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A rbctd Sroop of safr in Ncw Soudr Walcs Soudr &. Wcst Rsgioo (Conrilncr Erd County Divisioa) haw r*tntlycddrcLd u iotcorivc sxroimrion and Brtir8 p(occ6t of crbl€i ftGding our of ctb, *;l *h-6. The initirlai6 rrls to B!ficr iDffiDnioo rboui tlrc rc.| tcvcl of trasmissioa ruarca Arla. hiava, up naaiigs'' crcra grc.t
mncrm ovrr ltrc dcgrce of DC fadts.

With ovct 350 rukiag can'iccs. end rs naay spare crblc pairs tcEd to darc. it csn bc ar.id 6rc
r Any ourmrr bcyood rhc 6-5 dB tiait, tnd thts nccding cirbct loading or conditioning. is scri.rsly out ofturnlirciou tpocincuion. Not. dnglc rcrvicc hrs bccolound whidr iicven rcaroaly ifos. to 

"on "tr Aar Bclioc opc8rtinE oo tosdcd pair$ and tcmrinting in a T20O hatrdsct, hrs scrious dcficirocicc in thc
sidctouc lcrEl.

' Ar{f 6€oicc corltl..tld via a n$sl distriuution cablc mcthod has a 70% cl[acc of haviug a DC fauir (ce(ff. .

t=q" U31ry or, lorc beaflGco) sufEciart cnoryh to sigrificaody dcgrrdc Ue lcA; -r;;:--;
addilidrl 2U7o truve Dc farlrr oJ t lcis sctions oisr..ri* ir, 9o* dscrviccs orffLt *rtJ 

" rcrcign
brEry. crlt. qr loss bcr*ccn fault

r Ahost 10096 of tural Elevsrcd ,oinc (EI) cxhibit s multirudc of DC fauls carrcd by pmr w65k standards. .

r Uuls$ s ncw cusomcr is wirhin a few hundrcd mc$es fiom rhc crchange. it is impossiblc to fiad s tordly
hult ftcc sparE psir io usi" That is. thc fault nE on spelc prir3 ir 

",,=n 
mlUor rtraa on *o*ing s;i"..,

' lvlaly lengths ofcabl. arc boiag &phccd wirhourjustification.

t P"rlF * lot being rapaired u all - thc tervice rrstoratioo mcthod is to trampos€ around 0tc problcm, This
sppli€s to fauls itr joins rs welt ss cebla lcngtlu,

' ThrG ir r rcto lcwt of ficld staff uadasondinB oftarsmission tosting rochniqucs and optrating principtcs.

t Modccn Ediry cquiDtrlart utilst bciog .drqu!&ly Eupplicd, fu olly b€irg us€d by a mimdry of staff, &rd
cvc! thcn ia lini166 variery and cirarmrtrrrcc"

i Lighbiry sEilas arE bchg cnc,ouratcd by our own actions. Our focus ir on quickly gening ro rhc frult
rstltcs thatr pGvcoting tlre fault As a rEsult wc src cn3lld0g usa ,'r,r gcr hit by ligh'toing-far mo; ofEn.

BACKGR.OT'ND

wi&in hc e$bit of thc Trancmission Quality lmpovcocnt Projoct CrQIP), it was dccidd ro suw.y a numbcr of
rurd scwiccs. Initid discusBions with othprs who havc ricd todo simiJar, revceled tat ro simply uy and marsurc
ccch s.n'ic! w!3 dooBrcd to fsilute. Pact expcricocc showcdr rhst lincs nornally hrd multiple DC'fauts t"ii"t nct3oO
to bc rcpaired p,ric o any wrsmisuion rcsting.

A tcan of six siaff (3 tochnicians and 3 lircs) v{cre sclcctcd rnd tlrcn traincd. The uaining consistcd of a complctc
ovcrvicw of nctwsk Eansmission, dB thcry and mcasurcmcnf hybrid thcory, test i-nsrumsns, fautt flndint
techniqty. and csble Pararnctcrs. Throrghout thc Fairtllg pcnod. usc wes mrdc-of ,"rprrrr" ,o nity .*pt"in .*i
rubjccr Initidly' a clas*oom environmcnt was uscd, but thin lcvcrtirg to licld taining. and practical agpliJation.

As a consoquenec. thc staff don't oaly know about Transmission. thcy undBstsrd it !

A basic rryotk Ptocciri was developcd for rhc group to follow. This has nccdcd significant modification. and will
rcquire morc. as thC projoet dcvclops.

Ih: q*1s_u:e is to tcsr a[ pairs (ircluding spsicr) from rhc crchaoge. Using a Linls Tcat Scr. CZ3oOO and
Echofler, DC faulu 8nc idcntificd and loggc.d. Thcn each joinr ie opcncd. insFcrcd.loncctcd. and rcsred towsrds th"ncll onc' On thc r p qcgsEg[Gg lhEl a loadinE coil is cncountersd, thc circuit is tcsrcd with g Simtine and HDWTota PET. Whcn lengths which cant bc rcpaircd arc fourd (tist€d with Dynir€l 5?3 and I EB), working !€rviccs lrc
llansposcd onto lhc bcst paifs' o! in ertremc casct. ! lengul is flrn over thc 6round. when sll faullg stcllearcd. long
Iincs orc fully tcstcd with thc Simlins. Sidetone rs chccicd inirially uy thc iarher simplc ^blow/click,' mdhod. and if
in doubt, an A215 is uscd to pcneratc 100 dBA CTS into thc truumincr, and mcasurrd willr a Sound lcvcl mcrcr ar
thc rccgivet.
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INIIT^LEIIDSIGIS

As I Rusdllr Creurl ooca ari4 'thr *iEild fr.il rotrir mcr.. pla. stty firryiaE! urrit rhs oay is fu* 69r,,. AnC so
it rns wi& rtc Q{l{ rro&nirrim frorp,

ftc quotig rd striry of DC furls TtrB wry bc.yurd crpccarioos. FurrlsarorE 1rct circuis hrd raultipte fnrlu
co tl.gl ' .tld ErEy **r o+rrd b7 paobl,cor in joiaE, To &le. no riaglc Et t.. booa fou.d rticlh c.!| b. r.i, .g bc
pctharty cofirct d f.slr froc !

Alo{brr 60oPticdioo ir thc faults whicll hsrE bcca pro}Go into c.bfc lcotdrs. Cil,eo thrt the sie is to ftx dlG &olE|,
t&b, rhsjustE rcc crbl.., thir h!. ,t..!Ilr a lc ofdigging and rrpoirioB, obviorsly tEt rtl c.blca c{t bc t!p.irc4
ad &os ou* bc npl*cd. Wrca tfu6! art idotifiorl. r orblc re?lMrcot Epst ic subEirtld,

ft. gcltre lss of tiEE css bc rarihtd b dl. .Eiuda of 'doot fi& ju$ ttalspo6r atould rhc poblcm". I}e .

fobba ir so bd ibre our paoecac hls hrd o bo albrcd sc tfut stlgo I ir io 0o? frrighicn tlrc eblc pai:r &d slcrr .. .

DC f.d8. It is quie comro o fiad scrvica rro*ing ovcr s?lit pnir8i mqE oifu6 rhra not bccur!? of r fultt in a
joior TLcrc splfu rrc t +EUy oo 2 x A lcgr or 3 lcgr - lt|y nr,o wirc. sEsE to do: d* dL rhcy ,rc onfy bita of
coppcr! Brd hEt about drc hhodrrccd crosc-trlt :

Sooc hae rnd figur,!6: (wi6 loouionr ideatiGcd as 1,2.3 otc rs$!. rhra by nnmo)

LOCA70N 1 2 5 4 6 7

MrFS 41 61 49 17 29 92

huしlY OC〕 5
一３ 43 つ

０ 17 17 73

] l= 4 40

ANS FAULT よ 4 40

SPARE PAIRS
"
49 21 24 1 58

FAULTY 29 37 18 20 8 43

JO耐鶯 (即 )
REMADE% 90 90 一％ 100 60 70 100

ACED ■
， 4 5 7 5 14

DIG&HX 6 4 1'

m― NE
鷹 D 15 29
WRONG 15 14

NOItsS

l. Locuion I h&l ody 5 scrviccs wih DC faultr ovcr the "Staadard SUQ' lcwli of 5 volts bsttcry, rnd I
Mcgohm insulrtion esisuncc. An 0dditioorl 28 sqniccs hrd fulG of a lo$fi scvrdry.

2. Locedon 5 wEr r riadc roJt! fteding a r€dnotc Ircr with all scrvicas loadcd. This routc wts uscd as pzfl of
the tainirg progrun" and thus not fully tcscd.

3, Locedon 6: AccodinE to plans. the 4 long lines erc not ouside limits - horvcvcr, bciausc 0.90 cqblc has

bccn Eplircd nirh 0.64 rua. they now harG lppror I to 2 dB cxccss l0ss. Thesc customerE havc hsd thcir
sidctoDc coracrd aod *rcrc is no nrcd to *ony rbout thc locs. givcn that the linat ars maiffiircd whh
abcoluEly oo DC frults,

4, Locad0n 7 had a cable fouc which ftd tluough cxEctncly rcugh mounrain counrly. This cablc wat io vcry

poq condiuon wirh many faulu in crblc hnlths. It was dcei#d bccaurc of thc hith cost ol rplrcing the
ctblg. it r.a! viablc b dig and rcgair far morc ofrcn rhrB would oormaly bo th! casc. Evcn thcn. l sccdon
murt bc rcplaccd duc to tlrc ingrcss of watcr.
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..f. pls oc ttc aqty E or*q Wc haw lor p.ortEaacd to wlEc rE Brr EBlmg-tirc+ prur &e si*in i rcs u,oa,"a mhrr t"r tr icax T*ffr d.dEiei#.r. *vdi.l

6. Thr a8!nt" tc Lfr* ta -: .r. .eiih.,6 only. cgi rhc huq1lcr of rouredc joioto w1ac oot souqtatbccutc it nrc oot arpcctcd ttrr fi. qulntity eould L so-grctr.

7' All joirts Phidl rE r mt full, no:da still ,corrkrd rcp.ir rcrlc . thcrt lns bccn no sindc joint foui(twhich did aot ncguire corr,ectioa of feulC.

8 Tcs8 oa +crrc peir ere ooly vdid withi{ s 6hg(t dirloJloe &ottr dlc scvqx Mocr ?rrcs go to opc.[ cirsutrwi&h src (l) Lilorncuc, snd Uurs, furls &rrcEd arc widrin rhat lcngrtr- Bgyod ttll!-s#ifi; i[i*, fr"r"
not bcco rtreiud for fatlty spas wirhin rrch irdiwiduol orblc lcn$ll"

$BCIrIC lld GENERIC EIT^AMPLES

Ttpca of problerc brnd ia rural cebtcs sad joims inclurle:

No bag ovar hc "*t"rrlod condusrots. - this c(rsae iasulatioa brcaktoc,E parriad5rly on thc ![sE3. JoiDtr hivc
bcan fousd rcluD rerr winr wcle comptcraly dewid of iuulorion.

ErccsC_ ChC*hil3 rraov.d- - rllaqrs &e rbo!,. probleur to ooour morc rgidly. lnd to r €raau dcgrc8. Tll9 rvonn
cxrmple found hrd 3 E€irca (thart right yon didur rcsd ir }mng) of stirpgt cruc iasida in EI.

Wrong sizc jointilg Post3. ' Thc srsndud siza post ca eomnodrc up o 30 pairc of 0.90 urn cablq provided thatthin. .*! only ihr two csblcs plus tcrd-iw. strndrd poau wio up to 30 prin- os ,irft tfuEe or more oiJl* "ot..a$ quita coEtlo0. The cffcct is o )am or qua" thc cooductoE so thar tpy rru in amcr 
"mot 

,ri,ifi *rrr.
over tiarc' thr r=rults 1rr paiE ladhinB o,rt on lhc pour. io"rlatioa "stickilg" to trc covcr ac.

Twist rd rlccrrc joiltr on grcesc cablc.-- iorularion on groasc oablc ir nqt dssilF.d io "!c d19 su6t sf Hisung (lt
hnab ths imrlaion fimlcr down t}r win). Anotrct sinilir $ancr is whcrt 6i $ipping froE widrin rire Jre rrarbc.t lrcd to tib otf ErouPe rethr rhon rsirg collets, Thc cfic.t L rlp same es for twil-joiir" - Us ln*rarolr ii Ofca
csbL oumt.!hE Ihe rresr and is quickly daaagcd,

Fo ty colllcorE ' thic sppcts to bc r contc{ttioos problm. Freld st6 tuggcst rhar e ccrtain pcrclrttatc ofconarclq! lrr ctpo& rld lhd thay' dtc. sEcts" colt do Erytbing about it Our tosts indisstc rrrla firutly, fiis pooo,+a
is wry,..tu1 low, and *co,ndly, if the joinr is conpl*cd iu r ilourcr ard morc nehodicd ,*y. ary iartty conneOa[c cssilv &tcccd' A tud viaud qhcck of thc joint rill.rko hithligh! Ery feulry uuic *friir tu;" sli-pi*-,i*rgf,,
wottc crsc thrt h6s botn found so far was a complcc cablc muta whL cvcty joint hed connccmrs j,iJri run t ton
frtlly crinpcd. Cb*ly eoacom uriog cirhcr s fadg teol or srimping rauLuiqus,

Prrticuledy alrrning it thc nunbcr ofjoiatr found with slst si$s of roucnt acriviry (ct; onc 0t rwo prir rvith tpw
coontct$r elc) but sdh aumcrow othct ttraior fault conditions. It is bcyord comprchcnsion to undctctand *tly
roEconc would opcn I joint and scc lhal dl pain wwc suflcrirg wvcrc in$ulrtion brlakdown, but thqr ofily lix I
singlc par.

Elcvttd-joinu which, arc pronc to damag: and/or f8ults create anoficr eonmdrum. Exsmpl6 rE *hcrc catalc*'iT*ly usc our BJg ns rubbing pos* (ard that's no bu[] wrry r.lu our suff jus: go aroojand ltph;'1.,e unrt
cxactly *hae rt was ? lhcrc arc many ways to pcrmucntly solr" hc mcocr.

A fuirhcr cxrnplc 
-is. 

whae joints $c loca&d in bad poEitions such as swmpe. This raises thc qucariol of thc

IglY l*ttl. lld rhon rlE otiplnr'l-imrallariol, and rlrrn urc uuguinE msincnasce. Ttrc ucsr eranpte oi ttrrs rs r
Plnt so deeP ilt E swamP thrt alair of fisharnrn's wadsls was ncadEd to gsr ro it. Thr acN8lioint was permancndy
undcnptcr cxccpt during &ouiht conditions ! Unlito orosr farrrctu esrus$ the Nation, Oorc ln this rca pny foi
dsought !.

Tnuspming prirs hrs crcacd a nightmarc of problcms. In otder to cithcr connaa, a na* 
^i"iaa, 

or to lwate o fauh,elmc.t lvgr? j6in1 6n thc r{'urc nccds .e bc opc.cJ rhis BEnera(cs a numbcr of ,.man madc. laulE tof cvcfy onc
clerrcd. If 0rc cabtc is kt+t sEaight. ficn ncw scrviccs can bc cofincrtcd by opening only a singte prt.- tifcwrsc. a
feuh qt.bc loeqGd to rhc rcatsst joirr a,ld lsain, oxl, u singlE Joinr disrurbcd. thc haolngi oi ttE transmElion
group indicaG thct lhe rn*c transpositions which hrvc occuaed. thin thc more fault pronc is tli caotc rouri,
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Tcc rccriml.c untdphs, or kidgc poius (wirl;hcwr era you prcfcr) tc a frrtha nony. Whilst vcty fcw heve
Ucal fulad. 6ot! ttlt harc bca, hrw dl oristad rs a rcsulr of conftision withil hoevily Eeufoscd joh6, Thcro ir
no nccd for 3 vin 'O' ridc coucctrys. RocHrampoo rtiuia havc not provisioacd &ca rimc i9g0. 

-

+1lo P*bl{n rih rrarpocirioos is tiat rtsff losc rhc ability (or modvarion) to rcgrir f.rrlb. Ir is f6r casict to
$nPly sYrp r E piitl Howcaq, if tbc crblo har rutfttcd ehcath danrgc md thc feult bcint qhsscd h not loca6d.
tlE drer& tlrc.da like e ceaE€r rtuoqlrout Orc lr{lgrh mtil suctr time as ill pair rrc rffcctcd.

Itr er:crlcc. lhc pt.*ticc of Eansposing pairs is costing us a v€ritablc fonunc rs it crlrt€s mort faults: causcs a huge
m!$hout urast+? rt $dEy {trd so(t duou8h thc mcgEt and. gcncral!3 t}le ncal for mury kilomctrs of cablc lo be
tcplxcd nccdlcssly. At Prtscnr. it is cxtqncll rarc to 6nd 

"1ablc 
*ttich r?nteiu striight through morc than two

joirr6 !

TR^NSFOSING PAIRS SHOUTD BE A CAPTTAL OFtrENCE !

Markrs posB lte .kro$ no-n exisLnt or oldcr rou6. A! thcy arc lost or dfiregd, drcy 6rc aot rcplaccd. This hes
tl[cc GfhcB: it carcs mori loct tiroc ar std try and locarc ihc csble: it alloi to.a ihrmcn o'iaiagc uc cablc
*itlr vadoua Tqlriqyi rad it ffiuragps thc ir6$spce ncotaiiB,, whcD locrl slrff hrvc bc.n asfcO *tr-y rtrcy aoot
fu f{rlts withi! trogf,r. 6cy rcpty &* thcy don t hiw tirnc m fua rhc cabtc. whcn esfcd *hy drcy havart rcphccdm{ttt po.ts, tisy arssct 611 0rcy kaow whac tio cablcc alc ! WIro ir kidding who ?

Dccign de.ficicocics havc rtso poor mairtarence practic* Apart 666 g9 lwarnp,example rbove, wc
tgvc founO EJc (yith toedhg coib) positioncd t00 mcrx frorir trc nsrrcsieact, md in vcry hcavy scrub on thc ride
0f a.ntouni8in. l{aving *alkcd (climbcd ?) up to this panicular BI rhrcc tines in the one morniag'o do testing - and
cardcd e numbcr of tist insEu&Bts. I can guararrcc thar the inna rescrvat of rotivtdon arc needed to glsks thBt lastjouraly. This panicuhr Eis coodition cleady indicatcd that local sraff hadnt bccn eblc to dig decp cnough i o thcir
motivuiol br msny yearr.

SOIi@ FI'BTHER INTtsf,ESTING EXAMPLES OFWIIAT CAN BE EOIJ}ID:

A ceblc &odiag ftom thc SCN( vir e cooduit to ttrc local yillagc - whcn rcstod ir shol.d as haying muldpl6 faut6, onswal Doits' 'in lcoS!h', Digti[g rcvrslcd thil the conduit wei aor drmrg€d. Whar thc cablc wis disconnccrcd urdrtInovld it wrs found thd scvca m*,cs of shcarh *aB b.dly rippca - couH onty havc becn causrd during instrllation.
:115f tu* just tratryrc ryu{ rhc.frul6. wtry wim'i irris cabto,"stco a*irg i;"ir.,ii.i iiiri rr.o"t tr"
loctlE Oatoctld lha callt ard rcpeircd rbc danrgc ?

1_3J._ 
t3 gg y0r.no tood pq, 

1"1 
- .tt rfTT wffc fadty. Eisht .rcrking cusrorncrs on a 20 peir cablc, buro y 

' 
lL6oDlbL Peill (nonc wctt fttrlt ficc). Solution is simplc: jwt ransposc onto a 200 mquE lc;gth of junpcr

wirc aerom the grouod fhoce who sdvocatc Fanuposidons have a lot O ats*,cr for | ! t

If^91t F _-. 
EI., neenr pers werc faulry wiUdn thc first ms[c. Thc problcm was $at 6e joint had bccn cut

Drca 30 m'ny uEts &at i! was too short to reach. Soncon? had *rcn rp-routcd thc cable so that ir wa3 only art inch or
so undcr thc ground. R6ult w.s rh trhcn rnybody was working oD thc joi and h"pp"*a a ,ii"t 

" 
*lwdriver orknift iato thc 8rcuo4 it wtnt into thc crblc. ihc prcsrurc to pifrucc mor" *a mote in lcss and lcss time, end s/ilhlc$ and lcs,s staff is producing socrc vcry fuit[y rcsutr ! ! !

Multiplc grugc chugcr. For somc ycars wc h8vc nor lls€d 0.90 mm eablc. Faulry scctions are rcplaccd with 0.d4 or0's l.t. This is r chcrp initial fii but crcato tr"nsmi$ior p.ui.* rr,ot uc ixpnsive ro fi.'oi""1u "*,o.",complainr, ThQ anitudc EPPGtt3 !o bc to rcpkcc the shoftcsr possible length end to do it many 0mca. How cttl rhc
Btcahhrough Group hrlvc thc frult rac in i8 months whcn wi intcntionally insall fa,lts?

The roEt cas. found so fit is whcrc ? gaugc changcs occurcd on a group of custofirEns within thc 6.5 dB lirnit(theoretical) - tho acud locs E'gs somc a dB too high, Anothff cxamptc was whcrc there is somcthing which
damagcs (or hrs damqcd) fic same cable on a numbei sf occasions - aod cach rime wc have ri.erv'eui in . n *scctiqn nnd NoT USED THE SAME START AI,[D FINISH PotNTsi that i6. thc ."ur" *o'tiiii.if/ O.m ne,
ciangcd lo 0'64 PE (lst Eplarcmcnr), changed to 0.64 PEMB (2fld rcplaccmsnr), chr,ngcd ro 0.64 PEMBI{, (3rd
rc-plrcmcn0 and tltc latcxt changc was 0.64 Creasc filtad. Rannins. ranging in tcngrh fro'rn Z0 mcto" ro tso mrE ,
of csch of th.sr cablc tylEs w€re stilr thera accompsnicd by 6 EIs and a[ within 900-mstrts.

A customff. wh c sid€tone mcasurcd +? dB STMR (insrcad of -13 dB), ficndoncd rhat Telccom pcoplc had
changcd thc h{rdsct tlrtc! timrs (wlthin thc last 12 moflrhs) fouowint hcr compleinr of bcing unablc ro hcrr
proFrly. Thc scrYicc was t00 mcrcs from thc lasi coil ard hc solution was m fir a mttching urit (S;S/93) lcrosg thc
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