY 740
CWRLTEL2, 40303 745
L. FoaMATLSxasupFRCENTAﬁEWIMPROVEMautuAﬁ;? 2/11) 750
—~WRITE(2,41) 758
-fFORMAILlXSSHﬂ-H-!Ff‘”ﬂﬂf"“"“‘"“"1:11:::#‘“"'““"“ﬂ"““"‘"‘"““‘ﬂ) 760
_L4at i ' : 765




_Kpt1)=1 770
_KBe12),Kn(26), xn<4ozixo<43)=s — 775
CA . O —— 780
5___K.3K,i.~_1 § — 790
CCIReKLGTLIDIGH YO 44 — 798
IR CKDEKY AT . 4)G0_T0 43 800
_IP¢KDEK) EQ.1)60 TO 45 B08
BR.RK;NGnD — B 10
_LaLt_copy(12, !0(1L1 11(‘[).1),. . . 815
_ CALL COPY(12,33¢10:1,74C1).,1) 20
_CALL_COPY(20,76¢ 1) o1, 1201013 825
_G0.T0. 46 — 830
3-NGrd S 833
RymRALK). s . e 840
L BumAyY. . : i 845
CALL-COPY.(12,1001),1,12¢1),4) 8BS0
ZLALL COPYC12,13( 1) 4, 1301).,1). . . 855
_CALL_COPY(20,16¢12,1,18¢1),1) 860
S Kp(Kymq . _ 868
_CALL_ UTDZMn(K-U*!C*‘I dC,X ) 870
k.MM - ¥ 2. ——— 8li
_Iamll 880
_ Mna= 885
_1RiM)48, 48,49 R90
1 0050 _J4=4,1D — 895
) RPLII=RALS) 900
60 T0.51... : _..905
_WRI1TEC2, SZ)DPCK) - 910
! FORMAT(/3XA8, 12HMDEPDIMNILLWSA4) 945
- WRITEC2,53) 920
I_FORMAY(//3IX23HIMPROVED SUPPLY. PATTERN/) ) 928
1 tK EQ. 5 AND.NG.EQ.O.AND,.KY EQ.0XWRITE(2.54) 930
aAEORMAIL1X11HDESIiNAIlONZX1OHTHROUGHEQIZf6H§OUR652x1SHCUST PER GALL 935
AON2XI4HTRANSPORT £0OST/) 940
Do 55 J=1,1D 945
L TT )X =0 — 950
S GO-T0-56 — 95%
MMz 0 949,
VPRt A0 865
—Do 57 1at,1A _ 970
i 1E¢MDYSR,8R,59 . 975
_lnal _ 980
607060 - - 883
L IaaNDCYI) . 990
l-TR¢IBY=O . 095
—~IREMMIGY ,62.61 1000

1008

! S7¢1BY=SCIR)




~177=

L Sx=S1{IR)I=XLTIR) : _ : - 1090

~—LELSX343,6%.64 _ - — 10418
b leeMI&5,66,65 - _ 1020
4 La=LALIB) _ . . o . ..__.s02s8
—JEtLlBwl1)B7.65,67 : ' 91030
7 _1E¢LXELBY 6T 0 _AND KD(LB) . EQ, 1>Lx<LB)=Lx(Ln)+Dtta) 4038
_“JjJLBaJCJ$ﬁ¢6° 69 _ 1040
8 Disl : : e e e oA 0AD
— Ga_T0.70 ' 1050
9 _Di1=DLIR) : L s 40553
O—EALL—U102($JIG¢(LB =1x1L+18,4,BT) 1060
e RELLBLSRTCLBY=RTHDYI*AX : _— - ; - 4065
12 {RTLLBIIZ?2,72,65 1070
2 RTILBYWRA(LBY T R AN N ; ' S N ¥ 4.1
—Do-73-t1=4,1C : — . 1080
L lpflBxlACIE)O?E, 74,23 o oo o ' - 1088
b Iﬁ{L&uJCJ?Eq?é 76- : : : . : 1020
8 _D7wml. : L : 1095
601077 N _ . _ 11400
6 Dred(iy) : . 110%
2 CALL-UTD2(4 1684 (LB~1) 1 C+ 12,4, BT . _ 1110
o RPULBIZRTLLAB) wRT+DINAX : ' 1145
—KpelB)=3 . : : 1120
——lrslRet 1123
LA gl ]3=] _ 1139
S ed =V LD : 1135
3 ConNTINUE 1140
— WRITEL{2,7RYDP LAY DPLY) A4S
8 FORMAT (/2XAR,60H_DEPOT WILL DROP OUT OF THE aASlStgALL_DE&IJMAILO&____iiiﬂ
L 1S ASSIGNED/22H—TO—1T-WILL REVERT-TO-A8,18H_FOR RE~ALLOCATION/ 1458
_ MMni 1960
_60_T0 56 _ . . 1168
8 WaBlIB)*X (IB) 1170
e TBEIBI=ZDCIRLNEY . . A : - 4178
—VaysW 1180
C ReRETRCIR) : : SER R S e 4188
— AmA+DUIB) ‘ : 1190
e JEAMYBT, 57,70 ; : o ' 1165
7 S¢3B)=X(IR) _ ..-1200
L ALIBYEK | ' ' ' 1208
—IFe¢K, EQ.5.AND NG, EQ. Q,AND KY. EQ, OJURJTﬁizLﬁﬂllB(lﬁleNijB)JDPfKi____ﬂmiajﬂ
D FORMAT.(68XBHSAVE. F10.2.14H_BY SUpPLYING AB8.6H FROM AR} “ 1245
—Usy : . - S , _ _ 1220
~Go-T0-B4 o ' : - ' : 1228
P UsDCIBIXSCIBY e 1230
QegsU - ' 12353
— 1 REMIST,57,81 . _ _ . 1240

1 KealAZ21B) — 1245




T7{KKIETT Y+ DC(IR)

17250

TYCKKIaTX(KEY+U

A5y

T#¢K EN.5. AND. NG.EGQ, 0—"NﬁmKY EQ n>wnr7??2,§27 DN(IRY, ﬁTTEY_DFTfKY_§ 240

EESTINYY {0A%
) FORMAT(1XA8,3XF11.2,2XA8,5XF6.4/8XF10.2) 1270
? CONTINUE 1275
TE(MDYA3,83,R4 A280

§ IF‘M)BS B5,864 i2R%
S 1E¢KY,EQ.0)CALL UTDB<2.TG+<K 1)*IC+1,IC 78:1)) 5290
Do 8? f=1,tp - B ) 1298
P RALIYART(IY B e
i 1F¢A)88,88,80 o T 13058
) TE¢(K,LT.JCYGN TO 90 3y
E(K)=A*AX+AY=BK 1395
) TP¢NGY%1,91.92 73120
| RA{KIER=E(K) N 1329
_60 70 93 330
) 1r({K=JC)94,94,95 1
v RA¢KY=R+RK AT4L0
6o 70 93 ) 1345
} RA(KYRR~E(K)+RK _ k1]
P 12(RA(K))96.96,97 - _ B 1355
i TFENG.EQ.1)G0 TO 43 ~ 1360
3 KD(K)BA 1365
6o TO 43 N 1370
YoledM, EQ =1)6n TO 98 1375
TRCLX¢K>196.100.,101 - 384

e LK) - A)102.100 100 T 1385
) ExmAs=|X(K) 1306
WRITEC2,103)A,0P(K),LX(K) EX B 1305

| FORMAY(Z2X2ARHTHE GENERATEN THROUGHPUT o: £10.2, aH AY AR, 30M EXCEEDS 400
1 175 MAXIMUM VALUE OF /1XI10,4H RY E90.2) 1405
Pm 104 L=1,tc B - L0
Ja2 - YA
C1et1BtI~1)=TR(IIIT05.105,106 B )
} HieTRUJ-1) 1425
l12d=4 14349
Ga 70 107 14,358

) Hi=m¥BeJ) B L4060
TEVE i 1445

" dad+ B 1458
Ir¢l=1£)108,108,109 1459
i'IF(H!wTB(J))“OS 107:107 1LA0
P ls¢tymll 1465
» TREITY=L~106 470
6o 70 110 . - .75

) _MeMed ] - TLRO
ALB8

) TR(M,6T.1)60 T0 111




“126=

MM+t ' 1490

607047 . _ . . y _ i - . : , AL
8 _1ag ' . 1500
o )= N O o e 1508
_ THab(18(1)) ' ' 1510
2 TR eLXiK) wTHYIA, A, N h o s o R e e e i o ABAS
b_dzded _ 1520
—lseel : — : 1530
S lmlel il - ' L L L R R 151
MLELL=!CJ1464J16._11? _ 1540
(IR XN VS X IERRENENFLLLFLLY ' : 1545
B _THeTH&DLISLIL) — 1550
—G6-—TF0- 112 — : : - ' 1558,
3-THaTHaO (I8 1) . — - 1560
— 66810115 ' 1568,
P—WRITEL2+9420K, 0P (LK) 1570
P_FORMAT (//BXZQOHERROR _IN _CALCUtATIONS FOR DEPOT NUMBER 13,9H (AR 2HY. . 4578
AR - 1580
_ GO TO_43 : ' 15858
P 1red)1.20,920.9.24 . _ _ 1590
| WRITE(2.422)DP(K)4d ' 1595.
) _FORMAT(3IXASHTHE -MAXIMUM_THROUGHPUY OF_A8,30H _DEPOT MHAS_BEEN _REACHE 1600
ID_AETER_173.13H DESTINATIONS/42H (ARRANGED IN DECREASING ORDER OF S 1405
~2AVINGS)IARE SURPPLIED FROM 17/) ‘ 1610

MaMif 1615,

TAad 1620
—-Mhat.. 1425
— GO_T0_47 1630
LR IM)923,123,124 : - - 1635
“ Dp_12% Is1,l1C 1640
RIS LI R5,425,126 . g ) . 1645
3 InalSéD) . 1450
YA EY SO S . . 1658
-mﬂ-bilal*stzﬂi ' 1660

QuQel - e : — - - ' e s A 665
_KKgmtACLIRY , ' 1678,
e TTLKKY=TT(KKIAD(IBY : I : : . 1478,
— THLKKI BTN (KK U 1680
_leek EQ.S_AND.NG.EQ.0.AND,. XY FQ.0XWRITE(2:82)DNCIBIIDCIBYDP(KKY S ~— 41685
4418y U : : . - — _ 1690
§ CONTINUE s 14695
L TR¢KY EQ, 03CALL _UTD2(2,[G+(Kn1)*1CR1,1C, 78{1)) _ o 4700
—DB_$27 11=1.,1D ' ' _ 1703
P RALIIN®RT (LI _ _ _ 4710
I_IptA)i20,120,928 : 1715
I_IpeK, LT JCYG6N.TO 129 _ : _ 1720

_E(KIDAXAX+AYRK ' 1725




e GO

39 1reNGY130,130,134

173¢

80 _RAZK)SR-ECKY . .

L AT3E

6070 132.. -

174¢

SLAlreknJC)133 13& 134

474t

53_RA(KIBR+RE

175¢

66 .TO 432 )

175¢

b RALK)I=R-ELK)+RK

176¢

j2 - 1PtRAEX)) 135,135, 136

20 15.¢NG EQ,1)60. 7043 .

1765
127¢

SE_Kp¢K)md

177%

e gKY31372,137,43

173¢C

(7 WRLTE2,438YA,DPLK)

178%

18 . FORMAT (3X30HTHE LONSTRAINED THROUMHPUT 0OF_FA0. 2131Hﬁ18 INSUFFIC!EN_mm 1790

AT ¥0 JUSTIEY _THE/JLH INCLUSION_OF A8,13H_IN_THE BASIS//ZZ)_ =~ 4798
— WRITEL2,47) - _ 1800
i BOIYO A i I S _ 1808
16 Ia1M1139.439 140 481¢
19" MaMe 1. : 1848
6D TO 47 S ) 1821
LSRN SE-FID'EE K.Y EN—— c e 4AR2%
- WRITEL2,141213, Dp(K).A . 1830
M FORMATL/3XZAL, 14 HTHROUGHPUT AT AR, 4H 18 Fpi1.2/). 1835
1 PeKmJBIALD2, 142,143 1840
V2o WRYTE£2,944)0p (K E(K) : 1845
vh FORMAT(SXIAHFINED COST OF A8, 4H_ 18 £9.2)_ .185¢
e B3O-—T0:448 —— 1858
v I-WRITEL2,146213,DP(K), E(K)_m_*Vw I . 1861
6 FORMAT(SXIIHOALCULATED 344, 16HFIXED COST.OF AR, 4H 1S5 _FB.2) 1865
S _WRITEZ2,447)0 13, 0P KLY 18710
P EORMAY.(3XZAL, 1 7HVARIABLE COSY OF A8.4H 18 511.271) 1878
_ WRITE£2,448)13,10,DP(K).R 18810
8. FORMAY(3X3A4,16HGROSS _SAVING BY 3A4.3HOF A8 17H IN THE BASIS IS F1. . 1883
_ 412y 1890
o WRITEC2,145)10, DP(K).RA(K) 1895
.QwFﬂRMAIJSX31HCOMTR!BUTIQNWTQ NETT SAMING BZWSAdLSHOF AB,4H 1S F9_2/ 1900
AL . 19058
_ _WeiTEL2,150) ‘ 1910
O FORMAT(IXISHNEPOTS IN BASIS/ /L) 1915
. WRITEL2,15%) e 1920
1 EORMAT(AXSHDEPATIX1BHPRESENT THRQUGHPUTIX1ANFIXED. COST4X13IHVARIABL 1925

~ME-€O0ST/ /) . 1930
- Ny=0 1938
_ D#a_152 1a4.,1D 1940
N L _ 19453
I iKDUI)=13153,154,153 950
b IpelelAClY)155,456,155 1955
& IFLTTEI)457,157,188 1940

1965

5 J=Jg#t




w] 28

_lF¢d=1€)154,154,133

8 Ip¢l.ty.Je)Go ro 189 1975
_LEtLL=TT111*AX+AY. 1980
9. FapsELL) S 1985
__MR13£¢2L16QJnnxlgijlxlliﬁxx)ivxcr) 1990
Q. FORMAT(IXAR,AXF13.2.6XF10.2,4XF11.,2) 1995

68 10 152 2000
T Kptli=2 - 2005
3.0p¢l, az.(dcﬂjgaacxz=0 2010
2_CONTINUE.: 2045
—Dn 164 I=t,1ID 2020
—1peKDely BQ 2. 0R . KDCI) EQ _3)GO TO 162 2025

6070164 2030
2 WRITE{2,1463)pp (1) 2035
3. FORMAT(/3XAR,35H DEPOT HAS_ nnnpppn our,oﬁ 1HE_BAS!§) 2040
—NyaNY+1 2045
—EKpelims 2080,
- CONTINUE 2055
- WRITEL2,47) : 2060.
I piKa1)164,164,165 2065
LGN T0 166 20758
5 _NaN+laNY=NG 2080
5 WRITEL2,467)DP (1), N,F 2083
7. FORMAT (IX14HRIXED cnsr QEmAa,SH%ANlejiizﬂ Dggg1L3_13w£13“?> 2090
__VaaVsa- 20958
- CrpsVA+TS 2100
L WRITEL2,16R1DPL1). NI VA 2108
3. FDPMAI(3X4?HVAR1ABLE“CQSJMOE_ABLSH_ANﬁ_JS&iZﬂmDEPOT/S 1S F13,2) 2140
—WRITEL2,25)T8 - 24458
—WRITE€2,160)1 2120
Y FORMAT(3IX23HREDUCED OVERALL .COST m _F12. 2,0 2428
_H,C,,SsCAa ?1 30__
 WRITEL2,170)13,10,DPCK), 05" 2438
) FOAMAT(3X%AL, I SHNETT SAVING 31_314L3H0F A8 1 7H !N THE BASIS 1S r11 2140
AL20) 2145
—_—cZEC-TWC 2150
—L3ml100xC2)/C0T 2158,
—WRITEL2,390L02. 2160
o WRITE{2,60)C03 2165
— WRITEL2.,41) 2170
—1reKV3A24, 174,43 2175
- Ci=C— 2180
e GOTO0 &3 . 2185
SolpelRrYI72, 122fx?1 : _ . 2190
S _WRITE(2,174)2YR . : 2198
s FORMAYTL/3XSHIR = 13/) 2200

—60-70-42




129~

2 TO,TF, 180 ~ TIITh
1P (KYY175,175,176 27189
5 WRITE{2,177) R 220
?_EQRMAT(/ISX1?EENP_OF ITFRATIONSII) 2275
C WRITE(2,178) B 3 2230
§_fonMﬁI(3x2&ﬂng;MAL PISTRIBUTION PATTERNIII) 2215
WRITEC2,54) T - "22L0
__Gn 10 179 2745
6 WRITE(2,180) B ' _ 2250
Omﬁggﬁg?(333qHRF§ULTANT DISTR TBUTION PATTERNI/) - - 5958
Do 184 1=1.1Cc B o T PPéNn
Xe1hmg(1)+D(T) o B B o T3765

1 TeuTS4«X(1) T P270
Ip¢KY»182,182,183 5278

2 WR1TE(2,184)T8 2280
& FARMATY (/3IX4L5HSUM OF VARIABLE €oSTS TO ALL DESTINATIONS 1S F14. 27y a08S
__WRITE(2,485) _ ) . 5290
5 FORMAT(/3X37HALLOCATION OF ossrrnurrauqmro SOURCES//Y 5705
WRETEE2,1R6) o i 2300
6 Fonmgv(///zxauqouncsax11HnssrlNA710N4x1ouTuRousHpu 3X4SHCOST PER G 23505
1ALLON3X14HTRAN§PORT €CosTY R 2310
SWDnmlgffg;Jc AL o e - -1 ]
7 Eedr=0 o ' T T 2320
bp 188 4=1,1In B N 2325
W, TX(J) =0 - Y30
Do 189 1e1,10 25358
_1r¢d=LA(1))189,190,189 o B B FR YA
0 Wawebily i o X 151
__ij_}51°1.1917132m o 2350
1 _WRITEE2,193)DP(J), BN CII DCI),S¢TY X (1Y 53558
5 FORMAT(1XAS. 7XA8, 8XF11.2,10XF6.4.8XF11.2) 23480
2 TLIETX (I +X () B 2345
? CONTINUE 2370
Ip{W)183,135%, 194"W o 2375
5 1F¢KY)195,195,196 i h 5380
5 WRITEt2,197)np(d), W 2388
7 FORMAT(5X20HFINAL THROUGHPUT AT AB,4H 1§ Fi1.2) 2300
5 Ip(d=JB)198,198,199 2398
3 I (KYY200,200,201 3 JLO00
) WRITE?2, 144)np(J>.E<d> B T 2405
GO 10 201 - - 5470

? E¢J)BTT (S *AXSAY 2418
clmtKYy202,202,203 : 3L20
? WRITE(2,204)Dp(1) E(J) 2425
» FORMAY(S5X22HREVISED FIXED COST OF A8,4W 1S F9 ) LI
| 1reKyy205,205,203 3635
S WRITE€2,208)DP (), TX{J) - SLL0
5 FnaMAT(5K1?HUAnIABLE COST OF A8, 4N xs F1n ?//I/) PL45




=130~

3 TraTE+ECL) - T 2450

8_CONTINUE . R ST R e v 2458
——TO=TEATS+TR - : _ 2460,
L CoelYaTN _ . e g Lo B 1 -3
— C3=¢100%C2)LET ' _ ‘ ...2470
LKV 207,202,208 A S i e o AT
7_MRITEL2,200)TE 3480
9 EORMAY(//%XSBHTOTAL FIXED £OST OF GCENTRAL SOURGE AND "SELEGTEN DEPO . 2485
~ATs I8 F11.22 — ‘ : 2490
- WatlTE¢2.210)T8 - 5405
OWFORMATL3Ka2HIOTALmVARJABLE_LDSI_Qi_QEllHAL_PATTERN 18 F11.2) 2500
—WRITEL2,25).TR 2505
— WRITEL2,21%)T0 2530
A_FORMATCLA/3XAINTOTAL OVERALL. . COST OF OPTIMAL PATTERN. IS F11.2/7) 2545
-WRITE£2,39)C2 2520
—WRITEL2,40)C3— - : : e L AP ' " 2525
— WRiTE£2.212) 2530
2 FORMAT(//3XLAHEINAL _YHROUGHPUTS AND COSTS OoF SE(LECTED DEPOTS/) 2538
— WRITEL2.,213) 2540
I FORMAT(3IXS2HLZERO THROUGHPUT INDICATES NON=-UTILISATION OF DEPOTY/) 2848
_WRITEL2,214) 2550
L FORMAY (//AXSHDEPOTIXA6HFINAL THROUGHPUTIX10OHEIXED . CG§T3X1_31VARIAszSSS
—AE gOSTH) _ _ 2560
D215 Ke1t,1In ' ' . . ... 256%
— Np(Ki=KDLK) _ 25710
—1r{ELKII216.216,217 _ _ _ 2580
7_1R{TVLKIN298,248.219 ' ' ' 2588
8 WRITEL2,2200DBP (K., TTLKY,EL(K) ,TX(K) 3590
DwfﬂRMAitixA843(?XF11ullliXS&HIHL&*EXLSILNG_QEEQI_KLLL_NQT BE USED) 2595
- G0_10_245 2600
9_I1p¢KsdB)246,2146,229 - - : - - o ' 26085
L . NR'.'TE{ZJEZ?)M{U._T_.‘L(K):ELK),TUK) ' 2650
2 FORMAY (1XAB.3(2XF11.2) 1 X18HNEK DEPOT LOCATIONY R : 2615
- 5610 2158 2620
6 WRITEL2,22300P 6K, TR ELKL, TX.(K). e : : 24258
I FoaMAT(1XAR. 3 (2XR1I.2)) : : 2630
5 CoONTINUE . - e : 2635
- NepsN=i _— — — 2640
B 315 | : ' : - . . s 4 . _264LS.
GO _T0 224 _ R 2650
8.WRITEL2,228) T - . ...2688
imFﬂnMAT_LLS)L‘LEHJﬂTAL_F_IXED_QOSLI! B‘LO 2) ‘ _ 2660
— WRITEL2,.2260T8 0 o o PHES.
6. FORMA?uxZZi{mtAL_\IARIABLE_.CGch F10.2) _ 2670
— WRILTEL2,25) T8 o ' 2675
—WRITEL2., 227070 2AR0

7 FARMAT(IX21HTOTAL OVERALL_COST = F10.2) R ' 2488




_ YyavowrZz - : — — %G
WRITEt2.228)TY - . IAGS
8 FORMAT (/3X22HMINIMUM EXTR A'cosfffg F10.2/7/7y . SRR TRTO0
TiE{TYY229,229,230 ) o : : s
S WRITE(2.,231)nP(12).12 : T : YA ]
1 FORMAT(3X3OHTHE PROGRAM “SHOULD BF RE=RUN ExCLUDING AR ATH | SEBOT BV 2745
4 SETTING/4H kn(13,12H) EQUAL TG 577/) 2720
~_Gp TO 230 s
4 lpelay232,23%32,233 - 57TH
3 bn 234 I=1,1¢C - e e S 1E
L Dé1)=B(IY~INCRSE ‘ o T T ' _ 41
__CONTINUE : SR —SPLE
.. G0 TO 42 i B S - ! Sr80
2 Ired0y235,235, 535 - T Ta75%
5 WRITE(2,237) : 3760
zujggﬂﬂy(///SX?OHSENSIT}VITY ANALYSIS/ /) 2765
__CALL TIME(T) [ 5770
~ WRITE{2,238)T - _ o 775

8 FORMAT(3IX?HTIME = A8/) ] B —5wa0
sve ' 5785
D0 239 1a1,1€ - | | o - 5790
Szf!)ue(l) B - ' S R . 570
Do 230 1z= 2, 1D ) o — 805
WRITE(2.41) j 2890
WRITE(2.41) ] | 2818
T I1r(NE{1Z).EA.1360 TO 240 — : Roard
_CALL UTP2(1.(17-1)#1C+4,1C,X(1)) o ‘ 3825
K,DJ,TR(1Z) TT(12)=0 - - : e 5830
 WRITE(2,242)BP(12) - TTTTTTTTT2R3Y

2 FORMAT(//3XAR,66H DEPOT IS A POTFNTIAL SOURCE FOR THE FOLLOWING CE 2840
INTRES OF DEMAND:w) ~S8L8
Dm 243 J=1,106 — - it
mﬂ 1=82(J) T Y855
SY=SCad-xCyy - TTTT9R60

C TreSXY243,24%,244 - TTIREY

£ TA{120=TRC12)+(SX*D(J)) ) ' TR7O
___K 2K+ SR7E
STTLIZ2Y =TT I +0(d) e T - SRl
WRITE€2,265)0NCI) DCI) - S R R
S FORMAT(55XAR,5%XF10.2) ' S o N - o JRID
Tr¢LAgI) =R 246, 246 247 - _ . 5808

$ D10 500
GO TO 248 o6

7 DieD(J) T ~ 3010
3 DjabJenl _ B . it
3 CONTINUE | T
1r(K) 242, 249, ?so - - . _ 5928




9 WRiTE?2.251) 2030
4 FORMAT(55X4HNONE) 29%5
0 WniTE(2,250)1B(12) i W90
2 _FORMAT(3XZ0HTHE TOTAL POTENTIAL QAVING Iq =10 2y 2048
Ig(I2.LT.J6>)G0 7O 253 70850
E¢1Z)eTT(12)%AX+AY 39585
3 RACIZ23=E(17)=TR(1Z)-DJjwAX 2540
WRITE{2,254)RAC(12) 29645

& snaMg?i?SkETﬂnrmxmum EXTRA COST OF FORAING IY INTO YHE BASIS TS F1~ o700

10.277) 3078
60 10 230 2080

0 ) WRiTE¢2,255)PP(12) 2983
5 FORMAT(//3X19HEFFECT OF DROPPING A8, 27H pnEp0T FROM THE FINAL BARTS 2060
175 299§
N=NP 000
__be 256 I=1,1D %003
‘RA{IYep (1) ' 090
§“§n(I)HNE(I) 15
Kptlzy=5 LY 1)
Da 257 1=1.1¢ t0A5
Is¢LZ{I).EQ.12)G0 70 258 THY0
LAa{I=sL (1) T038
$¢1¥=82(1) Y040
GO TO 257 N4L5
& Sehav(n) TOS50
LAll)= TN58

7 CONTINUE TO&D
GO T0 42 065

0 CONTINUE 078
& CALL TIME(T) 075
WRITELZ2, P%O)T . 080

9 FARMAT(/1X1RHCOMPLETION TIME = AR/) Y083
“WRITE(2,26M) B 090

1] FORMA7(//3X10HFND OF JOB) 095
STOP X100
END 21035

OF sEGMENT, 1ENGTH 3270, NAME DISTRIBUTIONCOSTANALYSYS
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DUARTAGS O PROPOSLD TCIDIICUS

Belle “his technique has been doveloped empirically {ron
firat principles in an attempt to make it casily undersiced and undertaken.
1t hes been desigmed with very simple logic and the nathemstics used is
basice In opite of lts simplicity it containas geveral foatures which
cover thoe cops left by previous work, cven though thoe latter frequently
enploy nuch nore sophisticoted clgorithms. This cection is devolcd to

a discussion of how the now procedure overconea certain shorteonings of
carlicr work in this f{ield.

H5ellel. Pixed Costa

Tho incorporation of fixed costa hos not been wnderizken
by several nethods listed earlier ~ Lincar programning (section 4.6.), the
opceialisod transportation method (mscotion 4e5e), the centre of gravity
nethods of Neefer (scetion 4.7.), Burstall, Leaver and Suscams (section
4+9+), Bruce's randpulation mothod {section 448.), Brink and de Cani's
anzlosue nethod (seotion 4ells), and the heurisiio math§dn of 3zoumol
and Yolfe (scction 4e12.) ond Griffiths (ocotion 4.15.). These technigues
cither ifmore fixed costs or are unable to cope with them. For inatance,
lincar programming is a very olesant method of cost minimisation (or
prorit maximisation) in an established operationzl networlie It operates on
nar;inal conts on tho assunntion th#t fixod costs are constant throughout
the study and tharcfore nced not enter the optinmisation procesa. It io
this casunptiion that nakes standard linear programming uncuitable fox
problems such as the one being underiaken in this stuly. Thoe idea is to
bring about fundamental changzoes in the network itaelf, and rot merely 1o
re-arrange routings within o fixed network. Uhile adnitting the possibility
tﬁat tho optinisation of routlings night not changoe the struCture_of the
network, one nust use a technique that could cope with such chonges as an
inte .l pert of the algorithme.

Hellelals whe other nethoda {oo show tiais samoe weeshnesa in not
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teking inio aceccunt the fixed cosia of the depots sclected for the networke
0ot of then simply ignoxe fixed costge. The presunption seems to be that
fixed costs will not change much, ory since, they ara mostly dealing with
pingsle depot systems, that fixed costs pre tolen to be unchanged during
tie excreises

5slled.Ze The new technique takces fixed and voriable copts into
consideration, and eny depot walch drops out of the bonis, tokes its
Lixed cost auway irom the objectiive functicn. ieulin and Hamburg£i23efer to
tho uso of specielised lincar progroanming clgoriithms desigued to hondlo
fixed cost clenents butl disnmiss their use on tho jrounds of non=-linceority
and excessive coumputing time, cepecially when leso timc—consﬁmina

routines aro available,

5elle2s Conaideration of other costs

In addition to the fixed coata of the depots, thére are

cthor coats wvhich have {o be e.nsidered. Certain writers do not include
then et alls Brink and de Cand (section 4e1l.) hove not tcolien into eccount
the oupply cost from the main gource to the centre/s of distribution.
Uriffiths (seétion 4415.) considers only delivery costs froa transit
depots to customeray in a 4=stage problenm involving factories, distritution
eentres, tronsit depots and customers. He does nod conaider oll the other
costa that are built wp in tho systea.

5elle2ele It &8 oclear thnat all costs mugt enter into consideratione
The purpose of the exorcise is {to ninimiso total cosiz, not mercly transport
cozts betucon depod and'custOmcr.

5elleZe2e All costa hove been taoken into account in tho now nothode.
Thege costs ars generated externally and fed in as input data. The extension
of the main program to calculate puch cogts presents no difficulty
vhatscever, bulb it is felt that they are best done outside thim programe

For one thinz, each run will have o calculate the. S83€¢ COS3in over and over

againe rurthermore, the flexibility of the optinication precedure is

inercascl greatly if the only alterations recquired in it from problen
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to problem are the setting of the parameters governing the size of each

problcene

5e11.3s Multiple drop journeys

Criffitha (section 4.15.) has confined his otudy to
multiple drop journcys. Thia is a wvital feature of the problem, the fuct
that several customers/towns will have to be visited on the single delivery
round. His concepts of route—dependent and route-independont mecsures of
mileare are based on this provision.

S5elle3els It i3 agreed that multiple dropslare a nececslry provision
in petroleun deliveries, particularly in Britain. It is however, almost
extinet in Ccylon.

5e11le302. The new technique does not meke specifie provision for
nultiple dropse It is however possible 10 incorporate this provision for
certain centres of demand. Iultiple drop Journeys arc nore expensive than
single drop trips, and it is possible to estimate how much nmore the former
would coat. This correctich fuctor could then dbe appliéd to the volume of
demond at those particular centres involved in nmultiple drops. This is
sinilar to the provision made by Lowrence and Pengilly (scetion 4.17.)
to deal with traffic congestion end infeanible depot sitess The ndjusinment
is only approximate because it ascumes that these demand centres reouire
multiple dropu all the time, but here too o correction may bLe nmade by
reducing the exira cost factor which was used to increase the volume of

demand.e

5.1144. Traffic congesticn/road Hazards

The adjustment mede by Lawrence end Pengilly (section
4+17.) to reflect the additional time (and cost) by traffic congestion
and natural hazards is {o increase the actuzl mileage by a predeternined
factor. Sirmilar provigion can be made in the new technigue, by adjusting

the rozd milegge when ccoleulating tronoport costs to demond centres.
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on this cccownt are ninimised, i not elinincted altogethexr,

5¢11.T7s Henelinearity of transport costs

Ilon=lincarity of transport costs lg an importont fact

of lifce fny analysis thst does not recosnlse this la introducing a wvery
serious clement of error into tho results. I‘ogt authors csnuse lincority
as o natter of conwvenience, but they point cut that it does not cxist. Eut
very little has boen done to incorporate non-lincorities in zetunl worlk.

Hell.Tele The new techniquo paya attontion to non=-linearitics, but
not dirgctly. It uses tronsport costs thot kave been coleoulated externally
(cce cection Se3s) both on the basis of umit distance as well ag por
Jjournoyg.

H5elleTe2e Provision for non=lincerity ig claimed oven theush it
ig not n part of the mein progron, bhecouse the approach udopted in rny
tcehnique is to work on total veriable coot per journey, and non=tinearity
is recosnised and incorporcted in the routine which celoulates theoe

ceatle

Selle8s iultinle dcpot systonma

Some of the worl: described earlier hog dbecn concernsd with
thoe plocenent of one depots The present study reguires the placement of
an wimown nunber of depotse Thercfore o technique which can locato cnly
eno depot is inndeguato to copo with this problen.
561148l ‘‘he new technique is based upon introducticn/fcjection
0f all fensible depots ond there is no linitation as resards nunbor of
depots that con be sclecteds Convergence on an optirmum iz oentirely

cutenatic and cormot be influencoed by the munber of depots locoted.

5elle9e Pre~detcormination of number of depots in bosis

The last point leads dircetly fo this one. Some techniques
depend upon on extornzl declisicn reguyding the mumber of depota to be

located. The proceas of optimisation requires repeated rungs of thoe progran



uveing diflerent mumbers of depots, with o final cexamincotion being made to
doternine thé best pattcrne In addition to varying the number of depots
in eoch run, nost procedures consider several combinzations of dépotﬁr
5e1le04le It is folt that this "inderference” reflecta a weokness
of tho tochnique itselfs In addition & lot of tinme ray bo Wastcd.in
repeatcd TUNGe
5e1lee2s ‘7ho new technique is sclf-adjusting. It alters the munber
of depots in the basiz upon considcratichs of cost alone. It coarches for
better solutions and in deing so alicrs the mumber of depots. In foci,
tho 2l orith io more concerned with the identity ol the depots in the

basiss The number Sollows cutonatically {rom thia.

5e1lel0e Usa of grids in narliet denarcation

In certain methods the noriet has been dividoed into
gridge This denarcation hos been nade in orcer 4o faeilitate coleoulotion
of distances and thercfore costos Lawrence and Pengilly (scetion 4.17;)
cosurie taat the distence travelled within cach grid ( 6.215 niles squore)
is constant, vwhile Unykey (scction 4.21.) inplics thét the demand is
wiforn within each grid section (3 miles by 4 milca).

Hellel0els The gpproximation usea in the neu technigque is to
concentrate the volume of demond within a certain erea {post office zones
have beon used in the caze study) at its ocatre. In other words, cach‘
toim is roprescatcd by one customer whose volute of demand is the cun of
the volumes of each individual consumer in the arca.

$elle10,2+ This approximation has bheen made vor convenicnee and to
reduco computing tinme. I+ 1o guite easy to consider cach consivaer
individuwally, but doing o would not couse any significant inprovement

in the reculte It would only incrcase compuiation tinc.

5ellelle Ho=cvzluation of depota in busio

The cvaluation of depots in thoe basis da an inporiant
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part of the iterative routine used in the new techniquo, Keuhn ond
Iemburger (ocoticn 4.18.) have incorporated this same fooility in their
methods The need for it is olear. 4 depot iz accepted only whon it can
sﬁow come savings in distribution coste A depot should remain in the
basis only &3 long es it can chow savingse The moment it fails to do so,
it must be dropped. This decision requires a constant appraisal of cach
depot as often as possible. ILeuhn and Hanburger do ihis only after their
nein prograem is conplete, in other words, when it bas reached itas first
Yoptimum"e The new technique evaluntes all depols during each iteration.
anrofitaﬁle depotos are uwceded out oo and when they are discovered and
the whole baasis is alicred to corzcot this action. Xach iteration of

the new technique is therefore completely feasible at all times not only
from the practical angle, but.also from the costeeffoctivencss anglos
Keuhn and Hunburger's iterations are nots They can contain wiprolitable
depots, which are detected only by the Dwip-and-Shifd routine.

Hallells3. An advantage 1a claiced on this zccount for the new
tachniques The process of convergence to the best, if not the optimal,
bagsis is very rapid, beczuse all z2nomalies are deteoted and eliminated
as soon as they arise. The presence of an cnomaly mizht adversely affeod
the final basis, particularly when the lotter cannot be gpuarantced 4o be

optimale.

511412, Complete flexibility of supply arransements

The new technique has complete flexibility of supply
built into ite The flexibility is represented by its ability to arrenge
supply to every centre of demond from every depots This has oreated the
need to prepare a data grid which in its original state repremented the
actual nilcagoe between ony twe of the above nodess Fo provision jyas nade
for supply from one warehouse to another or from one custoner to another,
In the case atudy the data grid hes 613 rows (centres of demand) and

06 colums (possible sources).
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5011412s1e Thig flexibility wos required by the losde of the nothod.
Sineco the network was developed from "oreas roota", it wap nceescary to
detornine in the Tirgt inastance the cost of supplying all demend gontres
fron the seniral scurco only. Thercaftcr depots were introduced one ot a
tine 2nd each khad the "opportund ity of supnlying any or 211 of these
contrese. This meant that the full grid wos requireds It is poasible to
reducs part of the work in preparing the mileage srid by putiing crbitrery
high milcagcb for obviouzly undoairablo routos, liowever acturl distances
were uzad for ihe case study. Cne by-product of this opiinisction process
wos that 1t oo possible to deteornine the cosis of the rcutes thad ore
cxeluded Iron the basis. In fact, the success of the sensitivity analycis
is partly due to this facility.

5¢11412.2. Tho necd for complete {lexibilidty won folt corlier
fien deseridbing the nothod of‘Fcldnan,.Lohrcr cnd Hoy (scction 4.19).
Varchouses were confined to their local custoner sots, and we had the
curioug situntion vhere & warchouse wos situsied in one towm which wes

supplicd frog o warchousce loeated in anothoer toim.

Hellel3s Computation tine

thoe now technique reguires little couputaticn time.
Jarlicr worl: was sprecd over nenths (Vonty = scotion 4420), wecks {Surstall,
Leaver and Suscans - section 4e9e)  t0 hours on the computors The tine
texen for vy nethod is less ibon 15 minutes for the convergence, wnd
a further 20 oinutes for the scnoitivity cnalysio, ivr a 86 = 613 problem.
©his timo includes that taken for o fairly comprchensive print-cut of
the dutse and the resulis. A print-out complete in cvery detall (L.ce,
full inlormotion regording conlres of demand, thedir nllocoted sources
of supply, per unit and total costs, for every iteration oo well ag the
sencitivity anelysis ), will icke about 15 nminuics lenjcTe

5¢1lel3.1le  The short computing tinc enables many runs o bo wadertaken,

(if tLe ocensitivity cnalysis reguires it) and the finel run can be casily



cdjusted So give the complete result on the printe-out.

511,14, Cptimality

With the exmecepiion of Linear Irosrarming, ne other
practical teehnique can guoranteo opiinality for a larze scale problem.
Cne hos to balonce the zdditional cost of obtainins en ontimal solution
acainat the convenience of petting clogo to it. Tho real test is vhother
the deproe 03? inprovenent is worth tho extra oifort, particularly when
heuristic nethods noy (4f ono is lucky) reach the optimum.

Belleldele In tho cose study the {first rum produced on inprovencnt
of 4.02° over ‘the ceat of tho present digtribution system. The first
sernelitivity analysis indicoted Turther inprovements, which by the
exclusion of throe depots cave a result 4.18° betier than the present
coste A scoond sencitivity anciysic ohowred potenticl for {urther
inprovenent by shutting out yet cnother depot. The final rosult g 4.210
beticr than the present systemy end o third censitivity anclysis chowed

1o further inprovementes
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ol CAUH LTUDY

Oe The cage study pericins to the anaiynis of the distribution
syoten prescntly operated by the Ceylon Petroleun éorporation, vhich ig o
state oymed Corporation created by an Act of’Parliumegt ( the Ceylon
Ietroleun Corperation Aot Iioe 98 of 19Gl)e It has béen undoftaken with

the permiscion of the Corpoxrntion and will be pubmitied to its Doard of
Yircctors oo a gpecifico plan for {tho improvenenti of ite digtribution

nesworke

Ceylon, o hriefl skeich

0.1, Ccylon is a snall ialand, just over 25,000 square niles
in extenty lying to {ho south of Indine. Its population is nowr over
12,500,000 and its pcople are malnly occupied in agriculture. %ca is the
ngin export commodity, followed by rubber and cocomut. Its nmain imports
are rice and other essential fovdgiulls, industrial machinery, consumer
soods and petrolcume

Gelels Until 1964, the bulk of Ceylon's requirements of
petrolecun canme from theo Persign Culfe. Three international oil companics,
shelly ua3so (formerly Stenvac) and Caltex were well eatablished in the
country and with the exception of small quantities of lubricanta, had a
firm grip on the petroleum market.

6e1e24 Coylon had no relinery and only refincd products were ..
imported.'ﬁll fuels woere shipped in bulk and =2ll othor products were
nacked in 45=allon drmrms or snaller containers. Ceylon's main oil port
is Colombo, tiic capitale Colombo Harbour has 2 special oil jeotties, which
cre commected by a H~nmilo pipoline to the nain Cil Storarse installations

a2t Kolonnawa, on the eastern boundary of Colombe City. The three oil
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conpenics bod storage foclilitices on contipuous siteu.uithin the mai
Kolonnawa Installation cnd had, together, o totol tani: capncity of cver
300,000 tons {or 2ll incl products. lrom Xoelommawn cupplies werce nade

4o all scrvice statiocns, heroscne (parzffin) agonciesy concumer pointa,
ctcey cither by rond tankers, railiwey wogens or pipelines, dircci or
throush one of geveral intermedicte glorogoe depots nll of uliich were fed
by roil.

GaleZele There wos no novenent of product from Ilelemews by
inlend watermmy, nor is any such movement likely in the forescenble ~
futurc. The only possibility of trans-shipment by wmter is by the use
of coczstal tonkers to supply Ceylon's sccond oil port, Princoncleo, o
any othcr Tuture sub-ingstallation.
6elels In 1964, the Ccylon Peirolewn Corporation acquired:
2ll thoze gpsoets of the three oil companies which wrere uged loxr the
inland distribution of 211 petrolecun productse. The conpanies now renin
with only o interent in the import ocnd distribution of gveiction ond
nerince fucls and lubriecentas.

Gele3els This gtep meont thot one organication had to neintain
nnd ope #te as onec neitworit throo senarate and independent diztiributicon
grstons wihich had boen run in geotive competition with coeh othere This
meant thot thcere was triplication of fueiliticn right down the line.

Gele3e2e I% ig here that the need is ceutely felt for drostic
rotionalisaticn. Iowever desirable this moy be Zrom a cost ongle, duce
attontion has to be paid 4o the brosder soclal and even political copects
of pruning away rcdunduont foecilitics and reshaping the balunce ox the

gystene It is in thig centext that this projeet has beeon waderdcizon.
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Geleda Tho hub oi Coylen's petroleun distribution netirerk
iz the mein instcllotion at llolonnavwn, Jjust ocutside Colombo City. All
prcduct conswacd in thwe islzand has to poss throush Holemnown olter bLoing
dischnroed &t Colembo Inrbour. (The only cxcepticns cre cextain quontities
cf btunber fuels gtored and isoucd from ITloomendhal Wemminel; supplics Ior
o thermol pover siotion waich by—pocg FYolemnowa, cnd the opell quentitics
thot ore ddscherged at Trincomelee, on Coylon's Horth-ost ccast)es
Ceylon's first cil reflinery, sited ot izpusecsionde, about

9 nileg north=ceat of Colomboy is due to be coimnissioned in July 1269.
Inports weould then be gwitched from refined products to crude oile livirever,
tie inlond distribution systen would suifer no change and Nolornoaw will
centixue to be the mein swpply contre for all producta,

Geledlels ilolennove Temminal, now alwmost cuntiroely the property
ol the Ceylua Petroleun Corporation, is well cquipped with nodern storage

3

inecilitices, and rood and rail londing couipmente It alzo houses o lubricating
cil blending ond paciing plant and o candle foactory. I3 hoo o loroo
neadintonencs wericchop and a moderml SOTRCs

Geledele Fuel products leave Holommowm Texminel by road tonlicrs,
ra.ilrr;:y fank wagong, pipelines or packed in drunmg. Thoe latter meoons is
uzed mootly by reteil declers who are permitted to pick wp their reguire—
rentg of fuels f;rom the moin instellatione Thio is a conecscion that s
granted pony years opo mainly 1o cenable read hoaulera bringing cxport
cermoditica to Colombo to have o return load on tholr homeuwnrd Journcyse
vz gteop proved beneficial all round since mest houlors were preparcd

to cheri¢ low frcight rates for puch refurn loads, and this benefit wcs

cften passed ca to the concumer. This concession alco neant that there

{

Q
%)
o

coond avenue of traonsportaticn (other theon that of oil comnonics,

later the CuPeCe) oveilable for the inlend ddstribution of fucl producise
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Gelade3e Customers, othcer than thosc who pick up their
requircnents direct fronm Kolonnawm, are supplied eidther by road, rail
or pipeline; There are only o few large volune custenmers who fa2ll into
the lattier cutegory and since thedir supply arrongenconts have proved
entircly satiofactory, will not be congidered in thic anclysis. iz leaves
only thcoe customers who are supplied by rood or by rzile

Geledede . A5 in nmost other countries, rail freight rates in Ceylon
arce, by and larges lower than rond houwlage rates, the diflerences increasing
with digtoance. “he dilference becones doubly sigmificant when the distance
by read is so great that the driver either has a rest periocd{during waich
tine the wvehiecle is idle) or is replaced by anotier (thus inerccsing thoe
cost of lorry operutions). In pddition the railwmy toriff is cuclh tha
¢ifferential freipht rates aro charged according to the flagh peint of
the product carried. Thus the rates for gogolines, kcroscno/high apecd
diczel znd fuel oila are approxinately in the ratio 13:3:7. Lince the
rood haulage rate is constant for all fuclg (vehicles are lowced necording
to volume aud not weight -~ therefor. the canme rato applles), ifucrc in
every benefit to tronsfor howvloge of all productc cnd particuloarly tho
aizh flash point moterialas to rzil wagonss This foot is recopmisced Ly
arronsing tronsport to zll intermediate stora o pointc by rnil. Yhe final
lap iz, a5 usual, by road.

GeledeSe The situntion is one in which the bulk of the customera
obtain product by rail wazon or road tonker direct frou ilolommawa or by

road toxmker Iron one of the depota which ig fed by roil fron olommziuze

10710 DTS BT0AACE PUIHTS

Gelabe The depotsy in co—ordination with Ilolcmmevm, periorn a
vitol rert in the distribution systen. The points that are now oncrated by
the Cu.7eCe are those thot vers huilt cnd used by the oil companico. Gince

cach conmrony wos independent ol the other two, there weroe three sysicms of



\
heoo Cepotse Thoe different market shares and varying policies of the
comprudies resulted in 3 dissinilar networks. The following table sets out

1l detailo of thepce networiise

DO SYUTVLS ORUEATUD Y TIDI 3 CIN COUNITING DBURCRY 1962

Distance {fron Nolomoir

Conpany Depot fail nmiles
S5HULL Peradeniyn Tl.1
Kotogula 111.3
Iaputale ' 153.5
Kurunegola 585
Anuradhapura 126.6
¥ilinochchi 205.0
Jeifna 245.6
Gelle 72.1
Hatara 98.6
Batticaloa 2173
Ratnapura 6443
CALTEX latara . 98.6
Jaffna 24546
Perzdeniye Junction 7045
STANVAC Jaffinag 245.6
Patticaloa 21743

“ho location of these depois is indicated in ¥ap Ho. 1.

641541, £hell had a very lorpge network which wes created for ,
2 noin reé,sons. They were

a) Shell's porticipation in the market was about 55,. (Stanvac had
jﬁst over 23 while Caltex hnd about 22).

b) Shell had forescen the possibility that the Covermment would enact

lesislotion to lindt the redlus of operations of o itonk lorry to &hout
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~ Map No. 1

LOCATION OF OIL COMPANY BUILK DEPOTS

S = Shell
E = Bsno
Jaffna (::L & C = Caltex

(S,EB C) é:o
Kilhnochchi ( 8 )

!

| $03)
(m
l;Anuradhapura
(8)
Batticaloa
| | (s, B)
(4) :  (8)
Kurunegals 4 Peradeniya(New)
(8) L. ; (8)
Peradeniys Junction
Ly (1) (c)
: A\, Kotagala (s)
Kolonnawl (9) faputale ( S )
ﬁ;tnapura
(s)
(2)
X Galle (8)

Matara ( S, C )
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65 nmiless lup Vos ) shows the relative positicns of their depotsz.

H5ele5e2 The cstablishment of 5 Chell depots (Pcmdenifu, Kotagnla,
Teputale, Dotnopura ond Turmegela) in the central part of the islend was
to facilitote the supply of diesel il and el oil to tho teo and rubbex
foctories in this area.

CaleHe3e Stanvaec and Coltex prefcrred to operate with 2 ond 3 depots
regpectively and resorted to long distonee road haulago to bridge tho other
C5P3e

6.1.5;4. “hen the CoP.Cs commenced nonopoly distribution in the
country, they accquired zll theze dopoises One towm, Jufina, had 3 seporate
oil depeis. They were on cdjzeent sites und were conbined lo operate as
onc. In other tewms, 2 depota were conbincd.

Gele5e5e The {ollowing table gives the locoticas of the depots

now opercted by the C.P.Ce The locuiicns cre murked on Iap lic.2é

LCCATILN O CUYECHT PUTRCLUULL CORPCIUEIH BULLT U200

DPistonece Lfrom Holomnowa

Toim hail milcs
Peradeniyn T1.1
Kotasala 111.3
Haputale | 15345
Kurunegela 585
Jnuredhapura - 12646 |
Lilinochchi ‘ 205.0
CJafina 245.6
Golle 7241
liatara | 0846 |
Tatticaloa 21743
hatnepura $4e3
Peradeniya Junction T0e5
Gele5aba In addition, several lar;e customers, particularly of

kercsoney digscl cna fuel oils, are supplied by rail tank wagoons. These
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I‘IaE NO. 2

LOCATION OF CEYLON PETROLEUM CORPORATION BULK DEPOTS

¢ L
(oo :
Jaffnea?’ ~ 1 - Main Line
y’“\i | 2 — Coast Line
Kiling , .
i * Quehi 3 = Northern Line
3 4 - Puttalam Line’
N ‘ 5 - Batticaloa Line
N é_( ) - 6 = Trincomalee Line
7) 5 3 7 = Talaimanner Line
; § - Matale Line
; China Bay {3 ‘ 9 - Kelani Valley Line
ﬂrAnuradhapura ; \
f6)
Ve (57%)
b\ Batticaloa
Kunhnezala 4 f Peradeniya (New)
. ‘s Peradeniya Junction
£(1)
Kotagala
Kolonnawa {( (9 S putale |

,Ratnapufé
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custoncrs will unot he denlt with in this study becouge roil is the choapest
Tecasible nothod of transport and any altcratiqn in cupply acrrangemcats
would inecrcasce cogts. It i8 mogt walikely that their throushput will rise
to those levels wilch weuld warrant the installation of pipelincs, ond
since water borne transport is imposcible due to locztion, the prescnt

means of transport will continue well into the futwre.

2Y YDy RPAOTTI

Gelebo Joving geen vhot the disiributive nctwerl: lochs like,

b

it iz now oppropricte to study the potiexn of consunptisng and thercfore,

K

L) s

The Ce2.Cs Lag Jor accounting_pu:poscs divicded ida
ustoners into the follouing catejoriesi~
1) Peotrol Staiions
2) CoTosone Asencies
3) lgsiates
4) Private Industrics
5) Govermment Departacnts/Corporations

6) International cuziomers

7) Cthers (unclaszificd)

PUTROL STADTOIS

(7)

feleCale There arce about 650 petrol stations noﬁ being supplied
by the CoPuCe A dew narginal outlets that were boing maiﬁtained purcly
fer prestige reusons by oil companics diced o natural death when brand
comlatitioﬁ wag romovaed.

GelaGelele These outicts aro country-wride and forn a very cflective
actwerk which satisiica all nmotorista in the country. In facet, thereo

secns to Do an cxeess of outlets, parvicularly in certein tuilt-up arcag,

wacre previous brand competition his resulied in an unnccescary duplication
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of ocutlets. However, tho C.P.C. was forced to 4ake over all oll corpany

outlets and keap thent supplied with producis. Compulsory closure brings

other provlems in its wmkey and has, for tle nonent, been shelved.
GelsGele2e The avera:ss petral gtation Liag bulk storage facilitics

fgr 2 rrades of potrol, high.speed dicgel {D:RV), and kerosenc. Lone ocutlets

also store diesel fuol, particul&rly in tho cstate arcas. About 150 potrol

gtations also offer specialised lubrication Tacilities.

0L T AGETTCYIRS

6.1.6.2. In addition fo the petrol stations offering kefoscnn for
gsale, there are about 225 sopecialised k cerogenc agercies O‘icrlnu only
fhis product.

6.1.6.2;1- At the noment, kerozene is the.most importont petroicum
fuel in Ceylon. The demond foi it ig island~-wido and this rcquires &
distriﬁutive network which is equally sprecad outs In cddition to this
tﬁcrc is another imporiant factor, nanmely, the consuner of kerosenc ig
not nobile. ile requires the produet for use in hin honme and donands that
it he brought to him rather than geing cut for it o doog o motorist for
netrols This point too neans that the noetwork has to be further sprend out
to engure that there is a source of kerogene with in easy Tooch of alnmost
every hkouschold in the country. Thia is clearly o difficult togk, and the
CeP.Ce ond the keromeno agents have appointed several gub-arzonts, goncrally
omall shop-keepers in every villapcs These sub-coonts are sﬁpplied by tho
agents and they in turn supply the ultinmate conoumors.

GelaGa2e2s It i boyon& the scope ol this study to describe the
various means of tronsportation of lkeresene, but nention must be nade
of the kerosene tarit cart. hiq ig cgscatizlly a metal drun of 60 to
150 gullons capnclty mounied on a woeden or mctul chagsise It io fitted
with twe larzge woodon icels with mesnl tyres, and ig drawm by cac ox
two bulls. Thore are about 2000 tank corts p",,rinu in Ccylon and they
perforn en invaluablo togok ih naltings leerogene cvailable at ench concumerts

dooratepe.
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GaleGa2e3s The facilities available ot the wversge lercsene aocney

cortc.
EoTATS
(7)
GeleBale There are over M0U0 coctateg in Ceylon conouring o

conasiderable quentity of fuela, nuinly dice~l oil and fuel oils ¢ the
rmoin creps,y vea and rubber require the largect amounts of fuel for
proceosing. Due to the topogrephy ol the islond and due to the oot thed

both tocn ond rubber growr best in th

o

hilly creau, there io o concentration
of tea ond rubber cotates in thoe centrol part of Ceylon. Uiils has locclised

the oreocs of demand, and cpeeinl focilitics were installed 4o cope with

GeleGe3ale In odéition to ihie 5 bulk depoty mentioned corlicr,
vhieh cupply moany estoates dircel, there are severcl roall-fed dealer
operatoc cutleta which supply nmeinly dicsel oil to the estates. The
threu bput ot nmeay ol these outlets is consideradle, and all supply is

ot the leweosy rote in tlic railwey torifi. These cutlots too will not Do

included in thdp study.

ITRIVALDS THOUSTLTS

GelaGate The Lourth category of customors covers all iypsos of
industzy in {he privote sectore. Chere 1o o concintration of thece
industrie: in and around Colombo and the supnly of luels is no groat
problcm..hcst of then are sunplied by road tonler, vhile the srnller
consunaers plcels up their requircients from Molomnous Ingtollotione. winilax
arrongencnts exiat foxr the indusirdes vhich ore located‘within the

delivery sones of the bulll depotlse

[t I B0 B Sl S T ARRS e W LA RSN S PR R PR FEA R Tk o WE ool ATey
GOV I2nTIm DUPLR LD /CURPCRATTICIS

GeleGabe The next catepory of concumers in Ceylon covers all
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Covermient deporiments and Governuent-sponsored Corporations. These ineclude
the lailway, the stato pagsenger transport ocompony, electricity end water
deporinenta, cement I{actorico, ctee -

The locations of these outfita is scattered throughout
tlie countrye. The nethod of supply depends to a lar_o cxtent on the volumes
the iarger custouers arc supplied by pipelinc or by rail toenk wagon, while
tiie others ore supplied in roid tankors fronm Kolonnawa or fxon one of the

bulii depotce

IOTLISTATIONAL CUSTCIILIS

GeleGaloe Thig is o very small group of custoierge. Their
requircaents, mainly of marine bunkers, are met by the use of a well=
cquipped bunkering barge in Colonbo Ilarbour, or by direet alongside
bwkering ot Yrincomcleecs In voth cases ITuels are sent to the harbours
by pipeline either from Kolonnawa Terminal or from Bleenendhal, or fron

the China Bay sub=installation.

CTHLRS.
GelaGuTe The finkl category consists of all thosc customers not
included in ony of the earlier groups. Their supplics are arranged according

1o the volume of deinand and the point of supplye.

DUTATLLD DOSCRIPITGT OX Tilld D.IAliD PATTOIN FOR PUYRCLIUN :'ULLS IN CLYLON

OelaTe For the purposes of this study, no special attention

need be peid to the diffcerent categories of cuastomerse All thoat is

required is that one can cstimate how much of cach fuel is Tequired within
each toim or other gelected arca of demand. Thio would give us o terget to

ain at, and Tormulate the problen which ig, to transfer that cmount of
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czch luel to each and evory area of demand from the central éupply point
at a ninimun overall coste The degree of variability is intreduced by
the olternative methods of +ransport that are aveilable, the diffcrences
in the césfslof these methods, and tho (theoratical) 1likolihood of

locuting intemediate bulk depotis anywhoere in the island, o

6;1.7.1. The possibilities of tho last factor are roduced
drastically by postulating that cach cond cvery cne of these int:rﬁcdiate
cupply points chould be fed from the main supply contre either by rail |
or by coastal tonker. (Pipelincs are mot being considered becauso the
likely throushputs qvér the distonces cencerned are insuflicient to
Justify thedir cost}. e are thus reduced 4o the positicn vhere o 1lilely
bulk depot could be situcxted only zlongside a railwey line or near a porte
Since thé failway networlz in Coyloa is limited {sco lMap 1 or 2) 85 such
pointc arce being conaidered 3 zlso, there ore only 2 norts othor than
Colombo wﬁerq faeilities could be installed for reception of constal
tankers (Trincomalec and Galle). Additicnal poris are being developed
but 1t is too carly to consider such sites. Calle iz on the railvay‘
syaten cnd will boe considered for‘this study oz 5 Tail fed point, but -

Trincomalee can be water fed since 2ll facilities exist for this operuiion.

GelaTe2e Appendiz C i3 o fable wiich shous the iglond wide éenond
pattorn for the 6 major fuels ags distributed according to the locuticn.
The denend showym arninst cach towm is the dotol in that toim Jox 21l peirol

stotions, kerosene egenciesy estntcs, industrial plonts ond overument

CONCUICITe

GeleTs3le lizp 3 shows, in the form of & colour code, tic towma
involvad wnd tie quantidty of derend in coch towme It ig clear that the
bullk ( 0% ) oi tho total isluond's denund is concentrated in an arc of &0
niles rédius oL quombo. However, it in equnlly cleny that the vhole

iolond io dotted with 1ittle pockets of denmand, vach of which st be catipe-

ricd to zedntoin the eliectivencss of the islend's delivery system. Tho
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nonopoly situation that preveils in Coylon further cecentuntea this
problem beeausce there is no other supplier that the C.PWC. con fall
back on. In & situntion of competition, purticipanta can ztay cut of
ccrtzin hnbrbfitablo arces tith tho expectution that scuch arews will be
adequately cerved by their competitors who have diflcrent nedworks ond

vho find cene advahtago in naintaining these zupplico.

6;1;7.4. Cloger exanination ol the Toble in Appendix C chows
that tho pioducts with the widest apread of demand are kerosene cnd
gaspl;no. Thio is only to be expected becazuse these products have now
becomo buzio necessities of lifo. Mipgh Speed Diesel also enjoys a fair
spreed of demond, Mut guch demand is mainly in the larger centrés ol
population. Hmall villeges do hot use rmuch HSD becouse they have no
vchicles'requiring its The dermand for Diegel Cil iz almost cntirely
confined to the Central, MNorth Vestern, Uwn, Saborogamora, Veatern ond
Southern Provinces, while ffuel ¢il denand is st41l further narrowed dowm
to the Uestefn ond Central Provinces. These features set cut certzin
requircements of the desired distributicon netiorke Arronsements to
sunply keroseno ruat predoninate while those to supply Muel ¢il need be
concidered only for a few bulk dcpotas. However, the future connot be
imored. Due attention must be naid to how demend will be chéngod or
crcated ;freéh in the future. Tho results of such an excrcise (Referonece
63) indicate that the same cort of demand pattern will continue and no
dristio changes ere likely. Such chonce as can be foreseen ig orall and

will not affeet eny present rlanning.
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DAL CORATITLD FOR CASD STUDY

Gele I ca indobted to nmumercus colleagues in the Commercial
end insnce Divisions of the Ceylon Petrolcun Corporation yho readily

suppliecd e with actual data and cosio.

602416 The infornation ccusisied of the following:-
(71) :
Ge2elels A description of the existing dlstributive network in

Ceylong ihe locations of the 14 depotn, and details of the fuocilities
ingtalled thercine. Ono depot, Blocnmendhal, confines its cotivitien o
the cupply of marine bunkers to ships in Colombo IHarbour. Sinee pipelines
supply and draw off product from ity it does not enter this analynia.

Ge2ele2s A li?%agf the importont customera of the C.P.C., by
nane and custoner numbers

66241430 The addresses of each of these customers. 613 arcos of
demand were demarcated to cover the whole iglande. Thoe boundorices used were
post officae areas. the list of mevercl thousand custencers was thereiore
reduced to 613, the weightage given to each centre of demand beins the
sun of the requirementa of theo individua%TgYntomeru allocated to ite

Ge2elede A geries of sales f£irures which established the demcnd
for each of tho cuatoners. Data for several months in 1967 were overaged
cut to give a realistic oastimatc of nonthly demund.

6e2e1e50 Further informatlion regarding the nmethod and scurce of

sunply of custoners® domand. Sales figures were broken dovm as follousie
-LP 2

Product Cuatormer USource of Cuantity Supplied
Iumber Supply Daliverics Collections :nil/pipeli:
(crC lorry) (Customers?
velideleo

6e2e1e5ele  "Deliveries™ cover thcse quantities which are noved in
C.P.Co tenls lorries fron Kolommawa or a depot to o cuctomer. In other
wordg, the customer obtains supplies at his evm doorstep and the
regponsibility for transportation resis solely on the Corporation.

6e2eleDe24 "Collectiona' represent thoso quantitics which are drawm
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by the custoner in.hia om containers/vehiclea from the loading pantries
2t Yolommawa or one of the dopotse The responsibility of the Corporation
counses when it makes product aveilable at the aﬁntzy and it is the
custoner's regponsibilivty {ron then onwardse

0e2ele543e I2il and pipeline deliveries are considered to bo

outside the scope of this atudy.

6e241460 Cogt firures in respect of Kolonnawa and the bulk depotse
Theae costs were broken dowm into several headings, which hed to be put

topether agein to give fixed and varieble coats.

Ge2eleTe Coata of operating the Corporationts fleet of tank
(11) '
lorries.
| (73)
662l Coata of transporting wvarions fuel products by rail

from Kolommawz to o number of existing roil fed veints. These points

ineluded all thé existing bulk depots and come of the proposcd locationse

6424149 The froisht tariff published by the Ceylon Covernment
{14)
Dailwny.
(73)
GePelalle Data for conversion of all fuel products into M"stondard

callons or "kerosene cquivalents'.

Ge2e20 There ore 14 depots in the preaeni\network. They wre
Hatarn, Kotagula, ioputaley Yerodeniya Junetion, Batticaloa, Hurune nla,
Lauradhapura, Jﬁffna, Ratnopura, Galle, Hilinochchi, How Perodeniya,
China Bey and Bloenendhal. (zee I'ap los 2)s The laot hgs_been cxeluded
from our study for the rcason given in section 6.2.1e1.
6.2.2;1. Mogt of tho above locations consist of comploxcs of

Joraer oil company depoide €egey Jolfnn consisiod of 3 bulls depots; iatora
wag 2 bulk depots end o dealer pointy and Batticalon wms 2 bull: depotae

6a2eD420 Chinn Bay depot i8 & part of ithe enormous oil sto-gje
installation (102 tenkis of 12,000 tons cach — & totel of over l.2 nmillion
tons capacity) built by the loyal Havy to serve tho British st India

Ileet which wos baged at Trincomaleo (China Zay) during and after Vorld
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Uor Te The cntiro installation was purchosced frenr the Adniralty by the
Ceyleoa Tetroleoun Corporgtion in 1964 and o srell part of it is boing
oporated cs the Chins Doy depot. Supplies to this depot are nede by
“occan/cozstel tentrer and the nodified cupply cosis Lhave been incorpercted

34 4l A pd
Il Ll UDule

Ce2e3e _ The liast ol custoners s moat comprehensives It ;mve
tliclr nonca ond addrogsgeg, o8 well @8 customer nunberse In additvicen to
sroviding ugeful bachkisground dndornation, it sorved the specific purpose
ol providing & bridoe betvweon custonergs and centres of ﬁcmund. Appondix
"or cdves detoils ol how this operation wus carvicd oute Who lict of

oeTe 1o not reproduced heorc.

0e24s, It must be emphesised that the demond figures uged in
this otudy cro costinates fov 1977 based on actunls for 1907. The demand

boyond 1977 ig more likely to be affected by the broad pattirng of

ccononic and indusiricl developnent in Ccoylon and it noy not be prudent
to cosess sueh chonges: ot thiso stapes It is theoreticnlly posuille to

predict demand oo far ag goy 1937, bit cince their relianbllity would be in
Ccubty they would not serve ony usceful purpoge nowrs I hove beged ry forceasts

(68)
ureit & gpecizl report on demand for petroleun products in Coylon nrerored

in 1968. This stotes that the toial demond would rigo at an annucl roto

o BuG0 over the next decado.

-

0 .

(It hoo been showm in reeated ruma that tic csiimated
derend can show considerable choanpes ulthout sigpificantly arflceting the
ultinrote golution. Sinee therc is no reogon to ezpcdt lnrze vorictions
in either tho pottern or distzibution of denmond, it woo deemed cdeguate

%o workz on the basis cet out cbove).

Ge2eDe Vhen dealing with the fixed and operating cogic of
criating depotny, I cncowntered the common problen of malin: an ncewrate

cotinate of thece costse The case siudy presents wiisunl conplicationse
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C(nly 2 very small proportion (lecs thun 5 <2) of the precent viz:d asuets
of the Corporaticn were crected from seratchs. The bulinee wus vested in
the Corpurction by Act ol Darliorent, which acquired the actets of the oil

* (11)
compenies. Cnee acquisition was completed, the oil compunics werc invited
to clainm compencation for the sites thc& had loast. Claims were reccived,
otudied and lengty neqsctictions were cntered into to reach o conpronise
that would be accepiable to 1l parties concernced. Tac ggrocmcnt that was
Iinully rcached was on the basis thet no individual coseis weuld be velued.
Lunp cuns were fixed for cach of the threc companies, und'p;ymcnt nade
thereaditor.

Ce2eHe2s L% woo then left to the Corpercticn to deecide upon ihe
exaet veluotion whizsh would bo ploced o cinst thoe individu%l iteme in its
bockss wince such a step wordd hove invelved Llony=drowm ovud ond cxponsive
proccedurcs, the Corporaticn oo dgcidcd to odopt the "buwlk" onorodch.

Ce2e5He30 e totol conpensoticn fijure woo divided arbitroeriily
to cover sﬁoruﬁe/bandling facilitics (dincluding Kolcnxanungrminal ond
the bulk depots;, vehicles (mednly fenlc lorrics), and ©.c otlher physicol
cosets (moinly lond and cquipment at pelrol staticns, cte.).

' Ge24544e The valuz thus set {or atoroge facilitics "o oonin
divided erbitrarily to obiluin inlividunl valuations Tor Kolomiswa end cach
" of the depotae “he boois used wns the proporticna of effcetive tonlase
cveilable ot thoct points. Thuas, in a‘total of 100 tons cerlired, o depot

containing 10 tons wis valucd at twino the cmount set for one contocining

5 tens, tho former being volued at 100 of the value of zll utorage/hcndling

Hy

aecilities.

Ge2e5e50 The amownts obtaincd in this menner were tcken to be tho
coot ol cach of these depets, oand was copitrlised accorcinglys. These velues
would beor little relationshi) Lo criginal costs of constfudticg written
dotn $o the date ol acguisiticns In the Zirst ingsiance it weuld not be

r

easy 1o deternmine the eclement of depreciction ond regular
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naintenance would have complicoted matters further. They could also not be
considered to be replacencni costs as present-day conatruction would be
nore expensives

60245460 Theso capitel costs have been amortised in a straight
1line over pericds of up to 20 years, in a manner deemed by the Corporation
to bo reasonadble¢. CGeneral administration costs, maintenance and the
salaries of basio staff have also becn inocluded in fixed cogts.

6e2e5eTe In the case of operating costs too, wo have the difficulty
of preparing accurate cstimates of operating cxpenditure for the different
aotivitiea/iocations. ¥hile zccepting thexre wouid bo some degree of
arbitrorinesa in the cost allocations nade by tho Corporationt's
scocountants (which would only be natural), I believe that their figures
are adequate for my purpose znd have accepted then in toto. Howewver,
I teke full responsibility for the manner in which I have segres?ted
them to ohtain fixed and operating comts.
6e245480 Therc is one point that must be emphesised here

regarding both fixed and operating costs, that is, that I have used cost
figures collected in 1967 together with demand figures projected for
1977+ There is no doubt at all that costs will dhange between 1967 end
1977, but the change will be common to all activities/locations. I am
agosuning, thorceiorey that it will not be necessary to forecast changes
in costs over the decade, and am using 1967 cosis throughout the analysis.
Thig does not represent a weckneas in the optimisation techniques it is
merely o oonvenient short cut. The approximation nezns that the absolute
solution (in terms of costs) will not be corrcot, but the other aspect
of the solution, namely, the ldeal pattern of distribution, would most

certainly be 90.

6+2:60 I have sclected the proposcd depot locations on the
following considerationpi=

64246010 Zach of them im on an existing railway line . Some
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of the locationsy eegey Hatton, Wattegoma, Lunuwila and. Badulla, alrecady
contcin dealer-operated points, fed by rail from Kolomnawne If such a
subject is located by this study, its conversion/expansion inte a fully
fledged Corporation—operated bulk depot will not be difficulte.

66246420 I have been rcstricted to railside locations because
neither pipelines nor inland waterwoys are at present feasible for the
 movenent of petroloun fuels in Coylon.

6e2e6030 Bach of _the sites sclected is also a demand centre, ond
will have a "home" throughput which will serve as a stabiliscr for the
rotential depot.

Ge2e6edfe Tho sites are situated at an average about every 8 to 10
niles on the railway lines. The lain Line (linking Badulla and the
central hipghlands with Colombo) is just over 180 milca long and has the

following dcepots, exiating and potentiali-

Ragama Junction (potential) 9.3 rail niles fron Kolomnawa
Campaha (potential) 16445 - 30 =
* Veyangoda (potential) ' 22459 - do -
* Mirigena (potential) 3059 ° =~ do =
Alawwa (potentiel) 40429 ~do -
* Polgohawela Junction (potential) 45439 - 30 =
Rambukkena (potential) 52416 - do -
* Nedugamiawa (potential) 655 - do =
Peradeniya Junét:lon (Sxisting) T0.51 - JO =
* Canpola (potential) 7843 - 40 -
Hawalepitiya (potential) 8734 - d0 =
* latawla (potential) : 100.18 . =do -~
* Hatton (potentizl) 103.21 - do -
¥otagala (Zxisting) 11).3 - do =
* Talawckelle (potential) 11574 - 3o -
* Hatagoda (potential) 120424 - 40 =
% Nanu=-oys (potential) 128.11 - do =

2Anbawela (potential) 137,13 - 30 -



Haputé.le (:xisting)
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% BDandarawela (potential) 160.63 - do
Denmodara (potential) 172,73 - do
*Hnlieln (potential) 177.69 - do
* Badulla (potential) 181.38 - do
64246450 Tho Cozst Iino, just under 100 miles long,

following locations:~

iloratuwa {potential)

Panedura (potential) .. 17.18 - do
izdduwa (potential) 21464 - do
% Kalutera South (potential) 27455 - do
Alutzena (potential) 38455 - do
* Anbalangoda (potential) 53.9 - do
Hikkadwwa (potential) 60.41 - do
Calle (zsiiating) T2.15 -~ do
Habaraduwa (potential) 7845 - 40
HWeligana (potential) G045 - do
latara (Sxigting) 98463 ~ do
642.6.60 The lorthern Lino commences ot Polgnhowela

the lain Lino) and extends to over 250 miles froa Kolonnowm.

following pointat-

Kurunegala (Lxisting)

Izho Junctlon (Potential) 8542 - do
Galgammsn (potential) 93.79 - do
Anurcaéhapura (Uxisting) 126.6 - do
lladawachchiya Junotion (potential) 142.7 - do
Vavuniya (potential) 157436 ~ do
llankulan (potential)- 185.6 ~ do
Kilinochchi (Ixisting) 2050 - do

Zlephant Pass (potential) 2143 - do

153.48 rail niles from Kolonnawa

hag thoe

13434 r2il mileos from Kolonnawa

Junction (on

It has the

5854 rail miles from HKolonnawa
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Pallal (potential) 221,78 rail nmiles from Kolonnawa

Chavakocheheri (potential) 236.0 -do -
Jaffne (xisting) 245463 - do =
Chunnakan (potential) 251453 - do -
Kankesanturai (potential) 256457 - 10 -

It will be seen that the distonces between adjacent cites ere higher
then the average on thoe lain and Coast Lines. This is bezcouso the Horthern
Line pascegs through relatively undeveloped country and the population, and
the demand for petroleun, is cpread rclatively thine

Ge2e60Te Tho Puttalen Line comnmences at Regema Junction (¢cn the lain
Line)end extends to over 85 miles fron Kolommawae It has

Ja~ecla (potential) 13,5 rail niles from Kolonnawa

* lieoombo (potential) 23.46 - (0 =

* Lunuwila (potenticl) 33.2 - do -

* Lic¢ompe (potential) 44415 - 0 -
Chilow (potential) 50458 - 30 -
Battuluoys (potential) 6244 - 4o -
Puttalan (potential) 85.1 - 40 =
Ge2e6a8e “he Datticeloc Line starta fron lizho Junction (on the

Torthern Line) and extcnds to over 215 miles from Kolomnayze I+ hes

Kekirava (potential)

labarana (potential) 129,62 - do =
Caloya Junction (potential) 140.2 - do -~
iingurakgoda (potential) 150.7 - do =

* bPolommaruwa (potential) 161.3 -0 =
Welikanda (potential) 177.4 w GO -
Valaichchenal (potential) 198.27 - do -~
Zravur (potentizl) 209.39 - QO -
Tatticalos (ixisting) 217.27 - do -
Ge24Ge9e The Trincomalec line commences at Galoya Junction (on the

11628 rail niles from i'olonnawa

Datticalos Line) and extends to over 150 milen from Xolomnawa. I+ has

the following locationst—



EKantalei (potential) _ 158,39 rail niles from Xolommawm
Chinn Bay (ixisting) 179444 - do -
( but supplies are made by ocean/coastal tonker, not by rail)

* Trinconaleo (potentinl) 183454 rail miles from Kollonewa

6246410, The Talailmonmar line starts fron ladawachchiya Junction
{on the Northern 1ine) and oxtends to over 200 miles from Koloancwas It
has the following sitente

ladhu Read (potential) 16938 rail miles fron Kolonnowa
Iurunkan {potential) L7742 - do =
Monner (potential) 191.77 - 30 -
Palaimanmar (potontial) 207.18‘ - Q0 =

6e2e6e1l. The liatale line {supplying the northern part of the
central Zr;ighla.nd.a) starts at Peradeniya Junction (cn the llain line) and

extends to over 90 niles from Kolomnawae. It hag the following sites:-

New Peradeniya (ixisting) T1.11 rail miles from Kolonmnewn
* Xandy (potential) T4e4) - 3o -
Yatugastota (potential) 7746 - 3o =
* Fattegama (potential) 8244 - do -
* latalo (potential) 91.6 - do =

Ge2e06el2e Finnlly, the Xelani Valley lins (a narrow guage line,
as opposed to the othors which are of standard broad guage), which extendn

from Kolomiw .. 40 o distance of over 85 miles. It has the following sitest—

. Pannipitiya (potential) 11,16 rail niles from Xolonnawa
Homagoma (potential) 15.7 -do =
Padukka {potential) 22.41 -do =
Avisewella (potential) | 37433 w d0 =
theliyagoda (potential) 46436 - d0 -
Xuruwite (potential) 56468 - do =

Patnapura (Sxisting) 64.29 - Q0 =
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* Kohowatta (potential) 81l.41 r2il miles from Kolomnawa
% Cponaike (potenticl) 85.79 —dow

The facilitics avoilable by wey of rollin'g aotock, etc.y on this °
line are somewhat linited. This moy set a constraint on the fecoibility of
the sites listed above. The special loop described in scetion 5.0. has proved
its value in handling +thig type of cituntion. Appendix "D"™ contains the
result of a run vwhich has been set up exoluding all 9 depots (using section
5e5s6e3¢6.) on the Keland Valley line. The difference is clear. TFurther
comments are made on this subject vhen discuasing the results of this study.

6e246413.A11 the depois pentioned adbove have been marked on lap No.4.

Astericks (*) have been used to denote those locations which already contain
dealer operated railoide depots.
6e2eTo In doeterminihg operating costs of the proposed depots,
1t was ascumed that they would all be more officient thon the existing ones.
They would therefore be assimed lower operating costs.

6.2.T.1e The new depots would be designed with the new circumstonces
in nind, nomely, they would have to serve a nonopoly supplier, who would
have to tockle the entiro distribution effort wmaided by competitors.

642+T+2¢ They would be designed fron grass roots. Ivery modern
development both in equipment and layout would he incorporated in the plans.

6e2¢Te3« Likely increases in throughput may dbring with them the
benefits of economies of scale.

624 Tede Lccordingly, a review was made of the present operating
coats of all the depoté.- I% was noted that Teradeniya J'uncticn_, with the
highest throughput of 2ll depots has the loweat cperating ccot - Ra. 0.0083
per imperial gallon. I4 was declded thercupon th_at the new depots would
'b.e erbitrorily assicned an operating cost of Rse 0.0080 per inperial
gallone This figure would hold cven if the throughput feoll below that of

Peradeniya Junction, confirning thereby thot the new depots would dbe more
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efficient than the cxigting oncsge

6e248e In the caso of fixed costs, however, o more c;mplcx
pethed had o be uged. While it seemed reasonable enough to zssume that
the operating costs of new depots would not be too far devient from those
of the existing ones, a similar agcumption could not be made regarding
fixed costse. In the firat instance, the costs of exdsting depots were
fized empirically. Scotion 6.2.5. described how this was donc,

6e2.8410 ew depots had to be treated afreshe. The basic assumptions
wera i) fizcd cost would be a functicn of expected throughput (this is
reasonable), ond

ii) the location of a depot would not affect its fixoed cost. (I
have ignoxed the fact that tronsport costs of materinls, ete., would
increase with diatance from Kolonnawe with the expectation that this
inerease would be offset by the reduction in cost of land).

64248420 For convenience, I have assuned a {irst order rolation=—
ship betwoen throughput and fixed coste It must be sdnitted that this may
not be completely rezligtic, but the computer program has boon written
in such a way that any other rélationship can be casily cubstitutod.

The exprescsion that haos been used hag buen

D= Px 001 + 7000, where B 1a the nonthly fixod coest in
rupees, and ? ia the nonthly throushput in standard gellens.

Tho justification for the use of Rs. 7000/~ as tho
fized elencnt of fixed cogt is baged upon the fact thét this anount
will includc a) the rocurring fixzed costs, such as salaries
| b} the amortisation element of the initial coplial comt

and ¢) a redsonable interest on this onount (opportunity cost).
liy assumptions are

1) tho accounting proccdures are bagscd on a monthly
evaluation/edjustment of the capital sum outstanding,

ii) an equal monthly withdrawal of cash to reduce the

capital balonce cutstanding and 4o the necumulation of tho "opnortunity
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interest”,

iil) on opportunity cost of 57 thig mey secn low in
comparison with rates prevelling in Dritain. lowever, considering the
situation in Cecylon and tho prescent policy of the Corporaticn, it is
quite reasonsbles

6¢2e8430 The theoretical basis of the calculation is the stendard
procodure used in Discounted Cash Flow analysiz(;?g)

Woriking baqkmxrds fron a hypothotical cago, vhere the capital cont
is £300 and the interest rate is r/ per annum, let 3 equal ammuel paynents
of £115 offset the total liebilitys. The sum outstianding ot the begimning
of the firat year will be £300. At the end of the first year, after tho
firgt payment of 2115, tho sum outstanding ig £300(1 + ») = 115. At the
end of the gecond year tho sum outstending ia £300(1 + r)2 - ils(l + r) - 115,
At tho end of tho third yecar, tho oun outstanding will be equal o
£300(1 + 1)° = 135(1 + r)° = 115(1 + ¥) = 115. Since the total 1dability
han been wiped out Iby this tinme, thiz cum ig cqual to zero.

$ecey  300(1 + 2)° = 115(2 + )2 = 115(1 + 2) - 115 = O.
Dividing throughout by (1 + r)° and reervenging, we ot
300 = 115/(1 + r) + 115/ + =% + 115/(1 + )3
- 115(1/(1 + ) +1/(2 + )% 1/(1 + z)3)
b _
=15 2 /(=)
Using new genera.v].' terns, where C is the inltial capital cost,
P ig the equal ommuel poynent,
n is the nunber of such poynentn,
" and r is the rato of interest per ammunm,
ca?< /)
v (70)
This formula was applied to & specific project in
Coylon where a series of estinmates was m#do for tho construction of ncw
depots. It wog estimated that the costs would vary with the projected
throughput of thoe depots The findinss are summarised in the table given

below.



Honthly threcuzhput Initial capltal cont

(gallons) {Rupcen)
500,000 825,000
750,000 875,000

1,000,000 | 925,000

64248454 Using an intorcst rate of 5/12!) por nonth (this is
assuned to be equivalent to 50 per annun) and amoriisation over a period
of 240 nonths ( 20 years = a roasonsble cstimate of the life span of the
facilities involwved) wo gatlmfor a throuchput of 1,000,000 gullona per month,

925,000 = P($ (3/(1 + 5/12)")
~ 2(Z (1/(1.00817)%)

It is recogrived that  (1/(1.00427)) is the sunmation of a
geometric progression. Using the formula = a(x'=1)/(x=1), we get
g (1/1.00417) = 1(2/1.00427%%2 1)/1/1.00417 - 1
b +7408/.004

= 185

P x 185

o c

925,000 = P x 185
R P = 5000
laking similar calculaticns for throughputs of 500,000 and 750,000

gellons per ncnth, wo got the following walues of P.

flonthly throuzghput Honthly amoritisation
{zallons) {Pupeces)
1,000,000 5000
750,000 : 4730
500,000 4459

Using these figures and assuning that the effect of throughput is
lincar (this is mercly for convenience. Any relationship ean be used in
the new technique of anclysis.) I have derived the following relationships-
P a Tx 001 4+ 4000, wherc T iz the monthly
throu-hput and P is the monthly amount on account of aaortisation and

interest. Therefore, for values of T ecqualling 500,000 , 750,000 and



1,000,000 we get values of P of 5000, 4750 and 4500 re=pectively, which are
close eanough to the actual values for uas to tecept and use the empirical
relationship saet out abovo.

This eotablishes the nonthly contributions towmrds
fixed cost on account of sections b) and ¢) of peragraph 6.2.842. ahovo

ag P o T x 001 4+ Z4000.

6e2e8aTe Yow considering pert o) of scooiion 6424842+ above, wo
calculcte the average monthly outgeings on account of szlarics of basio

staffe They are

Depot Superintendent 5. 800/-
Clerk/Typist 400/~
Labourer 200/-
Untchmen/Checkors 1000/~

Total ‘ 2400/~

This contribution does not take into account the various
benefits that are extonded to all employces of the Corporation. This will
considered on an organisational basis, and is not included in these costs.

Thin alters tho rolationship derived in scotion 642.8+6e
to read P = Tx 001 + 6400.

6624848, Yo now nake prov:l.sio/n for the monthly expenses on annual
naintenance, and I have erbitrarily selected o nmenthly figure of Ns. 600
on thin t;,ccounts Thia brings our oxpression to read |

P a Tx 001 + 7000, which is used in zll subscequent
calculat:_lcm in the casze study.

The total fixed cost for some hypothetical throushputs is

Honthly throushput ' Total fixed cont
(;nllons) (Pupces)
300,000 7300
5004000 7500
800,000 7800

1,0002000 8000
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Theso figurcs ore all fully compatible with the
gtudies nado earlier by the CePeCa
Ge2e849 It muat bo noted that the salarics of lorry drivers and
other additionzl ataflfl will bo covered by the operating costs of the depots
vhich were oet at 18« 040080 per pallon in scotion Ge2eTeds lhen wo bring

these costs in, we got the following

Iionthly throughput Lionthly Mixel Cost llonthly Operating Cost
(zallons) (upoes) (Rupees)
300,000 7300 2400
500,000 7500 4000
800,000 7800 6400
1,000,000 6000 5000

These totals are quiie adequate to cover all costs of the

proposcd depotse

CCIIVLHSIC OF DATA

Oele The following sectlonas describe how I have manipulated
and converted the data I obtzined {from the Ceylon Petroleun Corporatione.
Ge3ele Proparation of estimates of future demand from 1967 fijures.
As siated earlier, the raw danta consisted of smnles

Tigures categorised by product, by customer, by point of mupply and by
nethod of supply (section Ge2ele5e)e Tho figures had to be consolidated
into the 613 arcss of demand. This wos done by a epeclal computer
progran (deseribed in Appendix "C") which produced resulis in the following
layout

Dermand centre I'o. of customera

Standard Callons EA}

Stondard CGallonz (B

Xolommawn Gallons (A
FVolommawe Gallons (B
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For erenple, the fipures for denand centro CGALLE for Pebruary 1967
were
Galle 54
Stendaxd Gallons (A) =  341297.39
Standard Gallons (3) & 1605.42
Kolomnewn Callons (A) = 16400,00
Xolomawa Callons (B) = 0,00

The detailed. figures on vhich the above ware based are

Source Procduet lethod of Dupply Cuantity
Lolomnawn High Spced Diescl Roil/pipelina . 13980
Kolonnowa . Furnace 01l Corp. Vehicle 16400

Galle Preniun Casoline e 32000

-d,0= Regular Gasoline ] Qe 21200
o High Speed Diegel nlOme 93600
s s oo Industrial Diesel el Qo 16050
O = Custe. Vehiclo 1620
-l Corps Vohiclo 43050
=0 leroscne ~dlo= 94800

The conversion to Stoendard Gallons and Kolomnowe Gallons
is described in scetion 643.5.1e Category A denotes quaniities moved in
Corporation ioxnlt lorries, while category B covers quantitics nmoved in
customers' contsiners and vchioles. |

6.3.1e1e  Sinmilar studies were made for several monthg end their
resulto used to fornm an cotinmate of average nonthly demond for the 613
centres of demand. |

6e3ele2e Once average monthly demand had been obtained in
"gtandard™ and "Kolonnawa™ gallons, they wore adjusted to 1977 by e sir;zplo
conpownding process (bascd on the annual growth of 5.6% derived from the
report referrcd to in seotion 6+2.4a)

Appenddx "C" contains a liast of the 613 centres of
dermend and their estimeted throughputs in 1977. These fisures were used

28 o direct input for the computer progron (goction Gelede)e
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fe3e2e Determination of llain Sources of supplye. Tho consolidation

sub-routines described in seotioz; 5e4+ and Appendix "C" gave o '__be.siu for
tho detverminaticn of the main sourco of supply to cach demand centro. IPor
examplo, Calle had supplies fron Holomiawa and Galle dopot. Simllar
information wng extracted for all centres of denand. Small approxirmations
weroe neceosary in tho isolated ceses where supplies were pade {ron nore
than one depot in addition to Kelonnowme (This is not due to supply of
product to one custoner from more than onae source, btut due to the fact that
cach centre of demand has geveral cusiomers, 54 in the case of Galle, and
cach custouer need not follow the general pattern).

Thia information was used to calculoto fha coat of the

prescnt systen of distribution (sec section 5ede)e

6e3e3e Flxed and Operating costs of Xolonnawa and tho existing depots.
(71)

Coat figurcs were extraocted from o gpecial roport

prepared by tho Coat Accbunt:mt of the Corporation, and were zccepted
without ony modifications The responsibility for grouping the fipgures
is nines. Appondix "u" gives details of tho coat datae

6e3e3e14 These fijures represent trancactions/costs for a siz-
nonth period in 1966. Vhere required thoy heve been divided by 6 1:6 give
the nonthly figure.

The ncnthly fixed cost for each depot was obtained by adding togother

Ldminigtration comts, "storage and filling" depreclation, and dividing

by O«
Location Honthly ifixed Cost
Kolomnawva (1562+.904) /6 R3. 411,000
latara ’ (+037+4066) /6 7,2C0
Yotasala (+066+.011)/6 13,000
Haputale («035+.004)/6 64500
Percdeniye Jne  (+035+.006)/6 15,200

Tatticalos («029+.022) /6 7,000
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Location Monthly Fixed Cost
Kurunegala (.047+.912)/6 . Ro. 9850 .
Anuradhapura (+032+.004) /6 6000
Jaffna (+049+4007)/6 9350
Eatnapura (.017+.001) /6 3000
Calle  (4049+.004) /6 8350
¥ilinochchi (.017+.003) /6 4200
Yew Peradeniya . (.021+.004)/6 4200
China Bay (.059+.012)/6 11500

Oele3ele The per gallon operating cost was obiained by dividing

tho Storagoe and Filling costs (less depreciction) by the throughput

(iscuca).

Location Cperating cost
Folonnawa (20260=+904)/95.85 " Da. 0.0141
Iatara (+048-.006)/2.248 0.0186
Hofagaza (4054=4011)/3.997 0.0107
taputele (+038=,004) /2,065 0.0164
Peradeniyn Jne  (4049-.006)/5.131 0.0083
Batticalon (2051012} /14774 0.0163
Iummegala (+048-,012)/2.876 040125
Anuredhapura (4024-.004)/2.879 040106
Jaffna (+044~.007)/24981 0.0124
Retnnpurn (+025,001) /1,035 0.0231
Calle (4034=.004) /2,960 0.0101
Kilinochchi (0274008} /04800 0.0247
Wew Percdeniya  (.028-.004)/1.276 ~ 0.0188
China Day

Corments node in section Gele5e Tognrding derivation
of these costz are very rolevandt and should bo conzidered when recding these
figuress They sould be compared with thoe figures for the proposed depots

deseribed in scotions 6e2¢7ede and Go2.8.
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| . . (13)
Ge3ede A detciled breskdowm of counts was provided in respeot
of tonk lorry operations. It bas been tho practice of the C.P.Ce to use
tenk lorrics of 2 stondard capacities, o rigid chassis type carzying 1200
gallons and the articulated vehiole carryinz 2000 gallona. The bigper
lorries arc used within a radius of about 50 niles from Colombo. The
gnaller Snes are used throuchout the country.

Speeicl menticn ruost be nade of truck operating conditions
in thc central highlends of Ceylon. The rozds are winding and in certzain
places very stecp. Traffio is rather heavy and driving conditions cre
such that vehicles ore subjeet to more thon normel weer cnd tears Thesze
conditions aro reflected in the specicl provisicn made in costing tenk
truck operaticns in these arcas. The depots that are affeected by these
cdversce conditiona cre Kotopgela, Haputale, llew Perzdeniyn, Percdeniya
Junction, and, 1o a ceritain extent, latnapurn.

The costs are reproduccd belovse

6e30dale 1200 rallon tank lorries
Ge3edelels Variable cootse. Cost ner mile = cents
i) Fucl 12 nepege of Hi=gpeed dieaél 12.75
ii) Tyres 6 tyres per 15,000 niles 20400
1ii) Repairs cnd laintencnce ' 30,00
62eT5
6e304s1e2s théd Coota Cést per nonth - runeces
a) Depreciation 1) Chaesis 433.00
11) Tenk : 50«00
b) Licences, insurence, cte. - 29.00
c) talaries, overtime, cubsistence 850,00
d) Overheads ond eduinistration _135.00
1497.C0

say Tse 1500400

Ge3edelede I'onthly milense per wehicle - 3500
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5. Fixed Cost per nilo =‘%§%% w Noe 0.4286 = 42,86 conts
Total cost per mile = 42,86 + 62,75 = 105.61 cents, say 106 cents.

Je Cost per gallon nile = 106/1200 = 0,088 cents.

Tho weightaze given for Gimormal conditions is 4/3.
oe tho corrected cost per ton milo for the 1200 geollon vchicles ig

0,118 ocentms,

60304.20 2000 sullon articulated trucks

€e3e4e2e1s Variable costs

geno a8 for 1200 gallon vehicles = 62.75 cents per nile

6e3e4e242¢ Fixed Costs cost per nonth = rupeea
a) Depreciation i) Tractor 433400
i1} Trailer/tank 189,00
b) Licences, insurance 29400
&) Salarics, overtime, subsistenee o 850400
d) overheads and administration  135.00
1636.C0

coy Dse 1640.00 per nonth

Ge3ede2e3e lionthly milecso por wvechicle - 3500

1540
3500

Total cost per nile a 46486 + 62475 = 109.61 centas, say 110 cents.

os Fixed Cost per milo = = Dige 044636 = 46,836 cents

o Cogt per gallon milo = 110/2000 = 0,055 cents

6e3edeln e now have 3 geta of costg for tonit lorry operations,

gll in conts per gallon nile. They are

1200 szllon wvehicles -~ normal running - 0,033 cents
~d O ‘ « gbaormal conditiona ~ (113 coents
2000 zallon wvchicles - normal running - 0.055% conto

e have now to get a compounite fisure vwhich will

represent an average of all conditiena encountercd in Ceylon.
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1 hove used the following welghtages:iw

1200 gallen vehicles ~ normal conditicns -
v, o abnorral couditiong- o

2000 callen vebicles = nornal conditions - o
the cenposite figure would then be

2% 088 + L % &118 + 3 x 4055 = 0,088 conts per ¢allon mile.

Sineco . this is the cost per rumning nmile, the figure used in thic

study is 0«176 cents per retwrn gallon nmile.

Ge3edede Provipion for non-linearity of Road Trensport coots.

It ip accepted that road transport cost ic non-lineaé
with distencee Thig is in epite of the foct that the costs incurred in
regpect of the vehicle alone are almost perfectly linears It iz the effect
of the idle time at both cnds of the journey znd the overtime/subsistcnco
paid to the driver/s that cause non-linearitys the former couses a pleasant
{convex to origin) non-linearity because the costs of leading and
digcher_ing got spread out over o grester distonce and~gives an inveroely
proportional ratc per mile. Iowevery, this effect s more than oifsct by
the way  overtime/subsistence increases with distance. -

Ge3e4edels Tho data sot out above indicates that the selorics/ovor—
time/oubsistonce element comprises over half of the fixed cost znd about
o quarier of tho totcl coste This clement inoreaces by about 1} times for
over § hours work (overtime is reckoned at time-ond=a-half). There would
also be cdditional poynent for subsistence. |

I+ has been found -that the average speed of o lorry
{(including locling and discharging time) is between 18 and 20 mepshe This
neans that a journey of up to aboﬁt GO mileg would be cbmﬁléted in regular
ting, An zdditionnl 40 milea would entail poyment ol overtive and neal

allovances, while prcoter distonces will incur subsistence oz welle Tho
3 o

followin: toble is used to dgtgrnino the corraciion fzetor for cost per

rallon nile with increccing distoncei-
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Distonee I'id~point TTo. of Tic. of over— Corrcetion

hango hourg tine hours Factor

less then 60 - - - 1
61 to 99 8o 8 - 1.05
100 to 134 117 11 3% 1.15
135 to 174 155 15% T 1.3

© 175 to 209 193 19 11 1.45
210 to 249 220 23 15 1.65
250 to 284 268 27 15 1.75
285 to 319 303 30 22 1.85
over 320 330 33 25 2

6e3e4ede2e I must point out thot distances over about 125 miles
are gencerally not undertaken by tank lorry. However, it is nccessory to

caleulato the effect of longer distances for this study.

The rclationship between cost por gallon nile ond distance
veriea aecording to ¥y = ix’'+ ¢y where 1 ig the corrcction factor. Since
it chonges walue with different rﬁnges of valueca of x, we have now
procuced the required non-linear expressiony btut have still ncinteinced

i3 validity, because the cetunl values of m arc based on realiotic cogt
figurcs..
| 7he congtant ¢ can denoto the operating cost of Kolennowa

and/or the depot, and the freight cost between Kolomnawa ard the depot.
Ge3edefe3s The scme epproach can bo used in the general problem.

663450 The next set of data that hod to he converted were the
costs of transporiing products from Folonncwa 4o the depota in tank wcgons.
Working from historicel records, the oil commonices and the C.P.C. had

(73)

arrecd & get of roil freight costs with the Peilwey. Thiese costo were based
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(74)
on tho published toeriff of the Roilwey, in which different rates are

charzed for diffcrent cleasces of goods. Unfortunately, 2ll petroleunm fucls
cre not grouped tosother, The bosis of classification ia the Flash Point.
The welevant groups aro

Croup 7 - Fremiunm and Regulor gasoline = "lash point below 73°F.

Group 4 -~ Keroscenoe and High Speed Diesel = F,P. batween 73° ond 15001%

Croup 3 = Industrial Diesel and Purnoce Oil = F.P. above 150°7.

Ge3eSele In order %to encblo the conversion to "atondard" gallons
to bo nmade (msc mcotion G.3e46s) it wms necessary to oot up an inttial
relationship between (&) the products themselves on the basis of specific
gravity and (b) the difforent groups of commoditics carried by rcil on
tho basis of rclative costs.

6036520 Teking the specific gravitics first (it wes decided to

use typical product specifications), I obiained the following ratiosiw

Premiun Capoline « 0205
Regular CGasoline «9038
Kercsene 1.0000
High Speed Diesel 1.0576
Industrinl Diegel Cil 1.0653
Fumnage 0il 1.1859
6e3e5030 Thege figures are not specific gravities. They are the

ratios of spueifio gravities using kerosene as a bage. Since the gasolines
are li hitcr L.on kerosene they h.a.'!;re values less than 1, and, cqual volunecs
of preniwa gesolino and furnsce oil will have weighta in the proportions
of 920511185G.
I have used kerosene as the basoeg it will be the

"stendard" product that will be used to represent all fuels in this study.

Ge3e5ede The roilway tariff wao aloo ptudied to get en idea of the
variation in cost for the 3 groups of product in the 9 separate rallwey
lincs described in section 6.2.6.

Ge3e5450 The ratios of freipght cootn in the three groups are as
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Line Crou Growp 4 Greup T
Inin (1) +9301 1 1.6616
* ain (2) +9265 1 1.8446
Coogt «9339 1l 1.6243
forthern . 9?‘72 1l 1.6898
Puttalon +9391 1 15754
Batticaloa 9277 1 1.6853
Trinconnleo . «9273 1 1.6892
ratale #9265 1 1.8446
Yelani Valley +9392 1 1.5756

% The I'ain line hag boen divided into two for the colculation of froight
rates. A1l stations beyond Nanmbukkens are cherged at a hicher rates The
altitude of the line increases charply beyond Rembukkana snd costs follow
euite

.6g3.5.7. Hoving derived a basis vherchy all products could bo
converted into "keroscne equivanlents', it is now necessary to calculato
the frei ht rate for the transportation of kerosene fron Kolomnawn to the
85 dupdt locations involved.

(13)

Actuzl costs of moving keroseno to 50 railside locations
were uged to estinato itransport comts to the other 35 locationas The
known costs were sezregaied according to the Railwey's demarcation of
frei vt zones (Low Country Droad Cuage, 141l Country Zroead Guage and the
Felani Vallcey Harrow Guage) and the method of least squarcs wes used to

extraot a relotionahip between cost and distance.

Ge3e5eTele Low Country Broad Cunre

Crder Yo Coelficient

0e2726.1
0.17367
0e42333
~0,9436
0.11395.
~0.73034
0.173L:
Ca 72257
-0 . 6247‘:

llean Square lxror

0425721 =2

Ot O
FHMMNWRN DN
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Ge3eHaTe2e Hill Country Troad Cunce

Crder Bo. Coefficient

«0,10325
04609285
—0+1459%
0420953
~0:19413
0a1374
=0.78123
0430603
=04 53651

jiean Square lirror

0451962 =1

Q=W O
Wb ST

6s3e5+Te3s Eelani Valley Norrow Guage

Crder No. Coafficlent

047639
~0.6399
0416395
~04 28630
~0.16255
=0.24997
0432562
063645
«(0¢31391

Hoon Sguare rror

0.90023 =5

~I VRN MO

[op3

b lefatlefon

6e3e5eTede Since the f£it in all three cases wrg quite geod, these
curvea were used to estimate transport costs for the other 35 depot cites.
Tho costs have been incorporated in tho transpert cost data orid referred

to in section 5.3.2.

Ge3eGe I have introduced the concept of "sfandard“ g2llons into
this studye I have "converted" all products into "keroccne cquivelento™
and called ‘such equivalents Ystandard' producta. By doin; go I have
: ﬁarrowcd dowvn this study to one product rather than dealing with 6 diiferent
fuels in u;e‘today. Thig ig notd becausé the algorithna uzed for the
cozputotion camnot handle multiple products. A very'simﬁlé ﬁcthod of
doing éo ias to assune that there is a separate set of demands Jor cach_of
the products that ig being studiecd. If there are 4 products, thcre will be
4 +ines as nany "centres" of demand. The pize of thoe cogt orid will bo
increoged four=£old.

6u3ebole Lot ug aooune that ceontre of lermand X requircs 1000

gellonz of preniw:r gasoline, 1500 gzllons of regular gacoline, 3000 gallons
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of korcsene, 2500 pallons of high cpeed diesel and 1000 grllons of furnace
oils Let us also assunce that they add up to 10,000 "gtendard® wéllons. The
cage study "orks on the bogslio thot X regquires 10,000 Ca11c1s of the
conposite product. I products are treated ucpurately thcre would be 4
centres of demond Xl, Xz, X3 and X4 with requircnents of 2500 fnllons
cocoline, 3000 gollona of kérosene, 2500 nlleng of high speed diesel
and 1000 galleons of furnace oil respcctivcly;_The lattcr'approach would
require certein modificatioﬁn to tho calcwlations These aro quite dbasio
end can be easily attconded to.

Ge3efelels OCme point‘of note is that the effect of inercaasing the
size of he problen,y and of tho cost ratrix by o factor of n, reoculis in
& like increcco in computing time - n -, and not n2 oo with certain other

algorithms.

6e3e6420 I have decided to restrict my study to tho trecatment of
"gtandard" products. The reasons for doing so apo fw

6e3e64241e The treaiment of products scparately could resizlt in one
centre of demand being supplicd with different preducts from different
depots. Vhilo this may not be specificelly objectionzble in certuin
indusirics, it 1a unécnirable in the oil industry. Tho average customer
prefers to deal with only onc source, particularly when he places orders
guch thet more then one procduct is required to meke up o full lorry load.
12 a ioad has to be made up of drops to meveral dealers, therc is
considerable loosa of efficiency of utilisation of the vchicles This less
will bo duplicated if similexr rounds are made with other products os welle
dnimum transport cost will be incurred if eacch lorry calls at only one
outlet to drop its full load, and if a dealer camnot accept o full load of
one product, he could order several products to moke up the load. This 1o
pessible if all products are évailablo ot 21l depotz, and this ig the
natural sequel to treating all products together ag one "standard” product.

It is intereoting to note that dealers in Ceylon have

been persuaded to order full loads 1n single dropo - contrary to the
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practice that prevells even to this day in Britaoin.

6430642+2¢ Trentnent of products separately would inerease
cormputation timz proportionately. In vicw of the comments nmode cbove 14
ias doubtful whether this extra time will be woll apent.

Ge3e0e2¢3¢ It would also require an optimication within aon
optinisation = ls.cey the cllocation of the individual product requircments
of a Jemand contro wiile at the same tine allocating the contre itgelf.

6e3e642¢4e IHoving decided to uso a conmposite product, I give helow

the bagis of cenversion of the various producta into "atandard" gallonse.

Go3eBele I have based the cciversion on the specilic gravity
and freicht cost ratios derived in scotions 6434542 0nd Ge3ebeTe
regpectively.

1.c., to make other products "equivalent" to kerosene
(in so far 28 our problom requires) I have uged the ratios which nake thenm
compatible with kerosene as regards specific pgravity (conversion fron
sallons 4o tonm, sinece reil freight is computed by weight) and rail freight
(to rcmove tho differential freight rates). The conversions oroi-

Ge3e6e3ela bain Line (section 1)

Premiun gasolino 9205 x 1.6016 = 1.5295
Repular Casolino «9038 x 1.6616 = 1.5017
digh Speed Diegel 1.05716 x 1 = 1,0576
Industricl Diescl Cil 1.0553 x 9301 = . 49908
Turnace Cil 1.135%9 x  «930) = 1.1030
6e3e6e342s Izin Line (section 2, including latale Line)
Premiun Casoline «0205 x 1.8446 = 1.6974
Regular Casoline #9038 x 1.8446 = 1.6671
Iich Speed Diegel 1.0576 % 1 = 1.0576
Industrial Dienel Cil 1.0653 x 9265 = .,9870
Furnzece 0il 1.1859 x  .9265 = 1.0987
6e306e3e3e Coost Line
Preniun Gasoline 9205 % 146243 = 1.4951
Regulor Gagoline #9038 x 1.6243 = 1.4600
Migh Speed Diesel 1.0576 = 1 = 1,0576

Industrial Dicaol Oil 1.0653 x 9335 = «4948
Purnzee Cil 1.1859 x +9339 = 1.1075
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603.6.3-4- Torthern Line

Proniun Casoline «0205 % 1.6893 = 1.5554
legular Gasoline «9038 x 1.6898 = 1.5272
iHigh Speed Diegel 1.0576 =2 1 = 1.0576
Industrial Diescl Cil 1.0053 x 9272 = 9677
urnace 04l 1.1859 x +9272 = 1.03995
6e3e0s3e5s Puttalan Line
. Preniun Gogoline 09205 x 15754 = 1.4501
Repular Gugoline +5038 x 145754 = Lle4238
High Speed Diesel 1.0576 = 1 = 1.0576
Industrial Dicoel 0Ll 1.0653 x 9391 = 1.00C4
Furnace Cil 1.1859 x +9391 = 1.1136
§

6.3;6;3.6. Datticaloa Lins (including Trincomalee Line)

Premiun Gagoline <9205 x 1.6892

= 1.5549
Resular Gasoline «9038 x 1.60892 = 1.5256
High Speed Diesel 1.0576 x 1 = 1.0576
Industrial Dicsel Cil 1l.0653 x 49273 = 9078
Furncce Cil 11859 x  «9273 = 1.0996.
Ge3eba3eTe Talainamnar Line

| Premiua Cagoline . <9205 x 1.6913 a 1.5568
Reqgular Cagoline «9038 x 1.6913 = 1.52084
Mgh ipecd Dicsel 1.0576 x 1 = 1.0576
Industrial Diesel Cil 1.0653 x 9270 = 9075
Furnace CGil 1.1059 x ¢9270 = 1.0593

6e3¢60348, Keloni Valley Line
Premiwa Cagoline 9205 x 1.5786 = 1.4531
tegular Casoline 29038 = 1.5786 = 1.4267

Iigh Speecd Diescl 1.0576 x 1 = 1.0576

Indugtrial Dlesel Cil 1.0653 x 9392 = 1.0005

Purnace Cil 1.1859 x  .9392 = 1.2137
6+3+6¢3+49¢ In oxder ﬁo oonsolidateitheae fipures into a composite
function for each preduct, i have usoed the followihg weighfing factorgie=

lain Lino (scotion 2) 3

All other ldnes { 7 in 211) 1
' 10

gilving 2 final series of weightings

Preniun Casoline 1.5687
negular Gagoline 1.5403
Tigh Speed Diesel 1.0576
Industrial Diegel oil 49910
Murnace Cil 1.1032

indicatin/; that ecach gallen of premiuwn gosoline is 1.5687

gallong of "atandard" product or '"keroscac cquivalent”.
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Ge3e6edn The soles fisures mentioned in sccetion 6e2.1.5. have
beon rmitiplied by these weightings to convert them into "standard!
gallons. Hheﬁ firmures for several months were averapmsed a furthci correciion
wvag made to cover the inerease in demaond over the next decade at the rate
of 5.6 per ycgg?)Thc demand fisures in Appendix "C" are the fincl dota
which have becn used ns input for thiz astudy.

0e3s6u4else A £incl comment upon this conversion would be relevant.
The conversion to "standard" gallons should be mode cnly to-the guantities
that have been moved ot one time or cnother by raills i.ce, products that
are cither delivered or collected from a depote In the cuge study, the
sance converted fisures continue to be used for caleunlating road haulago
charses ag well, This introduces an approximetion into the finnl cost
figurce that ic derived from this cnalyaige. This further supports wy
ezrlicr contention that this study (using the data thot I hove prepared)
will not give tho toial transport cost with abgolute cecuracys it will,
however, determine the ideal structure of the distribution networls, which

is the main purposc of the work.

it
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APPLICATICH CP IJu ToCIINIGUS AND RUSULTS OBTAIN:D THUR-MROAI

Gede ‘ The ncw technique wus applied 1o a real life problen
in order to (&) demonotrate its capebilitics end (b) produce a meaningsful
ensuer to an existing problem, which concerns the re-organication of the
distritution network operated by the Ceylon Petroleun Corperation - e
nenopolist in Ceylon. |

The precceding sccotions describe tho existing paticra of
diptribution and give details of the date that was uged, how they wero
adepted, and the assumptions that were made. The comﬁuter progran that
was used in deocribed in secetion 5.10.1. Appondix "G" gives o conprehensive
record of the iterations and the final recultss.

Gedele The nain points of the resulds were ag followss=

2) & reduction of 44215 fron tha present cost of distribution; The
nonthly saving is lise. 114,612.51 = cquivalcnt to over £8000.

b) Five existing depots are to be closed down.

¢) 7ive new depots are to be openede

Gelfe2e The gensitivity analysis pleyed an inmportant port in this
study. The cnalysis did prcduco a bonugse It showed how the results of the
first run could be brought closer to the optimun ( compare with Ieuhn and
lanbur;er's Dunp=end-Shift routine).

Gedelele The first run produced an improvenent of only 4.02., and
requircCt fhe clogure of 4 exiasting depotzs end the opening of 4 new oncs. The
first sencitivity annlysis showed potential for further improvement with
the exclusion of 3 of th. basis depots (ono existing and two proposed
gites).

6adale2s The next run, with the cbove meodifieations produced an
iproveuent of 44180, with the closure of % existin; depots uni the opening
of 5 new onese. The gecond oensitivity analysis showed further potentinl for
irprovenent with the cxelusion of one of the now depotse

Gadbee3e The finzl run (uve an improvernunt of 4.215 with the



clogsure of the same 5 cxisting depots and the opening of 5 noew ones.

60fe2ede The resulis are sunmarised belows-

6.4.2-4c1. Resuld of Run Hoe 1.

Improvenent over present cogt = 4,02
Closure of 4 cxisting outlets « Notomla
I'zputale
Ratnapura
Peradeniya (Hew)
Opening of 4 now depots ~ Ambolancodn
Lunuwile
Pallai
Cpanaike
Sengltivity Analysis showed that the exclusion of these
depots would make further savings as follows -

Kilinochceht Rae 14078475 per nmonth
plug entry of Vavuniya into basis

Lnmuwila e 3,515.87. per month
" plus cntry of ladnmpo into bapis

Pallail Rn. 26432 per nonth
plus entry of Chavakachcherl into bhasis

Tho next run was underteken with the exclusion of theme three depots.

60402.4.2. Regsult of in Hoe 2.

Inprovenent over present cost = 44180

Closure of 5 existing outleta «~ Hotagala
Haputale.
Ratnapura
Peradeniya (New)
Kilinochchi

Opening of 5 new depots -~ Anbalengoda
_ Opanaike
Tadanpe
Vavumiya
Chovakeacheheri

Iarginal improvenent (over Tun YWoe 1) = 0.16%
plus closure of Kilinochchl depot
plus opening of lladampe wvice Lunuwila
Chavakgchcheri vice Pallel
Vavuniya

Densitivity Analysis showed that the exelusion of one

further depot, Vavumiys, which would show an additional saving of Rae T91.30



per month, plus the entry of lenkulem into the basis,
‘ The next run was therefore underteken with the exclusion of 4 depots,

¥ilinochchi, Lunuwila, Pallai and Vavuniya from the basisz.

6.4.204-3. Rogult of Iwum Noe. 3.

Inprovenent over preacnt cost = 44215

Clopure of 5 existing depots = Hotogalo
Haputale
Ratnapurs
Peradeniya (lew)
¥ilinochchi

Cpening of 4 new depots -~ Anbalangodn
Cpannike
l'adanpe
Chavokachcheri
anlulon

larginal Amprovement (over Dun No. 2) = 040373
plus opening of lenkulam vice Vavuniya

The last sensitivity enalysis showed no further poticential
for improvecment.

The detalled resulta are cummariged belowi—

Depot Throuchput ixed Cozt Variable Coat
Kolonnawa 12,255,938.78 411,000.,00 576,103.83
Iatera (3) 632,715+ 96 74200400 98,773.16
Peradeniya Jn (E)2281,653.61 154200400 307,110,90
Batticaloa (3 3824731437 T,0C0.00 105,984.40
Kurunegala (1) 5844463448 9,350.00 115,065.82
Anuradhapura (3)  394,215.03 6,000,00 724167.44
Jafina (T) 485462690 95350400 129,063.56
Galle (1) 969,285 31 8,850.00 113,858.85
China Bay (&) 3335047450 11,500.00 424463445
Ambalangoeda (W)  341,810.64 T2341.81 32,125,27
ladanpe (N) 538,937.87 75538494 535503420
ianiulen (37) 150,6834.03 T4150.68 344514411
Chavekachcheri(l} 535,437+35 T4535:44 144,881,19
Cpanaiko (i) 9969221493 79996422 1773595409

(1) denotes an existing depot

(1) dcnotes o new depote

liap Noe 5 depleis the new sot ups
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Firxed cost of optimal network w Ra. 523,513.09
Variable cost of optimel network = Rae 24003,210.,27

Total Cost of Collections = Rpe 80,4134.38

Total Cocat of Optimal Network - Ro. 24606485775

SAVINGS - Noe 114,612.51 per nonth

Improvenent over prescnt system = 44215

The detailed results are prescnted in Appendix “G".
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ANALYSIS OF RUSULTS

Ee5e The application of the new technique has produced 3 seta
of reaulfa, each progressively better than the last. There have been
simificant differences in the bases with seall improvements in coste It
is pugpented that gll three sets of recults should be considercd, since
each rep?eacnts the consequences, suitabiy quantified, of three different
courses of zotion. This multiplicity of results could very well be an
added advantage of this type of analysis, oince management will hove a
foir apréad of information on vhich to m@ke ito decision.
Yy onalysis will look at tho depots that are ?ffected

by this exerciac. |

6.5}1._ I shall take the exiot;ng depots firsty thuso that will

have to be cleoaed dowm.

6e5¢1.1e Kotarnla
At the monent this depot ploys a very important part in
the distribution of Industrial Diesel Oil and Furnace Cil to the tea estaten
in the Central Province. 1t is an ex~Chell installation and is well
equipped for its task. Tta ﬁreﬂent throushput (in absolute terms - sctual

1967 figures) is around 404,000 gallons per month of Premium Gagoline

65,000 - do = Regular Gaﬁoline
82,000 - 3O - High Speed Diesel
225,000 -do - Industrial Diesel Oil
100,000 ~ do = Furnace Cil

75,000 ~ do - Yeroseno

It haa achioved its Importance by wvwirtue of its
geographical location. |
645¢1e1e1ls  This ptudy has revealed thet Kotagela depot does not
pay its waye It does not bring about adequate ecvings in trensportation

cost to offget 1to fixed coste Thia cspect of financial anglysis hag not
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been carried out, at least by its present owners; it has been allowed to
operate merely because it belonged to an o0il companye.

6e541ele2se Tho reason for ita unprofitability liesz not in the
inadequate reduction of road tranapord charpges to its oustoners, butb
beozuse trunking cost to it is high. Kotagala is supplied by rail - along
the lain Line = over o dlatance of 11.3 miles from Kolonnawae The read
distones from Kolomnavwa 1a only 77 nilegs. In addition to being about
45;; further, the journey by rail is along the high~rate section of the
Hain Linc. This effectively adds to the disionce.

6e5e1sle3s The nett result is that the fixed cost of Kotagola
is not seved by sending producst to it by rail, and this has been high-
lighted by the current study. Kotagnla was dropped from the bacis in the
third iteration. All supplics to the present "Koiagala area’ will be
direct from Kolonnowie

645¢1lele4s VWhile this change can be justified in terma of hord
cashy 1t is doubtful whether the new crrangement would be vholly ccceptable
to the customers. They have become used {to a very short lead tine - an
advantzse which has been almost self-cchieveds The rocds in this part of
the country, particularly on the estates, are narrow and winding ond not
conducive to the use of heavy lorries. Smaller lorries carrying less
product have been used and, 2s a consequence, the tankage installed at
customers' premises is small. Thie has regulred a short lead time.

645416165+ A further complication iam +hat the transzit time between
Yolonnawa end Kotagala is high. A lorry will be able to do only one trip
per day and the nmumber of vehicles required to supply this area fron
Folemnawa will greatly exceed the numbexr now stationed at Kotapnla. Vhile
operating cost has been incorporated in the calculations, no consideration
has been paid to the immediate requirenmcent of a larse sunr for the purchase
of the extra wehicles. »

6e5+1ele6a The lanst sipnificant point that has to be considered
about Kotagala is that it is a relatively large ond well-equipped depote

It wao built to the present spéocifications by Shell whoge deliberations
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regarding choice of site would have becn influenced by their ovm pattern
of demand , which is quite different from the present pattern.

6e5e2eleTse  If, nfter considering 2ll its inplications, it is decided
to cloge the Kotaganla depot, the bulk of its facilities can be transferred
to one of the new gites. Tho saving on this acoount (which hao not been
cstimated for this study) would help in easing the burden of purchasing
the additional wvehioles requi'red to ncke pupplies to this area fron

¥Yolonnawoe

6 5'. 1.2. lhggta.le

This foo iz an ex-Shell depot, also mainly concerned
with the cupply of heavy fuels to tea esatates. It iz 2 relatively small
depot and does not have facilitlies for Murnace 0il. The tankage for
kerosene. and industrinal diesel oll was supplenented by the CuleC. after
acquisition from Shell by incorporating an adjacent dcaler—opcratéd.
railside depot into the bulk depot.

645.14241. Haputale depot did not figure in the oripginal network
of depots plenned by the C.P.Ce It was taken over beccuse of the necessity
to aecgquire 211 oil company ccsets and wa.s. then put into operation becouse
it was avniladble. Neither 1ts tonkoge copoelity nor ita layf.ou'b i3 conducive
1o efficicnt operation and there is no roon for expansicne

6e5Hele242s In view of the gbove foctors it would appecr that the
CePeCe would ;ain in ways other thon finoneial if Haputale were to cloge.
Supplies to this area will Ybe made frem the new depot proposed for Opanaike,
vhich will be {taken up later.

£e5ele243e The unprofitabllity of Ilaputale arices becouse it too
is on the high-rate section of the llain Line, at a distonee of 153.48 rail
nilea from Xolonnawas. The rocd distance is only 109 niles. Supply through
Cpanaikeo involves a rail distance (Zolonncwa to Opanaike) of 72 riles and
& road distance (Opanaike to Maputale) of 38 miles, naking a2 total roil-cun-
road Journcy of cnly 110 miles. “his cxplaing why Laputale denot coannot

Justify itsell, when compor.d vwith Opancilc.
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6e5¢1e3¢ Ratnopura
Thig too i3 an ex~lhell depoty which has facilitica for

only 2 fuela; Hich Gpeed Diegel and Industrial Diesel 0Oil. Ghell had nore
fuels available here, but served only a small market. Vhen the C.P.C.
started monopoly supplies, 1t did not use Ratnapura depot at &ll. The
decision to ¢perate Ratnopura under the C.P.Ce was olearly an afterthoucht.
- The fankage was go meagre that only two products could be haondled here.

645eda3ele Its closure will be very insignificant to the CuP.Ce.
Its turnover can be easily diverted to the new Opanzike depoty of which
nore laters. Since it has no room for expansion, its continued existence
was in doubt all along.

6e5ele3s2s 1t is supplicd by raily via the narrow guage Kelani
Valley Liney which is the real Cinderella of the Ceylon Governmont
ﬁailway. Further comments will be made on this when discussing Cpanaike
vhich is the terminus of the Kelani Valley Lincs

Ge5ele3edse ALl in all, the clbsure of Ratnapura will be no rcal loss

to the C.F.C,

Ge 50 1. de Peradeniya (NEW)

This too is en ex-3hell depots. It has small tenkage and
is on & congecsted pite about 1 nmile aucy from the large e;~Ca1tex depot
at Peradeniya Junctione It used to handle 2ll fuels under Shell but hes
been converted into a blaeck 0il depot by the CePeCs It is used %o nmoke
supplies to the tea and rubber estates in the area.

6e5elefele It is being operated by the C.P.C. for the same reasons
ans Hatnopura and Eaputaleg It supplencnts the faecllities at Peradeniyn
Junotione The latier has anple room for expansion and con be enlarged to
cope with the volune that is belng handled now by the depot at Peradeniya
(Yew).

6e5elede2s Hexe too i o depot that can be ezsily closed down when
the adjeoining depot is enlarged.
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6e5els5e Eilinochchi
this is a large modern depot cequired from Shell. It add

not ficure setively in the C.P.C.'s distribution network for a long tine
niter coquicition. It wwmo boing used s buffer stornre for the Jaffnn depot
wtil ecrly 1967, vhen it becane fully operational. However, it astill
handles enly the narginal velumes which Jafftn connot cope with conveniently
and its thronghput fo2lle for chort of its desirmed capacitys.

6e5e1e5s1e  Thinm depot wam completed by Shell shortly before
acquisition, and even they did not operate it anywhere near full capacity
ag they too had their depot at Jaffna and their demand in thio aren did
ned werront the need for 2 depots. It wos Tuilt as o leng-tern neasure
cnd it hao beoen andmitted even 7y Shell that it moy have been o tzeticel
crror on thelr part,.

054145424 Tolicn even in the vider context of the C.P.C.'o opcrntions,
it 5till remeins o vhite elephonts It location at the contre of o
cormaratively barren (i.e., of demand for petroleun products) area ond its
distonee from the Jaffna conmurbation are both factors vhich emphooise its
vealmens a3 o feasible depot location.

6e5ele5e3s The closure of Kilinochchi will place no great strain on
the C.P.C. Its present ormall throuchput can be casity reverted to Jafina
cr to any other depet within the Jefina Peninsula, and the bull: of the

cquipment installed there can be used Lfor new depotse

5656 The commentc that follow concern the new depots that are
required to replace those that ero being clesed, or to supplement the

other devota in the network.

6e5e2s1e Ambalongodn,
Thisg now olfe iz on the Const Line located hetuecon
Folomnatwa ond Callee It i3 53.9 rail nilew from the fornmer and 18.3 reil

miles Toom the lattere There is o ocmnll denlor—coperated roilside depet ot
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Ambalangoda and can be developed if it is decided to open a bulk depot
thexrcs

6e54241els  The arcas assigned to Anbalengoda are now gupplied fron
Kolonnawa and marginally from Galles The question to be considered now is
whether 14 in worthwhile to open o new depot at Ambalongodas Tho site will
have & reascnnble throushput, but sencitivity ancslysis hos shovm that the
cost of excluding Ambalangoda from the bgsia will be only s 300/-;pcr
moﬁth (Ps. 299.62). This would be only a very small loss (about i5), and
it is felt, even without further gtudy, that the additional capital
expenditure of opening a nevw depot is not justified by this return.

6e5424102¢ This belief is strengthened by the fect that the exolusion
of Ambalangoda, with the loss of Rse 300/= per month, 1ill nct affect
the basis in ony other wny. The mmber of depots is reduced by 1y, ond
the arzas asgigned to Ambalengoeda revert to Kolomnowa and Callece i.c., the
status quo - io maintained.

6s5¢2e163e It scems therefore that this is on instance wherc the
pure cost approach produces aircsult which 1a rejected on other grounds by

menagenenta

6e5+2.24 Cpanaike
Thia is the terminus of the narrow guace Kelani Valley

Iine. This line has alwnys been a atep=—child of the Dailway and little or
no effort hos been made to improve itn operating conditionss There are
several wncharitoble interpretations given for the reason why Ceylon was
burdened with & small length of narrow guage railway vhen tho regt of its
network was the universal broad guapes. The foact remains that thio line is
operating under severe constraints, and the opening of a new C.P.C,. depot
rizht well be the impetus thet initiates its developments

6+54242e1s  Opanailke hag been assigned o throughput of nearly 1
nillicn gollons per months It will be the second bigsest depot in the

comtry. It will drew off cupply to the present Nolomnowa, Iatnopura and
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Haputale areas. It ig situnted 72 rail miles from Nolormawa end is ideally
placed to gmexrwve this part of the country. It has o small dealer-operated
railside depot that can be improved.

6eHe24242s The cocnonmics of the nev depot are gound. The sensitivity
analysio indicates that if it is excluded, 3 additionzl depots are
required to mininise total costs, which are still about Rg. 12,000/= per
nonth higher. The 3 depods are Ratnapura, Vehowatta and Iaputale. Cn these
crounds alone, its entry is very desirebles. The only factors vwhich could
affect this decision are ouitside the control of the C.P.Ce, nanmely, the
future prospects of the Kelani Valley Line itzeife If the line is found
to be unéconomic, ocven after the additional dbusiness punranteed by the
neyw bull: depot, the Railwey might clése it dowm entirely. In cuch an
event, Cpomaile and 2 of 1ts 3 substitutes will become infeansible, since
all are bn thio lines This popaibility has been studled separately and the

results presented in Appendix "DY,

Ge5e2e3e l'ndampe
Tho golecticn of lladampe throws o newr light on the

distribution networls. It iz 44.15 rail miles fron Holommawa en the Puttalan
Line. This line haz had Fluetuating fortunes during itz lifetine. I was
initially conotructed to linkk the extensive coconut eptates on tho northe
western scaboard of Ceylon with Colombos Iuring the Scecond Yorld Yor, parts
of this line were digrmantled, mainly to provide much nceded iron for
defence constructions The line has sinece been relaid and extendod to link
up with & large cement foctory necaxr Muttalane.

£e54243ele There cre no bulk depots on this line. The only rail-fed
petrolown cutleta are 3 dealer-opernted roilside depots, one of which is
I'ndampes Tlocd deliveries are made from Kolommoime

6¢5¢2¢3e2¢ The selection of lzadampe geems to be a logica) and
nceegsary step (in the right dircetion). It will relicve Folomnava of many
long=distance deliveries and will releasce tank lorries for other uses. Gegey

for supnlying thoso arecas now covered by Fedagala, if the lattor is cleseds



65424343« The scensitivity analysis indicates that exclusion of
I'adampe would result in an additional cost of Rae 844427 per mohth, aven
thouch & new depot will be required at Chilaws There would be no reduction
in capital expenditure and an inorecascd cost. Other foctors such as cusiomer
convenicnee and atrateglo desirability suppordt tho need for this depot.

6e5¢2+3e4s It appeors thereforo that odampe is a very desirable

glte fron ecvery point of view.

64542440 Chovelachcherd

Thin depot has been selected malnly to toke up the alack
creoted by the closure of Hilinochchis It vil; also draw off gome of the
throu;hput from the Jaffno depot, mainly the volumes back-haulcd townrds
Tolomnawze Chavekacheheri is 10 miles south of Jaffna and is ocloser to
the neck of the Jaffnn Peninsula. It thorefore commands a greater catchment
arce then Jaffna. It will relieve Jaffma depot of o fair pallonoge and will
alzo supplencnt the total storage awailable in the peninsula. The latter
will be very desirable perticulerly if Hilinochchi is clozsed dowm becouso
of the distance of thia areca from Kolonnmwm. It has not been wcormon to have
r2il communications disrupted (mzinly due fo flooding) and the zdditional
storcge/distribution point could bo strategically vitel. Furthermore, the
prescence of two depois so close to cach other would permit a ceriain
desrec of specialisation. For inatance, only one need have tankace/facilitiea
for the blaclk oils.

6e5¢2:e4else The senaitivity analysis indieates that the cexclusion of
Chovekacheherd from the basis resulis in on additional cost of Iise 670/
per month. The number of depots 13 reoduced by l. However, the load on
Jaffna 1o doubled and since INilinochchi has already been excluded, it will
not be desiradble to have only one depot charged with the responsibility of
supplying the Jaffna srea.

665420402« A1) in £ll, the decision to cloce Ililinochehi and open
Chovelkocheheri will depond on factors other than pure coonomicse IT the

former is closcd, 1t would be clmost cosential to open the lafter even
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thouch ita omizgion would inecur an additionnl cost of only Iz. 670/- per nonth
fhe gtratepic degirablility would strengthen the econonie weakness of

Chovalochchoeri.

6eHe2e54 l'anlulam
Here too is a depoit being located in a previously
uncovered oreg. Deliveries 4o the proposed lznkulan ares are heing nede
from Anuradhanura, about 60 miles scuth. ince the new area covers points
as muchk ag 50 niles froa llankulanm, a new supply source certainly scems
uscful.

6454245¢1¢  Ghe additional cost of excluding lemkulen is almost
Rg. 1000/- per month, and since Vanumiya has already been excluded, the
nunber of dopats in the sub-opiimal basis f2llz by 1.

G+5¢2+502¢ The monthly throuchput of the new depot is small (just
ovor 150,000 standard szllons per nonth)y but the distances involved are
such that even this low {igure produces sufficioent savings 1o offzet its
fixed ceost.

645424543, Heore too is a cozme vhero girategsic desirability overconmes

the doubts cast on its effectivensaa on ccononmic prounds cloncs
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CONCLUSICHS

I7. ‘The reoults obtained in tho cage study and the mamer
in which they were reached indicate the officacy of the new teochnique. It
does not require the Imowledge of any advenced nmathematiczl or computational
techniquesy and is therefore within the grasp of any pcrson who has only
the briefest understanding of distribution praciice.

Tale A1l that is required in the inplenentation of this
technique ig an wnderstanding of thoe costa of the various operations
involved. Thesoe coats could vexry well beo traced by a compétont accountants.
Therealter remaing the somewhat erducus iask of preparing a rmilcapge natrix.
Tho degree of complexity of the matrix V:I.s diotated by the degwreo of
accuracy that is requirede. A great deal of gecondnry information u.,z be
gathered if an accurato mileage crid is prepareds Ify on the other hond,
the result sought is only the main optinmisation, much labowr can be saved

by repreaenting the obviocusly infeaslible routes by arbitrary high mileogeos

Tele The final conclusion that can bo drawm is that thig
technigque will, in many cases, produce an acceptable result, if not producing

a solution that is the abaoluto optimun,.



RECCITIINDATIONS FOR FURTHER WORK

8. The next step to be teken ip the nmodification of thig
technique to cope with more thon one mein sourcce. Prelimiﬁgry worls s
done on thig modification and the followins principles were establiched
for increazsing the nunmber of main sources to 2.

8ele expanzion of tho mileage matrix by one column to
rcpchQﬁt the distancés boetween the Second sourco ond the destinationa.

8e2s deternination of fho optinal production patterns at the
2 main gources, asowting that they are refinefieu. Alternatively, the ratio
of optinal capacities could bho deternined. This would estadblish the basio
capabilities of the two sources.

Be3e estination of the additional costs that would be
incurred if the ratio or pattern established in section 8.2. is not
obzerveds 0.3y if the production pattern takes the ratio 2:3, then a
penalty would be incurred at both sources if the assigned pattern (as
required by the allocation of demand) is 1:l.

Gede the introduction of a sub-routine inte the main progran
vhich would keep trach of the nllocation of depoin, and not destinations,

- 4o cach source.

8e5e The rationale is that, in the ideal casge, a depot
would be gupplied from only one sourccs The optinmisation progran wrould
therefore first assipgn demand centres to the depots and then the depots
"to the sourcess The firat allocation, demand centrea to depots, would
have to considexr the poscibillty of supplying each depot from either

. BOUTOCe

3ebe The othexr important advance is the cxpansion of the
capabilities of the sensitivity annlysis, porticularly that part which
nggegges the effect of dropping sclected depois fron the basis. Az it ia,

it will drop ono depet at a tinmce The modification that is intended is that
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it ghould drop more‘than one depot at a time. The actual mechonisn is

sirmples The xelevant XKD value would be set 4o 5. What has to be dono is

1o draw up a sysienatic procedure that would take up all possidble combinations
of depota in a predetermined patterns The number of combinations among the

selected depots will be very nmuch lcsa than among a2ll poasible depotse
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APPINDIX “A®

THE CCMPUTER

The computer used for thio project wes the ICT 1905
configuration ingtalled at the Computer Contre of the Loughborough University
of Technology, Loughborough, Leiceatershire.

It bhap an internal core store of 32 K, out of which
about 24 X is awvaliable for the normal progran. The time taken for the
following operations is

Pixed point Floating Point
Addition/subtrzotion 7 13
Hultiplication 40 29
Divieion , 44 51
Logical Operations (i

The off-line equipment that was used wos
1) Magnetio diso unit. 100 track units were used
2) lagnetic tape units 40 Ko/mec. tope decks, with o packing density
of 556 bits per inch.
3) Card Reader. the operating speed was 900 cards/minute
4) Line Printers output of 1350 lincs/minute.
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APPIITDIX n35h

CALCULATICH OF TRANGPORT COST DATA GRID

The conversion of the mileago grid into a transport
cost grid wes accomplished with the use of a spocially written computer
progran. This prograns which ia reproduced helow, nmalkes duo provision fox

tho non=-linearities nontionod earlicr.

LIST(LP)

817D 'roélm,z‘omcoz@mm.cm)
PROGRAX(G022)

INPUT 1=CRO .
CREATE 2=1TO(COST MATRIX)
rND

MASTER TRANSPORT COST GRID
DIMNSION I5{613),TT(86),TX(86),0(613)
ICabl}
ID=86
DO 12 I=l,ID

-~ RaAD(1,8) (IS(R),K=1,IC)

8 FOIW.Tzasz:’,)
DO 13 kml,IC
IF(IS5(K).LT.61)C0O 70 203
IF(Is({K .G‘I‘.GO.MTD.ISzK;.LT.Ioogco 70 204
IP(IS(K)e0Ta99 . AMDLIS(K).LT.235)G0 TO 205
TF(IS(K) 07134 ANDIS(K)JLT.LT5)CO TO 206
IF(IS(K)eCTe174AMDIS{K) JIT.210)C0 TO 207
IF(I8(K)«01.209./1D.IS(K ) JLT.250)00 TO 208
IP(XS(K) +0T4249. /21D, IS{K} (LT 285)00 TO 209
IF 13&1: o074 2344 AHD. I3(K )} . LT, 320)GO TO 210
IF(IS(X).GTe319)CO TO 211

203 NX=RR _
GO T0 11

204 RXaRR*1.05

: GO TO 11

205 RX=IR¥*1.15
G0 TO 11

206 RX~RR*1.3
€O 70 11

207 RX=RR¥1.45
GO TO 11

208 I=RE*1465
¢o TO 11

209 RX=RD*1.75
GO T0 11

210 RX=RR*1.85

_ GO TO 11

211 RYaRR*2
11 D(X)=CH+IT(X)+TX(T)+I5(K)*RK



13
12

CCUTINUS
HWRITE(2) (D(X) yK=1,IC)
STOP

1D

FINISH

il D



APPINDIX hCH

CONSOLIDATION OF HALLS DATA

The pales fipures obtained from the Ceylon Potroleum

(72) |
Corporation were tabulated in the following formati-
Product Custonmer Source of Quantity Supplied
Tunbex Supply Deliveries Collections Rail/pipelino
(cpC lorry) (Customerat
vehicles

Having decided to Tecast the islond-wide demand pattern
into 613 centres of demand (based on post office areas), it w3 nocesgary
to write a specinl computer program which would do so0 convenientlye This
progren would toke each monthts cales fisures and prepare a sunmary which
gives the demand concentrated into the 613 arezass Thege nonthly figures
wore then converted into "standard" gmnllonas so that they woere compatible
with the moin optimisation programe Mpgurces for severrl months were
averaged and compounded (at the rate of 5,67 por ammm) for the next
decade to represcnt estimated demand in 1977.

The computer progran which accomplished the firast peart
of this is listed belowe. It haos been written in IFCRTRAY IV,

LIST (LP)

SLTD TO sm,zﬂomcozmmx.cz i3)
PROGRAI{ (GOGO)

INPUT 1=CRO

CCHPRESS INTLGER

CUTTUT 2aLPO

QUPTUT 3=CPO

IXD

HASTER DEMAID SIITIARY
DIHNSION Jx(12),31(3800),52(3800) st(saoo) »74(3600),J5(1900),Ic(6

150) :DP(15) sKA(155T93) $KB(155T93) yL(154793) yTP(3) sP(TS
CALL TIIEZ(T)

WRITE(2,51)T

51  FOMAT(3X1NSTART TIME = A8)
m..n-].

2 TA=IA+2
LB=L3+1

RuAD(1,3) (3%(1),I=1,6)
3  PCRIAT(6I0)
I17(3%(2)=9999)2954 44



29

83

28

50

il
12

40
14
15
7

16

84

1)
39

18

5

10
50

_211';’.'—

J1(TA Y=IX(2
J2(LA)=J%(4
J3$LA «JX(5
J4{LA)=IX(6)
Jl{m.ﬂg-JX 8)
J2( L+l )=IX(10
Jz’émug-n 11

J4(LA+1 )=JX(12) .
CALL LUTUL{IX(1),3X(3),TX(7),IX(9),75(13})
I7(J%(8)~9999)2y454

TA=TA=1 .

WIITE(2,5)1A

PORIAT(3XT4,80 TNTRIES//)

CALL PEIL(Y)

VRITE(2,83)7

FCRMAT( 3X1GHCOR: LOADED TIIE = A8/)
mmél,z’s}w

Ti'h’m(l,B)gJK(I),hT:lE)

READ(1,23)P
RiAD(1,28)TP
FURMAT(10A8)
RAD(1,7)I0,TA,ID
FORIAT(I0,A8,10)

=0 o
119(11:«99939,30,30
READ(1,11)(I0{1),I=1,ID)
FCRIAT (2014 )

=l

Halivl
IF(IwLA)40440,15
Iz Jl{.u 113,12,14
IF(IC(1)=T1 1-1)512,16,12

U=+l

I?(-ID)17,17,410

iz

GO TO 12 .
Tir(ii/2#240Q411)G0 TO 33
1P=LUTU2(1,35((:+)/2))
TmLUIU2(2,d5((1+1)/2))

GO 70 84 :
IP-LU'I’U2(3,J52H/ ;g
IQuLUTU2(4,T5(11/2
IFEI]’.G‘T.17.UR.IP.LT.11)GO 70 13
IP(17.GT.15,0R.1Q.L7.0)GO T0 13
IPnlpwl0 L
m(m,:r,lgum ¢!
KA{IQ,IP,Q =J3(l1
VA(TIOQLIP,3)aT4(H
Jl(“)-o

GO TO 18
WRITN(2439)IP,JL(H) 4Ty T2(18) 3T 3(11) , T4 (i)
TCRUAT(/2XITICISPUNCHID CARD  ,610/)

GO TO 12 ‘

DO 25 Iml,3

KB(IUIP,I )utiB(T0,IP g1 )+ EA(TIQyIP4L)
L(IQ,IP,I)L(IQ,IP,IS-{-}’J;(IQ,IP,IS
Ka(IG,IP,I)=0

GO TO 12

URIV:(2,50) I 4TA4ID _
FORMAT(//1X13,2XA8,2X13/)

‘f?f,TX,TY,T’EnO

I



85

56

66

33
34

62
63
36
43

65
31
32
63 ¢

31

D0 85 I=2,15

TARIEH (T L 3T )* Lo SOGTHEB(I42,J )% Le 540345 (1 3 34T )L ODTG+ED(I 44,7
1)*.9910+x3f1,5,J)*.9910+KB(1,6,J)*1.1032+KB(I,7,J)

J=2 ;
TYeTY+EB(I,1,T)*1.568T4EB(1,2,T)*Le5403+KB(T 53, T }*1,05T6+KB(I 44T
1)%,9910+B(X 3547 }*4 991041 B(I 6, )*16 1032+ B(T 47,7 )

CCHTINUZ
TZ=K3§1,1,1)+KB(1,21,)+KB(1,3,1)+KB(1,4,1)+KB(1,5,1)+£B(1,6,1)+KB(
11,7,1
TﬁaKngl,l,2)+KB(1,2,2)+KB(1,3,2)+KB(1,4,2)+KB(1,5,2)+KE(1,6,2)+KB(
11,7,2

WRITS(2556) 0K TY 3744 TH

TORMAT(3X, 22HSTANDARD GALLONS(A) = F1242,3X,220STANDARD GALLONS(D)
1 = F1242,3K, 23KOLCITAVA GALLONS(A) = 111242, 3%, 23HFOLOIGIAVA CALLGH
25(3) = Fl2,2/)

WIITE{3566)IN0 4 TA 31D 40X, TT T2y TU

PORMAT(1XY3,1X18,1X13,4(1XF12.2))

DO 54 LYal,l5

DO 54 LZHI’T

DO 54 LD=l,3

I7(KB(LY,L2,1B))93,93,57

VEITS(2458)DP(LY) ,0(14) ,7P(LB) 4K 3(LY,4L2,13)

PORAT(3(1x18) ,110) ' '
KAELY,L3,L3;=0
YB(LY,L2,18)=0

CUETINU:

CO TO 6 o

CALL TIuZ{T) ‘ f
WRITL(2,67)T

FCRNAT(3H23ULCLP CCLrLATILN TIILS = AJ/)

wnx@5£3,5031n,TA,ID

PORVAT(//3X5HDSPOT25X1SHPRISINNT THROUCHPUT// )
LITTE(2934)

PORVAT( 23X, 121CCRP VENICLE,5K,12HCUST VEHICL!,5X,13HRATL /PIPILIIN:/
1) -
DO 36 I=1,15
WRIDI(2,62)D2(1)
PORIAT(1XAS)
DO 36 LCal,?
UR TB(2,635P(LC),(L(I,IS,LB),Iﬂul,B)
FCRUIAT{9XA8,3(5XTI11))
CCITIINUG
URITE(2443)
FORUAT(// /3X2THURASSIGHED CUSTOMER NUMBLRS/)
DO 68 Iml,Li o
I2(J1(1) .50 gco T0 68
Ir(I/2%245Q.1)G0 TO 6
IPnLUTUEEI,J5(§I+lg/2?3
C=LUTU2(2,35((1+1)/2
G0 TO 31
IP:LUTU2£3,J§EI/2§
IC=LUTU2(4,35(1/2
WRIT. 3,3251P,J1(1 ,IQ,JE(I)§J3(I),J4(I)
FOIIAT(3X12,3X14,2X12,3(3517})
CULIRUS
WRITZ(2,37)
SOILAT(//3X2003iD W7 JCB)
CALL TI:(7)
VELT2(2,1)7
FORFAT(IXTHITILY = AS/)
S0P
T
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The reference to LUTU2 in the program is node when it
calls fox the Librory sub-routine ILUTU, which in its two sectiong LUTUL and
LUTU2 provides o« neans where integers can be gstored four to o aopoces This
sub=routine and the Compress Intcger mode were required becguse the soaco
required for the program exceeded the conputer's internal storagse capacity.

The resulis were printed in the following format:—

Town number Town Name llos of customera

Stendard Gallona (ﬂ) Sssssssnnese s denotes deliverien

]

Standard. Gallons (b)

LE AR A AN NS RN ]

B denotes collections
Kolonnowa Goliona{A)

LA REN X R RS NN R

Standord Gallons are {or

Zolonnawa Gallons(B) esscesvavane supplies cx the depots.

A serices of entries of the forn

Source  iroduot lodo of Supply Cuantity.

Notes a} the conversion into standard gallons took place in
the statement which bulld up the values of TX and TY.

b) an additional ocutput of this progrem was a serics of
punched cards which contained the town summaries (standard gallons (A) end
(B) and Kolomnawa gallons (4) and (B)). Thene pummaries were then used
with those of other montha to produce aﬁ averagee. This average wos then
cormpounded at the rate of 5.6% per anmu to obtain the eatinates for 1977.

c)lthere wos provision in the progran to print out the
ceses (if any) where the salés had not been allocated to any of the 613
centres of demand.

d) the whole program was timed.

I now reproduce the estirmates for 1977 as prepared by
the above computer program and the avbrnging/compounding routine. The
figures represent standard gallona in the case of deliveries thot have
originated from depots and kerogene equivalents for fipures representing

deliveries from Kolomnawa Termincl.



~ CENTRE STANDARD STANDARD KOLONNAWA® KOLONNAWA T
"OF DEMAND GALLONS(A) GALLONS(B) GALLONS(A) TGALLONG (B)
~ ADALCHNA ~p,00 0 g 00 ST 0.00 ~ 5794 .00 N
~ AGALWATA e 0.00 0.00 31499 .92 TR0 T
. AGRAPYNA  34885,45 = 8884.20 0,00 000
TAHANGAMA 28825 70 000 0.00 0.00
— AHUNGALA o 0'“00 - 0.06 3908.65 —0_00 -
AKARPATU 11719 L 60 9127.62 6.00 25736759
U AXMIMANA T 2030,66 0.00 0,00 T 0.00 )
AKURANA 14203, aa_ S0.00 0.00 5'5""5”5"3‘1{"“‘“"“’““
___wﬁgURFQQA_“__m__262A5760 486273 0,00 3931 64
__ApavEnpoy 17933, 81 0.00 0,00 70,00
ALAWTGDA 33456 ,%8 0.00 0. 00 0,00
ALANWA 0.00 0.00 26325.91 {38 v
T TALUTAAMA n,00 “0.00 76103.72 86188 B
_ ALUTNWRA 0,00 0.00 204,18 T T 332Ri 0T T
_ _AMBLGNPA 0,00 p.00  87082.44 84L& 94" B
 AMBLTOTA 1885340 000 T 6B9.PE T T 2793838
AMBAWELA 0,00 0,00 —0n.00 0.00
AMBEPUSA 0,00 0.00 0.00 0,60 T
 AMPARAT 149774,14 33862.06 0,00 - %2599 .25
~ AMPITIVA . 1367,11 " 0.00 0.00 .00
__ANAMDUUWA 0,00 .~ on.00 0.00 822541 T
ANDIAMBM 0,00 0,00 0.00 1551.96
ANGAMUWA 0. 00 0.00 2069.29 . 9504 314
ANGODA 0,00 0.00 4138,57 0.00
__ANGRWELA . _0.00 0,00 0,00 20454.3%
~ ANHTRAMA  360.68 0.00 0.00 7527.03
____ANKMBURA . 6195.44 0,00 0.00  ~ 2250.35
___ANRDPURA 233028, 39 6750.09 0.00 4138 57
ARAKMEILA . 0,00 0.00 9426.74 ___ 0.00
ARANAYKA 0.00 0.00 459, 84 18856 _36
ARCHKTWA ~_0.00 0.00 . 0.00. 17976.92 -
ARIYALAY ~ 2759.04 0.00 0.00 32539_52
"ATTARAGE " p.00 0.00 0.00 0,00
. ATCHUVLY. 17947,52 0.00 0,00 181063
ATTNGALA 0,00 0.00 19%81.07 T0.00 i
ATTIDIVA 0.00 0.00 0.00 775.98
ATBLSHLA 0,00 0.00 15979.48 £72.52
__ATURGRYA 0.00 _..0.00 **121Q§?u§5 517.32
AVERNGAL 14485,00 0.00 0,00 000
AVISUELA _ 1458.99 . 0,00 177556.20 2974 59
BOLKMBRA 5710,97 0.0n 0,00 . 0:00
BADDBAMA 32752,49 2409.53 0.00 0.00
. BADULLA- 113767,.65 0.00 4374.36 ZR281.79
__BADRELYA_ 0,00 0.00 15864.532 5199 08
___RAKIELLA . 0.00 0.00 0.00 6026479
__BALNGODA 26718 .64 769 .00 45528.88 36144 .67
BALARTYA 0,00 0.00 23681.83 . 0.00
BALLKTWA 5016.82 0.00 Qﬂgp 2003184
__BAMNDPOLA 0,00 0.00 0,00 " 0.00 L
___BANDRGMA 0,00 0.00 6?0?1 86 1888 22




b

0.00

~ CENTRE STANDARD “STANDARD. KOLONNAWA "k OLONNAWA
OF DEMAND GALLONS (A GALLONS (B) GALLONS (A} GALTONS(R)
- BANDRULA G9460.14 0.00 oYY _68 50352 61
BANGDNYA 0.00 0.00 0.00 0,00
BARMPOLA p.00 0.00 0,00 2i98.62
BATAPOLA 0.00 0.00 1i725.95 0.00

__BATIfALD 11348349 6120.71 0,00 34LBTF 97
BATULUOA 0,00 0,00 87T . 14 0-00

 BELIATTA 39594 ,15 0.00 1149 .80 19728 26
BELINLOY 3087,40 0.00 0.00 6.00
BEMMULLA 0,00 0.00 6667 .69 0.00
BENDYMLA 0,00 0.00 21152, 69 0.00
BENGMUWA 0.00 0,00 0.00 0.00
BENTOTA 0,00 0.00 0.00 0.00
BERAGAMA 0,00 0,00 0.00 0.00
BERLPNTR: 0,00 0.00 0.00 1655 .43
BERUWALA 0,00 0.00 54836,07 . 0.00
BIRTLE 4249 76 0.00 0.00 28449 84
BINGRIVA 0,00 0.00 18393,63% 799261
BIVYAGAMA 0.00 0.00 17933 81 0.00

— BOGUTLWA 24568,63 0.00 TT2529.12 0.00
BOMBWHLA 0.00 0.00 0.00 §655.43
BOOSBA 0,00 " 0.00 0.00 0.00
BOPTLAWA 0,00 0.00 0.00 0.00
BOPITIVA 0,00 0.00 2069 .28 0.00
BORAGAS 0,00 0.00 0.00 0.00
BORALNDA 1876.43 0.00 2674 17 0.00
BORLSGMA 0.00 0.00 20692 .86 158 20
BLTKHPTA -~ 0,00 0,00 14725.95 70385.57
BUTTALA 4288.94 0.00 0.00 §391.78
CHDYNTLW 0.00 0.00 06.00 8377 14
CHANKANT 15452,02 0.00 0.00 0.090
EHVKEHRY 65041,32 999 .70 0.00 0.00
CHDIKEAM 0,00 920,21 0.00 0.00
CHMPNETY 0,00 0.00 0.00 362 13
CNHKLADT 35568,72 1939,96 0.00 2069 29
CHILAY 3187.32 0.00 13565317 387.99
CHINARAY 0.00 0.00 0.00 269007
CHLIPRAM 0,00 0.00. 0.00 000
CHUNAKAM 50268,12 0.00 0.00 12829 57
COLOMBO 482963, 26 7227.01 3660630.564 222741 34
DADALLA 0,00 0.00 0.00 0.00

. DALMKTUA 0,00 0.00 15864.53 0.00
DAMADNYA 0.00 0.00 T448, 814 0.00
DAMBULLA 22471 .34 0.00. 0.00 12398 .47 =~
DANKTUWA n.00 0.00 24946, 39 34056 .99
DEDURALA - 0,00 0.00 __0.00 0.00
DEHIOWTA 1062.44 0.00 1149.60 17252 .67
DEHIWELA ... 0.00 0.00 99325 71 Z598 30
DEIYNRRA 7587,18 0.00 0.00 0.00

_____ DEKATANA ....0.00 20.00 14485.00 0.00
__DELGODA 00 _0.00

6552.73




R R

CENTRE STANDARD = STANDARD . - XOLONNAWA -~ " ¢OLONNAWA
NF DEMAND GALLONS(A)  GALLONS(B) GALLONS(A) GALLONR (R)Y
___DELYOYA  8088,72 5696 29 0.00 3724 72
~ DELWALA 0.00 .00 L0000 TTZOT 00 T T
_ DEMOPARA W, OO‘jj:_:f“”o 00 0.00 0,00
DENIPTYA 569,63 0. 00 g. 00 T 06“““‘_"
DENI\'A}(__A —"—581"80[50 0.00 6.00 ' 4397.2% T
DERNYALA 0.00 0.00 238854 .27 T Tmge2 44T
DPHRGTOWN 0,00 0.00 7817.30 .00
~ DICKOYA 32%4R,84 0.00 "0.00 0. 00
_ DICKWELA 25982,06 0.00 0.00 1939655
_ DIMBULLA 0.00 - p.00 0.00 0.00
PIVLPTYA 0,00 0.00 3218889 §£§¢ggm_“jj:f
. DIYTLAWA 11110.13 0.00 0.00 2741 81
_bobNbUWA 5,00 0.00 38799.10 0,00
__DDNARSLND  2164,06 0.00 0.00 278R% 63
__DONDAODA =~ 0,00 0,00 ?19@782 0.00
~ DOLSRAGE  ~ 18761,27 0,00 0,00 0. 00
~ DMBGHWLA 5026,88 T 703.01 n.00 5561 2%
POMPE 0.00 0.00 20233.01 0.00
DONDRA 39959.10 0.00 - 'Q;ﬁb_“k_ 0,00
__buMipNYa 0,00 ~__0.00 17933, 84 0.00
DUMLSRYA 0.00 0,00 42645.63 58 66 0
ELTHMAUWL 0.00 0.00 _____mggilﬁzgh 919 68
EGODUYNA - 0,00 0.00 - 14485.00 0,00
EHLYGODA 3487.%2 6.00 36212.50 2922 .87
. EKALA n.00 h.00 - 7587.38 0,00
___ELAHERA 0,00 T 7805.78 0.00 —0.00 _
ELLE 4450,81 0.00 229.92 482834
___BELLAMLLA 569,63 0.00 0.00 0.00
ELKADUWA 11278,64 0.00 0.00 2845 _26
ELPITIVA 0.00 0.00 61388, 81 59.73
FMBLRTYA 28261 ,13 0.00 0,00 .00
EPITWELA 0,00 0.00 0.00 18701.17
EPPAWALA 0.00 0.00 0.00 24960 76
ERAVUR 0,00 0.00 : 0.00 14485.00
BETTMPTYA 15474,76 0.00 0.00 689 .76
_ETULKOTE .. 0,00 0.00 18278,69 0.00
SALGDERA 14391,09 0.00 0.00 0.00
GALAHA _ 42808,06 1215.63 0.00 41386
GALPTMDA 0.00 0.00_ 0.00 2069 .29
___GALBOPA _ nN.00 0.00 0.00 0.00
GALNRBNY. " 4138.57 756.43% 0.00 9430.72
GALEWELA 34253.01 11530.19 0,00 0.00
© GALGHMUWA: 20242 .83 - n.00 0.00 25297.02
_ . GALIGMWA_ 0,00  0.00 19083, 41 0.00
GALLE 565587.84 4460.19 13617.08 1034.664
_ GALOYA n.090 0.00 0.00 0.00
GALPATHA - : 0.00 ~0.00 14744.92 0.00
GAMMDUWA 2734,22 0.00 0,00 0.00
__GAMPAHA 0.00. . 0.00 - 65182.49 0.00
__GAMBOLA___ 169011.41 _ _ 0.00 0.00 0.00




~220-

CENTRE STANDARD STANDARD KOLONNAWA KOLONNAWA
0F DEMAND GALLONS (A) GALLONS(B) GALLONS (A} GALLONS(R)
GANDARA 0.00 0.00 0.00 0.00
GANEGODA 0.00 0.00 0.00 ~0.00
GANEMULA 0.00 0.00 23566.87 0.00

I GELINVYA 0.00 n.00 0.00 0.00
GINGTHNA 0.00 n.00 21382_61% 2974760
GIRITALF 1062, 44 0.00 0.00 !Eﬁb 12
GIRIHLLA 0,00 0.00 57595.12 00
GODAGAMA 0.00 0.00 18143, 73"““““““’”0“6ﬁ_”“——*
GODKWELA 5228.03 6.00 32073.93 T 0.00
GODPTIYA 0.00 153,80 0.00 0.00
GODIGMUWA 0.00 0.00 2184246 0.00
GONPNWLA 0.00 0.00 6207.85 0.00
GONAPOLA 0.00 . - 0.00 — 4B28,33 0.00
GONAWELA 0,00 0.00 2276214 - 0.00
GOVINNA 0,00 . 0,00 1379.53 25865
GURTLAUWA 0,00 0.00 0.00 0.00
HABRDUUA 19725,95 0.00 0.00 000
HABARANA 8202.95 0.00 0,00 15108.78
HAKMANA 3725%,35 3233.25 2069,29 0.00
HALDNWNA ~ o,go 0.00 0.00 0_00
RALDMILA 7774 .27 0.00 1379_52. 623372
HALGNOYA 24044 ,54 0.00 689 .76 0.00
HALIELA 0.00 0.00 0,00 34488
HAMBTOTA 2321925 0.00 1379.52 1707140

_HANGRKTA 35135, 81 897.16 0,00 0.00
HANWELLA 0.00 - 0.00 43799 .88 0.00
HAPUTALE 115423,43 1378.50 0.00 ?775.98
HARNKHWA n.00 0.00 0.00 0.00
HARSADDA 8874,57 0.00 _0.00 - 0,00
HATRLYDA 0,00 0.00 0.00 L293.77
HATTON 83072,25 373.62 689 .74 PR627 .32
HEDENIVA 15384, 41 0.00 0,00 n.00
HEMTAAMA 0,00 0.00 —0.00 1717507
HENDALA o“oo 0.00 26900.71 0.00
HENERAMA 0.00 0.00 12990, 51 n.00
HETEMULA 0,00 0.00 11036,19 2664 24
HETIPOLA : 0.00 0.00 8047 22 15648_97
HEWAHETA 8306.94 8314.58 0.00 060
- HIKKDUWA 0.00 0.00 25118 8% 0.00
HINGULA A_"mo 00 0.00 _4828,33 0.00
- HINGRKGD 74402,10 0.00 " 0,00 124693 34
HINIDIMA 0.00 ~0.00 0.00 0.00
HIRIBTYA 0.00 0.00 0.00_ 0.00
HITTRETYA 0.00 0.00 0.00 0.00
HOMAGAMA 0,00 0.00 148586.20 0.00
HORMBAWA n.00 0.00 0.00 1914.09
_HORANA. 4 0.00 0.00 1384%2,21 "4L49%.25
HUNGAMA 2873.96 0.00 0.00 1939 96
HUNSBRYA 224?1w§§ 1139.26 0.00 0.00
0.00 - 0.00

30234, 56

HUNUPTYA

6.00




CENTRE STANDARD ~ STANDARD KOLONNAWA KOLONNAWA
OF DHEMAND GALLONS(A) GALLONS(R) GALLONSCAY  GALLONSR(BY
 HURIKDWA  14725.95 0. 00 0.00 0.00
N T TR T/ ———r ) 0700 R I LB T LN L a—
T TreBGMUWA T 25854,78 T 258, 66 T 0,007 17407.87
_IDLGSHNA 8968 ,49 TR 00 0 T o000 000
TTUILCKUELAT T 6450,99 0.00 0.00 .60
__IMADUWA 22910.30 0.00 0.00 0.00
TTUIMBLAODA 0,80 0,00 13405 48 TG00
__INDURUWA " 70,00 . " 0.00  15749.56 0.00 ]
TINGNYGLA T 0,00 T TTel00T T 0,00 1784 76
_ INGIRIYA 0.00 0.00 24796 .47 2241.72
"ITTAKNDA 0,00 h.00 6,00 7 0.00
_ ITTARANA 0. 00 0.00 5543.96 6966 29 B
JAELA - . 0. 0,00 45283973 0.00
~ JAFENA 320962, s? 335341 379 527 T 24vssd T
 KADAWATA. .00 “ﬁ_w;j::U;Qo___- 225647.09 D I 1 )
~ KADIRANA ; 0,00 TTTeC00T 208928 T ‘*f“d“OO“‘*“'““'
KADGNAWA 8574, 61 000 , 6.00 0.00
~  KADUMELA 70,00 ~0.00 35999.82 20,7
__KAMARUWA T T 0.00 T 0.00 T 10806.,27 4422 63 ,
___KWTGSDLY 43730.63  7054.40 3448.81 17537.20
KAHAWATA  51242.36 ' 0.00  B4L034,.22 - 0.00
_ . KAHAMWELA 0.00 0.00 3448, 84 0.00
KIKAWELA . 0.00 . 0.00 0,00 0.090
_ KAXPLiYA 0,00 0.00 0.00 9699 .78
.. KALGBHNA e 0.00_ - 0.00 _ 3448.87 - 9.00 —
. KALAWANA 5241,50 0.00 8277.14. 6388 972
. KALYNGHK __ 7830,98 ~820.68 ~ ~  0.00 . 0.00
. KALAWRWA 0.00 _.0.00 0.00 __0_00
KALMUNAY 36912.58 0.00 - 0.00 %2513 65
KALPTIVA 0n.00 0.00  1%79,53 7475 _29
. KALUTARA 0.00 0.00  125191.77 0,00
_KMBGMHWA 0,00 0.00 0.00 2987.51
KMBRPTYA 35487.8% 768.99 0.00 19467 29
_ KANDANA 0.00 0.00 45294.36 0.00
KANDPOLA 25964 .38 0.00 p.oo 939179
KANDY 501600 56 5410.20 46277.28 1163 .98
KANKSTRA -15220.51 o 0.00 06,00 808_&*5_9 o
KANTALAY  124454,29 0.00 0.00 7374.83
. KENUKTIYA ' 3475.,130 0.00 - - 0.,00 o 418646 44
_____KRDIYNRI 0.00 0.00 0.00 0.00
- KARANAGA - - 12036.53 . 0.00 0.00  0.00
KARNDBNA 0,00 n.00 ~__0.00 B404&_ 48
 KATANA 0,00 0.00 16784.,21  2690.07
_ KATRBAMA 729,49 0.00 0.00 14821.26
KATNKEUD! _ 1284 68 2?24 48 06.00 3241019
 KATGSTTA  101338,39 0.00 949,69 0.00
_ KATKTULA 8475.49 0.00 _' 0.00 . 0.00
_ KATKRNDA 0,00 0.00 20807. 81 ~0.00
_ KATUNYKA TR 0,00 0.00  23279.47 569 06
_ KATUNRYA 0,00 0, 00__ 13335.40 547.32




D :

CENTRE STANDARD " STANDARD KOLONNAWA KOLONNAWA
__OF DEMAND  GALLONS(A) GALLONS(B) GALLONS(A) GALLONS(B)
KATUROTA n.00 0.00 5518,09 19950.12
T UUKATUWANA 387,99 3776 46 e e 6.00
~ KAUDULLA 2488,47 0.00 ,“Mqup 0.00
~ KAUDPLLA " 0.00 0,00 0,00 0.00
KAYTS $139,07 328,27 _0.00 18287 31

~ KEBTGLUA T 0.00 0.00 0.00 359539
TUKEGALLE 0,00 70,00 158311.38 U 4552.43
T KEKIRAWA 47276.77 0,00 0,00 2884067
CKELANIYA 0.00 0.00 55543,07 1655 4%
KEPTPOLA 29334,89 0,00 9656, 664 0.00

" KESREWA " 0,00 0.00 643778 0.00
 KILNOGHT  60824,51 0.00 0,00 0.00
_ _ KIMBLPTY 0,00 0,00  2299.20 ~ 2690 07
__KINNIVAT 0,00 0,00 0.00 837887
 KIRAMA T 770,00  4862.36 0,00 287401

_ KIRBTRPA 0,00 0,00  17818,85 0.00
__KIRIELLA _ 0.00 0,00 494329  6026_80
. KIRINDA ~ 2069.29 0.00 0.00 0.00
_KRNDWRLA 0,00 0.00 23221.98 0.00

_ KITALAWA 0,00  0.00 _4828.33 0.00
_KITLGALA . Q.00 . 0.00 - T472.42 5621, 25
_____KOBEIGNA __ _ 1379,52 _  0.00 1379.52 879 46
. KOCKKADE 0,00 0.00 58784 .87 455243
fffffffff KODIKMAM =~ 5461.93 0.00 0.00 3026 _33
_ KOGGALA 0.00 ___0.00 __0.00 0.00
__KOENKLDPY _ 0.00 _0.00 0.00 0.00
_____KOLONNO 6,00 0,00 0,00 8665.14
___KOLNMANWA 0.00 0.00 62657 ,34 0.00
KOPAY 17914,65 0,00 0.00 951874
_KDSGAMA 0,00 0.00 7672.42 0.00
KOSLANDA 6345.16487.03 " 0.00 2302_08
KOSWT JIN 0.00 0.00 4023, 6% 0.00
KOTHNYWA 0.00 0.00 0.00 931 18
KOTAGALA _ 50516.35  5126.66 0.00 0.00

_ KOTAROLA  2863,.66 0.00 0.00 2327 9%
_ KOTIKWTA 0.00 0.00 2230230 0.00
KTYKMBRA 0.00 0,00 0,00 1991469
CKOTMALE  56077,41 941,44 0.00 0.00
KOTNTIVI) 0.00 0.00 264409 1086 37
KOTTAWA 0,00 0.00 3333,85 0.00
KOTYE 0,00 0.00 2233,85 0.00
KOTEGNDA 689,76 0.00 0.00 2470210
KOTUGODA 0.00 —0.00 ~ 8622.02 0.00
CKUCHVELT . 0.00 0,00 0.00 0.00
KULYPTYA 0.00 0.00 L7938.45 2918431
___KUNDSALE  4295,47 0.00__ 0.00 +0.00
KURANA 0.00 0.00 9656.67 0.00.
KURNGALA 389264,%2 = 51,73 0,00 5121 _49
_KURUMITA 153.80 435.77. 919,68 2. 0.00

. LABUKELF 0.00 0.00 0.00 0.00




=

CENTRE ~  STANDARD  STANDARD ~ KOLONNAWA KOTONNAUA
~ DF DEMAND GALLONSCAD GALLONS (B> TGALLONSTAY — GALToNR(RY
~ LATPNDRA 0,00 0,00 6322.82 TPL 28 -
, LAXAPANA s U 11+ 2 o O + ¥ O IO 1 1 + N + MY ¢ 1+ H
TTtELopYYA T ol00 T 000 000 0 00
LELWELA 10%46.43 0.00 0.00 TTTeTTe0T T
TTTUINDULAT T T 102284,26 T BBA4 A2 0,00 0700
__LuNAwA 0,00 0.00 3PLLT.IE 000
LUNUGALA '18934.,85 9,00  TTT0.00 0.00 -
LUNUWTLA B 0.00 T 0.00  4A144.76 ~  1888.22
_ MADAMPE . " 1303,.38 0.00 42650.27 7 0.00
_ MADAWALA __ 14990,59 0.00 0.00 0.00 i
MADHU CH 1075.50 "0.00 0.00 0.00
__ MADLKELE  13314,06 1139.26 0.00 0.00
___MADLSIMA - 3293.02 .00 . 0,00 .- 0.00
____MADRNKLY 0,00 0.00 8277.14 763049 _
- MAGGONA 0.00 _ 0.00 23796.78 6.00
~ MAHABAGE 0,00 0.00 13795.24 0.00
_ MAMAEBND 9,00 i 0.00 6897.62 0.00
___ MAHAGAMA _  1253,18 0.00 689,76 0.00
__MHAILPLM 0,00 0.00 0,00 . 0.00
~ MAHAOYA  2658,83 0.00 T0.00 g27.72
. MAHARA 0.00 0.00 0,00 0.00 o
_ MHRAGAMA  p,00  0.00 177268.80 72425
MHVLEHYA 2980.99 2594.06 0,00 0.00
MAHAWEWA 15474.76 0.00 23794.78 000
 MAHYNGNA . . 0,00 0.00 0.00 ... 0b.00
MAHO 2206 - 0.00 0,00 178%?7 .49
. MAKOLA 0.00 0.00 5173.22 0.00 )
_ MAKLPOTE - 0.00 0.00 0.00 0.00
MAKMBURA 15864,52 0.00 0.00 0.00
MALABE 0.00 0.00 1149.60 000
MALIBODA 0.00. 0.00 0.00 2586 61
MALGUATA - 0.00 0.00 0.00 0,00
MALLAKAM 12899.46 0.00 0.00 0.00 o
MALPTIYA 0,00 0.00 0.00 0.00
MALWANA 0.00 0.00 0.00 0.00
MALWATAY 1530.91 0.00 0.00 794L0O .89
MNGLELYA _0.00. 0.00 0.00 ©104 .85
_MANIRAY 15063,53 ~ 358.87 0.00 0.00
MANKLILAM 12856.11 " 0.00 0.00 o0.60
MANNAR 56090,77  3282.71 0.00 5302 .54
 MANTHIK! 48719.33 0.00 0.00 0.00
_MRDKPWLA n.00 0.00 0.00 2974 .60 o
- - MRDGHMLA 0.00 T 0.00 48148,37 -~ 06.00
_ _MARASANA 0,00 0.00  0.00 0.00
MARAWI LA 0,00 0.00 8966.90 ~0.00
MRTHNMDM 12749.10 0.00 0.00 19962 76
MASKLTYA 637364,25 0.00 0,00 0.00
_ MASPOTHA  2734.22° 0.00 0.00 0.00
. MATALE 192030,.37 0.00 0,00 T 0.00
MATARA  233480.47 2614.60 6207.86 "N48844 48 T




TROLONNAWA

~ _CENTRE STANDARD STANDARD KOLONNAWA
OF DEMAND SALLONSCA) GALLONS(B) GALLONS (A) GALLONR(R)
MATTAKA . 0,400 . 0.00 2759 05 266420
MATUGAMA 0.00 0.00 13?3&9 32 0.00
MAWANE LA 0.00 0.00 66562.02 -~ 847.32
MAWTGAMA 30253,37 0.00 0.00 0.00
MEDAGAMA - . 0,00 0.00 0.00 0.00
MEDWCHYA 3146%.78 1076.60 0.00 1804% .90
MEDAWELA 0.00 0.00 0.00 " 0.00
MGHETENE 0,00 0.00 5548.09 0.00
. MEEGODA . . 0.00 0.00 0.00 .00
METYGODA 0,00 0.00 0.00 14045 28
. MELBRPRA cZTPR.40 0.00" 0.00 12519 .18
- METKMBRA 0,00 0.00 0.00 6156 12
MIDDNIYA 8964.90 0.00 0.00 0.00
MIHNTALER 06.00 0.00 0.00 0.00
MINIPR 0,00 0.00 0,00 n_oo
MINNRIYA 13717.02 .00 0.00 0.00
MINWNGDA 0.00 0.00 59664.,40 0.00
MIRIGAME . 0.00 0.00 42420 %5 0.00
MIRIRSA 24831 42 0.00 . 0.00 0.00
MIRSYYTA ' 0.00 0.00 32993, 61 6.00
MONRGALE 164611.50 0.00 0.00 26564 45
MONMLBNY 0.00 0.00 0.00 354779
MORGHENA 0,00 0.00 0,00 0,00
MORAGALA 0.00 0.00 2759 .05 0.00
MORATUWA 7,00 0.00 166405.05 2715°9%
MORAWAKA 6732,22 0.00 0.00 0.00
MYLAVNIA 0,00 p.00 137377.57 “0.00
MUDNGODA 0.00 0.00 1333540 0.00
MULATIVY 23606,%6 729,49 7 0.00 847 32
MULWALAT 12006.68 0.00 0.00 0.00
. MUNDEL 1062.44 0.00 13940.20 5362 59
__ MURUNKAWN 9601.14 0.00 0,00 19946 87
MURTLAWA 0.00 0.00 0.00 7759 .82
MUTTIR 0.00 0.00 0.00 25038.36
MyLInDY 6374 ,64 0.00 620.79. 12855 44
NAGODA 0.00 0.00 38051. 86 0.00
NAGLBODA 0,00 0.00 . .0.00 2741 B0
_NINAMDMA 0,00 0.00 7195587 181.06
NAKYDNVA 20731 . 20 0.00 = .0.00. - . 0.00
_NAKLGMUWA 0.00 0.00 n.00 258 66
 NALANBA 0.00 _0.00 . 0.00 - 0.00
NALLUR 23419.21 109.42 0.00 14588 47
NAMNKEULA 8538,70 . 0.00 0.00 17938 81
NAMATYAN 0.00 0.00 0.00 6544 12
NANUOYA . 56299,72 0.00 —0.00 0. 00
NARAMALA 0.00 0.00 33338,49 “§§13La0
NATNDIYA : 0,00 0.00 40840,91 120708 37
NAULA 16517.59 0.00 ~0.00 0.00
"NAUTDHWA - 0.00 0.00 6522,81 0.00
NAWALA 0.00 0.00 0.00 0_00




~ CENTRE STANDARD "STANDARD ' KOLONNAWA ~ "YOLONNAWA
OF DEMAND GALLONS(A) GALLONS (B) GALLONS (A} GALLONS(B) B
 NAWLPTYA 131253.,98 0.00 . 0,00 000 o
~ NEBODA 0.00 .00 I9083.4Y T A8 20
___NEDNKENY =~ "~ 0,00 0.00 ~0.00 ko092
NEGOMRD 1770.73 D00 25245286 L1887 o
NELLTADY T58925.36 T 5427 ' 0,00 .00
NELNDNVA 1862357 0.00 758738 2744 .88
NELUWA T 512.66 0.00 0.00 0.00 B
_ NIKWRYVA 44230.47 0.00 T 00 T T 1P490 .06
— NTLDHNNA 0.00 — 569.4% 0.00 H00TT
NINTAVUR 5745,31 136.78 0.00 {032 30 000
NIRVELI 0.00 0.00 .00 0.00
NITMRUWA 0,00 0.00 3149912 1991 _69
. NIVTGALA = = 6265,91 _m_;_;QLQQm___;m1£??ZT$2' _0.00
NYNDRPLA 0.00 0.00 3443881 000 T
CNOCHYGMA  18668.56  8.00 . 0.000 1448050
e Noarnns‘gwmmmmm1499a,g3 0.00 0,00 9391 79 B
_NORUOGD 3242673 .00 0,00 0. 00
NUGEGODA 0,00 0.00 205778.96 000
_ NUWELTYA M64965,84 0,00  4828.34 T g129.94
OHIVYA 640.84 1537.99 ~0.00 0.00
oLuvVIL 0,00 0.00 . 0.00. 219862 )
. _OMANTHAI - 0.00 0.00 0,00 IR?7.99
OPANATKE 5810.21 0,00 0,00 5949 20
_ PADAVIYA  82%4,34  40580,59 0.00 905.31-
___PADIRUPY 0,00 0.00 —0.60 3121.17
___ PADYPELA_ _ 9635,95  2509.01 0,00 .00
- PADUKKA: 0.00 0.00  55410.87 66665
__ PAYGLALN 0.00 0.00 547.32 25_87
PALAKIDA 0.00 0.00 4582,.74 0.00
PALAMUNA 0.00_ 0.00 - 0.00 ~0.00
PALLAY 15762.,94 - 0.00 517.32 24644 92
PALLEGMA 0.00 0.00 0.00 2715.94
PALLEPLA 4938,57 0,00 0,00 36213
_ __PALLEWLA 885.37  0.00 ~ 15289,72 6.00
PALLWTTA 10942.38 0.00 - 0.00 0,00
PANAPRURA 0,00 N.00 159220.03 1422 64
___ PANAGODA ___ 223711.24 0.00. 26900,74_ . 2759.05.
— _PANDTRPU 51391.83 128.16 0.00 1420048
" PANLKNDA 0.00 0.00 0.00 .0.00.
PANKULAM 0.00 0.00 _.0,00 0.00
_PANNALA 1R03.38 0.00 782,66 358 64
PANNPYYA 0.00 0.00 60814.01 235381
_ o PANWILA - - - 1253.18 1230.40 0.00 0.00
___PANWLTNE 0.00 0.00 0.00 0.00
e PARAKDWA .- 0,00 0.00 5633.06 34%34.87
__PARANTAN - 20355.13 0.00 1034 66 439104
PASSARA 42512.40 0.00 0.00 547.32
__PASYALA 1.00 0.00 8277.14 0.00
PATANA 0.00 0.00 0.00 - 0.00
_PELAWATA 0.00 .0.00 11725 .98 227621
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KOLONNAUWA

__RATNPURA

81621.82

. _CENTRE STANDARD STANDARD KOLONNAWA
OF DEMAND GALLONS(A) GALLONS (BR). GALLONS(A) GALLONR (B}
PELYGODA 0.00 0.00 4986L5.52 489 7€
PELMDULA 20408,62 0.00 546034.35 0.00
.~ PERDNIVA 71160,55 4280,15 0.00 0.00
PESALAIL 0.00 0.00 06.00 5509 48
PILMTLUWA 26575.30 0.00 - 0.00" T 0.00
PILYNPLA 0.00 0.00 91175.02 0.00
" PITBDARA 821276 6.00 .00 0700 :
PITIGALA 0,00 0.00 4897 .62 §a9% 34
TPITIPANE 0.00 0.00 11036.79 ~0.00
PODDALA 0,00 0.00 0.00 0._00
PT PEDRO 64854 ,74 0.00 0.00 0.00
PLGHWELA 0.00 0.00 49088.05 L63.59
PLGSOKTA 0,00 0.00 6.00 0.00
POLGOLLA 21%15,38 0.00 0.00 0.060
POLNRUWA Q1874 .86 0.00 2080.78 1355382
PONAKERY 0,00 0.00 0.00 0.00
POONBALA 10632.19 0.00 0.00 0.00
PVRSKLAM 0,00 0.00 0.00 0.00
POTTUVIL 232765 1607.63 0.00 13605 .55
PUGADNA 0,00 0.00 9341.79 0. 00
_PUJPTIVA 1732318 0.00 0.00 ()
PULMODAT 5514.37 0.00 0.00 375058
- PILOLY 16651,20 0.00 6.00 70,00
- PINDLOYA 2008%3,23 7609 .46 0.00 292795
PUNGNTVU 2164 ,06 0.00 0.00 18448_18
PUNNALAT 7055,57 0.00 6.00 0700
PUNLKRWN 35!83M53 512.66 0.00 5. 00
FUPURESA 9656.66 0.00 0.00 0. 00
PUSELAWA 30167.76 1708.83 0.00 0.00
PUSSELLA 0.00 0.00 29842 46 0.00
PUTTALAM 507.30 0.00 191591.50 6595 _85
PUTKDRPI 0.00 0.00 0.00 292287
PUTTUR 2124 .88 0.00 1149 .60 0.00
PUWKPTYA 0.00 0.00 1724 40 0. 00
- RAGALA 1?690.23 0.00 - 0,00 7501 .16
RAGAMA 0.00 0.00 37821.95 51.74
L RAJAGAMA 0.00 0.00 0,00 0.00
RAJKDLNA __0.00 0.00 1954,33 0_00
RAKWANA 17669, 814 0.00 13680.28 0.00
RAMBONDA 26198,72 1253 18 0.00 600
RAMBRDGLA 0.00 0.00 0.00 0_00
RAMBKANA 0.00 0.00 4345500 0.00
RMBKPYTYA 0,00 0.00 "~ 0,00 —6.00
RANALA 0,00 0.00 35B47.62 3362 .59
RANGALLA 13785.00 0.00 0.00 1938119
RANNA 0.00 0.00 0.00 0,00
RATGAMA 0,00 0.00 4828.33 243141
RATMLANA 6348 .60 256 .33 387991 .04 A0 _ 46
" RATMALE n.00 0.00 0,00 . ~0.00
107515,22 494%, 81 547 .32
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. CENTRE STANDARD . STANDARD  KOLONNAWA KOLCONNAWA
OF DEMAND GALLONS (A) GALLONR(B) GALLONS (AY GAthNP(B) o
- RAT_T”E_{ o - 1% 1""'5_0 5 0.00 - - 0.00 . L 0.00;
~ RIDIGAMA 16577.09 0.00 0.00 0.00
C__RIDYAGMA 0,00 0.00 0.00 —0.00"
RIKLGSKD 22864 46 0. 00 0.00 000
ROZELLE '273(?21 0.00 0.00 000
RUANWELA 0.00 0.00 31614.09 1965‘82 T
 STINTHMRT 0.00 0.00 0.00 1995938
_ BSAMNTHRA 1753.35 2207.02 ~0.00  44381.07
_ SANDULNKW 0.00 0.00 _ 65297.46 T 00
 SAPGHWTA 0.00 0.00 4598.41 0.00
SEEDUWA 0,00 0.00 30340.90 {03 46 )
_ BEEPKLAM 0.00 0.00 0.00 0.00
SILVYTURA. 592,20 . 0.00 0.00 0.00
~ SITNKENT 10741.94 0.00 0.00 T 0.00
_TABBOWA 0,00 0.00 0.00 0.00
_TALMANAR - 0.00 0.00 ~0.00 0.00
_ TALALLA 0.00 ~0.00 0.00 0.00
TALNGAMA ~0.00 0.00 6.00 0.00
~ TALTUODYA ~ 22072.38 T g.00 0.00 58 66 T
TALWKELE 129220,.86 8658 38 _ 0.00 2212984
TALWTGDA 0,00 0.00 18278 .69 0.00
TALGSWLA 0.00 0.00 134§zm?1 6L6_45
TALPE 0.00 0.00 0.00 600
TAMBTGMA 10704,00 0.00 0.00 0.00
TMPLKMAM 0,00 0.00 0.00 13949 _81%
__TANMWILA  8277.145 ~0.00 0.00 0.60
TANGALLA 19087.51 0,00 459,84 4938976 T
___TAUALAMA 0.00 _0.00 0.00 0.00
CTWLMYENE . 0,00 0.00 ~0.00 0.00
TEBUWANA 0.00 0.00 9%44 .78 1060.51
YRLDNIYA- 22480,92 928,38 7 0.00  25038.386
_TELJUILA 0,00 281 97 0.00 T0.00 B
TELIPALY 20679.82 " 0.00 0.00 0.00
TENEKRRA 25978,34 0.00 0.00 0.00
TALAGAHA 0,00 0.00 0.00 0.00
TIHAGODA 3154,32 711.25% 0.00 0.00
__ YNDMANAR 20068,46 0.00 0.00 0.00
__TUNNUKAT - 0,00 0.00 0.00 0.00
TRKTSWRN 2846,23 0,00 0.00 491455 B
TRUNKTYA 0.00 0.00 41845,35 6,00
_TISMRAMA. 11307, 34 0.00 129.33 7655495
TRNCMALE 130956, 00 0.00 aao?.93 196299 _59
_TUHODARA 0.00 0.00 0.00 0.00
UDHNTENE 0,00 0.00 0.00 0.00
UDAKRWTA © 5426,66 0.00 0.00 0.00 )
UDPSLANWA 39?93_:_._24 0.00 0.00 1215? 05
UDAWALWE 0,00 0,00 0.00 2327 94
UDISPATH 8121.03 1914.09 0.00 0.00
UDABDAWA 0.00 " 738.6% 624L23%,45 0.00 j
UDUGAMA 15329 .94 786.23 0.00 0.00
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kOLONNAUWA

CENTRE STANDARD STANDARD KOLONNAWA
OF DEMAND GALLONS (A) GALLONS(B) GALLONS(A) GALLONS (B}
UDGMPOLA _0.00 6.00 2%¥45¢1.90 - 0.00
UHANA 1419.25 0.00 0.00 0.00
UKUWELA 2050.66 . 0,00 ~0.00 0.00
ULAPANE 8133.90 0.00 0.00 6.00
UNDUGODA —0.00. 0.00 87480 9234 19
upCOT 57571,.R7 0.00 0.00 $103.93
URALA 8270,682 0.00 ~0.00 0.00
URAPOLA 0,00 0.00 10921.23 0.00
URUBNKKA 8454.93 ~0.00 0.00 0.00
URUGALA 0,00 387.99 0,00 6,00
URGSMNHD - 0.00 ~0.00 11725.95 ~0.00
URUMPRAZ 4438.57 0.00 0.00 29539 05
_UYLNKLAM 8519.11 1192.16 491,45 25219 42
VADUKADA n.00 0.00 ~0.00 T 0.00
VALCHENA 226%99,58 109,42 1008.78 28219 RA&
VAVETIIR] 39710.07 0.00 0,00 0.00
VASAVLAN 2069,28 0.00 0.00 "0.00
VAVNKLAM 0.00 0.00 0,00 0.00
VAVUNTIYA 45269 ,49 64L&, 65 775.98 84073 66
VELANAT 3710.32 490.53 0.00 L6196 80
VEYNGODA . 0.00 0.00 110?06 78 0.00
WADAKADA 5106,45 0.00 .00 8446 52
WADDUWA 0.00 0.00 497?? 84 12933
WAGA 0.00 0.00 1149.60 77 60
WAHARAKA 0.00 0.00 1264 .56 E716 .40
WATKKAL 0.00 0.00 18508.61 0.00
WALSGALA 15065.11 0.00 . 0.00 0.00
WALSHMULA 24832.97 0.00 3448, 84 0.00
WALAWE 972.65 0.00 0,00 0.00
WANDRBMA 0.00 0.00 0.00 0.00
WARKGODA 0.00 0.00 5288.17 0.00
WARKROLA 0,00 0.00 37592.02 0.00
WARALLA 3694.19 922.80 Tp.00 6.00
WARYPOLA 16773.56 0.00 0.00 42135 83
WASKDUWA 0.00 0.00 0.00 4474 B3
WATAGODA 0,00 0,00 1600.82 0.00
_WATAWALA. . 721,35 0.00 0,00 3052.20
WATTALA_ 0.00 0.00 6322817 0.00
- WATTIGAMA 23841.40 _ 0.00 . 1615.19 164232
WATUGDRA 0.00 0.00 .5518,09 0.00
_ WATUMULA 0,00 569.63 .. 0,00 54319
WATRGAMA 0.00 0.00 11725,98 —0.00
WERAGODA 0,00 - 734.70 - 0.00 8277 14
__WERAKTVA 15285,95 0.00 0.00 0.00
WELIBAMA - 84040.37 0.00 , 0.00 ~0.00
_ WELIKADA 0.00 0.00 86220.2% 0.00
WELIKNDA 0,00 0.00 ~0.00 0.00
WELIMADA 8%389,98 0.00 17244 .04 16061 90
WELIDENE 0,00 0.00 0,060 0.00
WELIWRYA 0.00 0.00 35177.88 0.00
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. CENTRE STANDARD STANDARD. KOLONNAWA KOLONNAWA
OF DEMAND GALLONS () GALLONS (B) GALLONS (A) GALLONS(B)
WELLMBTY ' 0.00 0.00 197792 .35 . §.00 -
WELAWAYA 11268,27 0.00 ~0.00 2379 .67
WENAPUWA 0,00 0.00 3548810 1370.90
WERAHERA 0,00 0.00 5357.15 0.00
_WERLGAMA 28927.74 201.18 0.00 0.00
WEWLRNYA 0.00 0.00 4897309 597.32
"WIRAWILA N.00 0.00" 0,00 4138.57
YAKKALA n.00 0,00 5403.13 0.00
YAKKLMLA 0,00 0.00 0,00 0.00
YATANATA 0.00 0.00 0.00 . 0.00
CYATIVANA _ ~18045.00 592,67 CTT0.00 359538
YATNTOTA 0.00 0.00 33798.33 340,40
YODKNDYA 0.00 0,00 0.00

0.00




APPLNDIX "p¢

THE CONSTRAINT O THE KELANI VALLUY LINE

The summary of the alterations to the optimal solution
by the exclusion of the new depots on the Kelani Valley Line is given
belowe I have also pet up the problem such that there is o meximunm of
500,000 gallong placed on the throughput of the existing Ratnapurs depots

Thig has been done to demonstrate tho sub=routine which operntes mmder

these circumstancess
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LITIIDID CPTIIAL BASIS

Depot . Throushput Pixed Coat Variable Cosd
Lolomnowas  12125243.22  411000.00 565546401
Latara 660993411 7200.00 101050457
Taputale 511253437 6500400 11656783
Perndeniye Jne2387219.27  15200.00 329088.36
Tatticaloa 385059402 7000400 106327405
Turmecnla 884463443 9850400 115065.82
inuredhopura  394215.03 600000 72167 +44
Jaffna 485626490 9350.00 129063456
‘Retnopura 499493486 3000400 6249120
Galle 9692854 31 3650400 113358485
Chine Bay 333047+50  11500.00 42463445
imbalangodn 341810464 7341.31 32125.27 *
Fadanpo 538937.87  7539.94 53503420 *
L oanulan 150684403 7150.63 34514411 *
Chavolkachcherd 53543735 7535.44 144881.19 *

* denotes a new depot.

The cxisting depots whieh have been dropped are

C

Kotocala
¥ilinochehi
llew Peradeniyn

Total Fizeld Cost = 525016.07
Total Voriable Cost =  2019313.01
Cont cof Collections = 80134433
Total Cverzll cost =  2624465.17
Improvenent over preacnt systen = 97005.10

Percentao Improvement = 3565
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GENERATED THROUGHEUT OF
500600 BY.. PPs?32.82 B S
E_MAXIMUM THROUGHOPUT OF RATHPURA 5rPOT HAS BEREN REACHED AFTER 7
ANGED iIN ﬂFffFA"ZNGNQRDEH 0F SAVINGSSARE SUPPLIED FROM IT

g unwuuw nnum .:w,u-v-gu,a

??6(:? 32 ﬁT RATHPURA EXCRED

THPURA DEPOT WILL BNTER THE mASIS .

e
ROVED

CSUPPLY PATTERM

INIYTAL  THROUGHPRUT AT RATNBURA I8 49040386 7
Caeoon T
RATHNPURA_ IS
IHeLus
SAVING BY.

FIXED COST NF RATNPURA 18
THTTIAL  VARIABLE_COST OF

EN’T”A’
‘ONTn

AVING BY
TO_METT

GROSS & 10H OF RATHPURA IN THE BAszs_:n;; N
TBUTION

INCLUSION. OF_ RATNRURA 15

éh?ﬁwf&fﬁﬁﬁiﬁ  W“.ml“

P07 PRESEMT THROUGHPUT " FRINED £08T_  VARIABLE COST _

w3 e

n656.94

OHAWA
ARA .

UTALE

DHIYA
TLALO .
HNGRLA .
RPuRA R

FNA

NPURA

L 946254,55
e . 318503.13
. 2387219.27
. 385059 .02
Ci016964.99
692667 .76
.1089388.74
&99!,,@3 v 8?3

T 43687713.62

650000

45200,00
_7000.00

L e850.00.
L6000, Oﬁﬂﬁ

T0350.00
3000,00__

4£41000,00
720,00

PROPAZLBY
95165679
14792703 0
329088736 . ...
tﬂﬂéﬁ?”ZOSkW

62491,20_

8 173 quEMum uALur o

CBESTINATIC

Clagarretes T

ﬁ51%56 06
209824.18

D 20SY 0F KOLGNAWA AMD B DEpOT/S 1S 475%00,00 i
LABLE COST OF KOLONAWA AND 8 DEPOT/S IS 2134690709

\L_T057 OF ALL_COLLECTIONS » _ 80134.38 _ L o
188D OVPRALimﬁﬁéT 268992467 .

N%EfﬁiffﬁsfifEAVEﬁGfﬁYJ,

42 |
St
=
-
(4]

INGLUSION OF _RATHPURA IN THE BAS

OVEMENT OVER €0ST GF PRESENT SYSTEM m  31545.80 o
REENTAGE. IMPAROVEMENT = _ 1.16 e
— e e e e o n S SR S, _ .

L I

SVED

DEPOT

QILL ENT

QU#DLV“DA%TéhH“_

R THE DASYS

eau9tta0 0 T
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APP.IIDIX  Misw

The following pages contain the information and cost
data received from the Iinance Division of the Ceylon Petroleum Coxporation.
luch of it has beoen zmecepted without any modification. I have described earlicz

the manner in which the other data has been adapted for ny requirencnts.



SUALYSIS  BY LOCATICN OF SVORAGE & FILLING AND GIIERAL

o s
bl T4

ADUINISTRATICH EXPRNSES

CAPITAL STCRAGE & FILLING

II},I:';"‘PSZ;T“ SIS lepre~ demune- haterials Yotal — Coat

o ciation ration Occupan- Opera=- per

¢y Chgse ting gullon
etc. Coot Ha,

KCLCNTAA 28,500 95.850 .904 1.062 «294 24260 - .02
DIPCTOs
IATARA »203 2.248 006 .040 «002 048 02
Gl".LLB . 111 2 . 9 60 . 004 L] 029 0001 . 034 IOl
PLURADLITIYA .193 S5.131 006 041 «002 049 W01
BATTICALOA 373 1.774 0l2  L025  .004 «041 .02
YURUNEGALA «373 2,876 .012 .032 «004 #1048 02
UZW PERADENIYA  L,116  1.276 .004 ,023 .001 2028 .02
JAFFITA . 218 2 981 uOOT 0035 002 [ 044 101
DATIAPURA 040 1.035 .00l .023 001 025 02
HAPUTALY 2126 2.065 2004 .033 .001 .038 .02
/TURADIATURA «124  1.879 .004 019  .OO1 024 .01
KGTAGATLA «339 3,997 .011  .039 »004 <054 01
¥ILLINCCHCHT 284  0.800 .008 L0OL6 .003 «027 +033

31,000 124.872. .983 1,417 «320 2,720 -

VALUY = In millions of Dupces wlens otherwise statoed,

( ﬁ!&fE’ITY-In millions of Cellons



~235m

LWALYSIS 3Y LCCATICI OF OTORAGD & FILLING [ID GIILRAL

ADMINISTRATICH EXPLIGLS

OULLITITY -~ In millions of Gallons.

ADMINTLUTRATICN
DOpree Remuno Total Cont
ciation raticn Cperating per
& other Cont 'gallon
Chine Ne
LCLOIQTAYNA «049 1,513 . 1e562 02
DEJPC{TS ] | |
1A TARA 002 035 037 .02
Lo .002 047 049 ,02
Pl JIYA «004 _— 081 «085 02
BATY C"".LO!_L _ «CCL +028 «029 02
EURIRIEGLTA 002 <045 '.047 .02
NE POIADITIYA «001 «020 «021L 02
TARFTA +002 047 049 .02
RATNAPURA +001 016 017 .02
HAPUTALD 002 033 035 02
| ATURADHAFURA. .002 «030 .032 .02
KOTAGALA «C03 . +063 +066 +02
KILLINCCHCHL. .001 015 017 <006
071 1.958 2.029. -
VALUL ; In nillions of Mupoes unless othervise atated.



Lls BRCSADOWH CF IRVLLIILAT
COosn

Rolomnavwn e Storage anka, buildings, otc.

Depoto I'ntora
Calle
Peradeniya Junetion
Batticulca
Yurimesaln
Toew Poeredeniya
Joffha |
Ha tnapura
Haputolo
dnuradhopura
lotoraln
Killinochchi

Bloemendhal (Barge)

Trinconilee

hetoil outlets (dncluding Kerosene outlots)

«203
+111
+193
373
« 373
»116
218
«040
«126
«124
»330

0284

41.200

Consumer Points (Storage Tanks und Pumps only) _5.000

irenspeort

TOWAL

In [41lion
Runees

284500

2500
24000

3.300

364300

T.CCO

894500




Yolonnawa =~

Depots
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T DRUAKDCUN o INVOOTIINT |
AND COHOUNLSE POINTS ACCORDING

LA

TN CUPLUT

TO WYes O

Dulldings
Punps

Storspe Gonko
Hoiots

Air Comprassors
Alr Scnles
Lubostora
idocellaneous

TNV LT

In I't1lion
Tupeco

194500
104400
847C0
14200
24300

+ 300

«£00
3.000

464200

SDIDTIARY OF TSUTNG OF BULK PRODUCTS I'OR TIM

Poydied la.l. 66 Y 30- 6- 66 A KCLONHAGA .".Ii_.g.

Soles
Tronafers

Total isoues

Hatara

Galle
Perodeniya
Batticeloa
Xurunegale
New Peradeniya
Jatfna
Ratnopura
Heputale
Laaradhapurd
Kotagala
¥illinochchi

614937
33.913

954850

2.248
2.960
56131
1.774
2,576
1.276
24981
1.035
2,065
1.879 -

3.997

124.072
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FINANCIAL  INISULTS
(Approximate)
Units: .Ra.t000! Izlf Yeor [nding 30.6.19606 SOTTARY CF TXIPINGES

REEEE Digtribut- : ; ;
uillz.;n =,e0sanssese]l GONei Dali- T.3. Trincé Total ’
_ Adn I-‘a,cili.---‘n_drm_ very | ° ‘
l.Remneration f tes ‘
Salorico 3 L
Sunervisory 209 1189 82 461 - 23 9 ¢ 973 |
Clerical 309 1145 - 11733 - 5 27 1219 |
o o8 : ' }
Labour 564 | = | 263 -~ 1 588 47 1132 1593 |
Cvertine 1082 (334 | 345 , 1194 568 15 167 3785 !
Clerical 132 ;| 21 11 87 - T 4 262
Labour 203 5 - 95 - 465 14 18 195
TOTAL 1417 1355 | 451 ] 1281 1053 o6 | 189 4842 |
o.aterials M&R ; 44 |- {870 | 154| 71551 082} 42 | 2247 !
3+Direct Haintenance i
4.Ifuel Concunption. - - - - 287 - - 287 |
S:Insurances & . . ;
Ticcnees 119 | - 22 10| 49 15 10 225
GeTravelling 25 1 70 30 471 115 - 3 290
Tentertaiment - - - 10 - - - 10
8ehdvertising & i
Publicity - {159 | - -l - - - 159
9. Welforo Ile:lica.l - - - 50 - - - 50 ;
10.2&3 Uniforms e - 62 - e - 62
: b) Lfnployee :
- Training - - - - — - - -
11,Profcssional Feeg - |- - 63 - - - 63
12.0ccupency Chzo. !
a. lient 105 - 6 8 - - - 119
bs Pates 69 | - | 164 12 - 5 - 250 |
ge lecetricity & ;
Can 40 -t 115 8 - - 12 175
de lire of urniture - - - 1 - - - 1
. ¢
. 5
13.0cnerel fdninistroati-
on :
2+ ielephone - - - 75 - - - 75
be Postage - - - 20 - - e 20 |
ce DIonlt Chorges - - - 116 - - - 116
ds Printing & {
- Stationery - - - 1360 - - - 160
6. Ilisc.lixpenses - - - 15 - - - 15 !
fo ive of TeBulis - — - _38 - - - 38 ;
g+ Board .xpensen - - - 26 - - - 26
he Dundry Jdvertisc- | |
nend - - - 20 - - - 20
i, Sundry storcge - - - 25 - - - o5 ¢
Lxpchses
144Tronsport (Iadl :

Preight) - - - - 14800 - - 4800

15.5ales xpenseso - P50 - - - - - 250

: 2119 B34 L1658 2203 {7059 1538 256 14325

Depreciation 943 N1 1736 - 700 143 167 3800

3102 HUh 13394 20l 159 344 423 1817
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TIITAGT  CAPACITINS
1S 1P LAD LID SE L  TOTAL
Matara 27,000 35,697 32,7C0 20,850 52,798 - 169,045
Galle 12,000 20,000 12,000 12,000 36,0C0 - (24000
Peradeniya 20,000 40,000 40,000 20,000 40,000 - 160,000
Datticolon 27,000 39,000 109,000 = 120,200 15,000 310,200
Yurimegala 22,541 45,082 125,494 - 116,849 - 309,966
Wew Peradeniya 24,000 24,000 11,800 15,900 12,000 £,900 96,600
Jofina 22,000 39,000 48,450 14,000 57,850 - 181,300
Ratnapura - - 22,000 11,000 - - 33,000
Haputale 11,600 23,200 31,200 19,900 18,450 - 1044350
snuradhapura 22,600 22,600 34,600 = 23,200 - 103,200
Yotasala 12,000 24,000 12,000 186,000 24,000 24,000 232,000
T'illinochchi 33,068 49,602 36,636 = 116,692 - 235,998
233,809 362,181 516,080 299,050 618,039 47,900 2077,659

Total =~
Depots (Mlldon g o3, (0,362 0,516 00300  0.618 0,048  2.078
sallons)

Xolonncwa M 40840 84355 64646 64763  1l.l46 8.321  46.071
5.074 8717  T«162 T.063 11,764 8,369 48.149

L3 = Premiunm Gasoline
LP = Repular Gasoline
IAD= High Speed Dicsel

LilD= Industrial Dicsel Cil

L3K« ¥Yeromeone
LF = Furnace (il
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PURICD Lele6O » 306466

Storage & Filling
General Administration
Distribution Administration
Diatribution racilities
irinconalece
Zunkering

Delivery

Zxponses o per Accounts

~ Sohedule 4

Provision for Depreecintion

In Iiillion Lupcces

Dullc Lubes ’ Totol
2.720 2302 34102
2,029 172 24201

.838 06T +505
3.341 «053 3394

o3
341
Te759
184125
144325
3.800
18.125
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CAPPTEDIX o

A TCTS O IDURISTIC PROGRAITTIG

The numerical study of managenent scicnecces hoan been
restly concerncd srith the creation end use off mathematical nodels cnd the
derivetion of optimum selutiong to problens as represented by these nodolse
Various computational recutines referrcd to as algerithns are used and their
opplication hes tended, cecording to Kcégzz to becomo technigque-cricnteds
iscey users tond to adapt their problems/models for use in the cristing
alporlthimo. coagey tho eleponce ond convenience éf Lineccr srogzenming
hos resulted in miny non~lineor relotionskips being ansroxdnated to
lincarity, or wide ronse non-linearitics being sudbject 4o picecirige
lincorisation.

Feuhn attributes the develépmcnt'of technicues cuch as
Simulation ond Heuristic Programming to thoe rapid advences in the technology
of the cemputer with 1to vast capoeity firafly for datu'atorago and scecondly
fcr ropetitive ealculetion, Tho umer enjoys much greater freedom of
cxpressicon since the conztroints of the nore inflexible technicues do not
erises The nodel can now bear a much closer relationship té reality and
the wupproach “oconmen prodlenm=orientcd. Thia advantapse has, hovwever, to dbe
weished egninat the posolbility thet solutions obiuined by heuristic
methods may not be optimale

HTeurigtic programning contoine an clenment of o trial ond
crror approoch 1o problen solving. Heuristics have beon defincd ag "aidso
1o discovéigl or rules of thunb scleoted with the intontion of solving
specific problems. The more technical definition of Hewcil, shaw ond
Simgg?%entions principlea or devices that contritute, on the avercge, to
recuction ol seorch in prodblem=golving cetivity. Heuristics con help in

solving problema but do not [warontece that the best zolution, or indeed

any golution, will Lo found.
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: (51)
. Sinmon and Newoll have suggested threo choractoristics

of the well-siructured {type of problen for which conventionnl prosremming
technigques are ﬁseful.

1) The problem can be described in eacily quantifiable varinbles,

2) The objective can be specifically deseribed in terms of naxinisation
of profit, minimisation of cost, etc.

3) The charncteristices of the problem ere well suited to the alporithms
available.

The 1ll-structured problenms for which heurigtic prosromming
techniques may prove appropriate have the follovwing eneral charactcristicss-

1) “herc are non=-numerical veriables, with thcir intcr—relationships.
2) The objcctive too may be non-mumerical and only an "acceptoble"
solution ig sousht.
3) “here is no opitimal algorithn that im appropriate to the problceme
(52)

Tonge nolkies gone interecting cotmnonts on the uso of
heuristic progrqmming and gurveys tho literature on this subject, vhile
Hinkle and KcuﬁisgaVG uritten o nore leisurely paper which deseribeg
heuristics and oome of thelr applicationse Acmoro detailed zecount of o
epecific use of heuristics is piven by Keuﬁiﬁgn commecticn with the
trovelling sclocron prodlemy J.cey to determine the bost route that e
salecmen hog 4o follow in making o predetermined nuuber of calls before
rcturninj 4o hig storting point. The criterion in seleeting the route moy
be nminirun travel time, minimum distance travelled, ninirun cost, moxinunm
tine spent with custoners, or some other desirable cnd. “he lincor .
prosrazaing approach has bheen sfudicd by Dantzigy Fulkersbn and Joh;gg;.

The heouristic approach adopted by Thomﬁson and H§§5gs
bosed upen the randen scelection of three cities and the insertion of tho
other callp, also selected ot randomy in between these three citics, and &
constont evaluation to determine whether the selection eritericn is being
cchicveds The proceiure iz ropcated indefindtely, cach tine sciarting with

o rondon set of thres citics and procceding until o louwest cost { or highest
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profit) solution is recched. The veriability of the solution obtzincd is
on irndication of the spread of costs {or profits) and provides a basic for

catimating the probable value of the optimal solution.

The meaning that hes deen given in the present study io
that o heuristie in o routine vhich is ditself well defined and inflexible,.
wiich can handle a large-sccle problen and produce, with o smell anount of
corputationy a reasonable solutions It conformz to.earlier &ei‘initions
regarding Lhe repetitive procedure which noy not pusrontee optimelity.

I'y 4cchmia 12 zlso conformgs to the sintement that a hou:':istid iz a rule of
thund -~ it hoag been developed enpirically té sult the requirencnts of the
depet location problem and containg proviaoion for all i4s 5.:11portant
congtraints. It is clso belicved that the super-irmesition of the
sensitivity en:lysis upon the heuristic routine brings the wliinate solution

very close te the optinum, if it does not cventunlly rcach it.
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APPINTDIX "GM

TS DOTAILED RESULTS

Representative cections of the results obtained fron

the computer cre annexed horeto.l They are ' ]

a) the summary of country-wride demand. The items are i) present
source, ii) deliveries ex depots, 1ii) colleotions ex depots, iv) deliverien
ex Kolommawa, V) collections ex Kolonnawa, vi) total deliveries, vii) total

colleotions, viii) fotal denand, for every coentre of demand, plus &

| cunulative total of voriable costs for all centres of demand.

b) the sumary of the cosis of the present systen of distribution

c) a listing of the depots (oxisting and proposed) plus their operating
costg, Bupply costs, and together with the operating cost of the centrel
sourco, tho total costa ex cach of these depots.

d) the cost of supplying all centrea of demand from the central
source onlya |

e) the print out of several iterations. The first two are nornal
iterationsy but the third is onc in which a depot in the basis drops out
ihen ©o many cenires are re-cllocated clsewhere that it becomes unprofitable.

f) the fourth iteration has dbeen adjusted to provide & complete
print out of how each centre of demand 15 allocatode

) the next 16 iterations complete the first run through of the main
DPTOSralls

h) the indica.jtoi IR has been motivated ( IR = 136 ), and the progren
loopa back. _

i) in the next 4 iterations, a depot which had becn rejeoted corlicr
comes into the basis agein and is again rojcoteds  (Ratnapura)

J) the indicator IR has boen activated again, but the sccond loop
does b.ot produce any alterations in tho bosis,.

k) the next section summarises the allocation of destinations to

{hg dcpots sclected for the basis.



Dl

1) o summary of the depots, their throughputs, and fixed and
variable costs, and indications of sthether existing depots have not been
retained in the final basis, or whother noew depots will be included.

n) o time checky this timo together with tho tinme noted at the
- gonmencement of thoe program gives the time taken by the program up to
thin atoge.

n) the sensitivity analysise

o) the first iteration in this mesment dezls with the suggestion
that a depot in the final basis bo excluded. The result at the end of
the iteration showa that the coat will be incremsed if this is allowed
$0 happena

p) the next cass i one where a depot that has been dropped iz forced
into the baslse The extra c¢oat of doing so is shom.

q) the lest part of the results is agnin a case of an included depot
being droppeds Tho cxomple chosen is that of Opananike, a new depote



- SUIDIARY OF ITURATIONS
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Present distribution cost = Roe 2,721,470.26 pexr nonth

Munber of
depota in
bagis

3

5+

iy
+
Y

L3
+
At R v (=S ¥ |

5+ 14
5+ 13

5 denotes the central sourcoe - Holomawa

Cont

39529,894+08
354665957427

394395311418

3,402,845+40
3,177,980.27
3,140,901.12
3,033,168.97
2,808,972445

2,692,581s41

2,688,101.78
2,657 5390403
2,629,823455
2,629,523.93
246254629421
2,623,311.82
246224642448
2,611,243.20
256174779425
2,612,266400
29609935791
2,608,564433

2,606435T«75

Inprovenent
over coat of

prescnt systen

| ~803,423.82

~145,48T+01
~T17,840.91
-681,375+14
4564510401
~419,520.86
~311,693.71
-87,502.18
| 23,838486
33,363448
644080423
91,646.T1
91,946+34

95,841.05

984158444
93,827478
110,226.98
103,691.01
109,204+ 26

112,112,35

112490593
114,612.51

Percentage
improvenent

~29,T1
=27«39
20438
~25.04
“16.77
~15.42
-11.45
=3.22
1.06
1.23
2.35
337
3.38
3.52
3.61
3.63
4405
3.01
4401
4412
4015
4421

Inprovement
ovexr laat
iteration

62,936.91
275646.09
364546578
224,365.13
364999415
107,812.15

224,196.52

- 116,391.04

45479463
30,711.75
279566.48

299.62
3,894472
29317439

669434

11,399.20
65535497

59513.25

2,908.08

793458
1,706.58

The negative improvenent from 4.05)5 to 3.81% 1o due

to a depot being dropped from thoe basis, and its demend centres being

reverted to Kolonnawas This sot-back is soon wiped out when the progran is

recycleds
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ALPTMDA-KOLONAWA- R 0— 2069 02069 2049 5835466
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ALNBONy—ANURPURA— 4138 7256 0. 9930 413R Q887 14028 RBE34LP
ALEWELA-KURNGALA—31253- 11530 0 ] 31252 11530 42783 591478
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ALOYA— KOLONAWA 0 0 0 0 0 0456818

ALPATHA-KOLONAWA 0 0 1411¢ﬁ_____n4__4414AWﬁ____nk*ﬂiﬁziA_ﬁszaﬁ4m¥
AMMDUWA-NEWPERAN ;13& Q 0 0 2734 0 2734 A58%17
AMPAHA—KOLONAWA 0 0 65182 045182 0__65182 441072,
AMPOLA- PERDNIYA—14001%1 0 0 01469011 0__ 149011 681235 _
ANDARA - KDLONAYWA- 0 0 0 O oo o O e 00 o . 0 681235
ANBEGODA-KOLONAUWA 0 0 0 0 0 0 0_681235..
ANEMULA--KOLONAWA 0 0 23546 8 23864 N - 236846 AB2106._
ELIOYA __KOLONAWA 0 90 0 0 0 Q 0. 6821068
INGTHNA-KOLONAWA S ¢ B 0. 21382 .. 2924 _ 21382 2974 24357 684939

IR!?ALEWKOLDNANA——»1062 0 03259 10623259 4321 485360
IRTULLA KOLONAWA 0 57595 ) 87595, : 0 57595 ARO721.,
ODAGAMAﬁKDLONAuA—-e_WHO 0. 18163 0 48163_ 0 18143 690853 .
ODKWELA RATNPURA... 5228 0 22073 037301 0 37301 696383 .
ODETIVA-MATARA )1 83 0 0 0. 15% 153 _ 696405 .
DNIGMWA-KOLONAWA 0 0 21842 0 21842 0 24842 697904
ONPNUWLA-KOLONAWA S | I | P Y] Y SE— n 6207 0 6207 498726
INAROLA KOLONAWA 0 0 L4828 .0 4828 0 LB828 698956
INAWELA-KOLONAWA 0 022762 0— 22762 022742 699838
JVENNA _ KOLONAWA—— 0 0 1329 258 . 1379 288 1638 499974

URTLAWA-KOLONAWA 0 0 0 0 0 0 0. 699934
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ABARANA - KURNGALA—R202 0 0 15108 R202...15105_._.23308 702895
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ALIELA KOLONAWA 0 0 0 - 344 0 344 344 717802

AMBTOTA MATARA ~ 2%219 0 137?"_1707f__—_23?8“'1?071““”11370"72319?*’
ANGRKTA PERDNIVA 35135 897 (25I) 6~ "0 35135 897 36032 728440

ANWELLA KOLONAWA 0 :“p 43799 T L3799 0 437997730088
APUTALE HAPUTALE 115423 1378 0 778 195423 2134 A17577 F53604
ARNKHWA KO ONAWA 0 0" 0 0 0 O . 0 753A0&T
ARSBDDA KOTAGALA 8871 0 e 4 8874 T T BEFL7S5AE5
ATRLYDA KOLONAWA OO T 0T 4293 IO 4298 4293 755728
ATTON KOTAGALA R3Z072 373 689 9HE27 TTa3F62 99000 182762 70724
ERENIYA PERDNIYA 15386 0 0 KL 15384 0 15386 7T2L?S .
EMTGAMA KOLONAWA 0 I I I 4 4 S I P A I R VA4S - A R
ENDALA KOLONAUA 0 0 26900 0 269500 o} 2900 P733RT .
ENEGAMA KOLONAWA 0 0 12990 o 14990 6 12990 7789V
ETIMULA KOLONAWA 0 0 11036 2664 11038 2684 TT3TO0 776903
ETIPOLA KOLONAWA 0 0 8047 15648 T B047 15648 23696 778189
EWAHETA PERDNIYA 8306 #4316 0 R B306  BITE T 18623 7ROPVE.
1KKDUWA KOLONAWA 0 0 25118 THTTT2SI8TTTTTTTY 25118 78340
INGULA KOLONAWA ) 4828 0 4828 0 LR2877RIOTL
INGRKGD KURNGALA 74102 0 0 T249%3 T 74702 12493 B6595 799A19T
INIDUMA KOLONANA 6 0 0 N 0 0 07799819
IRIPTYA KOLONAWA 0 0 0 0 0 0 T 799197
ITTETYA KOLONAWA 0 0 -0 0 e 0 07 799819
DMAGAMA KOLONAWA 0 0 148586 0 148586 0 1483586 804421
DRMBAWA KOLONAWA 0 0 0. 1914 0 1914 1914 806648
ORANA  KOLONAWA 0 0 138412 4693 138412 LEOSTTVL3VH5 314756
UNGAMA  KOLONAWA 2873 0 0 1939 2873 4939 L8713 845548
JNSGRYA PERDNIYA 22471 1139 ] 0 22474 7 4939 23644 BA9677 .
JNUPTYA KOLONAWYA 0 0 30234 0 30234 0 30234 819¥49
URIKDWA PERDNIYA 11725 0 0 0 4172s 6 T 11735 829448
URLWEWA KOLONAUWA 0 0 0 6181 0 4981 6181 829735
IBGMUWA KURNGALA 25854 258 0 17407 25854 17666 43574 824185

DLGSHNA HAPUTALE R968 0 0 0 §968 0 8948 876088
LLKWELA KURNGALA 4150 0 0 n G150 7T 4150 824745
MADUWA GALLE 22910 0 0 " p 22910 o 229740 B2989% 7
19L60DA_KOLONAWA 0 0 13105 0 43108 0 13105 8301027,
VDURUWA KOLONAUWA 0 0 15749 0 15749 0 15749 839461
¥GNYGLA KOLONAWA 0 0 0 1784 0 178% 1784 831486
VAIRIYA KOLONAWA 0 0 24716 2241 PLTVE 2244 26988 BRIZH5R .
ITAKNDA KOLONAUWA 0 0 0 0 0 0 0 833558,
TTAPANA KOLONAWA 0 0 5543 4966 584% T 4966 10590 B3IZARS.
\ELA KOLONAWA 0 0 152839 0 182839 6 152839 83870
AEFNA JAPENA 320162 3353 379 26754 331542 36107 351649 924064
ADAWATA KOLONAWA 0 0 225647 0 275667 0 225647 931323
ADIRANA KOLONAWA 0 0 2069 0 2069 0 2085 931434,
ANGNAWA PERDNIYA 8574 o 0 0 8574 0 8574 932399
ADUWELA KOLONAWA 0 0 35999 620 35999 620 38620 933422,
AHADUWA KOLONAWA 0 0 10806 1422 10806 1422 12228 9340972
iTGSDLY ANURPURA 13730 7054 TLER 47537 7479 24501 &Y7?7Y 9400230
\HAWATA RATNPURA 51242 0 54034 0 105276 008276 98543
\HAWELA KOLONAWA ) 34438 ) 3448 0 ZGLETINLLER
[KAWELA KOLONAWA 0 0 0 ) 0 0 0 95446F%
AKPLIYA KOLONAWA [} 0 0 9699 0 9699 699 9544007
\LGDHNA KOLONAUWA 0 0 3448 0 3448 0 TLLB 954776
\LAMANA RATNPURA 5241 0 8277 6388 13518 4338 19907 956787,
\LVNCHK BAYICALO 7830 820 0 0 7830 8200 8651 959068
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IRGMUWA KOLONAWA 0 0 0 3957 [ 395? Y057 978058,
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\NWZTDA IASEMA a297n n- n ANRL AE22nN - V. Y-V A FEEAS LAnRAQW
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ATANA  KOLONAWA 0 0 16784 26490 16784 2690 19476 907764
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AUDBLLA KOLONAWA .. - 0 - 0 0 o -0 0 T 0 »100781
AYTS JAFFNA 9139 328 0 18287 91390 18645 27754 »110077
EBTYGLWA KOLONAWA 0 0 o 3595 0 1505 T I595 w1 1007E
EGALLE KOLONAUWA 0 0 155311 4552 155311 4552 159843 w11150¢
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ESBEWA KOLONAWA 0 0 6437 0 6437 0 6437 «1172951
ILNOCHY KILINCHI 60824 0 0 0 40824 060824 «1TL3RA
IMBLPTY KOLONAWA 0 0 2299 2690 2799 2690 L9RY WITLLOL
INNIYAF KOLONAWA 0 0 0 8328 0 8378 8328 % 114415
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IRB7GDA KOLONAWA S0 0.. 17818 ~ .0 - 47B18 . D 17818 «11LLEY
IRIELLA KOLONAWA 0 0 L943 6026 4043 6076 10970 %«114514
IRINDA  MATARA 2069 0 0 0 2069 0 . 20RY *114546
RNDWELA KOLONAUA 0 0 23221 0 23224 0 23221 «114677
ITALAWA KOLONAWA 0 0 4828 0 4R238 0 48728 *»1147371.
ITLGALA KOLONAWA 0 0 7472 3621 7472 3629 19093 «w114874
OREJGNA KOLONAWA 1379 0 1379 879 27597 8Y9  36%8 114858
0CKkKADRE KOLONAWA 0 0 58284 4552 58284 L5852 62837 4115203
INTKMAM JAFFNA 5661 0 0 3026 565614 30274 BER3 115371
JGGALA  KOLOMAWA 0 0 0 0 0 0 0 »118370¢
DLNKLDY KOLONAUA 0 0 0 0 0 0 0 #7700
QLONNO  KOLONAWA 0 0 0 8645 0 8665 8645 «115343:
DLNNAWA KOLONMAUWA 0 0 162657 0 142657 0 T62E57 «11584&Y
IPAY JAFENA 17914 0 0 9518 17914 6848 27433 «11A13%
JSGAMA KOLONAWA 0 0 7472 O 7472 0 7472 %116172
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ISWY JN KOLONAWA - 0 0 L0237 0 4023 . 0 4073 #1143L21
JTHONYWA KOLONAWA 0 0 0 931 0 934 631 %1434
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JLYPTYA KOLONAMA 0 0 47938 21184 47938 21184 69122 w11R949%"
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JRANA KOLONAWA 0 0 9656 0 9656 0 9656 9119045,
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SBUKELE KOLONAWA . 0 ) 0 D 0 0 «927558
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IALWANA KOLONAWA 0 0 0 0 0 0 0 »128747
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IRSWTITA KOLONAWA 0 0 0 0

ONRGALE HAPUTALE 14411 0 0 26564 - 16411 26364 . 42975 x1467214
ONMLDNY KOLONAWA. 0 0(254) 0___ 3517 0 3517 17 wilh726¢
ORGHENA XKOLONAWA - - 0O 0 0 e 8 - D w4aT726¢
QRAGALA KOLONAWA 0 0 2759 ‘ 0 27589 0 2759 +144753:
ORATUWA KOLONAWA 0 0 . 166405 2715 146405 2745 169120 #1473431
ORAWAKA GALLE 4732 0. 0 0 6732 0 - 6732 wib?4L57
TLAVNIA KOLONAWA 0 0 137377 0 - 137377 0 137377 #1478L4s
UDNGODA KOLONAWA __ 0 0 13335 0 13335 0 13375 «147896"
ULATIVU KILINGCHY 23406 729 0 517 23606 1246 - 24853 *14R6544
ULWALAL KILINGHY 12006 0 0 0 12006 0 12006 #149022"
UNDEL GALLE 1062 0 13990 3382 . 44972 BIZH2 18315 #140240"
URUNKAN _ANURPURA 9601 0 0 19916 9404 19946 29518 #140526¢
URTLAWA KOLONAMWA 0 0 0 7759 0 7759 7759 %149534¢
UTTUR. . _KOLOMAWA 0 0 0 25038 0 25038 25038 w140572;
YLIDDY JAFFNA 6374 0 620 12858 69935 12855 19850 149823
AGODA  KOLONAWA 0 0 38051 0 18051 0 38081 «15n00BR5¢
AGLGODA KOLONAWA 0 0 - 0 2741 0 2741 2741 »1500838s¢
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ANATTAN_ KOLONAUWA 0 0 0 6544 0 6546 6544 »151334"
ANUOYA KOTAGALA 54299 0 0 0 56299 0 56299 *1572447%7
ARAMALA KOELONAWA 0 0 33338 8613 33338 BA13 41951 #1577664
ATNDIYA KOLONAWA ~ D 0. 40810 120708 L0810 120708 161519 «153281¢
AIlLA  PERDNIYA 16517 0 0 0 16517 0 16517 *153557!¢
AUTBUWA KOLONAWA -0 0 6322 0. 6322 0 6322 »15%6187
AWALA _ KOLONAWA 0 0 0 0 0 0 0 «15%6187
AWLPTYA PERDNIYA 4131253 0 0 0131253 0 131253 *155438¢
ERODA_ KOLONAWA 0 0 19083 155 19083 155 190238 »155593¢
EDNKENY KOLONAUWA 0 0 -0 4009 - - @ 4009 4009 #1585590¢
EGOMBO KOLONAWA 4770 0 252452 4138 284223 4178 258342 %154902¢
ELLIADy JAFFNA - 5R925 g1 0 0 . 58925% - 51 58976 ~158626"
ELNDNYA KOLONAWA 18623 0 7587 2146 26210 2146 28357 #158846¢
ELUWA KO ONAWA 512 0. 0 0 512 0 512 »15R858s
IKWRTYA KURNGALA_ 44230 0 0 17490 44230 17400 61720 +150466¢
ILDHNNA NEWRERAD 0 569 0 0 - 0 569 . 849 #150471%1
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IRVELL KOLONAMWA 0 0_. 0 0 0 -0 0 _*1596571
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UGEGODA KOLONAWA 0 0 205778 0 205778 0 205778 w1647981
UMELIYA KOTAGALA 164965 0 4828 8121 . 149793 8421 177915 #168285¢F
HIVA ____HAPUTALE 640 153? 0 0 640 1537 2178 x1653331
LUVIL, KOLONAWA 0 0 0 2198 0 2108 2108 w1653347
MANTHAD KOLONAWA 0 0 0 387 0 387 3R7 %1653367
PANALKP RATNPURA. 5810 0 0 5949 5810 6949 11759 #1634730
ADAVIYA ANURPHRA 8294 10580 0 905 8294 11485 19780 *165775¢
ADIRUPI _KOLONAWA -~ 0 0 0 3121 0 %121 3121 %1657792
&QNPELAQPERDNIXA___9§35?_2509 0 0 9635 2509 12144 »165952¢%
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ALAMUNA XKQUONAWA_ 0 0 0 0 0 0 0 #w1643751
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ANADURA KOLONAWA 0 0 159220 159220 1422 160642 +467954!
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ANDABEMWJAEFHA“_MW513QJ,MM12§ 0 51391 14328 ° 65720 *170594°
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ANWILA NEWPERAD._ 1253 1230 _ 0 1283 1230 2483 ~170936¢
ANWLTNE KOLONAWA 0 00 0 0 0 *#170936¢
ARAKOWA KOLONAWA - 0 0 5633 5633 54331 11044 »170992
ARANTAN KILINCHI 20355 0 1034 21389 4311 25700 »171545/
ASSARA HAPUTALE 42512 0 0 42512 . . 5417 43029 w172614¢
ASYALA KOLONAUWA 6 0 8277 8277 0 B277 #172665
ATANA _KOLONAWA_. _ ~ -0 0 0 I 0 %472665
ELAWATA KOLONAWA 0 0 14725 41725 2276 402  w1727924
ELYGODA _KOLONAWA 0 0_ 498645 498645 689 499335 173847
ELMDULA RATNPURA 20408 0 36031 74439 0 TLLT9 174871,
ERDNIYA PERDNIYA_ 71160 4280 0 71160 4280 75440 =175601:
ESALAI KOLONAWA 0 0__ 0 0 3509 5509 »175608t¢
ILM7TLWA PERDNIYA 26575 0 0 2637% - 26575 wA75R97¢
ILYNDLA KOLOMAWA. 0 0 91175 91178 0 91175 «176235
ITRDARA_GALLE . 8212 0 0 ge12 8242 1743691
ITIGALA _KOLONAMWA _ 0. 0 6897 6897 4293 B190 »176445;
ITIPANE KOLONAWA . O 0 11036 11036 N 11036 »174506¢
OPDALA _KOLONAWA - . 0 O 0 0 0 0 *174506"
T PEDRA JAFENA 64554 . 0 0 64554 0 64554 w17A472:
LGHWELA KOLONAWA wp__ 0. 49088 49038 465 49553 #178905;
LGSOWTA BATICALO_ - Q___ -0 0 0 0 0 *178905;
QLGOLLA PERDNIVA_ 21115 0 0 21115 0 21115 *179160¢
OLNRUWA KURNGALA 91876 _0 20890 93957 13552 107541 ~181318:
ONAKERY KOLONAWA_ 0. 0 0 ) 0 0 0 %*184313:
OONGALA HAPUTALE_ 10632 0 0 0 10632 0 10632 %181567;
VRSKLAM_ KOLONAWA 0_ 0 o0 0 0 0 #184567;
OTTUVIL BATICALO _ 2327 1607 0 2327 15213 17540 «184709¢
UGODA __ _KOLONAWA 0. 0 9311 9311 0 9311 #181752¢
UJPTIYA PERDNIYA 17323 0 0. 17323 0 17323 «181947¢
ULMODAY CHINARAY _ 5514 0 0 5514 3750 92446 182069
ILOLY . JAFFNA . 16651 0 0 16651 0 16651 #182561¢
INDLOYA KOTAGALA 30083 7609 0 30083 9937 40020 «183264;
UNGDTVU_JAFENA 2164 0_ 0.. 2164 18468 20632 +183354)
UNHALAY. JAFENA 7055 0 Q 7055 0 7083 «183551¢
UNLKDWN JAPFNA 35388 512 ¢ 35388 542 33901 »184549;
UPYRESA PERDNIYA 0656 _ 0 0 9656 0 9656 w184681¢
USELAWA PERDMIYA 30167 1708 0 30167 4708 31876 w185122¢
USSELLA KOLONAA 0 0 21842 21842 0 21842 «185319¢
UTTALAM KOLONAWA 507 0 111591 " 112018 - 4593 - 118614 »18718%:"
UTKDRPI KOLONAWA 0 0 0 0_- 2922 2922 «1871R7S
UTYUR  JAFENA 2124 0 9149 T274 0 - 3274 187336
UWKPTYA KOLONAWA __ 0 0 724 1724 0 1724 «187346)
AGALA  KOTAGALA 17690 0. 0 750 17690 - 7501 25191 _#187755"
AGAMA_ _ KOLONAWA. 0 0 37821 51 37821 51 37873 _«1878621
AJAGAMA KOLONAWA 0 0 .0 0 0 0 0 #187862:
AJKDLWA KOLONAWA_ 0 0 19584 0 1954 0 19864 %187884¢
AKWANA RATNPURA 17669 0 136890 0 31350 0 31350 +18R347"
AMBODA NEWPERAND 24198 1253 0 0 26198 4253 27451 «18RR20¢
AMBDGLA KOLONAMA 0 0 0 _0 0 0 0 ~18RR20¢
AMBKANA KOLONAWA 0 0 43455 0 43455 0 43455 «1892951
UBRKPTYA KOLONAWA . 0. 0 . 0 [ B 0 189295+
ANALA _ KOLONAUA 0 0 35867 315867 3362 39230 »189419¢
ANGALLA NEWPERAD_ 13785 0 0 13785 1438 14973 #189435¢
ANNA___ KOLONAWA _ 0 0 0 .0 0 0 »180435¢°
ATGAMA_ KOLONAWA. 0. 0 4828 2431 4828 2431 7239 +180702s
ATMLANA MATARA_ . &4348_ 256 387991 103394339 359 394699 %1940591
ATMALE . _KOLONAWA o 0 0 o 0D %1940591
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IIDYGAMA KURNGALA 14577 0 (256) 0 0 1657? 0 1657? wi93325,
'INYAGMA: KOLONAWA - - 0. . 0. 0 S D | KR « 0 »193325,
LIKLGSKP_PERDNIYA 22864 0 0 0__ 22864 0 ?2844 *193650°
\0ZELLE. _KOLONAMA. 2734 .. 0 0 0 2734 0 27%L «1936489
IUANWELA_KDLONAWA 0 0 31615 1963 31614 1965 33579 41939438
'INTHMRY. KOLONAWA N IR | F 0 15959 . - 0 15959 18959 +193971
JAMNTHRA BAYICALO0 1753 2207 0__113814 1753 43588 45341 #19409 0
JANDLNKL KOLONAWA 0 065297 - -0 - 45297 0 65297 «194562
IAPGHWTA KOLONAWA 0 0 4598 0 4398 0 4598 #194595,
EEDUWA  KOLONAWA 0 -0 30340 103 30340 . 103 30444 194713
\EEPKLAM KOLONAWA 0 0 0 0 0 0 N *194713
JILVIURA ANURPURA __ 5312 0 0 0 - 5312 0 §312 «19L8%5%
I ITNKENYT JAFFNA 10741 0 0 0 10744 0 10741 «198151¢
'ARBOWA _ KOLONAWA 0 0 0 0 n_.___ 0 0 w198151¢
'ALMANAR KOLONAWA 0 0 0 0 0 0 0 «195154¢
"ALALLA  KOLONAWA: 0 0 0 0 o 0 0 +195154¢
"ALNGAMA KOLONAWA 0 0 0 0 0 0 #»195154¢
'ALTUOYA PERDNIYA 22072 - 0 0 258 720?2' 258 22331 #198431:
‘ALWKELE KOTAGALA 129220 86458 0__22129 129220 30788 140009 «197778:
'ALWTGDA XKO1QHAWA - 0 0___18278 0 18278 0 18278 %x197839/
'ALGSWLA _KOLONAWA n 0 13437 646 13437 646 - 14084 #198038!
'ALPE. . KOLONAWA 0 0 0 6 0~ 0 0 «19R038"
'AMATGMA_ANURPURA 10704 0 Q 0 10704 0 10704 »1GR228¢
'MPLKMAM_KQLONAMA L0 0 013941 0 13941 13941 «19R24L7!
'ANMMILA MATARA 8277 0 0 0 8277 0 8277 «19RL75,
ANGALLA MATARA 19087 0 459 41589 19547 41589 41137 +19887%
AWALAMA_KOLONAWA 0 0 0 0 0O 0 0 «198873;
WLNTENE KOLONAWA 0 0 0 0 0 0 0 _«198873,
ERUWANA_KOLONAWA 0 0 9311 1040 9311 1060 10372 w19R947:
ELDNIYA _PERDNIYA_ 22480 928 0 25038 22480 25966 48447 %199287¢
'ELJWILA MATARA 0 281 ] 0 0 281 281 «199287
'ELIPALY JARENA 20679 0 0 0 20679 0. 20679 «19598A2¢
'ENEKBRA PERDNIYA 258978 0 0 N 25978 0 25978 200154
'ALAGAHA KOLONAWA - 0 0 0 0. 0 0 0 %200154!
IHAGODA KOLONAWA 3151 711 0 0 31514 711 3862 «200228!
NOMANAD JAFENA 20068 0 0. 0. 20068 0 20068 »200815¢
UNNUKAY KOLONAUA 0 n__ 0 0 0 0 0 «200815.
RKTSWRN ANURPURA 2846 0 0 4914 2846 914 7740 «200902¢
RYNKTYA KOLONAWA 0 0__ 41845 0__ 41845 0 41845 »20%1384%
ISMRAMA_MATARA . 11307 . 0 129 76564 1143k 76554  BT901 «42047774
RNCMALE _CHINABAY 130956 0 8R97 116299 439853 116299 256153 «203531%¢
UMODARA. KOLONAUWA 0 0 0 0 - 0 0 0 %203539°
DHNTENE KOLONAWA 0 0 0 0 0 0 0 %w203531¢
DAKRWYA. RATNPURA _ 5126 0 0 0 5126 0 5126 %2035944
DPSLAWA KOTAGALA 30793 0 0 1?157 390793 12157 51950 204598
DAWALWE KOLONAWA 0 0 0 2327 0 2327 2327 #204602¢
DISPATU _PERPNIYA  BR121 1914 0 0 8121 1994 10035 204734+
DARDAWA KOLONAWA 0 738 62423 0 62423 738 43162 «20538%!
DYUGAMA  GALLE 15321 786 0 0 15321 786 16108 %203604f
DGMPOLA KOLONAWA - - 0 -~ 0 23459 0 23451 T 0 23451 #205743
HANA  KOLONAWA 1419 0. 0 i 1419 0 1419 #2088094
KUWELA ~ NEWPERAD 2050 0 0 0 2050 0 2050 «205R3N
LAPANE NEWRERAD 8133 0 0 0 8133 0 8133 w2089521
NBUGODA KOLONAWA 0 0 574 9234 . 874 9234 9808 «w205971¢
PCOT _ KOTAGALA 57579 0 0 . 3103  §7571 T103 40675 #207049¢
RALA_ GALLE 8270 - O w0 0. 8270 L0 B270 »207150¢
RAPOLA _KOLONAWA_ 0 010921 010921 0 10921 »2072186"
RUBOKKA MATARA 8451 0 0 0 8451 0 8451 #207383:
RUGALA__PERDNIYA 0. 387 0 0 0 387 . 387 207387
RGSMNED KOLONAWA 0 0. 11725 0 51728 0 11725 %207503
RUMPRAY JAFENA 4138 0 0_ 20539 4138 29539 33677 #207664;
YLNKLAM ANURPURA_ . 8519 1192 491 25219 9010 26411 35422 #207956"
ADUXODA_KOLONAWA 0. 0. 0.0 0 t 0 #207956*
ALCHENA BATICALA. 22699 109 1008 2R219 23708 28329 52037 %20A44591



JTAVNKLAM KOLoNAwA o 03T} 0 0 0 0 #200886
IAVUNIYA ANURPURA _ 45269 646 775 864073 46045 84720 132765 %210999
JELANAI JARFNA %740 aao o 0 46196 3710 46687 50397 «211184°
JEYNGODA KOLONAWA ' 0 110706 0 110706 0 110708 «211804,
JADAKADA KURNGALA_ 5106 00 6466 5106 kkké 1151@_1211§15
JADDUWA ~KOLONAWA 0. 0 49777 129 49777 129 = 49907 »212128
IAGA ___ KOLONAWA 0 0 1149 77 1168 77 1227 #212134
JAHARAKA _KOLONAWA 0 0 1264 5716 1264 8746 6980 «21215%
IATKKAL _ KOLONAWA _ 0 0 18508 0 18508 0 18308 «212265
IALSGALA _MATARA 15065 0 = 0 0. 15065 0. 15065 #212513
IALSMULA MATARA 24832 0 3448 0___ 28281 0 28281 «213066.
IALAWE MATARA 972 - 0 0 0 972 0 972 w213091:
JANDRBMA KOLOMAWA 0 0 0 0 0 0 0 +213091
IARKGODA_KOLONAWA 0 0 5288 0 5288 0 5288 «21%135¢
JARKPOLA KOLONAWA__ _  0__ O 37592 ~ 0__ %7592 0 37502 +213407.
JARALLA _GALLE 3691 922 0 n 71691 922 4613 «213481
IARYPOLA KURNGALA 16773 0 0 42135 _ 16773 42135 58909 213723
IASKDUWA _KOLONAWA 0_ 0 0 4474 6 4474 4474 213730
JATAGODA KOLONAWA o 0 1600 0 1600 0 1600 w213759
IATAWALA_KOLONAWA - 721 .0 0. 3052 721 3052 3773 £213773%
IATTALA  KOLONAWA 0 0 __6%228 0 &3228 D 632728 #213906
IATTGAMA PERDNIVA 23841 0 1615 =~ 1612 25454 1612 27068 w214232)
JATUGDRA KOLONAMA - 0 05518 0 5518 0 5518 214295
JATUMULA. KOLONAWA 0___ 549 .0 §53 0 4812 1112 «214297:
JATRGAMA_KOLONAWA 0 0~ 11725 0 11725 0 11725 214348
IERAGODA BATICALO O 731 0. 8277 0 9008 — 9008 »214377¢
JERAKTYA MATARA 15285 0 0 015285 0 152R5 w214664°
IELIGAMA GALLE _ _ R4040 0 L0 0 RAL040 0 84040 »215754¢
IELIKADA KOLONAWA _ 0 0___86220 0 85220 0 86220 +215936,
IELIKNDA KOLONAWA 0 0 . 0 0. b 0 0_%2159%6,
JELIMADA HAPUTALE 83389 0 17244 10061 100634 10061 110695 «218306!
IELIPENE KOLONAMA__ O .0 Q0 . __. 06 0. 0 0 %21R306!
IECIWRYA KOLONAWA_ O 0O 3577 0 35177 0 35177 #218443:
IELLMPTY KOLONAWA 0__ .0 117792 .0 117792 0 117792 *218650:
IELAWAYA HAPUTALE 11268 0 0 2379 11268 2379 13647 «21R89 30,
IENAPUWA KOLONAWA 0 0 34488 1370 34488 1370 35859 #219475!
IERAHERA KOLONAWA 0 0 5357 0 5357 0 5387 «210194"
IERLGAMA_PERDNIYA 28927 201 0. - 0 28927 201 29128 «219520;
IEWLDNYA KOLONAWA 0 0 L8973 517 LBO73 547 49400 219866,
ITRAWILA KOLONAWA 0 0 0__ 4138 0 4133 4138 w219872
'AKKALA __ KOLONANA 0. 0 5403 0 5403 0 5403 4210896
'AKKLMLA _KOLONAWA 0_ 0 0 0 0 0 0 «210896"
'ATAWATA KOLONAUA o0 0 0 0 0 0 #210896:
'ATIVANA MATARA 18045 _ 512 _ 0__ 3595 18045 4108 ~ 22983 2201761
'ATNTOTA KOLONAWA 0 0 33798 __ 310__ 33798 310 _ 34108 +220462¢
'ODKNDYA_KOLONAWA 0 0_ 0 0 0 0 0 #220462
_ TOTAL PELIVERIAES. = 21182764%9.96 L
_TOTAL_COLLECTIONS = 3325496,07 )
_TOTAL_DEMAND THROUGHOUT THE COUNTRY 18 24508246.03

" FIXED £OSY _OF EXISTING NETWORK = 516850.00 o

PELIVERY COST OF EXISTING NETWORK = 2124485 B8R ~ i




T OF COLLECTIONS FROM DEPOTS =  36607.19 ' (258)
T_OF_COLLECTIONS FROM CENTRAL SQURCE = - 43827.19

AlL_£OSY OF ALL COLLECTIONS = 80134, 38

TARLE COST OF EXISTING NETWORK = 2204620.24

AL _COSYT OF EXISTING NETWORK = 2721470.26

_PROGRAM WILL ARRANGE SUPPLY FROM THE CENTRAL SOURCE = KOLONAWA

OMg_OF THE 8S_LIKELY DEPOT LOCATIONS TO REPUCE TOTAL DISTRIBUTION

_0f THESE, THE EIRST 13 DEPOYS COMPRISE THr EXISTING DISTRIBUTIVE

RK

__BS_LIKELY DEPOT LNCATIONS ARE:-

0T ___OPERATING €0ST  SUPPLY €OST SOURCE rOST TOTAL €COST EX NEPOY
. S - RUPEES PER ‘IMPERIAL GALLAN - o B :

A - . 0.0186 0,098% 0.n141 0.1310
ALa_ 0.0107 00,1300 n.n141 0.1548
Alg 0.N1&4 0.1690 0.0141 0.1995
1YA N.008% 0.0793 N.0141 0.1017
ALB. S 0.0143 0.2078 0:0141 - 0.2382
ALA 0.01258 0.0643 0.01414 0.087%
URA 0.0104 0,4242 0.0141% 0.1480Q
A n.0124 0.2341 0.0141 0.2606
URA 0.023%1 0.0652 0.0141 0.1024
0.0101 0.0738 0.0141 0.0980
CHE 0.0237 . 0.1965 B 0.0141 0.2343
RAB 0.0133 0.0801 0.0141 0.1130
BAY 0.0200 0.0499 0.0141 0.0840
UWA_ 0.0080 _ 0.01%5 0.0141 0.0416
URA_ __0.0080 0.0234 0.0141 0.0455
WA 0.0080 0.0269 0.0141 0.0490
ARA: 0.0080 0,0324 0.0%41 0.0545
AMA 0.0080 0.0427 0.0141 0.0648
oba 0.0080 N,0570 0.0141 0.0791
UWA__- _0.0080 0.0630 0.0141 0.0851
UWAZL - 0.0080 - 0.0797 8 0.0%41 0.1018
AMa 0.0080 0.0908 0.0141 0.112¢
A 0.0080 0.0196 0.0144 0.0417
BO__ 0.0080 0.0286 0.0141 0.0507
LA ~ 0.0080 - 0,0377 : 0.0141 0.0%59a
PE____ _0.0080  0D,0479 0.0141 0.0700
W ..0,0080 0.05%9 . 0.0%41 0.0760
OYa_ 0.0080__ 0.0648 0.0141 0.0869
LAM 0.0080 0.0836 0.0141 0.1057
A 0.0080 0.0163 0.0141 0.0384
HA ~ 0.0080 0.0227 0.0141 0.0448
obaA N.0080 0.0278 0.0141 0.0499
AMA . . D_0ONRO_ N.0352 . 0.0141 0.0573%
A 0.N0830 . 0.,0443 _0.0141 0.0664
WwLa 0.0080 0.0491 _ __0.0141 0.0712



HYA 0.0080 0.14391  ° 0.0141 ) 0.1612 7’
1Ya 0.0080 .. 0.%5827 - o0.0%at 0 "0.174R
LAM 0.0080 _ 0.1787 0.0141 0.2008

AS% n.0080 0.2054 n.0144 0.2275%

1 0.0080 0.2119 0.0%41 0.2340

HRY 0.0080 . 0.2251 0.0141 0.2472

KAM___ 0.0080_  _ 0.2395 0.0141 0.2614

0.0080 0.2440 . 0.0141 _ 0.2661

AWA_ n.0080 _  0,4167 0.0141 0.13638

ANA____ _0.0080_ 09270 0.0141 . .0.1491

A : n.0080_ . 0.13638 20141 0.1589

LAZ : 0. 0080 0,158%6. o 0.0141 Lo w01 17RF

0
T

MLy 0.0080_ T0.1768 n.0141 0.1980
_ -5

X6n - 0.0080 00,1465 L0141 _..0.14846

UWA _ 0.0080 _ _0,1563__ _ 0.0%41 0.1784

ND A 0.0080 01?12 0,014 . 0.1933

HNY __ 0.0080 _  0,1904  0.0141% 0.2125

R 0.00AR0 N,2005 , 0.0141 0.2226

_RBR___ 0.0080 0.1638 0.0141 0.1859

KAN n.0080 0,972 0.0141 0.19331 .

R i 0.0080_ 0,844 _  0.0141 0.2068
NAR n.0080 0.1985 - - 0141 .. 0.2204

0.00R0 0.0841 - 0141 0.1062

TTA ..0.0080 0.0879_ . 0141 0.1100

B~ 0.0080 _0.1038 L0 o 0.1259

ANA . 0.0080_... . 0,0554 ). 0141 0.0775

0
0
0 )¢
AMA n.0080 __ 0.0929 : 0.0141 0.3150
- 0
0
0

AWA . 0.0080 0.0710. 0.0141 ' 0.0939

1A 0.0080 0.0885 0. 0141 0.1104

TYA 0.0080 N.0985_ 0.0141 0.1204

Ata__ 0,0080  0.1150 0.0141 0.1371

N 00080 _0.1260 _0.0140 0.1481

Ele.__ 0.0080_ __  0.1355_  _ 0.0141 0.1576
ODA_ . 0.0080  0.%1406__ ~  0.0141 0.1627

OYA 0.0080 _0.1488 0.0141 0.1709

ELA __0.0080 0.1570 - 0.0141 0.1791

WLA 0.0030 0.1724 n.0%41 - 0.1%945

0.0080  0.4757 . 0.0141 ... 0.1978

ELA______0.0080 . 0,1803 __  0.0141 0.2024

LA 0.0080 0.1879 . 0.0141 0.2100

PYA 0..0080 0.0163 0.0141 0.038¢4

AMA 0.0080 0,0247 0.0141 0.0438

KA 0.0080 ... 0.0259 0.0141 0.0480

ELA. 0.0080_ . 0,03%9  0.0141 0.0620

GDA_ _ 0.0080____ __0.0552 ___ 0.0141 0.077%

1TA 0. 0080 __0.0621 0.0141 0.0842

ATA 0..0080 .0.0810 0.0141 0.1031

IKE 0.0080 0,.0848 . 0.0141 0.106%

TIAL DISTRIBUTION PATTERN = ALL DESTINATIONS SUPPLIED

THE_CENTRAL_SOURCE (KOLONAWA)

ED £0STY OF KOLONAWA IS 411000.00

TARLE_COST OF SUPPLYING ALL DESTINATIONS FROM KOLONAWA IS 3038759.70

AL_COST OF ALL_COLLECTIONS = 80134.38

TIaL _OVERALL £0SY = 3529894.08
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EREENTAGE ' IMPROVEMENT = =20 71 : e
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ARA  DEPOT WILL ENTER THE BASIS

ROVED SUPPLY PAYTERN

INTTEAL THROUGHPUT AY MATARA I8 1107024_51

I1XEp COST OF MATARA I8  7200.00
lﬂlllALm_MARIARLEWCOST OF MATARA 1s 249617.47

INITIAL GRNSS SAVING BY INCLUS!ON OF MATARA IN THE BASIS I3 701%6. 84
ONTRIBUTION TN NETT SAVING BY  INCLUSION OF MATARA- 13 62936.81

0TS IN BASIS

POT PRESFNT THROUGHPUT FIXED €COST VARIABLE COS?

ONAWA 20075745,45 411000.00 2719005.42
ARA 1107024.54 7200.00 24961747
ED COST OF KOLONAWA AND 1 DEPOT/S IS -~ 418200,00 )

1ABLE COST OF KOLONAWA AND 4 DEPOT/S 1§ 2968622 .89

AL €OST OF ALt COLLECTIONS = 80134, 38

UCED OVERALL CosT.m .3466957,.27

INITIAL NFTT SAVING BY _ INGLUSION OF MATARA __ IN THE BASIS IS 4703481

ROVEMENT OVER GnST OF PRESENT SYSTEM =  «745487.01

EREENYAGE IMPROVEMENT = =27.39

[ P A et R L F S L T L ]

AGALA DEPOT WILL ENTER THE BASIS

ROVED SUPPLY PATTERN

INITIAL THROUGHPUT AT KOTAGALA IS 1187688.32

IXED COST NF _KOTAGALA 1S  13000,00 " _
INLTIAL  VARTABLE COST OF " KOTAGALA IS 319932 .61

!NCLUS!GN 0F_ KOTAGALA IN THE BASIS 1S 40646, 00

s o omas A TR A - s o A PN

IN;_TIAL____GRG‘;S
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07s IN RASIS

P07 ~ BRESENT THROUGHPUT _ FIXED €OST VARIABLE £O5T

ONAWA __  19048827,09 - 414000, Qﬁu;;;u?‘5§33?;3°ww,, =

ARA T T e44254.5% 7200, 00 151656.79 -
AGALA  1487688.32  13000.00 = 1319932.641

ED €0ST OF KOLONAWA AND _ 2 DEPOT/S IS L3100 60

IARLE COST OF KNDLONAWA AND 2 DEPOT/S IS  2927976.80

AL e0ST OF ALL CCOLLECTIONS =  80134,38

UCED OVERALL COST =  3439311,18

INYTIAL NETT SAVING BY _ INCLUSION OF KOTAGALA IN THE BASIS 1S

2764409

ROVEMENT OVER CoST_OF PRESENT SYSTEM 3 -717840.91

ERCENTAGE IMPROVEMENT = =26.38 - B

GA(A DEPOT. UILL_pggg“ogImoF_fﬁgtg:gigy ALL DEST!NAT[ONS AQSIGNED ]
"WYLL REVERT TP KOLOWAWA FOR RE=ALLOCATION -

UTALE DEPOT WILL ENTER THE BASIS

ROVED_SUPPLY PATTERN e )
INTTIAL THROUGHPUT AT HARUTALE Is 986638 60

IXED COST NE MAPUTALE IS  6500,00 - )
JINTTIAL_ VARIASLE COST OF HAPUTALE IS 301377_.%6 B

JHITIAL . QGROSS _SAVING BY INCLUSION OF HAPUTALE IN THE BAS1S IS

3097.0.06

ONYRIBUTION TO NETT SAVING By  INCLUSION OF HAPUTALE IS 33240 06 _
0T 1N BASIS o -
pOT PRESENT THROUGHPUT FIXED cOST VARIABLE COST

ONAWA -~ 19249876.81  _  411000.00 264497687, _
ARA 946254,55 7200.00  151636.79

UTALE  _  986638,60  46300.00 '301377.36 . _
‘AGALA DEPNT HAS DROPPED OUT_nF YHF BASIS s
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e TOTAL cos? of ALL COLLECTIONS = 3@134.33
REDUCED OVERALL_COST = 3402845,40 T
INETIAL METT SAVING BY  INCLUSION OF HAPUTALE IN THF BAS!S 1§ 36465 _78
. __IMPROVEMENT OVER COST OF PRESENT SYSTEM =  -681375.14 ”“
PERGENTAGE IMPRNVEMENY = =25.04
- DN G 7 s oo G G e i M S W T ey e e ST M T et gy MU R g T B WM WS g R e o g O gy e S G :
PERDNIYA DEPOT WrLl ENTER THE BASIS
IMPROVED SUPPLY PATTERN -
DESTINATION THROUGHPUT SOURGCE €OST PER GALLON TRANSPORT COST
_ADALCHNA _ 0.00  HAPUTALE = 0.4444 0,007
“M___AGALNAIA#____”31&EEAJZ_uKOLQNAMA 0.0933 293887 - .
: . oo ... . SAVE 2890 44 By SUPPLYING AGRAPTNA FROM PERDNIVA™
AGRAPTNA 3aaqsk15 PERDNIVA 0.1105 3854. 81
AHANGAMA 28R25.70 MATARA 0.1644 4764010
_WWﬁWAHQHQALA_WMW_szgQa 45  KOLONAWA 0.0986 385. 31
AKARPATU 11719 _60_ HAPUTALE - 0.4404 51460.80
. __AKMIMANA 2050 _66_ KOLONAHA 0.1582 324 .50 :
. . o N = i T SAVE.. . 450.65 npY SUPPLYING AKURANA FROM PERDNTYA
__AKURANA 14203, 48 PERDNIVA 0.1228 1744 47
AKURESSA  P6244 &0 MATARA 0.1539 14732.52 o -
_ | _ SAVE 20L7.75 BY SUPPLYING ALAVEDDY FROM PERDNIYA
__ALAVEDDY  _47933_81 PERDNIYA 0.6172 11068.82 . | . o
SAVE 1a73.77 BY SUPPLYING ALAWTGDA FROM PERDNIVA
o L ALAMTGDA .33656.%8 PERDNIVA_ 0.9263 4252.18 - S - i R LT T 2
ALAUWA 26325.91 _ KOLONAWA 0.0792 2085.564
o ALUTGAMA _ __ 76103_72 _KOLONAWA 0.0810 6162.88 | - ) B o
e : : . SAVE 44,20 BY SUPPLYING ALUTNWRA FROM PERDNIVi
 ALUTNWRA 201.498_ PERDNIYA ~  0.1932 38,87 .
AMBLGODA __ 87082.44__ KOLONAWA 0.1074 $350.91 - L
i AMBLYOTA L 19843 16 -MATARA 0.2067; o 4039.18. e g - : - o o
: : SAVE 0.00 BY SUPPLYING AMBAWELA FROM PERDNIYA
_AMBAWELA 0.00 PERDNIYA 0.1967 0.00 ! A
___PWAMREEHSA 0.00 __KOLONAWA 0.0739 0.00
. AMPARAL. 141774.14 _ HMAPUTALE 0.4282 60709.39 - - o B
SAVE 45.30 BY SUPPLYING AMPITIYA FROM PERDNIVA
i AMPITIYA-. 5 1%67.11 - PERDNIYA_  0.1140 455.88 E B - - ' - o
_ _ANAMDUWA N.00_ KOLONAWA 0.0739 0.00
—___ _ANDIAMBM_ 0.00 KOLONAWA _ 0.0528 0.00 ~
o ANGAMUWA 2069.29 KOLONAWA 0.1472 304.51
ANGODA 4138.57  KOLONAWA _ 0.0211 B7.49 i B ]
o ANGRWELA 0.00__KOLONAWA_ 0.0845 0.00 .
o ANHTGAMA- 360.68  KOLONAWA 0.0757 27.30 § o . . e
~ ) SAVE 914,29 BY SUPPLYING ANKMBURA FROM PERDNIYA
ANKMBURA _ 6195 44 PERDNIVYA 0.1334 826,358 R
ANRDPURA.__ 233028 %9 KOLONAWA  0.2610 60826 .93 e
ARAKMILA 94L2A_ T4  KOLONAWA . 0.0584 547,69 _ . —
_ ARANAYXKA 459 84 KOLONAWA  0.1369 - 62.57 - .
i ARCHXTWA - 0.00_ KOLONAWA—__ 0.1305 0.00 - __ ' R S
SEVE TAN ST BV QIBDIVIKNA ADTURI AY =BNM DEDRMTVA



A vt - e - oy [ L I BEEE ]

L e N

(263) SAVE

0.00 BY SUPPLYING ATfﬂﬁﬁGE FROMiPERDNI?A

‘_mii}AmAGa;;;W;w

0.00__ PERDNIYA

TATCHUVLY T 17947.82.

TRERDNIVA

_ATINGALA 2 11384.07
ATTIDIYA - 0.00 .
L mAiﬁLSBLAWM__4m1522?JAﬁWWKQLQﬂﬂNA

KOLONAWA
KOLONAWA

T 2n49.32 BY SUPPLYING ATCHUVLY FROM PERDNIYA "

11077.28 e o o e

. 681.27 T

- —5"06 - ‘“w‘ - R
1606.51

._m_mmAIHRGRYA__m;M

151057.85 _ KOLONAWA 0.

.. 478B.53

SAVE

2!06 .59 BY QUPPLY!NG AVERNGAL FROM ™ PERDNIYA“

1448500
179015.19
5710.97

. AVERNGAY _
AVISWELA

e BDLKMBRA §
__32752.49

. BADDGAMA

. BADURLLA ~ 118139.01
___BADRELYA = 15864 52
... BAKIELLA . 0.00
. BALNGODA 72247 %52
_ ... BALAPTYYA - 23681 83

e BALLKTWA  5016.82
e BAMNPOLA 000
... _BANDRGMA__ __  47021.86
__..BANDRWLA . 100079.82 _
.. BANGONYA _0.00___
_ BARMPOLA _ _ __ 0.00
BATAPOLA  11725.95

KOLONAWA

______BATICALO  113483.49
_ BATULUOA
 BELIATTA_

PERDNIVA

0. 3486

39563.52

SAVE

PERDNIVA = 0.6249 - 9051.40. e PR TR
KOLONAWA _ 0.0616 T{1030.92 e - e
HAPUTALE . 0.2699 1541 .39 — e .

KOLONAWA 0.13908 T3 27 I — o
HAPUTALE 0.2400 “T28381.00 T - U ——
_KOLONAWA _ 0.1074_ ~1703.53 B - - S
HAPUTALE -~ 0.4606 0,00 — e e
KOLONAWA _ 0.1638 11§;;¢g5 - _
KOLONAWA 0.1039 2659.59 - T

HAPUTALE 0.2347 1177.45 U —
_XKOLONAWA. 0.1453 T 0.00 — —— S ——
KOLONAWA___~ 0.0563 3776.01 e -
HAPUTALE ~_ '0.2083 20846.63 T R

KOLONAWA — 0.1127 0.00 e R
KOLONAWA =~ ©:0.1398 0.00 - - S S

11%78.38 aY SUPPLYING BATICALO FROM PERDNIYA

BELIMLOY
_BEMMULLA_

L. BENDYMLA | 21157.69
. BENGMUWA
BENTOTA

_ __BERAGAMA

. __BERLPNTR

 BERUWALA
BIBILE

BINGRIYA

e BIYAGAMA

— . BOMBWELA

B277.14__KOLONAWA_ 0.1268 _1049.77 o .
o 40740.75_ MATARA_ 0.1697 6914.52 )
3987.40 KOLONAWA —_— 0.,1804 __799.41 ] R
. 6667.69 KOLONAWA 0.0493 328.72
KOLONAWA ___ 0.0423  .89%.91 . . -
000  MATARA 01838 0.00 | — ~
_0.00 _KOLONAWA 0.0810 0.00 _ .
N.00._ _MATARA  0.2%37 0.00
0.00 MATARA 0.1596 0.00 o - - B
 54R34.07 KOLONAWA ___ 0.0739 4054.58 _ R
4240.76 HAPUTALE 0.2963. . 1289.20 o L N
_18393.45 KOLONAWA __ 0.1268 2332.83 _ )
17933.81___KOLONAWA ___ 0.0282 505.37 R - -
BOGWTLWA_____ 27097.75 KOLONAWA ___ 0.1767 4L788,82 .
0.00_ KOLONAWA 0.0704 0.00 T -

N.00_ KOLONAUA

0.1361

2.90

_ . _B00SSA

o BOPTLAMA_ ______0.00 _
. BOPITIYA.  2069.28 _ KOLONAWA

PERDNIYA

0.0387

02183

..Q:ob.

80.16.

600 AY SUPPLYING BORAGAS

”FRGH*PEEPW}VK“

_BORAGAS 0.00 PERDNIYVA

0.1950

0.00 .

. BORALNDA = 4290.60_PERDNIYA

0.2237

____BORLSGMA______206972.86
__ BLIKHPTA __~ 11725.95
_ BUTTALA  42B8.94

KOLONAWA
KOLONAWA .~
HAPUTALE
_HAPUTALE:

0.0317
_0.0968

10563 BY SUFPLYING sdﬁi{ﬂ”i“?hbﬁfbéﬁbwlvﬁ“

0.2611

8 113531 B B N
1119.84 i

0.6323

CHDYNTLW 0.00 .

i:Ldf?? AV SUPSLYING CHANKANT FROM PERDNTVA™

o CHANKANYD.

0.7173

- 45152.02 PERDNIVA

6707. GE'EV“Eﬁ“

PLYING CHVKCHRI FROM PERDNIYA“

U CHVKCHRY __ 65041.32_ PERDNIVA

0.5891

o CHPIKLAM 0.00___PERDNIYVA

. 0.3345

0.00 BY SUPPLYING CHOIKLAM FROM PERDNIVA

0.00

. __CHMPNPYU ______ ' _0.00__PERDNIVA _

_0.5636

BY SUPPLYING CHMPNPTU FROM PERDN!YA

cwnnu‘afw__ u%a "n

- . PR RN

PERDNIYA“__“

0 3304

a2 Mmoo oa

3«50 61 mY suprYING_CNHKLADI FROM PERDNIYA




SAVIE v.uywv nY AUFPFLTIND LT LINADMT FEKUM FERLPIWYITHA
CHINABAY 000 PERDNIYA 0.3385 0,00 (264) | - L
' : _ SAVE 0.00 BY SUPPLYING CHLIPRAM FROM PERDNIVA~
—— CHLIPRAM _ ,o-oo _PERDNIYA HOLZZEZ 0.00 : e ‘ e
' : - SAVE '5401.29 BY SUPPLYING CHUNAKAM FROM PERDNIVA™
_____QHMNAKAMﬁng__S02§B+j2_“PERDNJVA _0.6223 31282, 25
_ COLOMBO £14359%.80 KOLONAWA 0.0229 94B88.30
———-DABALLA : - 0.00 _KOLONAWA 0.,1601 0.00
DALWKTWA ~  158A4.53  KNLONAWA 0.05486 865,89
DAMBDNYA _ 344R.B1 KOLONAWA 0.0845 291.42
bAMBULLA 2247134 KOLONAWA _0..1804 4000.15
—_DANKTUWA PLOLE .39  KOLONAWA 0.0669 1668 .91
- _DEDUGALA 0.00  KOLONAWA 0.1056 -~ 0.00 B
DEHIOWTA _2212.04 _KOLONAWA_ 0.0704 155.77
— DEHIWELA 90225 71 KOLONAWA _ 0.0247 2449.37
___DEIYNDRA  75R7.%8 MATARA 0.1697 1287.73
DEKATANA 14485.00  KOLONAWA 0.,0387 561.15
_____DELGODA 6552_73_ KOLONAWA _ 0,0335 2%9.25
: _ SAVE "274.63 BY SUPPLYING DELTOATA FROM PERDNIVA
R DELYOTA  _ 8088.72 PERDNIVA 0,1299 1030.40.
DELWALA 000 _KOLONAUWA 0.3435 ~ 0.00
DEMODARA 0.00 HAPUTALE 0.2241 0.00
—_ _DENIPTYA 569 463 MATARA 0.1539 SB7.65. .
DENIYAYA. 58180_.%0  MATARA . 0.2032 19849 .95
DERNYGLA  23854.27 KOLONAWA 0.0810 1934 72
DHRG&IOWN 7817.30  KOLONAWA 0.0827 666 .80
e BICKOYA 3234884 KOLONAWA 0.1545 4999, 45
o .DICKMWELA_ 25082 _06._ MATARA _0.1539 399R8.12
DIMBULLA .00 KOLONAWA 0.1638 0.00
DIVLPTYA 32188 _89_ KOLONAUWA 0.0563 1843.52
BIVYLAWA 11110.13_ HAPUTALE 0.2083 2344.24
DODNDUWA 38799 10 _KOLONAWA 0.1342 5207.62
DONGSLND 216406 KOLONAWA 0.1616 304.46
_____ _DONDGODA 9194.82 KOLONAUWA 0.0704 64L7.64
: e R T o SAVE %72.27 . BY SUPPLYING DOLSBAGE FROM PERDNIYA™
DOI%BAGF 18761.27 PERDNIYA 0.1510 2832.58 '
DMREHWLA 5026.98 HAPUTALE 0.3054 1533.73
DOMPE 20233.01 _KOLONAWA 0.0423 855.08
DONDRA 39054 10, MATARA 0.9398 S8R8.16 .
DUMLDNYA - 17933.81  KOLONAWA 0.0792 1420.72 -
—__ _DUMLSRYA 1264563 KOLONAWA 0.1021 1294.12 : T
‘ _ - SAVE 1045.12 RY SUPPLYING ELTHMDWL FROM PERDNIYA™
ELTHMDW] 9%3114.79  PERDNIVA 0.435% 5913.62 : ] . . ) - o - :
EGODUYNA 146485.00_ KOLONAWA 0387 561.15
EHLYGODA 39%90 82 KOLONAWA 0.0775 3051.914
EKALA 7537 !B KOLONAUA 0.0387 2903.94 ] ] .
: S i S SAVE 0.00 BY SUPPLVING ELAHERA FROM PERDNIVA ™
ELANERA kno PERDNIYA 0,1932 0.00 -
ELLE 4380.73  HAPUTALE 0.2189 958.77 }
: : SAVE 39.31 AY SUPPLYING ELLAMLLA FROM PERDNIVA
s BELLAMLLA oo 560._63. PERDNIYA 0.1615% 02,020 N i -~ B e T -
: _ SAVE 144.95 AY SUPPLYING ELKADUWA FROM PERDNIYVA™
ELKADUWA ____ 11278.64  PERDNIYA ___ 0.1369 1544.05 _
_____ELPITIYA 613RR.81 KOLONAWA 0.%1197 7348.24 -
sian  EMBLPTYA - 28261.13 - KOLONAWA 0.2165 46118,53 N
EPITWELA N. .00 KOLONAWA 0.0346 0.00 -
SAVE 0.00 BY SUPPLYING EPPAWALA FROM PERDNIYA™
__EPPAWALA N.00  PERDNIYA 0.2421 0.00
: : e o SR il Ph SAVE 0.00 AY SUPPLYING ERAVUR "~ FROM PERDNIVA
ERAVUR - .00 PERDNIVA 0.3304 0.00 '
. ETTMRTIYA 15174.F6  MAPUTALE 0.2241 3401.27 B
ETULKOTE 18278 492 KOLONAWA 0.0247 450 75 ;
b ER i - " ' - SAVE  %47.69 BY SUPPLYING GALGDERA FROM PERDNIVA™
. GALGDERA_ 14391.09 PERDNIVA 0.1193 4?16 86 _ o . e -
SAVE 1812.47 BY SUPPLYING GALAHA  FROM PERDNIYA

raAal AR AN~ Al mTT M ALY AR

[ = B B .1 he BV



GALBODA

0766

GALNBDNH

__GALGMUWA

wmﬁ%wsALLam_wQ;m

- 4133 87

579199 .89 KOLONAWA

 GALOYA_

_GALPATHA _ 14714.92 KOLONAWA

0.00_

_KOLONAWA __

B . PERDNIYA
_GALEWELA_ _31253.01  _KOLONAUWA

20742 83

N KOLONAWA |
19083 .49

KOLONAWA

0.9656_
0.1878

_0.1398

0.00

(265)

0 3183 s e

__SAVE

131? A7

__265.70

BY SUPPLYING GALNBDNW FROM PERDNTYA™

5476.62

3801.85

0.0880

167972

0.14990 8.

PERDNIVA

0.2366 _
e 0__‘ - 0 .T_AQ,A, -

6305.40

SAVE

0.00

.00

[}

BY SUPPLYING GALOVA

FROM™ PE RDNTYA™

1036.22

SAVE

401

.67

é.‘}.u

" _GAMMDUMWA _
_ GAMPAHA

. GAMPOLA__
. GANDARA

16901441

n.af_.

__GANEGODA

0.00__

R GANEMULA -

23566 87

e BELIOYA

n.00.

"GINGTHNA

21382.61

273422 PERDNIVA

_ 65182 _49

__ GIRITALE
o GIRIULLA
___ GODAGAMA
o GODKMELA .
. GODPTIYA .
. GODIGMWA___ 2184246
. GONPNWLA. ...
T GONAPOLA_____ 4828.33
KOLONAWA
KOLONAWA

. GONAWELA = 22762 .14
_  GOVINNA__ 4379.53

06244

_18163.73
37301.96__
L0L00

6207 .85

KOLONAWA

io__‘

&
A8 3le ]

. h32.06
2754 61

§EF?IVTN6“&AM§SUUE:EEQy'PERBﬁIVi“

SAVE

4n83.32 R\

PERDNIYA

c:g{o F:o

2

o1é3 06

"SUPPLYING GAMPOLA FROM PERDNIYA

DUNR W WO

MATARA

__KOLONAWA

C57595.142  KOLONAWA___ 0.

. 0.119 L
_MATARA __ 0.9416 -0.00 — B - ST = -
KOLONAWA ~ 0.1305 0.00 - O S U —
_KOLONAWA 0.037 871.50 ] e e Mo .
— SAVE #.00 BRY SUPPLYING GELTOYA FHOM PERDNIYA
PERDNIYA -~ 0.1108 ~e.00 - : B
KOLONAWA_ _  0.1305 2790 94 e -
S 5AVE .13 BY SUPPLYING GIRITALE FROM PERDH!VE“
_ PERDNIYA  0.2532 269.05 B o
0.0775 4461.32 -
KOLONAWA ~~~ 0.0458 831.584 T T -
KOLONAWA  0.1582 T 8902.8% - ) o
o 0.1380__ " 0.00_ ) B
KOLONAWA_ 0. 0687 4499.70 ) o T T
. 0.1324 s24.7§
KOLONAWA 00475 229.54 - - -
0.0387 ag1 .81

70,0669

92.29

e GURTLAMWA

n.00

PERDNIYA
__KOLONAWA__ 0

__.0.2274
.1638

n.00
_1%20.57

SAVE

__SAVE

. HABARANA
e HAKMANA
__HALDDWNA

HALDMUL A

. 9450.79

____32ﬂ2$95mm“
e 39322 .64

PERDNIYA

MATARA

_0.00

KOLONAMA
HAPUTALE

_0.2%8%
0.1592
0.0687
- 0.2136

1789 .26

19.88 &

6258.590 .

0.00

19584.43

SAVE

1570?53

BY SUPPLYING HALGNOYl FROM pERDN!VA

. HALGNOYA

2473430

PERDNIYA

0.4915

47%35.63 -

— . _RALlELA

24598.77

RAMBYOTA

N.00__
"~ MATARA

HAPUTALE

| 0.2329

0.00

0.2190

5337,

13

SAVE

- HANGRXTA _  35135.81

—H ANWELLA

L. HARPUTALR

" PERDNIYA

0.1387 |

1272.48

BY SUPPLYING HANGRKTA FROM PERDNTIYA™

L8714.9%

__43799.88_
115423 43

_KDLONAWA
HAPUTALEF

_ HARNKHWA

000

KNLONAWA _

" 0.0640 |
T T0.2013 - 3
0.0968

1928.07

23230.12

0.00

SAVE

66

BY SUPPLYING HARSBODA FROM PERDNIYA

___HARSBDDA

____HATRLYDA

_BR74.
n.00

57 ..
KOLONAWA

PERDNIYA

0.1879

1647.89

A30.

e HATTON

83762.

0y

KOLONAWA

__0.1162

0.00

0.14%90 1

24B0.87

. SAVE

509.85

BY SUPPLYING HENPENIYA FROM PERDNIYA ™

__HEDENIYA
" HEMTGAMA

15336.61

SERDNIYA

1754.38

HENDALA
o HENEGAMA
— HETIMULA

. 1299n.51

_26900.71

11036 .19

0.00__| )
___KOLONAWA - 0.1
MATARA
KOLONAWA

KGLONAWA

287 0.00 N
247 663 .37
468 1907.53 o e

8047.27

KOLONAWA

HETIPOLA.

1068,52

1065 23

SAVE

3102.31

BV SUPPLVI NG REWAHETA ?"R’QH"'P ERDNIVA

o HEWAMETA . 8304.94
—...25118.83

o HINGULA  4R2B.33  KOLONAWA .

HIKKDUWA

PERDNIYA

KOLONAWA

3185. 77

TN 46

Cane

EX A

MV glibpivINAe HINADYARN EBPAWM DEDANTVATT



HIRIPTYA 0.00 KOLONAWA 0.1398 0.00 (266)
HITTETYA 0.00  MATARA - 0.1345 . . 0. 00 :
_ HOMAGAMA _ 148586.20 KOLONAWA 0.0458 6802.28
- MORMBAWA 0.00  KOLONAWA 0.%127 . .0.00 o k
HORANA 138412.21  KOLONAUWA 0.0581 8041.75
. HUNGAMA- 2873.96 MATARA 0.1926 553 57 _ _ . . e
- - SAVE 786,96 BY SUPPLYING HUNSGRYA FROM PERDNIYA —
. HUNSGRYA 22471_.86 PERDNIYA - - - 0.1540 T33e2TRG ' B
HUNUPTY A 30234.56 XOLONAUWA 0.0229 692.37
' . _ . : S TR T T SAVE L% 05 BY SUPPLYING HURIKDWA FROM PERDNIVA—
HURIKDWA 11725.95 PERDNIYA 0.1175 1378, 27 )
- ' ' - T “SAVE 0-.00 AY SUPPLYING HURTWEWA FROM PERDNIVA™
HURLWEWA - 0.00 PERDNIVA 0.2421 _ 0.00 T
- IBBGMUWA 25R854.78 KOLONAUA 0.1305 A
IDLGSHNA 8968.49 HAPUTALE 0.2918 18997719 : : ,
I o ' - - SAVE 56,82 BY SUPPLYING TLLKWELA FROM PERDNIYVA —
TLLKWELA 6150.99 PERDNIVA 0.1299 798 77 T '
_IMADUWA 22910.30 MATARA 0.1627 3727.05
__IMBLGODA 13105.48 KOLONAWA 0.0387 507.7%
_INDURUWA 15740 .56 KOLONAWA 0.0863 {35836
__INGNYGLA N.00 HAPUTALE 0.3738 0.00
INGIRIYA 24714 47 KOLONAWA 00704 7053
ITTAKNDA nN_00 KOLONAWA 0.1878 0.00
ITTAPANA B54% 06 KOLONAWA = 0,0968 5%36.77 X
JAELA 152830.73 KOLONAWA 0.0317 4855.02 : _ ‘
. - , : SAVE  3L0&0.66 BY SUPPLYING JAFFNA FROMTPERDNTYA-
__JAFFNA 321542.39  PERDNIYA 0.5198 19927783 ' z
KADAWATA 225667.09 KOLONAWA 0.0287 6389 30
KADIRANA 2069.28 KOLONAUA 0.0546 112.94
_ . T T SAVE 4%.80 BY SUPPLYING KADGNAWA FROM—PERDNIVA
KADGNAWA 874.61 PERDNIYA 0.1123 962.59
KADUWELA 359909 B2 KOLONAWA 0.0282 T4 &7
KAHADUWA 10806.27 KOLONAWA 0.1416 1530.30 _
' - | | SAVE 82 9T BY SUPPLYING KHTGSDLY FROM PERDNIVA—
KHTGSDLY 17179.44 PERDNIVA 0.2847 4890.16 T —
KAHAWATA 105276.58 KOLONAWA 0.7416 AL LA
KAHAWELA T4L4LR.R1  KOLONAWA 0.0548 188, Z4 :
. . o - D T SAVE 000 BY SUPPLYING KIRAWELA FROM PERDNIYA
KIKAWELA 0.00 PERDNIYA 0,1387 0.00 ' B
_KAKPLIYA 0.00 KOLONAWA 0.0933 000
KALGDHNA 3448.81 KOLONAWA 0.0571 17610
KALAWANA 13518.64  KOLONAUA 0.1472 1989.35 e T . : o T : : T
' SAVE w85 .47 BV SUPPLYING KALVNCHK FROM PERDNIVA
KALVNCHX 7530.98 PERDNIVA 04174 3269.00 _ _ _
O ] . SAVE 0.00 BY SUPPLYING KALAWEWA FROM PERDNIVA™
KALAWEWA 0.00 PERDNIYA 0.2292 0.00° - , . T
_ . " SAVE EL% .45 BV SUPPLYING WALMONAT FROM PERDNTYA —
KALMUNAY 36912.58  PERDNIYA 0.4357 16084.58" : T T .
KALPTIYA 1379.53  KOLONAWA 0.220% 306.25
KALUTARA 125191 .77 KOLONAWA 0.0676 771432
KMBGMUMWA 0.00 MATARA 0.1363 0.00
KMBRETYA ‘35487 .85 MATARA 0.1504 53%5.93
KANDANA 45294.%6 KOLOMAWA 0.0299 1356.11 B
. L : T N T SAVE TIR2. L1 AY SUPPLYING KANDPOLA FROM PERDNIVAT
KANDPOLA 25%641.88 PERDNIYA 0.1932 5096.3% '
; B o I T SAVE T T40AP2.32 RV SUFPLYING KANDY T FROM PERDNIVA™
__KANDY 547877.84 PERDNIYA 0.1087 50576, 24 - ' - T
' . . e e o % SAVF 155575 AV SUPPLYING KANKSTRA FROM PERDNIVA™™
__KANKSTRA 16220.51 PERDNIYA 0.7232 11006, 80 : _ ‘ ‘
i " . . SAVE 0%6.89 AY SUPPLVING KANTALAL FROM PERDNIVA
KANTALAY 124454.29 PERDNIYA 0.2747 3384622
KNUKTIYA 3475.%0  KOLONAWA 0.1179 409 .88 , } T . T PR — T o
B SAVE 0.00 BY SUPPLYING KRDBIVNRU FROMTPERDNIYA
KRDIVYNRY D.00 _PERDNIYA- 0.3142 0.00_ ' '

SAVE

SO RA AV RO TVING Y ARANARA “FROM-PERDNTVA



_______ KARNDPNA N.00 KOLONAWA 0.0968 0.00  (267) |
L KATANA 1673& 21 KOLONAWA ~ "0.0581 " - ?75.16 T R
_ KATRGAMA 729.49 TTMATARA 0. '2'8"?"5 R 0 L o B R
) N T T T T T T SAVE A28, 24 RY SUPPLYING KATNKUDT "FROM PERDNIVA
~ KATNKUDY 1284.48 PERDNIVA 0.3567 LS, 28 : ' —
e I - T SAVE T 3SRET40 RY SUPPLYING KATGSTTA FROMPERDNIVA™ —
KATGSTTA 102258.28 PERDNIYA 0 1158 11839 .46
. I ' o o SAVE 9n3*25 av SUPPLYING™ KATK?UtA **** FRGM“PERDN!YA -----
_KATKTULA 8675.49 PERDNIYA 0. 527 1295 55 T
CKATKRNDA  20R07.81 KOLONAWA . 0.065%1 135542
KATUNYKA 2327947 KOLONAWA 0.045% TTL7 88 - S—— _
_ KATUNRYA 13335.40 KOLONAWA 0.0739 986. 02 -
_ KATUPOTA §518_09 KOLONAUA 0.1074 592,53 e e -
TKATUWANA T%B7 .09 MATARA 0.2032 78,82 — -
_ KAUDULLA  2488_47 KOLONAWA — — 0.2185 T 4723 T e - -
o B e T SAVE " 0,00 BV SUPPLYING KAUDPLLATFROMPERDNIYA™
KAUDRPLLA 0.00 PERDNIVA ~~— 0.1527 0. 00 T e T
e T ‘ SAVE P55 82 RY SUPPLYING KAYTS ™ ~“FROM-PERDNIYA~—
KAYTS 9139.07 PERDNIVA 07261 663557 S e : '
S . glvw““'”“““nfoo*nv*suuptvING"KeaTstmenOMmpERDNIVA~—~
~ KEBTGLWA 0.00 PERDNIYA 0.3304 o 0.00 - T
_ KEBALLE ~  155311.38 KOLONAWA 0.0%915 TH297.20 : ) o )
e SAVE 7077 AY SUPPLYING KEKIRAWATFROM PERDNIVA
_KEKIRAWA 17276.77 PERDNIVA 0.2144 3704.62 o B
KELANIYA 55543.07 KOLONAWA " 0.0282 T 4545.20 T -
S SAVE 1827730 BY SUPPLYING KEPTPOLATFROM™PERDNTYA™"
_ KEPTPOLA  33991.55 PERDNIYA 0.2020 787707 - B
" KESBEWA 6537.?3 KOLONAUWA 0.0405 ) 26073 T T ' T
- ] SAVE T 3740.44 BRY SUPPLYING KILNOCHI FROM PERDNIVA
KILNOCHY 6N824.51 PERDNIYA 0.4678 2848249 A
KIMBLPTY 2299.20 KOLONAWA 0.0584 12338
. ' ' SAVE NTO0 BY SUPPLYING KINNTYAT FROM PERDNIYVYA—
_ KINNIYA? " 0.n0_ PERDNIVA ~ 0.3466 0.00 I
KIRAMA 0.00 MATARA 7 0.196%1 0.00
KIRBTGDA 17818.85 KOLONAWA  0.0229 408,05
KIRTELLA 4947, 29 KOLONAWA 0.0863 L2641
KIRINDA 2069.29 MATARA 0.1539 S8 42 § B
KRNDWELA 23221.68 KOLONAWA 0.0543 083y 71—/ 7
KITALAWA - 482R.%33 KOLONAWA 0.1127" 543,96
KITLGALA 7472.42 KOLONAWA 0.1074 B2 39 B -
_ KOBEIGNA 2759.04 KOLONAWA 0.145% 400.91 ) -
KOCKKADz 58284 .87 KOLONAWA —  0.0587 RS, %5 e
B . o : SAVE ™" TgE7T 28 RY SUPPLYING KODTKMAM FROMPERDNTYA—
KODYKMAM 5661.93 PERDNIVA 0 8789~ T T 32F7.8B3 : T S
KOGGALA 0.00 MATARA 0.1644 0700 | _ B |
o T LTI T AV 0700 BY SUPPLYING KOLNKLDI FROM-PERDNTIYA-
KOLNKLD?Y 0.00 PERDNIYA. 0.7261 0.00 ' ' e T
_KOLONNO n.00 KOLONAWA 7 70.1952 0,00 _
KOLNNAWA 162657 34 KOLONAUA -0 0159 2579.7% ‘ e T
T R T T T T SAVE T TRAY L9 TRYTSUPPLYING KOPAY  —FROM—PERDNIVA—
“Kopay 1?914 65‘W_ERDNIYA -o 61?2 19056.99 T ~
KOSGAMA 7472 42  XOLONAWA 700571 TTERY.54
KOSLANDA 6345.16 HAPUTALE ~ 0.2294 Th55.71"
KOSWT JN LO23.84 KOLONAWA T~ 0.0299 120.47
KOTDNYWA N.00 KOLONAWA 0. 0687 ~0.00
KOTAGALA  50516.35 KOLONAWA 0.9%64 7900.58
__KOTAPOLA ~ 286%.66 MATARA 01961 561.62 ”
KOTIKWTA 22302.30 KOLONAWA TOT0YSE T (% 9--¥
__KTYKMBRA N.00 KOLONAWA 0.0722 " 0.00 i i}
_ KOTMALE 56077_41 KOLONAUWA - 0. %472 R252.13
_ XOTNTIVY 2644 _ 09 KOLONAUA 0.1361 359,78 - i
_KOTTAWA 3333.85 KOLONAWA 0.0335 T44.55
__KOTTE 3333_85 KOLONAWA — 0.0229 PG R8T - -
_KOTEGODA _ _ ~ 4B9 76 MATARA ~  0.1468 101.28 )
WAmIiiAA® A s A Tan WAt AR AL A n O ALAR 2EN AN . —



KUCHVELY N.00 PERDNIYA - 0.4%29 n.og_4268)
_ KULYPTYR 4L7938.45 KOLONAWA 0.103¢9 L978.89 . :
\ i o . TSAVE AEG.65 RY SUPPLYING KUNDSALE FROM™PERDNTIYA™
__KUNDSALE _ 4295.47 PERDNIYA . 0.1158 TTR97 .33 - o AR P -
KURANA 085667 KOLONAWA 0.0475 459,08 T )
KURNGALA 389264.32  KOLONAWA 0.1109 4316947
KURUWITA 1073.48 KOLONAWA 0.0951 102,08
. T SAVE 0.00 8Y SUPPLYING LABUKELE FROM PERDNIVA™T
LABUKELE 0.00 PERDNIYA 0.1633 0.00 o
LATPNDRA £322.82 - KOLONAWA 0.1021 A48 56
LAXAPANA 0.00 KOLONAWA 0.4749 0.00
LELOPTYA 0.00  KOLONAWA D.9248 0.00
LELWELA 10346.43  KOLONAWA 0.41827 1579.90
_LINBULA 102284.26 KOLONAWA 0.1786 18285.70
LUNAUWA 37247 .14 KOLONAWA 0.0335 1246.29
LUNUGATLA 1393185 HAPUTALE —  0.2769 5242.99
LUNUWILA 44144 .76 KOLONAWA 0.0739 1264 .06
MADAMPE 44653.65 KOLONAWA 0.0%15 406929 _
_ | SAVE [46.60 BY SUPPLYING MADAWATLA FROM PERDNIYA
MARAWALA 7 44990.859 PERDNIVA 0.1211 CABVEYE T T T ; - E T T
- , T ' SAVE A0 TAS RY SUPPLYING MADHU CH FROM™PERDNIVA ™
MADKU €N 1075.50 PERDNIVA 0.3587 YR5.8% )
_ SAVF S06.79 RY SUPPLYING MADLKECE FROM PERDNIYA
MADLKELF 13314.06 PERDNIYA 01337 TIBL6 . 13 . . . . . T
MADLSIMA 329% 02 HAPUTALE —  0.273% T00- 38
MADRNKLY B277.44 KOLONAWA 0.1364 129481 “”
__MAGGONA 23796.78 KOLONAWA 0.0704 167577
MAHABAGE 13795 _24 KOLONAWA 0.02114 29963
MAHAEDND 4R97_42 KOLONAWA 0.1144 , 7RY 2% -
MANAGAMA 1942.94 KOLONAWA ~0.0845 V64 18 T T T . e S
_ - : T TTSAVE B, 00 RY SUPPTYING MHATUPLM FROMPERDNIVA
MHATLPLM H.00 PERDNIVA 0.2348 N
SAVE 267,09 RY SUPPLYING MAHAOYA ~ FROM PERDNTYA
MAKAOYA 2658.5% PERDNIVA 0. 2606 692,89 § : .
MAHARA n.00 KOLONAUWA 0.0229 0.00
MHRAGAMA 177268 _ B0 KOLONAWA - 0.029% TTREA7 A T e = - T .
. SAVE £9.71 AY SUPPLYING MHVLCHYA FROM PERDNIVA™ —
MHVLEHYA I080.99 PERDNIYA 0.31%2 123479
MAHAWEWA 38071.54 KOLONAWA 0.086% I361.69 =
_ T T _ T SAVE. 0,00 BY SUPPLUYING MAHYNGNA FROM PERDNIYA™
MAHYNGN A N_00 PERDNIYA 0.1932 §.00 ' ” -
MAHO 2206.06 KOLONAWA 0.1638 361,33 —
MAKOLA 5473.22 KOLONAWA 0.0282 145.78 T
MAKLPOTA N_.00  KOLONAUWA 0.1675 0.00
__MAKMBURA 15864.52 KOLONAWA 0.1712 271569
MALABE _ 1149 .40 KOLONAWA 00352 T 40T4RE T
MALIBODA 0.00 KOLONAWA 0.093%3 0.00
MALGWATA 0.00 KOLONAWA 0.6229 0,00 - _ —
- SAVE TR74 .45 AY SUPPLYING MALUAKAM FROM PERDNIYVA
MALLAKAM 12890 _46 PERDNIYA 0. 6249 BOGT. 36 e T ; g
MALPTIYA 0.00 KOLONAWA 0.9039 0.00 -
MALWANA ~ 0.00_ KOLONAUWA 0.0335 0.00
MALWATAS 1530.91 HAPUTALE 0.4282 TTEENTES .
MNGLELYA N.00 KOLONAUA 0.1305 6.00 . .
\ - . SAVE T40L 769 BY SUPPLYING MANIPAY “FROM PERDNIVA™
MANIPAY 15063.5%  PERDNIVA 0. 6249 TTOL2780 T T T T T A ~ -
, : " o SAVE TR92.51 RY SUPPLYYNG MANKULAM FROM PERDNIYA™™
MANKULAM 32854_11 PERDNIVA 0.43%2 LI X Y S T
- SAVFE TL03.59 BY SUPPLYING MANNAR FRQM PERDNIYA
MANNAR 54090.77 PERDNIYA 0.6357 A YA YA T B - T
o : - : SAVE 1941.47 RY SUPPLYING MANTHIKY FROM PERDNIVA™
MANTHIKY 1R719.3%35 PERDNIYA 0.6044 39479 T 1 ' : '
- TSAVFE TURAL00 RY SUPPLYING MRDKPWLA FROM PERDNIVAT
MRDKDWLA N.00__ PERDNIVA 0.2255 H. 00 e T
MRDGHMLA LO34AR 7 O ONAUWA 0 581 3708 |A B



MARASANA _ n.00 PERDNIYA 0.1351% 0.00 '
_ MARAWILA ; 8966 o0, KOLONAWA 7 0.0792 *716T3E*f4269)~" - e T e
' . o : B T TUSAVET T Y%A 2.337BY QUPPLY!NG MRTHNMDM "FROM PERDNIYA™
_ Marunmvam__mum127@q .10 ”PE§bNIYA 0. 6147 T 78%6.26 B e
__ MASKLIYA 63736.25 KOLONAWA 01712 109490.37 — R - T
 MASPOTHA " 273%4.22 KOLONAWA ~ "~ (¢.1179 ' 322.47
| _ ' SAVE ™ T BOIN.78 RY SUPPLYING MATALE FROM PERDNIVA —
~ MATALE 19?0%0 57 PERDNIVA 013514 25959, 01
__MATARA7_Wj_“g39688L1§fgﬁ&IAgﬁ_ 0.9328 7 '3q824_02 B — R T
O MATTAKA - 2759.n5 KOLONAWA 0.1490 L R T T e T e
__MATUGAMA 132319 3 2 B Ig ,OJ- ONAWA ~ ~0.084% T80, 98 - e _ : 3
MAWANELSA 66562_02 KOLONAWA 0.1056 7030.2R . - -
MAWTGAMA 3025%.37 KOLONAWA 0.1248 3834.97 T - — -
__MERAGAMA 0.00 HAPUTALE_w@bmgfz??S_ 0.00 T T T
- e - o o T SAVE T 1496.02 BY SUPPLYING MEDWCHYA™ FROM™ PERDNI?A”“
MEDWCHYA 314663.78 penou:vA TpU2828 T REe8 08 T T T T T T T e '
T - T TUSAVETTTT 000 RY SUPPLYING MEDAWELATFROMTPERDNIVA™™
M E b Au l’: L A . n ) o 0 p ERDFJIV:A*** """" 0:‘1 ?55W—~— Oﬁ.ﬁ.no - o - JOT— JR— . —_— R
MGHETENE 5518.00 KOLONAWA 0.1003 55%.49 T T
T MEEGODA T 0. p0 KOLONAWAT 070458 0,00 T -
~ METYGODA ] n.00 XOLONAWA 0.1162" 0.00 T . B e T
_MELSRPRA 2279R.40 KOLONAWA 0 1453 372,79 M -
_ METKMBRA . 0.00 KOLONAWA 0.0951 0000 -
_MIDBNIYAR BA964.00 MATARA ~ 0.2067 1853.28 - e
- - i SAVE 0. 00 RY supvaxns MIHNT ALE “FROM- PERDNIYA —
_ MIHNTALE n;p@“ PERDNIYA ~ 0.2588 - .00 e
I sAvET 0T 00 RY SUPPLYING MINIPE —FROM PERDNIVA—
_MINIPE 0. oo, PERDNIYA  0.2144 0.00" R
e CSRVE T 6232 BY SUPPLYING” MINNRTYA™ FROM“PERDNIYA““
"MINNRIYA 1371z:hé” PERDNIVA 0. 2403 3206.20 ' - B R
MINWNGDA 50664.40 KOLONAWA 0.0458" b LD Y
"MIRIGAME 42420.35 KOGLONAWA 0.0687 2942758
__MIRISSA 24831.42 MATARA 0.1398 YLV LYT
MIRSWTTA 73209341 KOLONAWA ~  0.0387 127817 o
MONRGALP 16411.80 HAPUTALE - 0.2840 L6054
MONMLDONY. 0.00 KOLONAUA 0.9379 0.00
MORGHENA N.00 XOLONAWA 0.0616 0.00 - -
__MORAGALA 2759.05 KOLONAWA 0.0986 271.99 T
MORATUWA 166405.05 _KOLONAUWA 0.0352" - 5840, 79 e
- MORAWAKA 6732 .22 MATARA 0.1838 $237.38 T T o T
MTLAVNIA 137377.57 KOLONAUWA 0.0282 387130 ) T
_MUDNGODA 13335.40 KOLONAWA 0.0387 596 64 — T T T T T
- SAVFE 3177 07 AY SUPPTLYING MULATIVU FROM™ PERDNIYK“W
MULATIVU 23606.96 PERDNIVA 0. 4975 T4745.03 T * i
o - - O ' G AVE T TAEZ-39 RY SUPPLYING MUTWALAT FROM PERDNTYA™
- MULWALAY, 12004.68 PERDNIVA 0. 4884 586%.73 T T T
_MUNDEL 14972 .64 KOLONANA 0.13614 2037.%0 | . '
- - : o T TSAVE LS9 24 AY TSUPPLYING MURUNKAN FROM-PERDNIVA
"myugu KAN 9601.14 PERDNIVA 0. 4129 $9464.00 '
L _ - TSAVE 0.00 AY SUPPTYING MURTLAWA FROM PERDNIVA—
mﬁuwn4ﬂa — 0.00 PERDNIVA 0.1087 .00 . -
T o - T T T U SAVE TTOC00 T RY SUPPUYING MUTTUR ™ FROM PERDNIVA—
_MUTTUR 0.00 PERDNIVA T0.3%304 0.00 B S :
- - : T T T SAVE 19 RV SUPPLYING MYLINDY —FROM-PERDNIVA—™
MYL1DDY 995 43 PERDNIVYA 0.7144 499784 - -
~ NAGODA 38051.84 KOLONAWA —~ 0.0687 2612.64
NAGLGODA 0.00 KOLONAWA " 0_1361 .00 o T T T s
_ NINAMDMA 7711055.87  KOLONAWA ~ ~ 0.0757 905,06 ”
~ NAKYDNYA 20731.20 KOLONAWA 0.1804 T760.32 o -
C NAKLGMWA ~ 0. n0  MATARA 0.49592 00 ' R
T ’ SIVE““‘“”—‘n“oo BY SUPPLYING™ NALANGA  FROM PERDNIVA™™
__NALANDA WT00 PERDHIVA T 0.1598 T T 6700
- - . ¥ 117 R zn61 6% BY SUPPLYING NALLUR™ FROM PERDNIVA™
CNALLUR. " 23419_21 PERDNIVA ~~— 0.4%2% —— = " 14334.90 ' e i
Al s 4B8Ta A T LI N . N WAL - T S Sl e e e R—— . [



LV S~

WMARAEF L AN TSI ) Y

Ma bW Y L

N AT ™M™

NANATTAN 0.00 PERDNIYA 0.4246 0.00 (270_1Srl : A :
_ L N T T T T R RYE T AP BT RY TSUPPLYING NANUOYAT FROMTPERDNIYATT
NANUOVA 54299.72 PERDNIYA 6.1879 10580.97 ,
__NARAMALA .33338.49 KOLONAWA ~0.0933  31910.48 T
NATNDIYA 40810-91 KOLONAWA 0.0845 3448.52 ‘
= T T G SAVE W77 26 RY SUPPLYING NAULA ——FROMPERDNIYA—
_ NAULA 14517.59 PERDNIYA 0.1668 2755.46
NAUTDUWA 4322.81 KOLONAWA . '0.0948 81217
NAWALA 0.00 KOLONAWA 0.0?29 0.00
- - T ' N o SFAVE 144, 90 EV“SUFFYYING_NAWEﬁTYI"FROM PERDNIYA—"
NAWLPTY A 131253.98 PERDNIYA 0.1387 18199.438
NERODA 10083.41_ _KOLONAWA 0.08170 1545737 N R T
SAVE 0. 00 BV_SqutYlﬂﬁwNEDNKENY*FROM“PERDN!VW‘“
NEDNKENY : 0.00  PERDNIVA 0.46174 0.00 R - T :
__NEGOMBO 25&:?3 57 KOLONAWA 0.0511 T2980.466
' - ; - T SAVE EALI-BE BY SUPPLYING NELULTADY FROM PERDNIVA—
NELLIADV 530?5 36 PERDNIVA 0.6972 363687 Ovﬁ—*““** . B
~ NELNBNYA 26210.95  KOLONAWA 0.0827 2168 .89
NELUWA 512.646 KOLONAWA 0.2408 123. 44
_ NIKWRTYA 44230.47  KOLONAWA 0.1527 TRTEX 99 T _ = TR T O .
SAVE 0,00 RY SUPPLYING NTLODHNNA FROM PERDNTYA ™
NILDHNNA 0.00  PERDNIVA 0.1791% 0.00 - T T T T T T T
SAVE 7.26 AV SUPPLVING NINTAVUR FROM PERDNIYA
NINTAVUR 5765.31 PERDNIVA 0.h472 “2569.23 _ : : T T T
SAVE 0. 60 RV SUPPLYTNG NIRVELT —FROM PERDNIVA ™
NIRVELY ~ 0.00 PERDNIYA g.6172 5,00 ' : T
NITMBUWA 231499.12 KOLONAWA 0.0528 166378
"NIVTGALA " 20980.R3 KOLONAWA 0.1287 260973
__NYNDRPLA 3446R8.81 KOLONAWA 0.0810 279,28
NOCHYGMA 1866R.56 KOLONAWA 0.2648 L570. 74
NORTBRGR 1469R.23 KOLONAUWA 0.1398 2096, 219
- NORWOOD 32626473 KOLONAWA 0.1582 57T82.98
NUGEGODA 205778.96 KOLONAWA 0.0247 5074.51 | T
- 5 — - A T CSAVE T 7Y% 98 BY SUPPLYING NUWELTYA FROMPERDNTIYA—
~ NUMWELIYA 169793._88 PERDNIVA 0.18409 3I0745.71 _ ' —
o - S T SAVE .62 BY SUPPLYING OHIYA ™ FROM PERDNIVA~—™
OHIYA 640.84 PERDNIVA 0.2440 156. 38
. OLuUvVIL n.00 HAPUTALE 0.4806 — 0.00 : ' . _ T :
. SAVE 0.00 B8Y SUPPLYING OMANTHAI FROM—PERDNIVA—
OMANTHAT n.00 PERDNIVA 0.3507 0. 00 - : : _ T
__OPANAIKS 5810.21 KOLONAUWA 0.1472 855,01 —
- - _ , . SAVE RGN, 75 8Y SUPPLYING PADAVIYA FROM PERDNIVA
PAPAVIYA R294.34 PERDNIYA 0.3608 2992.37 _
. _ T T T - T T SAVE B.00 RY SUPPLYING PABIRUPU FROMTPERDNIVAT
PADIRUPU 0.00 PERDNIVYA 0.4967 0.00 ”
T B T _ - T SAVE ¥55.76 AY SUPPLYING PADYPELA FROM PERDNIYA™™
PADYPELA 9635.95 PERDNIVA 0.4527 1471.80 -
_PADUKKA 55410.87 KOLONAWA 0.0528 2976.80
PAYGLALN 517.%2 KOLONAWA 0.0669 34, 41
PALAKUDA £852.74 XOLONAWA 0.1915 1254.90"
__PALAMUNA n.00 HADU?ALE 0.4444 0.00 _
= ' SR R T T T TTGANE T VA4S %9 RY SUPPLYING PALTAT T FROMTPERDNIVATTT
PALLAL 16280.26 PERDNIVA 0.5509 89648, 0%
- T R T “SAVF 0.00 BY SUPPLYING PALLEGMA FROM PERDNIVA—
PALLEGMA n.00 psaDNIVA 0.2348 0.00 _ , -
- B ' '_. T > - “SAVE F7.77 RY SUPPLYING PATLFPLA FROM PERDNIYA™
__PALLEPLA 4173R.87 PERDMIVA 0.1598 661.26 ' ' ' ’ ' i
__PALLEWLA 16175.09 KOLONAWA 0.0563 991,30 T - - - -
_ _ : . SAVE ALZ Bo "BY SUPPLYING PALLWTTA FROM vERDNIVN““
PALLWTTA 10042 _38 PERDNIVA;_ 0.2003 2499.32 T
PANADURA 159220.03 KOLONAWA 0.0440 7008.87
- PANAGODA -~ 49211.95  KOLONAWA 0.0475 2339.54 T T
_ : _ o i SAVE 7689.03 av*%UppLYING PANDTRPU FHOH """ PERDNIYA“
__PANDTRPY 51394.83  PERDNIYA 0.6351 32637.31 ' B
PANIHKNDA A AN MATADA n 242n A AN T o



PANKULAM " 0.H0 PERDNIVA 0.3567 0.00 (271) L \
TPANNALA  RERB4 04 KOLONAWA 0. 0863 T VLG.63 : T e - e e
PANNDTVA o 60314 01 KOLONANA 0. 0317 m““”—““”“’1927_30 e e - SO
o . : - T SAVE 49,02 AY SUPPLYING PANWILA “FROMTPERDNIVA™
TPANWILA 1253 18 PERDNIVA i 12?8 ~153.92 S 125
e — ' — R o R : SAVE T O 00 BY TSUPPLYING T PANWLYNE FROM PERDNIVA—
PANWLTNE _MMQ_OO PERDNIYA 0.1}§9 6.00 : : - - -
_PARAKDWA ___ 5633.04_ KOLONAWA -~ - 0.0845  ~ ~ ~~— "475.99 T - e —
TR RRANT . _ CSAVE 4399, 58 BV SUPPLV!NG PARANTAN FROM PERONIVA™
_PARANTAN _~ 21%89.77 DERDNIVA  0.4769 T0201.47 o e ,
PASSARA __42812_60 HAPUTALE 0.2523 1072593 e o e e e
PASYALA 8277.44  KOLONAWA ~ 0.056% LG %% S —
__PATANA - 0.00 KOLONANA 0.1456 .00 SO — . |
TPELAWATA  1i725.95 KOLONAWA _ 0.1056 4238.49 : - SN _ -
PELYGODA  498645.52 KOLONAWA  0.021% " 10541.37 - e T e e e
PELMDULA . 74439, 907 KOLONAWA ~ 0.1342 _ 9994, 33" - = S— e e
T B TTTTEAVE "2320740 BY SUPPLYING PERDNIYA FROM PERDNIYA™
__PERDNIYK 71160.55. PERDNIYA 70,1035 41500 A - e
— ' _ . TSAVE T U000 AYTSUPPLYING PESALATTFROM PERDNIVA™
PESALAI - n.00 PERDNIVA — 70,4609 _ TTTOT 00 : : o o
e o - B - " ' SAVE 4?9 81 BY SUPPLYING PILMTLWA™FROM" PERoNIVk——
TFTULMTUNA 24575730 PERDNIVA  0.1087 T "IBBYTEC | T N o - -
__PILYNDLA  91175.n2 KOLONAWA  0.0370 3371.65 - - e - e o
“PITRDARA  8212.76 MATARA. 0.1768 1457, 69 . - -
PITIGALA  6R97.42 KOLONAWA o 1144 289 23 e e
_PITIPANE 11034.19  KOLONAWA —~—— "0.0511  ~— 56% 51 . — - L
__PODDALA  _0.00 KOLONAUA o 1601 ' TUsTo0 T e — : e
' ' o S SAVE T 717.BZ RY supprvzﬂc—pr PEBRO FROM PERDNTIVA —
_PY_PEDRO %4554.74 PERDNIVA 0.6070 394184.47 -
__PLGHWELA _ 49088.05 KOLONAWA  0.0880 _ Le30.73 _ e e e
__PLGSOMWTA 0.00 KOLONAWA 0.06423 0.00 . - :
- ' N : e ' SAVE T 429,07 BY SUPPLYING POLGOLLA FROM PERDNIVA™ "
HWPQLﬁQLLAmm_m“_ziilihﬁ&,WPEPQNIVA ' 0,121 2586.23 T A - - ‘
_ o ; T SAVE K74724 BV SUPPLYING POLNRUWA FROM PERDNIVA™
POLNRUWA 97%957.64 PERDNIVA ~0.2630 25182.53 . .
' e o D SEAVE 777000 ARY SUPPLYVING PONAKERT FROMTPERDNIYA—
PONAKERY ' 0.00 PERDNIYA 0.5585 6.00 ' -
POONGALA 106%2.499 HAPUTALE _ 0.2347 B 2495737 -
_ o _ I TSAVET T 0,007 AY SUPPLYING PVRSKLAM™ rnou PERDNIYA
_PYRSKLAM . 0.00 ~PERDNIYA 0.3507 6.00 T e o
POTTUVIL _2327.65 HAPUTALE 0.3658 | 854,50 e = — ‘ U
PUGODA 9311.79 KOLONAWA 00458 TTUR36. 29 — S— e
- TTSAVE T AL7.99 BY SUPPLYING PUJPTIYA FROM PERDNIVA™™
PUIPTIYA T A7323.46 PERDNIVA - 01246 PSRN ET N - : _ :
_ . SAVE ﬁaﬁ_Pé“aV“#vatvtNG—putMuDAI“FRoM*PEnonrvwm-
PULMODAY 5514.37. PERDNIVA . 0.4449  — - 2453.34
B _ SAVF “TRL7T oz*nv*supprvrnr*PrLOLI“““taom PERDNIYA“"
PILOL! 16651.20 PERDNIYA 6.8147 0284, 69 S
: ‘ L SAVE 957'13_HV*?U5VYYING FTND[OYA“?ROM*PERDNIYN”“
PINDLOYA - 3008%.23 PEEEWTVK“___“"“1615 _ L8589 .8% . —
. _ R . - ' , . TTSAVE T 47892 RYT §UFPEVINF“PUNGDTVU_FROM PERDNIYN“*
PUNGBTVU 2164, 06 PERDNIYA 70,7261 T ASTAC24

T T i} ; sxvg“““fA@gvjqn“nvAsupp[YING“PUNNﬂtAr“rROM“PERDN!YAﬁ”
PUNNALAY 7055.87 PERDNIVA  0_7173 TRO&Y .30 T T T o _ T
T -SAVFE TP TN RY SUBPPLYING PUNLUKDWN FROMPERDNIYA—

PUNLKDWN_ 35384.53% PERDNIVA. 078274 222030719 S —— = _ -
e o - TSAVE T U944 .R0 BY SUPPLYING PUPURESA "FROMPERDNIVA™"
PUPURESA  9454.46 PERDNIYA — 0.13469 . 1322700 - — — : _ — o
V. TEAVE T T PAOT7 TRY SUPPLYING PUSELAWATFROM PERONIVATTT
PUSELAWA 30167.76 PERDNIYA ~— 0.1404 k23616 _ e e S
PUSSELLA _21842.46 KOLONAWA ~0.0898 1961.62 e
_PUTTALAM _112018.80 KOLONAUWA 0.3856 TEE5L2. 3% _ -
s o 7 \ ] T 00" 8Y" suavaxnr PUTKNRPU-FROM PERDNIYA™
_PUTKDRPU o_..D.DO__PERDNIYA ~~~ 0.488¢4 0700 | _ -

AT R T T T T R AT T A T RS B TR T TV T AT T W TR e nrnnuvul S



P M TR o W

PUWKPTYA 1724.40 KOLONAWA 0.0584 100.19 (274 : , ' - o
o S SR S SR L - SAVE  TTiALYT .85 RY SUPPLYING RAGALA FROM PERDNIVA
RAGALA ~ 47490.23 PERDNIVA 01915 T 7T 33RE.97 3 - ' ' ' T
RAGAMA 37821.95 KOLONAWA - 0.0282 - 1065. 82 T — _ T T '
. B B _ SAVE .00 BY SUPPLYING RAJAGAMA FROM PERDNIYA™
RAJAGAMA 0.00 PERDNIVA - 0.4724 T 0.00 B SR T . ' .
_ RAJKDLMWA 1954.%3  KOLONAWA 0.112°7 220.17
RAKWANA 31350.09 KOLONAWA ™ 0.1619 507683 T T - : T
~ - , SAVE A35.96 BY SUPPLVING RAMBODA  FROM PERDNIYA
RAMBODA 24198,.72 PERDNIYA 0.1563 409X BT . T
RAMRDGLA N.N0  KOLONAWA 0.1453 n.00 N
"RAMBKANA 4%455.00 KOLONAWA . 0.10917 L742.68 "’ —
RMBKPTYA . H.00_ KOLONAWA 0.1342 0.00
RANALA 35R67.62 KOLONAWA 0.0338 1200.13 -
B SAVE LSO RY SUPPLYING RANGALLA FROM PERDNIYVA
RANGALLA 13785.00 PERDNIYVA 0.1439 198% .23 T . _
RANNA 0.00 MATARA 0.1856 0.00
"RATGAMA 4828.33 KOLONAWA ° 0.1%324 639 T4
_RATMLANA 394339.64 KOLONAWA 0.0299 11806.53
RATMALE 0.00 KOLONAWA 0.252% 0,00
__RATNPURA 189137.04 KOLONAWA 0.9001 20642.42 _
- - h ' - TSAVE §{. B0 RY SUPPLYING RATTNTA FROM PERDNIYA™™
RATTOTA 1413.05 FERDNIYA 0.1475 208,17 ' . : T
RINIGAMA 16577.09 KOLONAWA 0.1379 2286.2%
RIDYAGMA 0.060 MATARA 0.219¢ 0.00
T T T : - : T T T T T T S AVE T T R T8 TRY SUPPUYING RIKLGSKD FROMTPERDNIYAT
RIKLGSKD 27BA4.46 PERDNIYA 0.7422 32560.87 -
__ROZELLE 2734_21 KOLONAWA ~ 0.1435 TS 25 i
RUANWELA 31614.09 KOLONAWA 0.0870 2560 11 - T T
i - e o B N DR SAVE D00 RY SUPPLYING STINTHMRT "FROM PERDNIYVA—
SINTHMRY n.00 PERDNIVA 0.4266 0. 00 : '
_ _SAMNTHRA 175%.35 HMAPUTALE 0.4383 768,55
__SANDLNKY 65397.44 KOLONAWA 0.0722 AL KN XY -
SAPGHWTA 4598.461 KOLONAWA 0.0722 L3 AL B B
SEEDUWA 3I0340.00  KOLONAWA 0.0337 1175, 41
- . . T T SAVE T 0L B0 BY SUPPUYING SEEPKTAM FROM PERDNIVA =
SEEPKLAM N.00 PERDNIVYA 0.2899 0. 00 ' T
_ ' - ! - B - SAVE %6598 BY SUPPTVING STLVTURATFROM PERDNTYA
SILVTURA 5312.20 PERDNIVA 0.4312 2200.47 ' '
- B ' - - SAVFE {1 &Z8.37 RY SUPPLYING STTNKENI FROM PERDNTYA ™™
 SITNKENY 10741.94 PERDNIVA 0.6325 679445 ' -
‘TARBOWA 0.00 KOLONAWA 0.182%3 0.00 . T T T
- e SAVE 6.00 BY SUPPTYING TALMANAR FROM PERDNIYA
TALMANAR - N.00 PERDNIVA 0.4792 0. 00 P A B - : T
TALALLA 0.00 MATARA 0.1433 0.00 B
CTALNGAMA 0.00 KOLONAWA 70.0282 .00 - T o T T ' T
B § SAVE FAS.78 BY SUPPLYING TALTUOYA FROM PERDNIVA™
__TALTUOYA 22072.38 PERDNIVA 0.9263 278B.62 T _ _ )
TALWKELR 129220.86 KOLONAUWA 0.1712 22920.03 B
- TALWTGDA . 48278.69 KOLONAWA 0.0335 691,40 T
TALGSWLA 13437.71 KOLONAWA 0.1472 1977, 44 B
TALPE 0,00  KOLONAWA —~  0.1582 .00
_ TAMBTGMA 10704.00 KOLONAWA 0.228%6 FIYY N % - :
- : A - T SAVE 0,00 BY SUPPLYING "TMPLXMAM FROM™PERDNIYVA—
TMPLKMAM 0.00 PERDNIYA 0.3742 0.00 .
TANMWILA 8277_.15 MATARA 0.2751 2PV T
__TANGALLA 19847 _35 MATARA ~0.1715 3351.98
TAMALAMA ' 0.00  KOLONAWA T 0.2327 0.480 T - T SE - ' T
- L SAVE A 60 BY SUPPLYING TWUNTENE FROM PERDNIVA ™
TWLNTENE N.00 PERDNIVA _ 0.1457 ~0.00°" _ ' ' _ - E S
TEBUWANA 0%11.78 KOLONAWA 0.0775S 721,29 .
o - - I ” T _ : SAVE ROLT28 BY SUPPLYING TELDNIYA FROMPERDNIVA~
TELBNIYA _ 22480.92 PERDNIVA 0.1299 2919.37 o o
_TELJWELA . 0.00 MATARA 0.1416 .00 T

Ba gl TFR TRV NI P TVINA YET I oA Y CROAM DERNN Tva

SaAve



| - (273) save ©06.54 BY SUPPLYING TENEKBRA FROM PERDNIYA

~ TENEXBRA 25978.%4 PERDNIYA ™ 0.112% ¢ TTTRNAEL YT T T - : — — ——— —

 TALAGAHA mwo.ob““id{oﬁywx“”““ 0 1533"@-fﬁ““f~«nm“37004~wmwm——uamu_demhmkaww@memmemeg;wmmﬁmmnmmwmmm“gaww,wmwbmw

T YIHAGODA 3951.32 MATARA T 01496 TORLET0 _ — B

N - ‘ ] ' - : ' SAVE ?1((*92 av SUPPLYING_TNDWANAR FROM— PERDNIYA”*
TTNDMANAR. T T20068.46 PERDNIVA UTTTOU8R7L T T A2894T19T % T

. R - SAVE o oc—nv QUPFtY!NG*TUNNUKAI*TROM psnonrvaﬁ

_TUNNUKAY 0.00 PERDNIYA 0.4632 _ 600

o - - ) | _ T TTUBAVE q??’zz“ﬁv—cuanY!Nr TRCTSURNT FROM PERDNTVA~—

TIRKTSWRN T 284673 PERDNIYA 0. 4495 THRPY3T o - =

_TRMNKTYA  41845.85 KOLONAWA — 0.1144 L787PT97 — - - U

__TISMRAMA 11436_87 MATARA . 0.251% T ARTAL9E D T T T R i

SAVE "WETTT?BMHV_SUPFTY!NG”TRNCMALE”?FOM“PERDNTVA_“
" TRNEMALE 139453.93 PERDNIYA 0. 3345 L?058.8617 e -
~ TUMODAR A ....06.00 KOLONAWA™ — 0.0616 - 1 e e — e —

) _ | e g - _ SAVE 70700 RY SUPPLYING” UDHNTFNE FROM-PERDNIYA~

" UDHNTENE _ ~0.00 PERDNIYA  0.135% ' 0.700 B T )
__UDAXRUWTA 5126.46 KOLONAWA™ 70,1361 TTTUEGPISY - e S

N - ' ” TAVE 1764 .34 BY SUPPLYING UDD§1ANA FROM™ PERDNIVA—

TTUDPSTAWA T 3979324 PERDNIVA 0. 2371 TOI94TA T e

_UDAWALWP _ 0.00_ KOLONAWA 0.2347 i ~T0.00 T T —

- R R T S T SAVE T 379740 BY SUPPLYINGTUSISPATU FROM- PERDNI#A“W
UblﬁiﬁTuﬂ_“mm_B1?1 03 Eﬁﬁnﬂ{i&wﬁ__071387 B K 7 ST S— b -
UDABDAWA _ 62423%.45 KOLONAWA — 0.1039 648%.30 - - — . & : -

__UDUGAMA 15321.04 KOLONAWA 01945 2934 27 : — s

_UDGMPOLA 33451.90 KOLONAWA _ 0.0458 107363

_UHANA  1419.25 _HAPUTALE _ 0.4383 'Y T I T B - ; o " )

: . " e | ST SAVET T SR.75 BY SUPPLYING UKUWELAT FROM“PERDNIVA™

TUKUMELA T 205046 PERDNIVA 071351 L R

’ ' - T - SAVE 1a;?ns—ﬁv*suprVING*UKAFANE**FRUM—pERDNIvnnf

________ ULAPANE 8433.90 PERDNIYA  0.1281 10461.958 , - ' -
— UNPUGODA  874.80 KOLONAWA  —0.0988 Yy - ey e -

_Upgny 57571 87 KOLONAWA ~ 0.1564 ~ ~  9004.01 ' ' - -
URALA 8270. 52 KOLONAWA 0.1730 T 143105 ) B : T B

—URABDLA 10921.23  KOLONAWA 0.0559 T65%. 74 R j
URUBOKKA ' 8&51.93 MATARA TT0.1979 Y692 L7 S e e

SAVFE n 60 " av SUPPEV!NG“URUGILA “?ROM PEnnnrvx—

URUGALR : : 0.00 PERDN;VA 0*:1‘*22 .: i 0.00 . -

__URGSMNHD 11725.95 KOLONAWA 0.0986 EL LY S — S
T —- R SAVE A57.%4 BY SUPPLYING URUMBRAI FROM PERDNIYVA™

~ URUMPRAY 4138.57 PERDNIYA 0.6325 TTTTR697. T T _ a
- _ T : T : B SAVE T E¥0. 1T RY STUPPLYING UYUNKLAM FROMTPERDNIYA™

__UYLNKLAM 9010.36 PERDNIVA  0.4197 3782.02 o ' -

— _ - ] — T SAVF .00 RY SUPPLYING VADUKODA FROM PERDNIVA—"

__VADUKODA 0.00 PERDNIYA 0.7173 T 00 : oo

B e SAVE 677.54 RY SUPPLYING VALCHENA FROM PERDNIVA™

VALCHENA 23708.36 PERDNIYA 0.3527 8361.37 N **
L o e I e 7 SAVE T 4302, 28 RY SUPPLYING VAVETURT FROM PERDNIYA™
_VAVETURY 30710.07 PERDNIVA 0.4798 24640.55 - -
- o ' ~ ' ' SAVE {367 BY SUPPLYING VASAVUAN FROM PERDNIYVA—

VASAVLAN __2060.78 PERDNIVA  0.6325 _ _ 1308.83 —- - .. ,
. ' e - SAVE 0,00 Y SUPPTYING VAYNKLAM FROM PERDNIVA~
_VAVNKLAM ~0.00 PERDNIYA 0.45%1 0.00 - - - -
: R o T : B IR SAVE . 2HAN.B9RY SUPPLYING VAVUNIYATFROM PERDNIVA—™

_ VAVUNIYA 46045 _ 47 PERDNIVA 0.3304 15243.98 . ' ' e

- ) T : _ SAVE™ TO5T46 BY SUPPLYING VELANA!I " FROM PERDNIVA —-

_VELANAL  3710.3%2 PERDNIYA 0.720%3 2672 .37

_VEVYNGODA - 110706.78 KOLONAWA 00,0543 T T R2RT. 227 T ' 3 T T - P
_WADAKADA _ 5106.45_ KOLONAWA 0.0986 563.39 e -

_WADDUWA 49777 81 XOLONAWA 0.05114 . 254165 . _ e - “ ““

_WAGA 114960 KOLONAWA 0.0475 i TG 65 - ' ) -

_WAHARAKA _ 1264_ 56 KOLONAWA ~—— 0.0722 99,28 e . - - e

_WATKKAL ) 1 R508. 61 XOLONAWA 0.0646 T TTTTTTIV4eI50 T e — S . o , o

LMALSGALA 15063.91 . MATARA S 0.T644 TRV I3 = _ x — : e
WaLsMULa 28381 ¥R MATARA Y- Y R E AQ T e : i
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__WANDRBMA 0.00 KOLONAWA 0.1545 0.00
_WARKGODA - 528R8.47 KOLONAWA 00845 L4685
WARKPOLA. 37592.02  KOLONAWA 0.0722 2793.39
WARALLA 3691.19  MATARA 0.1908 704 L3 - -
WARYPOLA 16773.56 KOLONAWA 0.1287 2158715
WASKDBUWA 0.00 KOLONAWA 0.0528 0,00
- - SAVE 5765 8Y SUPPLYING WATAGODA FROM PERDNIYA
WATAGODA 1600.82 PERDNIYA 0. 1791 2B&.77
WATAWALA 724.35 KOLONAUWA 0.1342 94.82
WATTALA 63228.17 KOLONAWA 0.0211 13%6.64
- - SAVE 808.10 8Y SUPPLYING WATTGAMATFROM PERDNIYA
WATTGAMA 254564.59 PERDNIYA 0.1248 3179.38
WATUGDRA 5518.09 KOLONAUWA 0.1144 631.38 -
i SAVE .00 BY SUPPLYING WATUMULA FROM™PERDNIYA
WATUMULA 0.00 PERDNIVA 0-1739 0.00
WATRGAMA 11725.65 KOLONAUA 0.04%0 T 594.78
WERAGODA 0.00 HAPUTALE 0.3510 0. 00
WERAKTYA 152R85.95 MATARA 0.187% 286338
WELIGAMA . BAD4O_.37 MATARA 0.1504 12636 .37
WELIXADA "86220.23% KOLONAWA 0.0211% 1822770 TR T T T
- ‘ - : . SAVF 6.00 BY SUPPLYING WELIKNDA FROMTPERDNIVA™
. WELTKNDA nN._00 PERDNIVA -~ ~0.322% 6.00 I e R
. SAVE 9554, 02 RY SUPPLYING WELUIMADA FROM PERDNIVA™™
WELIMADA 100634.02 PERDNIYA ~— 0.2073 20861, 4% - T T A T T s
WELIPENE 0.00 KOLONAUWA 0.0933 8- 00
WELIWRYA 35177.85 KOLONAUWA 0.0387 13462.79
__MWELLMPTY 117792.35 KOLONAUWA 0.0176 2075.50
WELAWAY A 11268, 27 HAPUTALE 0.2453 276346 ) -
WENAPUWA 34488 .10 KOLONAWA 0.0704 2628.65
WERAHERA §357.15 KOLONAWA 0. 0352 188.48
SAVE TARY .46 BY SUPPTLYING WERLGAMATFROM PERDNTYA—
WERLGAMA 28927.74 PERDNIVA 0.1123 324743 - '
__WEWLDNYA 48973%.09 KOLONAWA 0.0704 3448648 o
WIRAWILA 0.00 MATARA 0.2511 0.00 .
YAKKALA 5403.13 KOLONAWA 0.0440 237 .85
YAKKLMLA N.00 KOLONAWA 0.7697% 0.00
SAVE 0.00 BY SUSPLYING YATAWATA FROM PERDNIVA
YATAWATA 0.00 PERDNIVA 0.1563 0.00
YATIYANA 18045.00 MATARA 0.1486 2681 49
YATNTOTA 33798.33  KOLONAUWA 0.0845 2855.96
_YODKNDYA 0.00_ MATARA 0.2548 0.00
INITIAL  THROUGHPUT AT PERDNIYA I8 4497880.41 o
FIXED COST OF PERDNIYA IS 153200,00 )
INTTIAL VARIABLE COST OF PERDNIYA 15 1331442.09
. INTTTAL = GROSS SAVING BY — INCLUSTOR OF PERANTYA TN THE BASIS IS5~ 2A00A5.¥3- "

T CONYRIBUTION TO NETT SAVING BY  INCLUSION OF PERONIVA IS 224A65.13

. DEPOTS IN RASIS

PEPOY

PRESENT THROUGHPUT — FIXED £057 ~ VARIABLE C€OST -
KOLONAWA 150535456.18 %14000.00 ORE9VT .7
MATARA 946254.55 7200.00 151686.79 -
HAPUTALE 685178,82 £560,00 188649 .35 -
BERDNIVA 4LL97830. 41 15200.00 133164209 -
FIXED 20ST OF KNDLONAWA AND 3 DEPOT/S 18 439900.00 o - ) Bl



\=i2)

fOTAL €0ST OF ALL COLLECTIONS = — B0134.38

1EDUCFD OVERALL fOST = 3177980.27

o INTITIAL ME;!'T' SAVING BY INCLUSInN TOF PERDNIVA Ihr"ﬂﬂ'-'- BASIS IS 2748644

[(MPROVEMENT OVER €AST OF PRESENT quvEM E TTa4E65T0. 01

DERCENTAGE IMPROVEMENT = =14.77

W O O TR gr g SR 00 NS e e B U Gt T ey e o ek g W W S e Y AR MU M T G0 ST R O WS TS gy W PT an SR v e o T g WA W S

SATICALO DEPOT WiLL ENTER THF BASIS

[MPROVED SUPPLY PATTERN _ : A
T INTTIAL THROUGHPUT AT BATICALO Is — 385059.02 7
_FIXED €0ST nF RATICALD IS ~ 7000,00 - T
L INTTIAL VARIABuE COST OF BA{LQALn 1S 10é827.05 _

TINGTIAU GROSS SAVING BY INCLUSTON OF ERTTCALO LN THE BASTS IS 4399

CONTRIBUTION TO NETT SAVING BY ~ INCLUSION OF RATICALO TS 36999 .15

JEPOTS IN BASIS

DEPOY  PRESENT THROUGHPUT ~FIWED €0ST VARTABLE CosT
(OLONAWA 15053456.18 414000.00  — 98590747 N
1ATARA 946254,58 ~7200.00 151656.79
fAPUTALE . 524653.92 A£500.00 149887946
PERDNTVA 427334629 15200.00 124958377

iATICALOD 385059, 02 . 7000.00 146827, 05

TIXED EOST OF KOLONAWA AND _ & DEPOT/S IS 446900700

TARTABLE C0ST NF KOLONAWA AND L DEPOT/S 18 DEYRYLETET

FOTAL COST OF ALL COLLECTIONS =  80134.38

{EDUCED OVERALL COST &  3940981,12

INYTIAL NRYT SAVING BY INCLUSTON OF BRATICALO IN THE BASTS 1S 3499¢

WPROVEMENT OVER €0ST OF PRESENT SYSTEM §  <49951086

PERCENTAGE IMPRAOVE HEN£= C=15L47
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_INTTIAL  THROUGHPUT AT KURNGALA Is 2791521 51

FIXED COST OF KHRNGALA 1§ .

0850, 00

INITIAL _VARIABLE COST OF KURNGALA IS 95189%.90

__INgTIAL _GROS
"CONTRIBUTION TO NETT SAVING BY

[ SAVING BY

INCLUS!ON o= KIRNGALA IN THE BASTS 1S A PEAD

INCLUSTON OF KURNGALA 1S 107842.15

EPOTe IN BASIS

*

BEPOY PRESENT THROUGHPUT FIXED £0OST VARTABLE COSY
GLONAWA H4148061.69 %71000,00 85893763
ATARA © - 946254,58 200,00 . T 151656.79
APUTALE §24653.92 65%00.00 119884 .46
ERDNIYA 2387219.27 15200.00 — 329088.36
ATICALOD 18505%9.02 7000.00 10682705
URNGALA 2791521.51 9850.00 GRTA93.9D
IXED CDST-OF KOLANAWA AND 3 DEPOT/S IS5 L58750.00

ARIABLE COST OF KOLONAWA AND

E DEPOT/S 1§ FLO628L .5

OTAL €OSY OF AL

L COLLECTIONS = 3013538

EPUCED OVERALL

CNST = $0331468 97

INYTIAL NETT

SAVING BY

[NELUSTAN OF RURNGALA IN_THE BASIS 1S 107817

MPROVEMENT OVER COST OF PRESENT SYSTEM ®  =3711698.71

PERCENTAGE IMP

ROVEMENT =

LA

T NP T oy o W L2 A Y T em DR

e L L L L L T R PR R AR YR R Y )

NURPUR A BEFPOT WILCU ENTER THE ®ASTS

MPROVED SUPPLY

FATTERN

TINTTIAL THRGUPHPUT AT ANURPURA s 1774558752

FI1XRD COST nF

ANURPURA 18

6000 00

INT71AL VARIARLE €OST OF

ANURPURA IS 576921.25

- INITIAL . GROS

S SAVING BY

INCLUSTON OF ANURPURA IN THE BASIS IS

7301a¢

CONTRIBUTION 7O NETT SAVING BRY

INCLUSION OF ANIRPURA 18 224196 .82

EPOTS IN _BASIS




DEPO? _ PRESENT THROUGHPUT FIXED COST VARIABLE COST. (217)

KOLONAUA 14948061769 *”W*““£11000 L) 836937.03

MAVARA 946254.55 7 7200.00 181654.79

HAPUTALE ~~~~~~~  524653.92 630000 T19BBY 46

PERDNTYA 2387249.27 45200, 00 32908%8.36

BATICALO  ~ 385059.02 ~~ ~~ 7000.00 108827.0%

KURNGALA T 1016964.99 TT9850.00 14477443

ANURPURA * _ A774556.52 . 6000.00 576527.25

FIXED COSY OF KOLONAWA AND ~ 6 DEPAT/S IS £62750.00

VARTARLE COST OF KOLONAWA AND & DEPOT/S IS 2246088.07 R

lq” L'cosv OF ALL COLLECTIONS ® 80134 38

REDUCED OVERALL CORT = 280897245

INYTIAL NETT SAVING BY  INCLUSION OF ANURPURA IN YHE BASIS 1§

27449

IMPROVEMENT OVER £0ST OF PRESENT SYSTEM = — -37502.13

::psncamraégm:Mpnovemeﬂf“E”‘”?ifzé“
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JAFFENA  DEPOT MILL ENTER THE BASTS

IMPROVED SUPPLY PATTERN

INITIAL _THROUGHPUT AT JAFFNA 1§ 108188876

FIXPD COST OF JAEFNA IS 9350,00

CINSTIAL VARTARLE COST OF JAFFNA 1§ "299824.18

INTTIAL GRASS SAVING BY INCLUSTON OF TAFENA TN THE BASIS 18 1257

~ CONYRIBUTION TN NETT SAVING RY INCLUSTION OF JAFSNA I8 41839404

DEPOTS IN BASIS

_DEPOY  PRESENT THROUGHPUT  FIXED £OST  VARIABLE COSTY
KOLONAWA _14948061.69 414000.007  —  B838937.03
MATARA 946254.55  7200.00 “A51656.79
HAPUTALE 524653,92 &500.00 7 1198BI.46
PERDNTYA 2387219.27 T 7745200,00 T 329088.34
RATICALO — = 385059.02 TTP000.000 T 106827.05
KURNGALA 1016964.99 " 9850,00  144776.43
ANURPURA —~ — ~ "492667.76 6000, 00 T 151356, 08
JARFNA “1n81888.76  6350,00  209B24.18

EYYFR sneT Nt vnlamalia AND 7 REDATZIR TE€ T 47%TAnTan
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TOYAL COSY OF ALt COLLECTIONS = 80134.38

REDUCED OVERALL COST = 269?581 4

INTTIAL NETT SAVINGWEY" INCLUSTON OF JAFFNAT "IN THE BASTS IS 71639

IMPROVEMENT OVER €OST OF PRESENT SYSTEM = " 28888.86
PERECENTAGE IMPROVEMENT = 106

o S S I et G GO SR W Y WM AR UN M e b gy SR NW W my uA SWT O S N WS M W AR AR VR W gy T gy TN Y AR P gy e VYA

RATNPURA DEPOT WiLL ENTER THF BASIS

IMPROVED SUPPLY PATTERN

INYTIAL THROUGHPUT AT RATNPURA IS PP6732 87

FIXED COST OF RATNPURA 18 3000,00 e
INYTIAL VARIARLE COST OF RATNPURA 1§ 109497.06

TINTvIAL  6ROSS SAVING BY  INCLUSION OF RATNPURA IN THE BASIS Is 74
T CONYRIBUTION TH NETT SAVING BY  INCLUSYON OF RATNPURA TS  4&79.6%

NEPOTs IN BASIS

REPOT  PRESENT THROUGHPUT — FIXED €OST —VARTABLE COSY

KOLONAWA 13517805.46 G14000.00 75058409

MATARA 946254.55 7 7200.00 151856.79
HAPUTALE 378477.33 - 4500, 00 8938771
PERDNTYA 23387219.27 15200.00 Y290R8. 35
BATICALD 385059.02 7000.00 10682705
KURNGALA B 1016964.99 ©850,00 T44776.13
ANURPURA 492667 .76 6000.00 151356, 04
JAFFNA 1081888.76 ' 0350.00 299824 1R
RATNPURA 776732.82 3000.00 10949706
FIXED ©OST OF KOLONAWA AND 8 DEpOT/S IS 475100.00
VARIAQLE £0ST NOF KOLONAWA AND 8 DEpPOT/S IS~ 2132867.40
TOTAL €OST OF ALL COLLECTIONS = 80134, %R
REDUCED OVERALL 6AST = 2688101.78
INY7IAL  NETT SAVING BY  INCLUSIGON OF RATNPURA IN YHE BASIS IS 7447
TMPROVEMENT OVER £AST OF PRESENT SVSTEM = TIT6E LS N

PERAENTAGE IMPROVEMENT = 1.23
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ALLE ‘DEP@I'NTLL”EWTERiTHEW§K§YS
MPROVED SUPPLY PATTERN

_INTYIAL THROUGHPUT AT GALLE IS ~1074997.91

_FIXED COST 0F GALLE 15 8850.00 T
__INSTIAL VARIARLE COST OF GALLE IS 126549, 21

INTTIAL GRASS SAVING 8Y  INELUSTON OF GALUE ~ IN THE BASITsS Is ~ 739541
TCONTRIBUTION Tn NETT SAVING BY ~INCLUSYON OF GAULE 1§ '30711.75

EPOTS IN BASIS - ' ' -

DEPOY PRESEMY THROUGHPUT — FINED #OST —~— VARTABLE COST "~

TLONAWA 12746074,99 414000.00 63497976 -
ATARA 64099311 7200000 7 40M050.57 T

APUTALE . 378177.33 £500.00 89357.71 i

ERONTYA - 2387219.27 15200, 00 ¥29088.3¢
ATICALO - 385059,02 7000.00 106827.05 T
JRNGALA™ 1016964,99 T 9850.00 T ULAT?E NS o
NURPURA 492667.76 000,00 15135604 _ B
ASFNA . 1081883.74 $350.00 299824.13

ATNPURA - 7767%2,82 3000,00 109497, 06

ALLE 107699191 R850.00 12654921

TXED €0ST OF KOLONAWA AND 9 DEPOT/S IS £83950.00

ARTARLE €OST OF KOLONAWA AND 9 DEPOT/S 1S 2003305745 T T
ATAL _£0ST OF ALL COLLECTIONS 3 8n13%,38

ZDUCED OVERALL CORT =  2A57300,03

IN!?XAL NFTT QAVING 8Y INCLUSION OF GALLF YW*THF_EAQIS TST07YY .

TPROVEMENT OVER COST OF PRESENT SVSTEM & 44080723 ' —

PERCENTAGEMIﬁPquEﬂﬁﬂT £ 2.35
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{INARAY, PEPOT WTLL ENTER THE BASIS

4PROVED SUPPLY PATTERN

"TI¥ER FOST AF cHTuARAY T8 1is60_0n



(260)
INTYIAL GRNSS SAVING BY TNGLUSTAN OF CHINABAY IN THE BASTS T§  390:

__CONYRIBUTION T0 NETT SAVING BY ~ INCLUSION OF CHINABAY 1§ 27566.48

PEPOTS IN RASIS

PEPOT  PRESENT THROGUGHPUT —FIXED €OST  VARTABLE COST

KOLONAWA . 12746074.99 411000.00 §3L979 %6
MATARA . 640993.11 7200.00 101050.57
HAPUTALE 378177.33 6500.00 89387714
PERDNYYA 2387219.27 15200.00 329088.36
RATICALO 285059.02 ~_7000.00 106827.08
KURNGALA 892510.70 $850.00 116127.25
ANURPURA 451218,44 £000.00 900607.57
JAFFNA 1081888.76 2350.00 299824.18
RATNPURA 1 776732.82. .. 3000,00 109497 _106
GALLE 1074991.94 8850.00 1265457214
CHINARAY 365903, 61 14500.00 509%0.88
FIXED £0SY OF KOLONAWA AND 10 DEPOT/S 1S 495450, 00

VARIABLE €OST OF KNLONAWA AND 10 BEPOT/S IS 2054239 97

TOTAL €0ST OF ALl COLLECTIONS ® 013438

REDUCED OVERALL ANST = 262982355

INYTIAL NETT SAVING BY INCLUSINN OF CHINABAY IN THE BASIS IS 3756

IMPROVEMENT OVFR COST OF PRESENT svsvem = 016467
PERCENTAGE IMPROVEMENT = 3.37
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AMBLGOPA BEPOT Wit t gNTER THE BASTS

IMPROVED SUPPLY PATTEARN

INITIAL TRROUGHPUT AT AMALGODA 15 341810.64

__CALCULATED INITIAL FIXED COST nF AMBLGODA IS 7341, 81
INTTIAL VARIARLE COST OF AMBLGODA IS 12125.27
INITIAL _GROSS SAVING BY " INCLUSTON OF AMBLGNDA IN THE BASIS IS 78,

“'coNvazaurxou TONETT SAVING BY  INCLUSTON OF AMBLGOBA YS — 299.62

hEPOT? IN BASIS

" DEPOT _ _PRESENT THROUGHPUT  FIXED (OST  VARIABLE €OSY




ATARA  660993.11 - 7200.00  101050.57 \=ol)
APUTALE ~  — 278477.33 4500.00 TB93IS57. 7

ERDNIVA T 2387219.27 7 15200.00 7 7329088.36 ) —
ATICALO %88059, 07 ;;;f”m7000"bo 10682? 65 -
URNGALA .B92510.70 9850.00  116127.25"

NURPURA 451218, 44 6000.00 90007.57

AFFNA 1 1081888.76 350,00 TT29982%4. 18

ATNPURA _ ?76732,82 3000.00 169497, 06

ALLE ~— 969285,31 8830.00 113858.85

HINABAY ——~ ~ 365903.6% 115800.00 50930.86

MBLGODA 341810, 64 7341819 3242827

IXED £0ST OF KOLONAWA AND 11 DEPOT/S IS~ 502791.84

ARTABLE €OST OF KOLONAWA AND 11 DEPOT/S IS "204é597.7% —
QTAL COST OF ALL COLLECTIONS = 8n134.38 o

EDUCED OVERALL COST = 2629523.93 -

T INITIAL NRTT §AVING BY - INCLUSION OF AMBLGODA IN THE BASIS TS 799
MPROVEMENT OVER COST OF PRESENT SYSTEM = ARA L T
"“pERCEN7asg;iHbgggEﬁEN$“= 3,38

AGAMPE BEPOT WILL ENTERTHE BASYIS

— O
MPROVED SUPPLY PATTERN

INTTIAL TNROUGHPUT AT MADAMPE 1s  538937.87

CALPULATED INITIAL FIXED CQST AP MADAMPE IS 75%8.94

INTTIAL VARIARILE COST OF MADAMPE 1Is 835073, 20

INTTIAL  GRNSS SAVING BY INCLUSTON OF MAHiMbE“‘rN“fﬁE_BISTS”YQ““““TTEi?

CONTRIBUTION TO NETT SAVING BRY INCLUSTION OF MADAMPE 1§  %¥804.72

EPOTS IN BASIS

PEPOT  PRESENT THROUGHPUY ~~FIXED 05T ~ VARIABLE CosY

NLONAWA 11985330, 06 £11000, 00 54528&.80
ATARA 640993.711 200,00 TT101050.57
APUTALE - 373927.57 6500.00 T 88098.50
ERDNTYA ' 2%87219.27  15200.00 "3200R8.36
ATICALO  %85059.02 T 7000.00 10682705
URNGALA B84463.48 ¢850.00 115065.82
NURPURA 451298,44 6000.00 9000757
AFFNA . 1n81888.76 350,00 729982418
ATNPURA 776732.82 3000.00 T 109497.06
ALLE 969285, 31 "8850,00 41385835

HINARAY o QAN &1 44800 na T T TTRNOZIAN RE



1ADAMpPE 538937.87 7538.94 53503.20 (282)
'IXED €OST OF KOLONAWA AND 12 DEPOT/S IS 590330.75
TARTABLE COST. OF KOLONAWA AND_ 12 DEPOT/S i§5  2035164.08

FOTAL COST OF ALL COLLECTIONS = 8134, 38

{EDUCED OVERALL COST = 2625629 .21

"INTTIAL NETT SAVING RY INCLUSTION OF MADAMPE IN THE BASIS 1S 389¢

95847105

PERGENTAGE IMPROVEMENT =  3.52
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TANKUTEM BEPOT TUL ENTER THE BASTS

MEPGVED SUppLV‘bATTE?N

TINTYIAL  THROUAHPUT AT MANKULAM I8 233958 .10

CALeULAYTED TINTITIAL FIXED COST OF MANKULCAM IS 7233.96

INTTIAL VARIABLE COST OF MANKULAM IS 59651.07

-

INFTIAL GROSS SAVING BY TNECUSTON OF MANRKULAM IN THE BASTS TS
CONTRIAUTION TN NETT SAVING BY INCLUSTON OF MANKULAM YS 2347.39

)EPOTS IN BASIS

DEPOT PRESHENT THROUGHPUY =~ FIXED e0ST VARTARLE CGST

(OLONAUA 11985330, 06 §11000.00 545286 .80
TATARA T 64099311 7200,00 101050G.57
{APUTALE 173927,57 6500.00 8809850
'ERDNZYA 2387219.27 ~15200.00 - 3290848.36
\ATICALD 385059.02 7000.00 - 106827.08
(URNGALA B84463, 48 9450.00 11506582
\NURPURA 194315.03 6000.00 72167 .44
IAFFNA 937790.18 9350.00 257529.30
LATNPURA 776732.82 3000.00 10949706
ALLE 969285, 31 _ RR50.00 {13858_8%
JHINARAY 333047.50 11500, 00 4266345
\MBLGODA 341810, 64 7341.81 3292527
1ADAMPE 538937,87 7538.94 5350%. 20
PANKULAM 233953.10 7233.94 59054.07
SIXED _€0ST OF KNLONAWA AND 13 DEpOT/S I8 817544 .71
13 DEPOT/S I8 2025612.73

fTARIABLE €COST OF KOLQHAHAWAHD

AT A aACT NrF

ANALI EMRTPTAME o

fne 11 iK‘



{233)

EDUCED OVERALL COST = ~ 2623379,82  ~

INTYTAU NETT §AVING BY T INCLUSION OF MANKULUAM IN YHE BASISTIS 2347
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JHVKCHRI DEPOT WILL ENTER

(WPROVED SUPFLY PATTERN

TINTTIAU T THROUGHPUT AT CHVKCHRT IS 53543735

“CALEULATED INTTTAL FIXED GOST GF CHVKCHRT IS 7535744
L INTTIAL VARIARLE COSY OF CHVKCHR! 1S 1464R81 .19

INITIAL GROSS SAVING BY ~INCLUSTON OF CHVKCWRY IN THE BASIS IS — 81>
__CONFRIBUTION TO NETT SAVING BY  INCLUSTON OF CHVKCHRT 1S 586,07 —

YEPOTS IN BASIS

BEPOF  PAESENT THROUGHPUT — FIXED (OST VARTASLE COST

(OLONAWA 11985330, 06 $19000,00 545286 80"
1ATARA 640993, 11 7200.00 1010%0.57
{APUTALE 173927.57 4300.00 8809850
'ERDNY YA 2337219.27 15200.00 32908836
IATICALD 385059.02 7000.00 106827, 05
{URNGALA BB4L463, 4R 6850, 00 506582
\NURPURA - $94215.03 T &000.00  F2Y67 LY
[AFFNA | £85626,90 . ©350,00 729063.56
tATNPURA 776732.82 T 3000.00 10949706
ALLE ) 969285, 34 8850.00 113458 R5
JHINARAY 333047,50 T14500.00°  TTL2463.L5
\MBLGODA 341810.64 734,81 32125.27
TADAMPE 53893787 7538,9% 5350%.20
1ANKUL AM 150684,03 7150, 68 LIS FAR K
HVKCHRI ' 535437,35 7335, 44 TLLBBA.Y9
'IXED €£0ST OF KOLONAWA AND 14 DEpPOT/S IS §25016.87
'ARTABLE £0ST NF KOLONAWA AND 14 DEPOT/S 1S 201749123
'0TAL €OST OF AtL COLLECTIONS =~ 80%134,38

|EDUCED OVERALL COST = 26422642.48 )

. INITIAL NETT SAVING BY ~ INCLUSION OF CHVKCHRI IN THE BASIS 1S 669




PERCENTAGE IMPROVEMENT =  3.63 . o | (284)
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(PUTALE DEPOT WILL BROP OUT—0F THE B4SIST AET“6E57TNITT0NS“]§SIGNED —
TITWYLL REVERT TO KOLONAWA FOR RE=AULOCATION

\TNPURA DEPOT WILL DRQP OUT OF THE BASIS, ALL RESTINATIONS ASSTGNED
17T WiLL REVERT TN KOLONAWA FOR RE=-AILOCATION |

AHAWATA DEPOT WIL1 ENTER THE BASIS

IMPROVED SUPPLY PATTERN

INTTIAL THROUGHPUT AT KANAWATA I8 ~ 997790.43

" CALCULATED INTTIAL FIXED COST AF KAHAWATA 18 ~7997.79
INSTIAL VARIABLE COSY OF KAHAWATA IS 180721.04.

INGTIAL GROSS SAVING BY  INCLUSTON OF KAWAWATA TN THE BASIS IS — 120%]
CONTRIBUTION TN NETT SAVING BY INCLUSION OF KAWAWATA IS 4055.06

YEPOTS IN BASIS

BEPOT  PRESENT THROUGHPUT  FIXED 60ST

VARTABLE £OSYT

12260965.76

(OLONAWA [X¥ "419000.00 578072.50
{ATARA 576407.87 7200.00 B6268_76
*ERDNTVA 2387219.27 15200,00 32908835
JATICALO 3385059.02 7000.00 10682705
CURNGA LA 884463, 48 ©850,00 11508582
\NURPURA 354215.03 6$000.00 FIEYRS
|AFFNA  485626.90 6350.00 T29063.56
JALLE 911104, 81 8850.00 102832._48
CHINARBAY 333047.50 14800.00 4246345
\MBLGODA 344810.64 7341, 81 32925.27
1ADAMPE 538937.87 7538.94 53503.20
TANKULAM 150684,03% 7150, 68 451411
JHVKCHRT 535437.35 7535.44 T44R8719
(AHAWATA $97790.43 7997.79 180729.04
{APUTALE DEPOT HAS DROPPED OQUT OF THF BASIS

YATNPURA DEPOT HAS DROPPED OUT OF YHE BASIS

TIXED £0SY OF KOLNNAWA AND 13 DEPOT/S IS 523514, 66
JARTARLE €0O5Y OF K0LONAWA AND 13 DEROT/S 1S 2007594724

[OTAL €OST OF ALL

COLLECTIONS =

80134.38

{EDUCED OYERALL CNSRT =

2611243.28




[MPROVEMENT OVER €657 OF PRESENT SYSTEM

REENTAGE IHPROVEMENT = 405

-5

im!
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\HAWATA BEPOT WILLU pROPTOUT OF THE BASIS——ILtwngsrtﬁATgQNS»ASS!GNED___h__W__
ITTWILL REVERY TOTROLONAWATFOR™ REuAILOC]TION

YPANATKE DEPOT WILL ENTEP THE BASIS

[MPROVED SUPPLY nAfran"“'“

INITIAL THROUGHPUY AT OPANAIKE IS~ 718619.55

_CALCULATED IN!T!AL

CINITYIAL ‘VE&EAEJE cosf*n?”opANA:Ks Is 140259 e B
INITTAL GROSS SAVING BY :Nc(:§“¢N OF OPANATKE TN THE 8ASIS IS — 108x:

CONTRIBUTION TO_NETT SAVING BY — INCLUSTON Of OPANAIKE 1§ 314535 —
JEPOTS IN RASIS _ - - o
PEPOT _ PRESENT THROUGHBUT FIXED 60ST VARTABLE €08 N
(OLONAWA _ 1264802975 41100000 448169743
1ATARA 576407.87 7200,00 8626876
YERONTVA 2281653, 81 15200.00 307110.90
1ATICALO I82731.37 -~ ?000.00 10598440
(URNGALA RBLLE3, 48 9850,00  118063.R2" )
\NURPURA 394215.03 6000.00 718744 T -
JAFFNA 485626.90 9350,00 129063.56 -
IALLE 911104.84 8850.00 102832, 48 _
HINARAY 333047,50 11500.00 L26463.45
\MBLGODA '344810,64_ ?341.81 3292527
1ADAMp Z _._5389%7,87 7538.94 §3503.20
1ANKULAM 150684,03 7150.68 345146 1
' HVKCHRI 535437.35 7835044 44488119
IPANATKE 718649.55 7718.62 14028945
(ARAWAYA DEpPOT HAS DROPPED OUT OF THF BASTS -
'IXED €0SY OF KOLONAWA AND 13 DEPOT/S IS — ~823335.49
IARIARLE £0ST OF KOLONAWA AND 13 DEpOT/S 15 2014409.38
"GTAL ST OF ALL GOLLECTIONS =  80434.38 —
\EDUCED OVERALL COST =  2617779.25 T T

~ INITIAL NETT saVIN@iyV“”ﬁch[ﬁsipymop”ogiygiks”IN“THE“exs[§f!S““”'ABssq'
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PEREENTAGE IMPRAVEMENT = 3. 81 : (226)
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IR = 936

JATARA. DEPOT WILL REMAIN IN THE BASIS

[MPROYED SUPPLY PATTERN

ADDIYIONAL THROUAWPUT AT MATARA 1§ 1TA4RE.59

_FIXED COST OF MATARA IS  7200.00
ADDITIONAL VARIABLE COST OF MATARA IS

24324 .35

RETENTTON OF MATARA
_RETENTION OF MATARA IS 4E4LLT 50

ADDIYIONAL GRNSS SAVING BY
"CONTRIBUTION TN NETT SAVING BY

YEPOTS IN BASIS

BEPOY . PRESENT THROUGHPUY . FIXED ¢OST VARTABLE COST
(OLONAWA 12533547, 76 17000700 618332, 04
1ATARA 690896, 46 ~7200.00 T10593. 11
SERDNIYA 2281653.89 15200,00 307190.90
VATICALD, I82739.37 - T7000.00 10598440
CURNGALA 884463,48 6A50.00 145068 .82
ANURPURA 394215.03 6£000.00 7296744
JAFFNA 485626.90 6350,00 12906%.55
JALLE ©14104.81 "8850.00 1T028%2.48
JHINABAY 233047.50 T4500. 00 4246%.245"
\MBLGABA 341810,64 7341, 81 32125.27
TADAMPE 538937,87 7538.9% §3503,20
TANKULAM 150684,03 7130.68 34514, 51
SHVKCHRT 535437.35 7535, 44 14488119
YPANATKE 718619.55 771862 140259 .95
TIXED £0ST OF KNOLNNAWA AND 13 DEPOT/S IS - — 82323549
IARIABLE COST OF KOLONAWA AND 13 DEPOGT/S IS 2008896.13
FOTAL €OSY OF ALL COLLECTIONS = 80134 38

IEDUCED OVERALL COST & 2412266.00

ADD!?iONAL NETT %AV!NG BY RETENTION aF MATAnA N ﬂ?‘ ASTS TS E5YY
(MPROVEMENT GVFR £0ST OF PRESENT SYSTEM 3 109204.26

PERCENTAGE IMPRNVEMENT =

TSN UV — R gV e



IATNPURA DEPOT WrLL ENTER THE RASIS (287)

!MBROV ED SUPPLY™ PATTERN‘““*“*"" s S—

INTTTAL THROIGRPUT AT'hApruhi“is YA FLE DS L

TFIXFD COST OF RATNPURA 1S  3000.00

__INYTIAL VARIARLE COST OF RATNPURA IS ATI37.96

INITTAL  6rNSS SAVING BY INCLUSTON OF RATNPURAIN fHF BASTS IS 594l
CONTRIBUTION T0 NETT SAVING AY  INCLUSTON OF RATNPURAIS —297n8.08

YEPOTS IN BASIS

BEPOT PRESENT THROUGHPUT TIXED nosr“‘”“v&itiﬁté“CGST

COLONAWA  11985330.06 ~  417000,00 _ 545286.80 -

AATARA  690896.46 “”“f“*“7200736‘*“*“ﬁ11b593?11“ h

SERDNIYA  2281653.81 " 15200.00 T307910.90 T

IATICALO  382731.37 7000.00  105984.40

(URNGALA R8LLEZ. LB 9850.,00  115063_82

\NURPURA  394215,03 000,00 T 72ferus T
TAFFNA  4B5626.90 0350.00 12906354

RATNPURA , 548211.10 Z000,00 T3 e T T
IALLE _.911104.81% “A850.00 102832.%8

THINABAY 333047,50 14500.00 4246345

\MBLGODA T349810.64 T 734,81 T 3292827 T
1ADAM2E 5389%7.87 7838.54 5350320

TANKUCAM . _150684,03 _w_f150.68 T BABTL Y

‘HVKCHRT . 535437.35 O TISIS 46T GLBAT Y -
YPANATKE T 718619.58 TTTTTTPTIR. 62 140289043

I1XED 0OST OF KOLONAwA AND 14 DEPOT/S IS §2h285 .49

[ARIARLE €0ST aF KQLONAHA AND 94 BEPOTY/STIS T 2002988.04

FOTAL COST OF ALL COLLECTIQONS = Bo134.3§ -
\EDUCED OVERALL COST = 2609357 ,91
INITIAL NETT qav:ue'aY INCLUSION 0F RATNDURA TN THE BASTS TS 2907

MPRDVFMFNT OVFR COST oF PRESENT SYSTEM s 92112.35

PERQ;ﬂTAGﬁ_}ﬁEROUEMEN} = 4.12
IALLE __ DEPOT ﬁiLL REMAIN TN THE BASIS
MPROVED SUPPLY PATTERN _ I R
ARDITYONAI THROUGHDIT AT GAINE ~  Te Y CN i B0 B — OO T



FIXep COST OF GALLE IS  8850.00 (288)
"ADDITIONAL VARTARLE COST OF GALLE s 17026.37
ADDITIONAL GRNSS SAVING BY RETENTTON OF GALLE  IN’ rue BAszs ) 78"

CONTRIBUTION TH NFETT SAVING BY RETENTION OF GALLE

- 28176 .64

IEPOTS IN RASIS

DEPOTY PRESFNT THROUGHPUY FIXED rOST VARIABLE COST
(OLONAWA T 11985330.06  411000.00 ”““‘“?IFZHE*Ka
1ATARA 632745,96 7200.00 9BT75.%6
'ERDNTYA 12281653, 8% 15200.00 307190.90
JATICALD  382731,37 7000.00 10598440
{URNGALA — 884463,48 A5G, 00 T13065 . 82
\NURPURA 394215,03 6000,00 726744
IAFENA . T 488626.90 6350, 100 129063.56
IATNPURA 548211.10 3000.00 6713716
TALLE 969285, 3¢ A830.00 T13858.8%
JHINABAY %33047.50 14500.00 SoLE63 .45
\MBLGODA 341840.64 7341, 8% X2925_27
1ADAMPE 538937.87  7538.94 5350320
1ANKUL AM 150684,03 7150,68 3451419
JHVKCHRY 535437.35 7535.44 1448871 _19
IPANATKE 718619.5% 7718.62 14025945
"IXED €0ST OF KOLONAWA AND 14 DEPOT/S IS 526235.49
'ARTABLE C€OST NF KOLONAWA AND 14 DEPOT/S 1S 2002194, 46
rOTAL €0ST OF AL COLLECTIONS = 80134.38

'EDUCED OVERALL CNST = 2608564 ,33

ADDITIONAL NETT SAVING BY  RETENTION OF GALLFE

IN THE BASIS 1§

79%

142905.93

'MPROVEMENT OVER £0OST OF PRESENT SYSTEM =

PERCENTAGE IMPROVEMENT = 4.45
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INPURA PEPOT WILL DROPOUT OF T ~ASSTGNED -
T WILL REVERT TO KOLONAWA FPORRESATLOTATION
JPANATKE DEPOT WILL REMAIN IN THE BASIS
'MPROVED SUPPLY PATTERN
ADDITIONAL THROUGHPUT AT OPANAIKE IS 277602 .38
CALEULATED ADDITIONAL FIXED COST 0F OPANATKF IS 277,60

ADBITIONAL VARIARLE COST_OF OPANAIKF IS 37335.93




CONTRIBUTION TN NETT SAVING BY RFETENTION OF OPANAIKE 1S 3592 86

EROTE TN EASIS T B : I (239) —
oebqé pnEgﬁuf“fﬁﬁgyﬁhpﬁr““*iixsb coST ' VAanBtE“tosT'

YOLONAWA 122559 1876 TTT4T4000,00 T S7E105 8T T

1ATARA 632715,96 TTT7200,000 7 T 9B8773.44
'ERONIYA 223165}M§1 15200.00 307110.90
JATICALD 382731.37 7000.00 105984740
(URNGALA B saaqgg_ﬁa_m___m_”_osso 00 115085.82
\WURPURA " 394215,0% — — 4000.00 " TF2967 44
AFFNA T 485626.90 0350, 00  129083.56
iALLE - 969285, 31 8850,.00 113858.85
HINABAY. 333047.50 11500, 00 T42463.45
\MBLGODA 341810,64 7%41.81 32925.27
1ADAMPE — 838937 87 7638,94  5350%.20
IANKULAM 450684, 03 ) 7150.48 TRGSTLINTT T
HVKCHRT 535437.35 - ?53§ZKZW”ﬁ“*”T£zas1:19*’““ﬁw
JPANATKE  996221.93 - " 7996.22  477555.09 o
ATNPURA BEPOT HAS DROPPED OUT OF THE BASIS
TYXED €0ST OF KOLONAWA AND 43 DEPOT/S I8 52359300~
[ARTABLE €0ST OF KOLONAWA AND 413 DEPAT/S I's ~2003210.27
'OTAL £0ST OF ALL CGOLLECTIONS = — "80134.38 T
tEDUCED OVERALL COST = 2606857.75
ADDITIONAL NETT SAVING BY RETENTION OF OPANATKE IN THE BASIS 1S 1704
'MPROVEMENT OVER £OST OF PRESENT SVYSTEM = 1944612751
PEREGENTAGE IMPROVEMENT = L. 21 | '
R = 17 '

£
NP OF ITERATIONS R -
[PTIMAL BISTRIAUTION PATTERN
TINATION THROUGHBUT —SOURCE €OST PER GALLON “TRANSPORT £OST —
;ﬁmQEWYABjﬁltE CASTS TO ALL DESTINATIONS 1S 2003210.27

1TirafaTTAN Ne

MECTYMATIANG TA 2nNBPES




(20}

THROUGHPUT

cho PER GALLou'

TRANSPORT FOST

iOURCE DFQT!NATION

ONAWA AGALWATA 31499 .12 0.0933 29%8 .87

LONAWA ALAWWA 26325,91 0.0792 2085.54

LONAWA _ALUTHAMA 7610%3.72 S 0.08%0 T - ALYA:LY
LONAWA AMBRPUSA 0.00 0.0739 0.0n

LONAWA ANAMBUWA - 0.00 0.0739 ~0.00
LONAWA ANDTAMBM 0.90 0.0528 0.00
LONAWA - ANGODA 4138.57 6.0214 TR7.4G

LONAWA ANGRUWELA n.00 D.0845 0.0a

LONAWA ANHTARAMA %60, 68 0.0757 27.3n

LONAWA ARAKWT LA 9426.74 0.0589 SL7. 40
LONAWA = ARANAYKA 452,84 - 0.1341 £2.57
LONAWA ATTNGALA 11381.07 0.05¢9 681,27
LONAWA ATTIDIYA 0.00 0.0347 008

JONAWA . ATRLSHLA 15970, 48 0.0880 406,54
LONAWA ATURGRYA 151057.85° 6.0347 T L7RE.ST
LONAWA" AVISHRLA 179015.19 0.06896 110%0.9>
LONAWA RADRELYA 15864.52 0.1074 17035
LONAWA BANDRGMA §7021.86 0.0563 3776.04

LONAWA BEMMULLA 6667.69 0.0493 328.7>
LONAWA . _BANDYMLA 21152.69 0.0423 893 .94

LONAWA CRENTOTA n.00 0.0810 0.00n
LONAWA RERUWALA 54836,07 007329 LORL.SA
LONAWA BYIVAGAMA 17933, 81 0.0282 565. 37

LONAWA ROGUTLWA 27097.75 0.9767 LTHE. B>

LONAWA . BOMBWELA . n. 00 0.070% 0. 00

LONAWA BOPITIYA 2060, 28 0.0%87 RO 1A
ONAW A "BARLSGMA 20697 .86 0.0397 TERSTOA”
LONAWA RLTKHPTA 19725.95 60968 1135370
LONAWA LOLOMAO 6143597, 80 0.0229 OLRRBTIA
LONAWA DALWKTWA 15864.53 0.0546 845.8%
LONAMWA DAMBONYA 34L4R.81 0.0845% 2078y
LONAWA DANKTUWA 249439 0.0689 HER8.9
LONAWA DEDUGALA 0.00 6.1056 0-06
ONAWA: DEHINWTA 22172.04 0.070% 185 .7%
LONAWA DEHINELA 99325, 71 070247 244937
LONAWA NEKATANA 14485.00 0.0387 LYS RS
ONAWA DELGODA 6552.73 0.0335" 249, 2%
LONAWA DELWALA n.00 0.14%5 Toone
ONAWA _ DERNYGLA 23854.27 0.0810 93775
LONAWA DRRGTOWN 7817.30 0.0827 8L6.80
ONAWA DICKOVA 32348.84 01545 L9090 4%
ONAWA DIMRULLA 0.00 0.1638 0.00

ONAWA PIVILPTYA 32188, 80 " 0.056% 1893753
LONAWA DONDGODA 9194.82 0.0704 BL7. 6L
ONAWA _bOMpPE . 20233, 01 0.0423 855.1%

ONAWA DUMLPNYA 17933, 81 0.0792 ALY
ONAWA EGODUYNA . 14485.00 0.0%R7 541,18
ONAWA FHLYRODA 30390872 0.077% 3081.91
AONAWA E¥ALA 7587, 38 0.0387 283,94
LONAWA FPTITUELA n.900 0.0546 0L 06
LONAWA TULKOTE 1827R.69 "0.0247 TLKTTR

LONAWA GALPTMDA n,0o0 0.0880 UL
LONAWA GALRODA 0.00 0.1398 006
LONAWA GALTGMWA 19083. 41 0.0880 1879.75
LONAWA BALPATHA 14714.92 0.0704 160%6.27
ONAWA GAMPAHA 65187 ,.49 0.0423 273569
LONAWA GANEMULA 23566.87 0.0370 BY1.5a
ONAWA GINGTHNA 21382.61 61308 279098
LONAWA GIRTULLA 57898,12 ~  0.0775 = L4AT. 33
AMALL A AANAMAMA a0dcw TY AT ALEeT T BeAa &4



LONAWA AONAPOLA

4L82R.33

0.047EN)

LONAWA  GONAWPLA 22762, 14 00387 BAT .84
ONAWA _GOVINNA ' TUUNEPeUS3 T T T e 0669 T T T T TRy
LONAWA  MALDDUNA o600 00887 0. 0q
.ONAUWA CHANWELLA 43790.88 T 0.0440 1928707
JONAWA HARNKHWA 0. 00 0.0968 0.00
LONAWA HATRLYDA n.00 0.1162 6.00
LONAWA  HATTON T TE37672. 01 0.1450 Y Z4LR0T87
LONAWA  HEMTGAMA n.00 0.4287 T T T TUTTTTHLOR
JONAWA  HENDALA 26900.71 06247 YE il
LONAWA HETTMULA - 110364.19 0.0968 10A8.52
LONAWA HINGULA 4B2R. 33 0.1144 587,44
ONAWA HOMAGAMA 148586.20 0.0458 6802.2R
ONAWA WORMBAWA — 6.00 09727 0o
ONAWA " HORANA T438417.29 T TTTUT0L0581T T T T T 8041 Y
ONAWA T HUNUPTYA 30234.56 0 To.0229 T en203y
ONAWA IMBLGODA T 1310K5.48 0. 0387 5077
ONAWA _ INDURUWA 15740, 56 0. 0883 TAZSRISA
ONAWA T INGIRIYA 2L7VR .47 070704 T7L0.5%
ONAWA CITTAPANA 5543.96 07,0968 SY&.7”
ONAWA  ~ JAELA 152839, 73 TOLO%A?T . 48450
ONAWA ____KADAWATA " 225667.09 _ 0.0282 63%9.348
ONAWA  KADIRANA 2069.28 0.0546 172U
ONAWA KADUWELA 35990,82 0.0282 1044, 47
ONAWA KAHAMFLA 3448, 81 0.0546 1R8.72¢L
ONAWA KALGDHNA 3448, 81 0.0541 176.1h
ONAWA  KALAWANA 13518.64 0.9472 R [ F 2.1
ONAWA.— KALDITARA 125494, 77 0.0614 TPILRY
ONAWA_ KANDANA 45294.36 0.02099 135614
LONAWA - __KARNDPNA _0.00 0.0968 0.0/
LONAWA KATANA 16784. 21 0.0581 97544
ONAWA -~ KATKRNDA 20807, 814 0.06851 385 UAY
ONAWA KATUNYXA 23279.47 0.0493 D R P YA T )
LONAWA KATUNRYA 4333540 0.0739 TORETHD
.ONAWA KATUPOTA 551R.09 01074 RIS
LONAWA - KEGALLE 155311.38 00995 TYR2177E
.ONAWA KELANIYA 55543.07 0.0282 BT NT)
LONAWA KESBEWA 6437.78 00405 TTT2R0.TY
LONAWA K1MRLDTY 2299.20 T0.0581 133058
LONAWA KIRRTGDA 1781R78% 0.0229 LOB. 0T
LONAWA KIRIELLA 948,29 0.0843 42644
ONAWA. KRNDHELA T23221.987 T TTT0. 0563 T3n8.3%
LONAWA KITLGALA 7672.42 0.1074 TAN230
LONAWA KOCKKADE S828L.87 oo 0Es81 IIRE6 .3
ONAWA KOLNNAWA | 162657, 34 0- 0189 — 287978
ONAWA KNSGAMA 7472.42 . 0.05%1 TTIRIISL
ONAWA KOSWT JN 4023.67 T 0.0E99 150747
LONAWA KOTHONYWA . 0.00 - 0.08R7 _ 0,00
LONAWA KOTAGALA 50514. 35 0.1564 790054
LONAWA KOTIKWTA 22302.30 0.079%¢ &¥223
ONAWA KTYKMBRRA 0,00 0.0722 a.on
ONAWA KOTMALE 84077, 4y 0 AT 282 1Y
ONAWA KOTTAWA 333%.85 = 0.0335 RS
ONAWA KOTTE 333%.85 0. 0229 7635
GNAWA KOTUGODA §627.02 0.0405 3L9Te
ONAWA KURANA T98564.67 7 T 0.0475 TLSYTOR
ONAWA  KURUWITA 107%.48 0.0951 TTTTTTARZ2. 0%
OMAWA LATPNDRA . 4327.82 b1 6L5 5%
ONAWA LAXAPANA T oa 00 B B 1) 0.0
ONAWA  LELOPTYA - 0n.00 0. 12658 . o.on
ONAWA LINDULA 102284.26 071786 T T1B2&5- 1A
LONAWA LUNAWA 372474 0.0335 T42L6T2e
ONAWA LUNOWTLA FAA R Y 4 S D1 ¥ . 1 B 7% S T
GNAWA  MAGGONA 23794.78 0.0704 7 T A67SITY
MNAWA MAHARARE I3 L 1 S I A T 1 B~ I, - I RS



LONAWA MAHARA n.00

LONAWA MHRAGAMA {7726R.80 :

LONAWA MAKOLA 517%.¢22 0.0282 TL5.7%
LONAWA . MALAAE 1149.60 6.03582 L0 4o
LONAWA MALTRODA n.00 0.0933 006
LONAWA MALGWATA 0.00 06.0229 .06
LONAWA MALUANA 0.00 0.0%33 0,08
LONAWA MRDGHMLA 48148. 37 0.0581 279R5®
.ONAWA MARANTLA 8966.%0 0.0792 710.34
LONAWA MASKLIYA £3734.25 0.47%2 1099¢6.37
LONAWA MATUGAMA 132319.32 0.0845 11180.9%
LONAWA MAWANFELA 66562,02 0.1056 70%0. 728
LONAWA MGHETRNE 5518, 09 0.1003 5583.60
LONAWA: MEEGODA 0.00 0.0458 0.00
LONAWA MRTKMBRA 0.00 . 0.0951 , 0.00
LONAWA MINUNGDA 55664.40 00458 TRTITULL
LONAWA MIRTIGAME 42420.35 0.0687 29142.58
LONAWA MIRSHTTA 2299, 41 0.0387 12?897
LONAWA MARGHENA __0.00 0.06%6 0. 00
LONAWA MORAGALA . _2750.05 0.0986 277,98
LONAWA MORATUWA 166405,05 0.0352 T5BE0.78
LONAWA MTLAVNIA 137377.57 0.0282 38¥T.3h
LONAMWA HUNNGODA 13335.40 0.0387 516 67
LONAWA NAGODA . 3R051.86 0.0687 269764
LONAWA NINAMDMA 11955.87 0.0757 905.04
LONAWA NARAMALA TIITAL0 6.09%3% AR A
LONAWA NATNPTYA 40810.91 0.0845 TLLRT5
LONAWA - MAUTDUWA - 63272.81 0.0948 1217
LONAWA NAWALA n.00 0.0229 .00
LONAWA NEBODA 1908%.41 6.0890 154537
LONAWA NEGOMAO 254223.57 0.0511 12980.44
_ONAWA NELNDNYA 26210.95 0.0827 JTRB. 48
LONAWA NITMRUWA 31L90.12 6.0%528 {643,778
LONAWA ~ NIVTGALA 20980.83 0.1287 2609.7%
L.ONAWA NYNDRPLA 34648,81 0.0840 2992/
.ONAWA _NORTRRGE 1499823 6.13%98 2008.21
LONAWR NORWOOD 326264.73 0.1582 8142.9R
.ONAWA NUGFBODA 20577R.96 0. 0247 SO74.54
LONAWA PADHKKA 55410.87 0.0528 2976.80
LONAWA PAYGLALN S17.32° 0.0669 1464
LONAWA PALLEWYLA 16175.09 0.0563 911.30
LONAWA PANADURA 159220.03 0.0440 7008.87
LONAWA PANABODA 49214.95 0.0475% 2339054
LONAWA PANNALA - 8586.04 0.0843 7L0.6%
LONAWA PANNPTYA 60814.01 0.0347 1927.8n
LONAWA PARAKDWA . 563%.06 0.0845 L75.99
LONAWA PASYALA | 8277.14 0.0543 L6687
LONAWA - PATANA 7 - 0.00 0.1656 0.0a
LONAWA - PELAWATA 11725.95 0.1086 17238 .40
LONAWA PELYGODA 498645,52 0.0241 1054137
LONAWA PILYANDLA 91975.02 0.0370 TI371.6%
LONAUWA PITIPANE 11034.19 0.0541 TTTTTTBRY.54
LONAWA PLGHUF LA 4L908R.05 0.0880 4320.7%
LONAWA PLGSOWTA . 0.00 0.0423 S 0.00
LONAWA PUGODA 9314.79 0.0458 L&, 70
LONAWA PUSSELLA 21B42.46 00898 194103
LONAWA PUNKBTYA 1724, 40 0.0581% 100.10
LONAVA RAGAMA - 37824.95 0.0282 1045.85
ONAWA RAMRKANA 43455.00 0.10914 L7427 68
ONAWA RMARKPTYA . n.00 0.1342 0.06
LONAWA RANALA _35867.672 6.0335 1200.1%
LONAUA RATMLANA _3104330.64 0.0299 Ti806.5%
LONAWA  RATNPURA 189137.04 0.1001 206L2. 42
ONAWA ROZELLE 2734.21 0.16435 3672.2%
ANAWA DUAMLZI A z141 4 OO A NRen 2821 44



LONAWA SAPGHWTA 4598, 61 0.0722 331.91
.ONAWA  SEEDUWA -30340.90 00387 (293) ' A17PS T4
LONAWA TALNGAMA n.00 e 02827 R D 1
JONAWA - TALWKELE T 129220.86 T a9z T m22120.0%
LONAWA TALUTGDA B 18278.69 i 0.0333 ' 61160
ONAWA TERUWANA N - 9311.78 6.0775 " 4 Aeri-n
LONAWA TRUNKTYA - L1848.55 6.1744 L7R7.97
LONAWA  TuMopara - 0.00 0.0846" ' 00N
LONAHWA®  UDAKRWTA - 5126.66 0.43417 687 8F
LONAWA  — UBGMPOLA " 2345%4.90 AT KA
LONAWA UNBUGODA  574.80 0.098% LT T
LONAWA upcCor 57574.87 0.1568% ToUHL 08
LONAWA URAPOLA 10921.23 0.0599 65374
LONAWA URGSMNHD N 11725.95 0. 0988 TYRST9L
LONAWA  VYPVYNGODA 140704.78 TTT0.0%63% YA Yaw S
LONAWA ' WADAKADA o 5104, 45 0.0%88 T 5037397
LONAWA_ _ WADDUWA L9777.81 0.0541 T 254168
LONAWA WAGA 1149, 60 0.047%9 54, 68
LONAWA WAHARAKA 1264.56 0.0722 G128
LONAWA WATKKAL 18508. 61 0.08%6 114054
LONAWA WARKAODA 5288.17 T0.0845 YY1
LONAWA WARKPOLA - TT37592.02 0.0722 AR L
LONAW A WASKDUWA n.00 T 000828 0,06
LONAWA WATAWALA 721,35 071342 0689
LONAWA WATTALA ’ 63228.17 0,024 TA43Y6T6L
LONAKA WATRBAMA 11725.95 T 0.0440 : 594.14a
LONAWA WELTKADA B6220.23 0.0290 7 T 827
LONAWA _ WELTPENE a0 0.0933 0,00
LONAWA WELTWRYA 35177.85 B 0.0387 BRI YN
LONAWA _WELLMPTY 117792.35 00176 20757508
LONAWA WENAPUWA 3448R8.10 0.0704 JLIRTRY
LONAWA WERAHERA 5357.15 0.0352 188 69"
LONAWA WEWLDNNYA L897T00 T T T T TT0.0704 BLLB . 6R
LONAVA YAKKALA 5403.13 0. 0440 27,88
LONAWA YATNTOTA T 33798.33 0 0.0BLS 288594

FINAL THROUGHPUT AT KOLONAWA IS 12255938.78

FIXED COST OF KOLONAWA IS 411900_00

VARTABLE COST 0fF KOLONAWA IS 576103.83
TARA AMBLTOTA 19054%.16 0.2067 4039 .18
TARA RELTATTA L 40740.75 0.16%7 49145
TARA RANGHMUWA 0.00 0.1838 - oLon
TARA _BERAGAMA 0.00 0.2137 i 0. 00
TARA BERLPNTR - 0,00 0.19964 0.00
TARA PEIYNDRA 7587.38 0.4697 12R7.7%
TARA RICKWELA 25982.06 0.15%9 3GOR 10
TARA ‘DONPRA 29951.10 4.49398 55R5. 14
TARA BANDARA n.00 0. 1496 0,06
TARA AONPTIVA 6.00 7 0.1380 0.0n
TARA HAKMANA 39322.64 0.1592 428850
TARA HAMBRTOTA 2489R.77 0.2190 53R7.1%
TARA RITTETYA 0.00 01345 0.00
TARA HUNGAMA 287%.96 0.192¢ 883,57
TARA ~ KMRGMUWA 0.00 0.9%63 0,00
TARA KMBRPTYA 35487.85 T 5335.9%
TARA KATRGAMA 729,49 0.2825 T TS R
TARA KATUWANA o 387.99 T T0.2032 PRRY
TARA KIRAMA 0.00 04961 T ol 0n
TARA. ~~~ KIRINDA B 2069.,29 0.1539 TI8 A
TARA KOTEGODA 489.76 T 0.1468 N T Tt 2R
TARA MATARA 210488,.33 T 0.43287 T U U3qAR(I67
o a ta oo na A 1 X WAV ﬁn A N2 Ao EY e




.0

\TARA NAKLGMWA 0.00 0. 1@9 ]
\TARA RANNA 0.00 0.%8 ) 0. 0°¢
\TARA RINDY~GMA n.00 - 0.2190 0.or
\TARA __ TALALLA - n.00 4 0.143% 0.0¢
\TARA TANGALLA . -~ 19547.35 0.174%5 33I59.9x
\TARA o TELJWILA Y T 1 D PR T 3 Y 2 N PV
\TARA " TIHAGODA 3457, 32 : H.7496 - LLETYr
\TARA TISMRAMA 11434.67 0.25%% : : Z871.9¢
\TARA URIRAKKA 8451.93 0.9%79 167247
\TARA WALSGALA 15065.11 0.1844 247734
\TARA WALSMULA 28281.78 0.4838 5498 1¢
{TARA  JERAKTYA 15285.95 0. 48PY T T 28AT Tk
\TARA WIRAMILA A n.00 0. 2591 o. o
{TARA . YATIVANA ' 18045.00 0.748% ZERT LS
\TARA ) YODKNDYA o n.00 TTTT0.2848 0.0¢

FINAL THROUGHPUT AT MATARA 1§ 632715.96

FIXED COST OF MATARA 13 7200.00

VARIABLE COST nF MATARA IS 98773.16
‘RDNIYA AGRAPTNA 34885.15 6.11605 385484
'RONIYA AKIIRANA 1420%.438 _ 0.1228 7L
'RDNIYA ALAUTGDA 236564.38 : 0.124%3 42%52.1%
'RONTYA o ALUTNWRA - L 201,V 0.79%2 i TRRY
‘RONIYA AMBANFLA ‘ _0.00 0.1947 0.0n
IRONIYA . AMPITIVA 1367.11 01140 155, R%
‘RONIYA ANKMBURA 6195, 44 . 0.13%% B36.3%
'RDNIYA ATTARAGE 0.00 0.428¢ 0. 0n
'RONTYA AOPTLAWA n.00 0.216% 0-0%
'RENIYA .~ BORABAS —0.00 0.1950 o 0o
'RONTYA ~ DELTOTA B8088.72 0.9299 T0%0.4n
'RONIYA . "DOLSRAGE 18764.27 0.95%90 Z8%2 .58
RBNIYA - BLLAMILLA 569.6% 0.1895 K- FAF)
RONIYA ELKADIUA 11278.64 _ 0.1%8% 154408
‘RONIYA GALAMA L2B0R. 06 0.9241 SiR7. %4
RONIYA GAMMDUWA 2734.22 0.1580 ) A32.04
‘RONIYA GAMPOLA 1690114 .41 0. 71973 ZO0VYATT0A
‘RDNIYA : GRELINYA ' n.00 - 0.9765 3 0.06
RONIYA HALGNOYA 24734.30 0.9945 L7485 6%
RONIYA HANGRKTA 35935, 81 0.9387 LB71.9%
RONIYA HARSBDDA - 8874.87 0.18%9 1647.80
RONIYA HEDRENIYA 15384.61 0.1140 1784.34
RONIYA - HEWAHETA = 8306.94 0.1422 1181.0a
RONIYA =i HUNSGBRYA 22474 .86 0.95490 T 136240
RDNIYA HURTKDWA 11725.95 0.1475 13F78.77
RONIYA KADGNAWA® 8574.61 0.1123 042.50
RONIYA KIKAWELA n.00 0.1387 0.00
RONIYA KANDPOLA 25964.88 0.19%2 5076. 38
RDNIYA KANDY ’ S47877.84 0.1087 895%6.7¢4
RDNIYA .~ KATGSTTA 102258.28 0.1958 11839 .44
RDNIYA KATKTHLA 8475, 49 0.4527 1204.5%
RBNIYA KEPTPOLA 38994, 55 0.2020 PEYT.0Y
RONIYA KUNDSALE 4295.47 0.11538 T 4Q7.37
RDNIVA LABUKELE ~0.00 0.763%3 0.0n
RONIYA MADAWALA 1499n.5¢0 0.1241 1844.74
RBNIYA MADIKELE 13314.06  — 70.1337 - TBLE. 1%
RONIYA ~~ MAHAOYA 2658.53 0.2606 687,80
RDNIYA . MAHYNGNA n.00 0.19%2 . n.aa
RDNIYA MARASANA n. 00 T0.93589 0. Ga
RONIYA MATALF 192030.57 T 0.13514 25981. 0%
RONIVA MINIPF 0.00 T2V - T o.0n

RDNIYA MURTILAWA _ n.00 " 0.1087 0.060

BmklTYa MOALIIImur A CVEYAY e 2 A A DvEm PRSP e



RBNTYA NTLDHNNA - n.00 0. 17%295) 0.060
RONTYA —  NUWFLIYA — 16979%.88" [ L1/ 1 30795.79
RONIYA pADYPELA 9638,95 0.49527 EYYAIN T
RONIYA . . PALLNTTA 4094238 02003 T2A9TU3S
AONIYA PANWILA 1253.18 0.9228 Ti83ley
RONIYA . .~ PANWLTNE . . n. 00" 0-1349 T H.0a
RONIVA PERDNIYA 71160.55 0.9035 738277
RONIYA  PILMTLWA - T 26575.30" ~0.1087 IBRYTRA
AONIYA  POLGOLLA - 21115.38 01251 o 2886, PW
RONIYA PUJPTIVA 4732316 0.1246 i 2188, 15
RONIYA PINNLOYA 30083.23 T 0.1645 NLLU N
RONIYA PUPURES A N 9654,66 0. 1369 TI2Z00
RONIVA PUSELAWA 30167.76 01404 L2068 T1R
RONTYA RAGALA _ — 47690.23 04915 RIRETGY
ADN1Y A RAMRODA  26198.72 - 0.156% T 4L0QNIBY
ADNTYA RANGALLA TOq378%.00 7T 0.1439 T RET2Y
RBONIYA - RATTOTA 1413.05 T 0.0ATS 208 %7
IDNIYA RIKLGSKD 22864, 46 0. 1422 T3280°87
ADNIYA TALTUOYA 22072.38 DTN26% T T T T 2PRETEY
AONIYA " TWUNTENE 0.00 TTTT0.YARTT 000
IBNIYA TELDNTYA TT22480.92 ‘““““””0_1290“*__‘““““““*2919 3%
iDNIYA ~  TENFKBRA 25978.34 0.%12% 2OTATIY
RENIYA UDHNTENE 06.00 T 0.1351% 0,00
IDNIYA UBPSLAWA o 30794, 2% 02379 CEET 3 S
RDNIYA ~ UDISPATU 8421.03 0.41387 BREELNTY
IDNIYA TURUWELA 2050, 66 01351 27T
IBNIYA ~ ULAPANE 8433.90 T 6.128% 049,98
AIDNIYA URUGALA o 0,00 0.%4227 7 0000
IBNIYA  MWATABODA 1600.82 0.9791 - 286.77
IDNIYA WATTGAMA 25456.59 0.1246 317138
IDNIYA WATUMULA 0.00 0.1739 0.00
IDNIYA ~ UYPRLGAMA 28927.74" A 0.112% " TTRRLTUAY

__ FINAL THROUGHPUT AT PERDNIYA 1S 2281653.81 o T

FIXED COST OF PRRDNIYA IS 15200.00 }

VARYABLE COST OF PERDNIYA 1S 307110.90
ricalo. ARALCHNA . 0.00 0.3068 (LT
FIcALe AKARPATU - 11719.60 03104 L T3837T73A
[1CALD AMPARAT 177514 0.3086 L375175A
F1cALD BAKIFLLA n.00 0.3368 0. 0n
rt¢ALe BATICALD 348%.49 0.24060 27285
'ICALO . CHMDYNTLW 0.00 0.2928 0.0n
*1CALD CNHKLADY . 315568.72 = 0. 2540 9015.84
[1CALS ERAVIIR 6.00 0.2540 NOLE
ricALo _INGNYGLA - 0,00 03297 0.0h
r1CALoO KALYNEHK ) 7830.98 0.2664 20888 &
F1CALD KALMUNAT 26917.58 02804 (0351. 74
rYCALS KRPIYNRY ~ 0.00 0.2689 0.0n
r1cAlo KATNKUDIY T1284.68 TTTT0.2470 TUINT7%y
rRCALO MALWATAL 1530.91 0.2998 LRETIYY
'1CALD NINTAVUR 57468.31 0.2892 TERTTY
"1CALG QLUVTL n.00 0.2998 008"
‘1CALa PADIRUPU 0.00 0.2681 0,06
"1CALe  DPALAMUNA n.00 T0.3651 0067
"TCALO _ RAJAGAMA 0,00 T T T0.3086 K 006
"1CALO SINTHMRT n.00 0.2804 T 0.0n0
'1CALS SAMNTHRA TTqPSXLU3S T 00290 B 502
Jpgpo UHANA ) 410025 T T 03244 TLEO0TIR
"TCALD VALCHENA 23708.36 0.2734 BLRT . B7-
_FINAL THROUGHPNUT AT RATICALG 18 382734.37 o e
_PIXED_COST OF RATICALO IS 7000.00 - o

VARVARIE racw mr RATTrAIA TO antaal TEraTTTTTT T T — T [



JRNGALA “DAMBULLA T22471.34 0.9495 339467
JIRNGALA PONGSLND 2164.06 0.3125 2L375¢L
IRNGAL 4 ELAHERA . 0.00 0. 78é5 o.on
JRNGALA GALGDERA 14394.09 0.1161 1670.2%
JANGAL A GALEWFLA 31253, 01 0.7399 415227
IRNGALA_ GALGMUWA 20247.83 0.138% 3204 4K
JRNGALA GIRTTALE 1062. 44 0.2117 254.94
JRNGALA HABARANA 8202.95 0.1724 1444.03
IRNGALA HINGRKGD 74402.10 0.2147 15688 . 64n
IRNGALA HIRIPTYA n.00 0.1168 n.0a
JANGALA HURLWEWA . n.00 0.2006 N.00
IRNGALA IRRGMUWA 25854.78 0.4037 ZER2T97
JRNGALA TLLKWELA 6150.99 0.9073 6RO 74
IRNGALA KALAWFUWA n.00 0H.1829 0.0n
IRNGALA KNUKTIYA 3475.30 0.0946 32094
IRNGALA KAUBULLA 2188.47 0.1777 TRA8.8n
JRNGALA KALIDPLLA . 0.00 0.1460 0.0n
IRNGALA KEKTRAWA 47276.77 0.1689 2097.3%
IRMGALA KOBFIGNA 2756.04 0.1286 349.3%
IRNGALA KURNGALA 339264.32 0.0867 TTTTTTTRAG AT ILL
IRNGALA, MHATLPLM . .00 ~0.1845 T LY
IRNGALA MAHO 2204.06 0.1354 ZO8. 7L
IRNGALA _MAKLEOTA p.00 0.1372 0. 0n
IRNGALA MALPTIVA 0.00 U094 0. 00
IRNGALA CMRDKBUWLA: 0.00 0.1794 000
'RNGALA MASPNTHA 2734.22 0.09&7 2864 Lh
RNGALA MAWTGAMA 2025%. 37 0.1002 301946
IANGALA MEDAWELA n.00 0.9653 - 0a
‘RNGALA: MELSRPRA 2eTIR.&D 01778 TR
RNGALA MINNRIYA 13717.02 01917 265018
RNGALA NALANDA 0.00 0.1530 0.0n
RNGALA NAULA 16517.59 0.9601 2643 8%
RNSALA: NIKWRTYA LL23n. 47 0.Y319 584,00
RNGALA PALLEGMA 0.00 0.2283 0.00
RNGALA PALLEPLA 4938.57 0.7T495 EYR.7Y
RNGALA PALNRUWA 93957.64 0-2265 rAFLENEE
RNGALSA RAMANGLA .00 0.1178 0.0A8
RNGALA RINIGAMA 16577.09 0.1108 18386744
RNGALA WARYPOLA 416773.5364 0.10%80 1838°6%
RNGALA WELTKNDA 0.00 0.2616 0.00
RNGALA YATAHATA 6.00 0.1372 0.0n

FINAL THROUGHPUT AT KURNGALA IS 884463.48

FIXED COST OF KURNGALA IS  9850.00 = - -

VARTABLE COST OF KURNGALA 1S 11350645.82 -
HRPURA _ANRDPURA 233028.39 6.152% 35598 10
URPURA CHDIKILAM n.00 0. 2087 0,06
URPURA EBPAWALA n.00 01771 0.06
URPURA GALNRDNW L13R.57 0.20497 BYL.7E
URPURA MADNI CH 1075.50 0.2396 . 2L T
URPURA MHVI CHYA 2980.90 0.1788 711.88
URPURA MANNAR - 54090.77 0.2709 45193 .%o
URPURA MEDWCHYA 3146%.78 0.9806 TTEERYT. TR
UROURA MIHNTALE - 0.00 0.1630 0.0n
URPURA MURINKAN 9601 14 0.2475 2375.98
URPURA NANATTAN 0,00 _ _ 0.2635 " - . D00
URPURA_ NOCHYGMA ~ 4866R.56 T 0.9753 TTTT3272.64
JRPURA NMANTHA? 0.00 C0.2246 S0.0A
JrREURA DADAVIVA R30s 2L ATEE Y PR T



RPURA RATMALE . n.00 0.1550 &0 0.00
URPURE ~ SEEPKLAM R .00 6.7738 0o0N
URPURA sTILVTURA —  TUTs34p.20 7 T T0.2672 o 4449.27
URPURA _TALMANAR 0,00 0.3060 0-0n
JRPURA TAMBTGMA §0704.00 0. T7FY T4805.7%
URPURA TRKTSWRN  2844.23 0.2820 802,54
URPURA UYLNKLAM 9010.56 0.2527 TRV T 3
_____ FINAL THROUGHPHT AT ANURPURA IS 394215.03

~ FIXED COST NF ANURPURA IS  6000.00

_VARTABLE COST 0F ANURPURA IS ~72167.44

17933%.81

FFNA ALAVEDDY " o TO.2640 T AP RE TR
FENA CHANKANY 151572.02 0.2782 Y4 L Mi
FENA CHLIPRAM 0.00 0.28%7 - 6. 06
FENA ELTHMBUL 9314.79 g.2742 257498
FFNA JAFENA 321542.39 0.2624 “84L3%9 84
FENA KANKSTRA 15220.51 0.28%7 YLYNED
FFNA KARANAGA 42034.53 7 TTo.284r T 330097
FENA  KAYYS T TTTTeq30.07 T T 0.2800 —7988 .57
FENA KOLNKLDE n.00 T 0.2817 00N
FANA KOPAY . 17994.65 0.286786 TLTOL 6
FENA MANTPAY 1506%.53 0.26414 TRGPRTAR
FENA MRTHNMDM —  — — 42740,90  —  0.26%% TRL%L 6
FFNA MYLIDDY 6995.43 . 0.2870 2007, 60
FENA NALLUR - 23419.21 02659 629670
FFNA PUNGBTVY 2164.06 0.2897 60964
FENA PUTTUR 3274,48 0.2764 985.2h
FENA VADUKNDA 0.00 0. 2747 0.0
FENA TVRLANAT 3710.32 0.2782 032727
FINAL THROUGHPUT AT JAFFNA™ IS  485626.90 o T
FIXED COST O0F JAFFNA 1S 9350,00 - T T
VARTABLE COST OF JAFFNA IS 1290A3.56 i -
LLE - .~ AHANGAMA 2882570 T 0.9209 TYLRLAE
LLE AKMIMANA 2050.66 0.1086 230,63
LLE o AKURESSA 76244.60 0.1420 {0898, 7%
LLE DENTIPTYA 569,63 0.1%%2 75,87
LLE DENTYAYA ~§8180.50 0. 1895 17026.37
LLE BALLE 57919989 0.409% 77 58800.37
LLE HABRDUWA 11725.95 0.1138 T43%L_AR
LLE HENFGAMA §2990.51 0.1350 TA7RIZA
LLE HINTDUMA 0.00 0.954% 0. 0n
LLE IMADLWA 22910.30 0.7244 28%0.0¢L
LLE KNGGALA ~—0.00 0.1156 0.08
LLE KOTAROLA 2863,66 T 01825 77T 522,54
LLE LELWELA 10346, 43 0.1033 04858
LLE MAKMAIIRA 15864.52 0. 9209 194777
LLE MORAWAKA 6737272 01702 1145759
LLE NAKYDNYA 20734.20 0.9297" TZERB LY
LLE NET WA 512,66 0.1684 63T
LLE PITRNARA 821?2.76 09631 1340 47
LLe . pPaAdPALA T 0.00 0.1103 0.0n
LLE TALPE .00 TT0.1086 00N
LLE TAWALAMA - 0,00 0.1614 G.0n
LLE TALAGAHA 0.00 0.1086 6.0n
LLE _ __UDUGAMA 15321.94 0.7402 TTTTT2YAR 7R
LLE URALA - 8270.62 T 0.1226 TR AU X
LLE _  UWANDRRMA Th.00 0.1151 T TTTTTTTh. 06
[ -4 LIAD AL N & 2L0/ A0 A ATITT Le i T AeT
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LLE YAKKLMLA 0.00 0.1104 (298) 0.00

_FINAL THROUGHPUT AT GALLE IS 969285, 39 T '
__FIXED COST 0F GALLE 8850.00

"VARTABLE COST 0Ff GALLE 1138%88,85
|INABAY CHINABAY 0.00 0.0853 0.0a
IINABAY GALOYA 0,00 “0.1694 000
|INABAY KHTGSDLY 17179 .44 0.1792 2904, 6%
[INABAY KANTALAIL 124454.29 0.1262 15741,
[INABAY KERTGLWA n.00 0.1755 0.0n
[INABAY - CKINNIVYATY 0.00 0.0910 . 0.00
[INABAY KULHVELY n.0n 0.1262 0.0n
INABAY MUTTUR 0.00 0.1780 0. 08
INABAY PANKULAM 0.00 n.1227 0.0n
INABAY PVRSKLAM 0n.00 0.24952 o0 0n
INABAY PHLMODAL 5514.37 0.17128 988. 18
INABAY TMPLKMAM 6.00 0.1059 .00
INABAY TRNEMALE 13985%.93 0.0963 13470.7%
INABAY . VAVIINTYA L6048 47 0.2041 LT NETY

EINAL THROUFHDUT AT CHINABAY I8 33304750 )

FIXed COST DOF CHINABAY IS 11300,00

VARTABLE COST nF CHINARAY 1S L246%,45
BLGODA. AHUNGALA 3908.65 ~06.0897 TEO.AS
RLGODA - AMBLGODA 87082.44 0.0826 7i0L 7]
RLGODA BADDGAMA 32752.49 0.1073 I573. 0%
RLGODA BALAPTYA 23681.83 0.0826 1984 .50
RLGODA RATAPOLA 14725.95 6.0%74 17071.99
BLGODA RONSSA 0.00 0.1037 000
RLEODA DADALLA 0,00 0. 9178 0.8
RLGODA NODNNUWA 3R799.10 0.4020 198546 7%
RLGODA U ELPITIYA 613848, 81 “0.09%2 57720.21
BLGODA GANEGODA n.00 0.098% 000
BLGODA GONPNWLA 6207.85 a.r062 627218
BLGODA HIKKDUWA 25918.83 0.0949 FIRLTTR
RLGODA KAHADUWA 10804.27 0.907% 1189 .0R
BLGODA MAHAEDND 6897.62 0.0879 606.30
RLGODA MATTAKA 2759.05 0.1181 320,22
BLGODA METYGODA . 0.00 0.0897 0.0n
BLGODA PITIGALA 6897.62 0.1108 TAL 12
RLGODA RATGAMA LB2R. 33 0.1002 LA3.9n
BLGODA TALGSWLA 13437. 71 0.%14% 1535.90%
RLGODA WATIJGDRA 5518.09 0.0879 4A5 04

FINAL THROUGHPUT AT AMBLGGhA 18 341870.644 R . ~

REVISED FIXED £AST OF AMRLGODA 1§  7341.81 -
~ VARTABLE COST NF AMBLGODA IS  32125,27

B

DAMPE ANGAMUWA 2069.29 0.1158 239, Sa
DAMPE ARCHKTUWA n. 00 0.9034 0.0n
DAMPE RAMNPOLA 0.00 0.1975 0,08
DAMPE BANGONYA .00 0.0894 0.0n
NAMPE RARMPOLA 0.00 0.1228 ¢.0a
DAMPE RATIILUGA g277.14 n.1047 BL1.87
DAMPE AIBILE L4249 .76 0.224% 0L Ly
DAMPE RINGRIYA 4839 .65 o 0.1047 TRP0.2%
JAMPE CHTI AL 128ALn LO A AR92 Y-




\DAMPE HETTPOLA 8047.22 n.1158 (299) 931.5%
\DAMPE ~ FKAKPLIYA .00 00753 TOI08R
\PAMPE — KALPTIYA BT30S P & 4~ 1 R 2370 %0
\DAMPE THITALAWA T T TRR28.33 T 00070 S46. 44
\DAMPE KOTNTIVU TTR64LL, 09T 0U10R? 2R7T47
\DAMPE _ KuLvetvA GI9IRES T T 0.0984 L6517 27
\DAMPE MADAMPDE L4453 65 0. 0748 3{89. 90
\DAMPE ~  MADRNKLT " B277.94 " 0.1193 ORT 3A
DAMPE MAHAWFEUWA ) T 38974.54 T 6.0753 T 29%3. 7
\DAMPE MNGLELYA .00 0.40%4 " T 0.0na
\NAMPE MONMLDNY 6.00 T 0.1070 TTTHU08
DAMPE MUNDEL 149772, 64 0.1087 1677, 8%
\DAMPE NAGLGODA 6,00 01193 0.0a
DAMPE C PALAKUDA T 6550074 0.49598 T0L6T87
DAMPE ~ PUTTALAM ~112018.80 R B-15 I L B LW
\DAMPE  RAJKDLWA - 1954.33 0.0991 178708
\DAMPE TABROWA n,00 0.1527 To.0h
DAMPE _TUDARDAWA T T T6242%, 45 0.0876 TTRLARTPY
___FINAL THROUGHPUT AT MADAMPE 1§ §33937.87 T -
" REVISED FIXER CNRT OF MADAMPF 18 7538.9%
__VARIABLE COST n¢f MADAWPE’ 535n3,20 ) o
NKULAM - CHMPNPTU - o 6.00 " 0.2642 0,06
NKULAM KILNDEHT 60824, 51 TR 2290 T T T 43926, 38
NKULAM  MANKYLAM 32854911 0.2026 o &655.37
NKULAM MULATIVY  23606.96 0.2518 RG4S AR
NKULAM . - MULWALAY _12006.68 0.2448 2979724
NKULAM__ ~ NEDNKEN] 0.00 0.2395 0.0n
NKULAM PARANTAN T T21389. 77 T 0.2340 N 5047.96
NKULAM  PANAKFRI ...8.00 " n.2626 n.00
NKULAM - PUTKNRPU . _.0.00 . 0.2448 N 0.0A
NKULAM TUNNUKAL 06,00 0.2254 0.00
NKULAM VAVNKL AM 0,00 - 0.2184 0.00

FINAL THROUGKPUT AT MANKULAM Ts 150684. 0%

REVISED FIXED caoST OF MANKULAM 1§  7150.68

VARTABLE COST OF MANKULAM 1S 34514,141 ' B
VKCHRY ARIVALAL - 2759.04 0.2648 730.%5¢
VKCHRI ATCHUVLY 17947, 52 0. 2v01 A Yvawria
VKCHRY __AVERNGAL 14485.00 0. 2630 o 38%0.1%
VKCHR Y CHVKEHRI 65041.32 0.2490 16992 .60
VKCHRY. CHUNAKAM 50268.12 0.26R3 1T3LA7.9L
VKCHRY KODTKMAM 5661,93 0.2542 14,89 .49
VKCHRY . MALLAKAM 12890, 46 0.2646 LAY
VKEHRY MANTHIKL 18719, 33 0.2748 TE0RB. 44
VKEHRY NELLTADY 58925, 36 0-2806 TU85%6. R4
VKEHRY  NIRVELI ~0.00 0.2648 0,00
VKCHRY PALLAT 16280, 26 0.2701 £396.97
VKCHRY PANBTRPU 51394.83 0.2748 139707%4
VKCHRY PT _PEDRO 64554.74 0.27%4 TAT7T?S.6
VKCHRY PYLOLE 16651, 20 0.2736 TTTTRBER 7Y
VKCHRY . PUNNALAY _ ~ — 7055.,87 - " 0.277% AL -
VKCHRY PUNLKRUN ' TAERGRST T T 0 2748 T T 9420.00
VKCHRY SITNKENT 10741.94 0.2754 298790
VKCHRY TELIPALL 20670,82 0.2754 5604 LR
VKCHRY TNDMANAR _ 2006R. 46 N 0.28%94 REOR. 67
VKCHRY URIMPRAT 4138.57 U T R .
VKCHRY _~  VAVEYGRI = 3071n.07 702736 S 10844 68
P AUD . \VAC s Al nRAdLAn DO AT AW R S Nl S



REVISED FIXEDB COST OF CHVKCHRI 1S  7535.44 LJuv)

VARTABLE €OST OF CHVKCHRYI IS 91448841, 19
YANAIKE RDLKMBRA 5710.97 0.25%90 1433778
JANATKE RADILLA 1184139.01 0.21964 25946, 6%
PANATKE BALNGODA 72247.32 0.4227 AB&T . 64
JANATKE BALIKTWA .~ 5016.82 0.2090 0484
SANALKE BANDRWLA 100079.82 0.1826 18272.57
JANATKE RELTIHIOY 31987.40 0.1386 562.57
SANATKE BORALNDA 4290.60 0.22495 950. 24
YANAIKE AUTTALA L288.94 0.2270 9FY.RE
YANATKE DEMODARA 0.00 0.1984 . H.0a
YANATKE PIYTLAWA - 11110.13 0.1826 2078 . 4o
YANAIK® DMBGHWLA 5026.98 0.2732 UIPTLT
YANATKE ELLE 4380.73 0. 1934 L6 .00
JANATKE EMRI PTYA 2R261.13 0. 1808 5140.18
TANATKE ETTMPTYA. - 15174,76 T 0.1984 T0T0.98
'ANATKSE GONDKWELA 37309.96 0.2 TTTEIA0.64
'ANATKE GURTILAWA 0.00 0.2233 6.060
JANATKE HALDMULA 150,79 0.1597 441,343
PANATKE HALIELA n.o0o - —0.20672 0,08
YANAIKE HAPUTALE 1156423%.43 0.9738 20088.728
JANATKE IDLGSHNA 8968, 49 0.1881 T8E9. 0L
JANAIKP ITTAKNDA n.00 0.1703% n.o0a
VANATKE KAHALATA 105276.58 0.126% 13202772
VANAIKE KOLONNO n.00 0.1808 n.o0n
'ANATKS KASLANDA - 6345.16 0.1896 120397
'ANAIKE LUNUGALA 18931.85 0.2584 LBO2 8%
'ANATKE MADILSIMA 320%.02 0.2547 "BIATRK
'ANATKE MEDAGANA n.00 0.27519 h.0n
ANATKE oo MONRGALE 4641150 0. 2858 AT YT
ANATKE NAMNKULA A538.70 0.219% {875,346
ANAIKE OHIVA 640,84 0.2289 TL6.R”
'ANATKE NPANATIKE 58%10.21 0.1087 6%1. 3¢
'ANAIKE PANt KNDA _0.00 0.1949 a0
ANAIKE PASGARA 42512.60 0.2326 98R6.90
ANATKE PELMDULA 74439.97 0.1192 R874L. 71
ANAIKF POONGALA 10632.19 06.2000 2271.9>
ANATXE POTTUVIL 2327.65 ~0.3498 V4 .17
ANATKE RAKWANA 31350.09 0.1456 LSA5 .70
ANATKR TANMLTLA R277.15 -~ 0.2840 2077 .9%
ANALKE HDAWALWE n.00 0.1984 0.0a
ANAIKE WALAWE 972.65 0.1984 102.90
ANAIKE WERARBODA n.00 0.3334 0.06
ANAIKE WELIMADA 100634.02 . 2037 20499 .98
ANAIKE WELAWAYA 11268, 27 0.2055 234518

FINAL THROUGHPUT AT OPANAIKE 18§ $96221.93 -

REVISED FIXED £0ST OF OPANATKE IS8 = 7994.22 N

VARTABLE COST nF OPANAIKE IS 177505,09
TO”AL _BIXED_COST OF CENTFAL scunca AND SELECTED DEPOTS 1§ 523543.09

TOTAL VARIARLE Coar OF OPTIMAL PATTERN 18 200%210.27

TOYAL COST OF ALL_

_EQLLEEI{mﬂﬁw”

80134

33




TOTAL OVERALL €OST OF OPTIMAL

- (301)

BAYTERN 1§ 2406A57.75 - -
~ IMPROVEMENT OVER €0ST OF PRE%ENT SYSTEM s 14612051 - -
e PERCENTAGE IMPROVEMENT = — 4.21
FINAL THROUGHPUTS AND COSTS OF SELECTED DEPQYS - T ——
(ZERO THROUGHDPUT INDICATES NON~UTILTISATION OF PEPOTY —
DEPOY  EINAL THROUGHPUT — FIXED €OST — VARIABLE COSY T -
U KOLONAWA” 12255938778 — T411000,.00 © "576103.38%7 ; B
MATARA 632715.964 7200.00  98773.46 o i
L KOTAGALA 0.00 13000.00 -~ . 0.00 THTS ex:sv:na“bspor WITL NOT HE USED - T
HAPUTALE 0.00 6500.00 U060 THYS EXISTING DEFOY WIUL NOY REUSEDTTTTTT T T T
" 'PERDNIYA  228165%3.81 15200.00. . 307790.90° . T
BATICALD 38273137 7000,00 — 105984_40 T T T
_ KURNGALA  B84463.48 9850.00 19506%8.82 T -
ANURPURA 394215.03 6000.00 7N67. 46 o
JAEFNA 485626 .90 9350.00 @ 12906%.56 —
RATNPURA ... 0.no___ 3000.00 0.00 THIS EXISTING BEPOYT WILL NOT BE USED™
GALLE 969285319 8850.00 113858.8% T
KILINCHY 0.00  4200.00 0.00 THIS EXISTING DEPOY WILL NOT A& USED -
NEWPERAD 0,00  4200.00 — ~0.00 THIS RXISTYING DEPOYT WILL NOT RF USED
CHINABAY 333047 .50 C11500.00 42463.45 o
MORATUWA _0.00 0,00 B 0.00 T
PANADURA .00 0.00 0.00 } T
WADDUWA N.00 0.00 0.00 ‘_
___ KALUTARA 0.00 0.00 . 0.00
“ALUTGAMA 0.00 0,00 0.00 ‘ B B
 _AMBLGODA 341810 .64 ?341 81 T%2125.27 NEW nEPOT LOCATIOM : —
i HIKADUWA 0.00 T 0.00 0.00 e T
HABRDUWA 0.00 0,00 0.00 =
WELIGAMA N.00 . 0.00 0.00 o
JA=ELA n.00 0.00 0.00
NEGOMBO 0.00 0.00 0.00
o LUNUWILA - n.00 - 0.00 0.00
MADAMPE 53891%7.87 ‘7538,94 33503.20 NEH "DEPOT LOCATION o
CHILAW 0.00 0.00 0.00
BATLUOY S 0.00 0.00 0.00
PUTTALAM 200 0.00 0.00
RAGAMA 0.00 0.00 0.00
GAMPAHA  0_00 0.00 0.00
VEYNGODA H.00 0.00" 0.00
MIRIGAMA N.00 0.00 0.00
ALAWWA 0.00 0.00 0.00
POLGHWLA 0,00 0.00 0.00
MAHO 0.00 0.00 0.00 ‘——
..GALGMUWA  0.00 0.00 0.00
MADWEHY A 0n.no 0,00 T 0.00 T
VAVUNTYA 0.00 ~0.00 0.00 o
. MANKULAM 150684073 150.68 3457414 NEW nepov LOCATION K
_Et. PBASS 0.00 0,00 0.00 , o
PALLAL 0,00 .0.00 0,00 : _
.. CHVKCHRY 5354%7.33 7535. 44 446889.19 NEW BEPOT LOCATION”““‘ S
oo CHUNAKAM 0,00 .0.00 0.0 . _ -
¥ ¥ n n nA N AN A NA -



RANA 0.00 .00 0.00 (302}
YA p.po 0,00 . _0.00 ] N
ALAY 0.00 0,00 ~0.00

CMLY n.00 0.00 0.00

RKGN n.0o 0.00 0.00

RUWA ~0D.00 0.00 0.00

KNDA 0H.00 0.00 0.0n

CHNY 0.00 0.00 0. 00 _
UR 0.00 .00 0.00

U RM n.00 0.00 0.00

NKAN 0.00 0.00 0.00

AR 0.60 0.00 0.00

ANAR 0.00 0.00 0.00

v 0.00 0.00 0.00

STy 0.00 0.00 0.00

GAMA 0.00 0.00 0.00

LF 0.00 - 0.00 0.0n

KANA - 0. 00 0.00 0.00

NAWA 0.00 0.00 0.00

OLA 0. 00 0.00 0.00

PTVA 0.00 0.00 0.00

WALA 0.00 0.00 0.00

ON - 0.0n0 0.00 0.00

KELE 0.00 N,00 .00
GODA 0.00 0.00 0.00

0Ya .0.00 0.00 0.00

JELA 0.00 0.00 06.00

RWLA 0.00 N.00 0.00

BARA - 0.00 0.00 0.00

ELA 0.00 6.00 0.00

LLA 0.00 0.00 0.00

TPYA 0.00 0.00 0.00

TAMA 0.00 0.00 0.00

KKA n.00 0.00 0.00

JELA .00 0.00 6.00

¥6Da 0.00 0.00 0.00.

JITA N.00 0.00 0.00

JATA 0.00 0,00 0.00

\TKE 21.93

9942

|

7996.22

AT7595.09 NEW DEPOT LOCATION

NSITFIVITY ANALVSIES:

1€ = 08/01/33
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ECY OF DROPPING MATARA

NEPOY EROM THE FINAL BASIS

INPURA BEPOT WILL ENTER THE BASTS

YROVED SUPPLY PATTERN

INFYYIAL THROUGHPUT AT RATNPURA IS 459065 .43
"TXep COST OF RATNPURA 15 ~3000.00 - —
IN?TFTIAL  VARIARLE COSY OF RATNPURA IS 75%62.96




CONYRIBUTION TN NETT SAVING RY - INCLUSION OF RATNPURA 1§ 2482.92 o
POTS IN BASIS e - Y £ X
EPOY PRESENT THROUGHPUT FIXED FoST ~VARTABLE COST -

LONAWA T 42437589.31  414000.00  648522.R8 -
RONJYA_ ~  2281633.84 —~  15200,00 o700

TICALO 3182731, 37 7000,00 105984, 40

RNGALA 884463, 48 0830.00 115065.82

URPURA - . 394245,03 " 6000,00 ~— — F2167. 44

PFNA  L85626.90 ~9350,00  129063.664

TNPURA 4L51065.43 "3000.00 T 75362.94 .
LLE 969285, 31 — 8850.00 113858858 B -
INARAY 133047.50 19800.00° " 4246345 e

3LGADA 361810.64 ?7341.84 T32425.27

DAMPE 538937, 87 7538.94 53503.20

NKULAM 150684, 0% 7150.48 34514.11 -

JKCWNRT 535437.38 753544 144881 19

ANATKE 096221.9% 7994.22° TTAFP595. 0% -
ED cosv 0F KnInMAHA AND 13 DEPOT/S 18§ §18343°_ 09 T 7 o
ITABLE COST OF KOLONAWA AND {3 DEROT/S 1§ 2082299 42 -
FAL tOST OF ALL COLLECTIONS = — 80134.,38 ““

5UCED OVERALL €nsT = 265166660 -

TINTTIAL

INCTUSIAN OF RATRPURA IN YHE BASIS 1S =4480AT85

NETT SAVING BY

>ROVEMENT OVFR €OSY OF PRESENT SYSYEM = 49803 67 T )

ERCENTAGE IMPRAOVEMENT = 2.56 '__ -
.LE PEPOT WILL REMAIN IN THE BASIS
=R0vsn'§uhpgy pATTE&N =
:DIT!ONAL THROUGHPUT AT GALLE 18 57840787

'IXED COST OF GALLE s 8850.00 o o
IDIT!ONAL VARIABLE COST 0F GALLE IS 96238.82 -
>DIT!0NAL GROSS SAVING BY T REFENTION 0F Gatls“““*rn fﬁg BASIS TS 3004005,
JONTRIBUTION TO NETT SAVING BY RFTENYION OF GALLE 807722

078 IN BASIS

'POY_ PRESENT THROUGHPUT =~

FIXED

£0sT




LONAWA 11985330, 06 411000.00 54528680 (304)
RONIVA 2281653, 81 15200,00 ~ 3o7710.%50
TI1CALO 382731.37 " S T7000.060 T 105984.40
RNGALA 884463.48 9850.00 11506582 — ~
URPURA 394215.0% 6000.00 7216744

FFENA_ 485626.,90  ~ 9350.00 ~ 129063.56

TNPURA 326916, 81 __3000,00 42459 .65

LLE 1545693.18 8850.00 210097.67

INABAY 333047, 50 11500.00 4246345
BLGODA_ 349810, 64 7341.814 3212527

DAMPE 538937,87 7538.94 53503.20

NKU(AM. 150684, 03 7950.68 3459411
VKCHRI 535437,35 7835.44 14488199

ANAYKE 996221.93 7996.22 177595.09

XED €O0ST OF KoLoNAWA AND 13 DEpOT/S IS 519313.0%

RIABLE COST OF KOLONAWA AND 13 DEPOT/S IS 201231855

TAL COST OF ALL_ﬁgLLECT!ONS = 80134 .38

DUCED OVERALL £OST = 2k11766,02

no:v:oNAL'NETf SAVING 8Y  RETENTION OF GALLF INTTHE BASIS 1S =400R 27
PROV:MENT OVER_€OST OF PRESENT §VSTEM & TAY70%T24 |
PEReENTAGE IMPROVEMENT = L.03

LIGAMA DE.po.T uILL”E”mEn }'WB‘ASIS

SROVED SUPPLY PATTERN

INTTIAL TWROUBHPUT AT WELIGAWA IS 888241 40

SALEULATED INTTIAL FIXED COST of WELIGAMA 1S 788424

INTTIAL VARIABRLE COST OF WELIGAMA IS  ~ 135277.80

INITIAL 6GROSS SAVING BY  INCLUSTON OF WELTGAMA TN THE BASIS IS ~ 12544°9!

INCLUSTION OF WELTIGAMA IS

ON?RIBUTION TO NEYT SAVING RY

0Ts _IN BASIS

iPOY PRESENT THROUGHPUT

FIXED £OST VARTABLE COSY
ONAWA 11985330, 04 411000.00 545286.80 i
IDNIYA ?:aiq§§ 81 15200.00 307110.90
'1CaL0 282731, 37 7000.00 10598440
INGALA 884463, 48 _ 9850.00 115065.82
IRPURA 394215.03 “6000.00 72967 44 T
'ENA L85626,.90 _..9350.00 129063.56
NPURA - 270608,72 3000.00 PN MR -~

P F TaRPRC A

alRn ARM

e LAd Fr s



BLGODA 341810.64 7341.81  32125.27 (305)
C16aMA 886241, 40 7886.24  135277.80 |
BRELHAL ?Ummwi____ﬁMﬁ_:jﬂﬁ,_j

DAMPE  ~  538937.87 = 7538.94

NKUCAM "7 T 450684.03 7 T T 7450, 68 T T sAS A 1T
VKCHRI T535437.35 7 7835.44  A44BEALA9 T
ANATKE 996221.,93 7 T T7996.27 17759509 —

XED _£0ST OF KOLONAWA AND 14 DEPOT/S 1S~ 527199.3%3 =~ =
RIABLE COST 0OF KOLONAWA AND 14 DEPOT/S IS 19997859 .60

j&LﬁpOS? 0F AL;UCQLLECT{pNS = 80134.38 T -
DUCED OVERALL F[AST = 2607085.32 . B - o -

“INVT;AL NETT SAVING BY  INCLUSION OF'ﬁgffﬁimingwTﬁ€_§1§TSMT§TW_~_:227TS?

PROVEMENT OVFR €OST OF PRESENT SYSTEM = 144384.95 — — — )
PERCENTAGE IMPROVEMENT =~ 4.20 — o
jﬁ]}gg DQEQT,N;LLQEEHKYN*TN”TﬂE“éggi3““”“““““ -

PROVED SUPPLY PATTERN ~ ’_mm#w;mwmﬂ'; _ n
DDITEONAL THROUGHPUT AT OPANA!KF 16““* 729 49***‘ o
SALeULATED ADDITIONAL FIXKED COSY nF OPANATKE 1S 0TrY

DDITIONAL VARIAALE COST OF OPANAIKF IS 207 .40 ' B

BOITIONAL GRNSS SAVING BY  RETENTION OF OPANAIKE IN THE BASISTIS 0.3
CONTRIBUTION TN NETT SAVING RY RFTENTION Orf OPANA!KE 15 359246 h

507Te IN BASIS — - .
:POYTY  PRESENT THROUGHPUY FIXED €O0ST VARIABLE £OST

LONAWA .. 11985330,06 . 411000.00 54328680

IDNIYA - 2281653.81 _ 15200.060  307110.90

TICALO " 382731.37 7000.00  105984.40 _ _ - .
INGALA TTa84 463,48 7 9850,000  115065_82 -
IRPURA . 394215.03 ' 000,00 &I LYY T

PENA  485626.90 6356?66““‘“‘T§§ﬁ6§§§6

TNPURA . 270608,72 —3p00.00 T 2%096. 11

.LE Toq8789,. 87 8850.00 TU75896.46

INABAY _ 333047.50 1150000 4246345 —
ILGADA 344810,64 u 7341.81 S V-1 -3 -
IGAMA T 485511.91 788589 135070.07 — T
YAMBE §38937.87  7538.94 75350320 ” o
IKUCAM 7745068403 T 7150.6R T T EA5YLL Y _ " T
IKChR1 535437.35 T 83544 UALLB88 e T T

\NATKE . 996981.42 L7996.98 T TA7F802.49 T T T




L300)

XED COST OF XOLONAWA AND 14 DEPOT/S IS 827199 .33

RIABLE €OST OF KOLONAWA AND 14 DEPOT/S 1§ 199978 2

TAL_COSY OF ALL COLLECYIOQONS = 8n134.38

PUCED OVERALL €OST = 2607084.9

BDITIONAL NETT SAVING BY RETENTION OF OPANATKE IN YHE BASIS 18 22724
PROVEMENT OVER COST OF PRESENT SYSTEM = 114385728
PERCENTAGE IMPROVEMENT = 4.20

S S Ry RO G GE e e ) e e W ay aw O e e BT W Y G Ry g TS e S ey el o v v M g AT o SR g v v g

SULTANT DISTRIRUTION PATYERMN

VAL PIXED COSYT = 5277199.33

PAL VARYABCE COST o 199975727

TAL €0ST _OF ALL COLLECTIANS = 50135,38

FAL OVERALL €OST = 24070834.98

VIMUM EXTRA £OST IS 227.24

B 6 G o o T G S WE Y MR NS v e m e A DN W A R VR e T R T g N e A T S e O T o 0y e SN gy el

DO o U G D U A ol M m Rt g o g S el T A S R AR o W WD B oy W e ke TR W g T TR an B opy U oam o T on T e

TAGALA DED‘OT IS A POTENTIAL SOURCE FOR THE FOLLOWING CENTRES OF DHEMAND:~-

BOPTLAVA 0.06
DIMBULLA 6.0n
LINDUCA 102284, 24
PATANA 0.00
TALWKELE 729270.R4
WATAGODA 1600.87

i TOTAL POTENTIAL _SAVING I% 573.62

JIMUM EXTRA cosrups FORCING IT INTo THE RASI® IS 12426.,38

BRE O% gt G GT WR W e P W e W gy s Gl R Car e fSF S O T T OWE VR SR R ) M T MRy SR M e R e g oo e T oy W R

?’QH“HH*_-‘.-“-u——m-uﬂ--ﬂuww-Fu-#-“ﬂ---—“-n‘--"---"

JUTALE DEPOT T8 A POTENT!AL sOuaCE FOR THE FOLLOWING CENTRES 0F BEMAND 7o
“NONE —

T ToTAL POTENTIAL SAVING 1§ 5760

{IMyM EXTRA £0SY OF FORCING 1Y INTA THE RASIs I§~ 6500.00
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(307) TRUNKTYA " 41845.5¢8
" " e UPAKRWTA 5176.44
E TOTAL POTENTIAL SAVING IS 36135.56 B
X456 .13

NIMUM_EXTRA €OST OF FORCING IT INTp THE BASIS IS

Qﬂﬂpqua-—---u---n_-—--u—-.—-—----u--ﬂ------_a---uu
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HAWATA DEPOT IS A POTENTIAL SOURCE FOR THE FOLLOWING CENTRES OFf DEMAND:-

. AMBLTOTA 19543.14
RERAGANA 0.00
DENIVAYA 58980.50
EMBLPTYA 28747.11
GODPKWELA 37301.94
HAMETOTA 2E598.77
ITTAKNDA 0.00
KAHAWATA 105276.54
KATRGAMA 779.%0
KOLONND 0,06
LELOPTYA 0.00
PANLKNDA 000
PELMDULA 74439797
TRAKWANA T T Y3300
RIDYAGMA 0.0n
TISMRAMA 116%6.67
UBAWALWE 000
WALAWE 972.65
WIRAWTLA 0.00
- ) - ) YODKNDYA 000
E TOTAL POTENTYIAL SAVING IS 6500.01
NTMUM EXTRA €0ST OF FORCING IT INTH THE BASIR IS 616,48
FECY OF pROPPING OPANATKE DEPOT FROM THE FINAL BASTS
TARA __ DEPAT WTLL REMAIN IN THE BASIS B
>ROVED SUPPLY PATTERN
YOITIONAL_THROUGHPUT AT MATARA zsimm 8277.15 ] .
FIXRD COST NF MATARA IS  7200.00 —
Y)DITIONAL VARTARLE COST OF MATARA Is 2377.4%
YDITIONAL GRNSS SAVING BY  RETENTTON OF MATARA™ [N THE BASIS IS GRND:

54

"ONYRIBUTION TO NETT SAVING BY RFTENTION OF MATARA

IS 448272,

078 _IN RASIS

POy

PRESENT THROUSHPUT ~ EIXED £0ST  VARTABLE C0ST




TARA 6$40993.91 - 7200.00 10108%0.57 (308)
RONTVYA 228165381 15256“00‘”“““‘35?110 90 B —
TICALO  382731.37 " 7000.00 108984 40 o
QNGALAr;;;g;:ﬁ_88A463 48:;jf”:;f}g?h?ﬂﬂf—“““ﬁﬁs065:82"”“___—?”_”““““““'
JRPURA 304245.03 - &000,00 67 4 e

FFENA 485626,90 T 9350,00 ~  12906%.586

LLE 9§9285?31 T 78850700 413858.85 -

INABAY  333047.50  14500.00 V'““"12463‘I§‘_

BLGODA  341810.64 f_"” 7341.81 32125u27 T ) T
DAMPE ~ 538937,87 “““j“ﬁ:jjsssiaz“:;:jj“sz503520

NKULAM 150684.03 7150,48 ~ 345146.11 T
VKCHRI 535437,35 7535.44 14488719

XED COST OF KOLONAWA AND 12 DEPOT/S IS '515516,87 - - -
RTARLE COST OF KOLONAWA AND 42 DEPOT/S IS  20544364.94 .

TAL €OST OF At COLLECTIONS =  80134,38 T
DUCED OVERALL CO8T = 2650088 19 )

DDITIONAL NETT

§ AVV I NG__BY__ SV

RETENTTON 0F WATARA™

““TN*THF“HT§Y§4

A28 4L

PROVEMENT OVER COST OF PRESENT SYSTEM =

71382.07

PERCENTAGE IMPRAVEMENT =

2.62

ﬁﬂﬂ'uuwsﬂﬂ--!----llﬂu------w-m-------ﬂ----nw---nh-----

PUTALE DEPOT WrLL ENTER THE BASIS T
SROVED SUPPLY PATTERN -
INITIAL THROUGHPUT AT HAPUTALE 1§ 627656.43

FIXED COST OF HAPUTALE I$8 4500,00 _

INITIAL vARIARLE COST OF HAPUTALE IS  143598.42

INTTIAL GROSS SAVING BY  INCLUSTON OfF HAPUTALE IN THR BASIS I5 — 27144.0°
SONTRIBUTION 70O NETT SAVING BY INCLUS!ON Or HAPUTALE Ts 064405 B
073 IN BASIS - )

:pOY  PRESENT THROUGHPUT  FIXED £OST  VARIABLE COST

JONAVA 1261622713 §11000700 63190571

TARA 640993.19 7200.00  101050.57.

'UTALE 627656,43 — 6500.00 14359842

IDNTYA 2281653, 814 15200.00 307110.90 -
rICALO CZR273V. 37 7000,00 10598440

INGALA R84463,48 6850, 00 “115065_82 }
IRPURA 394215.03  6000,00 72967 447 -
TENA ~ 485626,90 9350.00 = 129063.56 B
AE 969285.3%  T8850.00 113858.85 -

'NAnAvY

zzIn/i7 8N

TTYARNAT AR
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ADAMPE 5358937,87 7538.94 5%503,20

\NKUCAM _  150684.03 7950.68 3451411 (09—
{VKCHRI §35437.35 7535,44 14488749 -
[XED €OSY OF KOLONAWA AND 13 DEPOT/S IS 522016 .87

\RIABLE COST OF KNLONAWA AND 43 DEPOT/S 1S 2027292.89 :

ITAL £0ST OF ALL COLLECTIONS = 80134.138

:DUCED OVERALL COST = 2629444 .14

INITIAL NETT SAVING BY TNELUSTON OF WAPUTALE TN YHE BASTY 15 =5258473¢

{PROVEMENT OVER €OST OF PRESENT SYSTEM = 92026 12

PERCENTAGE IMPROVEMENT = 3.38

’Gﬂﬂamﬂuﬂﬁ—nu“hﬂ--“‘lﬁ--ﬁﬂl‘!ﬂ-ﬂ‘-ﬂﬁ-ﬂ---.“ﬂﬂlﬂﬂﬂ ----- e

IRDNYYA DEPOT WILL REMAIN IN THE BASIS

tPROVED SUPPLY PATTERN

\ODITIONAL THROUGHPUT AT PERDNIYA IS8 705563 46

FIXeb COST OF PERONIYA IS 15200.00 T
\DDITIONAL VARIARBLE COSY OF PFERONIYA IS 21077.46

iDDITIONAL GROSS SAVING BY RETENTION OF PrRRANIYA IN THE BASIS TS
CONYRIBUTION TO NETT SAVING BY RETENTION OF PERDNIVA Y§ £4220.4%

2373

P0Ts 1IN BASIS

EPOY _ PRESENT THROUGHPUT  FIXED £OST VARTABLE COSY
ILONAWA 12615586, 2% 411000.00 63173973
TARA S 640993.11 7200.00 101056.57
PUTALE 522731.81 6500.00 119473.75
RONIYA . 2387219.27 15200.00 329088, 36
TICALO 382731.37 7000.00 105984.40
IRNGALA 88446348 9850,00 115065.82 ~
URPURA  3942495.03 6000.00 72967 44
FFNA % 4L85626.90 9350.00 12906356
LLE 969285, 34 8850,00 19385885
INAgAY T 333047.50 71500.00 4246345
BLGODA  3441810,64 7341.81 3292527
DAMPE ) 838937,87 7538.94 5350%.20
NKULAM 150684.0% 7130.68 3451411
VKCHRI 535437, 35 753544 TLLBBT.19
¥ED £0ST OF KOLANAWA AND 13 DEPOT/S IS 52201687

NTADIE ARAcY AC ¥#ALAMALIA AMRN AT AERAT 10 vo AAmIATEA T W



TAL COST OQF ALY COLLECTIONS = 80T 34,38

o A

DUCED OVERALL COST = 2427130.96 I

PEO\}E_fEijQ\ZF COST OF pé’_gs_’_sm SYSTEM = 94339.30 ) __“_‘m -
PERCENTAGE IMPROVEMENT =  3.47 -
T1CAL0 DEPOT WILL REMAIN IN THE BASIS o -
5E§QED_SUPPLYEPATTERN - - -
DDI?IONAL THROUGHPUT AT BATICALO xé‘m““‘?327 65

F!XED tOST AF RATICALO IS  7000.00

DDITIONAL VARIABLE COST OF BATICALO IS _ﬁba.ésmww e
DOIFIONAL GROSS SAVING BY ~ RETENTION OF BATICALO IN THE BASIS 18 8.8
CONPRIBUTION T NETT SAVING BY  RFTENTION OF BATICALOD IS 34999 .45

POTs IN BASIS - — T )

2p0T PRESENT THROUGHPUT _FIXED COST VARIABLE cosT

LONAWA = . 1261§§83T2§“"“”W“*¢1TOUHTUH_—"ff*K3T739:73

TARA £60993.14 ) 7?2'0'0.00 1*010‘50"'.;5?.” -
PUTALE - . 520404,16 T 4500.00 . 118622.25" _ T
IDNEYA 2387219.27 15200.0"0 "32'9"0’8’8‘_’. 34 '
7ICALO . o T 285059,02 ?00’0.00- AR 10682? ) L S

INGALA 284463, 48 . 9850.00 115“065 82

JRPURA T T394215.0% T TT6000.700 7216704

TENA T 4B8626,90 7 TTTTe350,06 T 129063.56

LLE 969285.31 T 78850,00  113858.85 o
INABAY 133047.50 149500.00 TL2L6T, as T

3LGODA . 341840.64 734,817 32125 27

JAMp 5¢8937.87 838,94  8350%.20

VKU AM 150684,03 — 7150.68 3&511‘11

[KCHRT 535437.35 ~ 7535.44 14488119

{ED_€OST OF KOLONAWA AND 43 DEPOT/S IS  522016.87
tTARLE COST OF KOLONAWA ANN {3 DEPOT/S 1S~ 2024970785

AL ¢0ST OF ALL'Eaffﬁﬁfng§f§i”W78hT31f33“\a —
}UCF:'D_ OQERALL COST = 2627122 .11 e - T L : N

)DITIONAL NETT SAVING BY RETENTION OF BATICALO INTYHE RASIS IS hnpnzsz”xs




PERCENTAGE IMPROVEMENT = 3.47 (311)

-==m=mnmpn----u_-,_----q-——--—---w----qan-'—_ﬁu---q

\TNPURA DEPOT WITU ENTER THE BASIS

fPROVED SUPPLY PATTERN

IN?TIAL THROUGHPUT AT RATNPURA IS 7?6732 .82

EIXED COST OF RATNPURA 18  3000,00 -
INETIAL VARTARLE COST OF RATNPURA IS  109497.04

INT7IAL  GQROSS SAVING BY INCLUSTON OF RATNPURA IN THE BASIS IS 7479 ¢
CONTYRIBUTION TO NETT SAVING BRY INCLUSTION OfF RATNPURA IS LL79 83

'EPCY  PRESFENT THROUGHPUT FIXED €OST VARTABLE COSY

JILONAWA 11985330, 08 414000, 00 5452856.80
\TARA 84099311 7200.00 10T050.57
\PUTALE 372927.57 6500.00 8§8098.50
IRONTYA 2387219.27 18200, 00 329088, 36
\TI1CALO 385059,02 7000.00 10682705
IRNGALA B86463, 48 G850,00 115065, 82
IURPURA 394215.03 6000.00 72967 4%
FFNA 485626.90 6350.00 129063.56
\TNPURA 776732.82 X000.00 109497.06
LLE 969285, 314 8850, 00 {13858, 85
| INABAY 333047.50 11500.00 4246343
IBLGODA X464810.64 7341, 81 32125.27
DAMPE 5389737,87 7538.94 5350%.20
NKULAM: 150684.03 T 7150.68 3557414
IVKCHRI _ B35437,35 7535, 44 144889 19
¥ED COSY OF KNLONAWA AND 14 DEPOT/S 1S 525016.87
RTABLE €0ST OF KOLONAWA AND 14 DEpPOT/S IS 2017499.23

ITAL_COSY OF ALt COLLECTIONS = 8n134,38

DUCED OVERALL CNST = 2622642 .48

INTTIAL - NETT SAVING RY INCLUSION OF RATNPURA YN THE BASIS IS -?3782?73

[PROVEMENT OVER €0ST OF PRESENT SYSTEM = 98827 .78 T T

PEREENTAGE IMPROVEMENT = 3.6%
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PROVED SUPPLY PATTERN o “
TINTTIAL  THROUGHPUT AT KAHAWATA IS 997790.43
CALEOUATED  INITIAL FIXED COSY OF KAHAWATA 15 799779 - “E

_INTYIAL VARIABLE CO0ST OF KAHAWATA IS 180721,04

CINTYIAL FﬁdiE"EﬁVIHGWBVm””1N6[U§?ON“DF“KIHKUKTAMYNMTHE”BlSlS’Tf_"""120%?;8

CONTRIBUTION To NETT SAVING BY  INCLUSION UF KAHAWATA 18 74055706

POTS IN BASIS T o . -
EPDY ~ PRESENT THROUGHPUT "FINED €OST  VARTABLE COST -
LONAWA ] 11985330. 06 471000, 00 545286.80 T T
TARA T s574407,87 7 200,00 T BERE8.7E T o B
PUTALE L 5026.98 4500.00 153%3.73 -
RONIVA 2387249.27  15200.00° 32908836 -
TICALO '385059.02  7000,00 10682705

RNGALA. BB4483.48 T T 77985000 11506582 . _
URPURA 394215.03 T 4000.00 P2487.44 o ~
FENA. . 485626.90 . . 9350.00  129083.56 -
TNPURA 270608.72 " T 3000.00 7 29096.11 . i
LLE 941104, 81 " 8850,00 T 102832.48 -
INABAY 333047.50 11500.00  42463.45

BL6ODA "~ 341810.64 T /349,81 32125.27 -
DAMPE 538937.87 7838.94  753503.20 T -
NKULAM 150684,.03  7450.48 345741 _ _ T
VKCHRI §35437,35 7835.44 14488719 ”
HAWATA ~ 997790.43 799779 18072704 _ -
XED €0ST oF KOLONAWA AND 15 DEPOT/S 1S 533014.66

RIABLE COST OF KOLONAWA AND 15 DEBOT/S 1§ 2005438738 e

TAL €0ST OF ALL COLLECTIONS = 8n134.,38

DUCED OVERALL £OST = 2618587 ,42

INTTIAL NETT SAVING BY INCLUSInN OF KANAWATA TN THE BASI§MT§*_“:WT7?Q 67

PROVEMENT OVER COST OF PRESENT SYSTEM = 102832.84 _ : RENESEEE
PERGENTAGE IMPROVEMENT = 3.78

SUCYANT DISTRTRUTION PATTERN —  — . —
PALFIXED §OST = ~533014.64 - - _ —

tAL VARIABLE COgy = 2005438738~ o T e e

NF Al T P01 LERTIONG = " eA134. %o

Tl FOST



(313)

JYAL OVERALL COSY = 2618587.42 -

INTMUM EXTRA €OST 1§ 11720,67 -
PLETYION TIME = 08717747

ND OF JOB







