1 TRANSM S | NSTALLATI ON Thi s inventi on relates to a

and a net hgﬁg}ﬁh&ﬁﬁstal ling a transm ssion |line such as an o%&;@’g@f%ge
- tel ecomunications line. 5 -+ . In the United Kingdom the
. tel'ecommuni cations network includes a trunk networ k- which is substantially
~conpletely constituted by optical fibre, @and a |ocal access network which
i's substantially conpletely constituted by copper pairs. Flexibility. in the
copper access network i-s provided at two points en route to the customer:
firstly, at street-side cabi TRANSMISS IR INSTALATIONes: and secondly, at
10 distribution points serving around 10-15 lines. Eventually, it is
expected that the entire network, ‘including the access network, will be
‘constituted by f i bTlis ifbentioht fehmese tgmdparatusa t6i, xardi, ar eethidde of,, instailingpar ent
t el econmuni cet ons _infrastructure é 3 E‘B i cal access network, with
~capaci ty for YAMFMEEPRLRG AYch.a% 3 Wt&? i S PIPCBMUDICations. By of achi eving
this woul dsbe to crneeieeumtédukrhydora,&hemnagmdadnidanenme‘amcrrk ihdluddzea trani of a

thin, w.despread overla r the cess.to ra t his woul d
exploi t tho BEMErR HTA SR, Campleali Farateg B, SRtlal Bbreatsh adocal
net wor K. COU'aG'eesb%diWéH@F)ﬁﬁbfﬁ% BESEEnTRAIIy Seompielyt BeRgtiieBOBY tops&Upiird. N
capital expend| ture_savings, .sinteée the major part of the investnent wll

be the provi Elexpiligy in g?“r’r??ﬂi’le’ 8ERASH MERVOrK S z?""j"ﬂ&dt at twve pRipts pRgoute tpithehoy| g

al-so 20 enal|;@obrap ﬁ@w datl¥tfélét-§rl:l@'&aﬁftet%x§ehﬁné upa® 60D MY: Ghd S¥oHdly) Bt
custoners, and flexib provi sion or reconfiguration of t el ephony servi ces.

“In order 19 eetrebswpmomty senyingr &ropnch 0+ 15t bnesn ckvastuallyhis s @xeected thateheode
~optical fibrg, tn’é"rfe@w Ao rnc%ﬂ%"‘qhgtabce%s'rm\kb Y witbé bgrﬁ'st‘tut‘:eg%&ljffqgg" ¢s W thin

the infrastructure nseque onl'y passive optica S (PONs) .
whi ch can 25 offefhe mltynatet ed:altlsamsfprademegmm.dtr@omrettetélemttmmlcart@ns

upgr ade, Sho'ﬂ'lffgsf fé) 'férj ﬂ%l’ ﬁgtrcaT% i potﬁrﬁ{m? IQB \{:ftg h a[?laforgb%g Ek s

the sinplex single ransm and
receive pat h;erlvroemaqhmeremhan@ee haayl oéntl:h(d\lii')g thds t\lneuldu:r.t oormreateta/ldullv
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o ougnoul® s AEBRRBRT Bbre htore 1WsRe REIBE 5 i, WRBHSPR SplHl Ry B8 Junele o1
fi bL e count eaeﬂ_leﬁstopegdrwnaquﬁuﬁmtd exmpitt mepexwtlr@l oﬂuable l—iEfcessd néffrEarlkor
cust oner, e resu I nher can o ustirtil e ar e
a Gor man paiHRETHERES - S9830 GRS Coulih Be S heaR Aot Fiagy g0 anereby ' O
tj ransm ssi on cbulaeesmﬂnrcspltel erneuadrralsbehggtsrmﬂﬁ rhiior part a9 ithe R@stmsniod of
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will be the provrsron of termmal equtpment on'a 'just m time' basis. It shouid also
20 enable the raprd provision of extra’ lines to new or exrstmg customers, - and flexrble
provrsron or reconfrguratlon of telephony services. ' '
In order to be completely future proof ‘the network should be smgle mode
P ' ' optical fl_bre, with no bandwrdth lrmrtmg active. _electronics wrthrn the
' ' 'infrastrocture Consequently, only passrve optlcal networks lPONsl which can
25 offer this total transparency and complete freedom for upgrade, should be
considered. ' - _
.The most common.'passiye optical network is the simplex single star, with
point¥to-point fibre - for each transmit and receive path, from the exchange head
- end (HE) to the customer network terminating equipment (NTE). This network
30 design has been used throughout the vyorld and meets all the access criteria. ‘It
mvolves hrgh fibre count cables, and unigue electro-optxc provision at HE and NTE

. for each customer. The resuiting inherent oost can only be 1ust|fred for large



trench in w“ﬁmnd along the intended route of the line, IPCYIGRYSMISI9|ine
~into the trench and then backfilling to bury the line. One enbodi nent of °
the apparat us has - cally driven tunnelling ‘head whose route is
~gui ded by a C—sha ‘mounted on the end of an arm

ext endi ng radi all g head. UK patent application nunber
2085670 di scl oses’ i ng the earth around a preV|oust '

. buried cable. The deV|ce has a najn bodr sin hnner andho ter
Ccyl'i ndri calbusieess. usess, WAP @?“E'P‘éy RS0 89Y ettitengt‘t"t)@t gf B’ﬁ'ﬁ?y’&f"ﬂ?ﬁ Wit ans,

relative t‘?né?é’é‘seﬁ?ﬁ’é @@gt,sﬂﬁ%et,hat t.he appar at us nmoves al ong the previ ousl y

buried cable hi nni ng" novenent . r&ear atus noves al ong the

- cable, water is §bﬁp¢qV@ﬂf tad. PWahrﬁBﬁFQ’tsugn%n‘ﬂaY%e Redleweped, 98YiG%F 18521 es at
the front qhalibg (§PRBhEkSofl thel PORSR bEQERA bie atép!Riftiche PRltlchassiver on! of

- the apparatu present 1nvention provides a tunnelling

appar at us- componentagliow the newe! tmymr@a@i fregv 2 siggle tgansatéﬁ?retarbs FigFiREgds or

sliding en Ble@hital Fedtnistde neans

bei ng- conn%@%@gg{%ev\éﬁd Q?%&‘%ﬁ th&ﬁﬂeh@?ngaﬂggﬁ%}'ﬁ}gﬁ nel ?Ita ﬁead so that,

© inuse, said tunfTeklusa®f aphtaerahassd {PONrerchiteatureethus Jpduses th? 6Rst efntipre

- substanti.al ar.al el I g * ai d
apparat us- IAePERERk S vk ecdl el hhn Gk an Sk olfespaRE st

j et forni ngabingswitbessditdopar at us further conprising a Iength of piping for

' t t d d t d .
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. to enable tipe heaghcingfie BRIdUAL biyteprinBieghuipshery asahelexihangy; and sai d guide

- establlshe

means: bei ng 25 rel easably e eable with said e |nst |l ed el ongate
~menber . Thé"'breséh?’"]%‘@ér???’o% R WRGHEG TS %\"‘r’fg{’?foﬂ %‘F M¥alling a

‘transm ssi qnnl | N@rdvidi déts tﬁthowmispﬂebe 16wt dvet] fmérmﬂastrnautémndt eps of formng
'-a tunnel i'n the. groun

usi'ng a nol e caonstitut eﬂ ‘Déﬁ g, wat er. - Fettu&gg head and
pi pi ng for {luppl previding aighcaegsem op HexbHityn GRB &F'o g IS5 ¥stgP SRqURREN
met hod fi@r dgn%ygengc@p,toggmm ssion li'ne under the ground alternative to the

nmet hod of di g‘a trench in the oung al Onﬂt Qg i nt ended '
_route of the IlneAddFtWPHg PP |arohitectre €37k be 'I"gﬁ htea it (28, BRI | i ng

to bury th Sesufadi (@8 andlorkd?@ivARREMkaY). Us has a pneumatical |y
~driven tunﬁgj ﬁ}ﬁgx ea%l whose route i's guided by a C—shapedm%w de ﬁttachrrent

“mounted on the edtwill benapganersxthehapatpdingdthe eitirer YKy 3GrESS (RRHROTK; Y head
UK-patent agplLedd kB BHMRGEVEWPRAEY cabRal ifT&tmEnt Bidghdn| Of if ARRARNED

20 therefore, to mmlmlse costs wherever possible.. The specrfrcatlons of our
_ Internatlonal patent appllcatlons W0951074‘75 W095107476 W0951074i7
- W095107478 & W095107486 describe a fibre management system whlch alms to
| reduce the cost of provrdlng flbre from local exchanges to the network nodes
_ (equrvalent to the dlstnbutron polnts of the copper access network) nearest the
2_5. customers. The spectfrcatlons of our Internatnonal patent appltcatlons_ 5
6895100449 and G895/00450 describe a way of mmlmrsrng the cost of gettlng R
fibre into.a customer's premrses via a customer lead in (CLI) provrded in an
external wall of the premises. The present mventron is concerned with’ minimising |
| the cost of getting fibre from just outside a customer s premlses to the nearest -
30 network node. _
| ' The present mventron provudes a method of mstallmg a transmrssron line in
the ground, the method compnsmg the steps of forming a tunnel in the ground-

usrng a mole constltuted by a water-jettlng head and piping for supplvlng-
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10 the ear tWwox6opd a preV| ously' buried. cabl e. -The.devi oehamamslmsbmdy
conpr|5|hg I nner and outer : cyllndrlcal sectlons ‘whi ch are noved .
alternatively, by hydraulic means, rel ative to one. anot her such that the
appar at us noves -atong t he pr evi ousl y: buried’ cabl e with a sh| nni ng" o
novenent. As the apparatus. noves al ong th® cable, water is supplied to the
apparatus and i-s ejected through nozzles 15. at. the front of the apparatus
to | oosen the earth ar ound the c e.in front ar.at us.,, The esent
i nvent i on. pr RIesEHEsed Yyaten 3g 18, h?arlgtagplq°ﬁﬁ'°5'"9rt§ﬁ§ﬁ“§@s(% N ingdn the F‘lltl%i
ground, the nphdies ﬁ@nﬁéansust@utdbe ab@gpsa @te-frefanemgmeauaaed;atenmblnee.grbound

usi ng- a nol e const.ituted a_wat er for | yi ng
body por t i on.PHB{EE, PUERg ﬁhena'p%{‘gpﬁ‘seé&’d p 8&&8“4‘9“3“?’ g‘t’ the eionbate

axi al I'y-direghgdogat er jet -which, in use, cuts a_turnel _al ong. L.he side of

t he gui de, “and- t he.defl'ection'face being such as to: ‘def1 éct some of the

wat er .suppBi.ed al orTQe tPresingtalled dyrieds etoagarefmwebet 3@y b/ AN underground service
transversel y le. WBhtbrably 141§ Frenis LS 1OIEmDRI Sl
menber .- Oonvefgdl’ ent. S'do-r-_ grc{:?{)% facgpﬁbsy élefl‘r?e by a’rad |"a.{ bllclgér'l%lﬂéb:)re
formed in theuchias baw;stpd)rcppm paitae Thadmathop| ¢fnthebimvention thusceermitg tei d
-first-nentio M}ﬁ é%@gﬁh'l&‘rﬁc e
free end of {lﬁgcall?a(?{oﬁ fgg'%"‘;;;?r’%%n 'S %b%?@%ng gﬁr?tiadl){n porgtdlagéta%rgy be
provi ded .wi t hguide, extherebwl [pyevidiog t lar: eaoissceftectiensivaay. pot t mmalbng t the r &AW end
of the mai,n b r f nmber .j.s- constltuted bya
- guide ri ndB %%XB'R%UEE%{] nfs {n% f%’n’l"mﬁcu&t gquhﬂ.‘l 9@5 to the mai n"body - -
portion, and the. otAdtvantagebusfy,th’aetrammssisnﬂm acabbedisedenticabfitira ovhieh s “body
portion. This f lit tes th ring over the buried
elongate gui d& dg 5into 1 etumpe?ﬁ %Fg’ﬁ \'Rne a’%&laﬂ'@ described in greater
S\Et alh |, by way of exmmRt@elyNithd tfaetmrserm]emteﬁ ig lagp mlhelfﬁlbfwrtmgsrdrsaiohglgg in

ich:- Figure 1is a pective view of the cutti ead of .a guide
wat er - jetted YBCR. 'Eo?lgg‘?ei'ﬁg éﬂ"q fhe, dHRs) v uigh ArRe; HQ% BRSANT: MSAUTEPGETSY 2 is -

an axi al qBoSHréiRRtthe Rurritk Sfe tdptieal Hbré RankmfsioniMetbeiy m&réube m?ﬂ'\e:tﬂri'\elng
head of Fi, gure 1; Figure 3 is @a-plan view of the cuttl E}fq' front
portion; Fi gufterathesmaler has,peen @U@FTW of In this Eﬁﬁeflané” agPEhwey gure B8 and
Figure 5 is aghsiidneh wnﬁfrpﬁfe‘t%ﬁﬁél idr l:@lﬂ'ﬂe”prbg RN B tHeCodticaNtibrieAFdrishilssidn
modi fied formof cuttin eferring to the draw ngs, -
'Figure 1 shoviinea teg:ppy f'h@a'é!a'l‘#"ﬁlﬁ%l@" dne @eu\srnreeslled “Hlong the tubular pathway

by fluid drag of said ‘gaseous medium.

20 The tubular pathway may be constttuted by tubing whlch is connected to
| the. more at the head end thereof the tublng being posrtloned in the tunnel by
| subsequently withdrawing the moie from the tunnel. _
_ ’ ' Preferably, the method further comprlses ‘the step of removing the head
- from the plplng of the mole; tonnecting"a”second water—jettlng head to the piping,
25 attachmg the tubing to the second head, and removing the.mole from the tunnel. - _
The invention also provides a cuttlng h_ead for a water-jetted mole, the.

" cutting head ,compri.sing an elongate -main body portion formed _ with a
longitudinally-extending bore for supplying pressurised water to. a deflection face
formed wrthm the main body portion, a gulde member fixed to the main body

.30 pomon in the region. of the deflectton face, the gurde member bemg slzed and
shaped for engagement ‘with a buried elongate guide, an axially-extended . siot
formed in the main body portion on the other side of the deflection face to the

bore, the siot being aligned with the bore and extending to the free'end of the main



- body portion

st eel . Thew#&d E?‘ head H has a.main body portion 1 and a screwthreaded '

shank 2. TRE 18P erid of ~the-fain- body iportion 1 (that-is tRETEBISPHIP ~end
-renote fromthe shank 2) is shaped to- define a tapered nose portion la. The

.. main body portion 1 [/ Ixi.al.__bore 3 (see_Figure. 2). which'is
“contiguous with a bdf dHSgHE bHA§rﬁ§\ﬁh§ in the shank 2. The bore 3 -

- ‘term nates at a-defllectiq Ep @‘QEQ formpd in the main body portion 1 by a-
_:}_cyl indrical, -radial . blind bore’5.” An axi-al slot 6 -extends forwardly of the . .
“bore 5, terBédyasdraeh ﬁterébhﬁueirhﬁ.g aeﬁuiséﬁe iohﬁr%?ﬁﬁ%@?%%.aﬂﬁhﬁ;&&@d% The o

mai n body portlon 1 .is provide flexible guide rin

mul ti - st r RHEIch, inypse, 5H§Iq B’"§?'e%‘?"%’\eé'%?fcﬂﬁ'el%"der apgbtigs defetion dadeody

~portion thesghy setdf ésnﬂo%ﬂ@ctoﬁo‘rﬁé‘gtetﬁe%aﬁf ngﬁlbﬂgloﬁ’rg Jhé rb?;e' ??aéé i Jaé'fmgl rected

- wat er Jet whi ch, "in-use, cuts a tunnel along t and the

deflection # a&@ft?eutr?gswwv-aeeqted deTterist woink mfusdaeNaﬂEGrowauppé igaitieal ong

" the boregsomampbo define a second, transversely-directed water jet which,

©.in use, washes.over the guide 5 menber . Conveni.ently, deflection face is
defined by a.radiGenveniently, beﬂ@tlborfnmhs|defm¢tebvra|rad|aidrliyd iboret fored inheher adi al

bl-i nd -bore ,Jngi]‘.,e,r ge th ?Ew,ﬁb @Hé;%rsmggrﬂ@gg%’\éa&tﬂa%ﬂ%usI y, the main

an.ext er na Ofh portion at
that end ther eof Ade'ﬁmaeeduslymthae'nam lddys partion 1i® provided with @hes@briliy-t he |

d nb dof th d
BT e Ui e G o b BB oy o 1 16 1179
det achaliPy fi xed Prefetabiy, tres gr.nbod')errmvrtrs eonstitited byas blidb 3r@S aﬁ@%h«} leRg! ng of

th d th d de. Th t .
~ descr bed i 84FR rect B Gy B Bod Barphesnal e eienend vetherting o t he

.. accomnpanyi. rd;tabhahwngsc! t6 EheMhaibody Fioiisr thik $acitB@E HesRiohing of iti¥VgGitie t €

cutting head of a Ll%‘ gateradyetted nol e constructed in accordance wth
the i nventi"8i,°Vel rigd elongate dujder 1 oss-section taken through the front

portion of t he cohé llﬁth&ﬁerpﬁoﬁ'tﬁUdécﬂbedzﬂ greater detall] B Wy D exafh Eél an vi ew
of "t he cHt r]_g eadfront portion; -Figure 4 1s a.front eIevat|on 8 :
cutting thfeferpRas 1o the a&?ﬂ“ﬂﬂ"@lﬁ‘ﬂé@”l“ﬂsdﬁ vehiehit cross-section taken :

- through the.fronFigdf¥ 1 isoa perspéetive didvir o tﬁé)&mrﬂﬁ h@éﬁ Bf quma%atgegﬁéd ! ng to
t he draw ngnole consl%rru?:te%i rg ggg\g’dgno%uv%h tnrge mventlon,
Figure 2 is an axra! cross-section taken through the front portron of the =~ .
cutting head of Figure 1; . o BN ' -- ' ' !
20 Figure 3 is a plan view of the cutting head front portion; |
*Figure 4 is a front elevation of the cutting head of Figure 1; and
Frgure 5 rs an axial cross-section taken through the front portron of a
_ modlfred rorm of cuttrng head. '
Referrmg to the drawings, Flgure 1 shows a cuttlng head H made of.
25 stamless steel, The cuttrng head H has a main body portlon 1 and a screw-
threaded shank 2. The front end_of the main body portlon, 1 (that is to say that
end remote from the shank 2) is shaped to define a tape_red"'nose portion 1a. The
~ main body portion 1 is formed with an axial bore 3 (see Figdr'e 2) which is
" contiguous with a bore (not shoWn) in the shank 2. The bore 3 't'e'rmlnate's' at a.
30 deflectxon face 4 formed m the marn body portlon 1bya cyllndncal radial blind
' bore 5. An axial slot 6 exrends forwardly of the bore 5, termlnatlng at the free
“end of the tapered nose portron la. The main body portlon 1is provrded wrth a

" flexuble guide ring 7 made from a multr-stranded high tensile steel wire which is
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25 stal nl esgo9kfhz - The cutting head H has a. mai n. hody..por.t.pefiche 93\- -
screw threaded shank 2. The front..enhd of - the:mai n body portion 1 (t S
to say that end renote fromthe shiank” 2) is shaped to define-a tapered nose
portion la. -The main-body: p"-"'t.on 4 is formed wth™an axial ‘bore 3 (sTE™
Figure 2) which is contiguous#w th a bores(not. shown) in the shank 2. The
bore 3 term nates at a 30 ..deflecti-on face 4 formed in the mai-n body - -
_portlon 1 by a cylindrical, fadial blind bore 5. An:.axial slot' 6 extends
forwardly of sufeurgdee Syshortetiibie geationg vehich Bet as enllersiiOne endof thepavideiringse
-portion la. | r ring .
7 made from Zhﬁﬁ)ﬁﬁ#%ﬁghﬁgﬁﬁggg h%ﬂgltne%gg I %Y{s'?ggl mvﬁt &g&mﬁﬁfﬁé'né %e&'&gﬁﬁy

sur r ounded byuxe:ht;r thet mbip bodytriomian inhmeansiof azgsub etrewr not Shewe dThy guitie
guide ring 7. I | dy portion 1 the.other end
~being det acha R?Pwﬂgﬁd’Fhedﬁ%ﬁhgdghgp@tﬁgggby means of *a- grub screw
(not showr5 The gﬁhejeuutlnggneid |HS|spxsed twitme glyrality df estainidss bteetjehbeet(bnel face

4. 5 ut .t se raI i.nl ess
Sieal tubes. 8 Wist b Ehin I PRurd 1, 3ach &P whishhal i aitreghed hiin 53
i'nt er nal | y- t-bheaede dngaar emrrﬂlly-tmeedeelmbrﬁﬂd anrthemearrraId y Théraedes gaont i on’
~at the other end. The tybes 8 each have a Iqu h of 5 an e ‘frnal

di ameter of DB a'i‘ﬂih Ty @7 gXternal diameter g £4ny terpal dipmeter 9bs g

can be fixedgirn.t 17 fifsk Tt Whé Risede Gah R fixed & tﬁethrQ\Q-thFdéEIEd 8Bartke2Gf théY
means of its internal lné t hreaded, end portion. Subsequently, further tubes

8 can be HIdEHHnghesd B by meges of jitse ipterpalisthyeasipd; ende Pemtighg e Rupeausntly.
adj acent i nt @i hibels's Ea66 addd Bh<h iRkl dedchbeRHEEWS BY iMefenhadtment ¢ MOl e

descri bed above can be used to tunnel ‘through the earth to provide a route
for the subségiaesit mamaly-thiesdsd apd externalycdynded ¢ad Pertionsi ne such 15 an
optical fibre |inethe hibidYebiribabiddhovkEanTBb %sﬁartohﬁmneluﬁ'ﬁ&(ﬁh 1! BN 3r0m
the curtilage of a customer”s premses to the customer. ['ead:in point -
provi ded in PrRvidgag [rouse fphms@semmsnstauatonomra telegpmminicationgdine suebm t he
curtil age o] I S. v dy -
buried ; nét ﬁé rt%ln dbté En IRB% QJlarart\Iﬁ\lﬁ r'rﬁglret hﬁef g‘éaﬂe% ttg éurmepqro% 'thig
exi-siting'telutitageofi eausnomer Islmem(ses @0 the cuptoprer jead jn point prbyidedringtiei n
.the ground, IISoftﬁos"é ‘?grnIstg“' de.the nole:. In this case; the first step
of. the tunnel'l’i'ng pro ess IS to dig a smal |~ pit at the curtilage so as to
expose the buried tredrdermmrgudecth’emntefdonnﬂte(uﬂlrtﬂpge u:at)ieen)Ll usklie mageiofl@any i ng

~ 7. of the cuttin head. O.SI |oned ca reI eaS| ng.
(e gr ub scr ERvisRhele SR Arhedy Bitigel e atatnd: Pheterzhiy” Syhefe et

re-applyi 20 lekistioy vdlecomiraunications lipe (5é.aa nbeﬁér ﬁdir@%lreid&bﬁur%dl . the godind, eaded

onto the

this is used to guide the mole In this case; the flrst step of the tunnellmg process
cis to dig'a small pit at the curtilage so’ as to expose the burled telecommun'lcatlons

’ _ - _line (drop cable). . The guide nng? of .the. cutting head H is.then.desitiene,d-ovet' |
--the cable by relea'ein.g the grub screw, positioning the ring over the cable, and then
25 re-appl'ying' the grub screw. A first stainless stelel'tube 8 I_s then threaded onto the
shank 2 .of the eutting head The free end of the rod 8 is 'then connected to a
.Gerni 600p water lance (not shown) which is supplled W|th water at a pressure of

2350psn at a rate of between 17 and 18 litres per minute.

" Pressurised water is then supphed ‘to the cutting head H by pressing the
.30 trigger of the water lance. Pressurised water'is then foteed"eIOnQ the bore 3 and-
against the deflection face 4 resultmg in the formatlon of two separate water jets

" J1 and J2 (see Figure 2). The water jet J1 is directed generally along the axial slot
"6 towards the tapered nose-pomon 1a of the cuttlng head H. This jet J1 is



- shank 2 of- wbgsmgmlng head. The free end of the rod 8 is thpen@gmg-;ged to
- a CGerni 600p water |ance (not shown) whi'ch-"is supplied with water at’ a" :
pressure of 2350psi at -a-rate of between 17 and 1.8 litres .per mnute.
Pressurised water is then. suppli.ed to the cutti.ng head -H-by -pressing- the :
.30 trigger of the water I|ance. Pressurg sed water is then forced al ong the -
-“bore 3 and agai nst ..t he deflection face. 4, tesulting in. the formation of tvvo
 separate water.jets J 1 and J2 (see Figure 2). The water jet J 1is
“.directed geREpaiive/toguAtunpel i theyparth jsy the reginAaf ghe gridingrablsd ﬁb%ethsbrt | on

1 a of the feQUJZt ls”&ré&?&duﬁvaﬂﬂ' fowards e b§ble anWPn@?u 0%?3906 e*’nﬁ;ﬁié

- cut a tunnel in the earth in the region of the gul erJet
'J2 i's directeBeprasirispd (watel aroupd dhe gable anddtfteml@mrluemmgrewentmrshj et J2

forces presgpy isifs \eth@ingBetivBeh rtlléﬁ a@h aahﬁ thg%agfé' Eﬁd 'sh ka;ejenrnﬂ% th vent

~earth and stones jamm ng between rrn
prevent i ry forwapd Movement themaumg@fead hle Qme; theglvtteatlasl-be@mmadlmt \nlae er has

~ been turned p s,th e oun

.occurs, the &éa}? tof %SB ngi’?et ﬁ!\bﬁegéﬁ?nthte 5’ﬁé“€ar?ﬁ tﬁ%eorcecg%' fgtéf rﬁ'hﬁr ée b%{] .

adj acent totumnelsgutodthecedoihethereuhefnrrmhg & bdve ddijdeasst tnethe guideoaisiel. \Whend t he -
“wat er Iance ent ter rned of the |'ance -
i s unscr ewed4 & tr”%%thjh%s ﬁ?eé’ea Vﬁac%fmﬁ)tuﬁgeé" G%' nge. foastfwgttﬁ&"t?rtfg% P the

"t hreaded onwatérhie thinedtoft, e i8nceTiscurisaremeed froimhte f3ed @HE Gf QLS &} hadfa-ee end

of this t he ter urne n aln, and the cutting head H

i s rodde fﬁﬂqﬁé Ll'}fengds tﬂlfga%vf% NG tﬁ?/%‘fsﬁemg'bgr a?g? l'a"?ﬁ hen screwed |°§9° o

repeat ed .unthel frédend 4t ttmstee&tmactubs 8heRe ddtert |Be:uﬁ'lé8td?i79€ ain, SFHY 1he Uiy 1 n

the wal |l .of the custoper's preéemses. -A snal | en dug at this point

to reveal theadth IS FRyided f“ﬁEﬁ'd"\‘P th oreyRd .ngPh?eaeprmrs f HErPfP%KPeGF from
the first trpeaRd unbiPtHelREnBheudSs Wehdlth a8 chsromel laﬁdlill boidt irf fhefﬁéll bi | age,

and a ruggedi sed optical fibre cable is rodded into the tunne romeither -
end. Al't er nHie Gustamer:s leSEI'lsFPed\ smalhpip fs. thgn dug @t i goint 1o sevealthglauttirg) i s

~fixed t-org hgedd¥iermalcumirigHeaadeid hes tén%t,eeffr&rnehé f.rsstuw@em% tgyecf”eare of an

externally 20 threaded shank 12 fornmed at one end .a mal n portion
11. The nai Withé@wrpBem B¢ il a4 1he chetilagea And12 rwgsdtsed rapdical f-breacablmtsr al

_blind bore {daabd FREtY-tuhRél fﬁd?,eghﬁg;e\p@t er to a nunber of water jets 13 (only |
one of which can be seen) forned I n the main ‘body portlon ‘An-extension 14

| s fornmed on t hatAlgraati :@moﬁﬂ?mfm gusting bead Hl' (seeditiguré Boim tixes! hank
_ por t ;[ gﬁ ?5“ ﬁ'l:e;i lngésl'ggﬁl' {hge% ;10‘#@611 %5 thd ﬁl@t at?be g EgynmelaXs tyr gl"i‘q&gerﬁgﬁrnk
20 threaded shank 12 formed. at one end of a main body portton 11. The main body
' -pomon 11 and the shank 12 are formed wnth a central blind bore {not shown) for
feeding water to a number of water 1_ets__13 fonly one_of_ which -can. be 'seen).
formed in the _main_body portion. ‘An extenston' 14 is formed on that side_'of the
main bod); portion 11 remote from the shank 12, the extension being provided
25 with an internally-thre'aded'shank' portion 15. In use, a tube clamp (not shown)
| formed with an externallv threaded shank is screwed mto the mternally-threaded
~-shank portion 15, and a blown fibre tube is fixed in the clamp. This tube is
typically made of a polymer such as a high density polythene, and has an outer
diameter of 8mm. and an inner dlameter of 3.5mm. The- tube is preferably supplled .
| 30 from a coil. Pressurrsed water is then supplled to the cutting head H' by pressing
o '_ the trlgger of the water lance, and the line of tubes 8 and the cuttrng head H' are "~
withdrawn from the tunnel bv_pullmg from the plt at the curtilage. As the cutting
head H' travels along the tunnel water escaping from the jets 13 is effective to



forrred vmthmwmm nal | y threaded shank IS - screwed into the i’Cl‘IGB95101579
|nternally t hr eaded shank portion 15, and a :blown fibre tube is fixed in
‘the clanp. This tube is typr cal ly made of a pol ymer such as a high density
-pol yt hene, and has an outer di ameter of 8nm and an-inner dianeter of - _
3.5mm  The tube is preferably supplied 30 froma“coil. Pressurised water
"is then supplied to the cutting head H . by pressrng t he trrgger of the

wat er | ance, and the |ine of..tub cut.ti:n ead dr awn
fromthe t unFFéT""Bya“r‘!u?qrﬁhnﬂ %‘P'& "‘&'rfé‘ ?)‘fqr?‘qé’}h H’ése 'UPF?? euasigget h hgﬂttF? ng

head H trave.hﬁmglrea@ H' readhesnthé prétElheeaEﬁlﬂgﬂgthErmmh lﬁbrg eike kreimoved
effective to, - renove,_any earth or stone ot her | npede
its passage. f"VWe’FF eiAmPCalte %Ucﬁéaﬁpf—\ca' fhre ﬁégletcﬁﬁ bﬁrq'&%? “E’ﬂﬁg'&met 'T"Ibﬁg'g t he
bl own fibre tadighown mammvyed fromits clanp, after whi ch an opti cal f| bre

cabl e can be bl own through the tube in the ‘known mann ‘sone .

" cases, it Bray be plfs¥amg Eases: iepiayche PAESIRIGLP] 'ﬁaiaﬁ"eaﬁe I‘?"’"W heag Rp bé( a

thr eaded ”E"Fﬁ{pré Hreddeti MBmbsr foP Fixirg’ & tHeli@t Jutkng ah@rfol Mréadihg'th buBet Ube
- ¢l anp. be apparent that the nethod and apparatus descri bed above.

could be nmodeemed. For exanple, i'n order to reduce the ampunt of effort

needed 10 install Qg diuBRe Srarindhiindd ApaRA deldfindd d6shd olie
K it

wat er supplied to the lance. wett1 ng agent,
_bi-odegr adabl be impdifisdi For sxemrsgbmsmddar Boedurs ﬂhlemntoustrpbeifeld rbydegm msxatl:hem

¢ vould £ G 6RO 8L bty Paddh Bl HL'EdeR hAE WARUSBHIR oY WERRSTA oS On

line at t e tunnel. engt hs. of
pl astics 15 suitabimwettirigdageet, puls:bhedhmﬂdrbet&le-degﬂaéabl&rasmt e a rﬁnlbesorlsaonoglded

in, the leng bei | ued together, as they are added, using
pl astics col Et’r‘%su dbh’é?%@ {Oat?e'ﬁhe i nvention results in a time-saving of

appL o>0<I imately 70% (t\Waml ammmdsrmetth mﬁtamdawhg)mMoUsnaguarnemdabmissxbnI I
nmet hods or those uytili si c nol es rade of. di.rect. burred
t el ecommuni cdb$ BhE'e 2 e PO HE m? °‘F§-é'a%2""1*ﬁ'. s °é§§§'ﬂ8@ Tengtheof Alesge

grass, flogekudiessondbeiishéd obdrathe Wabesishe mnﬁmdeg %Hd%dtruptf@abnjthﬁmf

garden The met hod requires the di g of only two - smal | pits, one
at either enduRipg PﬁBgﬁ‘é‘éﬁm%Fﬁ'éF'tﬁ’rg‘%Maﬁ?ﬁ?% “F'@Fr‘i’éa(sHF%ﬁ%'Hscosts At the

sane time, there i $ndlingtHBdSEAnalirveritn RRRukirPd BRve- statmb cﬂ%ﬁﬁro&h‘ﬁﬂtéw ADBESS
and to the.custoner’'s property. Mreover, the. method e inventijon

i nvol ves a 2#when pemeparge yith gandage PPefbHQP%h ARsh backfij! %‘ﬂ@sﬁéwet‘ﬁ"'ﬁ’agry
out. Al thoughnbliRafiEembRe) Aithé BBgraby 8P birkt dutiel RbIEEHRAURETEHS link cLisfontdie

20 feéds. This assumes a mixture of grass, flower beds and paving that would be.
considered a typical front garden The method requires the digging of only two
small pits, one at either end of the feed, and this minimises re-lnstatement costs.

’ _ At the same time, there is minimised disruption to areas that have pubhc access

and to the c_ustomer s property. Moreover, the method of the invention involves a

25 single man, low skill operation, and so is eheap to carry out. | ,

Although the metho_d of the invention is intended primarily f_or_ the

reblacement of drrect, in ground, customer drop cables, scaled versions of the

technique could.be used to repiace any of the other utility lead-ins, for examp!e gas

- pipes, water pipes, electric cables etc. In,additiun 'to the customer premises to

30 curtilage- lot:ation,'scaled versidns 'of the technique could be used for replacement

~ of directly buned cables, ducts and pipes throughout the network lnfrastructure of

all the utilities. In particular, for telecommumcatrons applications, in addition to the

~ customer drop provision, the m'ethod of the invention could be used for the .-



repl aceme A ect., in ground: cust oner drop cables ns of
-the techn:‘gugé%iggd be used to replace any of the ot her utﬁlty |eanl ns,

for exanpl e gas pipes, viat er “pi pes, eIectrlc cables etc. In- addition to

t-he custoner premises to 30 curtilage | ocati on, .scal ed versions:of the

t echni que coul d" be used for. replacenentg of d|rectly burled'cabhes, ducts

and pi pes throughout the network infrastructure of "all the utilities. ILn

particular, for telecomunications appllcatlons in addition.to the

cust omer dravﬁﬁcsmem andovparadieg ptdistibusion cables iy frantage, "doorplogies,dethe or t he

9 CLAIMS 1, f t | i (H)

Paving e oreipsemn B BGuaRRAG 1RHLS cAOURRSRALL: e rANEhe G il TRV

~ pre-inst al teptacementyeft klogkediead:in duEts. gui de neans (7). being connected to and
radially offset fromsaid tunnelling head so that, in use, said. tunnelllng
apparatus forms a tunnel, spaced from. and substantlally paral-l el 'said
pre-install ed el ongate nenber 'sai d appar at'us bei hg characterised by 10
said tunnelling head (H) conprising a water jet form ng head; said

‘appar atus further - -conpr.i-sing a length of plplng (8) for carrying vater to

-sai d head, said piping being connected, in use; to-sai'd head and extendlng
rearmardly fromsaid head and haV|ng_sufficient rigidity to enable the head

to be manual I'y pushed”using said piping, and 15 ' sai d gui de neans

bei ng rel easably engageabl e-with said pre-installed el ongate nmenber. 2.

A method of installing a transmission line in the ground, using the

. tunnel ling apparatus according to claim1, said method conprising the steps

of: 20 | - -engagi.ng .said-guide neans (7) with a pre-installed buried
el ongate nmenber; attaching said piping (8) to sai d head (H); supplylng
pressurised water to the head (H); -manual | y pushi ng said piplng
substantially in the direction of said pre- 25 installed buried el ongate
menber, to forn1thereby a tunnel alongside said pre- installed buried
- elongate nenber; and positioning a transmission line in the tunnel so
formed. 3. A met hod .according to-claim .2 wherein-sai-d transni ssion
. lineis a 30 ruggedlsed optical fibre and said transm ssion |ine
p05|t|on|ng step.conpri ses: R ST R



Wit hdrawl ngmmgunnel I i ng appa
tunnel . A met.ho( 2, 'wherein said

transmssmn I|ne is an optifa Y ransm ssion |line
positioning step conprises: idheraw =Rf-thestdhel | | ng apparatus; and 5
propelling.said Tibre alrong tne LUﬂne| bg' the fluid drag of a gaseous
medi um passed thr A rret hod accor di ng to claim2
wherein said tran '@Hﬂ@iﬂ! E m an fibre and said transm'ssion
| i ne positioning s vvithdraWingthetunhe_IIing

. apparatus; -positioning a tubular. pat hway wi thin-the tunnel; and passing a
gas al ong the t ubul ar pat hway tQ propel said optical fibre by the fluid

~drag of the lgas. fsmeghod. of 'Wtﬂ'ﬁ‘f%éd ’éEi’BFE‘PHg"'{eo"bF%H rungh gnei ey

transm ssi oRomipRgink Qh@&eﬁ?hf fétmirlg @Etﬁmeﬁi’ﬂ%é %'r&lmfdr %?dlé’@ods'nﬂﬁed by
posi tioning step conprises: connecting tubing sai d tunnel I'i ng apparatus

. wi t hdr awi Bg atwetqwﬁmea Ihead angh piping; frs wpamrtgheremmeq! wates thhedheas egdt he
tubing thr Ogﬁgmkni g %%l’\s i8on line i the“ﬁ‘ﬁﬁél“gvlgfea 3:'1&%9::@%‘ Qnéé&bétﬁﬂgsrao

propel the dptica on sal tub| n drag of
A net hod -ac®0®- msmyetl obuﬂedl ﬂomatmgnenhersavdman@ailynpesum the rpiping mnretbpt i cal

fibre, and ep i ncl udes: 25
‘renovi ng thgaﬂm"/g % ] e@ ?’ e'I"J gﬂagg%hkhgrom € pi pi ng; connecting a
second head (H) to the pipi ng, attaching tubing (8) to the second head

G ng 981 ¢t i Ao TRPBLAR CREeF, 10, s oty Ririeih T pGariaFRE et 8"

. -tunnel l'i ng apgged&edsqpnsal fibrla awttictc nyodded rigto ma whnelgefter thaimolb duly mht i on

and _r oddi ng' sai d fi bre pcrigBoksTe

(1D); | anc_;l e révgr? rrerrber (7) attached to the main body portlon (1);
3. A method as claimed in claim 1, wherein_the tra_nsmis'sion'_ line 'ts an optical

15 fibre transmission line which is propeiled along the tunnel by fluid drag of gaseous .
‘medium passed through the tunnet. the optical fibre transmission line being -

~ installed in the tunnel after the mole has been withdrawn. -

4.' A method as claimed in claim 3, wherein a tubular pathway is po.sitiOne_d
20 within the tunnel prior to the prepe'lling of the optical fibre transmission line, the

opttcal fibre transmnssnon hne bemg propelled along the tubular pathway by ﬁmd' B

(drag of said gaseous medium.

5, © A method .as claimed in claim 4 wherein the tubuiar pathway is .
25 constltuted by tubmg whlch is connected to the mole at the head end thereof, the

_ tubmg being positioned |n the tunnel by subsequently wnthdrawmg the mole from
the tunnel. '

' 6 -~ A method as claimed in claim 5, further comprising the step of removing

- 30 the head from the piping of the mole, connecting a second 'water-jetting head to

| the ptping, attaching the tubir_t_g'to the second head, and removing the mole from
the tunnel. . - | '
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" of clair® seleng the sidgef thergui

sai d gui de westrmu 7) be| ng si zed and shaped for. engagenent mbmsmsn-
i nstWr aracterised in that: 5
said elongate main body p rTHISFBHEETfMSTBHEMII h .a 1 ongi t udi nal.l y- ext endi ng
' -bore mﬂmﬂmﬂu prcéssurlaeelmﬁﬂar to ja-deflection face (4) forned
Wi t hi ”Jﬂﬂport B g8 —renber is attached to the nain
body portlon i " tHe regi on of - the deflectlon face, sai-d nmain body portion
“further being fornmed wi-th an axially ext ended sl ot (6) on-the other side of
t he defl ect?.0n faftecuttlngt headotore walter-jéfed shaie, thei cugting ihgad: comiptising han bore

-and t endi bod th b

ot orhe™ ' et Aot w5, S, ed Shih 8 Mp BBl eldBbnh B ter (51
“which, i n uspplying presstrisedclvatel anga tdetiectione faxke tdrmeguumn mad'ntxhebody '

. def | ect f b h t d f t t [ I
he bor e o AR oF e HenE fhy Bl 1 malf Foey i JERG BURR, TSy
Wlm ch, 8| rsmlmwcﬂ&tsﬁmdﬂﬁgmztwmh?egueﬁlg mamfd d. srﬁped for fjhdagaglenﬁqgmé @i ng( E:, ;3
claim erel.n e e ecti on ace | S adl N ore
ormat ) " e OSBRIy A SR SEercae SIat FORTSRAR DR SR PoSY PRTIER Y g

~sai d | ongi tyudidiRér £18¢ of tRe defldLtidR face for wao@mﬁé diobbelnd AligAbd"\wWithOtheC! ai M
"9, -wherein said free end of the main body ‘a) i&)’ortlon Is-tapered. 11. A

head. accor 9% ang extending.tothecfrae opd S’ft'd'e 1'03'" cPaTtion, sheraby, defining a5
first, %&ﬁﬁil Weétg& W&Qeﬁ%ﬁ:’ﬂs er&kePQﬁtts'aoﬁ‘Jnﬁ&) at
tion. . head as clalmed in any one
gﬁe ajdithe dﬁﬂ?ﬁi@f‘ f@qg beiﬂﬁrﬁFlF% 88 te dgflgcsomeng. 30
- 13. A he n e 0 7
s fixed t g&}t - erélgér{ %Jagyefooaﬂnl@oﬁ% bw& Eﬁ ?reﬁ'ghﬂ E?&&Eegllgéb e£érlflgg( [ )s
_detachabl y dsutepmdneatet {5t thichyin nsa@whpepwrdhe (gmyde member.

pOrtion is syseydelRf priduBin

g%
the rear end of the.min

8.'.. . .A cutting head as-claimed in" claim 7. whe'rein' the  deflection face is
15 defined by a radlal blmd bore formed: in the mann body: portlon, the radial blmd bore

intersecting sald f:rst-menttoned bore

9. A cutting head as claimed in claim 7 or claim-8, whereiﬁ-said-free .end of
the main--bod.vportion is tapered.. . -~ -

20 - | | |
10. A cutting head as ;clairﬁed'in'__any. one of claims 7 to 9, _wherein the main
body portion is provided with an _externally-fhreaded_'.exte'nsiqn portion at-that-end

thereof remote from the- axial siot.

25 11, A cutting head as claimed in any one of c_laims-? to 1'0, wherein the guide

-~ member is constituted by a guide 'ri'ng. :

12. A cutting' head as claimed in claim 11, wherein one end of the guide ring is |
'ﬂxed to the main body portion, and the. other ‘end of the ring is detachably flxed to
- 30 _the mam ‘body portion. '
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