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t\eCCO\t. \studtesliave hishllght.od .lIUUlYlnefflcleneles·ln thE: arain 
storage., ban<11insand tl1U'lSport industry (~,p.l CQ._lss1on~ into Grat.n 

Handllf~s. :andstcrase (ReGal (19as). Bl1f.b.,Nobl~and ·Mlqer$(19a1.~. 

Kerln(t9Sa)1"a?wever'~ 'tbese$tl,ldtes ,l):t;ve' :focused JIlt't1.nly 9lltsp8:tlal 

lssue:sco.nc~rnblS the 1~veto£cen:tl'"alt$~tlQn~rbandl1ng: facil1tIes 

'Mcilnter*dAlboapetttlon. ·and. haveJl8.1d 11ttleatt(tntlontotbe 
': c" ,ot;-.# 

optl_l .lx of t~chn()to8.1es'"t reee~Y1'ol po'ints,or thfttotel level of 
stotaSe that sllo~ld. b<! available to (.1ope·wl,tha fluct_t.lllt 1UU1U1S,1' 

harYe$t$~ This, paper 8:ppl1t!$at~_t.lcalJlCXiel .wblcb 'WA$presenteci: at 
lut ytt.r'$con,fe,renee t.oeXdlnetbe optl.1 level and· '.l~or· atora,se 'I' 

techno.l()81e$"Aftet'"outllnlnatbe~lcreat~s. ottbeMOdel 'and 

dlsct$sins' tile ,variQUS gra,li1.s.torqete¢imologl.t!sand·costs, t~ 

~rtlclentcot.lb1.nat.! .r,.nof sto~t",·"·~~·.lfi:. :1&!utltled.!" OUr opt 1-.1 

Gl"lterla.aret.~tl cQ.pftr'ed wlthtb" ,j"1f;~M'\l, level or $.tbnageata :n\1l\ber 

ot$ltes Inlffl$tern AustralIa, e.n4 too ~"'Ietttclendle.Qtthe:c~rent 
s~te •• ~. :hlsbllght;ed~ 

1M Tbo~~tlcal~.l 

Tbe~"lnsto~ lnvetft"'nt ~rQbl~1l1s, lAke: an' optl-.1 ·\nventor'".1 

proble~irt "Hb1c:nt.berelf.'f ~ ,trad~o.rt t~f;wee!!t 'theG"!rt Qt.PtQvldln, 
extra stQ'rage ,wnl~b · . .,·J'lQt .~. '~erJcd; mrl'tthe ,.<;t'~t iOf'l'ilOthavv,f,,,, 

enoush stc,n'aw, :1n,;& year of hl~, ~tlQ" i, ''In. ;;[t '.al..o,.bdlp;......D th.'O 
-p,akloilQ pl"'li>ble. rllCed:lnp'Qbl%-~\ltl1t\~4 ~~ .... ~retl" ~E$t,q'l ~!;t. 

b.'eI.vlns· ¢nougn titQrapla: like t--:.'1 l(.'!Je< In f!1\ ~Y11!"'rsm~lusassoc~'~\1.G!dr 

wlthnQt havll)g el'lOugh.capaclt¥ ·to Met .i111,7.o.,.&Nl,We·ltt'esentaaodel 

1l41ch '~~\ed an a~dU'led verSIon Qt Cre~· rAtld K!eln<iort(tt't. 

InYestaentllOc;l~.ltQr publ1.Q ut111 tl eswlth. (t l \"::rse 'te;;ht)ol ()~ .aru;l. 

fluctuating deaand(Crew' and, Klelndorter le-16l .• 

~.JlQdel.exulnes. tM9ptl-.1WllOunt .WJ,d. t~of" storqe th&;t 

$bould .~ C:;()ll$truct~ ata site. Intbe sl'~ple-verslon of' .tne .JIOdel it 

Is_s.d. that all of"tbf!gratnthAt .1$ ~stecl 1$ stored in the 

country. apart fro •. $oae vain tbatJllghtbe sh\rted ,to tbepc~tasan 

e-.ersencyoptton. TAts' Is ano.veNil.plif1.ca.t~;Qnasnuaber·or sJ.t(!G: 

handle .1;\ .. 'voluae .ot graIn tlult Is larger th&l~tbephyslcalstorage 

~paclt)'.,wlth asubstMtlalral11ngout. progr~ dur.lng the harVtl!st 



':'::~rlod~, Nevertbele.s,..;,. lttSl a. :repon,l\bl~8$sUJnptJ(inror iaOstsltes" 

;' l~caU$~oth~",11 $yste. coq,ld notshlfttbesraln ,to the port. (iUI"'ing 

the,S ~kllarvest ·pel""lod,. Ji~thou,t. requl,ringgrpssly unecoho.1oextr~ 

'ca..pe.e.l t¥~Cons~qu~nt.ly.. t~~j ~~stlJtptl()ntnattheret1l,an 'tpperbOund ·of 

unity on. t.he turnover of g1'~ln (gralnrecelvedl$tQ.rag~ e~paclty) ls 

valid tctr most country $ltes •.. 

The, 1 nv~st._nt jOcl~lal)1$ tb.lntalse th~ eXlX'etedeost of$t~u .. tns 

gra,in.Where ·thecJemanq for ~ln .stot,Age Is. 4etlned by-the £~uctua.t.lng 

annual prc)ductJob level.an<l.t~: cQst~'. o.r :st<>raaft Inclu4e the~glnal 

'cP.sts ,bfcapltlt.l (Bl1f,Mar,s.lnaloperat~tns ·C()sts. (btl as,:w.el1 as ,a 

;fall urecO$t.l!p.lc;:hlsafunctlon ottteleV'e lotex¢et:l8 dellat1d.Ther~ 

,is .tt,. ch019~ot t.ecbnolog1~$,~:Y'allt\ble. whl¢h ~e' ,ehaMlCterised bYM 

lnvOrf3t:tel_t.loP$hlp bet\l,et!l\capltal and;. oper~tlns ¢ost$. lIencet"'er~ 

fsa t.ra.deott bet~en Invest Ins, 'In',<;Jpltal Intens.lvetecnnolagy,and 

Inves'tlns.ln t~t:hnologythat hru;llot.t capltal costs but blah Qperat~ns 

CQsts,.Wl\11e ':t~ cl!lplt~.l lntensl ve ,tecbnology' . .ay CQst.UCh l~s$ where. 

<ieilanCl ls.certa1n. tli..etracie. Qft~co~g lnere8$lIl8Jy .UlpOrtMtas 

eXpectedlltl11satl.Qn decreases~ so that tM labotU" Intensive :sto~e 1s 

~tter£Qr 4ealtng wit.h. ·theextraae.$:U'ldcreat~dtn ~~ 'beWvef3t1e$.I'S .. 

A detailed exphll)8.tlon otth~ IIOdel isgtvenln arennan~d 

Lindner (1geS), b\i~ the tbe baSic re$ult$£or· theJlQ$tslaple 

8.!itsuaptlollS(constantJl8rglna.l a.nd 1;lver118e cQsts) ¢anbe del!lQtlStra.ted 

d.~.asrauatlcally~ ,"kt dl$t, 1 ngtU sh between c~~ltal 'lntenstve (per~erit) 

tUld laboQr :lnten!ilve(telaP<irary) r:;tO:rQ,g8 by the subscripts p.a;ndt. 

whIle frdl\lr~ of' s,torageca~lty to ca.*"~r .forstorage dellU!Ltld in a. 

given yearJs denot4!:.dbythe .subscriptt ..tbe eXpected liseofa 

.,lnalunlt ofstorqe tie. tile prClbabl11 ty that dell8.nd tor-storage 

1$. greater than Qr equal ,to that levt!llofstorage ca.pa:Q1t1) is denotecl 
• by ,the ctlJludllt:lve (leru:;lty i'unctlonl(l( ) ,1\IIC .ri •• Cq. )clq ,. 

An erf!clency frontier which deplctst~ ,eostJllniJal$lns 

co .• blnational Inv~stllentasl);.functlon pf exPected. utlll~ati(m oi' 

capaCity Is. lllu.strated in flS\U'e 1.. The Vert, 1 cal axlsrepresents 'th~ 
e~ctedcost of the u.rginal unit and· 1tl a function orutl1!z~tion 

• CJ3
1
+ ~(X)bJ). Utl11za.tlon 1s .sllown on the .hOrlz()nta:t.l8.X,is and 1$ equal 

to 1 a.t tile left ·lulnct .. sld,e oi' ,the f.1gtlre. and .• ag ~ aovell.Cr()ssthe 
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t1gt.W0'J' It reduces t92:~ro, .. ,NOt,El,thatutil1zatlQn ,tslnversel~ related 

to. 't.net4tal! aJiOtmt or storage. .~'," 1t '~bad knowledgeor'tJJe, 

product lQn , c,.(1 .. ,£ '~eould 'c:lra.,the~~, dl~ )napped' q~t.O$ 

hQr.1zQnta.l ia,)th~ $l'mnl~ m!irslnal ~xpeet~d ,CQsts1imA fun.ct.1()J:~()r 

Incre~lng capa.clty .. 
(\ , 

Bl·~f )~4 r,: 
1 r~ 
6 1 

TemporatyStorag M. . 
A 
R 
G' 
• N 

:A 
L 

c· 
0: 
S 
t 

O'~--~--~~----~~~~~~~~~~--~~~ 
1 A & A ~ o 

MARGINAL U11LlSA110N 

~ MturflOft.betradC!: dtff ean.best, bo,seebtJl-frefe~nceto ,t~ 

,klnksllnthe dlagr~"whlc::hcorresPOn4to t.bef'lrstQrd~r¢PnQl tlon$ 

d"rlv~tro.the)_the .. tlc:a.l ~el (Brennan ,tlQdLt,~r '19881:" 'These 

:Invest In permanent (clipl tallntensl ve)$torage~p to t~poln" 
tilbeNtNiLtloQf tbesa.'llnp lncapltaleQsts ,and· t.be Ctxtraopemt.lng 
costs ~Socl .. t.ed wi tflUSU~g 'te$pOnu"Y$torag~ia.re JUS,t,equal to t~ 

..... '1n$.1 utl11~tlon of capaclt~ tBp- B~l/(i\ "'bp> .' '(1'.,)1. 

and·,ahd,]arly., 

Desist tr"Q" turtbarlnvestlaf!nt In storage at. very low It)(pected 

3 



u 
utt.ll$at!c)n levels .U Itl$c;beapttr' \to ·bea.r,the hlgb; ~co,$thf' 
lnt:requentt$'~ li,We. ThbJ eondlt1onlsiIf'l tt~n 

Bt,/U>t - bt;,.6CKp+lCt.'. 
S'" __ T.chnoloar ill VeatemA.trall. 

Ther~ar~ to~ _Jortypes ot$tl) .... teoMQlpu l$ed In:We$tern 
" 

Austral1~.Thttf are (lnordl!tr of' .d~ct-eaJttng.capltal ~n.ten~,i1t~) ... 

Vert'le:a.\:, HQrl;Qnta.l~CtS bunkerandnonCLSbWlker stc>r •• Vertic~l 

and h('ur/1tont.l $tQrq'.t~sbothMve ,b1811¢~pltalcQ!lt. ·end . .r~ 
:c~'terlZ$lby~llli t()t.l.l¥C10$iledst~tur~$Wltbftxed .acbtner-y 
tor:' !nlo~l~lt.he~ln •. andoutlo~b18 o~to ratl. By·ltslllt.t1..We 

ve~tlcal ~tQrqe ba,a' Mucb 10_X" opetntltl$ CQ$t.$. •• the ar-tn o\\~lQad$ 
vl"g:r1Lvlt)""' Ibwver. t~, c...,~ t_l ;~Qst ;er tlit$titQ,rqetype is hlgb.~r '" 

!tt~otber ·extnt-.e, tM~l .• bunker'sto~.wblcb, 1& 1,I_plya 

b.ltUillell patJ.onto l!Ibtcbgrainls d~.conte.1mt4 'by cQrr ... ted iron: 
wa11s(O 'The:lnloadltlJ'and outloadl •. otthls t~or.tora.set 1$ Vf#r'Y 

l.oour lnt:4!m~d v. and, •• l$(J,invQl yel$co\l'erlnatbe~ln wi tbPYC 
ahe.etlns~A 'JIQ~: ¢apl t_l lnteJl$lve ver$loll, Qft.JUs sto~"'" so. 

tl~~4.-ehinel"f(a.C()nY~~r Lqa41ns,SfStellil); 'WblehreclUCetl$Q_oftbe 

tnloadlngco$'ts .. 

SUpply £al1urtJ "JIe$ ·~~QQ..,.t~4b¥'a nuabfJr ot.1llS .., the lo.l,~, 

l~ tl_ between plant.lns lUld.barvestlnga.. erop_~; thattbl! buIlt 

~l:lllSauthorlty can 'P",~ to,r' stJpply' fall~ In ~vanc~. Supply 

r.ilure opt.lonslnql ~etranspor.toptlor..ssuc;besprovldlJl8 f:lCtra 

t:lt()~at eountr!/131 tesbt r..lllns. so..orthe~,tn totlle,port 

c.t~lI)8therecel.~lperl()dor 41 v.toting <:lell v~rl!t$to~t~r$lte 

where there. lsspaee "Vf!.11abl~ .. 
ffo~ver, transport; options ~~e 11.1t~ ,t,ytbef ~pacltyot t~ 

t~port,syste. In the .peak~rlod~ 1lIlQ. t~(:onst;qQent peak lo~ 

CO$t$:..An' alterntlttv. ,MtbQd ot.e.t.lngs\lpp.l~ failure ,1nvolve~the 
cOn$f:.~tlon of t1d(Ut.lonalbunkersto~ prlQr to narveflt in·~ 

e*,rge::nqy~ar. we.ca.lltht& $upplyral1u.reQptloll -e.ergenc>, storage; 

In t.betQllQwl~~lY$ls .. , 



~t.,t>rs't,or.p\oPtl,o_ 
1.-:; 

t.,lbl, eo.ft., 
:Work, :b1t~ aoyQlCo_t$slQt\ '1n41cat,e$.tht.t t,Mte are'·' ,~cllnlng 

a~~'CQMt~u¢tlQn 'CQstsa$,s®lld~8.",j, wlth¢()nstructlJlgpe~~nt 
,stora.a~r-.ctlttl~$ (BCGH1S$8l" Fro.tbt~ work • t:an:(iertve-.r-a1nal 
Nl4 tl~4 ;CQ.t. ~¢on$truCtl()n Qt, v~,rtlt:al ~;hOrlzont~l $toresej>o 

HlraJ-t <:Q$ts '-.;re" ""rt.1.~ed, ,to 're£l~c:tanann~l~iue, ,~ fl~~d 
, , 

wmual-1nteM.'n¢O c;:,Qst ...... ., ~cl",Xnord~rt()"t.~ac:coQntQr the 
erf'~t. or :se~p,tlon~ ~tt.l ~Qatll ar&se.l~ up' to n:tl:ectt~ cost. 
or M ,eftectlV$' un.1tot $tQ",&*' cap..¢tt:r.w 'ax, tar vertl(:a.lst0"'le 

( '.' 

'(Xorln. UJt)Sl and, fEr', £orborlzo~t .. l,tQrq~s' (CO~o~""ttw :Sulk 
~llq;Ltd .. ,(CQ!() 11asa).COtt.~,.bo~ 1n Table 1" Tberel.,n,o . 

• v,l.ncttort 't:MP.~ ,ort"co~t.ructlon 'wst ot ,b~er"$torge,bqt 
... ,..-tbat .wragec:oQtaaPPrOxl_te_$lna):t;<l,twt ftPQ1."'ttrPlil the: 
flxtb'l C,Qst. "s~l .. te4\(ltb '¢,Qh$truet<lng tbeCbnvofor s~t •• ,ilntl\o 

cue .olClS 'bufilter' $to~. 

i~~l. ,c:o.t. 

Mar,81nalCoflt. 
'v~rtJcal4;~93S 

hor·lzont"l. 2.307 

c;lfJbunker 2.003 
J'OnclfilbUrlker l.l41 

rl~4.CoJJt, 

'51230 

38320 
3610 

Q 

Wt111~t ... :RCGlt~rlc lndlcatecltt.t graill:reCelvalpolnts .~ have 

d"cilJnlIl$'.'~raseoperat tns.cost$'. d:'Ultcutves fflr ~:Ufr~.reJltst.ora.s~ 
t~ :wa .... not e~lJled.~rln .. lsQ 'prQvl~s ¢vldcmceQndecll.nln, 

aV~Ml8e Qper-atlng .costs,b\1t notedtbat It ..... inly' due to tMf'lxed 

CO$ts _sbQlated.:wltbopen1l1S_ f.el11t.¥ •. Aa wedon,·t ,haV., ~ 

:tntQ .... tlon on aarglnal 'CO$ts 1 tlsneceS$ary toustilt ,averageoperatll.1& 

CQ$t$. nesPlt~ the ,Clb$erved sMpeort;t,Vt3M1Secost;. c:1lrvesln recent 
11tarat~"tf1e error 'Qsoc!atedw~ tb ~,tng averaae costs to :reprelJent 
.... a1n.l costs '1$'red~d, beea\1$~ ~ ·ofthe fl}C~ CO$t;.sas.sO¢lated 

with O~n.1na.i $lte(~l~lng •. s.pltnsl do not depend on. st.ol"tlge tl'J'e. 
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JUlO ,are~$es$~d Ind.e~lidEtnt.li lUQurd.ta~Co$ts s.:N!t. ~~clon: tbo.~~ 

Jl"$~q~~d InCaNts. $U~hn'drtnt.b,- ~heacGll, In ~dclltlobt an ,extra CQst 

ot~Ui.oe Is addeQ to,t~e ec;ato~lnl().dlng into ilQnCLSbunlter 
{I 't'. "., , , 

nt9.r&ge.. to allolfi IQr theeffec;t ot :\M: 's'.lo~rratt!! 'of'·lnlQadlnJ·graln 
J - • 

'tnt9; this storu~ t~., TM- outl~ad!llB of grain frp. bunker st-OMil" 

'~nto ;~U: sefient.lly_es US~ or tbe ,.ehtnerf -a.tt.c~~\~Q .~~nt 
I$tQtqestsothe ~t)$.fJs ofus.tngbWlker ~t.()~es ~ :bl.~~·,.1r where' thi!r.~ 
i¢e ,naPQr.anent J3.tor~s .• t 't~Blte. _slow portable' ~~lev.tots .UQt 
be,~ftd1\Opel'1\tlns; CQst$ 'areshQtm lnT-.ble 2., 

TM,aaral_~lcQst. ot$\1Ppl~r.l1~ls .lltell' tQbe 'an-' tncNn!l.slp~ 

tunot.1Ql\:;ofthe' leV'elore~e$$ deund, ,becaU$~ .gttl¥tl11l1ted 

a.~11~11ttY.Qflow-e.O$t (jptlol'1$ (such '_cU~rt1ll$toll ~ighbQurlllS 
$1 te )'a,ndtl)eeffectot 'Pf,ttrok·.transpprt cOflt$.~.For,:sl.pllc.tty '·we 
:repte$~n,tthe .<;Qst ,ot~Qppl,J( t8,,11~ .,the; c()f.itQi" bul1dl",o)(b~ 

$tQ"'~~$ Ill' • pe~ ~8I'" but ltsboti14 ~; 'llOt~tbattbls 1$ ll~l>, tl> 
()ve~stl_tf!f,t.he.v,rage costo£suppl), f .. l1:ure,be~e .ol,~t.he 

-.. vallj.b~11 tyof t~pOrt.l ter~t lve$. ·iUld tMtaet.tht\t.~.rienQY 

storqe' can. ~·pull~ &\PlWt tt.nd·us~ at 1PlQtber.$i t~'ln ~t"r yo$t'. 

r'edqcl~etfectlye~plt.l.·cQst$~ Consequehtly, ·out Nault$l1ltl err on 

tile $1.d~qt (Jver~stJ_tjnB tqtal optt~l :~nve~t.nt* 

Vertl~al 

HortzQllt.J!J.l 
CI.$aunker 

'NonCLS '9unker 
Suppl~ Fallunt,-

~$9S' 

1 •. 400 

3 .. 332 
.5 .. .012 

1 •• 012 

+ pena14t>'Qf $1. Ottlt ,foroutloa.dlngCLs ·,mdnonCLS bunker 

stQ~es lttllere'arell() per.~nt, stora,ae$at.the $.1 te. 

Ut·l~l~nt$tQna. ~. 

ltcan '.t.. seen 'that the options .val.1ablesatlEif'y tM cQndltloilS. 

o.t In~Mielv re.latecl"e.pltal and' o.pe .... t.1ng: cO$ta. However,not 1.\11 
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\$tQrq~ t~chMIQ8i~$ ar~efricl.nt 9ptlQns. i1$ ,pho~ by tM, ~ff'lclenc:l 
front lot' lhFl$Qt~' ~ .. ' 

V.t'lt~.t$t,q,l"q. 

the ~,d'rl¢l~b9~ frontlf!i"shtJ'W$ that ,tt. $tQt~e _ah.l (:ost, ,l~ne 0 

f'or~~rtlca1 'stot1lS~'.1~11fts-.bov~ :tbe othftr 1,1"$" lnt.tlc~tlna,t.Mh 

It not .am, ,ettlclellt optIon" l{rl~ver';f it 1. po$slble tbat'\lettlC'.Ll 

stQ~(bec~U$e ,of lt$, fa&t.routloa41ng,mt.l.llht. apbleve 'C()$t, 
I 

UQRtv)"T~"''''''''''''''''''-.'''~,,!,'!~''''''''''''''''''''' . '. ',,' c"~"'c ,-. -"-.!01111!",. 
~ , 

I,""i-., 

' •. '. If'" , 

1 O~75 0,,5 002$0 
MARGINAl,UIJL.ISAjl'ON 

'rl~ attttlcht~y ,FNlltlorSboldns' te_t CO$t, 
Ct1..,tna.tlot\ of StoMlJO ~, 

_vi. in ral11n&t.he pln.,.-klnglt rolatl~ly,.,~ ettlcl.nt ~n 
CQ~; to tbet othtr .torqe't~"f'ro.WQt~dDMbytheRCGHontbe 
.tt@t.ot dllt'erent o~tloalUna~tea ltaPPtant:t. ... ttb.e,dlf;rct"ilCf;th~ 
nlttcO$t$ tor , ..... lntbat 1$: r .. lled.tNl.vertl~l.t()raae ,(a.cl,lltfes 

an4' ;otherstonctt,fPC •• lab,t " ·lI$·hlgi) ., as $l/tQMC~~.However~ even 
'atb~r -.cco\U\tlll&~t!Jr'a\pena.l t~.SQC.l.t~.wlth\i:Jlnahqrl~Qnt.l 

.to~$., tlleratloQ£tbo d1tference .In capItal a.b(loper.:t1nsc;osts ts 

eqtalt,o 1* 75* TIlt. 1.pli~s tNltv-rrtlcalsto",,,'l$ &n\lMrrlclent 
tocbnclQlYtor" a ,once a ~ ...... opeta.tlQn. 
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NQ,te U)QtJabtbat while vert!~a;l ItOtaSfl' lsnot;.rtlcltntYben, 
()conel~red: IQJ_Iy •• a.$torq,topt,lQn" it.s r.bltlytt:l~ low C)p!r&tlM 

:~ts •• ntbat, ).~,~; ~thebft.t. :.It.err.tlYft 'Wbel"t;b1ahhandiiD$to 

CJl~lt~,r~t,l~ar.~bl.V@le. In lqt ~ar·6 co·ntentncft pe.~~ ~. 

ikV'$lqped' th· toll.4)w~q et,tlcleN:;1<:;rlterla :r~r :lnYe$·(.nt ~~ & 

bl«hlJU'td,l,lqto" ~~l~~r.tla Ct ... po$I~dbht: 

(Bv"i~)/(bb ... by) .;;s.t(<<K
v 
1 

lbt. 11tP11 .. t_t, '. ·t~.r,l .• v.l Qt.,t 1 ... t1.1'5\1oUlt;l;be 

~t(> J"~lrVlnvQtlileftt.lnveJ:'tJ~l .to~lt.to~*r.:tQ 

..,. full)," t;ttl;ll"'" certt.lb.(fQWWtr:. '~or the '~lab!lltf'()t· 

:prodUc:tton.,abtPt~tu.rnC)vet' level \1111 be .~tq. J:u-t!tv 
wrtlc.lst~3..For' '.x.ple.. l.nvat.nt In; ~J"tlc:alDto~·tC)'· .. t 
,.t1 pto(l\lCtloJ\ 1n .~. :ot .~WQ'd,4, ~l"a t"umowr levelatl ... t 
3~;2. ·otwl<> •. l¥. t.bis tur1lQvet'" 1.".1 would." l.-tbleto :~lr.cr'O$s 
-.11 .1t.$~~Ufje;ortbtt hlab. :J)e.&k l<*icQSt.ltwo~ld l ... QI\'t. 

tnuwpo,rtJ~,.tf1l,,' Thl. itndlcatnt_t,·ytrtlej.!$totapll\f :Dt>t an 
"r:tlclentoptl.Qn, ... co.unt~ .torap 11.1 tc,,'.tl1l*,. .1thcUlhlt·." be 

an .ttlt;f,ent· -.ltf!:.'r.ttve. ,.t,.Ubter.lmt.lsQr hll~ tbt9UPPUt sit ••. 

~t .. \al;$t ... 
:ltc:a.n;.be '.,en froatbe eftlcl.~y .troptl.~t_tbQr·l@nta1. 

.t~ I •. ·@; .rtlcl.nto~tlon·p(l .lIQuId .• t>e.~. to,~tt"',~rJ.t;y 
ot.tQr1t.p'de~., ltp("OYldc<t-.tan, optl .• !' level, ,tt ,should Mtl.ty 
.1~ ~ .. 111, '1outttt to'.~.·\< Tbl.r~ult 'lclnde,J*t¥;ktnt ott .. 
~laqceof prc4~tlon.t ... lt.."i(:tt ... lIt. that-tM optl_} .to~ 
~lty' wl.11 :bel"'<tl .. tlVttl)il.,-pr(lU)d aW~cOfSt. witt 'be' hlabetr.J 

.tt~.lt_ '.re~ucti,on 1 •• nt'~lab1tt, .... tbl.l .•• tNtc.~ It 
Is , ..... '1.1 .c;O#t.not .Vtt~ .~~.. t;~t.,det.r.l~op,tl_l Inv.stZlbnt 
cr,lt,rla •. anr.l, , •• dnt.lAtlcn. ot-.rslna:J cOf$t., .O~urQ,,& alnl.l .. tlon 

or total ·'~·"Y.'"'P costs,,, 

:Cl$. wtonp' 

An · ... l_ttonotthe:.rflclftnQ¥ :ttontter.bown tnFlpre '2 
t'.vot.l,st'ba.t as\)t.ibl(.r·.to~'snot an.frtclentoptlon~ 

Uo"",vor. It;,sho~ld~'nQted \.:bat wDlretbe dounct toratQM\pls 

8. 



lO$f~'reql.d~ ~~lty,ts is.rl.tl*d: costs of' Mrl~(m,t.l ,stQrap 

.~ .,~t_t .v.rq.eost. il.nt hlsnertl'lan tM .,V.rap <;ostsot· as· 
bu:1k,r.tor.,. .1, tt hi; ttw itbe'Kon4e~.t:topt:lon .ttull 
ut·l11z.t,'lon" Tbis .It.tlon .. ~,'trl" ~r.~.t_lpolnt. ~ 'v.rt 
._lttor~r~ tMre 'I ••.. ~ tQi.xpand :tlW !~ltv 'Qt 1lLt1:.),tlstl~ 
,rtc«tlVl\t, point to, , .. t lncr4Mes;ln,deand .. 

:JioDc;l_. *"ll •• t~ 
~rdlDltotno_t.i"-...~,Nn: .. 'n t .. b10. ,t an<ta., ·Ud :tt. .ftlc:l.ncy 

~ntler"~nttd ln, fl~ 'a.t ~:"~tb ,nonCtS,~,a.r.J\CY 
.to'..,.. .... ·J*;t't ot .u. .ttl,c;ltnt .. t~ ~t.ra tnw.t .• Qt ln, ~DCtS' 
~r .torqe I. iCO.t~ :.l ;blt..ttr optlQh,t~ .. ~,:, '.torqe at 

uttll,_tlon ..... t .. l .... :rt~ l,~:. :At: lOIMr .~t_ utll1utl. rat_ 
tbobulkr.Ml1ps'"'tbo:rtty ,1a twttte,. otf _ltl",_t.ll ltboWl ;tMrc' 
wIll ~i.~,~;.,: ;co.tr~tltW .~ :_t~'ber(tret. :..-n 
0,..'. 

,_t<K"edl*C~l .. t~ "l~l.or __ t.m"tralt •• ttft, the 
.fllet 'I:ft tl~co.t. onf.hftoptl_ll.,nv_t_fit, erlt.l:'l ..... · dl.cWlftd<l 

Ifttctof fl-. c.t •. 
.... ~ ~ptl.:t~lt¥ I.:"llt""~~ coat. of'Pt,....,..nt 

:t-.cllltlq !*~htp dQat:o'tihe fl~COfItotlnVQt.n~., At .. 11 
~lt~':l.Nt..lt i~ poalblltbt\t ~tn • .l. .condlt.).,o •. ~ .. 1\0·10 .... 
:Sl1fttc:t.nt·j _t.bI.w~ co.tsottbcJ l".C1lpltal,tJ'tteMlve 
t...,1l1t.l' •• ~ ,bt: lo.,r' thUtt~,o£ .. ~nt;,ractlltl";t Ito_ver .• 
Mlllo;lll.fl, tl_,c;ost. _4pt~nt l':l11tluaPJ*lr co.tl, at.lQW 

~lty le:vel,$I:, ' 4~rt: 1. ·~KJ.ltl()hJ.l cOllt~l.t.-d "ltb uabtC 
,~r' .t9 ....... !#l t.rtI ·.an,t·l\Q'ptr-..nt, t-.ctlltt.s at 'the.lte, 
'~ .. tbtou~lQ&dlna rat.l •• lQ~. Fl~ 3 abo.aco..,arlso11ot 
t",.~t.a .. ve~ CO$t. of' lnveat1na. 1n bQr'l~ont .. l.to~· .wlth 
thoHQt lnvutl,., in CtSbunk.r·.torapat _na,naeof '.NlntC.lvals .. 
th&ti.r.£ect! ...... ~1~co.t. :1.11 $~l, dtcl1ntna '_w~, 'c;Qatsror 
:bc>l"t%ont~d.t.ov .. tIQ1:11tl.s.andtb$· hl,b.'Ie~ eats ats.ll. 

c~lt.~l."l ... lin lblt It 1,., ¢bo..,.rto uaote"t"at' f'liI;:l11 tltttl: 
(as bWiktr .. to~) when .~Qti:dree.lval. 'are· lQwttt.~ 14000t. 
!IQ~r.':.JUdllt!~! 'fro. ·t~. $barpty'dOallnlnaaverqtl cGStt.,u'.llu 



t:a. ;b~,~£ '1~ costs of' .. U;lOC' ~p •• lt. :1 t. laobVloU/l thattbcJ 're.t 
t.,\le .tPt ,bt.tM~orMt ~ilqlp.t'lnts: Qf.'ucbltlw.l;e.s.~ 
JQ1ltltlt<l. 11. 1.tlf Qttbctoptl. •• 1. lDCatlonand '.l~. otroc."lval ~ ... 
I. ~~i..-l tb#.scope <>t't.l1t ... l:"h~. 

t.~~t."'~fr04uctt~~b 

'n.'~ Qr lMlbrstoraa. '( __ "ltff'M.tlYtt to, eonstNCtJ_ u. 
~ltlQ_lbQrl~nt_l.tQ~ ~llClllt:llit<>~t ,,..11, ~U~)' 

lncr<::_' du. to;o...ml&toMttt lShlatlv.lt ·MO·re· .. ttractl~ '. tbitn, 
!. ,nol*_lt¥.-ocl.t,.dwltbou.tl~lna ~r.t~. _tblr. .It_, ,>tl.$t.'OM'pe~nt '.to~ at,t_ .It •• 

"'·ea.lculat. tt.tQ; .a'tlltlona:l hQrl;tQnttd .t~ $houl,dtl~tbe 

AVERAGE ,cost (1/ll 
8~"" .. -,""--------~---........... 

I 
jt 
f 

... 
\flM~zoN.rAL $lORAQI; 
" * " '" 

610 '1$ 20 2S 

MEAN'BECeIVALS(-Ooot) 

10 

30 



"' 
c9n$tr\,lQt~dat ~. :slte ~'unlc~s, ,qapaQltv e,Xpat1Si.9n requlre~nts t·()1 

~~t d~Rnc.tln<:rea$es .1~~ln ·f.n'Ce$$Qe3000Qt."CQ,'fi$~qU~ntlfQtU:' 

stat,iQ ~1.)"$l$t· wbieb i'gl\Qte$ the effect of de.andsrQwthln. tbe.WA 

:SMJ.ln gowl11g thdU$tr~ '~ove~$ti_tf,t ,t~ .optblal ~~velQtper.JnM~nt 

stQ.Mlge, tbatwuldbave oC¢l,Wr'e¢ 1na.d:l!nPlc ~nvl~~nt" The' ,et,tect. 
ot ,de~gro\rt.h on 'QW"'te$.ult$; .1$ 41$Q~s"d l'~er·. 

A COt:iPA1USOHOFN::r.JJ~ .~ .~ 
tbe following tlnalWls lQ.Ql<s'at,t~ Qpt:l~l level$ ~.1){Qf 

'sto.~e$, :fJ:'OJ,\l· a~tatlc;:se~"" :~ <;OJll~~ .In..tothe~;t'Wt.l c .. ~l ty 

ot fl"" 4P.a.t. :selected,stt.e$ In ~st'rn:i,.q.strl.\lt&. Th., '~fflQlency 
eost$~ lC.'iels:ot :Qver <>r \Ul4er InVe$Ul~nt ar~ :8;11 ~8.$\wettrJ! b.4tlveto . 
t.he$t.:tl¢, .opt-i_l ease. 

On~Qf tbe ti.tff:1Ct'lltleslnco~p, !\ingtbett\QQttlt()th~ '.~ttml 
~to~~ 16vel!Jtn ~st~rnAqS,tr • .llt\ 1$. dea.ling wtththet ~1!I;tU,ng, of 

gr~ind~lng WV~$t.~re 1$ $Q~ $co~for~ullng 8r1:!.ln P"t d1,Wlug 
,.' - • <".. • 

tbefi.arve$t.per,~Odt~. thls, 'b!\St~ :~f£eQtf!1 QJ) QUf'Jl\Qdel. tl~'~rsttvf 

tMre,~~ a 'number or~it~s tbJilt :uae r~11 lnlll¢stye~.,.ancl"th~ 
t.urnQve~Qrgra.lntht'Qt.tSb thf:!, ,r,e.c~Uva,l poInt . biveater tt4UlQ1ne .. 
~c(m.dl~; tlw,abl1tt¥; tQ ~$eral1 toshILtt.gr~ln during ·trn, hal\y~t: 
:per.\od ·*"'~tM.se$ltesexpe ... lenoltIg t\ peak de~few lower'$:tl~e cost 
Qf '''suJ;>plf :r~ilure,·., The ~ncluslon ofMl\11n ~ur'todel c.nnot ~~done; 
$ 1_p1:1',. It ~qltlre$ $patttll cons 1 <iera,t 1ons. ~bouttheoptb~ala.ll~\':\atlo:n 

ot Mdl .c::a~lt.Yt.o d.lfferelltt:itt~sh*ich'Wllllncreas"turnQ"er' ,'It 

SQ~sit~$ .an<l cO\J.l<1 le~ toJU$tlf'tc~tlon of 'Vertical $torag~ ~~\o atew 
altosl. It ;:t.'lso ~ulresan e)(a,lll.~tlQn Qfthe 1.1f;ieot" rat1 in )leetlng 

$UlIplY' fal1ttre, and the. correl~tlon between $'Uppl¥ faIlure at 'c;llff'et"l~nt 

sites .. 

lnvt~w ~t \'.he~eprobleffts. this .analysis ts restricte4tathose 

!d t.est whlohhave historically. not~ed ral11nt;h~ receIval period 
bec~use the, .1,\SSQIlptl.ons aboutt\Wnc>V'er~1I)g restricted to one au4the; 

h.18h aupplytal1ur~ CQst are reasonnble. Consequently. 80 out ofa 

total 1$0 sIteS \Mre cho$er~ f'Qr an ~l¥Sls ottheeftlol(!1lncf of past 

qectfJI()n.-kl~ procedures" 
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i , __ Uf'iQfrQducti()nVar,J;,,'.lQR 

Tb#1n~erpretati~n Qt.bls'tor:1¢al dat,a to inf~r £ut~re vr..rlabll1ty 

1 .. ·gMl.t~ de.llv~~·\~e$ ls:.,A(tmore d;l£t'l¢lJ.lt due' "t.o 'lt1cre~'ie~ In-.cre88e 

l~.~l$ Q,ver tl. 'as aNI~ltt.o new l.andclf!~et ·as~"ll as tb~, 

.effect. of pollcl~$wbl¢h,havereStilted 'In CM:rlg~s Int1"A$patl~l 

dl$trU~ut$,onb.t l:teee! VI;l$cv~rtl~'~ :~c;atrife of tihes,~ prQbl'~_. .~ 

adopt.ed .amorepN.\gJIa; ie ~ppro@hto '~$t.l_t.tng .preduct.lonvl.\I.'"ll\tlon. 
:basedon $l.~lat 1!l8 ,tt dlst.rlbut,lontordell verl~~ e.ta$l ven,,'iteb~ 

",ultlpl~l~ ",~t.4 ':histo~lcal yleldd.lstrl'but'\'on M:t:tl1 ,a .~tlon tl~t 

"p~$ent~dt:xpt;.'>(r:'~acre~e \i1lrla"tlon. aece>.U$eot llalted JlQtt,\ntJ,al 
felr .new li£U1dclezt.:~t!, 1 t .'WeB tboughttn.tre~"r:;t acreqe leveb.~ would 

btl .llOre Indlc;atlv~t>f future: :prOdu.ct.lon" ~ ~latl.Qn inaorease ,was 
~d.ula.ted by~ssWllns.that prlqt!:varle',l ~y .u.t 2O~(Sarrls 'ancl 

:r~~balrn lees> 11 .and tbatownprlce Jlupplvelast.l<:l t, .w,s about ~ 6 

(&11 '~Me~ .1'J95"M.yfNl19S2).~. these! cUstr!butlonswere, tbQqsht.t\? 

'bQc the best a.va.l1aple esthlates ..,r 11kelY·fU.tureproductlo~ varl .. tlon~ 

Optllllill iXnvut .... t.Lewl ••• Proportl()rtofltqn Productlon 

"Wbena.pplylngoUt" In\.*estJAent rUles to our dlst1"i but lontunct lo~. 
l·t; 'was tQttndtb.!tt total o{)t1-.1stCtrageCdetlnedby tbEt point. ~a50n 

tbeprQductlon.c.d.f) \f8S:8.bout, 1: .. 25 to ·t,45 tl~sthe_an prod~tlon 

,level, :d.,pertcUugon Ule' varl6ElCe !t.ta~tlc:ular .site. 

EtflclencyCo.t. .'~I} }(~.t.el"l1,AUII\r.ul.: 

FigUre 4, sho~ the nwaberot :sltesl1.a.v.ln.g excess and deflcient. 

totalstotage'. ·r.tSllellJlS tbeco.blnatlonofsto~ t~. Of the 30X 

of slt .~s(!l~$ed 8.$ba.vlng too auch peraanent st.orage. ~lf the sl tea 

proved ·too be .sQ.s_II tbat lJO~nstructlon of' per.anentstoNlSeohQuld 

Move taken, plaee.nef.1c;lencl.es Inp:~nt storage were aorecouon, 

and)?et"r4obsel"ved .. t 70Xofsl te.s.Howevef't deflclef~les ! "\pel"1lal)ent 

storag(!weretilOrc: tlmnude up(Qr bybunkerstorage.~nvest_nt In, 'JE\IlY 

C8S0S. At least;7r ... ·fthesltes·r- 'U1l1oodbadtoo ~1o(!b t.otal $torqe 

a:lthoughtM It, .. cPO, ... I.(~wel oraver-invest_nt ~ 'be larger as we have 

overefitl_ted.supply .f~lhtre CQsts. The volllJleof over-lnvest.,nt 'was' 

gellerally'larger than th~ voluae of under Investaent. when aeasured asa 

12 
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C 

·~·.of' tht opt,bu\l. !$f,te1abl~, .3, IUld.cost..$,cot ov~r :lnW$t.ntwere 
,htgher:., llttb a.ve~~ett1.Qle~,cost.$~lnS',$1.5a/t (about 2QX .higher 

thah:QPtr.1_11.,tbere was' a l~gedegr.ee Qf1lJ1Ul'1tt.tlon· In. thes'1z~ 'ot 
et£'iclency' costa (the dltf'f!reoo¢ Det,Reen: :actual 'and' optl-l costs, ln 

Ilt.lf:f1sure$ $nows ·~ttlelencycost$.plottedaplnsttbe'total level , 
.Qf over investaent. ~lt;b the: exception Qt:Sslt.es, 8. general linear 

tt."eMcanbeseenbetwen ettlc.lencyco$ts,anct;t~ levelQt over 
.1nvest.nt .. TbQs" ,sltesthe.t. l1a.ve twice .It.$. lI\JCh storage. as: they need 
have ane~cted etf'lclenc;l .co$tqfabQut $:J/t,whlcn l.J;labout;;50X 

hl~r t~; the opt 1.1 cost. the'slx .ltes tbatl.ieQ\1t.sldethe . trend 
shoWIM",uch.hlght!r ef£lptency' cost. ,are t.bose$2J.es that. have vertIcal 

storage,. Willen 1'8 lneffl<;ientwhere ·t~Ver is restricted to Omt'.'{be 

a:vera,ge effIciency 'Cost.ottboSe :sltes 'bavlng vert'icalstorage W$.$ 

about ,SS .. 33/t~Thl$: Is: nearly <l()uble :what. the CQst. sl\Q~ldbe. 

Ho~ver.. apert froll tbesltesm:t.vlng' vertlca.l storqe..tne 
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t.hosewl th" too~~hs;tQ~"l: ,$1. ... 591t 

ttlos~:wlt1';'nQ~ eno\lgh stoJ:"f~e' , •. 16/t 

over !nvefit-.ent33% 
qnder lnve$t_nt 19% 

ef.£lc1.enc;YCQsts- 'are l8.t':g~ly :e)tplainedbytbe tQte.lle'~el.ofoyelr 
lnv~$t.nt~" ,,l)lfferences In the: mlxer per~ntl;U)t.i,f~unkerstorq~ -can 
e~laln4e:vlatl-onsabOllt .thetre'~c! line,. P\1t aren9f;· ver'f.stgp~tt·eant .. 
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,~i' ,. 
thl~, fac,t. ean. ·~·e}(p;l~1:ned b~' ~the . rel~tlve .tlatn~$$Qr the eftlciE!na)l' 

frontier lnth~ vlq'lnlty Qf ~'h~ trideo£fpo.lnt.bettrleEtubuntcer .@d 

horl~Q~tt\l .$tQrage"lt,dnversti:ly. theeftlieiijnC'y' £rl;)ntler~howtbat tb~ 
' ... '\" . I' . .. 

~~e..rtlcal \5i~*';~~"ne(! in the ,~ine$ '$Mtdn$ ~glnal ·costsi~ wry large 
rQ~ye,rtlci\l .$t.orase~M<l I~it: 1$ also large. atthe~xtre_ .rlght:c>f th$ 

4btFQ,.w.~rf: e)(J>e¢ted utl11~tlon.tends ·to?:ero.Thes~ '~"Pla;in ,tlVl 
$i$1ltt~cance at v,e.l"tlcal $tQrage. ~'QrtQt,l over. lnvest.nt lil 

'd~t.r~d;nlJiJ the.t"ve.lQ! ~rtlclenq¥' ~~ttM 'varl~U$$lt~$~ 
It. "~~Of totA.l(l:~ndl~ure.on c~pltal .. nd, :()peJ"t\tlng ,CQsts·:ls 

($ho~ ib,t~le 4,~ 

'tOTAl CAPlTAL 

TOTALOPEBATING 
TarAt. COSTS 

QPTIM(U

Sf 1I~3 
,~~.OI2S 

12.f!1'18 

ACl1JAL 
$.493, 

4,459 
13..Ssa 

,%Dl~£: 

+15' 

+10 

+14 

It. c;an~$eefJ tn.t at an .. !~pte ItVel.the 'total~~nd\ture' f)n 

bQtb,,,~p$'t.l ~. ~l.,.pl. ItellUl .ltfI,S larger than lt$ho~ld })aye, 'b\\~n, 

Thlf:l 1$, b:¢tj;tmetMre 'W$ e)(.cet$slve. ~~MJtureQn the \lrOug 

tec;lmOJ oSf.htsll· ~ .. plt.l~ost~ . can: ,beexpl~t~dbytbeoc::cqrrence of 

v.rt,tcal i5t¢J'118a ·a,nd.tbe :ce~lral lfl:ya} ctover .J..nve$t.p.t ~ Oper~tlns 

eosi;$"rff alsQ b1.sber bec~us~orthe'· .C:;O$t9f'$upplY 'tallur., ·on :thO~,~ 

slte$whtcb dlcin:' tN\V~ ~:mo~,nstOngef Il$wellM tM blJb ,i;OfJtot 

using, :btmlce~ storase ,wbet'e1,;el"JRanent$~uld have·been us~d. 

tneevldeu}Cttot c:;aplt~;l o~r f!xpf#ndl tuttt 1$ l:no~nt~ttC)th~ 

obGer~t19:l tbia.t '~'sJt~l$ dldn't bage enough petll!U'lentstor __ • 

l~'t;t-ae<l. the :bulk}).a.r)d.llns Industry could bav~red~edj)otb c.pttal .ancl 

?~ratlns ,costs by1nvestflngln.,re per..anentstprqe ~.·rQllowtll&a 
JIOre effIc1ent decision -.kIng proce$S. tor deteralnln«totalstQNlge 
:ievelS4 A ·posslble, e)(p1.tAnatlontor ,the leY~lofun4er InveJlt.nt 1n, 

pf#r-.nent storage.b$' that 'theJ;"e~,been,s18nU~lcant .s;tc>wtbtn dc,raanc:l 

sInce the$torqeS~[~i c()~.trueted~ in..any sttes In\~stem 

Australla.t:berels: Qnlyone. perManent storage.t~,wJtlc~ In SOIRe 

case$' WfJrC;!' t;onstt"t.lQted.aseIWlyastbe la70'$~ There ~ve been 

1.5 



ecublt..nttal!n.cret.\$u in, recelvalp .. t .,~. 'sl to£;' Dlnctt :f~ lV'rO's" d~ 
to lncT~8$.lllS landel,e~e,. 'U '-well ·.·J;J$·lnc:reulns. croppln(A ce.pt.Clt¥ 

'd~tQthe;introdQ.Ct1pnQr le~ crops, 'Willen ¢anrfl,P'Jace ~tlWe 

ro.tatlons.. It 'wa$,.$nown, in! t~dl$cU$f11on on. fixed costs that, it .1$ 

41ttleultto Jus,t.lf¥' cowatrUQtfon, 'otanaddltlon.l ,~r~nt storag~, 

d,\ie;tQ. the hlah tfxedco$t, Uple$$ae-.n41n¢re .. ~s 'weNt 'In the; 'ord~r 

Qf30000t..COns~n.tlY. In.vest_nt,.d~ls.tQ_ <.-rJet in the, ~lc 

,grQ\d.henvltQPIlf1nt ,~lnQIU<le.,itlgber lelJelQt b~r ,GtQrap lnt.be 

Qptl .. l.et.,,~uetQ 'e~lngprOd~t.lQn"Hl.t.orl~l data on nc~lva1:$ 

81~e thetlJle otco~tMlCtfon QrtMpe~nt f-.cl1Jt~ at •• ltOl,l4!l"e 

e)tdinedto '$lee if tnere \oiflUi :.reliltlQnoblpbetW!$en Qo.aMJlTowth '1IJ1d 
the I_vel 'otover invest_nt.. .As CMbe .seen 11'1 :Fl~.6 tbe~tsDO_' 

• 

3Qt • 

• 

• '. 
~O-

'" •• ~' 'It 
,. 
lIO 

• • ,.' 
10 .. .. 

• 
• • i 

O~ __ ~"t __ ~~j~ __ ~~f~~~~~"~l __ ~~~~. 

l'O40 -20 -100: 10 20 so 
defiCfentstorage ('Ooot) 

FlguroS;. l)ef'l.cl~nclesln Per~ntstorageCo.parfld ,to Pro<iuctlQl}., 
:~wt.hthatOcC:~dSlnce COMtructJon of OrigInal Storqe 
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rellltfQnshfp~ btlt dflt-.nQ;$l"pwt..b .dQt!t~n·t ,cQnsl$tentl~·f:~l.';n t~ 
QbSe:t"Ved level ,of l,Uld~J:'" <>r ovep-· ~n~ •. t.nt In ~r~nt st.Qra.a~ ,at ~ 
~lt.es. AnQther ~xplat\f.,tlon.ror't.~41.\tef$1 t¥{:Qft~ ~tn11.t.$;1$tM.tt'h~ 
e.xpeet1&tlonsof 4ecl.1on~rs .~ have~}~(l.t the 't\.·ot 
lnvflst.nt .. · .. ) \ . 

'-.J 

A poP$lbl~ e)tpla.,-..tltltl f'or.tbeQbP~tv~ l~Yel or Qverlnvpt.nt 
;In. tQt.~l. $tQta$~.l'b~ .~·t;~t t~ ~. ,~xpect.t~th~r ',volfthln 

:~~t.1Qll Qv~r .tut~ '~"'oC For tbht ·.,q,l .... tlon. td ·~··~lldfth$te) 
-.lQO wou.14 ,ne{e~t.o 'be, 9VOt lnv~s.t.nt., lntbt t~cbnologle$ " tMt have 
hl~~J~X"d.CQs.t ... 'Ont~c~utn'4"V. ,the, Jt:t_l l~l.,level.ot 
Qver .... lnve$.t_nt~re ·tnthe ,to~ :()f:b\Ulker $.tonap., ~alt~~tlve 

eXpl.~tlon; tort~ ~ent, l_velcroYer lnvest.,ntill,WA.taht bf: 

that '4eQlsto~_e~ ;petcelvt; '~!;la icost$ of SUpply' £.1 'J\1Ta ·to ~.Jilsber tha 

sb<>wn."t«t. "sy .. e)(Qlntnstbe.act.l~Iwe.t.,nt.l$vels:_· .~ 'derive 
"e!lt1-.t..,a Qt ·an· Jl1iPlJ.ed: .~ppply f • .ll~·cQat_ 

As:.hownlllMe~1.1,r$~ct.1Qn. ,thEJ: ·lnvct$t.n.t<l~;I~lO.n .f()t long 

tfi!r.storqe ,c~lt¥(!()~t.l.nue$ :unt.il tlio_a1p#.1 lltl11satlon ·Qf the! 
18$t wi.tot $t()~. ls ·~tc) 

$.: .t. (b.;:;"" b.·.· ... )- tUC~ .. ' ." .. t.') 'nc; '.. ,nq.,o •• 

By rear~lM)n~~,weclUl.ce.icu1 .. te 1 .• pllecl r.l.lure t;O$ts to·be 

b... • (D.. ... b .. ttl •.... t· tll/.UC ......... '1.). ,i~ ~ ft~,,' "",9. ." . ..0 ... .. 

T,able$,$hQ~ blpllect.lJ.ll\lt"e CQ$ts,fS.J)d, :we \':an 'seet~t ."re 

than b241f' tbetstt(:s hadl.l'lledsupplYf~d;l~ CO.stst~t ~reJlUCb 
b1aher :,than anyr~~()Mble ~~tl .. t.otsupply ,t~11ure(;QSt$. It l.s 

~11kel1 ,that~*Hes~ hl$h.val~$h&.ve '~blnt&to do ,with' the'srqwer's 

eValuatlon of' :t:beeo$tof' $upPl~ fa..11ure. 

TABLE ,5': Itf'J..liD. §tJPPLYFAILUftE :~ 

Xoi -total. sites 
less tban. $20/t 43 
laO/tt.C) 'SSO/t 22 . 
. $50toS5Qo/t lll, 
gre-.ter tban $POOlt. 16 
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e i ( 

4~~t'''hN,~t.h: Ot.b.~ st..t •• 
e!" . '.! ' 

-.,( " Qn~ ... pQsstbl~ expl,an.at~Qn for th;ediverslty ·to. the lev$ls·M<:ttyP!.':i 
," " , \ 'j :~I 

'Of, l~v~}it,"ntand: tM~ff'lql~m:::Y C.QSi't$C~lculatedror the dltterent 
$1t:~~~1f!f ·t~ lacl(:o£c(uapetltlol\ ·&.n(l.tM, ·s~rvlceQ~Q· 1U\tur~ottb~ 
lnitU$tl"')l'~ Indonsi$t.$XiCY In"t:be d~cl$lon flAtll1$proce$$,canal$o '~. ·s~n 
~t~nst.t..e$. ~ col\bif121tlqft$ofthtt YiU".tQl1$· .f:ltorq,e.t~$' In ,tb~ 
'Qt.~r '$tP,tvI ~~3hollntn .Fl~~. '1n41eatill8 tbl\tettbd4;~ :COf':l.t$ 

f'roal$q1»ptb.l,.lX~$ Qrst9~o '~ .~ hl$bert~ in 'W'A. In 
~lcul.rtb~' large a.o~t Qrv~rtlcalst()rqtt:t,ntbe Qountrr$to,~~ 
~~t~. (irao. stat~$l 'e$lpecl .. l1YSouthA".tr&11~ $ug~st.tbat 

substantl. .. l lneftJctf:ncles OCC~ tn tno. $t"t~~., 
MoreoW!r'. \dtl1et~.~ .. te,' fl"'Wu;,tndlf3tt tbtt.t·YA .. 119$ have; 

tbe bi$~st~qnt ot 9ver'-'1.nvestMnt lntetllSQf 'totatvol:uae (F'l~e 
1),$u)) optl_l :.l~a or f$toraget~ ~ Indlcat~a lllrpr d.grett Qf 

()ver~~Ml t~ 'ha$ ,oc¢Qt'T4!td: In tnf..'l cOll$tr·uct.1Qn· Qf' ccount.l"Y $toMl$e 

£-.ctlittles:lnptbers.tates. 

'4, TOTAt.~APACll'V 100 ........... ¥fl .... , .. '. '.' 

W.A. N.$.W •. VIc., 

rl.~ 1':H1:( .Qrstorage,TnestntheCO\lnt.~fstorq&SiSte.o£ 
V'.t"iQus' Sto.tes 
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_,Slqt ••• CapqUy 

OF,h'.""VHfA¥ ... ~" 

Concl_ioJ\ 
~lnatrlc)Portbee,frlclene>,f'ton.tler rQr'~tn .to~ NVf!tlils 'tlUi.t 

Obl~two l$tQ~ t~$ $Should. be' _e4~ an4. tbese aroborlzontalandbUnker' 

$to~.l{Qrlzont.l.to ..... e;.~~ld be· 'proVld4d So .p ·tQatore-.ll 
p"Q(iUQtlon In7 out of lOyears. Vert teal s.to~l$i not laD' etfi·elent. 
.stQ~& optlcm .•• xeept In .. c"'~I'lwn.re 1.t.lgbtfUltll·l:asnort tet. 

st():Mtaer'Qle' JJl1¢1l .@ .t pqrt.s:or· flubt8ralnabJ"rf!!tbetut"nOveror~tn 
.st:Q~ 1,1t :blstl. 

VIttle CIS :buriker,storage,doe.:t.lOtappe .. ' ~erttctenta.l ternatl ve.~ 
t~ blah :tll«Kl east. ·QtbQrl?bntal lIt.or"q ....... tl-.t.;, 'CJ;,.S·.tQrqel$ ~ 

~tt.l'" .. lternt.tlw to@rt5;truotlnga, hor.1zont.tsto .... ft.Q1IU~f where the' 

,requl~lnvest .. nt Is ... 1 l.In :partJcular, Inve.t.nt 11'1CL$'b~er 
.to~ ,ts··Nt .rrlclent ...... ofpr"Qvldlna ext.ra s'torqewbere ,there have 

been ,slplflcant. lncrcues In prOduct 1.011 at •• lt~ sdnce tbelnltlal 

cOntlltt"uc:tJonor~r~ntf~111 t,lea* 
An "lp.tsortbo~·.lt •• lntiestt!lon A~t",ll.,that, nor_lly 
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f~lt~~ll ast·QntP :r;-ol«' 1~tt.bary.st $eMOn. '~ve .. ltc;t ,tbat, it be ,.In 

"~~.~'iQr i~ttlQtcn<:" ,~, t.~ UrtJtl3.tltled conjt~tlQn"Qt vertt~l 
, '~~Qt1Jp,t.¢11ttl~.,l1eVl .. tl0" fro •. optl_1borlzQnta,t$tgrapdldlWt 

ba~ .. ver)l' sr~ .. t ettGtontC)t.l,~l'f'l(nene¥, coets,.Mdi' itt 1~, ~lbl. 

that.'g~vl.t.1Qn ,fro-tNt lo.,rw,~.Ql)tb.l detena.lncdtt.rQur.t; .. t,lc 

,~lt~l. ~ Ita" be-ei)';wartanted 1n,. :r.lwotbld~lQ 'envlru~nt~ 
beca;~ otthe blp_ver-at coat otc;or.tructSns . .a4ttl0.t~~nt 
.tN\:t~to • .,t_.11 dcJaQd !~.......~ttro. tlwt$e ,t.lIt sltes 
,bIlvloc:vertlcal .tq~.,tbe ot .. r _In '~' or .tt!ic'l.~,.c:oat., 
.... r.t:l' to bf· ;tbr.'0vF<»vor 'th.,..t_nb; itt tbet-Qt.l :QQunt ttt.to~. 
1bct. levcl Qr'D~r lnwst..,nt ,.. vew l....ln .~. ;QUe$~ Pd 

<:Qj"."ftpO~.tolnf'll)lt.l, lilr.lelapt led .UWlvt.ll~=.t •• 
Itfll""" ,.ltotc)t,lnd,t._t ·--.n~1~1. ""re",' lov&t~ •• lt ••• th$,t 

lnVl.t.ntlnpt~n~ .fac·llltb$ wasn1 t,Justf.tledfl"to blab_verap 
cqsts"!lt 'WIlS .. 1~ t)Ot.4tbat, JudaJ.n« fro., 'tbtt.~oritbe."'nt.F co~.ts 
cut'V« .( .. t f.ls: 3)., it I. l~ke.lyU .. ,tt. .. current._ll .tQi Qr .~ 
NCftl"lal :pof,nts 1n VA I •. 'lnortlclGt~t;~ P4tb1l.ttbO,Uf .. , fro., 

~ntra'llfttl,onwll.li 'l~plY ,tbl.t,Mrl%ontal .to~ ·ls Juet.ltled .. t , .. 11 
.il t_ ion.lonct.er.Qlrlctent~tlve. ·,Howw.rt thes,..Ut>11s$1Je,ot 

tho! :b:pti_l •. 1~e 01' ,re~.t"~t,~Q .... l."YQnd:tbfl,aco_ortbl.'''1~18. 
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1 Iot_ t .... t it 't1. lott .ban<t .1. ~rtbttequat.1Qn l$IMta~f.frUl'm :C>tlO. 

'tbeC.-:s;.ltl" 1nteDllt.",.' at.oreae ,t)l'plll.notetticiellt,j ~~ .. ~tbt. 
IJRpll.5th;t.t, It. -.ratnaleQ.tat tUllntl.11satlon 1.~t.r. ht; 1£ 
(8 .... Btl/fb.;..;. b J :) l.thon a. b .,) ;at+'bt .. t~~ "perJlllllLntnt atQrq. 
"" ",p p. ,p 

;ta;Mt: .ftlc;l.nt~ 

2rM. :t;l ..... :r\?£14:Ct., tbt coat; dlttoteJ)Cu ·btt"n, lnlo.;Una,l"$.tQ Qr 
'totl 'e.nd !$OOtlbJr'. 

3Ibl• t• lntuJtlw.l)'<tbVto ....... t_ ;r!~t ··~·.lM QrttAt :~tlQQ 
tltlll ~rlbp, :t:b&I ;.~ttd.~1~tll1.tlon or '.tQ~. 1f'~ 
_re·cett,dn"thls< VQ1l14 'bJ :r.d~- ~tQ«.or't .. n .... .t'ottl_ .~lt 
Qr.to....,. .. · .... e4.d\irlnl' thft ~... ~o'l.l.tQt wlth tbe ''''1)' 
.t.r.lntstlc~l.of ,~ ,'~&dprlcl.~1' dl~""'.: 't.cbnol~l¥· (Ea. 
W.ndertS lfml). 
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