WO 03/ 031762 PCT/ GB02/ 01026 METHOD OF FORM NG A TRENCHLESS FLOALI NE
Background of the Invention The present invention relates generally to a
met hod f owofoamsai7zey a fl owl i ne and, nore particularly, toPraTrabot26f
directional boring a trenchless flowine bore using sight relief holes to
set the proper grade and |line and to prevent the pressure frombuilding up
about the pipe as it is placed within the flowine bore. Proper
installation of underground utilities such as stormsewer and sanitary
sewer lines require boring a linear flowine. It is desirable, and

oftenti mes mandatory, to install the flowine at a constant grade from one
end of the flow METHOD 0F BORMING IAERENCHIRESS FhOWLINEI ne i s conpl et ed,
a lanmp is shown at one end of the line. If the lanp is conpletely visible
at the opposing end of the flowine, then a substantially constant grade
has been mai ntained along the length of the flowine, and the flowine

will eff i ral .the proper direction. In the past, a nunber of
nmet hods ﬁg@éﬁ eenoqlﬁlgéegl\) %tlclhpnstall pipes with flowlines. The primry mnethod

of construction is open digging or trenching. To dig a flowine, a large
trench is dug along the entire length of the line. Typically, a trench box
is placed within the trench to protect workers |ocated within the trench.
The box The presensdnyentipe nelates igegerallyoieg mpkop deiogmingweilpwhng ab 09It al | at i on
as the flowine is CONFI RVATI ON COPY

particularly, to a method of directional boring a trenchless flowline bore using sight

relief holes to set the proper grade and line and to prevent the pressure from building

up about the pipe as it is placed within the flowline bore.

Proper installation of underground utilities such as storm sewer and sanitary sewer
lines require boring a linear flowline. It is desirable, and oftentimes mandatory, to
install the flowline at a constant grade from one end of the flowline to the other.
Ideally, once the flowline is completed, a lamp is shown at one end of the line. If the
lamp is completely visible at the opposing end of the flowline, then a substantially
constant grade has been maintained along the length of the flowline, and the flowline

will effectively drain in the proper direction.

In the past, a number of methods have been used to install pipes with flowlines. The
primary method of construction is open digging or trenching. To dig a flowline, a
large trench is dug along the entire length of the line. Typically, a trench box is
placed within the trench to protect workers located within the trench. The box is

moved incrementally along the path of the flowline installation as the flowline is

CONFIRMATION COPY



WO 03/031762 PCT/ GB02/01026 2 being built. Gavel and earth are placed
around the pipe to naintain the location of the pipe, and the trench is
subsequernwby3bawk2 fill ed after the trench box is noved deam/GBveopath of
the flowine installation. The open digging process suffers froma nunber
of significant drawbacks. For instance, open trenches are hazardous for
wor kers open digging the trench. It is possible for equipnment and ot her
objects to fall into the trench and strike workers therein. Also, it is
comon for large sections or clods of2earth to dislodge and tumble into
the open portions of the trench not protected by the trench box. Since soi
typically weights nore than 100 pounds per cubic foot, even a small section
may cause serious injury or death, particularly at the depths at which

many fl obkinp@siler Sravel shalehel areLpl&%Wl &#6undoe hipd RNGBRSIP FIRSBBiticANoObVI ous
danger to children and other bystanders The sheer size of the trench

requ”edtﬁegﬁg?#)%ﬁ ﬁiegﬂéevo ﬁﬁgth knﬁﬁ&%ftélfthepc?éiﬂa%& 1s%n Qat deal

of tinme an I ggl ng and i ng eac trench.

Al so, Eﬁ%ﬁ#@ggﬁfgi gpln H_h as urban environnents, sinply do not

have conv o?he trenches may be dug Addi tional ly,
the excess trench materials nust be haul ed away at the expense of the
contractor or owner of the wutility being installed.

The open digging process suffers from a number of significant drawbacks. For
instance, open trenches are hazardous for workers open digging the trench. It is
possible for equipment and other objects to fall into the trench and strike workers
therein. Also, it is common for large sections or clods of earth to dislodge and tumble
into the open portions of the trench not protected by the trench box. Since soil
typically weights more than 100 pounds per cubic foot, even a small section may
cause serious injury or death, particularly at the depths at which many flowlines are
installed. Likewise, open trenches present an obvious danger to children and other

bystanders.

The sheer size of the trench required for open digging also causes a number of
problems. A great deal of time and effort is devoted to both digging and refilling each
trench. Also, many digging locations, such as urban environments, simply do not
have convenient locations at which the trenches may be dug. Additionally, the excess
trench materials must be hauled away at the expense of the contractor or owner of the

utility being installed.



WO 03/031762 PCT/ GB02/ 01026 3 Many ot her problens are associated with the
open di ggi ng process. For instance, restoration of the site to its

condi ti onwpro3os176D i nstallation of the flowine is difficwelCT/GBo/o1028
particularly difficult to restore the continuity of the pavenent and ot her
ground conditions at the installation site. Also, the costs are
substantial to fill around the pipe wth granular backfill to keep the
pipe in place. O her problens include the difficulties associated with

di ggi ng under inclenent weather condrtions, the negative environnental

i npact of the open digging process, expensive renoval of water from the
ground prior to digging, and the high fuel costs of operating open digging
equi pnent. Additionally, the inpact on businesses and the | ocal econony,
envi r onndaby abtr proldbms \arehissotibedi witly ks bpenTl digging prdokessf Hdreastamegat i ves
into consideration, other nmethods such as tunnelling and auger boring are

somet i rra@stufdubnwmém td it9 vbriditor redrab atdIRASA of e floddindlid didfdulovt | ne by
tunnelling, large pits are dug at the entrance and exit points, and

tall b
oper at ed" S°RE! e%’edﬁ. R A R e %é%%%‘%fﬁl 'H?ffh?y ’
f th t th t t hi
the bor eoBgtiepRpuF e s sl FRE whinel b Sl PERCR =R B "Cur the
soil. At the end of the installatigon, the tunnelling equipnent is detached
from t heVidi gBanHer baskiilbdo rkegpn thePipsiip page.  Other problems include the

difficulties associated with digging under inclement weather conditions, the negative
environmental impact of the open digging process, expensive removal of water from
the ground prior to digging, and the high fuel costs of operating open digging

equipment.

Additionally, the impact on businesses and the local economy, environment and
quality of life is great. Taking all of these negatives into consideration, other methods
such as tunnelling and auger boring are sometimes utilised for flowline installations.
To install a flowline by tunnelling, large pits are dug at the entrance and exit points,
and the installing machine is located within the entrance pit. The machines may be
operated either within the confines of the machine or remotely at the surface. In the
tunnelling method, the pipe is jacked into place within the bore by hydraulic rams as
the tunnelling equipment is used to cut the soil. At the end of the installation, the

tunnelling equipment is detached from the pipe and removed from the exit pit.

While the tunnelling process overcomes some of the problems associated with open

trenching, it too suffers from significant drawbacks. Since the tunnelling equipment



Whil e the tunnelling process overcones sone of the problens associated with
open trenching, it too suffers fromsignificant drawbacks. Since the
tunnel | i goagsaent WO 03/ 031762 PCT/ GB02/ 01026 4 requi PEX/GR2i0NERS6 al
smal | er dianmeter bores is conplex and expensive, it is uncommon for
tunnelling to be used for bores of |less than three feet in dianmeter, and
oftentimes cost prohibitive for bores having a dianmeter of |ess than two
feet. Also, tunnelling equipnment is bulky and heavy, and cranes are
commonly needed to |l ower the equipnent into place. Mreover, a significant
area nust be set aside above ground for placenent of the equi pnent used to
gui de the tunnelling machine and recycle fluids during the tunnelling
process. Also, in the tunnelling process, the pipe nust have sufficient

st rengt hreguired tchisstatlcsmdiler flimpes bofestih eomphix ki experastkes it iSneedmmon ot her
pipe materials that have the strength to withstand these forces are

suscept i firewirellony todsi wed fof batsLel leks Mah tiree S lin GRARE:] ﬁﬁ!lsofteﬁﬁm% sewage
or storm wat er drains. ThUS it is somet i nes necessary to p ace a carrier

pi pe wi t fpigp H}ﬂblﬁ'vé’?oﬂ mEﬁhéﬁﬂ%Qﬁﬁtﬂﬁeﬂb‘P ?g h*}aﬂg%;vlo% oo, %!gﬁelﬁﬂg.s expense

bot h during |nsta | ati on and I nt enance o I ne. i oned

above, a rin s..& $9,.Reen used as an alternatiyv to 0 di ggi ng.
Simlar ?‘g&élﬁgﬁt lﬁ'nﬁulﬁlﬁl %ngd %r BedBd AR A HECURGO pee& &s @%B[}B at the
endpoi nts of the de |re | i ne, and ﬁn auger nachlne is set into place

Wit hi n offBuRypeRtigo HeRYH1 4 Hghi %%la?eé naysé pe s @sids ahoyegrgund 1o6r 1§ ght)

of augers, and the auger s are
placement of the equipment used to guide the tunnelling machine and recycle fluids

during the tunnelling process. Also, in the tunnelling process, the pipe must have
sufficient strength to withstand the forces of the hydraulic jacks. Steel and other pipe
materials that have the strength to withstand these forces are susceptible to corrosion
if used in acidic soil conditions, or as sewage or storm water drains. Thus, it is
sometimes necessary to place a carrier pipe within the pipe installed by the tunnelling

method. This adds expense both during installation and maintenance of the flowline.

As mentioned above, auger boring has also been used as an alternative to open
digging. Similar to the tunnelling process, entrance and exit pits are dug at the
endpoints of the desired line, and an auger machine is set into place within one of the
pits. A cutting head is fastened to a length (or flight) of augers, and the augers are
shoved through the pipe that is to be installed. Additional auger flights are added to
the machine and pushed forward using a jacking process. As the bore is formed, the

material from the bore hole is removed by the screw-like augers.



shoved through the pipe that is to be installed. Additional auger flights
are added to the machine and pushed forward using a jacking process. As
t he bore wo oBosrmezi, the material fromthe bore hole is reconGRI2ION26hhe
screw | i ke augers. WO 03/031762 PCT/ GB02/ 01026 5 The nost significant
drawback to auger boring is the | ack of guidance. Extreme care nust be
taken prior to setting up the auger boring machine to ensure that the
machine 1is at the proper grade and line. In the auger boring process, a
carrier pipe is required for two reasons. First, the pipe is |ocated
within the bore by a jacking process simlar to tunnelling, and nust

w thstand the jacking forces. Secondly, the grade and |ine of the auger
bore are oftentines incorrect, and the carrier pipe is installed within the
outer pi Mhehostsighifichet drewbdckead aggad@dring s the dadk afiguidenche Extrpme birens,
installations of significant Iengths require expert operators and are

di f i cul tnfsPhE RRBY BEi6r fo'seRinkuFRthY auﬁe?@oﬁ@é‘ﬁia@ﬁﬁ@to Qi?éil?@ﬂlat the nideiess the

probl ens of the aforerrentlone met hods rectional drilling nachines,

such as i¥§§¥ﬁﬁﬁ SE have
been devw%gg%sﬁggréﬂ %ﬁg‘?l y :}]ﬁ g& Sﬂogv\/-ﬁr SF\%NJSCE ri g g 1r|e§:'2‘ i's

pl aced on the surface at_ a distance frgmth ired. starting |l acation of
Phe bor oo ORGP Fisgh 18 g Heas APiZOutR Brebai PY A ISUaR MOGRSHEERd ¢ hr ough
the ground along a pilot hole fromthe surface of the ground to the
desired $ tnnelhige, andanps rwithgteard thesjacking forces. Secondly, the grade and line of

the auger bore are oftentimes incorrect, and the carrier pipe is installed within the
outer pipe to meet the required grade. In addition to these problems, installations of
significant lengths require expert operators and are difficult to complete in a timely

and consistent manner.

To address the problems of the aforementioned methods, directional drilling
machines, such as those sold under the tradenames DITCHWITCH, VERMEER and
CASE have been developed to directionally drill flowlines. A drilling machine is
placed on the surface at a distance from the desired starting location of the bore.
Downhole tooling is attached to a drill stem and drilled through the ground along a
pilot hole from the surface of the ground to the desired starting location, and then
along the path of the desired flowline. Additional sections of drill rods are added to
the drill stem as the pilot hole is made. Electronic tracking components are disposed
on the machine and downhole tool to guide the downhole tooling as the pilot hole is
drilled. Once the pilot hole is complete, a hole opener such as a reaming head is
placed on the machine and the pilot hole is backreamed to create the desired bore

while the pipe is being pulled into place.



along the path of the desired flowine. Additional sections of drill rods
are added to the drill stemas the pilot hole is nmade. Electronic tracking
conponentwoas®3dbssposed on the nmachi ne and downhol e t ool PCO/GRI2MEN26 he
downhol e tooling as the pilot hole is drilled. Once the pilot hole is
conpl ete, a hole opener such as a reamng head is placed on the nachine
and the pilot hole is backreaned to create the desired bore while the pipe
is being pulled into place. WO 03/031762 PCT/ GB02/01026 6 While the use of
directional drilling nachines elimn&es many of the problens associated
wi th open trenching, the nmachines al so suffer some serious drawbacks.
Nanmely, the electronic tracking conponents are not accurate enough to
install the bores at the line and grade required for flowine bores. Thus,

di rect i onadile it sk néF dﬁ‘&ﬁi@hﬁleariﬂihg ts¢tahdsyelithinkies adadyprofuhé Iprbblems t hat do
not require very accurate |ine an grade, such as phones cables and

pressur eﬁ&ﬁﬁt@ﬁitfﬁb% trRhdHEP tfle Thoflinkd |a1s9%?i%ﬂtsgﬁé sekiBlY aFybapgei fic

lines and grades are few, and’'the success rate has not been high. Wth
current t hod n the flowine is. drilled at Lankfic th and/ or
the gr adlg‘%ingg' ’ ﬁﬁ %ﬁwg%ﬂp&gtﬁm}mgmﬁ 8119 n?cgu{a?eagﬂ(?ur‘%] %o%g%lnlcejtﬁ s sinply
cannot control the toolin with the required precision. A so,.i.n the
process RIes ahtheylings apd ﬁ(ﬂ%edieﬂ‘éﬁdi w dloviae; bages. ¢ HAU, ﬁ%lrecélloﬂ'?ﬁr‘}“l:hﬁgrai ning in
the bore after the back ream ng process is not always entirely pushed out
of the emdshines are usually utilised for utilities that do not require very accurate line and

grade, such as phones cables and pressure systems. Prior attempts to drill bores that

require specific lines and grades are few, and the success rate has not been high. With

current methods, when the flowline is drilled at a significant depth and/or the grade is

relatively slight, the electronic tracking components simply cannot control the tooling

with the required precision.

Also, in the process currently used for directional boring, the dirt slurry remaining in
the bore after the back reaming process is not always entirely pushed out of the ends
of bore as the pipe is pulled into the bore. Consequently, a great deal of pressure is
developed between the outer surface of the pipe and the bore sidewalls. This pressure
can cause the pipe to collapse, pull apart or deflect from the intended line and grade.
If the bore size is increased with respect to the diameter of the pipe to minimise
pressure build-up, the pipe can float or deflect with respect to the desired centerline of
bore, and the desired grade of the flowline pipe will not be achieved. When floating
or ‘deflection occurs, the flowline bore is quite likely to fail the lamping test, have
high and low spots, and will not satisfy the requirements specified in the codes for

proper installation of flowlines as dictated by local laws.



of bore as the pipe is pulled into the bore. Consequently, a great deal of
pressure is devel oped between the outer surface of the pipe and the bore
si dewal | swOTRi0317p2 essure can cause the pipe to coll apse, poaldBoapars or
deflect fromthe intended line and grade. |If the bore size is increased
Wi th respect to the dianmeter of the pipe to mnimse pressure build-up,
the pipe can float or deflect with respect to the desired centerline of
bore, and the desired grade of the flogwine pipe will not be achieved. Wen
floating or -deflection occurs, the flowine bore is quite likely to fai
the | anping test, have high and |ow spots, and will not satisfy the

requi rements specified in the codes for proper installation of flowines
as dictated by local |aws. WO 03/031762 PCT/ GB02/ 01026 7 Brief Summary of
t he | nverBrigdSuthearpo€grmhvérmtioanti on is an inproved nethod of installing a
flowine below the surface utilising directional boring. The nethod

i ncludes the steps of establishing first and second site relief holes
along a linear path, positioning a directional drilling machine on the

s_ur f ace.’ gl?‘]t }%I‘C%n? 1!1*| I’II?IE)II pge%ne?lﬁn%n%tle@ 11? tﬂo%t PP ?Illﬁ lfl{l TE} h?ﬁ’hﬁ ePOG\P O the

first si ni ng eva orlng ol and

adjusting t borln t ool the sire ori second
portion off ?‘}?emblﬁ“%ﬁ Bcft@n?i)g? gfgté g?(g ‘?&eﬁgﬂee SPB?](‘P?%&%@? ng the
el evation of the boring tool and adjusting the tool to the desjred
el evat i odirst and second site relief holes along a linear path, positioning a directional drilling

machine on the surface, boring a first portion of a pilot hole from the surface to the

first sight relief hole, determining the elevation of the boring tool and adjusting the

boring tool to the desired elevation, boring a second portion of the pilot hole to the

second relief hole, and determining the elevation of the boring tool and adjusting the

tool to the desired elevation.

In another aspect of the invention, a method for directionally boring a flowline is
provided. The method includes the steps of establishing a number of sight relief holes
along the desired path of the bore, directionally drilling a pilot hole, reaming the
material around pilot hole to define a bore wherein a portion of the bore is filled with
a slurry of the reamed material, and pulling a pipe into the bore wherein a portion of
the slurry is displaced into the site relief holes so that pressure does not developed

around the pipe.

By providing the methods in accordance with the present invention, numerous
advantages are achieved. For instance, flowlines may be located with great accuracy,

and at depths at which machines have been unsuitable heretofore. The disturbance at



I n anot her aspect of the invention, a nethod for directionally boring a
flowine is provided. The nethod includes the steps of establishing a
nunber ofweioghs176el i ef holes along the desired path of tRE€THGBR/01026
directionally drilling a pilot hole, reaming the material around pil ot
hole to define a bore wherein a portion of the bore is filled with a
slurry of the reaned material, and pulling a pipe into the bore wherein a
portion of the slurry is displaced into the site relief holes so that
pressure does not devel oped around the pipe. By providing the nethods in
accordance with the present invention, nunerous advantages are achieved.
For instance, flowines nay be |located with great accuracy, and at depths
at whi ch machi nes have been unsuitable heretofore. The disturbance at WO

03/ 0317 6@ ¢ Redd B 9itd RBlessBnédsin€dfewier Uhd knll&i dxeavasiohe amanedediante f ewer
and smal |l er excavations are needed, and significantly |less surface area is

needed fﬁ@gh@ﬁltﬁfql%sogqﬁﬁce MO KOY&RKed If(ﬁsl?lleféggi&nila at. 22YPE 1ds8 fid1gs et g?ds

of the pr8sent rnvention, and the overa costs are reduced.

great inport he wor ki.ng ¢ i tions .are,.nmuch fer. f rkers and
byst andgﬁ? SWBE@HE gleofne%hr‘?gs ngﬁ% p fegﬂ%dﬂﬁenﬁlgg’r a%‘f ?hr% cgnvzftr "iﬂ!) rslgcgélhcg\é\% nﬁg
excavation. The sight relief hales prevent pressure f%o buk%giqg ar ound
the pi pesdiesdalOfEReatpRPory thamopang sendiionssee Wpeh Fﬂgjaf for bgthgy ok 8rd o) y

slightly greater than the dianeter of the pipe. This allows the pipe to be
pul I ed ibyspindems tecauseanfethy reductipm andé eeproglimingtiers of phen excavation. The

sight relief holes prevent pressure from building around the pipes to allow the
flowline bore to be drilled at a diameter only slightly greater than the diameter of the
pipe. This allows the pipe to be pulled in place accurately within the bore. Thus, the
problems of pipe float or deflection can be avoided, and pipes may be placed at great

depths and at very slight grades.



probl ens of pipe float or deflection can be avoi ded, and pi pes may be

pl aced at great depths and at very slight grades. WO 03/031762

PCT/ GB02/W0®2031762 Bri ef Description of the Drawi ngs The prefraBoe1026

enbodi ment of the present invention is described in detail below wth
reference to the attached drawi ngs, wherein: Figure 1 is a schematic
sectional view of a directional bore formed in accordance with the nethod
of the present invention; Figure 2 is an enlarged sectional view of the
stem bore, placed in the ground duriflg the first step of the method of the
present invention; Figure 3 is an enlarged sectional view of the reanmed out
bore after the second step of the present invention; and Figure 4 is an
enl arged sectional view of the drai nage pipe being pulled into the reaned
out bor epHér PéseahERNSRhWDIrbwinkse final step of the present invention. WO
03/031762 PCT/ GB02/01026 10 Detail ed Description of the Invention Wth
reference to Figure 1, the site at which the directional bore is to be
drilled is designated generally by the reference nuneral 10. First, the

centerli ’Pl? o ferre% embodiment of the present invention is described in detail below with

reference to the attached drawings, wherein:-

Figure 1 is a schematic sectional view of a directional bore formed in accordance with
the method of the present invention;

Figure 2 is an enlarged sectional view of the stem bore, placed in the ground during
the first step of the method of the present invention;

Figure 3 is an enlarged sectional view of the reamed out bore after the second step of
the present invention; and

Figure 4 is an enlarged sectional view of the drainage pipe being pulled into the

reamed out bore in accordance with the final step of the present invention.



underground bore is established with respect to the surface 12.
Specifically, the linear direction of the bore is directly marked at the
surface awo oBlog176¢t evati on (or depth) depth at which the IpeTaB0g/0106be
drilled is indicated at each of a nunber of points. In the preferred
method, a transit or laser 13 is placed on the surface 12 is sighted al ong
line 15 in either direction along the centerline direction of the bore at
sel ected points. The grade of the flowine bore is reflected by marking
the depth of the centerline of the Kore with reference to the level of the
line 15. A pipe drop allowance is factored into determ ning the centerline
measur enent s dependi ng upon the size of the pipe and the material from

whi ch the pipe is made. Qther conventional techniques for determ ning the
di r ect i ODetaifsd Deptiptiod of the Inwntienl i ne of the flow ine bore may be enployed
such as by marking grade reference points on stakes or spray painting the
reference infornation directly onto the ground surface at each of the

sel ected points. Next, a first hole 14 is dug fromthe surface 12 at the

desired ti i pt 0 ug from
t he surf érg%é%nggtﬁﬂ%lrm r’?}é‘a %lckaer%%aﬁh%%gﬁ?&gﬁgfﬁ%gﬁg?%%e %%%%r of

si ght ief holes a vat ed between t rst n co | es al ong
the Ii n @WB?“E t§He ﬁ)é Eﬁr”F ghce Junieiply Eﬁy frsty ng Cgflﬁ@e]fr@ Bgﬁ%t s WO
03/ 031762 PCT/ GBOZ/01026 11 at. which the depth of flowine bore is

i ndi cat ethdatgreund boe fsastablissdovith reapacyto the ﬁ‘Fflf@F 125iSpseifically. die see 18 i s

excavated at a distance D1, fromthe centre of first hol e 14, and
direction of the bore is directly marked at the surface and the elevation (or depth)

depth at which the bore is to be drilled is indicated at each of a number of points. In
the preferred method, a transit or laser 13 is placed on the surface 12 is sighted along
line 15 in either direction along the centerline direction of the bore at selected points.
The grade of the flowline bore is reflected by marking the depth of the centerline of
the bore with reference to the level of the line 15. A pipe drop allowance is factored
into determining the centerline measurements depending upon the size of the pipe and
the material from which the pipe is made. Other conventional techniques for
determining the direction and depth of the centerline of the flowline bore may be
employed such as by marking grade reference points on stakes or spray painting the

reference information directly onto the ground surface at each of the selected points.

Next, a first hole 14 is dug from the surface 12 at the desired initial point of the
flowline bore. A second hole 16 is dug from the surface above the desired terminal
point of the bore. A number of sight relief holes are excavated between the first and

second holes along the line indicated on the surface, preferably at the selected points



each of the remaining sight relief holes 20 are positioned at the distance
D2, D3...Df fromthe preceding sight relief hole. Preferably, the

di st anceswbatmem2 each of sight relief hole are equal toPocm&GRROIGIEr, and
the di stance Df between the final sight relief hole and the second hole 16
is less than the di stance between each of the sight relief holes. The
actual distance between sight relief holes varies with each project
depending on the desired grade of the flowine. Typically, for a |less
severe grade, the sight relief hol edlare positioned cl oser to one anot her.
For instance, a typical distance between sight relief holes for flowine
having a grad of 0.5%is between fifty to a hundred feet. Wen the desired
grade is significantly steeper, the distance between the sight relief

hol es mawt béidhnihe elepthdofiMiowhne foueds Shdicdted higthe suefacef Spedificalignhdiyt t he
preferred enbodi nent of the present invention, the holes may be placed at

i rregul akighficlieARsled 8fis exeRaRd A0 aldience BV frbMSheB&fre ¥¥@B: hdlS 14 gl i ne is
to be installed under an obstruction such as a road or building, the sight

oL el Paroy e hacad b ehatel a8 BLaLI SR Bdpaty) g from
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relief hqle |.s established dril Ling,.  di gging or otherw se excavating
Vert 1 cal Rt bR Frehsdtte SeNaptih ol e reda i et i aen Dbt GenebtBine. of the
pi pe, althaough greater or |esser depths may be desired in some cases. For

i nst ance relief hplsere\eren @ 917 gpothery phthe distaws Drbptween the final sight relief

hole and the second hole 16 is less than the distance between each of the sight relief

holes. The actual distance between sight relief holes varies with each project
depending on the desired grade of the flowline. Typically, for a less severe grade, the
sight relief holes are positioned closer to one another. For instance, a typical distance
between sight relief holes for flowline having a grad of 0.5% is between fifty to a
hundred feet. When the desired grade is significantly steeper, the distance between
the sight relief holes may be increased while equidistant sight relief holes embody the
preferred embodiment of the present invention, the holes may be placed at irregular
distances from one another. For instance, when the flowline is to be installed under
an obstruction such as a road or building, the sight relief holes may be placed on
either side of the structure departing from the pattern of the holes not affected by the

obstruction.

Each sight relief hole is established by drilling, digging or otherwise excavating
vertically to a depth of about one foot below the desired centerline of the pipe,

although greater or lesser depths may be desired in some cases. For instance, if the



pipe is to be placed at a depth of twenty-five feet at a particularly
point, the sight relief hole at that point is excavated to about
t went y- siwofoe@si76The di aneter of the sight relief holes iPSTd&RORON2ed by
the soil conditions of the ground at the site 10. If a pipe having a
twelve inch dianeter is to be placed within the directional bore, the
sight relief holes typically have a dianeter of between twelve to sixteen
i nches, although other sizes may be utilised. In the preferred nethod,
once the sight relief holes have bebh forned, a soft material pipe is
pl aced within the holes to hold the holes open while the flowine bore is
drilled as described below. Alternatively, a hard material pipe my be
placed in the sight relief holes due to soil conditions or other sight
speci fi CpipeasenNse plaeli Gla Gt oPtpentyiverfeal £ o paticderlplojntj thylsighl ori de
(PVO), ngh density pol yethylene (HDPE), | ow density pol yethyl ene (LDPE)
or car dbAgkBnok U Ryt IDERLERed R dholt RRrIPLEI 8l YRYIdthmetsi! srdge st el or
r e re

concrete. Ior to or after t si ght I ef” hol es have been excavated, a
di ti bor i .machi i ot . f i [ I
bor  ng. naERTRGeHesdf SEerBied oyl S8 cotBivdlh SHLERundin Sl 38K PTon of

the bore stem under the surface of the round, . The chine is placed at a

suf fi ci epipe dieEingrit BV§lye abndapetes ds %P%p%geéepﬂ{%&e g]ﬁ%‘g’(‘]’{)@n%?’etﬁl? ool i ng on
the bore stem (or downhole tooling) may be drilled to the desired depth at
whi ch t heighti redief ihotesl tybisaBy ihave @ ieter afnbetivegn ywelde gp| sxtepoinehess dril | ed

along the Iine schematically indicated by line 24. When the bore stem of

t he bori Aghouph WihdreiR2 niBebheslisedi tihahe peifertemetiodhohee the, sigheelipbsi ti on of
the bore stemis

holes have been formed, a soft material pipe is placed within the holes to hold the

holes open while the flowline bore is drilled as described below. Alternatively, a hard
material pipe may be placed in the sight relief holes due to soil conditions or other
sight specific reasons. Typical soft pipe materials include polyvinyl chloride (PVO),
high density polyethylene (HDPE), low density polyethylene (LDPE) or cardboard

tube pipe. Typical hard pipe material would include steel or concrete.

Prior to or after the sight relief holes have been excavated, a directional boring
machine 22 is set up on surface 12. The directional boring machine has electronic
guide means for controlling the position of the bore stem under the surface of the
ground. The machine is placed at a sufficient distance from the first hole 14 so that
the downhole tooling on the bore stem (or downhole tooling) may be drilled to the
desired depth at which the directional bore is to begin. Initially, a pilot hole is drilled
along the line schematically indicated by line 24. When the bore stem of the boring

machine 22 reaches initial point 26 at hole 14, the position of the bore stem is



WD 03/ 031762 PCT/ GB02/ 01026 13 checked. Preferably, the depth and |ine of
the bore stemis neasured with respect to the |aser beam 28 enmanating from
transit 1O 0BHO3L7hE el ectroni c control means of the directPcorGio2ioorsng
machi ne 22 are not exactly correct and the bore stemis not in the proper
position, adjustnents are nmade to reposition the stemat the proper depth
and centerline. Also, the grade of the downhole tooling is checked and
adjusted to match the desired grade of the flowine. Next, the downhole
tool affixed to the bore stemof thelboring nmachine 22 travels along the
path indicated by nuneral 30 until reaching the first sight relief hole 18.
The di ameter of the hole is preferably about four inches. Wen the bore
stemreaches first sight relief hole 18, a pole 32 having markings or

gr aduat i einekeB Pef@hiAgethe\dehihi 4hd lideeoffthe BéreSteghis hmetsuedd With eesp8t tdhe pol e
is used to determ ne the elevation of the downhole tool and bore stem In

the pref glng r%@m%eﬁ%ﬁ%ﬁg 'ffonil%raﬂﬁ%.t@ffgeae%ﬁ%mrc%nu@i #HeAMCSr et ween t he

downhol e tooling of t 0 stemand the beam 15 to ensure that the grade
of the flow.ine.bore is.proper. If the bore st i 0 t. - ired

dept b andTeHtag FREEIEREICTE e net sk BBe it o he R b BEEEE L ng
the controls on. the _machine. Specifically, hhe center of tHe Eor stemis
or i ent edPEPeE PRSI, BHUSIREREY ﬁeéﬂ@ettﬁéeﬂ?ﬁﬁ%ért ¢ siom dfhe REIPSf AEPRIADL hol e

(and ultimately the flowine bore) is precisely positioned.
centerline. Also, the grade of the downhole tooling is checked and adjusted to match

the desired grade of the flowline.

Next, the downhole tool affixed to the bore stem of the boring machine 22 travels
along the path indicated by numeral 30 until reaching the first sight relief hole 18.
The diameter of the hole is preferably about four inches. When the bore stem reaches
first sight relief hole 18, a pole 32 having markings or graduations 33 is placed within
the first sight relief hole 18. The pole is used to determine the elevation of the
downhole tool and bore stem. In the preferred method, the pole is used to measure the
distance between the downhole tooling of the bore stem and the beam 15 to ensure
that the grade of the flowline bore is proper. If the bore stem is not at the desired
depth and along the proper line, the relevant adjustments are made using the controls
on the machine. Specifically, the center of the bore stem is oriented at the proper
depth and the proper line so that the pilot hole (and ultimately the flowline bore) is

precisely positioned.



WO 03/031762 PCT/ GB02/ 01026 14 The process is continued at each successive
sight relief hole 20 so that the bore stem is directed along the proper
pat hs i ndwoatmsii7by |ines 34, 36 and 38 in Figure 1. SincePcCrheBokioneséand
depth of the bore stemis precisely adjusted to the proper position at each
successive sight relief hole, the slight displacenent of the bore stemthat
occurs between each sight relief hole is not conpounded, and an extrenely
accurate path is defined. Finally, the bore stemis directed along the
path indicated by line 40 fromthe I14st sight relief hole to the termina
hole 16. Wth reference to Figure 2, the pilot hole is shown at term nal
hole 16. At this point, a conventional pre-ream ng head is placed on the
end of the bore stem Typically, the pre-reaming head is slightly |arger

than t he Thgtpescetd Rrodhafiuedl atteéach Ricoessive sitht PAIRE@dle 30 tdiiliat teobostem For
instance, if the flowine pipe to be placed in the bore is twelve inches

in di ameteg éhealﬁﬂeggm%#g@ég%aﬁﬁqui&e}f&i 6Rkihd D18Scandi3MRIKEET. aput tvel ve

and one- alr?cttl nc e-reaner 1S pulled back through the pilot hole

toward injitial hol in the di.rectign of t rrow in F.gur to forma
bore ind&§£ﬁ§ é%@ﬁﬁ%ﬁ@eggna et B ?a@ﬁ??ﬁSO?EEHBP%H¥E§%56§6%?ocess,
the soil is mxed jntqQ.a_slurry by the injection of an aqueous sol ution
wat er (aﬁBCOSWYenélgilT teligd hole, 1he iieh g‘@%ﬁ’?&?ﬁ* of e hrze ssfenéttﬁ’t‘th%ccﬁ’fse- reani ng
head. The aqueous solution typically consists of water, boring fluids,
concent r deeeen gach sightpsligikoels impoti compounded and Ae exiremelyrascaretenatios

defined. Finally, the bore stem is directed along the path indicated by line 40 from the

last sight relief hole to the terminal hole 16.

With reference to Figure 2, the pilot hole is shown at terminal hole 16. At this point,
a conventional pre-reaming head is placed on the end of the bore stem. Typically, the
pre-reaming head is slightly larger than the outer diameter of the pipe to be placed
within the bore. For instance, if the flowline pipe to be placed in the bore is twelve
inches in diameter, the pre-reaming head typically has a diameter of about twelve and
one-half inches. The pre-reamer is pulled back through the pilot hole toward initial
hole 14 in the direction of the arrow in Figure 3 to form a bore indicated schematic as
numeral 42. During the pre-reaming process, the soil is mixed into a shury by the
injection of an aqueous solution water (and boring fluids, concenirates and/or
polymers) at the pre-reaming head. The aqueous solution typically consists of water,
boring fluids, concentrates, and/or polymers as is known in the art. The solution
mixes with the soil so that it will flow and fill around the pipe. This allows the pipe to
be pulled in with less resistance and eliminates voids around the pipe as described

below.



mxes with the soil so that it will flowand fill around the pipe. This
allows the pipe to be pulled in with | ess resistance and elim nates voids
around t hwopBp#a176s descri bed below. WO 03/031762 PCT/ GBORC@AEB/01@6 The
tooling is conventional for use with directional drilling machines, and is
known to those of skill in the art. Nanmely, once the bore stemreaches the
initial hole 14, the pre-reamng head is renoved and a pushback cap is

pl aced on the bore stem The pushback cap is directed through pre-reaned
hole 42 frominitial hole 14 to termilfal hole 16. Finally, as shown in
Figure 4, a pull cap is connected to the pipe and the pipe is pulled
through the hole 42. As the pull cap 46 (shown schematically in Figure 4)
is pulled through the hole, the soil slurry is pushed by the pull cap and

pi pe 44 iThé olifigis congbitional fousheitidirkaional drélligg biaehipes aadiskdeinween t he
bore sidewalls and the pipe. Once the pipe is in place, the unfilled

portion ﬁfosf]gP?ﬁiIQHtﬂaJ &) ?\faﬁg%}lr,e(ﬁlcé'iﬁe bork lskth YWakhes 86 3Yigh1 RSl Quhge Sui table

material. T or egol ng et S are nore accurate than relying upon the
el ectronic directional nea the . directional borin chi ne -al one, and
a1 Tow foPerPaRiERar se At nel  ahdudet 88 P gL Wi ugRige Bellai 1 o
on a consistent basis since the pilot hole path is.. illed with great
preci si oBush P@%?aptlﬂélrﬁfts%ﬂgﬁgg Prea@ew%ggﬂe&ﬁ korg lﬂlﬁeﬂfiwgsmalﬂp gzt dept hs
are avoided by the use of the sight relief holes. Mreover, |arge dianeter
pi pes hole 16. Finally, as shown in Figure 4, a pull cap is connected to the pipe and the pipe

is pulled through the hole 42. As the pull cap 46 (shown schematically in Figure 4) is

pulled through the holé, the soil slurry is pushed by the pull cap and pipe 44 into the

sight relief holes to relieve the pressure between the bore sidewalls and the pipe.

Once the pipe is in place, the unfilled portion of the sight relief holes are filled with

gravel or other suitable material.

The foregoing methods are more accurate than relying upon the electronic directional
means of the directional boring machiné alone, and allow for flowline bores having
grades as slight as 0.2% to be installed on a consistent basis since the pilot hole path is
drilled with great precision. Also, the problems of accuracy of the machines at great
depths are avoided by the use of the sight relief holes. Moreover, large diameter pipes
may be drilled with accuracy using the methods of the current invention since
pressure is relieved at each of the sight relief holes when the pipe is pulled into the
flowline bore. Since the bore diameter does not have to greatly exceed the pipe

diameter, the problems related to pipe float are similarly avoided.



may be drilled with accuracy using the nmethods of the current invention
since pressure is relieved at each of the sight relief holes when the pipe
is pull edwpno3t’he flow i ne bore. Since the bore di anet ePCaa2n0026have to
greatly exceed the pipe dianeter, the problens related to pipe float are
simlarly avoided. WO 03/031762 PCT/ GB02/ 01026 16 Thus, flowines only
reasonably feasibly through open digging techniques may be directionally
drilled without all the problens of safety, expense, environnental inpact
and inpracticability as set forth abd®e. Wile the nethods are described
with reference to stormwater and sewer lines, the nethods may. be used
for any process wherein a directional bore is desired. For instance, the
process may be used for placenent of fibreoptic cables underground in

pl aces P, USHIihed (RS PéasOughblP Féasidlp tirbidh ¥eerOBRbigl Rehmwgeksf @ay benger

| ength single bores. Fromthe foregoing, it will be seen that this

i nventi OB LS gﬁﬁ{ i gﬂﬂﬁ i : i nabove
set fort E“%%lé’gt e?ﬂ\l}\ﬁﬁ t et%gtt éejlgl%g \ijdasrql)tfg%%?’ |cﬁ|é?§§\éﬁ)&{5ﬁﬁta§lﬁﬁgﬁd whi ch
are inherent Lotthgiiﬁrycigaﬁ¥t}%emjll be understood that certain features
and subcBNbIHERTERAL & & 5119 ?f%y’and may be enpl oyed without reference to
ot her features and subconbi nations. This is contenplated by and is within
the scope of the clains.

While the methods are described with reference to storm water and sewer lines, the
methods may. be used for any process wherein a directional bore is desired. For
instance, the process rhay be used for placement of fibreoptic cables underground in
places previously presenting cost prohibitive obstacles and for longer length single

bores.

From the foregoing, it will be seen that this invention is one well adapted to attain all
ends and objects hereinabove set forth together with the other advantages which are
obvious and which are inherent to the structure. It will be understood that certain
features and subcombinations are of utility and may be employed without reference to
other features and subcombinations. This is contemplated by and is within the scope

of the claims.

Since many possible embodiments may be made of the invention without departing
from the scope thereof, it is to be understood that all matter herein set forth or shown
in the accompany drawings is to be interpreted as illustrative of applications of the

principles of this invention, and not in a limiting sense.



Si nce many possi bl e enbodi rents may be made of the invention w thout
departing fromthe scope thereof, it is to be understood that all matter
her ei n sewofoansttenr shown in the acconpany draw ngs is t@®@ChaGBmbarpret ed
as illustrative of applications of the principles of this invention, and
not inalimting sense. WO 03/031762 PCT/ GB02/01026 17 CLAIMS 1. A

nmet hod of drilling a flowine below the surface, the nethod conprising the
steps of: establishing a first sight relief hole and a second sight relief
hol e along the Ilinear path; positiodi’ng a directional drilling nachine on
the surface, the directional drilling machine having a boring stenm boring
a first portion of a pilot hole frORAIMS surface to the first sight relief
hol e; determining the elevation of the tool at the first sight relief hole;
adjusting the position of the tool at the first sight relief hole to a
first desired depth; boring a second portion of the pilot hole fromthe

first sight re| j@holYreriithd NBowhRE BOGwSthe Birrdc! IR m&Rb& comprising the

steps of:-

establishing a first sight relief hole and a second sight relief hole along the
linear path;

positioning a directional drilling machine on the surface, the directional
drilling machine having a boring stem;

boring a first portion of a pilot hole from the surface to the first sight relief
hole;

determining the elevation of the tool at the first sight relief hole;

adjusting the position of the tool at the first sight relief hole to a first desired
depth;

boring a second portion of the pilot hole from the first sight relief hole to the
second sight relief hole;

determining the elevation of the tool at the second sight relief hole; and

adjusting the position of the boring tool to a second desired depth.

2. The method of claim 1 further comprising reaming the pilot hole and locating

the pipe.



determning the elevation of the tool at the second sight relief hole; and
adj usting the position of the boring tool to a second desired depth. 2. The
nmet hod ofwoloaiosn782 f urt her conpri sing ream ng the pil ot holpeTaRI2I0ORAL | NG
the pipe. WD 03/031762 PCT/ GB02/ 01026 18 3. The method of claim 1l wherein
the position of the boring tool is determned by placing a nmeasuring
device within the first or second sight relief hole and neasuring the
depth of the tool. 4. The nmethod of claim3 wherein the depth of the tool
is neasured with reference to a |lasd® beam the |aser beamenitted froma
transit |ocated on the surface. 5. The nethod of claim4 wherein each
sight relief hole is generally vertical. 6. The nmethod of claim1l1 further
conprising:- establishing a third sight relief hole; boring a third portion
of the pi3l ot Mhkendthod bEclathh N0whérgit the @biitbn bR borthgt teoIMisndedgniited posi tion
of the boring tool at the third sight relief hole; and adjusting the
posi ti onygf [ : ; i : £ second

si ght relb?eglgﬂgggé) ingé&gla%rligg:dg},lg%t‘%?lrﬁgm%wﬁgt 1(‘6 ? r%%&lgr%&%lm}%&‘s?%%{]ﬁl rd el ief

hol es. 8. A nethod .f prectionally boring a flowine, the nethod

conpri si ga; ngtﬁ%S%prl og{he%ool.

4. The method of claim 3 wherein the depth of the tool is measured with

reference to a laser beam, the laser beam emitted from a transit located on the surface.

5. The method of claim 4 wherein each sight relief hole is generally vertical.

6. The method of claim 1 further comprising:-
establishing a third sight relief hole;
boring a third portion of the pilot hole to the third sight relief hole;
determining the position of the boring tool at the third sight relief hole; and

adjusting the position of the boring tool.

7. The method of claim 6 wherein the second sight relief hole is equidistant from

the first and third sight relief holes.

8. A method for directionally boring a flowline, the method comprising the steps
of:-

establishing a number of sight relief holes along the desired path of the bore;



of establishing a nunber of sight relief holes along the desired path of
the bore; WO 03/031762 PCT/ (B02/01026 19 directionally drilling a pilot
hol e; reawbDrg/ostte2 mat eri al around the pilot hole to defi n@ca/drmmiozshe bore
filled at least partially with a slurry of the reaned material; and
pulling a pipe into the bore wherein a portion of the slurry is displaced
into the sight relief holes so that pressure does not devel op around the
pi pe. 9. The nmethod of claim@8 wherein the sight relief holes are generally
vertical. 10. The nmethod of claim9 Wlerein the sight relief holes are
spaced at equal distances fromone another. 11. The nmethod of claim 10
wherein the dianeter of each sight relief hole is greater or snmaller than
the dianmeter of the bore. 12. The nmethod of claim8 wherein directionally

drilling the gireétionaly erillinglaydrs holghecki ng the depth of the pilot hole at
each sight relief hole prior to drilling to the next sight relief hole on
the linear patfyming the material around the pilot hole to define a bore, the bore filled at
least partially with a slurry of the reamed material; and
pulling a pipe into the bore wherein a portion of the slurry is displaced into the

sight relief holes so that pressure does not develop around the pipe.

9. The method of claim 8 wherein the sight relief holes are generally vertical.

10.  The method of claim 9 wherein the sight relief holes are spaced at equal

distances from one another.

11.  The method of claim 10 wherein the diameter of each sight relief hole is

greater or smaller than the diameter of the bore.

12.  The method of claim 8 wherein directionally drilling the pilot hole includes
checking the depth of the pilot hole at each sight relief hole prior to drilling to the

next sight relief hole on the linear path.



