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l"*.urjrr. bei-ry the largesE es+Drter of oal in the lnrld, has onsiderabreiaterest jn the efficieo€ transporc of ergort size oar. rhis tras p.rxpt"d;
Dlmber of research projects over tle past fifteen fears errr ]\tr*raua nas reaathe rprld ia researcb i*o the Enurpilg oJ .iqe coal, rte aim of tlese pa:ojects
IdaE 'to achierze nelia].'le traDEPorE of oal- irr luriea pipelines w.ittr lcr,s irrd",rr"goiadients and lcrr pipe wear.

lte<snoiogres for p$eline. !5a _lsport of oal are onsidered. A Ds, systsn usi_ug ahigh deDsity .qpecial Vetlicle Slurry i. surnnrjsea and sborn t" U"'eoncnicaifyorpetitive wittr eitler road or miL- alternaLives.
1' rlBxrnf,trf, resultiag Pressure gradient sbould be not toodifferert, fncrn the pressure gn:adient ,h"" 1:rnpGAlthough Austrrafia is_tbe largest e{Drter of coa1 in rrater or oj-l at tde "a*- ,Er".ity. id".fl;'=th;tlle trprld it is faci-ng rncreasiag -corpeU.tion f::on p!:essure gradieot should nou er<ou.a 2 to 3 tinEs thatountries suclh as soutU africa ino rioonesi.. rir" ot water Leadloss.
receut political cSaDEes in ttre Scviet lloioa nay also
Ir.Eal Japal cbtaining inoeasi-og alDuuts of oai a:ctn rnteraal piqp wgar ]s ? nEior ousideration ia s1urry
:fat .@ur$ry. rn Australiar. EDsporE charges frcrn papeUaes-..rn steer pipeli-nesthe cuciae jiv""-.a:-a
thg $r"- to tbe P"tt qo Ppically 6oe quafte' to one oevercps r'&en 6tee1 'cxt:rodes- sen/es to protecE thethj-rrd of overall ptrotucti& g9:C. aulrredrcLion i-n pipe by irhibiti-Eq tbe or:rcsion p-*d.-wh*, th"tEnsPorE 65ls has 6 simiricanl irpact on the pipefine tansports abr-asive slurr!, td-.id-i.y;eseorb oal price. ruffiH,-jffiiffi. irrr.v-ti.rr[1a
e\rirorrrental @nsideJ:ations are also beoni_no
iaoreasilqly iqbrtant. A tnEied p:pelire otters tb6 kc,vjdiDg the particle sett,li-og FredilecLion is lcrr,tttcst eu\rjrounentally attractirze sofuLion to o\rerLand erosive pipe -rrear mn be k6r[ -rfth5=;W"$i;
oa1 transport. ljmits. -r6j€, toEsther with orrosion @ntrol

py-*31=-1alp'r or oar. h.s been a reari-e, ffi *IAXS;W.#3rtPffi JL%tor over U,renty years sine tbe Black Mesa pipeline be &ubled.
@an qeration in 19ZO in tle U.S.A. rte AGcir laesa,pipeline transports 5 MEy of coal. o\rer a distance of 3. mBilf IElrIIISl.lS
450 kns ht. is linLited to *-oe @al witl a top sjzeof .onl-y 1 nm. coal elPorted fisn eusu:alia is rhere are Euo mechani-srs available for transtrnrtjagtypically- 59 * tcp sizL *ri to be onruercially soli.ds in pipes.
sucessful in AusEralia a pipeline systan nursU
transport lwp oa1. 3.1 rrufiulert srqasio

If -+" trnrticle seftIing tendency i-s sufficiertly
Tall the particles are maiataiaed l_u suspensioo txi
the turbilent eddies. Ihe solid particles iol1cry th3fftirr npg56o. Elais foun of tra$port results jrl tcnr
Egesgure gradient and minjrrun pipe wear, especiallytr .S: ve199rty is l_w. A Decessary reErirerent Gturtrrlent flcrr.

trhe slurry flcn can be analysed as jJ it is a
hcroEeneous fluid havjng a d6r"ity anA viscositygfeater thaD uater (Ns^ritt + a1, IgSs). A log-lcaploE .of pressure verflls vef5citi
alprcu.imates a straight 1j.ne of sJ-cpe alproachi.i
1.?*2, trEralleli.ng the water curve.

A! lcr^, velocities pipe steel wear is rni_rrinnl but jJthe-velocity j.s high sore pipe wear can occur. Ihisterristo be distributed arouna the ciromference and,* +n the pipe jnverb as witir -[Jt"ei.a3*.r-:-G
slurries.

3.2 sliding fed U:ans[)ort

Partlcles too large to be suslnnded by turbulence are
along- Lry the drag ioroe eierrca by fluidfIc*d::g around thgn, fire paruicles congregale nearthe bottcrn of the oipe and rcve as 

" i"fi"ti"g "isl.irt.ing bed.

,ftq f]* -"3 F anatysed as a sllding bed (1). rtrc
bed of s6lirls is driven alorq ty the &iaf force dueto the pressure rtiffsrence aoroJs the ends and tryr the
shear force e:<erted bV the flui"d flcrd-ng asoss the

Australia is at the forrefront of research i_nto
rtlethods of purg>iry lurp ooal ald a nunber of
alueru-ti\/e technolog:ies harze beeu invesEigated. fbe
p:esent paper considers the rrarjous technologies for

of coarse coal witl partiq[ar orpbasis onthe flcrrr mechanisirs involrred.- Ihe pper sunnarisestle benefits of a oan tecbnolog'y -us-i"og a seecial
vehicl.e slurrlz as a tranqDrt nreaia sluiy.
2. xagulnEaEs

tt*f" :r" -qrlo 
najor requi::anrents of a sucessful IurE)coal pi.pefi-ne systsn. ftre cperatirry velocity shoulh

F + th" range L tD 2 m/s u"a prrrpfu pres$rres mustbe los to noder.ate. A thj_rd requjrsrEnt is thepipeline \dear nusE, be rniainnl. Ihi.s-is autcrnatically
satisfied if tbe first, tr{D req&irereuts are ttet.

Iheg:e are tbousalds of kilcnretres of water and oi-]"pipelines throughout the roorld,and they all have one
thirq in crmpn: the flou velociqz G in-tfre range ftD 2 r./s. This velocitlz range iesutts U mininuntotal transport 

_ 
@sts taking- into ac@unt capi_ta1

?st (ptrrp station and pipeline) (which deaEases
yltn jloo.ilg velocity &re to tire snafler pipe
3r-areter reqdred) *4 operati-rg @sts <ri,iirf.rnqreases with inaeasj_ng ve]ocitl, due to tr-igherp5es15e gradient). Tb.be orpetitive a oal pipeiiae
-s-boul"d .also- operate in this sare velociez range.
Hence tbe Bladr ldesa pipeli:ne otrErates at 1-.5 rn,zs-.

Not only should the velocity be jn this range but the
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tcp of the bed. lbvsrent of the bed is-resisted bysolid/solid friction between the bed of solids "r,&th9 eife wall. Ilre fore baLaace betryeen the drivi:rg
and resi-stjag forces deteErLines tbe flcry. Wilsoi
found that a sirnilar anafysis epplies even when thesolids are saltatj.ng tlouncirxji along ttre bottqn
rather than sliding.

The_.driviag force reguired, and hence pressure
gradient required, depends on the slidiag triction
co-effieieut and the effecEive nass of 15q sot.i.te
afEer aUcxrdag for buoyranry. Because solid/solldfriction is esseuLialfy jadepenaeat of velocier the
pressure gradieot/velocity p1ot, tends to be-near
horizoutal, e.cepE for lnreicles jx tle transition
s*e- behrrcen suspenOea and slidi_nq bed translrrt, in
whict oas9 the pressure gn:adieuE/velocity plict Uis apmnouned slope.

For lur5> oal transported 65 6 slirring bed j! tater
the pressure ga:adients are high as is-the pipe wear
t=te. Pipe wear is concentrated in the botton zone of
the pipe.

Ihe above rii e6ussieq @Dcems sJ:idiag bed tr:an4ort
where the fluid flcry is hfiiteut. I*re oa1 is al_so
U:ansporCea by sliding bed nechalri-sn under laainar
flovr ouditions (2). fhis occurs if the there is ahiqf Im4Drtiou of fj.ne roar fonni-ug a visous
rrehicl-e slurry.

{. EMMS TEtsEETG UDIEFEE tEruISI
4.1 6a.1 i.D Water

For @aL paraicles in water g[s chang€nvEr fisn
eus;nosion tlpe fkx to saltating-sliding bed tlrpeflor occtrrs .at qdte snafl particte size. Fjgure- 1sbs*s predicted beharriour of nonrsized oaLprEicles at 50t concent:cation i.u a 300 rm dj.aneter
pipe. Coal SG is assuned equal to 1.40. Ttre vertical
bars jrCicate tJe deposit velocity; tle rrelocity
belqr wLicb a stationaqr bed of sot i.ls fouus ia tlrl

1 0000

FIG. 1 COAL IN WATER
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pipe. It is desirable to cpemte
tbis velocitlr, Qpically 0.3 m/s

Usiag tbe tbeory of Wilson (1) aE npdjfied ty thcnns(3), it 5-s lnssi-ble to calctrlate tie Srrognrtion ofparticles transporEed as bed load (saltatJng or
slidingl. the rsnainder of tbe parEieles - are
suqEnded tty turtmlence. At 1.5 m/s ttre predicEed
percentage of particles lsplTsfling as bed load is
0.0000006t for 0.1 rm Snrticles, 0.,14t for 0.2 rm,
5.5t for 0.3 um, anrl 14t for 0.4 rm. i.e. as the
parLicle size iaseases fiun 0.1 nm t 0.3 nm the

t16161 ting as bed load changec flcrn bejlg
i ncigLificaqt 16 5imi f i cant,

'Ihe insease i! bed load betrrreen 0.L rm and 0.3 rm
results in a rarked chaDEe irt behaviour as seen i-n
Fiqure L. Tbe flot bebaviour dnnEe€ frqn one
Sxralleting vater bebaviour for 0.1 rm particle size
to one obyious sliding lrgd influetsce a!
0.3 mn. Al1cr$dDq for an opemfi.uq velocity rnargi-B
above dFfosiLion tbe preferred opesati.ng velocity
::ange of beEvreen 1 and 2 m/s is only possiJrle up to
about 0.3 nm trxrEj-c1e size. [he cetimnn pressure
g::adieut ljrnit of about double that of water places
a sjmi-Lar upper limit on particle size.

Figure 1 atr4rlles to nrcno-sized particles but a"Lso
s ttre behaviour of a wide parEicle size

di-striiculion fy suktitutiag the nediin size (fu).
For eushed coal the top size (d*) is qpically atSut
5 times the nedian size, indi&Uing the charye in
behaviour ocolrs between top sizes oi O.s rrn anO t.S
nrn. ftre 1 rrn top sjze of the Blad< I.tresa oa1 fa-l_Is in
this range.

eqlort size oaL of 50 nm @> size (L0 rm nedi.an
si:e) dibits the ctaracteri-stic flat pressure
ga:adient curve irrlicative of slidi'g bed, or fi:ed
bed flcnr, u"itb tbe attendant LiJtel:i-hood of pi4nli-oe
p1ugs. In the taryet velocity range of ! tD 2 m,/s the
pr.essure gn:adient is ard order of magdtude hi$er
than for 0.1 rmr @a1. Pipe wear is orzespondirqrly
very hidh, tlpicalty about 20 nm,/y for stel pjpe.
EvEn $ear resistant lined pipe lasts only a fq,
I/ears.

4.2 tffect, of Iseased VisG.itI'
figure 1 a5plies to @a1 jn uater. Ilre fi-ae particle
porLion of a slurrlz results iu an inqiase j;a
viscositlz. Ilpica1ly a slurrlz wisositlr of a::ou:d 15
nPas js about tle hi$esE, wLicb oan be achieved
before flcr+r tends frqn turbtileuE, to lani.uar flcry,
Ilds is a 15 fold i-asease above tle visosity of
tnter. Figure 2 shcrys pa3edicEed behavjour at tlis
visosiQr. Corparison with Figure 1 i:r*icates ttre
j-ncceas€d viscosiQr has resulted in the particle
Umit for eounic tlaDsport is jacreased tryr a factor
of 3 to a topsize of 4.5 rrm. Wfr.ilst ttris is an

it is stlll well bebr tle rresired 50 nm
top si-ze.

Ccnparison betveen F,igures ! antt ) is*ioates litt1e
beoefit results fn:nr tbe higher visosity when
purq>ilS 50 rm top size oal.
e.3 tffeE of Iryeased Sturry fositl'
the altenantive for redrcircg the settlirg tendeucy of
t.he lurp ooal is to etq>lcy a LiSh de'oityr fine
prticle vetr-ic1e slurry. Figure 3 sbcnrs predicted
bebavior:r jn a 300 nm dianeter pipe of 50 nm top size
oal at a volure onentration of 42* i-n tbeoretical
vehicle slurries of various deusities. tr'or the
ana-Iysis tlre visositlz of the vehicle slurrlz is
asstuted @rsLant at L5 mPas for all e!rcept. ttre single
100 nPas sass inrlicated.

A proqressirre jneease j-n vehiqle density frqn 1000
V,SN (uater) to 1390 kS/nP results in near
hslpgeneous t14:e flcxru, as erridenced b1z the close
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FIG. 2 EFFECT OF HIGHER VISCOSITY

PRESSURE GRADIENT (Patml

5. NBiE8I{ (r SIPEGIIE EEW Y!il,rrrts
9.f, rrqEl Oc.l fu lrlater (Errte folce plrying)
rt is techeicalLy 

-f3stfe to purp lurp aal at;:ffi"9tfl;:=*"g@; illil. * is onr,,n
T* *..-- j'*r#.ffi#ffi B. "",fl.?;i$*iLlustrated ia Figru:re 

.f , it ,.Eii-u" irigi, velocitiesand Ligh pressure gradi,enGEr i', eo r

TIle irigtr ,1""iy.-T1,s:_iai:g bed ftcrr mechardfli
ffitrJH Flr-tr "'o:- ,G'-fus. rhe pipe is
periodic a*Y 9l tte of the glD-und to-J*:i;o' ".-;;H**?#ffi f;ffi #: (rhe.r,Bj;;
qpically onry lasts a r.,r ffi: 

** steel Pipe

tr ffitrffi3-9*ts -Inean 
a cenrrirusar pu,*

ffit#*F^yl1*+?o;:ld#presilre r.rtrt oir* gP ."f .ay 10 w" &Gtffi;;ffi;Hffi.kns
Ihe @ncE t of tra
"=hi.i;-'i;;
:i'[,ff %T* ue nm" srau,]io ano carriedffi*ffi" ff.- i" elffiii' 6'ub6equentffi;##ffiffi*#-r
fhe stabilised flcrr
"""f ,rt-t' ffi Hi @DoepE iavolves Duncirrg tbe ]qrp

mHtrffii"=*.;ffg.H*ffi*ffiHlprae.'i; ; -i[P,ffi," ffidHr.*tr*:hsrDgeneous rike rnixture.. + C&{"#, :, staticondirions, tne turq, *.+ l. Ceft suspension:iH: ffi*"ffi-,ry$ffi # *. ilhn;

ffi'rffi#l :S. that o,ce rhe mi:rru:re is
:sp"rq *r*
'#ffitrtffi,= sr,udieurs uo-":*i:* to ruroffi ffiH :lHP 

-*d"*d-;=,,,-=-i+"hcause 
ot

"*-Ii&ifl.u}'.,ffi"r:1 
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paratleliag of tbe uaqT cul\re. Itre rreposit velocier&'ffir?"H:-+* o's- iE.X' a suitabrL
i1 z i o E tu ;#i .:" *;:JtLffi ,H_:ffi ffiiEwrn goals of cperatjon b*r,"*-i ulit, m/s ar affiffi. $adi"nt beb/deen t 

"rd. 
t f;L uarer are

rf the vehicle slurqz densiez_is nade eroctly equatEffmt".il T-t * *ir-il;"'s*no senrins
"p"=."".i"ffiArchic1e srurrv- wili

FIG. 3 EFFECT OF SLURRY DENSITY
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H" ffiH#il::esearchers of the stabil ised
tron roog-tu}*H;tw were onvilced that 

"*1" up
prperines *" *J^P larger dianeter ctrnercl"r
ln:_i.* ;,*";; ::J i}ffi*,m; ffi,,H"*gr.w vehicle e:ea.
er-r.mrnated pip. **rY 6 flr:id boundarf/ ray." Gf
sg'Ie up based on a Biagtan.plasbic npder neant thatp:_pelirte fricLion loss ias fi**iy,ffjt"o to pipe
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dianeter. Ihe J.arger the pipe dj.aneter the lcryer thepressure drop and hence, the perceived. ernercialattraclion of the sEabilised ooncryU. The energy
r-equ+ed pgr tonne of oaL transpoi was quoed 5i
less ttnn the Blach Mesa pipelile. nre Uasi_" praaise
of maiata_ining @arse oal parej_cles jl susperision by
fi.ae slurrlr yield shress has proven not viliO.
Altiough the predictions of Fiqure 3 are forturbulent flcnr euqperience hac sncrln *at the headloss is sintilar to stabili-sed qnnerciaL flcrrr
headlosses. This js to be epecEed since fer of ttreparticLes ar9 yuppo. rted by tr:rhilene so the slidiag
bed orgnneut is sjmilar ia ]aniaar flc*r where tben6is ao turtnrLent suF[Drt. The predicted pressure
gradient irr the velocity range -1 tp 2 mis for a
vehicle density of 1180 loSlc,l.m ^''rr vieosiLlz of 100
mPas is similar to theneasurea pressure ga:adients of
Dtlglqr,or.trh "! .1 <Zl for stabilised flcnr cperatiou 5.ra
EIUS Sl_ze pfIE.

Ooe adrantage of tbe^ Stabflo @nce5E, is pj4eliae
Pelgbrlity, the pipeline can be shut&ln wiiU 3furr1,
i.lr ttre line anrt readif.y restarEed without pluggiagi

Iu sunnary, altbough stabjlised lanj-nar fkrr canjl redrced pressure gradieffis tJrey are stllltm hi$ for eonrrnic long d-i-sEance cpeiation. fne
cperating velocity can be-Icry tn:t the-lwp aal ist F""F".rFd.try a slidj.ng bed necfiani.sn inrrcatirg a
Fgryll+ pipe wear pr*:_an. A najor aisa*nutage-is
the higtr;rroSnrLion of very fi.ue 6a1 (aOt) requfred.

5.3 lfigL hceortr:aLio 6arse Ooat ir l{ater

fecenLty.ftg purping of lurp oaL with miltuunn fiaes,
r.e_. qr5>r_g9-L eqnrt @aL, has been extensively tested
i:r &stral-ia (8). IIre gnanular ni:carre is pac&ea i-utott 

- pip" at -oncentrations a;proachi-ng fte nra:cirum
pactriag density (?0 to 75t Lry/rlEiehtl. fue sollds arepa*+ so tightl_y tbat a searate ataUionarl, bed ofsolirls caDEoE. fo:m and tUe vtote rdJrture can be
fnmeed at veqr 1cry velocities, less than 1 m,/s. lhe
researchers in tlds tectnology also onsidered flqr,
oD a BiDghan plastic ncdel.

Because of the 1cnr velociQz arrt tight pacldag ofparLicle€ tlere is negU_gible turtufest. -stryori ofpnrtricles and the ffo,r me<hadsn is slidiag tifo qape.
the pressr::e gradients are coDsequently verlr Uidr't
e*(eg: gf 1000 pa/tn (c.f. Figure 3). Because ot tUe
capabdity of cperaUilg at lcm veto<ity, pipe wear is
not as se\nexre as for comrentional U:riaifent flcrr, oflurp. oal. lsevertheless it is stlll tm high topemit use of buried rrnlined *eef pipe.

An additional negative on this tectnoloqr i6ceerabl-lity. Ary i.nterfae between tJre*higtr
rpncentration @arse ooer-]. anrl rmter batches buaeaks trpthe oarse oal leading to pipetiae plugs durir:fi
shutdcnun apd resEart. Aecause of -ttre6e tbre6problens; high pr"essure gradierrt, unacoqrtable pi1>e
ry:r rgtry arrt :_uctper-ability, tJris techoology- has
effedtrively been al-nndoue.l. -

6. sgis EnrcF(f,E

f,.t nacia OFc€tr,t

In Section 4 it wras sb<ryn hcp for oaL lnrticles i.nwater the dsnarcation bebdeen tne Oes:rea fuUy
suq)ended fIcry ani sliding bed behaviour ocs:urs at
@aI tcp sizes arouad t rm. fhe goal i_s to saoehcn,
i:tcrease tbis dsnarcation to a:orind 50 nrn to a].lcr.r
go.nolrLic transporE of lurp oal hcnngenously irlturbulent flcxr. It v,,as shcr*n hs^, irreeasilgr the
yas?os_rry of the suspendirg nrediun cannsE actrierie the
cEsrred l.ctrr pressure gradieut enrr mirrirnaL pipe wear
raLe. Tbe altemaLive l,as to ileease tne vefricfe

de"eitlr to uear that of tle lurp oal, i.e. acJrieve
near neutral buo1anry.

All previous technologies have fai_ted because they
have not used high densityvehicles. Ihey have eitbei
relied 

-on- 
tr-igh visgosity (stabi r i 5sd sfurryl or have

ignored the pernlties oi slidirq bed cperaLion (hmp
coal jn water at both high and1cry conceutrationsyi

The-.SVS lSpeci:f Vebicle Slurry) s!,.sEen (pateutpenairlgl utilises a special Ugh-density sfriqy to
acrhieve tlre rlesi-red vehicle Oensity of -arouna 

fAOO
F,g/cu.m.

the SVS slurrlz is specificalty fonrmlated to eeate
FEroeerti.es sdted for long aisfance pipeliairy. Ihe
n1rye5_eies i.uelude, slurry specitic E:arztty :a-ranEeof 1.35 to 1.45 for neutral iruqpncf, kxr-rheolog[,
shutdorvn,zrestart, operabifiry cta:-acUeiistics, ard 6n
conterni-uation of lurp ooal. Ihe S1/S sfirrry :s
magnetite based.

l,tagnretite ii u trioh de."ity (Sc 4.9) naterial
ccxnonly used ja oal washeries. Maqretic tecftniges
can be used to sepamte it frcrn tbe slurry -for

ry_cyclilg purposes. Ifcrrever erren ultrafile rnagietite
(95 to 98t ninus 53 nricrmns) s<hibits scnre setil-i-uq
pnOency i-rr pipeline flcn at rcderate velocities]i.e. tbe nagnre[ite rligr-ates tstrards tie botstcrn of tle
pipe. this means the required near neut::al brroyancyis not acLieved over ttre- dole pipe cr:oss sesEion. 

-

6.2 Flcn SebariqE

the near neutral hroyancy of the lurp oaJ- in t.hevehicle slurry Geates J mixUure wUi6U tfcr,rc iu a
simiJ-ar nanner as fine @a1 i-tr water. figure 4 sbcrss
data &tai.ned in a 105 rm diateter pipe. [he first
data seE is for finc cral of top size b.S mr at 449
oucenb:atj-on. Afso sbcrmr is data set for lurp ro.l
(tcp size 50 rm) in SVS nrediun at votrme
ouceotrations of 14t arul 22N. ebove 1.5 m/6 tbe ]urE)
coal- exhibits simi-lar Eniessuns as tle fi:re
coal oufirrnfug tle sjmilar flo*r behaviour. fhi"B
npans the 20 lears eq:erience witb tbe Blad< I,Iesa
fine oaL pipeline is a$llicatLe to ttre St/S lurp coal
tran.sport s'ysEsn.

FIG. 4 LUMP COAL IN SVS
105 mm PIPE
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The Varlation of Boudaru Frlcr{an fnr Eroar,:-- D_^r..___

Figure 4 illustrates the pressure gradient for lurg>@a1 in SVS is less rhan'rrrG tiai'Fr*a* aLore.

6.3 qfstq Descriptisl

Ihe SVS transmrt Ersten @nsists of tlrc pipelines,a nraja pinefine tran+ofting th; -lrre 
oaL and ar:tum pipeline for rlturniig tfre 

-ffiiai 
rirehicleslunry. Both pipeli.nes a:re untineO ,t&i pfp., f"ii;welded arrd buri-ed.

At the preparation faciJity the lrrrp 6a1 is fed bvcorwelncr iato an agitated- t 
"k ;;t"irj"i;il";:s1urr1r. ftcrn ttlis -t"ot tir *i*tulffi fed to aq3:i*= displaerenr qnl" p,r,e-.rO Ii,* to rhepr"per-De. tt]e ortrq)s are nl,ajfiea omercj_allyrrrailable on.refe 

"5 
p:_"t"o'ffi-fr,*'with slide

f[_f!fl. suitably iegr:acGd'foil ontjauousserv:-c€), or else cusfcrn buillock boEper t14le pmes.-br distances 1ess tban uUoJ zo tTi-ory otre pwp;tation is reouired- creater di;t"nL-*fl requter booster trrnt[>- station euerlz 70 lsns.

\t the.pipeliae teurd-nal tbe slurrlr etrters the;qnration facj_tirv. flre plus O:;-mi rmteria_l_ is;qnrated ouer a ;.ri* &--"p;y*i"'steens tbenisrratered i:r l-qsket, 
^cestrifuF-il 

-tnvqpo 
to;Eocipile. ftre miaus 0.5_.* ndt""jr1 6r."es the

"E f. slurry plus afy fine @af 6dil. resulLingrcrn attrition of the ltrrp goal ao:irg E;"p"rr. Ih.iinus 0.5 nm surcan i" "frit i";;Ef;p"rdi"s 
",he pqnrLiou of atrritlon-p*dr.rfi ii""a 

"a.*,,Y@vers rine aturited @+ qrur, th; spe;jal velicle,ll1ry: 
. 
rhe majoriry 

"a ,,i";-6.i*il _.r israrcportsed as a fines slurry j.tr batclt *Je "* p""o a f ine coaL slurnr stog:age t "f..-d-'l,i."a s.treancrEion is sent to'nragnetic 
""g;t#'where theagnetite is rsrrcrred and sent. t"--G-*hicfe stor$*\. Ih" sqxrated fi"e @al-attritio;; fine coa_1rcdrcEs are thiclrened tl*- OilG"t *:"q acnbiaation of scr:een br,vl-c,rt jJofi;;'belt pressiLters. ihe ds,'atered firc aal';h; jojas tlei.tatered plus 0.5 nm oal on the 

"t".feif". Itcrn the#d: srorase tank rhe ""hd;;;#;ptryed inre retunx pipetine t$_t" tu. pffi#tiln faciJ.ier-:r.rec1rcIi_ng. A11 equf5nEnt u.lea'is standard coalasherlz equig&eut.

_fjor ad\rarltage 9f the SVS s)rstsn is that since it
:=_1.recfr51e pipelirg tbe -sysEen ure" no *.t*rrher than tbat required for tha iniU^f-}i.ff
.O InNTSFGT GEi
.1 SlrS Systen

> illustrate tvpiel @i!: jx\ro1.ved, the bcians;nrtE 3 Mq:y of &L over 50 fsns i.s;onsidered. therstqn ialolves a Drrenar.ation t".Uity t]*rieive tUeEl., 4oo nm ojan&.ei,.il;d-;;ffi'ffii:o* ,itls.ingle prlrp sEation on each, aua'a--iqarationrcilitlr at the terrninal. tbt"l p"r"-riu:rea is,800 tff.

re capital Est i_s:
r4

M. Over half of this (g2.4 M) is p6r/er costs. ThedirecE unit transport cost is'S1.3ZZ:-

Jf the annual cost oJ capital is assr:nred to be 20t of
I"F.*_.pit r osE rhd 

""..ii ".iC'Eansporr. oscrs 94.37,rt,.

l.i OlEqric6 reif! rrqf, Ooal in i{ater
lhese -figures also i-l-IusLrate the inpraceie[ty ofthe alternative lurp oal i" -.t I- p+"fi""l e"
li9cus9ed preriously, to prnrql hnp oal- L rrrt", or*this disrance uould ..A"ii=-;i;!fr *"eio*.Afthou@ uo return pipeUire i, l"rro1rfo-'tir. p"*"r*gr:adieft is abour fiv3 Hr*" higd-i-r6_catias about
!19 M f:f plrp sration 9osr. witl a pip. ** rare ofabout 20 nm,/y the pipeli,ne, ."ii-riti, perioaic
l1ip *jrI only ra;t uriruJ t - 

"-years 
under@trElrruous cneration. F?._ i 29 year ILfe'the pipelinernrill need to be replaced ro i:6-wU16'] at the aboveiadicated -"c of g1o.s M ;"b-G"' plaoes aufupractical tr,rrrden on sltstsn eoncrnics.

P1_I!ql 2.5. rjres i.usease in po,rcr witt atso.ucrease the unir "e".".tpg @sE by g2lt. Ib thisrmls! be a*red ttre stgru"ficant @st i-ur/olved iDperiodic rurldnq of the-pipeU;. -_--

7.3 Oryarise rrith trud< anr Rail 6sts
Ilrrck :nd rail costs wiJI vary ousi.derably betrreendifferent ountries.. Here d con$.i"on is rnadebeth,eeo these osrs_ il Arrstl:alia. G1*, tr.uddrycosts to_tralsport oaL over 50 lms jfo 

So t" $tE;tome. mds cost assurles use of exisilng prl,ii.IIrc goverrrrent is .r.daly prognsinglncr:eases in truclc lience tees to rnie-frlfyiEfi#
*-FTog th€ry. do to the roads-. 

-flrG-t"ra 
resulr, irl

H::,-"_:.=E: pu" tonnelsn i:rcr:ease nEan.i-Eg a)r.rulE, rrelqht r_Dcr=g over 50 Isns. Any reqrdre;ntfor initjal_ road upq:arrrrg or ns{r roads wjl_l.al* 
"ddP_ tr? rruckjng i;st. i"kj"g- tiG] facrors j.nto

ac@unt the truclciag ost is about trrr"ioe tUe WSpipeline @st6. Ihvir:,ourerta1ly 
" L.fr"O pip"Ur;system is innreusely sr4:erior.

In.Atstralia raiL freight ctarps on exrj-sEing rail
_:.]1-_111l .ry"*1:.v- siriitar t"-t,lr"k; rares. TheErue rat€:s orobaUllz less than for tru6Jrs but railtgiSUt ctarg& are qleg t" 

"ubsiai"" f,-is profitableraLL -oper:ations. e.l "",gi;"f*--aE asked toontri-bute additjonal 
"apitaf 

-oriren-,;xl Gd"S"involrres tle bldtding of a ne+r iiif fi"r. The S1/Sslurry alternative ofters ,rii ;"t .fo"r,i" a"ly50t of current eusfralian r:ail f..i@tlates.
7.4 Other Cbqsideratios

The SVS oa.l- trarsu-rrt 
_sysben can qlE)ete with road

* .T"_1_holgve. rtre g{""! cpe5ati::g cosb is verlr
J.cl^r in cfiparison. The nrajorilaof the -"p"r"tirS *iirelats to.capital charyes. Ii.r^rever 

"if,if* capital@6fs are irovrolved for i*r r:ail finks. 
'*

Pnepar:atjon Faci-Litv
nipefines
Purp statioDs
Separation I'acility
XI'BI, CNPIBL Gr

3.5
2L.0
9.0
8.5

$42.0 u

H-131u* direct operating ost of the Sr/S systqn,
lluonS. pf* (asstEred -6 cents/ld,Iht; fimur,ocess cbqnicals, and maiatenance ,uFEl#" is $4.1

]-glne]-ae;-s qer-riorlarly aftrasrive rhen geographicanq envr:iorunental facEors are inportant. Coattransport i.u the South C.oast area ot-WE- South Walesis a qood eqroLe. le* of th" ;J-is presenrJ_y
I131ryrrf- ry_ q..rg1q b"t b""";oi tnu steep
:==._T{_ possiir5Jier of accidents, rhere isrneeastnq cfinnrniff resi-sEane to trucks; especiallyto any further .p""drrrg 

"E 
tir":r*"E?tions. S<rrefd i" tr:ansporuii ry dil-r,uJl"*iF"'lt the sreepterraia the rail routes * 

"cr*ulo*J uoi." tf,.distance of a nore di::ect p:p":-ir" ,"rf,'. Uri" ,*tu"a pipeline even rrDre attrjciive.
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8. olElrsrclts

Ibchnical onsiderations for. pipeliae transport of
1*-e 9""1 harre been exrnilied 

"oa- 
tn" rrarioustechnologies available carpared *itn tU. plrysicalreq'rfuonerts. It is onclud6d Urat the 

"ofy 
t6"clniE

X*S^"Llygtun lr.urp.coal_ is to usea-uigi, d.EiEverlrc1e sLurrv to orsvide near neutra-L buol,rancy foithe lrrrps.

th:.qF systqn uses a specially fo::rnrLated trEtetrtedveLicle slu:r12. rhe reirtr is an opGi" i;Gii""
rysten with pressure g::adieats 

"jrrj:.r to :!dG;
trxlrveo fiae coaL pipeli.nes. The Ellsfsn uses aseparate-pipeliae to return the vehicl6 sfurry.-ctds

follcxrdrrg the initjal filling the systen usesno uater.

fh9 lup 6al" is sepamted frqn ttre vetricle slurrlzu?lJy. standard oa] washerlz t""U""f"g], *ri thepipeline producE nrcisture :s iirniiar t"-i."f ,""u*Vproduct nrcisture.

9. NETERMEES

1. WiJson, K.C. ',A Urdfied pgcically_Based
Anatysis of Soli#Liquid pipefi-# ffcr^,", eroc.4Lh Int. OoDf . orr 

- ity&:,aulic Tfansport of
tsii* .i.n pipes, Baqff canada, t9?6. BmA,fra::field, U.K., pp W,/22-36.

2. Thcrnas, A.D. "pipelfuixg of Coarse CoaL as aSEabilised Slurry - anofler Vis{Djnt,, p-":
4th trech. Couf.-oa Slurry ffaas$rtation, fasVegas, IrSA, 1929. Ep 196-205.

Thoras, A.D. Unpubli-shed

Pg*nde9, D.W., and. Shaw, R.L. ,,Coarse 
ooal_rransport at rove5idge ltir";, tlnaf otPipet-irres, Vol. 4, ]sai, pnisjz+il:

E11iot, D.8., and cliddon, B.,J. "HydrauU-cnnnsporE of C""+ at nigU ConcenlLdon",proc. 1sr rnt. conf . oa. rq4::auUl-Gilport ottru* il pipes, a.anfi:i,crffi_-iii6. arnA,O:arfield, U.K., pp C,2/25-i6.

lerhrit, P., Tenrnnt, I.D.r Lanrler, H.L., andCo,4:er, N.T..agolication tf-*"Uifjred FlorConcepEs of pir.Eiine hnsportation oi ir.g"parEicre coar"; proc. 3nC ilt-G;. Gor. ooliqry }1nsportatnon, ras vsgas-, inil igze.p6t 164-176.

P".]*.rth, R.A., Ril.Lun,. L., Addier G.R., ancl
loclVear, c.F. "The pip.fir" t"ilrt orCoarse MateriaLs ia a Ncn_Natonian CarrierFlu-id', koc. lottr,tnt. Oonf. on Hy*:au.ickansporE of sorig^jn pG;-r#Junrc*,Austl'ia, 19g6. pp 69_88.

HEtffil44,H",,*,ffry
fiih"m" ffiJ,**' 1-oth rot-.--do#. oo
ri'"uruci, *-#S',"rrrf #titr. * Pip.";

3

4

5

6

7

I

90


	IMG_20200929_0001
	IMG_20200929_0002
	IMG_20200929_0003
	IMG_20200929_0004
	IMG_20200929_0005
	IMG_20200929_0006

