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ABSTRACT

In 1995, the Pipeline Research Committee a the American Gas Association published
a menud titled Installation of Pipelines by Horizontal Directional Drilling, an
Engineering Design Guide. This manud included a method to estimate loads and
dresses imposed on pipdines during inddlation by horizontd directiond drilling
(HDD). Since the initid deveopment of the caculaion method, theoreticd pulling
loads determined by this method have been compared againgt actud pulling loads
recorded during HDD inddlations. This paper presents an analyss of theoretica and
actud pulling loads to determine if modifications to the cdculation method are
warranted based on documentation from completed HDD projects. The specific
documentation utilized in this andyds consds of joint-by-joint carriage force gauge
readings recorded during actual HDD ingdlations.

INTRODUCTION

Load and dress andyss for an HDD pipdine inddlaion is different from smilar
andyses of conventiondly buried pipdines because of the rdaively high tenson
loads, bending, and externd fluid pressures acting on the pipdine during the
ingtalation process. In some cases these loads may ke higher than the design service
loads (J. D. Har & Associates, et a. 1995). Consdeing the magnitude of HDD
indalation loads, andyss of the dtresses that they impose is criticd in order to insure
that acceptable limits are not exceeded. A detalled procedure for andyzing HDD
inddlation loads is described in Installation of Pipelines by Horizontal Directional
Drilling, an Engineering Design Guide. For convenience, this procedure will be
referred to as “the AGA method” from this point forward.

During HDD inddlation, a pipeine segment is subjected to tenson, bending, and
externa pressure as it is pulled through a prereamed hole.  Tension results from
frictional drag between the pipe and the wdl of the hole, fluidic drag as the pipe is
pulled through viscous drilling fluid, and the effective (submerged) weight of the pipe
as it is pulled through devation changes within the hole. Bending dtress is induced as
the rigid pipe is forced to negotiate the curvature of the hole. Externa pressure fom
the drilling fluid surrounding the pipe induces an externd hoop dress assuming the
pipe is not filled with a fluid of equal or grester dendty. The dresses and falure
potential of the pipe are a result of the interaction of these loads. The AGA nethod
provides a reasonably smple means to estimate HDD inddlation loads, cdculate the
resulting stresses, and determine if a given pipe specification is adequate (J. D. Hair
& Associates, et d. 1995).
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DESCRIPTION OF CALCULATION METHOD

The AGA method is ultimatey concerned with pipe stress as opposed to the tota
force exerted by the horizonta drilling rig. Pulling loads cdculated by this method
represent only the tendle force tranamitted to the pull section as a result of conditions
in the hole Loads resulting from the drill dring, the reaming assembly, and the
above-ground portion of the pull section (typicaly supported on rollers) are not
included in the caculation. Drill sring and reaming assembly loads are omitted
because they don't act on the pull section and therefore have no impact on pipe
dresses. Although loads resulting from the above-ground portion of the pull section
do have an impact on pipe stresses, these loads are omitted from the AGA method for
two primary reasons. Firdt, loads from above-ground pipe are sdldom critica to the
success of an ingdlation due to the fact that they approach zero as the drag forces
within the hole approach ther maximum. Second, if these loads should become
critica, the use of pipe dde assgance techniques can essentidly counteract ther
impact. If a direct corrdation with the overdl rig force is dedred, loads resulting
from the drill gtring, reaming assembly, and above-ground pipe must be estimated and
added to the calculated tendle load obtained by the AGA method.

In order to cdculae a pulling load usng the AGA method, the drilled path is first
modeled as a series of straight and curved segments as necessary to define its shape.
The forces acting on each segment are then resolved sequentidly from pipe sde to rig
Sde to determine the resultant tendle load a the end of each segment. Neglecting
drag forces from the above-ground portion of the pull section, the initid tenson on
the firg segment is zero. The initid tenson for each subsequent segment is equd to
the tenson at the end of the previous segment. The totd tensile load a the end of the
pullback process is determined by summing the individua forces required to pull the
pipe through each of the draight and curved segments defined in the drilled path
modd.

It is important to note that the AGA method employs severd assumptions. It is
assumed that the pipe is being indaled in an open hole which has been prereamed to
a diameter approximately 12 inches (30 cm) geater than that of the pull section. As a
result, loads cdculated for an ingdlation through a collgpsed hole or an inadequately
prereamed hole are not expected to be rdiable. It is adso assumed that the hole is
filled with drilling fluid of a known (or assumable) dendty. Findly, coefficients used
in the cdculaion of frictiond and fluidic drag must be assumed. When the AGA
method was first developed, vaues for these coefficients were recommended based
on avalable data from smilar goplicationrs These coefficients were intentiondly
incorporated as variables alowing them to be modified as better information becomes
avalable.

RECENT ANALYSIS

Snce the devdopment of the AGA method, cdculated pulling loads have been
compared againg actud puling loads on numerous HDD inddlations. In gened,
tensle loads caculated by this method have compared favorably with recorded rig



loads. However, it was observed that the loads predicted by the AGA method
commonly exceeded rig loads as pullback neared completion. This was not unusualy
surprisng conddering that assumed input parameters used in the AGA method are
generdly conservative.  However, in March of 2000 while evduating a proposed
crossng which was borderline from the standpoint of instadlation loads, it became
necessty to refine the input parameters used in the cadculation method to more
closely match actud loads. In order to accomplish this, an andyss was undertaken
usng documentation from completed HDD inddlations. This andyss focused on
more accurately defining the fluid drag coefficient, being the input parameter with the
greatest uncertainty.

Upon reviewing information from completed projects, it was determined that the
Colville River crossngs on the North Sope of Alaska provided excdlent
documentation of the actua loads required for a complete andyss. Two of these
inddlatiions were sdected as being most applicable, specificaly inddlations of an
18-inch (457.2 mm) seawater injection pipdine and a 20-inch (508 mm) crude all
pipeline. Both of these crossings had drilled lengths in excess of 4,300 feet (1,311 m)
and were inddled in March of 1999 by Horizonta Drilling Internationa (HDI) of
Houston, Texas. The gspecific documentation utilized from these inddlations
condged of joint-by-joint cariage force gauge readings for the swab pass and
pullback operations. Usng these gauge readings in conjunction with converson
tables provided by HDI, the actud pulling force exerted by the rig for each joint of
these operations was entered into a Spreadsheet for andyss.  This information is
presented graphicdly in Figures 1 and 2 for the seawater injection and crude oil
pipdine ingalations, respectively.
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Figure 1. Recorded rig loads vs. distance into hole
Colville River crossing - 18-inch (457.2 mm) seawater injection pipeine
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Figure 2. Recorded rig loads vs. distance into hole
Colville River crossing - 20-inch (508 mm) crude oil pipeine

As previoudy noted, the AGA method is intended to edtimate the tensle force
transmitted to the pull section as opposed to the tota force exerted by the horizonta
drilling rig. Therefore, in order to compare cdculated tensle loads with recorded
pulling loads, the forces resulting from the drill gring, the reaming assembly, and the
above-ground portion of the pull section were estimated and subtracted from the
recorded rig loads. This yidded a resultant tendle load on the pull section which
could be compared againgt calculated loads. The methods used to estimate these
forces are described in the following paragraphs.

DRILL STRING LOAD

The tensle load resulting from drill pipe in the hole is grestest & the beginning of
pullback when the drill dring extends the entire length of the crossng. This load
decreases as pullback progresses, reaching zero a the completion of pullback when
no drill pipe remans in the hole Daa from the Colville River crossngs was
andyzed in order to esdimate the maximum drill string load corresponding to the dart
of pullback. On both Colville crossings, rig loads during the swab pass and pullback
increased noticeably on ether the second or third joint of the operation, possbly
because the reaming assembly was ill in the mud pit for a least one joint length.
For the sake of andyss, the reaming assembly load was assumed to be zero on the
firg joint of both the swab pass and pullback. Taking this into account, the rig load
on the firg joint of the swab pass resulted only from the drill dring in the hole and a
relaively short section (approximately 300 feet or 90 meters) of tal string on the
aurface.  Neglecting the impact of the tall gring, the rig load on the firg joint of the
swab pass is equd to the maximum drill dring load. This load was assumed to
decrease linearly to zero at the completion of pullback.



ABOVE-GROUND PIPE LOAD

As with the drill gring, the tensle load resulting from the above-ground portion of
the pull section is grestest a the beginning of pullback when the entire pull section is
supported on rollers.  This load dso decreases to zero as the tal end of the pull
section is pulled off the rollers and into the hole. On the firg joint of pullback, again
assuming zero load due to the reaming assembly, the rig load is comprised of the
maximum drill gtring load, the maximum above-ground pipe load, and a minimd load
resulting from the length of the pull section in the hole.  With only around 30 feet (9
meters) of pipe in the hole the load resulting from the pull section was neglected.
Therefore, the maximum load resulting from above-ground pipe essentidly becomes
the difference between the rig load on the firg joint of pullback and the maximum
drill string load determined previoudy. Again it was assumed that this load decreases
linearly to zero a the completion of pullback.

REAMING ASSEMBLY LOAD

Assuming that pullback proceeds through an open hole prereamed to a diameter 12
inches (30 cm) greater than that of the pull section, it is reasonable to assume that the
load applied to the reaming assembly will reman farly congant over the length of
the crossng. However, vaidions in the rig load during the swab pass indicate that
the reaming assembly load does deviate somewhat at certain locations in the hole. In
order to incorporate these deviations, the rig loads from the swab pass were utilized to
estimate reaming assembly loads during pullback on ajoint-by-joint bass.

Conddering that the swab pass and pullback were performed with the same reaming
assembly and proceeded in the same direction, it was assumed that the load resulting
from the reaming assembly was approximately the same during both operations.
Snce the drill dring extends from entry to exit during the entire swab pass, the
reaming ass=mbly loads were esimated by subtracting the maximum drill gring load
(determined previoudy) from the recorded rig loads for each joint of the swab pass.

RESULTANT TENSILE LOAD

The resultant tensle loads on the pull section for each joint of the pullback operation
were edtimated by subtracting the loads resulting from the drill string, above-ground
pipe, and reaming assembly from the recorded pullback rig loads. This resultant
tendle load was then plotted againgt the disance into the hole.  Tendle loads
cdculated by the AGA method at specific locations dong the drilled path were then
plotted for comparison to the resultant tensle load. These cadculated loads were
based on gmplified modes of the as-built pilot hole survey daa from the Colville
River crossngs. A comparison of the resutant tensle loads and the calculated loads
revealed that the caculated loads, usng a fluid drag coefficient of 0.05 ps (345 Pa),
were substantidly greater than the actua loads as pullback neared completion. After
running severd pulling load caculaions usng different fluid drag coefficients it was
determined that a coefficient of 0.025 ps (172 Pa) most closdy meatched the data
from the Colville ingdlations. This can be seen in Figures 3 and 4 which show



cdculated data points based on fluid drag coefficients of 0.025 ps (172 Pa) and 0.050
ps (345 Pa) dong with the resultant tensile |oads estimated from recorded rig loads.
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Figure 3. Tendleloadsvs. disganceinto hole
Colville River crossng - 18-inch (457.2 mm) seawater injection pipeline
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Figure4. Tendleloadsvs. disganceinto hole
Colville River crossing - 20-inch (508 mm) crude oil pipeine



CONCLUSIONS

Based on this andyss, a fluid drag coefficient of 0.025 ps (172 Pa) is bdieved to
result in more accurate pulling load cdcuations than the previoudy recommended
vadue of 0.05 ps (345 Pa). Furthermore, the results of this andyds, coupled with
observations on numerous HDD ingdlations, suggest that the technica basis for the
AGA cdculation method is sound, and that the method can be used to predict HDD
indalatiion loads reiably under most conditions  However, continued andyss is
necessxy to verify that the results of this andyss continue to hold true for a wide
vaiey of HDD inddlation scenarios. Development of methods which dlow for
direct messurement of loads acting on the pull section during the HDD indalation
process has obvious merit. Implementation of such methods on a widespread bass
will provide vauable feedback which can be utilized to further refine the AGA
calculation method.

HDD pulling loads are affected by numerous varigbles, many of which are dependent
upon dte-specific conditions and individud contractor practices. These include
prereaming diameter, hole dability, removal of cuttings, soil and rock properties,
drilling fluid properties, and the effectiveness of buoyancy control measures. Such
variables cannot easly be accounted for in a theoreticd caculation method designed
for use on an extensve bass. For this reason, theoretica caculaions are of little
benefit without a certain level of knowledge and experience in HDD congtruction.

REFERENCES

J D. Har & Associates, Louis J. Capozzoli & Associates, and Stress Engineering
Savices (1995). “Inddlation of Pipdines by Horizonta Directiond Drilling, An
Engineering Desgn Guide’, prepaed for the Offshore and Onshore Design
Applications Supervisory Committee of the PFipeine Research Committee a the
American Gas Associdtion.



