[lIM) Designation: F 1962 _ 99 An American National Standard
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INTERNATIONAL

Standard Guide for

Use of Maxi-Horizontal Directional Drilling for Placement of
Polyethylene Pipe or Conduit Under Obstacles, Including
River Crossings !

This standard is issued under the fixed designation F 1962; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope D 420 Guide to Site Characterization for Engineering, De-

1.1 This guide describes the design, selection consider- _Sign, and Construction Purposes . _
ations, and installation procedures for the placement of poly- D 422 Test Method for Particle-Size Analysis of Sbils
ethylene pipe or conduit below ground using maxi-horizontal D 1586 Test Method for Penetration Test and Split-Barrel
directional drilling equipment. The pipes or conduits may be _ Sampling of Soil§ _ _
used for various applications including telecommunications, D 1587 Practice for Thin-Walled Tube Geotechnical Sam-

electric power, natural gas, petroleum, water lines, sewer lines, _Pling of Soil$ . _ .
or other fluid transport. D 2113 Practice for Diamond Core Sampling for Site In-

1.2 Horizontal directional drilling is a form of trenchless ~_Vestigation$ _ _
technology. The equipment and procedures are intended to D 2166 Te_st Method for Unconfined Compressive Strength
minimize surface damage, restoration requirements, and dis- _Of Cohesive Sofl _ _ o
ruption of vehicular or maritime trafic with litttle or no D 2435 Test Method for One-Dimensional Consolidation
interruption of other existing lines or services. Mini-horizontal ~_Properties of Soifs o
directional drilling (min-HDD) is typically used for the rela- D 2447 Specification for Polyethylene (PE) Plastic Pipe,
tively shorter distances and smaller diameter pipes associated Schedules 40 and 80 Based on Controlled Outside Diam-
with local utility distribution lines. In comparison, maxi- ete o _ _
horizontal directional drilling (maxi-HDD) is typically used for D 2513 Specification for Thermoplastic Gas Pressure Pipe,
longer distances and larger diameter pipes common in major _Tubing, and Fitting$ o o
river crossings. Applications that are intermediate to the D 2657 Practice for Heat-Joining of Polyolefin Pipe and

mini-HDD or maxi-HDD categories may utilize appropriate _ Fittings’ _ _
“medi” equipment of intermediate size and capabilities. In such D 2850 Test Method for Unconsolidated, Undrained Com-

cases, the design guidelines and installation practices would Pressive Strength of Cohesive Soils in Triaxial Compres-

follow those described for the mini- or maxi-HDD categories, sio o o
as judged to be most suitable for each situation. D 3035 Specification for Polyethylene (PE) Plastic Pipe

1.3 The values stated in inch-pound units are to be regarded (SDR-PR) Based on Controlled Outside Diaméter

as the standard. The values given in parentheses are forD 4186 Test Method for One-Dimensional Consolidation
information purposes only. Properties of Soils Using Controlled-Strain Loading

1.4 This standard does not purport to address all of the D 4220 Practices for Preserving and Transporting Soil

safety concerns, if any, associated with its use. It is the _Sample$ o o
responsibility of the user of this standard to establish appro- D 4318 Test Method for Liquid Limit, Plastic Limit, and
priate safety and health practices and determine the applica- _ Plasticity Index of Soif$

bility of the regulatory limitations prior to useSection 6 D 4767 Test Method for Consolidated-Undrained Triaxial
contains general safety information related to the use of _Compression Test on Cohesive Sbils _
maxi-horizontal directional drilling equipment. D 5084 Test Method for Measurement of Hydraulic Con-
ductivity of Saturated Porous Materials Using a Flexible
2. Referenced Documents Wall Permeametér
2.1 ASTM Standards: F 714 Specification for Polyethylene (PE) Plastic Pipe

1 This guide is under the jurisdiction of ASTM Committee F-17 on Plastic Piping 2 Annual Book of ASTM Standardgol 04.08.
Systems and is the direct responsibility of Subcommittee F17.67 on Trenchless *Annual Book of ASTM Standardgol 08.04.
Plastic Pipeline Technology. 4 Annual Book of ASTM Standardgol 08.02.

Current edition approved April 10, 1999. Published August 1999. 5 Annual Book of ASTM Standardgol 04.09.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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(SDR-PR) Based on Outside Diaméter 3.1.2 maxi-horizontal directional drilling, maxi-HDDn—a
F 1804 Practice for Determining Allowable Tensile Load class of HDD, sometimes referred to as directional drilling, for
for Polyethylene (PE) Gas Pipe during Pull-In Installation boring holes of up to several thousand feet in length and
2.2 Other Standards: placing pipes of up to 48 in. & m) diameter or greater at
ANSI Preferred Number Series 10 depths up to 200 ft (60 m).
ANSI/EIAITIA-590 Standard for Physical Location and 3 1 2.1 Discussion-Maxi-HDD is appropriate for placing

Protection of Below-Ground Fiber Optic Cable Pfant  pines under large rivers or other large obstacles (Fig. 1).
OSHA-3075 Controlling Electrical Hazartls _ Tracking information is provided remotely to the operator of
TR-NWT-000356 Generic Requirements for Optical Cableye grill rig by sensors located towards the leading end of the

Innerduct drill string. Cutting of the pilot hole and expansion of the hole
is typically accomplished with a bit or reamer attached to the
drill pipe, which is rotated and pulled by the drilling rig.

3.1.3 mini-horizontal directional drilling, mini-HDD n—a
class of HDD, sometimes referred to as guided boring, for
boring holes of up to several hundred feet in length and placing
at a shallow angle to the surface and has tracking and steeri o‘feti Oft typlcT}IIyl 12 mﬁ (302()5ng or less nominal diameter at
capabilities. pths yp@a y ?SSt e.m' t(_ m). . )

3.1.1.1 Discussion—The drill string creates a pilot bore hole  3:1.3.1 Discussior-Mini-HDD is appropriate for placing
in an essentially horizontal path or shallow arc which mayIocal distribution lines (lncludlng service lines or laterals)
subsequently be enlarged to a larger diameter during a secon@eneath local streets, private property, and along right-of-ways.
ary operation which typically includes reaming and thenThe creation of the pilot bore hole and the reaming operations
pullback of the pipe or utility line. Tracking of the initial bore are typically accomplished by fluid jet cutting or the cutting
path is accomplished by a manually operated overhead receivi¥que provided by rotating the drill string, although mud
or a remote tracking system. Steering is achieved by contromotors powered by the drilling fluid are sometimes used for
ling the orientation of the drill head which has a directionalhard or rocky soil conditions. The use of such mud motors
bias and pushing the drill string forward with the drill head would only be applicable for the larger mini-HDD machines.
oriented in the direction desired. Continuous rotation of thelhe locating and tracking systems typically require a manually
drill string allows the drill head to bore a straight path. Theoperated overhead receiver to follow the progress of the initial
procedure uses fluid jet or mechanical cutting, or both, with @ilot bore. The receiver is placed above the general vicinity of
low, controlled volume of drilling fluid flow to minimize the the drill head to allow a determination of its precise location
creation of voids during the initial boring or backreaming and depth, indicate drill head orientation for determining
operations. The drilling fluid helps stabilize the bore hole,steering information to be implemented from the drill rig.
remove cuttings, provide lubricant for the drill string and 3.1.4 pipe dimension ratio, DRn—the average specified

plastic pipe, and cool the drill head. The resultant slurrydiameter of a pipe divided by the minimum specified wall
surrounds the pipe, typically filling the annulus between thehickness.

pipe and the bored cavity.

3. Terminology

3.1 Definitions:

3.1.1 horizontal directional drilling, HDD n—a technique
for installing pipes or utility lines below ground using a
surface-mounted drill rig that launches and places a drill strin

3.1.4.1 Discussior—For pipes manufactured to a controlled
outside diameter (OD), the DR is the ratio of pipe outer
diameter to minimum wall thickness. The standard dimension

6 Available from the Electronics Industries Association, 2001 PennsylvaniaAve.,ratio (SDR) is a SpeCiﬁC ratio of the outside diameter to the

N.W., Washington, DC, 20006. minimum wall thickness as specified by ANSI Preferred
7 Available from the Occupational Health and Safety Administration, 200 Number Series 10.

Constitution Ave. N.W. Washington, DC 20210.
8 Available from Bellcore, 60 New England Ave., Room 1B252, Piscataway, NJ,

08854-4196. Note 1—Lower DR values correspond to thicker, stronger pipes.
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FIG. 1 Maxi-HDD for Obstacle (for example, River) Crossing
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4. Preliminary Site Investigation water supplies may be required to obtain proper drilling fluid

4.1 General Considerations-A maxi-HDD project, such as characteristics. Hard or salty water is undesirable, although
that associated with a river crossing, is a major event that wilpdditives may be used to create the proper pH value. It may be
require extensive and thorough surface and subsurface invedecessary to provide access for trucks to transport water or to
tigations. Qualified geotechnical engineers should perform thgrovide for the installation of a relatively long surface pipe or
work for the owner in preparation for planning and designinghose connecting a remote hydrant.
of the bore route. The information should also be provided to 4.2.1.3 Pipe (Bore Exit) Side-Assuming the pipe to be
the potential contractors to provide guidance for the biddingplaced is too large a diameter to be supplied on a reel (for
stage and subsequent installation. The contractor may perforaxample, larger than 6 in. (150 mm)), sufficient space is
additional investigations, as desired. Since typical maxi-HDDrequired at the side opposite that of the drill rig, where the bore
projects represent river crossings, the following procedures argill exit and the pipe be inserted, to accommodate a continuous
described in terms of the specific investigations and issuestraight length of pre-fabricated pipe. The space for the straight
arising in such cases. The general procedures, however, may Régth will begin approximately 50 to 100 ft (15 to 30 m) from
appropriately interpreted to also apply to non-river crossingsihe anticipated bore exit and extend straight landward at a
such as under land-based obstacles including highways, railidth of 35 to 50 ft (10 to 15 m), depending upon the pipe
ways, etc. diameter. In the immediate vicinity of the bore exit (pipe

4.2 Surface Investigatiofl, 2)° entry), an area of typically 50 ft (15 m) width by 100 ft (30 m)

4.2.1 Topographic Survey-A survey should be conducted |ength is required; for relatively large diameter pipes (larger
to accurately define the working areas described in 4.1 for thghan 24 in. (600 mm), or in cases of difficult soil conditions, an

proposed crossing site. Horizontal and vertical references mugfea of 100 ft (30 m) width by 150 ft (45 m) length should be
be established for referencing hydrographic and geotechnicg}oyided.

data. The survey should typically include overbank profiles on

the anticipated path center—line,. extending about 150 it (75 mgignificant waterways, a survey should be conducted to accu-
landward of the bore entry point to the length of the (pre'rately describe the bottom contours and river stability to

fabricated) pull section landward of the bore exit point. Theestablish suitability for the design life of the pipeline. Typi-

survey information should be related to topographical features : o
in the vicinity of the proposed crossing. Existing topographicalcal|¥’ cli_epths Zhould b_e is'tlabg(s)ge?t %I(c))ng the tant|C|patedd
information may be available from the U.S. Geological Survey,Cen er-ine, and approximately (60 m) upsiream an

or Federal, state, or county publications. Aerial photographs O(?ownstream; closer readings may be required if it is necessary

ordnance surveys may be useful, especially for crossing’ monitor future rive_r ac’;ivity. Considerat_ion should be given
land-based obstacles in urban areas, since these may indicate futL_Jre changes in river banK terrain. Washouts, bank
the presence of demolished buildings and the possibility of old"!9rations, or scour can expose pipe.
foundations, as well any filled areé3). It is also necessary to ~ 4.2.3 Drilling Fluid Disposat—The means for disposal of
check available utility records to help identify the precisethe drilling fluid wastes must be considered. The volume of
location of existing below-ground facilities in the vicinity, drilling fluid used will depend upon the soil characteristics but
including electric power, natural gas, petroleum, water, sewetfs typically on the order of 1 to 3 times the volume of removed
or telecommunications lines. The presence of existing pipesoil. Most drilling fluids use bentonite or polymer additives
lines, support pilings, etc., containing significant steel masavhich are not generally considered to be hazardous. However,
should be noted since this may cause interference with madecal regulations should be followed regarding disposal.
netically sensitive equipment guidance or location instrumen- 4.2.3.1 Drilling Fluid Recirculation—Occasionally, drilling
tation. fluid recirculation is used to reduce overall material and
4.2.1.1Drill Rig (Bore Entry) Side-The available area disposal costs. If drilling fluid recirculation is contemplated, a
required on the side of the drill rig must be sufficient for the rig means must be considered for transporting any fluid exhausted
itself and its ancillary equipment. In general, the size of thefrom the opposite (bore exit) side, during the pullback opera-
required area on the rig side will depend upon the magnitude afon, to the rig side. This may be accomplished by truck, barge,
the operation, including length of bore and diameter of pipe tr a temporary recirculation pipe line on the bottom of the
be placed. Typically, a temporary workspace of approximatelyyaterway (for river-crossings). The recirculation line must be
_}_ﬁo ft (;15 m) width by 250 ft ]£75 ml)(:gnt?thl\évcl)"f?‘(agf)utzﬁcfgt )adequate to prevent accidental discharge into the waterway.
ese dimensions may vary from y y 45 m - ,
for shorter crossings of 1000 ft (300 m) or less, to 200 by 300e cA(;.r? Oilijf Sg;i?;“:; ngs tlt%ae“e;gﬁH%VS ra;)llr Otceecshsnlcizsal h?gnr?ly

ft (60 by 90 m) for medium or long crossings. d . . .
i . ependent upon the properties of the soil formation through
4.2.1.2 Water Supply-Water storage and facilities for mix- which the penetration will be accomplished. Thus, an accurate

ing, storing, and pumping drilling fluid will require significant S S
space. Although it is standard practice to draw fresh Watefand thorough geotechnical investigation must be performed by

found at the location for mixing the drilling fluid, alternate a qual!fled engineer, mc_:ludlng review of existing |nf9rmat|or!
and site specific studies for the proposed location. This

information will be used to produce design drawings (including

° The boldface numbers in parentheses refer to the list of references at the endgnal _b_ore_ route, pipe de_3|gn! a_md_bore design), COHSII’UCI_IOH
this standard. specifications, and permit applications as well as to provide

4.2.2 Hydrographic/Potamological SurveyFor crossing
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information for the contractors upon which to select appropri-D 2166, D 2435, D 2850, D 4186, and D 4767.) and ground-
ate tools and methods for the actual construction. While thevater table behavior. (Refer to Test Method D 5084.) Although
guidelines given in the following sections point out generalsome field evaluation and in-situ testing should be included,
procedures or types of information, or both, which could bethe geotechnical investigation should emphasize laboratory
developed, unforeseeable site-specific variables make the thdesting in order to obtain more accurate and meaningful
oughness and accuracy of any site characterization studyuantitative results. If rock is encountered, the borings should
directly dependent on the skill, experience, and inquisitivenespenetrate sufficiently to verify whether or not it is bedrock. The
of the investigating engineer. Therefore, the investigator shouldelevant soil testing methods listed in Section 2 should be
define the configuration, extent, and constituency of the invedollowed. In general, the following specific data should be
tigation. Site characterization information must go beyond jusbbtained from the borings:
defining soil conditions along the bore path to include a 4.3.4.1 Standard classification of soils, (Refer to Test
forecast of future conditions (that is, river meanders andviethod D 4318),
scours) and to anticipate the affect of the maxi-HDD process on 4.3.4.2 Gradation curves for granular soils, as described in
site conditions. Test Method D 4220,

4.3.1 Preliminary Study-The subsurface investigation 4.3 4.3 Standard penetration test values, as described in Test
should begin with a review of existing data such as may beyethod D 1586,

obtained from published soil reports (for example, Soil Con- 4 3 4 4 Cored samples of rock with rock quality designation
servation Service Report, U.S. Geological Survey, U.S. Army(RQD) and percent recovery,

Corps of Engineers reports, etc.) or records from previous 434 5 ynconfined compressive strength, as described in
construction projects. In particular, data from nearby pipe o est Method D 2166

cable river-crossings, or bridge foundation construction shoul i
be examined. The results of this study will be used to define the ) -
initially recommended bore penetration profile path. 4.3.4.7 Possible contamlngtlon (hazardous wagte),

4.3.2 Test Borings(1,2,4)>—Site-specific data must be ob- 4.3.4.8 Groun_dwater' IO,C‘T’lt'On' ty.pe, and.behawor,' and
tained to fully characterize and verify the conditions through 4.3.4.9 Ele_ctrlcal res!stmty or mineralogical constltgents.
which the proposed bore path will be created. Refer to Guide 4-3.5 For river crossings, the results from the preliminary
D 420, Test Method D 1586, Test Method D 1587, Test Methodtudy and site specific tests should be combined in a compre-
D 2213 and Practice D 4220. Data collection should be aimeaensive report despribing the geotechnical subsurface _condi—
at identifying earth materials at the site and at exploringfions ben_eath the river bottom plus the stream’s potentla_ll for
subsurface stratification (including identification of the bound-meandering and scouring. The results must then be considered
ary between rock and other strata, presence of cobbles & the owner, the engineer, and potential contractors, with
boulders and other anomalies such as old tree stumps and figard to compatibility with the state-of-the-art of directional
debris). The location, depth, and number of borings should pdrilling technology for_cost-effe_ctlvely completing the task. If
determined by the engineer based on the preliminary studjlecessary, the crossing location may be altered to a more
anticipated future changes in site conditions (river meanderdavorable crossing site. In this case, many of the surface and
scours, etc.), and modifications of soil conditions duringSubsurface investigations may have to be repeated for the new
construction. These borings should be located at a sufficierfifoPosed crossing location and bore path.
lateral distance (to either side) from the proposed bore path to 4.3.6 Feasibility—Soil conditions are a major factor affect-
avoid boring into the test hole, and the holes should be sealdfld the feasibility and cost of using maxi-HDD in a given
with grouting to avoid potential leakage paths for drilling fluid geographic area. Table 1 indicates the suitability of horizontal
during the actual installation. Following completion of the directional drilling as a function of the general characteristics
detailed route design (Section 7), additional test borings ma@f the soil conditions in the area and depths of inte(8s5).
be desirable at critical points such as bends. The “generally suitable” category presumes knowledgeable,

_ . _ o experienced contractors or personnel using appropriate equip-

NOTE 2—In env_lronmentally sensitive areas, possible restrictions MaYnent. Such contractors are assumed to have a minimum of one
exist on the location or number of test borings. year field experience and completed approximately 30 000 ft

4.3.3 In addition to test borings, dynamic cone testing o10 km) of construction in related projects. The size and type
developing non-intrusive techniques such as ground penetrataachines considered appropriate for particular installations are
ing radar or sonar may be used to identify stratification andx function of bore length, final hole diameter, and soil
areas with anomalies. Such probing techniques may be appliebnditions. Various type drill heads, mud motors, reamers, and
in the proximity of known conditions determined by a boring drilling fluid capabilities are available for various ground
to obtain proper calibration, and then extended towards ureonditions. The conditions under which “difficulties may
tested areas at relatively close intervals to identify irregularitie®ccur” may require modifications of routine procedures or
between borings. If needed, additional borings may then bequipment, such as the use of special purpose drill heads or
made at intermediate points of interg3i4). optimized drilling fluids. Some cases will entail “substantial

4.3.4 Soil Analysis(2,5,6)—The geotechnical study should problems” and may not be economically feasible for direc-
evaluate several parameters, including soil classificationgional drilling using present technology. The potential for
(Refer to Test Methods D 4318 and D 4220.) strength angbroblems to occur increases with the presence of gravels,
deformation properties, (Refer to Test Methods D 1586poulders, or cobbles or with transitions from non-lithified

4.3.4.6 Moh’s hardness for rock samples,
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TABLE 1 Soil Conditions and Suitability of Horizontal Directional the initial boring or backreaming operations is reduced by
i A . . :
Drilling appropriate adherence to regulations and damage prevention
Soil Conditions Generally Difficulties Substantial procedures, as outlined in Section 6.
Suitable  May O Probl . ; . .
: ulable MayDeear Froplems 5.2 Work Clothing—Caution: Loose clothing or jewelry
gg;;‘i’c"ge’%j;gc'ays' silts, and X should not be worn since they may snag on moving mechanical
parts. Safety glasses or OSHA approved goggles, or both, and
Medium to very stiff clays and silts X OSHA approved head gear should be worn at all times.
Hard clays and highly weathered X Protective work shoes and gloves must be worn by all
shales personnel.
5.3 Machine Safety PracticesContractors must comply
Very loose to loose sands above and X

below the water table (not more than with all applicable OSI_—|A, state, and Iocal regu!a_tic_ms, and
30 % gravel by weight) accepted industry practices. All personnel in the vicinity of the
drill rig or at the opposite end of the bore must be properly

g"jgx'31g’ﬁ;gf?asb"’l‘gciioibnﬂ‘(’)fe"{han x trained and educated regarding the potential hazards associated
30 % gravel by weight) with the maxi-HDD equipment. For electrical hazards, see
Very loose (o dense gravelly sand “ O_SHA 3075. Personnel shall _be knowledgeable of safe oper-
(30 9% 10 50 % gravel by weight) ating procedures, safety equipment, and proper precautions.
Courses and seminars are available in the industry, including
éegy%!ogsgsto%dern:veelgga"e"y_ ?ﬁ”d X training provided by the equipment suppliers.
gravel by weight) 5.3.1 The operation of the drill rig requires rotation and
Very loose to very dense gravel X advancement or retraction of the drill rods. Drill rig operation
Soils with significant cobbles X is_ typicall_y accomplisheq using chain drives, gear systems, and
boulders, and obstructions vises which may potentially lead to personal injury due to the
moving mechanical components. All safety shields or guards
X‘r’;?;hf;de;‘t’gsss'orngr's' chalks, and X must be properly mounted. The equipment must be checked at
the beginning of each work day to verify proper operation.
Slightly weathered to unweathered X 5.3.2 Hydraulic Fluid—The hydraulic oil lines powering
rocks the drill rig operate under pressures of several thousand psi
“For additional information, see Ref. (5). (hundreds of bars). The hoses and connectors must be properly

maintained to avoid leaks.

- . - : 5.3.2.1 Caution: If a leak is suspected, it should be
material into solid rock. In such cases, other drilling Iocat|0nsChecked by Using a piece of cardboard or other obiect. but not
or construction alternatives should be considered unless sPeC\%’!\nds or yan gthepr) art of the bodv. The hi Jh ’ressure
circumstances dictate the need for directional drilling at th y P Y- gn p

present location, even at high costs associated with special roc (ljrau'hc fluid can penetrate_the skin, burn,. or cause blood
drilling techniques, efc poisoning. Before disconnecting any hydraulic lines, the sys-

tem pressure should be relieved.

5.3.3 Drilling Fluid—Drilling fluid pressures will vary
depending upon the equipment design and operator preference;

ressures of several thousand psi (hundreds of bars) are
gossible. The hoses and connections must be properly main-
Fained to avoid leaks.

5.3.3.1 Caution: Suspected leaks should be checked by
using a piece of cardboard or other object. Avoid the use of
hands or any other part of the body to check for a leak. Before
®hdividual drill rods are inserted or removed from the drill
string, it must be verified that the drilling fluid pressure has
een shut off and allowed to decrease; otherwise, high pressure

d will squirt from the joint and possibly cause injury to
ersonnel. The drilling fluid pressure gage must be checked to
erify the pressure has been relieved before disconnecting any

5. Safety and Environmental Considerations

5.1 General Consideratiors-Injury to personnel may re-
sult from the mechanical and hydraulic machine operation
directly related to the drilling operation or from striking of
electric power lines or buried pipelines. In addition, the scale o
maxi-HDD operations may involve additional equipment and
accessories required for the lifting and handling of heavy drill
rods, drill heads, reamers, etc., as well as the product pipe
conduit. Additional precautions relating to specific auxiliary
equipment must be followed, but is beyond the scope of thi
standard. Non-essential personnel and bystanders should not
allowed in the immediate vicinity of the maxi-HDD equip-
ment. Barriers and warnings should be placed a minimum of 3
ft (10 m) from the edge of the equipment or associate
hardware. Safety precautions are to be followed by all person-
nel and at both ends of the bore path. Inadvertent contact with Note 3—If the pressure does not decrease in a short interval following
electric power, natural gas, or petroleum lines may result irPressure shut off, the fluid jet openings at the drill head may be clogged.
hazards to personnel or cotamination. If possible, any in-PESt S T fen 0 Teke MSr Seceeig Ve o | 1) e
SerVICe plpelme. in the prOXImI.ty of the bore ShOUId. be before continuing the operation. To avoid injury from the drill head and
de-activated during the construction. In general, the poss'b'“thrilling fluid, all personnel should maintain a safe distance from the exit

of injury or environmental impact caused by damage tOpoint of the bore as the drill head surfaces. The pressure should be shut off
working or powered subsurface facilities or pipelines duringas soon as the drill head exits.
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5.4 Construction Effects on Sitelt is assumed that the ered, including relevant permits. Special restrictions may exist,
preliminary site investigations included analyses to verify theincluding restoration regulations, in environmentally sensitive
stability of embankments, roads, or other major features to bbabitat areas.
traversed. It is necessary to ensure that the maxi-HDD opera- 6.2 Environmental, Health, and Safety PtatWhen re-
tion will not negatively impact the site upon completion. In quired, each contractor that will work on the project must
many cases, it will be appropriate to use grouting to seal théubmit an environmental, health, and safety plan. Items to
final bore path hole or the end portions of the hole followingconsider are the responsibilities of the plan, reporting, em-
the installation of the pipe to prevent future flow or environ- ployee training, MSDS sheets for materials being used, emer-
mental contamination. Particularly sensitive areas includ@ency telephone numbers for police, fire department, and
statutorily designated areas, such as wetlands, natural af@edical assistance, fire prevention, sanitation, and industrial
scenic waterways, or contaminated or waste disposal sites. fygiene. .
the bore will pass through, or in close proximity to, a 6.3 Environmental and Archaeological Impact Stuelylost
contaminated area, special spoils monitoring and disposdifojects using maxi-HDD will require procurement of various

procedures must be followed, consistent with applicable Fedenvironmental permits. When an environmental permitting
eral, state, or local regulations. plan must be prepared, it should include a list of required

5.4.1 Drilling Fluid—The most common drilling fluid ad- permits (for e_xample, USAE.‘ USEPA), the_tlme needed to
Jrepare permits, and an estimated date of issuance. Items to

sv'g;/:r I?hte)err:s(,)ﬂtti?], ?‘ISi?jturr?)l\l/)i/ dcézcg;rs”i]rg dClaz; VZES; ?r?cdlsgir: consider are solid and hazardous materials and waste manage-
’ 9 P prop $nent, wetlands, burial grounds, land use, air pollution, noise,

wscgsﬁy, m d;nilty, ?gd I'l:btr.|c:|ty'£ Thz tt)e ntolilllée': mat(;:']rc!al ater supply and discharge, traffic control and river and
used should be National Sanitation Foundation ( ) certifie ailroad transportation.

l_)isposal should b_e in accordancg with local laws and regul_a— 6.4 Waterways(see ANSI/EIA/TIA-590)—The U.S. Army
tions. The bentomte-water slgrry IS 'not a hazardous materl"’E‘,orps of Engineers (USAE) regulates activities involving
unless it becomes mixed with toxic pollutants. The wastgarsiate hodies of water, including marshes and tributaries, as
material is usually considered as typical excavation spoils anfe|| 45 intrastate waters which could affect interstate or foreign
can be disposed or by means similar to other spoils. If othegommerce. The organization is responsible for work affecting
additives are of concern or hazardous material disposal ig,ch waterways, including to the headwaters of freshwater
required, it may be necessary to de-water the spails, transpotreams, wetlands, swamps and lakes. The Regional District
the soll_ds to an app_roprlate disposal site, and treat the water E‘ngineer of the USAE will advise applicants of the types of
meet disposal requirements. permits required for such proposed projects. In addition, a state
5.4.2 The utility access pits which may be present at botlor local, or both, agency environmental review and permit may
ends of the bore are convenient receptacles for collecting usdsk required.
drilling fluid. If not present for utility access, small pits should 6.5 Railroad Crossings(see ANSI/EIA/TIA-590)—The
be provided at both ends to serve as such receptacles. Deperthief engineer of the railroad should be consulted for the
ing upon soil permeability, the pits may be lined with anapproved methods of crossing the railroad line. For spur tracks
appropriate material or membrane. The pits should be emptieor sidings, the tract owner should be consulted. Railroads
as necessary. Some maxi-HDD systems use drilling fluichormally require cased pipes at crossings to prevent track
recirculating systems to reduce the volume of spoils. If thewashouts or damage in the event of pipeline rupture. (At the
geotechnical investigation revealed the existence of soil cortime of writing of this standard, an American Railway Engi-
ditions conductive to fluid migration, such as through pre-neering Association (AREA) committee is studying the use of
fractures in surrounding clay or soil mass permeability, thisHDD for uncased and cased crossing of railroads for both
condition must be anticipated and accounted for in the drillingplastic and steel gas pipelines.)

operation. 7. Bore Path Layout and Design

7.1 General Considerations-For maxi-HDD projects, such
as river crossings, the bore path should be designed and

6.1 General ConsideratiorsThe owner of the proposed gpecified by the engineer representing the owner prior to the
pipeline should obtain any required drilling permits and iscontractor bidding process. Based upon the preliminary surface
responsible for obtaining approvals from the Federal, state, aind subsurface investigations, the path will be selected to place
local jurisdictions or other agencies that may be affected by théhe pipe within stable ground and isolated from river activities
work. The preliminary investigations (Section 4) should iden-for the design life of the utility line. The ground through which
tify appropriate site locations and paths, including safe sepahe path will traverse must be compatible with maxi-HDD
rations from other facilities such as electric power, natural gasechnology. In general, for maxi-HDD projects, the design path
or petroleum lines. If the constraints for a particular maxi-HDD will lie within a vertical plane. If necessary, lateral curvature is
bore are such as to be in the vicinity of known facilities, thepossible, consistent with the capabilities of the equipment and
affected owners must be contacted and strict procedures fehe product pipe. The path should be clearly designated in an
location and marking followed. If a maxi-HDD bore intercon- integrated report summarizing the results of the surface and
nects points under the jurisdiction of several states or goverrsubsurface investigations, and should be used for pricing,
ing bodies, then the regulations of all parties must be considplanning, and executing the operation.

6. Regulations and Damage Prevention
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7.2 Steering and Drill Rod ConstraintsThe planned path 0.35 rad) from the ground surface, preferably 12 to 15° (0.20 to
must be consistent with the steering capability of the drill string0.25 rad) from the ground surface. These angles are compatible
and the allowable radius of curvature of the steel drill rodswith typical equipment capabilities.
based upon the corresponding bending stresses in the steel rodg.4.3 Bore Exit (Pipe Entry)~The bore exit point must also
and joints. Although some soil conditions will inhibit sharp be accurately specified consistent with the pipe length and
steering maneuvers, path limitations will often be based uporopographical investigations. Bore exit angles should be rela-
fatigue strength considerations of the rods. A given rod may bévely shallow, preferably less than 10° (0.15 rad). A shallow
able to withstand a single bend cycle corresponding to angle will facilitate the insertion of the pipe into the bore hole
relatively sharp radius of curvature, but the rotation of the rodvhile maintaining the minimum radius of curvature require-
during the boring operation results in flexural cycles whichments. Relatively steep angles will require greater elevation of
may eventually cause cumulative fatigue failure. The diametethe pipe to maintain the required bend radii.
of the drill rod is an important parameter affecting its stiffness, 7.4.4 Path Profile—The proposed path should optimally lay
steering capability, and the allowable bend radii. A conservawithin a vertical plane including the bore entry and exit points.
tive industry guideline indicates the minimum bend radiusThe arcs of the bore path and straight sections (that is, after

should be approximately: achieving desired depth) must be defined, including the radii of

(Roghmn = 1200D,,4 (1)  curvature and approximate points of tangency of curved and

straight segments. The curvatures must be compatible with

where: ] ) _ both the steel drill rods (Eq 1) and the PE pipe or conduit
(Rodmin = medium recommended bend radius of drill (section 8). It should be noted that even larger bend radii
rod, in. (mm), and _ (lower curvatures) will further reduce lateral flexural bending

Droa. = nominal diameter of drill rod, in. (mm). 15345 on the pipe and drill rods as they traverse the route,
This applies to bends in horizontal (plan) or vertical (profile) thereby helping avoid additional increases in tensile loads
planes. associated with their stiffness effects. Typically, the path should

7.3 The proposed path should avoid unnecessary bendsnsure a minimum depth of cover of 15 ft (5 m) beneath the
Such trajectories may be difficult to follow and may lead to riyer bottom as projected over the design life of the pipe line,
oversteering and excessive bends, resulting in increasgfcluding allowance for scouring2,4). This will overcome
stresses in the drill rods and greater required pulling forcegyoyancy effects and help overcome the tendency for the drill
during the installation of the pipe. The local radius of curvaturenead to rise towards the free surface, thereby complicating the

of the path at any point may be estimated by: steering operation.
R= ﬁ_s ) Note 5—The Directional Crossing Contractors Associations (DCCA)
¢ (7) recommends a minimum depth of 20 ft beneath the river bottom.
where: ] 7.4.4.1 Average Radius of CurvatureThe average radius
R = local radius of curvature along path segment, ft (M), of curvature for a path segment (that is, A-B or C-D in Fig. 1)
AS = distance along path, ft (m), and reaching to or from a depth required to pass beneath an
A¢ = angular change in direction, rad.

obstacle, may be estimated from the bore exit or entry angle,
Note 4—The angle in radians is equal to the angle in degrees respectively, and the depth of the bore:
0.0175. (One radian equals 57.3°.) 2H

=— 3
Thus, if AS is selected to be equal to 30 ft (10 m) (for Rag = g2 ®
example, one rod length for some maxi-HDD machines) a

change of 0.1 rad (6°) corresponds to a radius of curvature o here:_ di f | h ft
300 ft (100 m). vg = ?vc)erage radius of curvature along path segment,
, . . m),
7.4 Bore Paths Profile (Vertical Plane) Trajecto(¥,2)—A 0 bore exit or entry angle to surface, rad, and

typical obstacle crossing, such as that represented by a river ig
illustrated in Fig. 1.

7.4.1 The following parameters must be specified in definy
ing the bore path:

depth of bore beneath surface, ft (m).
The corresponding horizontal distance required to achieve
he depth or rise to the surface may be estimated by:

7.4.1.1 Bore entry (pipe exit) point, L= ZTH o

7.4.1.2 Bore exit (pipe entry) point,

7.4.1.3 Bore entry (pipe exit) angle, where:

7.4.1.4 Bore exit (pipe entry) angle, L = horizontal transition distance, ft (m).

7.4.1.5 Depth of path, (for example, depth of cover of pipe It must be noted that departures from a uniform radius will
beneath river bottom), and result in locally smaller radii.

7.4.1.6 Path curvatures. 7.4.4.2 The resultant path will determine the stresses to be

7.4.2 Bore Entry (Pipe Exit—The bore entry point must be exerted upon the pipe during the installation and service life.
accurately specified consistent with the pipe route, equipmenthe product pipe design must therefore be analyzed based
requirements, and preliminary topographical investigationsupon the final selected path, following the pipe design and
Bore entry angles should be in the range of 8 to 20° (0.15 tselection procedures given in Section 8.
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8. Pipe Design and Selection Considerations maximum depth of placement relative to the entry or exit point,
and earth loads and liveloads due to load transfer through the
g deformation of the soil around the borehdt). If borehole
ddeformation is minimal (such as in rock) or does not deform
che pipe, the only loading applied to the pipe is the hydrostatic
I(:external pressure. When earth load does reach the pipe, load

pipe must be performed, subject to the route geometry, t5eductions from the geostatic stress (arching) may be antici-

verify or determine an appropriate DR (or pipe wall thickness)._pated' Thﬁ reductions may tl’z siggifi((:)amt \;]vhen rt1he i?] Sitg 5.0"
The analysis should consider both the installation forcedS normally- or over-consolidated. On the other hand, In

occurring during pull-back and the long-term Oloerationalunder—consolidated soils such as river deposits, the earth load
loads on the pipe may equal the prism load (adjusted for buoyancy in

. : . . . the case of a river crossing). The external pressure applied to
8.1.2 PE Pipe—Pipes made from either high density poly- . L
ethylene (HDPE) or medium density polyethylene (MDPE) an{;feecﬁ:sg ggxﬁls rt]sesaféal rztdrﬁiz,dt;]oart zﬁ(,:rlltinls tgsdsrhn; r?f (;[?oe-
suited for directional drilling. PE pipe specifications include P ’ 9, y

Specifications D 2447, D 2513, D 3035, and F 714. If Suchstatic pressure. In some cases, the mud-slurry pressure will

pipe is provided in short segments, the individual units shoul _ffset thg eart_h pressure. As the earth load applied to direc-
be joined using a butt-fusion technique in accordance wit ional drilled pipe is dependent on the depth of cover, borehole

Practice D 2657. This will allow the inherent strength of the PEd|amgter, mud-slurry p.ropertlles, drlll!ng and back—ream_lng
tﬁchnlques, and the in situ soil properties, among other things,

pipe to be maintained during the placement process and whe . .
subjected to other operational stresses. Small diameter pipe fgeote_chnlcal engineer should be consulted. See X2.2 for a
Iscussion earth load calculations. Liveload pressure can be

8.1 General Guidelines

8.1.1 Maxi-HDD applications typically require detaile
analysis of the pipe or conduit in relation to its intende
application. Due to the large anticipated pulling loads an
potentially high external pressure, a careful analysis of the P

continuous length may be provided on reels. Table X1.1 give ansmitted to shallow directional drilled pipe. For shallow
modulus and strength values for typical pressure-rated HDP L o L PIPE.
applications, it is likely that the pipe is subjected to the same

and MDPE resins. liveload and earth pressures as an entrenched pipe
8.1.3 Cable Conduit Applications-For cable conduit appli- P Pipe.

cations, including electric power and telecommunications 8.2.3.1Net External Pressure-The net external pressure,

small diameter pipe may be supplied on a continuous ree‘ID”e“ Is the differential pressure b_etween the ins[de ok outsjde
including internal pull line or the cable itself, as pre—installedOf the pipe. The external operational load applied to the pipe

by the manufacturer. In addition, the pipe may be provide ay pe def[:rrfastﬁd or totﬁlll(y Qﬁ—set'[r] by |tntern|a: pcrjessure
with the interior surface pre-lubricated. Such features will be jnOcCUMNg Within the pipe. LIKEWISE, he external load may

accordance with that specified by the owner or engineel!.nc.rease Wi_th the occurrence of negative pressure (vz_acuum)
Requirements for telecommunications applications, includin hside the pipe. The net external pressure may vary at different

HDPE pipe with various internal surface profiles, including.Imes in the life of the pipeline. For instance, during pressur-

smoothwall or ribbed are specified in TR-NWT-000356 ized flow, the net external pressure may be zero but during a
8.2 Pipe Loading ' shut-down or prior to service, considerable external pressure

8.2.1 Operational and Installation Loads The pipe will be may be applied. An analysis should be made of all potential

. e . . external loadings, internal pressurization or vacuum events,
subject to loads during its long-term operation and during th(:émd of their duration of occurrence, so that the net external

'nSta”"f‘t'on ptroc?ss. Itis th? resp(:nstljblllty O.f thetk?wger.(or the ressure and its duration is determined for each cycle of the
owner's contractor or engineer) to determine the design andaipeline’s service life.

selection of the pipe to serve the function intended an . . .
; : S : 8.2.4 Pipe Resistance to External Loadd he pipe must be
withstand the operational stresses at the directionally drlllecéf sufficient thickness (or DR ratio) to withstand the net

section as well as at other sections along the pipe line. Thiexternal ressure without collapsing or deflecting undul
practice deals primarily with the loads imposed during the P psing 9 y

directional drilling process and earth and groundwater IoadgJurlng each cycle of the opgranonal life .Of the plpelme..(The
during operation (post-installation). effects of external hydrosatic loads applied during the instal-

8.2.2 Internal (Operational) Pressure Loadslt is the re- lation phase are discussed in 8.2.8.2.)
sponsibility of the owner (or owner’s contractor or engineer) to Note 6—Spangler’s lowa Formula is typically not applicable to direc-
determine the nominal diameter and wall thickness appropriatéonal drilled pipes as the mud-slurry (unless cemented) on setting
for the intended application. For example, if the pipe will bed_evglpps 0r_1|y the consistency _of a soft clay which will not provide
used for the pressurized flow of liquids or gases, it is necessafjnficant side-support for the pipe.
to determine the nominal diameter based on flow capacity 8.2.4.1 Pipe Deflection (Ovality}-Deflection reduces the
requirements and the minimum wall thickness (or DR) topipe’s resistance to external collapse pressure. Earth loads,
withstand the corresponding circumferential stresses on a longngitudinal bending (bore path curvature), and buoyancy
term basis. Specification D 2513, D 3035, or F 714 may bdorces during installation will produce ring deflection in the
used to determine an initial estimate of the correspondingipe. Formulas for calculating earth load deflection, buoyancy
maximum dimension ratio (DR) for PE pipe. deflection, and curvature-induced deflection along with per-

8.2.3 External (Operational) Hydraulic and Earth Loads  missible deflection limits are given in Appendix X2. When
The pipe will be subjected to hydrostatic external pressure dukore path curvature is limited to the guidelines given in Note 7
to the height of water or drilling fluid (or slurry) above the and the DR is 21 or less, ovality due to longitudinal bending
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can generally be ignored. Filling the pipe with water during the 8.2.4.3 For a pipe that will be supported by grouting, the
placement operation will reduce the buoyancy force (see 8.2.@llowable external collapse pressure increases (is enhanced) by
and greatly eliminate the possible short-term collapse. Tha factor of approximately 41). Accordingly, the allowable
effective external pressure would then be equal to that correpressure obtained from Levy’s Equation, Eq 5, can be in-
sponding to the actual external differential pressure due to thereased by a factor of 4. However, the enhancement will not
head of drilling slurry minus the internal pressure due to that opply to unsupported pipe until the grouting is fully effective.

the water inside the pipe. A period of 1 week may be conservatively assumed.
8.2.4.2 Unconstrained Collapse-The following version of 8.2.5 Axial Bending StressThe radii of curvature for
Levy's equation may be used to determine the allowablgsegments of the bored path, as indicated in Fig. 1, must be
external pressure for directional drilled pipe: sufficiently large to ensure minimal bending strains and
2E 1 \3f, stresses within the pipe or conduit. The recommended mini-
Pua:m (W—l) N ®)  mum bend radius may be provided by the manufacturer, and
corresponds to the following peak axial strain level:
where: D
P, = allowable external collapse pressure, psi (kPa), €©=7R (6)
E = apparent (time-corrected) modulus, psi (kPa), for the
grade of material used to manufacture the pipe, and where:
time and temperature of interest, €, = peak axial strain, in./in. (mm/mm),
M = Poisson’s Ratio (long term loading = 0.45, shortterm D = outer diameter of pipe, in. (mm), and
loading = 0.35), R = local radius of curvature, in. (mm).
DR = dimension ratio (ODJ, _ The corresponding axial bending stresses may be calculated
f, = ovality compensation factor (see Fig. 2), and by:
N = safety factor, generally 2.0 or higher.

For design, the allowable collapse pressig, must equal a=Eaca )

or exceed the net effective pressure..PThe modulus of  \here:

elasticity and Poisson’s ratio are a function of the duration of ¢, = peak axial stress, psi (kPa),

the anticipated load. Modulus values are given in Table X1.1.E, = apparent modulus of elasticity, psi (kPa) (see Table
If the safety factor in Levy’s equation is set equal to one, the X1.1).

equation gives the critical collapse (buckling) pressure. Table

X1.3 gives the critical collapse pressure for different DR’s of Note 7—Some PE pipe manufacturers recommend an allowable bend-
. . s ing radius to diameter ratio of approximately 40 or 50 to 1 during
HDPE pipe. For design purposes, the critical collapse pressuré ull-back to minimize the effect of ovaling due to tensile loads.

must be reduced by a safety factor and by ovality compensatid?]
to obtain an allowable stress, R When using Table X1.3 for ~ See X2.5 for calculating ovality induced by bending curva-
determining pipe’s resistance to buckling during pull-back, anture.
additional reduction for tensile stresses is required. In general, 8.2.5.1 PE Pipe—In general, the relatively stiff drill rods
if the resulting DR value is lower than that determined by thewill require considerably larger bending radii than the flexible
initial selection criteria based upon internal pressure consid-PE pipe. The resulting path radii for passing beneath a major
erations, the lower value must be used as corresponding to abstacle, such as a river, are typically at least an order of
required thicker, stronger pipe. magnitude greater than the minimum recommended for the
plastic pipe. The corresponding bending strains and stresses are
10 . therefore usually not of major significance. However, the
' curvature required for the pipe to enter or exit the bore hole
may be more severe and must be externally controlled to avoid
- - - excessive strains or stresses in these areas.

8.2.6 Pulling Force—The pipe pullback operation is illus-
trated in Fig. 1, which shows the geometry of the path
including the depth, entry and exit curves, and the possibly
straight interim segment beneath the river or obstacle to be
crossed. The required tensile force at the leading end of the
product pipe will vary during the operation and is, in general,
less than that experienced at the drill rig due to the additional
- - - load on the balance of the drill string still within the bore hole
and that due to any simultaneous reaming operation. The
tensile forces on the pipe result from the fractional drag forces
acting on the sides of the pipe due to the weight or buoyancy
7 2 4 6 8 10 12 forces as it is pulled into and along the hole, force amplifica-

tions due to pulling the pipe around the curves, and resistance
PERCENT OVALITY (%) due to the pipe stiffness. The resultant forces will depend upon
FIG. 2 Ovality Compensation Factor whether the pipe is empty or deliberately weighted (for
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example, filled with ballast) to reduce the buoyancy. For thepoint, the corresponding sidewall bearing pressure at the inside
purposes of estimating the peak force on the product pipe, thef the bend may cause collapse of the pipe or conduit. This
load is calculated at the 4 transition points, A, B, C, D shownprocedure should therefore be avoided in preference to pulling
in Fig. 1 (1). The greatest load on the pipe would typically be additional pipe length in a direction along the pipe exit (bore
at point D. The corresponding loads may be estimated by thentry) angle.
following equations: 8.2.6.2 Pipe Stiffness-The equations in 8.2.6 do not explic-
Ta = exp(Vua) (VW (Ly + Ly + Ly + Ly) (8) itly account for the resistance due to the pipe stiffness at curves
along the bore path. This effect will be reduced for sufficiently
Ts = exp (V) (Ta + VWL +WH — VoL ,exp (Vo)) (o) large radii and greater clearance within the bore hole, but may
still represent a significant contribution. Thus, Eq 8-11 and
(10) associated calculations should be considered primarily as
estimates for the purposes of investigating the overall feasibil-
_ ity of the installation and providing an understanding of the
To = exp(WB) (Tt Viils = WoH = EXp(Vaa)(VaWaL“eXp(Vau))()ll) effect of the other parameters. The operational procedures
(Section 9) include methods for limiting the actual pulling

Te = Tg + VW lLz—exp(V yo) (VWL zexp (V)

where: force applied to the pipe to provide confidence in the integrity
Ta = pull force on pipe at point A, Ibf (N), of the installed pipeline.
¥B = pu” ;orce on pipe at point 2 Iltl;; (N)’ 8.2.6.3 Coefficient of Frictior-The coefficient of friction
c B pull force on pipe at point C, Ibf (N), depends on the characteristics of the surfaces bearing against
S = pull force on pipe at point D, Ibf (N), N
L, = additional length of pipe required for handling gach oﬁher, thg presence of any lubrication, and Whether_ there
and thermal contraction, ft (m), is relatl_ve motion betV\_/een th(_a surfaces. The degree of friction
L, = horizontal distance to achieve desired depth, ﬁ|mmed|ately prior to s!lppage is generall_y g_reaterthgn thg level
(m), during subsequent sliding. Although prlef interruptions in the.
Ly = additional distance traversed at desired depth, ftPlacement process are necessary during the removal of the drill
m), rods during the pullback operation, it is important to attempt to
L, = horizontal distance to rise to surface, ft (m), complete the operation without extensive interruptions, which
H = depth of bore hole from ground surface, ft (m), may allow the bore hole to collapse or the pipe to become
expX) = €, where e = natural logarithm base (e = embedded in the surrounding soil. The valueigrepresents
2.71828), the lubricated value for the pipe in the bore hole as surrounded
A = coefficient of friction applicable at the surface by drilling fluid and mud slurry assuming minimal interrup-
before the pipe enters bore hole, tions. It is recommended that the pipe external to the bore hole
Vo = coefficient of friction applicable within the lubri-  be supported such as to provide as low a coefficient of friction
cated bore hole or after the (wet) pipe exits, v, as possible.
W, = weight of empty pipe, Ibf/ft (N/m),
W, = net upward buoyant force on pipe in bore hole, Note 9—Suggested design values for the frictional coefficientand
Ibf/ft (N/m), vp are 0.5 and_ 0.3, respectively). Where pipe is placed on rollers, is
o = bore hole angle at pipe entry (or HDD exit, at side Pically considered equal to 0.1.
opposite drill rig), rad, and 8.2.6.4 Multiple Pipes—If more than one pipe (that is, a
B = bore hole angle at pipe exit (or HDD entry, at pyndle of small diameter pipes) is simultaneously pulled into
same side as drill rig), rad. the hole, higher overall loads will result due to the greater

The exponential factors correspond to the capstan effectyeight or buoyancy of the combination as well as an effec-
reflecting increased bearing pressure caused by the pipe pullégely amplified coefficient of friction y within the hole. The
against the inside surface of the bend. degree of amplification will depend upon the relative pipe and

) hole diameters and will be minimized for greater clearance

Note 8—Although the actual value df, may be considered to be

approximately 100 ft (30 m) to allow for handling at both ends of the bore,WIthln the borehme' ) .
including possible thermal contraction, it is recommended that a larger 8.2.6.5 Effective Weight and Buoyancy Foree$he weight
value ofL,(for example, 200 to 250 ft (60 to 75 m)) be used in Eq 8 to of the vacant pipe or conduit may be obtained from the

account for the actual path length along the arc. In some casesay be  manufacturer, or may be calculated by the following formula:
equal to zero.
DR-1)

8.2.6.1 If additional pipe length (to accommodate subse- Wy =m0 e PuYa (12)
guent elastic, viscoelastic, or thermal contractions) is pulled
through the bore hole by using a pulling force applied in a where: ) )
horizontal direction at the drill rig side, resulting in an Wa = Wweight of empty pipe, Ibf/in. (N/mm),
additional bend of anglp at the surface, there may be a further Ya = SPecific gravity of pipe material (for example, 0.955
increase in the pull forc&,. The total force would correspond for PE), ) _ . .
to that of multiplying the value o, as calculated by Eq 11, Pw weight denséty of Wgter times length unit conversion
by the additional factor exp{B). Furthermore, depending _ factor, Ibf/in“(N/mnT), and
upon the total force magnitude and the local bend radius at thi? = outside diameter of pipe, in. (mm).

10
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Note 10—The density of water is 3.6X 1072 Ibf/in.3(9.80 x 10°°
N/mm?).

DR?

1
o = (Ti + AT)F‘T—DZ<W (19)

The net (upward) buoyant force on the vacant pipe sur-

rounded by a drilling fluid or mud slurry may be calculated by:

wD?
W, = pryb_wa (13)
D? 4y (DR-1)
Wy = T Pw (Yb*aD—R2> (14)

wherewy, equals specific gravity of mud slurry.

Note 11—The specific gravity of the mud slurry may be conservatively
assumed to be 1.5 (see 8.2.3).

If the pipe is filled with water or fluid to serve as ballast, the
buoyant force is reduced and is given by either:

D? 2

2
Wb:"TTPw<Yb**/c<1*ﬁ> >*Wa (15)
D? 2\2 4y DR-1)
Wo=mZzPw( Yo =Y (1T BR| T pr (16)

wherevy, equals specific gravity of ballast fluid.
If the pipe is filled with water, they = 1; if the pipe is filled

with mud slurry (that is, if an open-ended pulling grip is used .

that allows the drilling fluid or slurry to enter the pipe), then
Y&~ Y, and the above formula becomes:

(DR — 1)

Va)w (17)

w, = 7D, (vp —

For PE pipe, these procedures will typically result in a lower

required pull force as calculated by Eq 8-11.
8.2.6.6 Hydrokinetic Pressure-A pressure gradient exists

where:
T, = Tp Tg, Te, Or Tp, Ibf (N), and
o corresponding stress, psi (kka1073).

The highest average axial stress will occur at the pulling
head. However, depending on the curvature of the borepath, the
peak tensile stress may not occur at the pulling head, but in a
curve. In the curve, the maximum tensile stress due to bending
occurs in the outer fibers of the pipe. For each curve, the
maximum tensile stress equals the sum of the bending stress, as
in Eq 7, due the curvature and the average axial stress at that
point due to pulling. The maximum tensile stress for each curve
should be determined and compared with the average axial
stress at the pulling head to determine the peak tensile stress,
oy, Occurring in the pipe:

Opi = 0; + 0y (20)
where:
o, = peak tensile stress ath point (where = A, B, C, or
D), psi (kPa),
o; = average axial tensile pull stresth point (wherel =

A, B, C, or D), psi (kPa), and
outerfiber tensile stress (Eq 7)ieth point (wherd =
A, B, C, or D), psi (kPa).

8.2.7.1 Allowable Tensile StressThe peak tensile stress,
oy, should be compared to the allowable stress at the antici-
pated installation temperature. Thus, it is required that:

op = SPS (21)

al

whereSPSequals safe pull tensile stress, psi (kP40 ) at

during the pipe pullback operation corresponding to thathe anticipated installation temperature. Und_er continuous
required to exhaust the drilling fluid out of the hole, towards!0ad, polyethylene undergoes creep deformation. Therefore,

the pipe entry area. Additional pressure surges are possible d
to nonuniform pulling rate¢l,2). The flow of the drilling fluid

the safe pull stress values are time and temperature dependent.
See Table X1.1 for typical SPS values. The time interval for the

along the length of the pipe results in a drag force which maynstallation depends upon the length and rate of pullback of the
be estimated by considering a balance of the forces acting d?iPe. Pullback rates are on the order of several feet per minute,
the fluid annulus in the bore hole due to the hydrokineticdepending upon the soil conditions. If it is anticipated that the
pressure and the lateral shear forces acting on the pipe af@ck-reaming process will be slow and difficult (see Section 9),

walls of the bore hole:

T N2 2
AT = AP§(Dho|e - D9 (18)

where:

AT = pulling force increment, Ibf (N),

AP = hydrokinetic pressure, psi (kPa 1073, and
Dhole = backreamed hole diameter, in. (mm).

Note 12—AP is estimated to be 10 psi (70 kP@),6).

it is recommended that a separate pre-reaming operation be
used to allow a subsequent faster pipe pullback and shorter
time interval for installation pull forces to be applied.

8.2.7.2 If necessary, the stress on the PE pipe or conduit
may be reduced by increasing the pipe wall thickness (that is,
lower SDR value) or, possibly, reducing the net buoyant force
by filling the pipe with fluid ballast (as described in 8.2.7.1).

8.2.8 Torsional Stress-Torsional stresses are eliminated or
minimized by the use of a swivel at the leading end of the pipe.

The termAT may be added to the pulling forces calculatedSection 9 provides information for the selection of an appro-
by Eq 8-11 to obtain the total pull force at each correspondingriate swivel.

point of the installation. This is shown explicitly in Eq 19.
Note 13—For a bundle of pipes, the terd? in Eq 18 is replaced by

8.2.9 Combined Loads During InstallatierThe calcula-
tions allow a preliminary selection of the pipe DR consistent

an equivalent sum of the corresponding quantities (diameters squared) favith the anticipated application, installation, and path charac-

the individual pipes.
8.2.7 Axial Tensile Stress-The average axial stress acting

teristics. It is necessary, however, to finally consider the overall
installation stresses due to the combination of loads which

on the pipe cross-section at point A, B, C, or D, including themany be present simultaneously. If the combined stresses are

increment for hydrokinetic pressure, is given by:

11

not within the desired overall design margin, it may be
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necessary to select a thicker wall pipe or modify the installatioraway from the drilled crossing, are not specific to the HDD
parameters to relieve the resultant stresses. process and should be considered by the owner as for non-
8.2.9.1 Reduced PE Collapse Strengtffror PE pipe, the drilled pipe lines, in combination with the other stress contri-
presence of an axial tensile load will have a tendency to redudautions.
the pipe’s short-term resistance to collapse under extern
pressure, as otherwise estimated from E)5In addition, the
hydrokinetic pressure increment at the leading end of the pipe 9.1 Due to the magnitude of the typical operation and
also increases the external hydrostatic pressure during thg@mplexity of the equipment and control systems, maxi-HDD
period. The modified equation to account for these effects isfequires a highly trained crew. See Mini-Horizontal Directional
Drilling Manual. It is beyond the scope of this guide to provide

| .
%. Implementation

Poba = %(%)3% (22)  operational procedures for the various equipment. Such train-
K ing is generally provided by the manufacturer. Contractors
wherefg, the tensile pull reduction factor, is given by: should be required to demonstrate evidence of proper training
o= \/m_ 1.09 (23) for the_ir crews, including classroqm z_ind field experience for
the primary personnel. The following items represent some of
and the issues related to the implementation process for placement
o of pipe or conduit.
"~ 2(SPS (24) 9.1.1 Machine Size & Capability-The size and capacity of

the drilling equipment must be compatible with the thrust and
torque required to perform the drilling, reaming, and pipe

g = Tgaxn:iu(rl?Pz\)/e;a;%e axial tensile pull stress from Eq pullback operations. It is difficult to estimate the drill rig forces
SPS = safeppull tensile stress psi (kPa) associated with the reaming operation, which may be signifi-

The allowable collapse pressur,,., should equal or cantly greater than that directly applied to the pipe itself during
pba

: : K ullback (as estimated by the formulas in 8.2.4), particularly
Z)r;getide ti:];d?gli?ninéhgrg:stuig-ecwe pressure during pull bac\k/zvhen both operations are performed simultaneously. The

estimated forces applied to the pipe may be considered a
Popa =Peit AP (25 minimum equipment requirement.
9.1.2 Dirill Unit Positioning—The drill rig unit is positioned

here: : . . A . ;
Yov ere; net effective pressure acting on pipe during pull- consistent with the discussion in Section 7 and the desired bore
o back, psi (kPa), and route and pipe depth. Proper anchoring is especially important
AP = hydrokinetic pressure, psi (kPa). for soft or sandy soils.

9.1.3 Boring and Drill Rods—HDD operations begin with
Note 14—The modulus value used in Eq 22 and in the deflectionthe injtial pilot bore. Different ground conditions will require
calculation for determining ovallt)_/ for_ use in Eq 22 during pull-back different type drill heads for the pilot bore operation. The drill
should be selected to match the time-interval of the pull-back. . o
rods should be as least as strong as the equipment capability.
8.2.9.2 The net effective external pressure tePgy, in EqQ  The planned bore route should also be compatible with drill rod
25 corresponds to the external head of drilling fluid or slurrycapabilities with respect to cumulative fatigue stresses (Section
reduced by the internal pressure due to any fluid used &g). Proper care and handling of the drill rods is important to
ballast. For the case of an open-ended pulling grip allowing thavoid breakage during boring or backreaming. The rod threads
drilling fluid to serve as ballast (see 8.2.6.5), the net effectivamust be cared for and properly coated (greased) when inserted
external pressureR., including the hydrokinetic pressure, is into the drill string. Proper torque should initially be applied to
negligible and the possibility of collapse due to externalthe drill rods as added at the bore entry to avoid potential
pressure during the installation stage is essentially eliminatedoosening of the rods and loss of connection in the ground.
8.2.9.3 Thermal Effects-Potential effects due to thermal  9.1.4 Washover Pipe-For many maxi-HDD operations, a
expansion may be minimized by allowing the pipe to reachwashover pipe is inserted over the drill string as the bore
temperature equilibrium with the soil before cutting the pipe toprogresses to support the hole and reduce torque. This steel
length to complete the installation. pipe may be removed during the backreaming operation. If
8.2.10 Combined Loads During Operatienln general, itis  reaming is not required, the washover pipe may be left in place
the responsibility of the owner or owner’s contractor orand used as a casing into which a group of small plastic pipes
engineer to ensure that the design will be compatible with thenay be placed by a later independent pulling operation.
long term operation of the pipe line, including sections away 9.1.5 Drilling Fluid Usage—Drilling fluids serve a critical
from that being placed by the drilling operation, as well asrole in maxi-HDD operations. The fluid powers the mud-motor
sections in the vicinity of the crossing, both at the surface anét the front of the drill string that bores the pilot hole. The fluid
passing beneath the obstacle. also provides lubrication during the pilot boring, reaming, and
8.2.10.1 Thermal Stress-Thermal stresses due to tempera- pullback operations to reduce the required torque and thrust or
ture differentials existing during the placement process may bpullback loads. In addition, the drilling fluid stabilizes the bore
considered small, as discussed in 8.2.10. However, possiblele, cools the drill head (and internal circuitry), and removes
thermal effects during long-term operation due to seasonaluttings and spoils. The crew must be trained in the proper use
expansion or contraction at the surface, including at sectionsf drilling fluids and the appropriate types for various ground
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conditions. Note that excessive drilling fluid pressures orthan the outer diameter of the pipe (or pipe bundle) to provide
volumes may result in greater disposal problems or appeaclearance for pipe grips, allow spoils flow, and reduce the
ances at undesired surface locations as the fluid penetratesquired loads during the pipe pullback operation. During
through fissures. pre-reaming, additional drill rods must be available at the pilot

9.2 Tracking and Locating bore exit which are connected to a swivel at the rear of the

9.2.1 Location Intervai—In order to maintain the actual €@mer and pulled into the hole to maintain the path.

bore along the planned path, the pilot bore must be carefully 9-3.1 Grouting—If grouting has been specified to fill the
tracked, and path confirmation established at least once each 8gnulus of the hole surrounding the pipe(s), it may be pumped
ft (10 m) interval (for example, when adding drill rods). For durlng the pullback operation, serving as drilling fluid. How-
paths with horizontal or vertical turns, or in critical areas®Ver, if the pullback encounters any difficulty, the grout can
including the vicinity of other obstacles, shorter intervals forS€t-up. Consideration should be given to placing grout through
example, 15 ft (5 m) are recommended. In areas with pocketd tremie pipe pulled in during pullback. The requirement and
of cobbles or other obstacles that may divert the drill headformulation of the grouting shall have been established in
measurements should be made whenever contact with su@fvance by the owner and the owner's engineer following the

obstacles is suspected. A misdirected drill head must pareliminary surface and subsurface studies and route planning,
corrected as soon as possible. for environmental considerations, or to increase the long-term

collapse resistance of the pipe or provide additional strength or
echanical protection. The grouting requires proper formula-
gi’:)n consistent with desired set-up time; appropriate fluid
pumps are required to handle the thicker fluid mixture. In may
cases it may only be required to plug the entry and exit
netration points, possibly using a cement-bentonite mixture

9.2.2 As-Built Drawings—A record of the actual as-built
bore path, including plan and profile views and vertical an
horizontal deviations, indicating the relation to the planne
path, must be submitted to the owner. Any information
obtained during the initial bore regarding soil characteristics
etc. should be added. The experiences gained during the initigf
bore may be used to provide guidance for the backreamin

operating, as well as for subsequent operations in the projegég"tthrippmg Ithte' Pipe—If réotthstut[:;]plieq as 6;1 CO”E”UO#S g
area. Additional information should also be included, such ad€ngth on areel, itis assumed that the pipe(s) have been fuse

steering or correction commands, drilling fluid usage, and th@nd tested prior to completion of the boring operation to avoid
type of drill head being used. Regarding the reaming andnnecessary delays in completing the installation. The bored

pullback operations, the pipe insertion velocity, duration, type2Nd reamed hole may tend to close in or collapse after an
and size of reamers (cutters or compactors), final bore holgxtended period of time, significantly inhibiting or preventing

size, drilling fluid usage, and required pullback forces should"€ insertion of the pipe.
be recorded. 9.4.1 Due to the distance of the operation and the relatively

9.3 Reaming—In some maxi-HDD applications, a back- high pullback loads generated, secure gripping procedures

reaming operation to increase the hole size may not be requirdgust be used. Basket-type or internal only grips are not

(for example, when a small pipe is to be pulled back into thg®commended. The gripping method selected must allow
initial bore hole or, possibly, a bundle of small pipes is to peessentially the full tensile rating of the pipe to be developed.

pulled into the remaining washover pipe by a separate proc Appropriate types may include an internal/external clamping or

dure after completion of the HDD operation). However, aP0lting device, or a fused PE pipe adapter with a built-in
backreaming operation is typically performed to produce a hoi@ulling eye. In the latter case, a smaller_ diameter section of th'e
size sufficiently large to readily install the pipe(s) or conduit, 2d@pter may serve as a breakaway link protecting the main

Appropriate cutters and compactors compatible with the soif€ction of pipe (see 9.4.3). In general, the end of the pipe
conditions are required, including proper usage of drilIingShOUld be plugged or sealed to prevent contamination during

fluid. In some cases, several reaming (that is, pre—reamingge pull-back operation. However, if it is desireq to_ allow the
operations may be required. In general, pre-reaming is n ud slurry to serve as ballast (see 8.2.5), a gripping method
rshould be used that allows the fluid to enter the pipe. Several

pipes may be pulled simultaneously, but the position of the
if necessary, to avoid a single large

~—

required for placing pipe 20 in. (500 mm) or less in diamete
and the reaming and pipe pullback may be performed simul®"t
taneously. The pre-reaming operations allow relatively largdd"iPS should be staggered,
holes to be created in stages, reducing the required torque a ylge.

thrust loads at the machine. For difficult installations for which ~ 9.4.2 Swivel—A swivel is required between the reamer or
a high pulling load is anticipated, a pre-reaming operation willcompactor preceding the pipe to prevent the transmission of
help ensure that the capability of the machine is not exceedel@rsional loads to the pipe. The rating of the swivel should be
due to the combined forces due to increasing the hole diametépmewhat larger than the lower of the pull force capability of
and pulling the pipe. The pullback operation may also then béhe drill rig or the total strengths of the bundle of pipes to be
performed at a faster rate, reducing the time the pipe is unddfstalled, but not excessively greater. Inefficiencies in overly
axial load. In addition, pre-reaming reduces the possibility ofarge swivels may result in relatively significant twist trans-
voids or surface heaving or settlement, including unanticipateditted to small pipes.

drilling fluid appearances. Hole diameter increments should be 9.4.3 Breakaway Link-In general, the recorded pulling
restricted to approximately 10 in. (250 mm) or less during aforces as indicated at the drill rig will exceed the tensions
single pass. The final hole diameter is typically 50 % greateexperienced by the pipe or conduit throughout most of the
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pullback process. Limiting these loads to that of the allowableand potential thermal expansion or contraction. Thus, the pipe
pipe strength will generally be overly conservative. It isshould be allowed to achieve mechanical and thermal equilib-
recommended that individual breakaway links be providedium with its surroundings prior to cutting the pipe at either
between the main swivel and the grip(s) at the pipe(s), te@nd. Premature cutting of the pipe may allow the ends to shrink
ensure that the pipelines are installed within allowable loadack into the hole. The pipe may be cut after it has been
levels. Broken links will require removal of the pipe(s) from verified that there has been insignificant movement at the pipe
the entry end, or possibly abandonment. Following a determientry end and negligible residual tensile load at the drill rig
nation of the problem, and an appropriate solution, anotheend. If any fluid or slurry was allowed to enter the pipe to serve
attempt may be made, possibly requiring a new bore path. as ballast (see 8.2.6), the fluid must be purged and the pipe
9.4.3.1 Each breakaway link rating should be within the safehoroughly flushed and cleaned.
pull tensile load, also called the allowable tensile load of its 10.1.1 Integrity—Some pipes, such as for gas or fluid
corresponding pipe. See Table X1.1. transport, may be required to pass hydrostatic pressure or
9.4.3.2 Although less desirable, a single breakaway linkeakage tests, before or after pullback, or both, as specified by
may be used for a bundle of pipes. The corresponding saféne owner. For pipes to be used as paths for cables, the integrity
working loads for the individual pipes in the bundle are addedf the path should be verified by pulling a “pig” through the
to determine the total safe working load and the correspondinmstalled pipe prior to splicing or terminating.
rating of the breakaway link. If a breakaway swivel is used as 10.1.2 Visual Inspectior-The pipe exiting the borehole
the breakaway link, and not specifically designed for directshould not show signs of yielding or necking-down. The
exposure with soil, this item should be cleaned well after eaclsurface of the pipe should be inspected for gouges or scratches.
application. The use of such a breakaway swivel does naBouges or scratches in excess of 10 % of the minimum wall
eliminate the need for the main swivel described in 9.4.2.  thickness should be assessed as to whether pipe is suitable or
9.5 Handling the Pipe—-Extreme care must be exercised not for pressure service.
when handling the pipe to ensure that it is not subject to 10.1.3 Bore Path—The as-built drawings shall be submitted
excessively sharp bends which may cause a kink or otheo the owner’s representative to indicate the pipe was placed at
damage to the pipe. Section 8 provides appropriate guidelinethe proper location and depth, or within acceptable limits.
including discussion of the combined effects of bending load#aintaining an appropriate minimum depth of cover beneath
and tension in the pipe. Particular areas of concern typicallyhe river bottom is critical, including margin to account for
include the pipe entry or exit points. It is important to minimize scouring, to avoid subsequent exposure or damage. Recording
bending of the pipe as it enters the bore hole, consistent witbf the exact location will help avoid damage during any future
7.3, 7.4.4 and 8.2.7, and to ensure low friction on the portiorconstruction activities in the area. In addition, records of
of the pipe outside the hole. This may be accomplished by thpullback forces at the drill rig, breakaway link ratings, instal-
use of appropriate lifting equipment and roller stands to reducétion rate, final hole diameter, grouting information, etc.,
friction. Due to the potentially high tensile load at the pipe exit,should be recorded and provided.
it is especially important to avoid sharp bends at this point.  10.2 Cleanup—After inspection and approval by the owner
] ] or representative, the surface area must be restored to its
10. Inspection and Site Cleanup original condition. The site must be cleaned of equipment,
10.1 Completion and Inspectienlt is necessary to mini- tools, and spoils. All drilling fluid must be cleaned from the site
mize any residual stresses or strains remaining in the piper its vicinity and properly disposed of, consistent with Section
following the installation, due to the imposed pulling forces®6.

APPENDIXES
(Nonmandatory Information)

X1. MATERIAL PROPERTIES OF POLYETHYLENE

X1.1 Material Properties of PolyethylereTypical values polyethylene (PE3408) resins are presented in Table X1.1.
for the apparent modulus of elasticity and tensile strength aConsult the manufacturer for specific applications.
73°F (23°C) for medium density (PE 2406) and high density
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TABLE X1.1 Apparent Modulus of Elasticity and Safe Pull Tensile Stress at 73°F

Typical Apparent Modulus of Elasticity Typical Safe Pull Stress
Duration HDPE MDPE Duration HDPE MDPE
Short-term 110 000 psi (800 MPa) 87 000 psi (600 MPa) 30 min 1300 psi (9.0 MPa) 1000 psi (6.9 MPa)
10 h 57 500 psi (400 MPa) 43 500 psi (300 MPa) 60 min 1200 psi (8.3 MPa) 900 psi (6.2 MPa)
100 h 51 200 psi (350 MPa) 36 200 psi (250 MPa) 12 h 1150 psi (7.9 MPa) 850 psi (5.9 MPa)
50 years 28 200 psi (200 MPa) 21 700 psi (150 MPa) 24 h 1100 psi (7.6 MPa) 800 psi (5.5 MPa)

X2. POST-INSTALLATION LOADS AND DEFLECTION OF HORIZONTAL DIRECTIONAL DRILLED PIPES

X2.1 Allowable Tensile Load—The safe pull tensile load (typically exceeding five pipe diameters), dynamic loads such
for a pipe is equal to its allowable tensile load ATL, which canas traffic or rail loads are insignificant, the soil has sufficient
be calculated from the safe pull tensile stress SPS, as followiternal friction to transmit arching, as confirmed by a geo-

1 > technical engineer.

1
_ of = =
ATL=(SPmD (DR DR (*x2.1) X2.2.1 Use of Terzaghi's equation as given in Eq X2.2 for

calculating earth loads on jacked pipe is suggested in(Re.

where: . . Note that the friction angle, has been reduced in Terzaghi's
D = pipe outer diameter, in. (mm), equation bv 50 %
SPS = safe pull stress, psi (kPa), and q y '
DR = pipe dimension ratio (outer diameter/minimum wall _ kyH
b Pev=—— (X2.2)
thickness). 144"
For gas pipes, see Practice F 1804 for determining ATL. ft2
X2.2 Earth Pressure Calculatior-The soil load on direc- 5
tional drilled pipe is essentially dependent on the depth of 1*eXD<* g tan <§>>
cover, borehole diameter, mud-slurry properties, and the in situ K= 5 (X2.3)
properties. Earth and live-load pressures are transferred to the 2gtan (i)

pipe through the deformation of the soil around the borehole.
As the deformation occurs, a cavity of loosened soil formsb
above the borehole. This cavity is filled by soil sloughing from
above it. The process causes the soil to bulk, that is, the densityyhere:
of the sloughed soil is less than the density of the undisturbed~_
soil. The sloughing process continues until an equilibrium isY
reached where the stiffness of the sloughed soil is sufficient toH
resist further sloughing from the soil above. This bulking state
results in arching of load around the pipe (that is, the earth loacB
applied to the pipe is less than the geostatic stress (or prisn®

[For metric units, the conversion factor of 144/it? should
e dropped]

external earth pressure, psi (kPa),

soil weight, pcf (KN/m),

depth of cover, ft (m),

arching factor,

“silo” width, ft (m),

angle of wall friction, degrees (for directional drilling,

load).) There is a lack of published equations for calculating assumed = ¢, and & = angle of internal friction,
earth loads on directional pipes. However, equations have been degrees.), and _ _

published for calculating loads on jacked pipe. Although the K = earth pressure coefficient given by:

applicability of these equations to directional drilling has not K — tar?<45 _9) (X2.4)
been confirmed, they are likely applicable where the PE is 2

installed in a mud slurry. The normal jacking procedure like the

directional drilled process overcuts the hole but the overcut is The silo width must be estimated based on the application. It
typically less than 10 % of the pipe diameter with jacked pipevaries between the pipe diameter and the borehole diameter. A
whereas with directional drilled pipes the overcut may beconservative approach is to assume the silo width equals the
50 %. Equations for calculating the loads occurring on jackedborehole diameter. (If the effective soil weight is used the
pipe due to the bulking process are given by O’Rourke et algroundwater pressure must be added back into Eq X2.2 to get
Another interpretation of arching above jacked-pipe is given irthe total external pressure acting on the pipe. The effective soil
(10). Stein’'s method in Ref(10) considers the process of weight is the dry unit weight of the soil for soil above the
arching to be similar to trench arching. Only Stein’s method isgroundwater level; it is the saturated unit weight less the
given below as O’Rourke’s method in Ref9) involves  weight of water for soil below the groundwater level.)
extensive calculations and typically results in lesser load than

Stein’s method. Credit for arching should only be considered X2.3 Earth Load Deflection-Earth load is generally ap-
where the depth of cover is sufficient to develop archingplied at the pipe crown with a reaction at the invert. As slurry
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provides essentially no side-support, there is little pressure a directional drilled pipe ovality is additive to earth load

the springline to restrain vertical deflection. The primarydeflection. For DR 21 or lower pipes, when the bending radius
resistance to deflection is provided by the pipe’s stiffnessis greater than or equal to 40 pipe diameters, the ovality is
Whereas, actual soil loads will occur over a good portion of thenegligible. Ovality in terms of percent deflection can be
top and bottom halves of the pipe, Ré1l) gives two ring calculated from the Reissner equation:

deflection formulas for uniform loading on the top half of a

pipe in the Appendix of the text. One formula assumes the %: <§> z+ (17—315) z (X2.7)
pipe’s invert is supported on a rigid, flat base while the other 3
assumes the invert reaction load is uniform around the bottom 51— WD — 1)t
half of the pipe. Neither case fits exactly what occurs with = (X2.8)
directional drilled pipe but the average of the two formulas
may come close. where:
A 00129 3l = Poisson’s ratio,
D= E (X2.5) D = pipe OD, in. (mm),
Py t = pipe wall thickness, in. (mm),
12(bR-D) R = Pa%ius of curvature, in. gmm)), and
where Ay/D = deflection, in./in. (mm/mm) (convert to percent by
D = pipe diameter, in. (mm), multiplying by 100).
A = ring deformation, in. (mm),
Pe = earth pressure, psi (kPa), X2.6 Deflection Limits—The limiting deflection (in percent)
DR = pipe dimension ratio, and is determined by the geometric stability of the deflected pipe,
E = modulus of elasticity, psi (kPa). hydraulic capacity, and the strain occurring in the pipe wall. It

has been observed that for PE, pressure-rated pipe, subjected to
X2.4 Buoyant Deflectior-An external pressure difference soil pressure only, no upper limit from a practical design point
between crown and invert occurs when pipe is submerged iBf view seems to exist for the bending str&i). Therefore,
grout due to the difference in grout head pressure across ther non-pressure pipes or conduits the safe long-term deflection
pipe. The pressure difference applies a force which deflects thg 7.5 % of the diameter. When subjected to internal pressure in
invert upward toward the crown, thus creating ovality. Deflec-addition to soil pressure, the localized bending strain resulting
tion is given by Eq X2.6. This can be converted to percenfrom deflection combines with the hoop tensile strain caused

deflection by multiplying it by 100. by internal pressure to produce a higher, localized tensile
fiber-stress. However, as the internal pressure is increased the

A 0'1169>’W<7) pipe re-rounds and the bending strain is reduced. At high

D~  E (X2.6) pressures, the bending strain is reduced and the ring tensile

stress approaches that due to internal pressure alone. For
calculation method, see RgfL3). This fact coupled with the

ring deflection, in. (m), ductility of PE permits the designer to ignore the combined

D = pipe diameter, in. (m),

v weight of fluid in borehole, lbs/ifi.(to convert fluid effect of pressure and deflection. In lieu of an exact calculation
w weight from Ibs/f to Ibs/ir;g dividé by 1728) (kN/ based on allowable strain, the designer can use the safe
m°) long-term design deflection values for pressure pipe shown to
E modulus of elasticity, psi (kPa), and Table X2.1.

moment of inertia of pipe wall cross-sectiar¥/{2),
in.in. (m%m). X2.6.1 Design deflections are for use in selecting DR and
for field quality control. Field measured deflections exceeding
X2.5 Reissner EffeetLongitudinal bending of a pipe in- the design deflection do not necessarily indicate unstable or
duces ovality. For entrenched pipes this ovality is usuallyover-strained pipe. In this case, an engineering analysis of such
ignored as it is oriented transverse to earth load deflection. Ipipe should be performed before acceptance.
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TABLE X2.1 Safe Long-Term Design Deflection values for Buried
Pressurized Polyethylene Pipe

DR or SDR Deflection Limits as % of Diameter

21 7.5
17 6.0
15.5 6.0
13.5 6.0
1 5.0

9 4.0

7.3 3.0

X3. CRITICAL BUCKLING PRESSURE FOR HDPE PIPE

X3.1 Critical Buckling Pressure-Table X3.1 gives the
critical collapse pressure for HDPE pipes. The values do not
contain a safety factor nor any compensation for ovality or
pulling force. See 9.2.3.1 for discussion.

TABLE X3.1 Critical Collapse Pressure for Unconstrained HDPE Pipe ~ “&€ at 73°F

Note—Table does not include ovality compensation or safety factor.
Pipe SDR, psi, ft H,O, in Hg

Service Life 7.3 9 11 135 155 17 21

Short-term 1003, 2316, 2045 490, 1131, 999 251, 579, 512 128, 297, 262 82, 190, 168 61, 141, 125 31,72, 64
100 h 488, 1126, 995 238, 550, 486 122, 282, 249 62, 144, 127 40, 92, 82 30, 69, 61 15, 35, 31
50 years 283, 653, 577 138, 319, 282 71, 163, 144 36, 84, 74 23, 54, 47 17, 40, 35 9, 20, 18

AAxial Tension during pull-back reduces collapse strength.
BFull vacuum is 14.7 psi, 34 ft water, 30 in Hg.
SMultipliers for temperature rerating:
60°F (16°C) 73.4°F(23°C) 100°F(38°C) 120°F(49°C)
1.08 1.00 0.78 0.63
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