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Abstract

In early 2015, Lafayette Utilities System (LUS)Liafayette, Louisiana, completed plans and was
finalizing the specification for a sewer force maivhich would include approximately 9,000
linear feet of ductile iron pipe with no alternateterials specified. However, three areas were
exceptions. These areas would be installed usimgdmal directional drilling (HDD) and two
pipe materials were evaluated: HDPE and flexib&tragned joint ductile iron pipe.

This paper will discuss the decision to use duatia pipe for the HDD portion of the project, as
this was not an installation methodology the ytiitas familiar with. The major emphasis of the
paper, however, will be on the successful HDD illesian of three separate sections of flexible
restrained joint ductile iron pipe. There will alse a discussion of the experiences each of these
sections of 1,140 feet, 940 feet, and 740 feeteedd.

Introduction

The engineering firm of Domingue, Szabo & Assodatac. (Engineer) was retained by LUS to
design upgrades and improvements necessary atothtt Sewage Treatment Plant (SSTP) to
comply with the Clean Water Act. These improvemeimsiude treatment modifications,
equalization of sewage flows, flow rerouting fottee handling of peak/wet weather flows, and
sludge management. The Engineer worked with LUfhalyzing the existing system, determining
the requirements for meeting the mandated comiamed determining the most cost effective
and efficient means of meeting these needs.



With the increasing growth in south Lafayette,echme apparent in the 2000s that there was a
need to upgrade the SSTP and redirect flows froenadithe City’'s other WWTPs back to SSTP.
The existing 16-inch cast iron force main from @l Maurice Lift Station to the SSTP was too
small to accommodate the needed flow rate, neadisgjta larger force main. The first step in the
design process required the Engineer to perform rnibeessary hydraulic analysis, which
determined the line would need to be 24 inchesameiter.

With the size determined, alignment options wesppred and submitted to the Owner for review
and approval. This alignment would require appratety 9,400 feet of pipe with three areas that
presented some construction challenges. AlthouglEtigineer looked at other pipe materials for
the open cut portion, the Engineer knew the linadgesplaced was grey cast iron pipe, and it had
served the Owner well throughout its lifetime, apgmately 65years. The Engineer also knew
the Owner’s experience with both ductile cast ipgpe and the older grey cast iron pipe in the
City's system was extremely positive, and thatutikty had a preference for ductile iron pipe,
selecting it for the portions of the line that wabube installed using conventional open-cut
construction.

Familiar with the Ductile Iron Pipe Research Asation (DIPRA) and its reputation as a very
credible industry association, the Engineer coth@IPRA to verify some design calculations
that were completed and to discuss the three @hegssuspected would need to use trenchless
technology. It was during this conversation thatEmgineer discovered ductile iron pipe could be
installed using horizontal directional drilling (HI). Through other sources he determined that
AMERICAN Ductile Iron Pipe (ADIP) had been promagiits Flex-Rin§ flexible restrained joint
ductile iron pipe for HDD installation since 199@Conner, 1998) The Engineer felt this
information was worthy of additional research. ADprRovided several technical papers that
addressed the joint functionality and listed thedsiés over visco-elastic materials, like HDPE
and FPVC, which are often used in HDD. ImpresseH thie list of benefits shown in Table 1, the
Engineer felt the ability to install the pipe usithg “cartridge” method would provide an option
that wasn’t available with plastic pipes, HDPE, ERnd steel pipes. In addition, these pipe types
would require assembly using fusion or welding ioocatinuous assembled-line. This assembly
configuration requires proper planning and logsstc avoid excessive obstruction of driveways
and access to businesses along the alignment.



Table 1 - Benefit of Ductile Iron Pipe (Dorwart-Geenter, 2010)

- Pipe wall impermeable to volatile hydrocarbons, imiring the potential of watef
system contamination in the present and future.

- Standard pressure capabilities up to 350 psi (P4é)\Mor greater upon special request.

- Quick, easy joint assembly.

- Can be located from surface with commonly usedttosa

- Performance capabilities of the pipe are not imguhbly elevated temperatures.

- Material strength suitable for handling pull-baekd external dead and live loadings
without buckling.

- High hardness material that is not as easily altkageuged or punctured by rocky
surrounds.

- Material strength that does not creep or decredsetiwe.

- No significant residual bending stresses aftealtetion, which could adversely affe¢t
future serviceability.

- No significant recoil and minimal pipe movementeaftnstallation due to minimal
thermal expansion and Poisson pressure-testingtgeffe

- Lack of movement and the inherent strength of ¢rigton eliminate potential fo
shearing of tapped lateral outlets or breakage ipé @fter pulls (due to therma
expansion and contraction, Poisson and Bourdowtsffetc).

Convinced that ductile iron pipe installed using®iD Nominal
was a viable option, the Engineer completed { Size-in.| DIP' | STEEL®|PVC"® |HDPE®

plans and specifications using 24-inch ductile ir 6 6.28 6.00 | 6.09 5.57
pipe for the open-cut portions of the force maid a 8 843 8.00 | 7.98 7.31
24-inch flexible restrained joint ductile iron pifier 10 10.46 1000 | 979 | 896
the HDD portion. As an alternate to the ductilenir 12 12.52 1200 |11.65 | 10.66
flexible restrained joint, the Engineer chose 14 14.55 1400 11350 | 12.35

provide an option for 30-inch HDPE, which has 16 16.61 1600 | 1535 | 14.05
effective inside diameter that is much closer ® { 18 1869 | 1800 |17.20 | 15.74
larger inside diameter of 24-inch ductile iron pip| 20 | 2075 | 2000 1906 | 17.44
See Table 2 for comparison of actual insi| 2% | 24% | 2400 2276 | 20.83

diameters of various pipe types. 30 | 3107 | 3000 12877 | 2583
36 | 3720 | 3600 [3443 | 3220

42 43.43 42.00 | 40.73 38.41
43 49.63 48.00 |46.49 44.47

Although not familiar with installation of ductileon
pipe of this size using HDD, the low biddin

contractor chose ductile iron pipe in part becanfse > 2629 el B o
. .- - H i 9 B N
significant differences in cost, over $70,000 ois tl 22 22;? o

project. The Owner was not only able to realize

benefits of using ductile iron pipe for the forcaim Table 2 — Inside Diameter Comparison
but also its significant cost savings. The sucegss.




contractor was Wharton-Smith (General ContractérBaton Rouge, Louisiana, using Spartan
Directional of Lafayette, Louisiana (Driller).

Joint Functionality

The installation of ductile iron pipe using HDD
possible because of the flexible restrained jolt.
realize the advantages, it is necessary to unaers
the mechanics and the unique functionality of
flexible restrained joint. The joint components dnel —— :
process are as follows. First, both the Fastitéirge gy R i
gasket and the yellow Flex-Ring segments with rub : T Restaiing Weld Bead
backing may be pre-installed into their respect g
positions in the bell socket. See Figure 1. Neftéral
the application of lubricant to the Fastite gasied
liberal application to the spigot, the ADIP flexabl
restrained joint is ready for assembly.

Fastite Gasket

Figure 1 — Flex-Ring Flexible Restraint

The quick and easy assembly of the Flex-Ring jstatts with the pipe sections in reasonably
straight alignment. The operator then places tigospnd into the bell and using the load line, or
other means, generates an axial assembly forcehéspigot moves into the bell socket, the
restraining weld bead that is factory-welded ongpigiot end pushes on the front tapered surface
and drives the Flex-Ring segments up and backwattevas-cast incline surface. The movement
of the segments (up and back) within the bell sbckenpresses the resilient rubber-backing,
which rebounds to its tight fitting position on ttestraining side of the weld bead with an audible
“snap.”

When the 24 inch pipe sections deflect to a maximallowable 3-degrees during installation and
pipe pull-back through the bore path, the rubbeckimg attached to each segment either
compresses, expands, or remains static, dependiitg position around the joint circumference
in relation to the defection of the joint. Mechaallg, this change in the geometric configuration
between the inclined surfaces of the Flex-Ring segmand the as-cast inclined surface of the
bell socket is very important, as this is the medra that effectively redistributes the pullingdoa
to eliminate flexural tension or flexural compregsstresses in the pipe. Bending of continuously
fused or welded pipe results in flexural tensiothui the pipe wall, which adds to the tension
induced in the pipe wall from being pulled throudje bore path. Flexural stresses, tension, or
compression with flexible restrained joint ductil®n pipe is virtually eliminated by the
redistribution of thrust loads in the bell. Thus|limg the flexible restrained joint ductile irofpe
through the bore path can be compared to pullicigeéen with a link (bell) every 20 feet.



Installation — Background and Pull No. 1

As noted previously, the project was designed waitlalignment totaling 9,000 feet. This included
three sections using HDD installation totaling D 82et. The three HDD sections were 740 feet,
1,140 feet, and 940 feet, in order of execution.

The initial installation was a challenging 740-feetl that took place at “The Horse Farm.”
Established as a working horse farm in 1903, tteeisiapproximately 100 acres of rolling hills,
open meadows, and forested ravines spotted wigle laak trees. Since the mid-1990s, no
livestock has grazed at the site that today isasteremaining, significantly sized piece of
undeveloped public property located within centi@layette. The challenging part of the
alignment was the crossing under Coulee Mine, Banucreek that meanders through the site
with its flow confined to a concrete-lined trapedadiopen channel with a depth of
approximately 70 feet by 10 feet by 18 feet atdtwessing location.

This first pull was made using the assembled-I
method as illustrated in Figure 2. The Gene
Contractor started the pipe assembly with the fi
joint laid spigot end toward the HDD rig at theksta |
where the drill rod was proposed to emerge. §
pulling the spigot first into the bore path, drity
slurry can easily flow over the smooth contourhf i,
bell joint. The authors highly recommend that befq
a commitment to purchase is made, owng¥*
contractors, and their engineers should look ~\
at the contour of each manufacturer’s joint af”
specify or purchase only the smoothest and le
obtrusive joint available, particularly in a rockrbk
path. There have been several incidences whegpbestring have locked up in the bore path as
a result of a contractor pulling back a couplingeyoint or a bell that has an abrupt change in the
bell contour causing it to lock onto a rock fraginenother obstruction in the bore path.

&

Figure 2 — Start of 740-Feet Pull

Laying the pipe on a long gentle curve, the Gen€aaitractor completed the preassembly of all
740 feet of flexible restrained joint pipe well aldeof the final swabbing of the bore path on April
1, 2015. Figure 2 clearly shows that with the dolli, cutting head, and barrel reamer attached,
the alignment and the points of connection to ipe ptring remained approximately 8- to 10-feet
apart. The combination of these two alignment ai@naere issues that on-site ADIP personnel
quickly pointed out to the General Contractor.

With the experienced field representatives obseggvihe realignment of the pipe string for
connection to the drill string was accomplishechgsinultiple excavators working in concert to
avoid over deflecting the joint. Then during pipallfpack, the pipe string, having been
preassembled in a curved alignment, had a tendentypve and deflect naturally into a straight
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line. Therefore, it was necessary to stage seesavators strategically along the pipe string to
redirect it to avoid damaging several old oak trées®xecuting this realignment for both areas,
the operators were instructed to limit the deflactfor the 24-inch Flex-Ring joint to The
maximum allowable deflection of 3 degrees or 1hexper 20-feet standard length. This was
accomplished without incident.

Spartan Directional used an American Auger DD-1atdrill the pilot bore, ream the bore path
inside diameter to 42 inches, and pull-back thdiltuicon pipe force main. This inside diameter
is based on the industry’s best practices and HDidejjines provided by ADIP personnel and
defines the dimensional requirement for the borté peside diameter to be equal to the ductile
iron pipe maximum bell dimension plus 12 inches.

24-inch Flex-Ring Joint Bell outside diameter: 8Binches
Plus 12-inches for 24-inch and larger ductile ipype: 12.00 inches
Required Bore Path inside diameter: 41.88 in¢hmsd to 42 inches)

This pilot bore for the first pull started on Mar2, 2015, and the bore path, reamed to 42 inches,
was ready for pipe pull-back on April 2, 2015. Ptio starting the pull-back, ADIP requested that
the Driller provide: (1) the pull force required taove the carriage up the ladder of the drill rig
without drill rods; (2) the pull force required toove the drill rods with reamer, no pipe; and (3)
the force required to move the pipe for every muagth. This data would help justify the use of
the model best described by the following form{zorwart, 2010)

Equation 1
Fre=F+R+k

Where:
Fric = Pull Force applied by the drill rig (pounds)
F = Drag Force from the Product Pipe (pounds)
Fr = Drag Force from the Drill String (pounds)
Fc = Drag Force from the Drill Rig Carriage (pounds)

The total force seen by the drill rig is apportidrie the drag of the new product pipe, the drag of
the drill string with reamer, and the drag from thél rig carriage. By maintaining this, a more
accurate assessment of the load on the pipe cdeteemined.

Spartan Directional determined that the combined ftvrce for k + Fc was approximately 10,000
pounds. That meant the force registered by the macturing pipe pull-back on April 2, less the
10,000 pounds, would be the actual load on the fipes first pull-back saw a maximum load at
the drill rig of 70,000 pounds, which meant theegpgmly saw 60,000 pounds, well short of the
allowable pull load of 210,000 pounds for 24-indaxFRing joint pipe.
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Industry best practices suggest there are a nuofbariables that impact the force required to
deliver a successful HDD installation. Listed belave these variables that contributed to the
success of this first pull:
» Soils were primarily sandy-clay, which supportegeay well prepared bore path.
* Radius of the bore path was not less than 1,2253édeet per inch of diameter).
» Drilling fluid, mix control and strategic delivergnd pressure and volume controls were
monitored.
* Buoyancy of pipe was approximately +104 poundsctvimdicated the pipe would float
to the top of the bore path without counter-buogameasures taken.
» Experience of the drilling contractor; Spartan weedl prepared.
* Pull loads did not exceed 70,000 pounds.
» Installation of the 740 feet occurred on April D18, by the assembled line method and
took approximately four hours.

Installation — Pull No. 2 :
The second pull was a 1,140-feet HDD bore tig¥
was flagged by ADIP because of the length o
alignment, which were designed with k=
compound curve where the tightest radius w% ¢ : \\ - R
1,950 feet (81 feet per inch of diameter). Unlil g
Pull No. 1, this pull had a limited laydown arg
for assembling the pipe; therefore, the Geng
Contractor used the cartridge assembly meth
See Figure 3. In the cartridge method, pipe
assembled one joint at a time, then pulled into or

toward the opening of the bore path 20 feet or Figure 3 — Cartridge Assembly
length of the standard joint. This process is

repeated until the line is completely installeda®an Directional began pushing the 30-foot drill
rod through the sandy-clay soil on April 3, 201Bda@ompleted the pilot bore in a day and a half.
As in Pull No. 1, Spartan first reamed the bordapath a 24-inch reamer, starting on April 5 and
finishing on April 7. Maintenance issues shut dava installation for a few days while Spartan
prepared the 42-inch reamer.

Having completed the 42-inch reamer and final swapbf the bore path, Spartan was ready for
the pipe pull-back on April 15, 2015. The pull-badatinued and the pipe string was negotiating
the area of the compound curve, which was on titelll of the pull distance. At this time, rig
pressures began to increase. Spartan continuedlltorgil the rig was maxed out at 140,000
pounds. Spartan, consulting with the General Cotdraand ADIP representatives, was open to
suggestions on how to get the pipe moving agamtesmaximum pulling force on the DD-140 at
140,000 pounds was reached. ADIP personnel sugbadtiéng water, which to this point in Pull

7



No. 2 had not been introduced into the pipe. Byiragithe water, the weight would overcome the
positive buoyancy of the pipe, which should drop lad pipe section off the soffit of the bore
path. ADIP explained that with the combination leé ppositive 104-pound buoyancy of the pipe
and the impact of the drill rod attempting to girden out the pull alignment, it was likely the
pulling head was plowing through the soffit of there path. This phenomena was demonstrated
during a record 36-inch pull installing 1,740 feePasco County, Florida. The HDD drilling sub-
contractor maintained water flow into the pipe tigb a 3-inch HDPE pipe, but periodically the
subcontractor would have to stop the rapid assetiri@yinstallation and allow the water to catch-
up with the lead pipe sections. By remaining ditigeith monitoring the rate of installation, the
pulling loads, and the water level in the pipeJipglloads were controlled to reasonable levels.

Spartan and the General Contractor added watéetpipe until it met the estimated volume to
get the lead section off the soffit of the borehpdio the surprise of many, especially after being
stopped for nearly 90 minutes, the pipe began teenamce again at a substantially reduced force
of just 60,000 pounds. Including the time that wasoted to solving the plowing and buoyancy
challenge, the General Contractor and Spartan aietpthe pull in 12 hours.

The following is a list of variables that contrikdtto the success of this second pull:

» Soils were primarily sandy-clay, which supportedal prepared bore path.

* Radius of the bore path was not less than 1,95(08&efeet per inch of diameter).

» Drilling fluid, mix control and strategic delivergnd pressure and volume controls were
monitored.

* Buoyancy of pipe was approximately +104 poundscivimdicated the pipe would float
to the top of the bore path and counter-buoyancasaores were taken after pulling load
reached 140,000 pounds.

» Experience of the drilling contractor; Spartan weetl prepared.

» Pull loads increased to 140,000 pounds prior toraddater weight to inside of pipe, then
they did not exceed 60,000 pounds.

* Installation of the 1,140 feet occurred on Apri| 2815, by the cartridge assembly method
and took approximately 12 hours.

Installation — Pull No. 3

The third and final pull by Spartan Directional thvihe General Contractor responsible for pipe
assembly, was nothing short of textbook execufiiiling of the pilot bore for Pull No. 3 began
on April 23, 2015. This installation used the adske-line installation method, but Spartan chose
to use pipe rollers rather than subjecting the HigDo the frictional drag of pulling the pipe over
the ground surface. The first two pulls were reanfiest with a 24-inch reamer and then with the
final 42-inch reamer, which opened up the bore pathe desired inside diameter. With Pull No.
3 having to negotiate another compound curve bhreed0-feet deep earthen channel, a highway
crossing next to a bridge, and a concrete boat réBpartan made a decision to make an
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intermediate reaming pass using a 36-inch reantés.Would reduce any possibility of a frac-out
or humping of the road and the boat ramp.

Pipe pull-back began on May 5, 2015, and the 940¢dall of Flex-Ring joint pipe was completed
in just four hours with a pull-back force that neeg&ceeded 40,000 pounds.

The following is a list of variables that contrikbdtto the success of this third and final pull:

Soils were primarily sandy-clay, which supportedel prepared bore path.

Compound curve was negotiated.

Drilling fluid, mix control and strategic delivergnd pressure and volume controls were
monitored closely. As a result, no issue with tlghtvay or boat ramp occurred.

Pipe rollers and buoyancy control significantly tofled the frictional resistance and
lowering the pull-back loads to 40,000 pounds.

Experience of the drilling contractor; Spartan wesl prepared.

Conclusion

The Engineer required a hydrostatic test of th@eesbmpleted line at 150 psi for two hours. In
addition, both the General Contractor, Wharton-8pand the Driller, Spartan Directional, chose
to test each pull independent of the open-cut ponbif the 9,400-linear-feet force main. Each of
the three pulls tested with zero leakage at 150Tss$ successful test is evidence of the quality o
the Flex-Ring joint, the HDD experience and exgerbffered by AMERICAN Ductile Iron Pipe
personnel as well as the efforts of Wharton-Smiith 8partan Directional.
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