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Horizontal Directional Drilling
For
Utility and Pipeline Applications

1 INTRODUCTION

The horizontal directional drilling (HDD) process represents a significant
improvement over traditional cut and cover methods for installing pipelines beneath
obstacles that warrant specialized construction attention. In order for these advantages to
be realized, creative engineering must be applied in advance of construction. Design
engineers should have a working knowledge of the process in order to produce designs
that can be efficiently executed in the field. This paper describes the fundamentals
involved in designing a drilled installation as well as contractual and construction
monitoring considerations. Topics covered include site investigation, drilled path design,
temporary workspace requirements, drilling fluids, pipe specification, contractual
considerations, and construction monitoring.

1.1  The Horizontal Directional Drilling Process

Installation of a pipeline by HDD is generally accomplished in three stages as shown
in Figure 1. First, a small diameter pilot hole is drilled along a designed directional path.
Next, this pilot hole is enlarged to a diameter that will accommodate the pipeline. Finally,
the pipeline is pulled into the enlarged hole.

1.1.1 Pilot Hole

Pilot hole directional control is achieved by using a non-rotating drill string with an
asymmetrical leading edge. The asymmetry of the leading edge creates a steering bias
while the non-rotating aspect of the drill string allows the steering bias to be held in a
specific position while drilling. If a change in direction is required, the drill string is
rolled so that the direction of bias is the same as the desired change in direction. Leading
edge asymmetry is typically accomplished with a bent sub or bent motor housing located
behind the bit as illustrated in Figure 2.

In soft soils, drilling progress is typically achieved by hydraulic cutting with a jet
nozzle. If hard spots are encountered, the drill string may be rotated to drill without
directional control until the hard spot has been penetrated. Mechanical cutting action
required for harder soils is provided by a positive displacement mud motor which
converts hydraulic energy from drilling fluid to mechanical energy at the drill bit. This
allows for bit rotation without drill string rotation. A mud motor is shown in Figure 3.

The actual path of the pilot hole is monitored during drilling using a steering tool
positioned near the bit. The steering tool provides continuous readings of the inclination
and azimuth at the leading edge of the drill string. These readings, in conjunction with
measurements of the distance drilled, are used to calculate the horizontal and vertical
coordinates of the steering tool relative to the initial entry point on the surface. When the

© ].D.Hair&Associates,Inc. 2007 1



drill bit penetrates the surface at the exit point opposite the horizontal drilling rig, the
pilot hole is complete.

PILOT HOLE
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Figure 1 — The HDD Process
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Figure 2 — Bottom Hole Assembly

Figure 3 — Mud Motor and Bit
1.1.2 Prereaming

Enlarging the pilot hole is typically accomplished using prereaming passes prior to
pipe installation. Reaming tools generally consist of a circular array of cutters and
drilling fluid jets and are often custom made by contractors for a particular hole size or
type of soil. Examples of different types of reaming tools are shown in Figures 4, 5, and
6.

For a typical prereaming pass, a reamer attached to the drill string at the exit point is
rotated and drawn to the drilling rig thus enlarging the pilot hole. Drill pipe is added
behind the reamer as it progresses toward the drill rig to ensure that a string of pipe is
always maintained in the drilled hole. It is also possible to ream away from the drill rig,
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in which case a reamer fitted into the drill string at the rig is rotated and advanced to the
exit point. Equipment is often placed at the exit point to pull the reamer and maintain
tension on the drill pipe.

Figure 4 — Flycutter

Figure 5 — Barrel Reamer
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Figure 6 — Hole Opener

Figure 7 — Pipe Handling Equipment
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1.1.3 Pullback

Pipe installation is accomplished by attaching the prefabricated pipeline pull section
behind a reaming assembly at the exit point, then pulling the reaming assembly and pull
section back to the drilling rig. This is undertaken after completion of prereaming or, for
smaller diameter lines in soft soils, directly after completion of the pilot hole. A swivel is
utilized to connect the pull section to the reaming assembly to minimize torsion
transmitted to the pipe. The pull section is supported using some combination of roller
stands, pipe handling equipment, or a flotation ditch to minimize tension and prevent
damage to the pipe. Pullback operations are shown in Figures 7 and 8.

Figure 8 — Pull Section Breakover

2 SITE INVESTIGATION

The first step in accomplishing an HDD installation is to investigate the site at which
the work will be undertaken. An appropriate site investigation will include both surface
and subsurface surveys. Although each survey may be performed by a different
specialized engineering consultant, it is important that the results be integrated onto a
single plan and profile drawing which will be used to price, plan, and execute the
crossing. Since this drawing will also be used to produce the working profile that will be
the contractor’s basis for downhole navigation, accurate measurements are essential.
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2.1  Surface Survey

A topographic survey should be conducted to accurately describe the working areas
where construction activities will take place. Both horizontal and vertical control must be
established for use in referencing hydrographic and geotechnical data. A typical survey
should include over bank profiles on the crossing centerline extending from
approximately 150 feet (46 meters) landward of the entry point to the length of the
prefabricated pull section landward of the exit point. Survey ties should also be made to
topographic features in the vicinity of the crossing.

For significant waterways, a hydrographic survey will be required to accurately
describe the bottom contours. Typically, it should consist of fathometer readings along
the crossing centerline and approximately 200 feet (61 meters) upstream and
downstream. This scope can be expanded to include more upstream and/or downstream
ranges if additional data is required to analyze future river activity.

2.2 Recommended Practice for Subsurface Investigation

A subsurface survey for an HDD installation should define the geological
characteristics and engineering properties of the subsurface material through which the
drilled path will pass. It should include both a review of existing geological information
and the assembly of site-specific data obtained from exploratory soil borings. The extent
of the subsurface survey should be governed by practical economic limits.

A recommended practice for accomplishing the goals stated above is presented in
subsections 2.2.1 through 2.2.6. This recommended practice has been developed under
the sponsorship of the Pipeline Research Council International (PRCI). It is not intended
to be applicable on a site specific basis. Rather, it is general in nature and must be
modified for use taking into account project specific details.

2.2.1 Scope

This Recommended Practice covers subsurface investigations for major pipeline
installations installed by horizontal directional drilling (HDD). Generally speaking, major
pipeline installations are greater than 500 feet (152 meters) in length and involve pipe
with a nominal diameter of at least 6 inches (150 millimeters). They are installed by
medium to large HDD drilling rigs.

This Recommended Practice is not meant to replace sound engineering judgment.
HDD installations are complicated civil engineering works and their design should only
be undertaken by experienced professional engineers.

2.2.2 Geotechnical Characterization Profile

An appropriately conducted subsurface investigation for an HDD pipeline installation
will allow the production of a “Geotechnical Characterization Profile” (GCP). The
purpose of a GCP is to provide a set of baseline conditions that can be used for two
primary tasks: 1) to estimate the effort and cost involved with an HDD installation; and
2) to determine whether the actual conditions encountered differ from the baseline
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conditions. It is similar in function to a Geotechnical Baseline Report as described in the
ASCE’s Geotechnical Baseline Reports for Underground Construction, but it is intended
to be a much more concise document structured for use specifically with an HDD
installation.

A GCP has contractual and commercial implications. While it is typically based on
measured data, it is not a presentation of measured data, hence the term
“Characterization”. Measured geotechnical data should be presented in a Geotechnical
Data Report (GDR).

A GCP should clearly show anticipated subsurface conditions. Subsurface conditions
do not have to be encountered or measured in a boring to be anticipated. The purpose of
the GCP is to set down baseline assumptions thus imposing consistency on the
engineer’s, owner’s, and contractor’s understanding of subsurface conditions. A GCP
should be prepared by knowledgeable engineers with experience in geotechnical surveys,
HDD installation techniques and costs, and construction contracts. It should be
constructed taking into account risk and allocation of risk.

A GCP should be presented graphically, preferably on the HDD installation design
plan & profile drawing. General subsurface formations should be delineated using the
horizontal and vertical control system on which the drilled path design is based. In this
context, the term “formation” is defined as any unit of bedrock or overburden with
homogenous HDD engineering properties. A tolerance for formation delineation may be
called out, but should not be so large as to defeat the purpose of formation delineation. A
GCP need only cover the subsurface region to be drilled. Regions falling outside of the
drilled path tolerances will not be encountered and need not be characterized.

Overburden soils should be classified according to the Unified Soil Classification
System as described in ASTM D 2487, Classification of Soils for Engineering Purposes.
Soil descriptions in accordance with ASTM D 2488, Description and Identification of
Soils (Visual-Manual Procedure) may also be used. Where the soils fall outside of the
Unified Soil Classification System, such as with man made fill, descriptive text should be
used on the GCP. Descriptive text should also be used in formations where erratic or
anomalous obstacles may be encountered, such as a formation composed of glacial till
containing random boulders.

An interface formation between bedrock and overburden should be defined and
described. The interface will often consist of weathered and fractured rock. The GCP
should not present an unrealistic condition where fine grained overburden transitions into
competent bedrock.

Distinct bedrock formations, if any, should be delineated and the anticipated range of
rock properties called out. Pertinent rock properties are discussed in subsection 2.2.5.

2.2.3 General Geologic Review

The first step in a subsurface investigation for an HDD pipeline installation should be
a general geologic review. This review should consider the geologic mechanisms that
created the subsurface geologic profile through which the pipeline will be installed.
Understanding geologic mechanisms leads to an understanding of the types of subsurface
conditions that are possible and probable. For example, a crossing of the Mississippi
River in South Louisiana will penetrate alluvial deposits consisting of silts, sands,
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gravels, and clays. Bedrock is known not to be present and glacial activity did not extend
to this region. Therefore, concerns with rock properties and glacial till may be dismissed.

A general geologic review also involves examining existing data to determine what
conditions have been encountered on other projects in the vicinity of the installation.
Existing data may be available from other HDD installations or construction projects
involving deep foundations or excavation.! However, measured or report quality data
need not be available. The designer need only have enough confidence in the information
to prepare a GCP, or specify a subsurface exploration program that will provide data
required for GCP preparation. For example, numerous HDD crossings have been
installed beneath the Houston Ship Channel. Additional subsurface exploration is not
generally required to prepare a GCP with the appropriate range of soil classifications.
When viewed from the perspective of HDD installation, the subsurface conditions
beneath the coastal plane surrounding Houston are consistent and predictable.

A contrary example is presented by the Harlem River on the northeastern side of
Manhattan Island. Bedrock and overburden elevation and composition are highly variable
over short distances. A significant subsurface exploration program is required provide the
data necessary to prepare a reasonable GCP.

2.2.4 Subsurface Exploration

The primary component of a subsurface exploration is an exploratory boring program
to collect soil and/or rock samples for classification and laboratory analysis. The number,
location, and depth of exploratory borings should be designed taking into account site-
specific conditions including the results of a general geologic review, the availability of
access, and cost relative to the incremental data acquired.23

Non-intrusive exploratory methods (geophysical methods) may be employed to
augment exploratory borings and assist in producing a GCP. However, because of the
need for physical samples for testing and borings for correlation of geophysical methods,
exploratory borings are expected to remain the cornerstone of any HDD subsurface
exploration.4

General guidelines for design of an HDD exploratory boring program are as follows.

2.2.4.1 Exploratory Boring Location and Spacing
Borings should not be located on the drilled path centerline to reduce the possibility

of drilling fluid inadvertently surfacing through a completed boring during installation.>
If space allows, borings should be offset a minimum of 50 feet (15 meters) from the

1 Manual of Practice No. 108, Pipeline Design for Installation by Horizontal Directional Drilling (Reston,
VA: American Society of Civil Engineers, 2005), p. 8

2 Manual of Practice No. 108, Pipeline Design for Installation by Horizontal Directional Drilling, p. 8

3 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide (Washington:
Pipeline Research Committee at the American Gas Association, 1995), p.30

4 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p.30

5 Manual of Practice No. 108, Pipeline Design for Installation by Horizontal Directional Drilling, p. 8
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centerline. Borings should be placed near, and bracket if possible, anticipated locations of
formation transition.®

In the absence of controlling site-specific conditions, boring spacing may range
between 500 feet (152 meters) and 2,000 feet (610 meters) longitudinal to the drilled
path. Spacing offset from the drilled path should be between 50 feet (15 meters) and 100
feet (30 meters) and borings should be placed on both sides of the drilled path.

Actual boring locations should be surveyed so that the horizontal and vertical
position of the boring will be known. Boring locations should be referenced to the same
horizontal and vertical control system used in the drilled path design.

2.2.4.2 Exploratory Boring Depth

Borings should penetrate to an elevation below the depth of the proposed drilled path
to provide information for design modifications as well as anticipated drilling
deviations.” In the absence controlling site-specific conditions, all borings should
penetrate to an elevation 60 feet (18 meters) below the lowest elevation of the obstacle
being crossed. In the case of a waterway, this would be 60 feet (18 meters) below the
deepest point.

2.2.4.3 Sampling Interval and Technique

Sampling interval and technique should be set to accurately describe subsurface
material characteristics taking into account site-specific conditions. Split spoon samples
should be taken in overburden at five-foot depth intervals in accordance with ASTM D
1586, Standard Test Method for Penetration Test and Split Barrel Sampling of Soils.
Thin wall tube samples taken in accordance with ASTM D 1587, Standard Practice for
Thin-Walled Tube Sampling of Soils for Geotechnical Purposes, may also be taken if
deemed beneficial in clay. Bedrock should be continuously cored in accordance with
ASTM D 2113, Standard Practice for Rock Core and Sampling of Rock for Site
Investigation, to the maximum depth of the boring.89

2.2.4.4 Exploratory Boring Abandonment

Steps for abandoning exploratory borings in accordance with local government
regulations must be undertaken. In the absence of local regulations and at a minimum,
borings should be backfilled in a manner that will reduce the possibility of drilling fluid
migration along the borehole during subsequent HDD operations. A mixture containing
cement grout and a bentonite product to promote expansion is recommended. Borehole
drilled spoil may be incorporated into the backfill mixture if considered beneficial. The
upper 5 feet (1.5 meters) of land borings should be backfilled with the surrounding soil
and the surface graded smooth.10

6 Manual of Practice No. 108, Pipeline Design for Installation by Horizontal Directional Drilling, p. 8

7 Manual of Practice No. 108, Pipeline Design for Installation by Horizontal Directional Drilling, p. 8

8 Manual of Practice No. 108, Pipeline Design for Installation by Horizontal Directional Drilling, p. 9

9 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 31

10 Manual of Practice No. 108, Pipeline Design for Installation by Horizontal Directional Drilling, p. 9
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2.2.5 Laboratory Tests

A laboratory testing program for an HDD subsurface investigation has two functions:
1) to provide data necessary for soil classification in accordance with ASTM D 2487, and
2) to provide data that may be used by contractors to asses drillability and prepare a
drilling cost estimate.

For fine-grained soils and sands (SW through OH), data required for classification is
all that is needed. These soils can generally be drilled with a jetting assembly. Standard
Penetration Test values obtained during sampling will provide an indication of the
relative density or consistency of the soil.11

For coarse-grained soils (GC through GW), more detailed data should be provided.
Sieve analyses (ASTM D-422) should be run with results plotted on a grain size chart.
This provides a more detailed indication of the character of the soil.

For bedrock, percent recovery and Rock Quality Designation (RQD) values obtained
during coring should be provided. Density should be measured and provided. Applicable
laboratory tests are listed below.

= Unconfined Compressive Strength (ASTM D 2938) While unconfined
compressive strength is not a direct indicator of drillability, it is a commonly run
test and has been historically used in the HDD Industry to assess drillability.

= Mohs Hardness Mohs hardness values are subject to substantial variation, but
they provide a reasonable indication of hardness and can be obtained using a
relatively inexpensive and commonly run test.

= Cerchar Abrasivity The Cerchar Abrasivity Test has not been generally used in
the HDD Industry.

= Splitting Tensile Strength (Brazilian Tensile Strength) (ASTM D 3967)

Development of methods for assessing drillability of bedrock is ongoing. The tests
listed above provide data that may be used in existing methods, or in developing new
methods. Different data requirements should be anticipated as analytical methods specific
to the HDD Industry evolve.

In the absence controlling site-specific conditions, applicable laboratory testing
should be performed on samples from all borings with an approximate vertical spacing of
5 feet (1.5 meters). Test results will vary. Multiple samples should be tested to discern
the range of values applicable to the formations through which the drilled path will pass.

2.2.6 Geotechnical Data Report
A Geotechnical Data Report (GDR) that presents all of the factual subsurface

information gathered for use in design and construction of the HDD installation should
be prepared. The GDR should include the following components.12

11 Karl Terzaghi and Ralph B. Peck, Soil Mechanics in Engineering Practice, Second Edition (New York:
John Wiley & Sons, Inc., 1967), p. 341, p. 347

12 Geotechnical Baseline Reports for Underground Construction (Reston, VA, American Society of Civil
Engineers, 1997), p. 20
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= ageneral geologic review;

= adescription of the subsurface exploration program;
= adescription of the laboratory testing program;

= the logs of all borings and/or test pits; and

= the results of all field and laboratory testing.

The GDR should be provided to contractors for their review and use in preparing a
drilling cost estimate. However, the contractual baseline for the drilling cost estimate is
presented on the Geotechnical Characterization Profile (GCP). From a contractual
standpoint, the GCP should take precedence over the GDR.

3 DRILLED PATH DESIGN

To maximize the advantages offered by HDD, primary design consideration should
be given to defining the obstacle to be crossed. For example, a river is a dynamic entity.
Not only should its width and depth be considered, the potential for bank migration and
scour during the design life of the crossing should also be taken into account. It should be
remembered that flexibility in locating a pipeline to be installed by HDD exists not only
in the horizontal plane but in the vertical plane as well.

For the majority of drilled installations, there are six parameters that define the
location and configuration of the drilled path. These are the entry and exit points, the
entry and exit angles, the P.1. elevation, and the radius of curvature. These parameters, or
their limiting values, should be specified on the contract plan & profile drawing. The
relationship of these parameters to each other is illustrated in Figure 9.

Point of Point of Point of Point of
Curvature Tangency  Curvature Tangency

Entry Point (P.C) (P.T) (P.C) (P.T) Exit Point
\K ‘ Existing Grade /
Entry Angle Radius of Radius of Exit Angle

1 ~. Curvature Curvature " f
~
~ ~~Z

—
Figure 9 — HDD Design Terminology

Designed Drilled Profile

P.I. Elevation

3.1  Entry and Exit Points

The entry and exit points are the endpoints of the designed drilled segment on the
ground surface. The drilling rig is positioned at the entry point and the pipeline is pulled
into the drilled hole from the exit point. The relative locations of the entry and exit point,
and consequently the direction of pilot hole drilling, reaming, and pullback, should be
established by the site's geotechnical and topographical conditions. When choosing the
relative locations of the entry and exit point, it is important to note that steering precision
and drilling effectiveness are greater near the drilling rig. Where possible, the entry point
should be located close to anticipated adverse subsurface conditions. An additional
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consideration when selecting entry and exit point locations is the availability of
workspace for pull section fabrication.

3.2  Entry and Exit Angles

Entry angles should be held between 8 and 20 degrees with the horizontal. These
boundaries are primarily due to equipment limitations. HDD rigs are typically
manufactured to operate between 10 and 18 degrees. Exit angles should be designed to
facilitate breakover support during pullback. That is, the exit angle should not be so steep
that the pull section must be severely elevated in order to guide it into the drilled hole.
This will generally be less than 10 degrees for larger diameter lines.

3.3 P.1. Elevation

The P.l. elevation defines the depth of cover that the installation will provide.
Adequate cover should be provided to maintain crossing integrity over its design life.
Typically, HDD crossings should be designed to provide around 25 feet (7.6 meters) of
cover and only in rare cases should less than 15 feet (4.6 meters) of cover be provided.
This aids in reducing inadvertent drilling fluid returns and provides a margin for error in
existing grade elevation and pilot hole calculations. Designed depth of cover is typically
increased for installations beneath sensitive obstacles such as major waterways,
highways, and railroads. Geotechnical factors should also be considered when selecting
the vertical position of the pipeline.

3.4 Radius of Curvature

The industry standard design radius of curvature for circular bends used in HDD
installations is determined by the following formula:

R = 1200(Dnom)
Where:
R Radius of curvature of circular bends in consistent units

Drom Nominal diameter of the pipe in consistent units

This relationship has been developed over a period of years in the HDD industry and
is based on experience with constructability as opposed to any theoretical analysis. A
lesser, minimum allowable radius should be specified in the pilot hole tolerances to
provide the contractor some flexibility during construction. This minimum allowable
radius should be determined through an analysis of installation and operating stresses.
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4 WORKSPACE REQUIREMENTS
4.1  Horizontal Drilling Rig

A typical large horizontal drilling spread can be moved onto a site in approximately
seven tractor-trailer loads. A workspace of 150 feet (46 meters) by 250 feet (76 meters) is
adequate for most operations. If necessary, an HDD spread may be assembled in a
minimal workspace of 60 feet (18 meters) by 150 feet (46 meters), however this minimal
workspace will restrict the size and capacity of the drilling rig. Space requirements will
vary depending on the make and model of the drilling rig and how the various
components are positioned. However, the locations of the principal components of the
spread (rig ramp, drill pipe, and control trailer) are fixed by the entry point. The rig ramp
must be positioned in line with the drilled segment and typically less than 25 feet (7.6
meters) back from the entry point. The control trailer and drill pipe must be positioned
adjacent to the rig.
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Figure 10 — Typical Horizontal Drilling Rig Site Plan

The horizontal drilling rig workspace must be cleared and graded level. Equipment is
typically supported on the ground surface, although timber mats may be used where soft
ground is encountered. For marine locations, it is possible to operate off of a barge. A
typical horizontal drilling rig site plan is shown in Figure 10. A photograph of a large rig
HDD spread is included as Figure 11.
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Figure 11 — Large Horizontal Drilling Rig Spread
4.2 Pull Section Fabrication

Pull section fabrication is accomplished using the same construction methods used to
lay a pipeline; therefore, similar workspace is required. The drilled segment exit point
controls the location of pull section fabrication workspace. Space must be available to
allow the pipe to be fed into the drilled hole. It is preferable to have workspace aligned
with the drilled segment extending back from the exit point the length of the pull section
plus 200 feet (61 meters). This will allow the pull section to be prefabricated in one
continuous length prior to installation. If space is not available, the pull section may be
fabricated in two or more sections which are welded or fused together during installation.
However, delays associated with joining multiple pipe strings during pullback increase
the risk of the pipe becoming stuck in the hole.

Workspace for pull section fabrication should generally be around 50 feet (15 meters)
wide; similar to what is required for conventional pipeline construction. Additional
temporary workspace should be provided in the immediate vicinity of the exit point to
facilitate personnel and equipment supporting drilling operations. Pull section workspace
must be cleared but need not be graded level. Equipment is typically supported on the
ground surface. Timber mats may be used where soft ground is encountered.

A typical pull section fabrication site plan is shown in Figure 12. A photograph
showing pull section staging operations is included as Figure 13.
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Figure 12 — Typical Pull Section Fabrication Site Plan

Figure 13 — Pull Section Staging Operations

5 DRILLING FLUIDS

The primary impact of HDD on the environment revolves around the use of drilling
fluids. Where regulatory problems are experienced, the majority of concerns and
misunderstandings are associated with drilling fluids. An awareness of the function and
composition of HDD drilling fluids is imperative in producing a permitable and
constructible HDD crossing design.
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5.1  Dirilling Fluid Flow Schematic

Drilling fluid is used in all phases of the HDD process. The schematic diagram in
Figure 14 shows the relationship of the elements in a typical HDD drilling fluid system.

RIG SIDE PIPE SIDE
WET SPOIL
DISPOSAL NOTE: AN ADDITIONAL SOLIDS CONTROL
SYSTEM MAY BE PLACED ON THE PIPE SIDE
SOLIDS CONTROL DRILLING FLUID RETURNS
SYSTEM DISPOSAL
VISCOSIFIER
ACTIVE DRILLING WATER
FLUID SYSTEM

DRILLING FLUID RETURNS

DISPOSAL

CIRCULATION
LOSSES

Figure 14 — HDD Drilling Fluid Flow Schematic
5.2 Functions of Drilling Fluid
The principal functions of drilling fluid in HDD pipeline installation are listed below:

= Transportation of Spoil. Drilled spoil, consisting of excavated soil or rock
cuttings, is suspended in the fluid and carried to the surface by the fluid stream
flowing in the annulus between the wall of the hole and the pipe.

= Cooling and Cleaning of Cutters. High velocity fluid streams directed at the
cutters remove drilled spoil build-up on bit or reamer cutters. The fluid also cools
the cutters.

= Reduction of Friction. Friction between the pipe and the wall of the hole is
reduced by the lubricating properties of the drilling fluid.

= Hole Stabilization. The drilling fluid stabilizes the drilled or reamed hole. This is
critical in HDD pipeline installation as holes are often in soft soil formations and
are uncased. Stabilization is accomplished by the drilling fluid building up a wall
cake and exerting a positive pressure on the hole wall. Ideally, the wall cake will
seal pores and produce a bridging mechanism to hold soil particles in place.
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= Transmission of Hydraulic Power. Power required to turn a bit and
mechanically drill a hole is transmitted to a downhole motor by the drilling fluid.

= Hydraulic Excavation. Soil is excavated by erosion from high velocity fluid
streams directed from jet nozzles on bits or reaming tools.

= Soil Modification. Mixing of the drilling fluid with the soil along the drilled path
facilitates installation of a pipeline by reducing the shear strength of the soil to a
near fluid condition. The resulting soil mixture can then be displaced as a pipeline
is pulled into it.

5.3  Composition of HDD Drilling Fluid

The major component of drilling fluid used in HDD pipeline installation is fresh
water obtained at the crossing location. In order for water to perform the functions listed
above, it is generally necessary to modify its properties by adding a viscosifier. The
viscosifier used almost exclusively in HDD drilling fluids is naturally occurring clay in
the form of bentonite mixed with small amounts of extending polymers to increase its
yield (high yield bentonite).

Increasing the yield of bentonite allows more drilling fluid to be produced with less
viscosifier (dry bentonite). For example, Wyoming bentonite yields in excess of 85
barrels (1 barrel = 42 gallons) of drilling fluid per ton of dry viscosifier. Addition of
polymers to produce high yield bentonite can increase the yield to more than 200 barrels
of fluid per ton of viscosifier. Typical HDD drilling fluids are composed of less than 2%
high yield bentonite by volume, with the remaining components being water and drilled
spoil. Solids control equipment should be utilized to remove drilled spoil from the fluid
to the extent practical, maintaining total solids (high yield bentonite and drilled spoil) at
around 6% by volume. This equates to a drilling fluid density of approximately 9 pounds
per gallon.

Generic descriptions of available HDD drilling fluid components follow.
Manufacturers and service companies can be contacted for details on specific products.

5.3.1 Bentonite

Bentonite has a high affinity for water and swells to as much as 20 times its dry state
when immersed in fresh water. Hydrated bentonite has excellent suspending
characteristics and reduces filtrate loss. The term bentonite includes any member of the
general montmorillonite group, which includes montmorillonite, beidellite, nontronite,
hectorite, and saponite. The bentonite normally used in drilling fluids comes from
Wyoming and South Dakota and is principally sodium montmorillonite.13.14

13 Bleier, Roger et al., "Drilling Fluids: Making Peace with the Environment", Journal of Petroleum
Technology, vol. 45, no. 1, January 1993, p. 10.

14 James L. Lummus and J. J. Azar, Drilling Fluids Optimization, A Practical Field Approach (Tulsa:
PennWell Publishing Company, 1986), p. 111
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5.3.2 Attapulgite

Attapulgite is primarily used to make drilling fluid with saltwater where freshwater is
not available. Viscosity produced by attapulgite is purely mechanical; hydration forces
are not involved. Chemically, attapulgite is a hydrous magnesium silicate. Viscosity is
produced by the disintegration of its crystalline structure into numerous needle-like
particles. These particles tend to stack up, creating a brush-heap effect and providing
viscosity.1s

5.3.3 Polymers

Polymers used in drilling fluids include both natural and synthetic compounds.

Xanthan gum is a high molecular-weight polysaccharide used to produce viscosity in
freshwater and saltwater muds. It is manufactured using a controlled fermentation
process and provides viscosity, yield value, and gel strength in saline waters without
benefit of other colloidal materials such as bentonite. A preservative is required to
prevent bacterial degradation.16 Xanthan gum is environmentally benign. It is approved
by the United States Food and Drug Administration for use in food products.

Polyanionic cellulose is used primarily as a fluid-loss reducer for freshwater and
saltwater muds, but also acts as a viscosifier in these systems. It is not subject to bacterial
degradation.1” Polyanionic cellulose is environmentally benign.

Sodium carboxymethyl cellulose (CMC) is primarily a fluid-loss reducer but also
produces viscosity in freshwater and saline muds whose salt content does not exceed
50,000 mg/l. CMC is a long-chain molecule that can be polymerized to produce different
molecular weights and, in effect, different viscosity grades. CMC is generally available
in a high or low viscosity type. Either grade provides effective fluid-loss control. It is not
subject to bacterial degradation.’® CMC is environmentally benign and is considered
biodegradable. Cellulose derivatives, such as CMC, are used in foods.

54 Inadvertent Returns

HDD involves the subsurface discharge of drilling fluids. Once discharged downhole,
drilling fluid is uncontrolled and will flow in the path of least resistance. This can mean
dispersal into the surrounding soils or discharge to the surface at some random location.
This is not a critical problem in an undeveloped location. However, in an urban
environment or a high profile recreational area, inadvertent returns can be a major
problem. In addition to the obvious public nuisance, drilling fluid flow can buckle streets
or wash out embankments. Inadvertent returns in a waterway and a sinkhole resulting
from inadvertent returns are shown in Figures 15 and 16.

15 Lummus and Azar, p. 111
16 Lummus and Azar, p. 112
17 Lummus and Azar, p. 112
18 Lummus and Azar, p. 112
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Figure 15 — Inadvertent Returns in a Waterway

Figure 16 — Sinkhole Resulting from Inadvertent Returns

Drilling parameters may be adjusted to maximize drilling fluid circulation and
minimize the risk of inadvertent returns. However, the possibility of lost circulation and
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inadvertent returns cannot be eliminated. Contingency plans addressing possible remedial
action should be made in advance of construction and regulatory bodies should be
informed.

Inadvertent returns are more likely to occur in less permeable soils with existing flow
paths. Examples are slickensided clay or fractured rock structures. Coarse grained,
permeable soils exhibit a tendency to absorb circulation losses. Manmade features, such
as exploratory boreholes or piles, may also serve as conduits to the surface for drilling
fluids.

Research projects have been conducted in an attempt to identify the mechanisms that
cause inadvertent returns and develop analytical methods for use in predicting their
occurrence. Efforts have centered on predicting hydrofracturing. These programs have
met with limited success in providing a reliable prediction method. Engineering judgment
and experience must be applied in utilizing the hydrofracturing model to predict the
occurrence, or nonoccurrence, of inadvertent returns.

5.5  Excess Drilling Fluid and Drilled Spoil Disposal

The HDD construction process generates drilled spoil and excess drilling fluid that
must be disposed of properly. In addressing disposal regulations, it is important to
remember that HDD drilling fluid is typically composed only of water, high yield
bentonite, and drilled spoil. The major component of the fluid is water which is generally
obtained either from the waterway being crossed or a municipal source. On most HDD
crossings, the only foreign material introduced to the location is naturally occurring
bentonite with a small amount of extending polymers. Applicable disposal regulations
should be similar to those governing sedimentation and erosion control or general excess
construction spoil disposal.

5.5.1 Recirculation

The first step in effectively dealing with excess drilling fluid disposal is to minimize
the excess. This is accomplished by recirculating drilling fluid returns to the extent
practical. Collected surface returns should be processed through a solids control system
that removes spoil from the drilling fluid allowing the fluid to be reused.

The basic solids control method used for water-based HDD fluids is mechanical
separation. Solids control systems are not 100% efficient. That is, spoil discharged is not
dry and totally free of drilling fluid and fluid discharged is not totally free of drilled spoil.
The consistency of the spoil discharged from a solids control system may be similar to
ready mix cement or a very viscous drilling fluid depending on factors such as the
subsurface material being penetrated, drilling fluid properties, and the skill of the
operator.

Recirculation on an HDD waterway crossing is complicated by the fact that a
significant portion of the drilling fluid returns occur at the exit point on the bank opposite
of the drilling rig. As a result, either two drilling fluid systems must be utilized or drilling
fluid returns must be transported from the exit point to the drilling rig location.
Transportation of drilling fluid returns can be accomplished by truck, barge, or a
temporary recirculation line drilled beneath the bottom of the waterway. Which system is
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most advantageous will be determined by site-specific conditions. In some cases,
temporary recirculation lines have been laid directly on the bottom of the waterway.
However, this procedure involves the risk of rupture and resulting discharge of drilling
fluid into the waterway.

5.5.2 Land Farming

Land farming provides an efficient and effective way to dispose of excess drilling
fluid or drilled spoil. This disposal method involves distributing the excess drilling
material evenly over an open area and mechanically incorporating it into the soil. The
character and amount of the excess material will dictate the degree of mechanical tilling.
Small quantities of whole fluid will dissipate with little or no tilling. If large quantities of
fluid or wet spoil are involved, a significant tilling effort may be required to ensure that
the drilling fluid components don’t form a dry crust and remain in a semi-solid state over
an extended period of time. The condition of the land farming site should typically be
governed by standard construction clean-up and site restoration specifications.

5.5.3 Dewatering

Dewatering of excess drilling fluid offers significant environmental benefits.
However, dewatering systems are expensive. Because of this, they are rarely, if ever,
used on HDD installations. The objective of a dewatering system is to remove all of the
solids from the drilling fluid. Solids removed include not only drilled spoil, but also the
viscosifier that has been added to enhance fluid properties (typically high vyield
bentonite). Dewatering can take place during drilling operations or after completion. If
dewatering is concurrent with drilling, processed water should be returned to the active
drilling fluid system for mixing and reuse. If dewatering follows construction, processed
water should be discharged in accordance with local regulations.

Solids produced by an appropriate dewatering system should be "dry". That is, they
can be handled with standard earth moving and hauling equipment. They should be
disposed of in accordance with local regulations. Typically, this will be in a similar
manner to general excavation spoil. However, regardless of the disposal requirements for
dry spoil, eliminating the need to dispose of liquids and minimizing the total mass of
material requiring disposal can significantly reduce disposal costs.

6 PIPE DESIGN

Load and stress analysis for an HDD pipeline installation is different from similar
analyses of conventionally buried pipelines because of the relatively high tension loads,
bending, and external fluid pressures acting on the pipeline during the installation
process. In some cases these loads may be higher than the design service loads. Pipe
properties must be selected such that the pipeline can be both installed and operated
within customary risks of failure.

In most cases, the pipe specification will be determined by applicable codes and
regulations. However, loads and stresses imposed during HDD installation should be
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reviewed and analyzed in combination with operating stresses to insure that acceptable
limits are not exceeded. Analysis of the loads and stresses that govern pipe specification
can most easily be accomplished by breaking the problem into two distinct events:
installation and operation.

6.1 Installation Loads

During HDD installation, a pipeline segment is subjected to tension, bending, and
external pressure as it is pulled through a prereamed hole. The stresses in the pipe and its
potential for failure are a result of the interaction of these loads.19.20 In order to determine
if a given pipe specification is adequate, HDD installation loads must first be estimated
so that the stresses resulting from these loads can be calculated. A description of HDD
installation loads and a method for estimating these loads follows.

6.1.1 Tension

Tension on the pull section results from three primary sources: frictional drag
between the pipe and the wall of the hole, fluidic drag from viscous drilling fluid
surrounding the pipe, and the effective (submerged) weight of the pipe as it is pulled
through the hole. In addition to these forces that act within the drilled hole, frictional drag
from the portion of the pull section remaining on the surface (typically supported on
rollers) also contributes to the tensile load on the pipe.

Other loads that the horizontal drilling rig must overcome during pullback result from
the length of the drill string in the hole and the reaming assembly that precedes the pull
section. These loads don’t act on the pull section and therefore have no impact on pipe
stresses. Nonetheless, if a direct correlation with the overall rig force is desired, loads
resulting from the reaming assembly and drill string must be estimated and added to the
tensile force acting on the pull section.

6.1.1.1 Frictional Drag

Frictional drag between the pipe and soil is determined by multiplying the bearing
force that the pull section exerts against the wall of the hole by an appropriate coefficient
of friction. A reasonable value for coefficient of friction is 0.30 for a pipe pulled into a
reamed hole filled with drilling fluid.2! However, it should be noted that this value can
vary with soil conditions. A very wet mucky soil may have a coefficient of friction
significantly lower than 0.30 while a rough and dry soil (unlikely in an HDD installation)
may have a coefficient of friction significantly higher.

For straight segments, the bearing force can be determined by multiplying the
segment length by the effective unit weight of the pipe and resolving this force into a
radial component based on the angle of the segment. For curved segments, calculation of

19 Fowler, J.R. and Langner, C.G., "Performance Limits for Deepwater Pipelines", OTC 6757, 23rd
Annual Offshore Technology Conference, Houston, TX, May 6-9, 1991

20 oh, J.T., "A Unified Design Procedure for Tubular Members", OTC 6310, 22nd Annual Offshore
Technology Conference, Houston, TX, May 7-10, 1990

21 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 41
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the bearing force is more complicated since additional geometric variables must be
considered along with the stiffness of the pipe.

6.1.1.2 Fluidic Drag

Fluidic drag resulting from drilling fluid surrounding the pipe is determined by
multiplying the external surface area of the pipe by an appropriate fluid drag coefficient.
A reasonable value for fluidic drag coefficient is 0.025 pounds per square inch.22 The
external surface area of any segment defined in the drilled path model can easily be
determined based on the segment’s length and the outside diameter of the pull section.

6.1.1.3 Effective Weight of Pipe

The effective weight of the pipe is the unit weight of the pull section minus the unit
weight of any drilling fluid displaced by the pull section. This is typically expressed in
pounds per foot. The unit weight of the pull section includes not only the product pipe,
but also its contents (ducts, internal water used for ballast, etc.) and external coatings if
substantial enough to add significant weight (i.e. concrete coating). Calculating the
weight of drilling fluid displaced by the pull section requires that the density of the
drilling fluid either be known or assumed. For HDD installations, drilling fluid density
will range from approximately 8.9 pounds per gallon to approximately 11 pounds per
gallon.23.24¢ Where use of a high end value for fluid density is warranted for a conservative
analysis, 12 pounds per gallon represents a reasonable upper limit.

The pulling load from the effective weight of the pipe is determined by resolving the
effective weight into an axial component based on the angle of the segment.

6.1.2 Bending

The pull section is subjected to elastic bending as it is forced to negotiate the
curvature of the hole. For a pipe with welded or fused joints, this induces a flexural stress
in the pipe that is dependent upon the drilled radius of curvature. For steel pipe, the
relatively rigid material’s resistance to bending also induces a normal bearing force
against the wall of the hole. These normal forces influence the tensile load on the pipe as
a component of frictional drag.

6.1.3 External Pressure

During HDD installation, the pull section is subjected to external pressure from four
sources: 1) hydrostatic pressure from the weight of the drilling fluid surrounding the pipe

22 Jeffrey S. Puckett, “Analysis of Theoretical Versus Actual HDD Pulling Loads”, Volume Two, New
Pipeline Technologies, Security and Safety, Proceedings of the ASCE International Conference on Pipeline
Engineering and Construction sponsored by The Technical Committee on Trenchless Installation of
Pipelines (TIPS) of the Pipeline Division of ASCE, Baltimore Maryland, July 13-16, 2003. p. 1352

23 Drilling Fluids In Pipeline Installation By Horizontal Directional Drilling, A Practical Applications
Manual (Washington: Pipeline Research Committee at the American Gas Association, 1994), p. 30

24 Horizontal Directional Drilling, Good Practices Guidelines (HDD Consortium, 2001), p. 3-25
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in the drilled annulus, 2) hydrokinetic pressure required to produce drilling fluid flow
from the reaming assembly through the reamed annulus to the surface, 3) hydrokinetic
pressure produced by surge or plunger action involved with pulling the pipe into the
reamed hole, and 4) bearing pressure of the pipe against the hole wall as the pipe is
forced to conform to the drilled path.

Hydrostatic pressure is dependent upon the height of the drilling fluid column acting
on the pipe and the density of the drilling fluid that surrounds the pipe. Drilling fluid
density values are discussed in section 6.1.1.3. The height of the drilling fluid column at
any given location along the drilled path is typically equal to the elevation difference
between that location and the point at which there is no drilling fluid in the reamed hole.
Typically, but not always, drilling fluid extends to the entry or exit point, whichever is
lower.

Hydrokinetic pressure required to produce drilling fluid flow can be calculated using
annular flow pressure loss formulas. These results are dependent on detailed drilling fluid
properties, flow rates and hole configuration and, because of uncertainties involving
these parameters, often require a substantial application of engineering judgment to
determine a reasonable value. In most cases, annular flow during pullback is low velocity
with low pressure losses.

Hydrokinetic pressure due to surge or plunger action and hole wall bearing pressure
cannot be readily calculated and must be estimated using engineering judgment and
experience.

6.2  Operating Loads

As with a pipeline installed by conventional methods, a pipeline installed by HDD
will be subjected to internal pressure, thermal expansion, and external pressure during
normal operation. A continually welded or fused pipeline installed by HDD will also be
subjected to elastic bending. The operating loads imposed on a pipeline installed by HDD
are described below.

6.2.1 Internal Pressure

A pipeline installed by HDD is subjected to internal pressure from the fluid flowing
through it. For design purposes, this pressure is generally taken to be the pipeline’s
maximum allowable operating pressure. The internal hydrostatic pressure from the depth
of the HDD installation should be considered when determining the maximum internal
pressure.

6.2.2 Bending
Elastic bends introduced during pullback will remain in the pipe following

installation and therefore must be considered when analyzing operating stresses. These
bends are typically approximated as circular curves having a radius of curvature that is
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determined from as-built pilot hole data. One common method of calculating the radius
of an approximate circular curve from pilot hole data is presented below.25

R = (L/A)57.3

Where:

R = radius of curvature of the drilled hole in consistent units
L = length drilled in consistent units

A = the total change in angle over L in degrees

The selection of a value for L is based on engineering judgment and takes into
account the actual curvature of the pipe installed in the reamed hole as opposed to
individual pilot hole survey deflections.

6.2.3 Thermal Expansion

A pipeline installed by HDD is considered to be fully restrained by the surrounding
soil. Therefore, stress will be induced by a change in temperature from that existing when
the line was constructed to that present during operation.

It should be noted that the fully restrained model is not necessarily true for all
subsurface conditions. Obviously, a pipeline is not fully restrained during installation or
it could not be pulled through the hole. Engineering judgment must be used in
considering thermal stresses and strains involved with an HDD installation.

6.2.4 External Pressure

In order to evaluate the impact of external pressure during operation, the minimum
internal operating pressure of the pipeline should be compared against the maximum
external pressure resulting from groundwater and earth load at the lowest elevation of the
HDD installation.

The earth load on pipelines installed by HDD is generally a “tunnel load”, where the
resulting soil pressure is less than the geostatic stress. ASTM F 1962-99 recommends the
following method for calculating earth loads on HDD installations.26

Pe = «yH/144

Where:

Pe = external earth pressure in pounds per square inch
k = arching factor

25 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 80

26 ASTM Designation: F 1962-99, Standard Guide for Use of Maxi-Horizontal Directional Drilling for
Placement of Polyethylene Pipe or Conduit Under Obstacles, Including River Crossings (West
Conshohocken, PA: American Society for Testing Materials, 1999) p. 15
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soil weight in pounds per cubic foot
depth of cover in feet

Y
H

The arching factor is calculated as follows.

k = (l-exp((-2KH/B)tan(5/2)))/((2KH/B)tan(56/2))

Where

K = earth pressure coefficient

B = “silo” width in feet which is assumed to be the reamed hole diameter
d = angle of wall friction in degrees which is assumed to equal ¢

¢ = soil internal angle of friction

The earth pressure coefficient is calculated as follows.
K = tan’(45-4/2)
6.3  Pipe Material

Pipe to be installed by HDD should be smooth, flexible, and have sufficient strength
to resist tension, bending, and external pressure installation loads. The majority of HDD
installations have been completed using welded steel pipe. This probably results from the
fact that HDD grew out of the petroleum pipeline industry where the use of steel was
dictated by high-pressure service. Although installation loads need to be checked by the
design engineer, the strength of steel eliminates problems with installation loads in most
cases. The high strength of steel also provides contractors with a margin for error during
installation. Contractors have much more flexibility in applying remedial measures to
free stuck steel pipe than with other available materials.

If acceptable from the standpoint of system design, plastic pipe made from high
density polyethylene (HDPE) or polyvinyl chloride (PVC) can provide several
constructability benefits over steel pipe on an HDD installation. While steel pipe often
necessitates a substantial “breakover” radius during pull back requiring the pull section to
be lifted into an arc, plastic pipe can typically be pulled into the hole directly off of pipe
rollers. If space is not available to fabricate the pull section in one continuous segment,
this reduction in breakover length can reduce the number of tie-ins required. The
flexibility of plastic pipe also provides more options for laying out the pull section as it
can be bent around obstacles. Radius of curvature is generally not a concern when
installing plastic pipe since it can normally withstand a tighter radius than can be
achieved with the steel drill pipe used to drill the pilot hole. Therefore, the steel drill pipe
limits borehole curvature. Also, the use of plastic pipe eliminates the need for field joint
coating and fabrication of a plastic pipe pull section is typically faster and less expensive
than fabrication of steel pipe pull section. However, the tensile and pressure capacities of
plastic pipe are significantly less than those of steel. As a result, analysis of installation
and operating stresses is critical in order to determine if plastic pipe is suitable for
installation by HDD.
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Ductile iron pipe may also be installed by HDD using a flexible restrained joint.
These joints distribute thrust or pulling force around the bell and barrel and provide an
allowable joint deflection with simultaneous joint restraint. An advantage of ductile iron
pipe is that the joints allow the pipe to be assembled for “cartridge” installations where
there are limited easements or rights of way. In the cartridge method, individual pipe
sections are assembled and pulled into the bore path one pipe length at a time. Ductile
iron pipe manufacturers have proprietary flexible restrained joints that they recommend
for HDD applications. Therefore, individual manufacturers should be contacted for
detailed parameters when designing an HDD segment using ductile iron pipe.2” Joints
with bulky glands or flanges that may result in increased drag and inhibit annular drilling
fluid flow should be avoided. It should be noted that the flexibility provided by ductile
iron pipe joints eliminates bending stresses in the pipe.

6.4  Stresses in Steel Pipe

A discussion of the stresses imposed on steel pipe during both the HDD installation
process and subsequent operation is presented in this section.

6.4.1 Installation Stresses

A thorough design process requires examination of the stresses that result from each
individual installation loading condition as well as an examination of the combined
stresses that result from the interaction of these loads.

6.4.1.1 Tensile Stress (f;)

The tension imposed on a circular pipe during installation by HDD is assumed to act
through the centroid of the cross section and therefore is uniformly distributed over the
cross section. The tensile stress is determined by dividing the tension by the cross
sectional area. The maximum allowable tensile stress imposed on a steel pull section
during installation should be limited to 90% of the pipe’s specified minimum yield
strength.28

6.4.1.2 Bending Stress (fy)

Bending stress resulting from a rigid steel pipe being forced to conform to the drilled
radius of curvature can be calculated using the following equation.2®

f, = (ED)/(2R)

Where:

27 Horizontal Directional Drilling with Ductile Iron Pipe (Birmingham: Ductile Iron Pipe Research
Association, 2004), p. 5.

28 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 46

29 Warren C. Young, Roark’s Formulas for Stress and Strain, Sixth Edition (New York: McGraw-Hill,
Inc., 1989), pp. 94-95
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= longitudinal stress resulting from bending in pounds per square inch
modulus of elasticity for steel, 29,000,000 pounds per square inch30
outside diameter of the pipe in inches

= Radius of curvature of circular bends in inches

o g msh
Il

Bending stress imposed on a steel pull section during installation should be limited as
follows.3! These limits are taken from design criteria established for tubular members in
offshore structures and are applied to HDD installation because of the similarity of the
loads on pipe.32

Fo = 0.75F for D/t<1,500,000/Fy

Fo = (0.84-(1.74F/D)/(Et))Fy for ~ 1,500,000/F,<D/t<3,000,000/F,
Fo = (0.72-(0.58F/D)/(Et))Fy for  3,000,000/F,<D/t<300,000
Where:

F, = maximum allowable bending stress in pounds per square inch

Fy = pipe specified minimum yield strength in pounds per square inch
t = pipe wall thickness in inches

In the HDD industry, it is standard practice to design circular sag bends for steel
pipelines at a radius of curvature of 1,200 times the nominal diameter of the product pipe
(refer to section 3.4). As stated previously, this relationship is based on experience with
constructability as opposed to pipe stress limitations. Typically, the minimum radius
determined using the stress-limiting criterion presented above will be substantially less
than 1,200 times the nominal diameter. For this reason, bending stress limits rarely
govern geometric drilled path design but are applied, along with other stress limiting
criteria, in determining the minimum allowable radius of curvature.

6.4.1.3 External Hoop Stress (f,)

Thin walled tubular members, such as steel pipe, will fail by buckling or collapse
when under the influence of external hoop stress. A traditional formula established by
Timoshenko for calculation of the wall thickness required to prevent collapse of a round
steel pipe is as follows.33

30'S. P. Timoshenko and James M. Gere., Mechanics of Materials (New York: Van Nostrand Reinhold
Company, 1972) p. 9

31 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 46

32 ANSI/API RP 2A-WSD-93, Recommended Practice for Planning, Designing and Constructing Fixed
Offshore Platforms — Working Stress Design, Twentieth Edition (Washington: American Petroleum
Institute, 1993), pp. 40-41

33 Frederick S. Merritt, Standard Handbook for Civil Engineers (New York: McGraw-Hill, Inc., 1968) p.
21-37
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t = D/12(864P/E)"?
Where:
Pext = uniform external pressure in pounds per square inch

Since pipe in an HDD pull section will not necessarily be perfectly round and will be
subject to bending and dynamic loading, a conservative factor of safety should be applied
in checking pipe wall thickness using the above relationship. Generally speaking,
diameter to wall thickness ratios for steel pipe to be installed by HDD should be held at
60 or below although higher D/t ratios are appropriate if a high level of confidence exists
in collapse analysis calculations or a counterbalancing internal pressure will be applied
during pullback.34

As with bending, hoop stress resulting from external pressure can be checked using
criteria established for tubular members in offshore structures.3> Applicable formulas are
presented below.36

fn = PexD/2t

Fre = O.88E(t/D)2 for long unstiffened cylinders
Fhe =  Fhe for  Fne<0.55F,

Fre =  0.45F+0.18F for 0.55Fy<Fne<1.6Fy

Fre = Fy for Fhe>6.2Fy

Where

fn = hoop stress due to external pressure in pounds per square inch
Fre = elastic hoop buckling stress in pounds per square inch

Fne =  critical hoop buckling stress in pounds per square inch

Using these formulas, hoop stress due to external pressure should be limited to 67%
of the critical hoop buckling stress.

34 Hugh W. O’Donnell, “Investigation Of Pipeline Failure In A Horizontally Directionally Drilled
Installation”, Pipeline Crossings 1996, Proceedings of Specialty Conference sponsored by The Pipeline
Division of ASCE, 1996

35 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 46-47
36 ANSI/API RP 2A-WSD-93, Recommended Practice for Planning, Designing and Constructing Fixed
Offshore Platforms — Working Stress Design, pp. 41-42
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6.4.1.4 Combined Installation Stresses

The worst-case stress condition for the pipe will typically be located where the most
serious combination of tensile, bending, and external hoop stresses occur simultaneously.
This is not always obvious in looking at a profile of the drilled hole because the
interaction of the three loading conditions is not necessarily intuitive. To be sure that the
point with the worst-case condition is isolated, it may be necessary to perform a
combined stress analysis for several suspect locations. In general, the highest stresses
will occur at locations of tight radius bending, high tension (closer to the rig), and high
hydrostatic head (deepest point).37

Combined stress analysis may begin with a check of axial tension and bending
according to the following limiting criterion.3® This criterion is taken from practices
established for design of tubular members in offshore structures with an increase in the
allowable tensile proportion to make it consistent with established practice in the HDD
industry.39

ft/o.ng'i'fb/FbSl
Where:
fc = tensile stress in pounds per square inch

The full interaction of axial tension, bending and external pressure stresses should be
limited according to the following criteria.40:41

AZ+B?+2v|A|B<1
Where:
A = ((f+f,-0.5f,)1.25)/F,

B
v

1.5f1/Fpc
Poisson’s ratio, 0.3 for steel42

It should be noted that failure to satisfy the unity checks presented above does not
mean that the pipeline will necessarily fail by overstress or buckling. Rather, it indicates

37 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 45

38 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 47

39 ANSI/API RP 2A-WSD-93, Recommended Practice for Planning, Designing and Constructing Fixed
Offshore Platforms — Working Stress Design, p. 42

40 ANSI/API RP 2A-WSD-93, Recommended Practice for Planning, Designing and Constructing Fixed
Offshore Platforms — Working Stress Design, pp. 43-44

41 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 47

42 ASME/ANSI B31.4-1986 Edition, Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum
Gas, Anhydrous Ammonia, and Alcohols (New York: American Society of Mechanical Engineers, 1986),
p. 28
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that the combined stress state places the design in a range where some test specimens
under similar stress states have been found to be subject to failure.43

6.4.2 Operating Stresses

With one exception, the operating stresses in a pipeline installed by HDD are not
materially different from those experienced by pipelines installed by cut and cover
techniques. As a result, past procedures for calculating and limiting stresses can be
applied. However, unlike a cut and cover installation in which the pipe is bent to conform
to the ditch, a pipeline installed by HDD will contain elastic bends. Bending stresses
imposed by the HDD installation process should be checked in combination with other
operating stresses to evaluate if acceptable limits are exceeded. Other longitudinal and
hoop stresses that should be considered will result from internal pressure and thermal
expansion/contraction.44

6.4.2.1 Internal Hoop Stress (f,)

Hoop stress due to internal pressure is calculated as follows.45

fh = (PimD)/(Zt)
Where:
fn = hoop stress due to internal pressure in consistent units

Pint uniform internal pressure in consistent units

The maximum allowable hoop stress due to internal pressure will be governed by the
design standard applicable to the pipeline transportation system that contains the HDD
segment being examined. For example, hoop stress is limited to 72% of the specified
minimum yield strength for liquid petroleum pipelines.4¢ For natural gas pipelines, hoop
stress limitations range from 40% to 72% of the specified minimum yield strength.4”

6.4.2.2 Bending Stress (fy)

Bending stresses are calculated and limited as shown in section 6.4.1.2

43 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 48

44 |nstallation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, pp. 56-57
45 ASME/ANSI B31.4-1986 Edition, Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum
Gas, Anhydrous Ammonia, and Alcohols, p. 12

46 ASME/ANSI B31.4-1986 Edition, Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum
Gas, Anhydrous Ammonia, and Alcohols, p. 9

47 Code of Federal Regulations, Title 49, Part 192, Transportation of Natural and Other Gas by Pipeline:
Minimum Federal Standards (Washington: U.S. Government Printing Office, 2001) 192.111
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6.4.2.3 Thermal Stress (f,)

Thermal stress resulting from changes in pipe temperature from the point in time at
which the pipe is restrained by the surrounding soil to typical operating condition is
calculated as follows.*8

fe = Eo(T2-Ty)

Where:

fe = longitudinal stress from temperature change in pounds per square inch

o = coefficient of thermal expansion for steel in inches per inch per °F

T1 = temperature at installation, or when the pipeline becomes restrained, in °F
T, = operating temperature in °F

The high thermal conductivity of steel enables the temperature of the pipe to equalize
with the surrounding soil within a matter of hours after construction. Since soil
temperatures at the depth of most HDD installations are relatively constant, thermal
stresses are typically a concern only when the temperature of the product flowing through
the pipeline differs substantially from that of the surrounding soil, such as in hot oil
pipelines or immediately downstream of a natural gas pipeline compressor station.

6.4.2.4 Combined Operating Stresses

Hoop, thermal, and bending stresses imposed on the pipe during operation should be
checked in combination to evaluate the risk of failure from combined stresses. This can
be accomplished by examining the maximum shear stress at selected elements on the
pipe. Maximum shear stress is calculated by the following formula.4®

f, = (f-f)/2

Where:

fy, = maximum shear stress in consistent units

f. = total circumferential stress in consistent units
fi = total longitudinal stress in consistent units

In this analysis, all tensile stresses are positive and compressive stresses are negative.
The total circumferential stress is the difference between the hoop stress due to external
pressure and the hoop stress due to internal pressure. The total longitudinal stress is the
sum of the bending and thermal stresses and the longitudinal component of
circumferential stress determined as follows.

48 ASME/ANSI B31.4-1986 Edition, Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum
Gas, Anhydrous Ammonia, and Alcohols, p. 28
49 Timoshenko and Gere, p. 48
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f|h = ch
Where:
fin = longitudinal component of circumferential stress in pounds per square inch

Presuming that hoop stresses will be positive for pressurized steel pipelines, the pipe
element that will typically have the highest maximum shear stress is that which has the
highest total longitudinal compressive stress. This element will fall the maximum
distance from the neutral axis on the compression side of an elastic bend. Maximum
shear stress should be limited to 45% of the specified minimum yield strength.50

6.5  Stresses in High Density Polyethylene Pipe

This section presents methods that can be used to calculate installation and
operational stresses in HDPE pipe along with stress limiting criteria.

6.5.1 Installation Stresses

When installing HDPE pipe by HDD, installation stresses can often be reduced
substantially by filling the pull section with water as it is being pulled into the reamed
hole. This practice has two primary benefits. First, with a specific gravity of less than 1.0,
HDPE pipe is extremely buoyant when submerged in drilling fluid. Filling the pull
section with water decreases the buoyant force exerted by the pipe on the top of the
reamed hole, thereby reducing the pulling load. Second, the pressure exerted by the water
in the pipe counteracts the external hydrostatic pressure exerted by the drilling fluid in
the annulus. This increases the factor of safety relative to collapse.

6.5.1.1 Tension

In order to determine if a given HDPE pipe specification is sufficient to resist the
tensile loads encountered during HDD installation, a pulling load analysis should first be
performed to estimate the force required to pull the pipe into a prereamed hole. A
methodology for estimating pulling load on HDPE pipe is given in ASTM F 1962-99,
Standard Guide for Use of Maxi-Horizontal Directional Drilling for Placement of
Polyethylene Pipe or Conduit Under Obstacles, Including River Crossings. Of primary
concern with the installation of high density polyethylene (HDPE) pipe by HDD is the
possibility of tensile yield resulting from high axial forces applied to the pipe as it is
pulled into the reamed hole. HDPE is susceptible to tensile yield not only because of its
relatively low tensile yield strength, but also because the safe tensile load that can be
applied to HDPE pipe is time-dependent. HDPE pipe subjected to excessive tensile load
will continue to elongate until the load is released, potentially resulting in localized

50 ASME/ANSI B31.4-1986 Edition, Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum
Gas, Anhydrous Ammonia, and Alcohols, p. 9
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herniation in the pipe. According to ASTM F 1804-97, allowable HDD installation
tensile stress for HDPE pipe may be determined as follows®1.

ft = SyStTy
Where
ft allowable tensile stress in pounds per square inch

Sy = tensile yield design factor, 0.4 is recommended in the absence of a factor
from the pipe manufacturer

St = time under tension design factor, based on 5% strain, 1.00 for one hour or
less, 0.95 for above one hour to twelve hours, and 0.91 for above twelve
hours to twenty-four hours

Ty = tensile yield strength at the pipe installation temperature in pounds per

square inch

Time under tension for an HDD pull back will generally be under one hour due to the
fact that the tensile force applied by an HDD rig is released every thirty feet to remove
drill pipe as opposed to being sustained for the entire duration of the pull back operation.
However, use of 0.95 for S; is typical to include an element of conservatism in design.

The estimated pulling force should be compared against the allowable pulling force
determined by multiplying the cross-sectional area of the pipe by the allowable tensile
stress. If the estimated pulling force is less than the allowable pulling force, the pipe
specification is considered to be suitable. However, it should be noted that pulling loads
may exceed estimated values, especially if the pipe should become stuck forcing the
HDD contractor to apply greater than anticipated force to free the pipe.

6.5.1.2 Bending

When installing HDPE pipe by HDD, bending stress is typically not critical. HDPE
pipe manufacturers state that HDPE pipe can be cold bent to a radius of 20 to 40 times
the pipe diameter (although experience has shown that HDD design radii should be
considerably more conservative than the pipe manufacturer’s recommended radius
because of the bending limits of the steel drill pipe.). For a 48 inch pipe, multiplying the
outside diameter by 40 equates to a radius of 160 feet. This radius is substantially smaller
than the radius that can be achieved during pilot hole drilling with steel drill pipe. For
example, the design radius for an HDD installation to be drilled using 5 inch drill pipe
should typically not be less than 700 feet.

6.5.1.3 External Pressure

Another critical issue with the installation of high density polyethylene (HDPE) pipe
by HDD is the possibility of pipe collapse due to external pressure exerted by the drilling

51 ASTM Designation: F 1804-97, Standard Practice for Determining Allowable Tensile Load for
Polyethylene (PE) Gas Pipe During Pull-In Installation (West Conshohocken, PA: American Society for
Testing Materials, 1997) pp. 1-2
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fluid in the annulus. According to ASTM F 1962-99, the critical external collapse
pressure of HDPE pipe may be determined using Levy’s equation as follows.52

P. = (2E/(1-v))(1/(DR-1))3S,S;

Where:

P. = critical collapse pressure in pounds per square inch

E = apparent (time-corrected) modulus in pounds per square inch for the grade
of material used to manufacture the pipe, and time and temperature of
interest

v = Poisson’s ratio for HDPE, 0.45 for long term loading, 0.35 for short term
loading

DR = dimension ratio, outside diameter divided by wall thickness

So = ovality compensation factor

St = tensile pull reduction factor

In the absence of specific information from the pipe manufacturer, the values below
can be used for the time dependent apparent modulus at 73° F.53

Duration E
Short-term 110,000

10 hours 57,500
100 hours 51,200

50 years 28,200

The ovality compensation factor can be determined from the following table.54

% Ovality So
0 1.0
2 0.85
4 0.70
6 0.55
8 0.43
10 0.36
12 0.35

A conservative value for the tensile pull reduction factor is 0.65. This factor is
determined according to ASTM F 1962-99 with the maximum average axial tensile pull
stress set at the safe pull tensile stress.5>

52 ASTM Designation: F 1962-99, Standard Guide for Use of Maxi-Horizontal Directional Drilling for
Placement of Polyethylene Pipe or Conduit Under Obstacles, Including River Crossings, p. 9

53 ASTM Designation: F 1962-99, Standard Guide for Use of Maxi-Horizontal Directional Drilling for
Placement of Polyethylene Pipe or Conduit Under Obstacles, Including River Crossings, p. 14

54 ASTM Designation: F 1962-99, Standard Guide for Use of Maxi-Horizontal Directional Drilling for
Placement of Polyethylene Pipe or Conduit Under Obstacles, Including River Crossings, p. 9

© ].D.Hair&Associates,Inc. 2007 36



The critical collapse pressure should then be reduced by a factor of safety of 2 to
yield the allowable external pressure during pull back. In most cases, it will be necessary
to install HDPE pipe filled with water to counter balance the external pressure and
produce a net pressure that does not exceed the allowable.

When analyzing HDD pull back operations, a service life of one day is appropriate.
The external pressure exerted by drilling fluid of a known (or assumed) unit weight can
be calculated as discussed in section 6.1.3.

6.5.2 Operating Stresses

Post-installation loading conditions that should be analyzed for HDPE pipe include
both normal operation and an extended shutdown during which the HDPE pipe is empty.

6.5.2.1 Internal Pressure

HDPE pipe manufacturers typically publish the internal pressure ratings of their
products as a function of pipe dimension ratio (DR). These pressure ratings are based on
the allowable hoop stress that can exist in the pipe wall continuously over a minimum
service life of 50 years. The internal operating pressure of an HDPE pipeline should not
exceed the internal pressure rating specified by the pipe manufacturer. Internal pressure
considerations should be based on the lowest point of the installed pipe. Internal pressure
rating can be determined using the following formula.>6

Pint = 2fh/(DR-1)

Where:
Pinn = internal pressure in pounds per square inch
fn = hydrostatic design stress in pounds per square inch

6.5.2.2 External Pressure

If the maximum external pressure exceeds the minimum internal operating pressure,
the pipeline will be subjected to a differential external pressure equal to the difference
between these pressures. This differential pressure should be less than the critical
collapse pressure calculated in accordance with section 6.5.1.3 and with S,=1.

External pressure resulting from earth load will cause vertical deflection in HDPE
pipe. This vertical deflection reduces the collapse strength proportional to the ovality
compensation factor. Earth pressure may be calculated as described in section 6.2.4.
Vertical deflection is calculated as follows.

AID = 12(0.0125P./E)(DR-1)?

55 ASTM Designation: F 1962-99, Standard Guide for Use of Maxi-Horizontal Directional Drilling for
Placement of Polyethylene Pipe or Conduit Under Obstacles, Including River Crossings, pp. 11-12

56 AWWA Standard C906-99, Polyethylene (PE) Pressure Pipe and Fittings, 4 In. (100 mm) Through 63
In. (1,575 mm), for Water Distribution and Transmission (Denver: American Water Works Association)
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Where:

AID = ovality, expressed as a percentage, used to determine the ovality
compensation factor

The safe long-term deflection of polyethylene pipe should be limited to the lesser of
0.5(DR-1)% or 6%. In the case of an extended shutdown during which the HDPE pipe is
empty, there will be no operating pressure or hydrostatic pressure within the pipe. In
order to protect the pipe from collapse under such conditions, the maximum external
pressure should be compared against the critical collapse pressure for the maximum
potential duration that the pipe would be empty.

6.5.2.3 Thermal

Following installation, an HDPE pipe segment should be cut to length only after
reaching thermal equilibrium with the surrounding soil. Good practice is to “overpull”
the pipe to allow for the contraction of a HDPE pipeline after pulling. Contraction occurs
as a result of thermal stabilization and relaxation from the pulling force. Soil
temperatures at the depth of most HDD installations are fairly constant; therefore thermal
expansion and contraction due to variation in soil temperature are typically minimal. As
stated previously, a pipeline installed by HDD is considered to be fully restrained by the
surrounding soil. Therefore, a buried HDPE pipeline operating at a temperature that
differs from that of the surrounding soil may develop some initial thermal stress during
start-up. However, these stresses are believed to dissipate over time through stress
relaxation and are not considered to be critical.

6.6  Pulling Load Calculation by the PRCI Method

Calculation of the approximate tensile load required to install a pipeline by HDD is
relatively complicated due to the fact that the geometry of the drilled path must be
considered along with the properties of the pipe being installed and subsurface
conditions. Assumptions and simplifications are required. A method to accomplish this
was published by the Pipeline Research Committee at the American Gas Association,
now known as the Pipeline Research Council International (PRCI), in the 1995 Edition of
Installation of Pipelines By Horizontal Directional Drilling.

The PRCI Method involves modeling the drilled path as a series of segments to
define its shape and properties during installation. The individual loads acting on each
segment are then resolved to determine a resultant tensile load for each segment. The
estimated force required to install the entire pull section in the reamed hole is equal to the
sum of the tensile loads acting on all of the defined segments.

In utilizing the PRCI Method, engineers should be aware that pulling loads are
affected by numerous variables, many of which are dependent upon site-specific
conditions and individual contractor practices. These include prereaming diameter, hole
stability, removal of cuttings, soil and rock properties, drilling fluid properties, and the
effectiveness of buoyancy control measures. Such variables cannot easily be accounted
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for in a theoretical calculation method designed for use over a broad range of
applications. For this reason, theoretical calculations are of limited benefit unless
combined with engineering judgment derived from experience in HDD construction.

6.6.1 Drilled Path Model

Drilled path models can be based on the designed drilled path, a “worst-case” drilled
path, or "as-built" pilot hole data, if available. Bearing in mind that most pilot holes are
drilled longer, deeper, and to tighter radii than designed, a conservative approach in the
absence of as-built pilot hole data is to evaluate a worst-case drilled path which takes into
account potential deviations from the design. This worst-case path should be determined
based on allowable tolerances for pilot hole length, elevation, and curve radius.
Significant deviations in these parameters are typical and often result from conditions
beyond the control of drilling contractors. For example, it would not be unusual to find
deflections in a pilot hole that produce a bending radius approaching 50% of the design
radius.

A Cartesian coordinate system must be established for the model. Typically, the
coordinate system will originate at the entry point. A model segment is described by its
true length and the inclination and azimuth angles at its endpoints.

Using this information, the relative positions of the segment endpoints and radius of
curvature, if the segment is curved, are calculated using the “Minimum Curvature
Method”.57 This information is then used to calculate the installation loads acting on the
segment.

6.6.2 Straight Segment Loads

As previously discussed in Section 6.1.1, tension on the segment results from
frictional drag between the pipe and the wall of the hole, fluidic drag from viscous
drilling fluid surrounding the pipe, and the effective weight of the pipe.

6.6.3 Curved Segment Loads

Pulling loads resulting from fluidic drag and effective weight are calculated in the
same manner as a straight segment. The angle used for resolving the effective weight into
an axial component is the average of the angles at the ends of the segment.

Calculation of the pulling load resulting from frictional drag is more complicated.
Radial forces involved with bending must be taken into account. The PRCI Method does
this by modeling a curved segment as a beam in three point bending. The curvature and
deflection of the beam are known from the data input in the drilled path model. The
normal force can then be calculated as follows.58

N = (Th-Wcoso(Y/144))/(X/12)

57 API Bulletin D20, Directional Drilling Survey Calculation Methods and Terminology, (Washington:
American Petroleum Institute, 1985)
58 Young, p. 1965
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h = R(1-cos(a/2))

Y = 18L%j?(1-1/cosh(U/2))

U = 12LJj

i = (ENT)”

X = 3L-(j/2)tanh(U/2)

Where:

N = Normal force in pounds

T = Average tension over the segment, (T1+T>,)/2), in pounds
h = Center displacement of the segment in feet

R = Radius of curvature in of the segment feet

a = Deflection angle (dogleg angle) of the segment

W = Weight of the segment that contributes to bending expressed in pounds
6 = Angle of the segment with horizontal

L = Segment length in feet

The pulling load resulting from the normal force is calculated by multiplying the
normal force and associated reactions (N/2) by the coefficient of friction. Since a value of
T, the average tension, must be assumed to calculate the normal force, an iterative
calculation is required to arrive at the correct value.

If the bend is in the horizontal plane, the normal force is calculated without a
component of segment weight since the weight is not in the plane of the bend.

6.7  Steel Pipe Corrosion Coating

Steel pipe is subject to corrosion and is therefore generally installed with an external
corrosion coating. External coatings used in HDD installations should be well bonded to
the pipe to resist soil stresses and have a smooth hard surface to reduce friction and
maintain the corrosion barrier.>®

There are numerous external coating products currently on the market, some designed
specifically for HDD installations. Mill applied thin film fusion bonded epoxy is
commonly recommended in a minimum thickness of 20 mils.&0

It should be noted that concrete weight coating is not generally required on HDD
installations as the deep, undisturbed cover provided in most cases serves to restrain
buoyant pipelines.61

59 Guidelines For A Directional Crossing Bid Package (Dallas: Directional Crossing Contractors
Association, 1995)

60 Guidelines For A Directional Crossing Bid Package

61 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p. 36
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6.7.1 Field Joint Coatings

Field joint coatings must be compatible with the mill applied coating and maintain a
continuous, smooth, and abrasion resistant surface. Twenty-five mils of fusion bonded
epoxy field applied in two-part powder form using an induction heater is commonly
recommended. An alternate to this system is two-part liquid epoxy, also in a thickness of
25 mils. Tape coatings should never be used on field joints for an HDD segment due to
friction induced peeling and tearing making the tape coating ineffective as a corrosion
barrier.62

Reinforced shrink sleeves designed specifically for HDD installations are available.
These sleeves should only be used in soil conditions where they will not be subject to
peeling off during pull back.

6.7.2 Armoring Coatings

Coating loss due to abrasion from soil and very soft rock (i.e. shale, mudstone) is not
a critical problem in HDD installations unless large, abundant inclusions of significantly
harder material are likely to be encountered (i.e. cobbles and boulders). Coating loss will
occur during HDD installations through hard abrasive rock (i.e. granite, quartzite, hard
sandstone). In general, bedrock with high unconfined compressive strength and Mohs
hardness can be expected to be abrasive and cause coating wear. Point loads from sharp
rock fragments and gravel may also gouge coating. Using an armoring coating over the
corrosion coating can help preserve the integrity of the corrosion coating and minimize
damage that can potentially occur as a result of HDD installation. The length and type of
rock to be penetrated should be taken into consideration when specifying the armoring
coating.®3 Generally speaking, an armoring coating of 60 mils provides adequate
protection for most subsurface conditions.

7 CONTRACTUAL CONSIDERATIONS
7.1 Contract Forms

Typically, HDD installations are undertaken under “fixed-price contracts” with the
contractor in the position of an “independent contractor”. A fixed-price contract is one in
which the owner agrees to pay the contractor a predetermined price for the work
regardless of any increases in the contractor’s costs to produce the work.8* An
independent contractor is one who is engaged to undertake a specific project but is left

62 Guidelines For A Directional Crossing Bid Package

63 John D. Hair, “Coating Requirements for Pipelines Installed by Horizontal Directional Drilling”
Pipelines 2002 (CD ROM): Beneath our Feet: Challenges and Solutions, Proceedings of the Specialty
Conference sponsored by the Pipeline Division of the American Society of Civil Engineers, Cleveland,
Ohio, August 4-7, 2002

64 Henry Campbell Black, Black’s Law Dictionary, Seventh Edition, ed. Bryan A. Garner (St. Paul: West
Group, 1999), p. 321
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free to determine the means and methods for accomplishing the project.6> Prices for HDD
installations under fixed price contracts are generally lump sums or unit rates for
production (i.e., per foot of pipe installed).

Most HDD Contracts are considered to be “no hole, no pay”. “No hole, no pay” is an
HDD Industry term meaning no payment will be made to the contractor if the crossing is
not completed in accordance with the plans and specifications. The plans and
specifications are structured to control the final characteristics and quality of the pipeline
crossing, not the independent contractor’s means and methods employed in installing the
crossing.

It is unusual, but not unheard of, for HDD installations to be undertaken using a
“daywork contract”. A daywork contract is one in which the contractor is paid a fixed
amount per day, or some other unit of time, for providing and operating an HDD drilling
spread in accordance with the owner’s requirements. Payment is based on the passage of
time regardless of whether or not a pipeline crossing is completed.56

Contract forms are not standard. Owners generally develop contract forms in-house.
Contract conditions can be negotiated for specific projects and contracts incorporating
features of both fixed price and daywork contracts have been employed.

7.2 Risk

Risk is defined as the possibility of loss.6” Risk cannot be eliminated on an HDD
installation. It must be managed. To be managed, HDD risk must be understood.
Categorizing risk aids in understanding risk.

Risk on an HDD project may be divided into two broad categories, surface and
subsurface. Surface risk involves typical events such as weather delays, regulatory
delays, and consumable price increases. These risks are well understood and managed
and need not be discussed further in this report. Subsurface risk involves losses that result
from occurrences downhole such as delays associated with rock drillability, the focus of
this report.

7.2.1 Subsurface Risk

Subsurface risk may be further divided into two categories, unknown conditions and
unknown reactions.

Unknown conditions risk results from the fact that subsurface investigation methods
do not allow, within practical economic limits, the detailed definition of every formation
through which an HDD installation will pass.® For example, bedrock may be indicated at
varying elevations in a series of borings spaced 500 feet apart. It may seem logical to
“connect the dots” of bedrock elevation in each boring with a straight line and thus define
the location of bedrock. In fact, significant peaks and troughs may be present between the

65 Black, p. 774

66 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p.77
67 Black, p. 1328

68 |nstallation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p.78
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borings. The straight line interpolation may be totally inaccurate. The complete contour
of the bedrock is essentially unknown.

Unknown reactions risk results from the fact that the performance of drilling tools in
various formations may be unpredictable. For example, a drilled path may be designed to
penetrate bedrock. Properties of the bedrock may be accurately determined from
laboratory testing. Nevertheless, the penetration rate of a particular bit on a particular
motor may be unknown. Drilling progress may be slower than estimated even though the
bedrock location and properties have not varied.

7.2.2 Differing Site Conditions

Owners have traditionally felt that both categories of subsurface risk were assumed
by contractors in a fixed price contract and it was the contractors’ responsibility to bid
projects with enough contingency included to offset this risk.6® This belief was also
typical in other areas of heavy civil construction and can be summed up in the expression
“You bid it — you build it”.70

In the early years of HDD development and application this contracting philosophy
was satisfactory. Projects were installed mainly in the alluvial soils of the United States
Gulf Coast. Subsurface conditions were consistent and predictable. Competition among
contractors was not such that margins were reduced to levels with very limited capacity
to absorb risk.

That is no longer the case. HDD installations have been completed in just about every
conceivable subsurface condition. As HDD has become the “conventional” method of
installing pipeline crossings, more contractors have entered the business and bids are
more competitive. Claims for extra compensation based on the theory of Differing Site
Conditions (DSC) are not unusual. DSC clauses are commonly included in contracts that
involve subsurface construction.” A typical DSC clause prepared by the Engineers Joint
Contract Documents Committee is presented below.”2

4.2.3. Report of Differing Conditions: If CONTRACTOR
believes that:

4.2.3.1. any technical data of which CONTRACTOR is
entitled to rely as provided in paragraphs 4.2.1 and 4.2.2 is
inaccurate, or

4.2.3.2.  any physical condition uncovered or revealed at the
site differs materially from that indicated, reflected or referred to
in the Contract Documents,

69 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p.78
70 Geotechnical Baseline Reports for Underground Construction, p. 13

71 Geotechnical Baseline Reports for Underground Construction, p. 13

72 E)CDC No. 1910-8 (1983 Edition), Standard General Conditions of the Construction Contract
(Alexandria, VA: National Society of Professional Engineers, 1983), pp. 10-11
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CONTRACTOR shall, promptly after becoming aware thereof and
before performing any Work in connection therewith (except in an
emergency as permitted by paragraph 6.22), notify OWNER and
ENGINEER in writing about the inaccuracy or difference.

424  ENGINEER’s Review: ENGINEER will promptly
review the pertinent conditions, determine the necessity of obtaining
additional explorations or tests with respect thereto and advise
OWNER in writing (with a copy to CONTRACTOR) of
ENGINEER’s findings and conclusions.

4.25  Possible Document Change: If ENGINEER concludes
that there is a material error in the Contract Documents or that
because of newly discovered conditions a change in the Contract
Documents is required, a Work Directive Change or a Change Order
will be used as provided in Article 10 to reflect and document the
consequences of the inaccuracy or difference.

4.2.6 Possible Price and Time Adjustments: In each such case,
an increase or decrease in the Contract Price or an extension or
shortening of the Contract Time, or any combination thereof, will be
allowable to the extent that they are attributable to any such
inaccuracy or difference. If OWNER and CONTRACTOR are unable
to agree as to the amount or length thereof, a claim may be made
therefore as provided in Articles 11 and 12.

This type of contract condition has evolved over several decades to provide a
contractual basis for relief to contractors when site conditions are encountered that are
more adverse than those indicated in the contract documents. The objective of including a
DSC clause is to remove unknown subsurface condition risk from the contractor and
thereby reduce the contingency portion of bid prices.’3

7.2.3 The Geotechnical Baseline Report Concept

In order for a DSC clause to achieve its objectives of removing unknown subsurface
condition risk and reducing bid prices, there must be a definition or understanding of
what the subsurface conditions are. A Geotechnical Baseline Report (GBR) provides this
definition. The statement below, taken from the American Society of Civil Engineer’s
Geotechnical Baseline Reports for Underground Construction (originally attributed to the
U. S. National Committee on Tunneling Technology), describes the desired result from
provision of a GBR.7

“...if all bidders can base their estimates on a well defined set of site
conditions with assurance that equitable reimbursement will be made

73 Geotechnical Baseline Reports for Underground Construction, p. 12
74 Geotechnical Baseline Reports for Underground Construction, p. 7
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when changed conditions are encountered, the owner will receive the
lowest reasonable bids with a minimum of contingency for unknowns.”

The GBR concept has evolved over a number of years as a reasonable system to
present data on subsurface conditions so that risk may be appropriately managed. A
detailed discussion of techniques for preparing a GBR, including suggested format,
organization, and content, is presented in the ASCE’s Geotechnical Baseline Reports for
Underground Construction. The methods described therein are applicable to a wide range
of subsurface construction activities. The recommended practices presented in this report
are modeled on the GBR concept, but streamlined to apply specifically to HDD
installations.

7.2.4 HDD Subsurface Risk Events

Specific risk events associated with HDD operations are listed in this subsection with
a discussion of categorization. The list is not intended to include every possible HDD risk
event. These events are listed to illustrate concepts related to risk categorization,
geotechnical characterization, and differing site conditions.

In most events the risk categorization depends on whether or not a DSC is
encountered. It is envisioned that the baseline from which subsurface conditions will be
differentiated is the GCP (refer to section 2.2.2) and that only measured variations in the
conditions presented on the GCP define a DSC. Therefore, if a change from the
properties called out in the GCP cannot be demonstrated, a DSC has not been
encountered.

The first risk event in the list illustrates this concept. A downhole motor is required
for HDD installations in rock and may be required for penetration of very dense or coarse
granular formations. While the need for a downhole motor has been used as an indicator
of rock on past HDD projects, selection of a downhole motor can be subjective. It
provides only a general indication of the characteristics of the formation being penetrated
and should not typically define a DSC. An overburden formation characterized as poorly
graded sand (SP) and poorly graded gravel (GP) may not be jetable. Nevertheless, the
fact that a motor is needed to directionally drill this formation does not mean that it is
bedrock.

Risk events 1 through 6 may result from an unknown condition or an unknown
reaction depending on whether or not a DSC is encountered.

1. Pilot hole must be drilled with a downhole motor instead of a jetting assembly as
estimated

Pilot hole steering is difficult and tolerances cannot be achieved

Pilot hole penetration rate is less than estimated

Drill bit wear is excessive requiring more trips to replace bits than estimated
Prereaming penetration rate is less than estimated

Reamer wear is excessive requiring more trips to replace reamers than estimated

ok wnN

Risk events can result from an unknown reaction or failure to use appropriate means
and methods. An example of this is stuck drill pipe. A formation can either be negotiated
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using HDD tools and techniques, or it cannot. If it can be negotiated, then stuck drill pipe
must result from failure to use appropriate means and methods. If it cannot be negotiated,
then the installation is not technically feasible and should be abandoned. A similar
example is drill pipe failure. Load on the drill pipe can be controlled. If the drill pipe is
not overloaded and contains no flaws, it should not fail. It should be noted that failure to
use appropriate means and methods is not limited to construction activities, but applies to
design of an HDD installation as well.

Risk events 7 through 15 are the result of unknown reactions or failure to use
appropriate means and methods.

7. The drill pipe becomes stuck during pilot hole drilling

8. The drill pipe fails during pilot hole drilling

9. The downhole motor fails requiring a trip and replacement

10. The drill pipe or reamer becomes stuck during prereaming

11. The drill pipe fails during prereaming

12. The reamer fails and breaks apart during prereaming

13. The drill pipe, pull back assembly, or pipeline pull section becomes stuck during
pull back

14. The drill pipe or pull back assembly fails during pull back

15. The pipeline pull section is damaged during pull back

Events associated with drilling mud flow should also be considered in a review of
HDD risk events. These events are as follows.

16. Drilling mud circulation is lost
17. Drilling mud returns flow into the waterway
18. Drilling mud flow causes settlement or heaving

Event 16, loss of circulation, does not meet the definition of risk. Loss of circulation
on an HDD installation is a probability, not a possibility. It must be planned for and
managed on every HDD installation.

Event 17 qualifies as a risk. Mud flow into a waterway does not occur on most
installations, or at least it is difficult to detect if it does. While it can be categorized as
stemming from an unknown condition, it does not typically result from a DSC in that
subsurface conditions that allow this event are not easily defined and included in a GCP.
It should be noted that this event relates to subsurface mud flow into a waterway. If mud
returns surface on the banks of a waterway, they can be contained and collected and will
not flow into the waterway. Event 17 does not occur in this case.

Event 18 qualifies as a risk. It is similar to events 1 through 6 in that it can result from
an unknown condition or an unknown reaction depending on whether or not a DSC is
encountered.

7.2.5 Technical Feasibility Risk

Despite the significant advances made in HDD technology in the last twenty years,
there is still a risk that subsurface conditions will be encountered that prevent the
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completion of an HDD installation using existing tools and techniques. The possibility of
encountering solution cavities in a karstic formation illustrates this risk. While a general
geologic review may indicate karst formations, solution cavities may not be easily
detected and mapped beneath a waterway. Experience has shown that a skilled driller
may be able to drill a pilot hole through a solution cavity, but a drill pipe failure is highly
likely due to low cycle fatigue as the drill pipe sags across the cavity and continues
through the limestone formation. The failure is not caused by inappropriate means and
methods. The only solution to this problem offered by present HDD technology is to
avoid the solution cavity.

Penetration of glacial till presents a similar risk. Till is defined as “Unstratified drift,
deposited directly by a glacier without reworking by meltwater, and consisting of a
mixture of clay, silt, sand, gravel, and boulders ranging widely in size and shape”.”
Glacial till is often encountered and successfully negotiated on HDD installations.
However, a boulder or cluster of cobbles may present an obstacle that cannot be
overcome using existing HDD tools and techniques.”® Once again, the failure is not
caused by inappropriate means and methods. It is also not strictly the result of a DSC.
The possibility of boulders is indicated in the general geologic review, but their locations
cannot be mapped.

7.3 Alternative Dispute Resolution

Previous sections have presented methods for conducting subsurface investigations,
integrating the results of these investigations into construction documents, and analyzing
risk associated with HDD installations. Application of these methods will reduce claims
for extra compensation on HDD installations and streamline the claims process when
extra compensation is merited. Nevertheless, disputes on construction contracts are
inevitable. This is especially true for HDD installations with the work carried out below
the surface where actual conditions are difficult to verify. Therefore, a method for
efficiently and effectively resolving disputes is beneficial. The Dispute Resolution Board
(DRB) process presents such a method.

The DRB process has proven to be a successful method for avoiding and resolving
claims and disputes since it was first employed in 1975. Simply put, a DRB is a board
(typically three members) of impartial and knowledgeable professionals formed at the
beginning of a project to be familiar with the details of the project, encourage dispute
avoidance, and assist in the resolution of disputes for the duration of the project.””

A DRB provides significant advantages over litigation or arbitration. DRB action is
quick, in most cases while the project is ongoing, and carried out by technically
knowledgeable professionals. The cost of the process will be less than an adversarial
process carried out in court by lawyers. The actual value of a claim may also be less since
analysis and action are taken close to the point in time when a loss is experienced. This

75 Dictionary of Geological Terms, Third Edition, eds. Robert L. Bates and Julia A. Jackson (New York:
Doubleday, 1984), p. 526

76 Installation of Pipelines By Horizontal Directional Drilling, An Engineering Design Guide, p.9

7T DRBF Practices and Procedures (Seattle: Dispute Resolution Board Foundation, 2007), Section 1
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allows the magnitude of a loss to either the owner or contractor to be minimized by
modifying practices in the field or abandoning practices that are not technically feasible.

7.4  Technical Specifications

An HDD technical specification should clearly define details relative to HDD
performance. Job specific details such as pilot hole tolerances, water sources, and drilling
fluid disposal requirements should be included in the specification or an accompanying
job-specific section. In addition to the technical specification, the contract documents
should contain a plan & profile drawing. The drawing should complement the technical
specification by providing a clear presentation of the crossing design as well as the
results of topographic, hydrographic, and geotechnical surveys.

A sample HDD technical specification for use with a performance contract is
presented below.

Scope

This Specification covers the installation of pipe by horizontal directional drilling (HDD). HDD
is a trenchless excavation method that is accomplished in three phases. The first phase consists
of drilling a small diameter pilot hole along a designed directional path. The second phase
consists of enlarging the pilot hole to a diameter suitable for installation of the pipe. The third
phase consists of pulling the pipe into the enlarged hole. HDD is accomplished using a
specialized horizontal drilling rig with ancillary tools and equipment.

Protection of Underground Facilities
CONTRACTOR shall undertake the following steps prior to commencing drilling operations.

= Contact the utility location/notification service, if available, for the construction area.

= Positively locate and stake all existing lines, cables, or other underground facilities
including exposing any facilities that are located within 10 feet (3 meters) of the designed
drilled path.

= Modify drilling practices and downhole assemblies to prevent damage to existing
facilities.

CONTRACTOR shall be responsible for locating any and all underground facilities regardless
of COMPANY'S previous efforts in this regard. CONTRACTOR shall be responsible for all losses
and repairs occasioned by damage to underground facilities resulting from drilling operations.

Instrumentation

CONTRACTOR shall at all times provide and maintain instrumentation which will accurately
locate the pilot hole, measure drill string axial and torsional loads, and measure drilling fluid
discharge rate and pressure. COMPANY will have access to these instruments and their
readings at all times. A log of all recorded readings shall be maintained and will become a part of
the “As-Built” information to be supplied by CONTRACTOR.

Submittals

All procedure or material descriptions requiring COMPANY approval shall be submitted not
less than 3 weeks prior to commencing any HDD activities at the crossing location.
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Pilot Hole Requirements
Directional Tolerance

The pilot hole shall be drilled along the path shown on the Drawings to the tolerances
listed. However, in all cases, right-of-way restrictions shall take precedence over the
listed tolerances. Regardless of the tolerance achieved, no pilot hole will be accepted if it
will result in any of the pipeline being installed in violation of right-of-way restrictions.
Additionally, concern for adjacent utilities and/or structures shall take precedence over
the listed tolerances. Listing of tolerances does not relieve CONTRACTOR from
responsibility for safe operations or damage to adjacent utilities and structures.

Curve Radius
Curves shall be drilled at a radius equal to or greater than that listed in the General

Requirements. The drilled radius will be calculated over any three joint (range 2 drill pipe)
segment using the following formula:

R = (L/A)57.3

Where

R = drilled radius over L

L = length drilled, no less than 75 feet (25 meters) and no greater than 100 feet

(30 meters)
total change in angle over L

>
I

As-Built Survey

At the completion of pilot hole drilling, CONTRACTOR shall provide a tabulation of
coordinates, referenced to the drilled entry point, which accurately describe the location
of the pilot hole. This tabulation shall be in addition to the log of recorded readings
required under “Instrumentation”.

Prereaming Requirements
CONTRACTOR shall conduct prereaming operations to insure that a hole sufficient to
accommodate the pull section has been produced. At a minimum, the hole shall be
prereamed to the lesser of 150% of the outside diameter of the pull section, or 12 inches (305
millimeters) greater than the outside diameter of the pull section. Any damage to the pipe
resulting from inadequate prereaming shall be the responsibility of CONTRACTOR.
Pull Back Requirements
Hydrostatic Pretest
The entire pull section shall be subjected to a four hour hydrostatic test prior to being
installed in the hole. The test pressure shall be equal to or exceed that required for final
certification. The hydrostatic pretest shall be conducted and documented in accordance
with the applicable Specification.
Pulling Loads

The maximum allowable tensile load imposed on the pull section shall be equal to
90% of the product of the specified minimum yield strength of the pipe and the area of
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the pipe section. If more than one value is involved for a given pull section, the lesser
shall govern.

Torsional Stress

A swivel shall be used to connect the pull section to the reaming assembly to
minimize torsional stress imposed on the section.

Pull Section Support

The pull section shall be supported as it proceeds during pullback so that it moves
freely and the pipe and coating are not damaged.

External Collapse Pressure

The pull section shall be installed in the reamed hole in such a manner that external
pressures are minimized and an appropriate counter-balancing internal pressure is
maintained. Any damage to the pipe resulting from external pressure during installation
shall be the responsibility of CONTRACTOR.

Buoyancy Modification

Buoyancy modification shall be used at the discretion of CONTRACTOR. Any
buoyancy modification procedure proposed for use shall be submitted to COMPANY for
approval. No procedure shall be used which has not been approved by COMPANY.
CONTRACTOR shall be responsible for any damage to the pull section resulting from
buoyancy modification.

Corrosion Coating Inspection

If the pull section is corrosion coated, it shall be inspected for holidays with a holiday
detector as it enters the hole. Any coating damage found shall be repaired. Inspection
and repair of corrosion coating shall be conducted in accordance with the applicable
Specification.

Drilling Fluids

Composition

The composition of all drilling fluids proposed for use shall be submitted to
COMPANY for approval. No fluid will be approved or utilized that does not comply with
permit requirements and environmental regulations.

Water

CONTRACTOR shall be responsible for obtaining, transporting, and storing any
water required for drilling fluids. COMPANY, at its option, may secure a water source for
CONTRACTOR. Water sources secured by COMPANY are listed in the General
Requirements.

Recirculation

CONTRACTOR shall maximize recirculation of drilling fluid surface returns.

CONTRACTOR shall provide solids control and fluid cleaning equipment of a
configuration and capacity that can process surface returns and produce drilling fluid
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suitable for reuse. COMPANY may specify standards for solids control and cleaning
equipment performance or for treatment of excess drilling fluid and drilled spoil.
COMPANY specified standards, if any, are listed in the General Requirements.

Disposal

Disposal of excess drilling fluids is the responsibility of CONTRACTOR and shall be
conducted in compliance with all environmental regulations, right-of-way and workspace
agreements, and permit requirements. Drilling fluid disposal procedures proposed for use
shall be submitted to COMPANY for approval. No procedure may be used which has not
been approved by COMPANY. COMPANY, at its option, may secure an excess drilling
fluid disposal site for CONTRACTOR. Excess drilling fluid disposal sites secured by
COMPANY are listed in the General Requirements.

Inadvertent Returns

CONTRACTOR shall employ his best efforts to maintain full annular circulation of
drilling fluids. Drilling fluid returns at locations other than the entry and exit points shall be
minimized. In the event that annular circulation is lost, CONTRACTOR shall take steps to
restore circulation. If inadvertent surface returns of drilling fluids occur, they shall be
immediately contained with hand placed barriers (i.e. hay bales, sand bags, silt fences,
etc.) and collected using pumps as practical. If the amount of the surface return is not
great enough to allow practical collection, the affected area shall be diluted with fresh
water and the fluid will be allowed to dry and dissipate naturally. If the amount of the
surface return exceeds that which can be contained with hand placed barriers, small
collection sumps (less than 5 cubic yards) may be used. If the amount of the surface
return exceeds that which can be contained and collected using small sumps, drilling
operations shall be suspended until surface return volumes can be brought under control.

8 CONSTRUCTION MONITORING

The primary objectives of an inspector involved in construction monitoring on an
HDD installation are to assist in the interpretation of the contract documents and to
document conformance, or non-conformance, by the drilling contractor. In doing this, it
is important for the inspector to document his observations and actions. Should a
question or dispute arise after the installation is complete, the inspector's notes may
provide the only source of confirming data. Since a drilled installation is typically buried
with deep cover under an inaccessible obstacle, its installed condition cannot be
confirmed by visual examination.

8.1 Directional Performance

The inspector should be concerned with directional drilling performance in two basic
areas: position and curvature. First, the contractor must install the pipeline so that the
drilled length and depth of cover specified by the contract are provided. Second, the
contractor must not curve the drilled path in such a way that the pipeline will be damaged
during installation or overstressed during operation. The actual position of the drilled
path cannot readily be confirmed by an independent survey. Therefore, it is necessary for
the inspector to have a basic understanding of the downhole survey system being used by
the contractor and be able to interpret its readings. It is not necessary for the inspector to
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observe and approve the drilling of each joint; however, progress should be monitored on
a daily basis and problems addressed so that remedial action can be taken as soon as
possible. The inspector should ensure that bends are not drilled at a radius of curvature
less than the minimum allowable. If a tight radius occurs, the unacceptable portion of the
hole should be redrilled. If redrilling proves unsuccessful, the tight radius should be
reviewed with the design engineers to ensure that the codes and specifications governing
design of the pipeline are not violated.

8.2  Dirilling Fluid

The inspector should document all drilling fluid products being used, the contractor’s
pumping pressures and rates, and details relative to drilling fluid circulation at the HDD
endpoints. The right-of-way and surrounding areas should be examined regularly for
inadvertent returns. If inadvertent returns are discovered, they should be contained or
cleaned up in accordance with the specifications and permits, and their locations should
be monitored for continuing problems.

8.3 Additional Concerns

Depending upon the contractual and technical details of an HDD installation, there
are numerous items that should be reviewed and documented. These may consist of
gauge readings, production rates, equipment failure, downtime, etc. During pullback, it is
important to document the contractor's operations relative to pull section handling.
Additionally, buoyancy control measures, if used, should be documented. Following the
completion of pullback, the condition of any visible pipe and coating at the leading edge
of the pull section should be documented.
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ANALYSISOF THEORETICAL VERSUSACTUAL HDD PULLING LOADS
Jeffrey S. Puckett, P.E.!
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. Hair & 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).

! Project Manager, J. D. Hair & Associates, Inc., 2121 S. Columbia Ave., Suite 101,
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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 Alaka 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 loadsvs. distance into hole
Colville River crossing - 18-inch (457.2 mm) seawater injection pipeine
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Colville River crossing - 20-inch (508 mm) crude oil pipeine

As previoudy noted, the AGA method is intended to edtimate the tendle 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 string 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.

225,000

200,000

175,000

150,000

125,000 9

100,000 @ A
75,000 A rt W"”F\ -

\ A/
50,000 A I\/\ I"'/\r

. oW
25,000 /\/‘\)'/

-25,000

Tensile Load (Ibf)

0 500 1000 1500 2000 2500 3000 3500 4000
Distance into Hole (feet)

—Resultant Tensile Load  ® Calculated Load (fdc=0.025) 4 Calculated Load (fdc=0.050)
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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.
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Abstract

This paper describes a research project sponsored by the Pipeline Research Council International
(PRCI). The objective of the research was to provide designers with hard data for use in
specifying steel pipe coating systems for horizontally directionally drilled (HDD) pipeline
crossings. This was accomplished by determining the performance characteristics of various
coating systems when subjected to smulated HDD installation loads in rock. A testing device
utilizing rock core samples from actual HDD river crossing projects was designed to replicate, as
close as practical, HDD installation loading conditions. Testing resulted in determination of
coating wear rates for various coatings.

Introduction

This paper describes the Pipeline Research Council International’s (PRCI) research project
performed under contract number PR 227-9812. The objective of this research was to determine
the performance characteristics of selected coating systems when subjected to horizontal
directional drilling (HDD) installation loads. Determination of coating system performance
under controlled conditions will alow designers to specify coatings that are suitable for specific
HDD crossing sites. The benefits of this are twofold. Pipeline integrity will be improved by
providing coatings that will not be damaged during installation and eliminating conservatism in
design will reduce costs.

Installation of natural gas pipelines by trenchless methods such as HDD has grown dramatically
over the last twenty years. HDD is being utilized with greater frequency in soil conditions, such
as hard rock, that can be detrimental to coating integrity. There is very little historical data on
damage to coatings resulting from installation by HDD. In most cases, the pipe is not pulled
very far out of the borehole. The extent of damage, or lack thereof, is unknown. Coating
manufacturers are aware of a developing market for protective coatings and a number of new
coating systems are being introduced.

Coating to Soil Loading

The bearing pressure between a pipe and the soil during HDD installation results from two
characteristics of the pipe, its weight and its stiffness. A pipe being installed by HDD is
typically submerged in drilling mud. Depending on its wall thickness and diameter, it will either
float to the top of arock hole or sink to the bottom.



An HDD installation will also have elastic bends. The pipe is forced to conform to these bends
by bearing against the sides of the rock hole. Weight and bending bearing forces are illustrated

in Figures 1 and 2.
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Figure 1, Bearing Force Resulting from Weight
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Figure 2, Bearing Force Resulting from Bending

Boundary Installation

The worst-case pipe to soil loading condition is defined by the boundary installation. Experience
and analysis indicates that the boundary instalation is a 36-inch pipeline with no buoyancy
control. That is, the pipeisinstaled empty. Most knowledgeable HDD contractors will employ
some type of buoyancy control for pipe 36 inches in diameter and larger. This usually involves
filling the pipe with water as it is installed to ballast it down. Uplift force, and the resulting



pulling force, are reduced. Diameter to wall thickness ratios for HDD segments are generally
held to below 80. For the boundary installation, a wall thickness of 0.625 inches has been
assumed. Elastic bends in HDD segments are generally designed with a radius of curvature (in
feet) of 100 times the nominal diameter in inches. However, the actual radius of curvature (in
feet) for bends in the drilled hole is often as low as 50 times the nominal diameter in inches. For
the boundary condition, aradius of 1,800 feet has been assumed.

Pulling Load Analysis

Bending and uplift forces for the boundary installation have been calculated using the model
developed under PRCI Contract PR 227-9424 The lengths of the drilled path sections analyzed
have been assumed for convenience. The total drilled length of this hypothetical installation is
3,428 feet. The total pulling force is 717,628 pounds. The uplift force is 398 pounds per foot.
The total normal force required for an elastic sag bend near the completion of the pull back is
183,265 pounds.

Bearing Area

Assumptions have been made to determine the area over which weight and bending forces act.
A pipe installed by HDD in rock will be pulled into in a reamed hole approximately 12 inches
larger than its diameter. It has been assumed that it will bear against the hole wall over a
circumferential arc of 10° (refer to Figure 3). For a 36-inch pipeline, thisis an arc length of 3.1
inches.

PIPE PEARING ARC ASSUMED AT |1O*

Figure 3, Assumed Bearing Arc

! Installation of Pipelines by Horizontal Directional Drilling, An Engineering Design Guide, Prepared under the
sponsorship of the Pipeline Research Committee International of the American Gas Association, J. D. Hair &
Associates, Inc., Louis J. Capozzoli & Associates, Inc., Stress Engineering Services, Inc., April 15, 1995.-



The normal force to produce an elastic bend is assumed to act over alongitudinal arc of 5° (refer
to Figure 2). For a 1,800-foot radius, thisis an arc length of 157.1 feet. It should be noted that
this is a considerable approximation. Actual pilot holes are not drilled with the degree of
precision that allows long smooth curves. The pipe will bear over shorter distances as the hole
moves up and down. However, the normal force calculated is for an entire 12° sag bend. It is
reasonable to distribute this force over a longer area with the understanding that the actual 12°
bend may be made up of smaller deflections of varying radii.

Bearing stresses calculated for the boundary installation using the foregoing models and
assumptions are as follows.

Bearing Stress Resulting from Weight = 11 ps
Bearing Stress Resulting from Bending = 31 ps
Total Upper Boundary Bearing Stress = 42 ps

Rotary Abrasion Tester

A specific testing method was developed to replicate, as close as practical, HDD installation
loading conditions. The method utilizes rock core samples from actual HDD project
geotechnical surveys. This allows the relationship between coating wear and rock properties to
be explored. Testing is conducted on coated 8-inch pipe samples that can be submerged in
drilling fluid in a similar manner to a pipeline being pulled beneath a river. Core samples are
loaded to bear against the pipe at a stress level approximating the coating to soil load described
previously. Rotating the coated pipe sample simulates pipe movement.

The rotary abrasion tester fabricated for this research is shown in Figures 4, 5 and 6. Weighted
arms load rock cores that rotate over to bear on the top of the samples. The weight can be
adjusted to provide the desired bearing stress. Sample rotation is by an electric motor with speed
controlled to alevel similar to the speed of a pipe being installed by HDD.

Coating thickness is measured with a digital mil gage (PosiTector 6000 Model FS from
Defelsko). The gage has the ability to measure a wide range of coating thickness with a fixed
accuracy tolerance of less than £2 mils. In order to insure that measurements are taken at
consistent locations, a template is used. The template consists of a non-ferrous material of
known length with a perfect straight edge on one side. Holes are drilled incrementally along the
straight edge to the diameter of the gage probe to create a profile of the coating thickness. The
drilled holes are individually labeled so the measurement “points’ can be recorded. An example
of atemplate made from a yardstick is shown in Figure 7 with measurement points labeled “A,
B,C,D,E F,andG".

Soil Samples
In order to replicate subsurface conditions that would be the most abrasive, and therefore most

damaging to a pipe coating, 2 inch diameter cylindrical cores of competent igneous and
metamorphic bedrock were chosen for use in the rotary abrasion testing procedure. Individual



rock core samples were taken from actual HDD river crossing projects. The cores were obtained
using standard core barrel techniques. The leading edge of each sample was trimmed prior to the
beginning of each test so that consistency between contact surfaces could be maintained.

Figure 4, Rotary Abrasion Tester

Figure 5, Rotary Abrasion Tester
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Figure 6, Rotary Abrasion Tester in Drilling Mud Bath
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Figure 7, Template with measurement points




Summary of Test Results

Results of tests on coating systems are summarized in this section. Complete test data can be
obtained from the PRCI. J. D. Hair & Associates conducted rotary abrasion testing at a project
laboratory in Tulsa, Oklahoma. Ten coating systems were tested.

Coating Abrasion Wear I ndex

Evaluation of coating performance under the rotary abrasion test is accomplished by calculating
a Coating Abrasion Wear Index. The index is calculated by taking the maximum coating loss
and dividing it by the duration of the test. This yields a figure in mils per hour. Selected test
results are presented below.

Index
1. Fusion Bonded Epoxy A 0.14
2. Polyurethane/Polyurea 0.58
3. Epoxy Polymer 0.81
4. Fusion Bonded Epoxy B 0.33
5. Epoxy Urethane 0.10
6. Urethane 0.27
1.

Fusion Bonded Epoxy C 0.13

Care should be exercised in using the indices presented above to determine relative performance
of coating systems. Although every effort was made to perform the tests under a consistent set
of conditions, some variation is inevitable since the rotary abrasion tester uses natural rock
samples. The abrasiveness of the rock can change in the same sample. Rock samples fracture
and wear during testing. Bearing areas change with aresulting change in bearing stress.

Coating Abrasion Wear Rate

Differences in the hole wall to pipe contact mechanism during installation and the sample to pipe
contact during testing need to be considered when relating the coating abrasion wear index to
reduction of coating thickness. An appropriate contact factor should be applied.

A point on the surface of a pipeline could conceivably be in constant contact with the hole wall
during pull back whereas the rock sample in the rotary abrasion tester comes into contact with a
point on the surface of the pipe once every revolution. However, it is unlikely that any point on
the surface of the pipe isin constant contact with the hole wall during pull back. A 10° arc out of
the total circumference of the pipe has been assumed to bear against the wall. Pull sections have
been observed to slowly roll during installation. Reamed holes are not perfectly cylindrical nor
do stedl pipes conform to a directionally drilled hole. Any given point on the surface of the pipe
will only be in intermittent contact with the hole wall and it is not possible to determine the
duration of contact for any given pipeline pull back scenario.



On the other hand, the abrasion mechanism in the rotary tester is fairly aggressive. The same
point on the sample is in contact with the same circumferential band. The coating material can
be broken down and wear can accumulate over the entire duration of the test. At arotation speed
of approximately ten rpm, any given point on the pipe contacts the rock sample once every six
seconds.

Taking the preceding discussion into account, a contact factor of four is recommended for
determining a coating abrasion wear rate from the coating abrasion wear index. This can be
visualized as having the same effect as adding three additional rock samples to the tester at
equally spaced intervals around the circumference of the pipe sample. Any given point on the
pipe would contact a sample every one and one half seconds.

For example, using a contact factor of four, the coating abrasion wear rate for Fusion Bonded
Epoxy A is 0.56 (4 x 0.14) mils per hour. An HDD crossing in rock coated with Fusion Bonded
Epoxy A and with an anticipated pull back duration of 10 hours would have an anticipated
coating thickness loss of 5.6 mils at random locations. The same crossing coated with Epoxy
Polymer would have an anticipated coating thickness loss of 32.4 mils (4 x 0.81 x 10) at random
locations.

Conclusions and Recommendations
Conclusions and recommendations stemming from this research project are as follows.

= Coating loss due to abrasion from soil and very soft rock is not a critical problem in HDD
instalations. Initial tests were run in the rotary tester using soft rock samples (i.e. shale,
mudstone). No coating wear resulted and the rock samples broke down during testing
indicating that testing with very soft rock should be discontinued.

= Coating loss will occur during HDD installations through hard abrasive rock (i.e. granite,
guartzite, hard sandstone). This loss has been conservatively quantified and can be
mitigated by specifying the appropriate thickness of one of several available protective
coating systems.

= The length and type of rock to be penetrated should be taken into consideration when
specifying protective coating thickness. In general, bedrock with high unconfined
compressive strength and Mohs hardness can be expected to be abrasive and cause
coating wear.

= Point loads from sharp rock fragments and gravel will gouge coating. The depth of these
gouges appears to be limited and coating integrity can be preserved by specifying the
appropriate thickness of one of severa available protective coating systems.
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Concept

1.1 | ntroduction and Development of the DRB
Concept

Managers of successful construction projects resolve disputes fairly and efficiently. Some projects
are blessed with participants possessing the right combination of leadership skills, technical ability,
business acumen, and interpersonal skillsto resolve disputes among themselves. Other projects are
cursed with problems and disputes that are contentious and difficult to resolve. Most projectslie
between these two extremes. Owners embarking on a construction program need to develop a
mechanism for resolving the range of disputes they might encounter during the execution of a
project. One of the most effective toolsis the Dispute Review Board (DRB).

Over the years the construction industry dealt with the resolution of claims and disputes through a
variety of methods. One of the most successful and enduring isthe DRB. A simple description of a
DRB isthat it isaboard of impartial professionals formed at the beginning of the project to follow
construction progress, encourage dispute avoidance, and assist in the resolution of disputes for the
duration of the project.

Records of the construction industry through the early part of the twentieth century contain little
information on the frequency and seriousness of disputes and litigation. It appears that up until the
1940s, commonly used procedures — such as prompt, informal negotiation, or aruling by the
architect or engineer —were generally sufficient to resolve most disputes at the job level.

After World War 11, competition for construction contracts became intense, and contractors were
forced to accept lower profit margins. Further, construction contracts became much more complex,
and the construction process was burdened with non-technical demands such as environmental
regulations, governmental and socio-economic requirements and public interest group pressures.
The financia stability of many contractors with tight margins required that they pursue all available
means to protect their bottom line, and a growing body of lawyers and consultants stood ready to
assist them.

As this deterioration became more evident, and rel ationships became more adversarial, the
construction industry sought sensible solutions. Arbitration became more popular, asit was less
expensive and faster than litigation. However, it became increasingly more costly and time
consuming, less satisfactory, and adversarial. Although arbitration continues to offer certain benefits
unavailablein litigation — primarily the use of neutrals experienced in the field from which the
dispute arises — the cost and time of arbitration today can easily rival that of complex litigation. The
ensuing movement away from litigation and arbitration is marked by several events that led to
development of the DRB concept.
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In 1972 the U.S. Nationa Committee on Tunneling Technology
sponsored a study of contracting practices throughout the world to
develop recommendations for improved contracting methods in
the United States. The study concluded that contracting practices
in the United States formed a serious barrier to the containment of
rapidly escalating construction costs and contract disputes.

Results were presented in the report Better Contracting for

Underground Construction, published in 1974. The Better

Contracting report frequently commented on the del eterious effect

of claims, disputes, and litigation upon the efficiency of the

construction process. Many recommendations were aimed at

mitigating this problem. Over the years, an increasing number of

consulting engineers and owners adopted its recommendations.

This report exposed many of the problems facing the construction industry and increased awareness
of the high cost of claims, disputes, and litigation to the industry and to the public.

In 1975 the underground industry first used the
DRB process during construction of the second
bore of the Eisenhower Tunnel on I-70 in Colorado.
It was an overwhelming success; the DRB heard
three disputes, owner-contractor relations were
cordial throughout construction, and al parties were
pleased at the end of the project. Other successful
DRBs followed, and soon other sectors of the
construction industry began to recognize the unique
features of DRBsfor resolving disputes. The
record during the next three decades, asillustrated
in the bar chartsin Appendix A, shows the dramatic
increase in use and success of DRBs, not only in underground, but in highway, heavy civil, process
and building construction.

Photo courtesy of Peter Kiewit Sons’ Inc.

As the success of the DRB process became more apparent, the use of DRBs greatly expanded in
North America as well as throughout the world.

The Dispute Resolution Board Foundation (DRBF) was established in 1996 to promote use of the
process, and serve as atechnical clearinghouse for owners, contractors, and Board membersin order
to improve the dispute resolution process. The DRBF hasinitiated programs for providing DRB
information and educational opportunities for all parties involved in construction disputes. For more
information on the Foundation, see www.drb.org.

The Manual is aliving document that will be changed whenever necessary to reflect the continuing
experience gained through the use of DRBs. This section can be downloaded from the DRBF web
site (www.drb.org) in PDF format.
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1.2

121

Overview of the Process and Best Practice
Guiddlines

I ntroduction

The DRB processisincluded in construction contracts to assist project participantsin avoiding and
resolving disputes. A DRB istypically composed of a panel of three respected and impartial
professionals, who are experienced in the specific type of construction proposed and who assist in

avoiding and resolving disputes.

In most instances DRB provisions are incorporated into the contract’s overall change order / claim/
dispute resolution mechanism prior to bidding the work. The DRB hearing process should be
inserted in the dispute resolution ladder between the contractor’ s request for an equitable adjustment
and the engineer’ s or owner’ s final decision.

To implement a DRB, the Board members are
selected and approved by both the owner and
contractor soon after award of the contract.
The DRB is officially established when the
parties and Board members execute a three-

party agreement.

The DRB should be organized after the
contract is executed and preferably before

construction begins. Utilization of the DRB
process from the very start of a project
maximizes its benefit and value. Experience
has shown that any delay reducesits
effectiveness. The Board members are
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provided with all contract documents and
copies of construction progress reports and
minutes of weekly project meetings. Inthis
way, the DRB is kept current with ongoing
progress of the work, and is ready to address

problems and disputes as they arise.

Brief status meetings and site tours are held
periodically at the job site. At these meetings
the Board members confer with the owner and
contractor representatives, become familiar
with project procedures and participants, and
are kept abreast of job progress and potential
disputes. The DRB encourages the resolution
of disputes at thejob level and, at the parties

mutual request, may provide informal advice

on potential disputes. Thus, the DRB assists Jowiein
the parties by facilitating a harmonious DRE | [ Accept

atmosphere and by encouraging prompt
solutions to job problems.
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When the parties cannot resolve disputes by themselvesin atimely manner, the dispute maybe referred
to the DRB by either party for a hearing and written report. The dispute hearing procedure includes an
opportunity for each party to explain its position and an opportunity for the other party to respond.

The DRB conducts the hearing and hears all pertinent testimony from the parties. Board members may
ask probing questions. The objectiveisto fully air the dispute and determine the facts. Conducted
properly, the hearing allows each side to challenge the other’ s premises and arguments in a courteous
and professional manner. After the hearing, the Board members deliberate in private where they
consider the claimsto entitlement and defenses to those claimsin light of the relevant contract
documents, correspondence, other documentation, and the facts of the dispute. The Board members
recommendations are presented in awritten report that includes the reasoning that led to each
recommendation. The recommendations are not binding on the parties. This minimizes animosity
between the parties and, as aresult, subsequent negotiations between the parties usually result in
prompt and economical resolution of disputes.

The party’ s willingness to accept the DRB’ s recommendations is enhanced by trust in each Board
member’s impartiality and confidence in their technical expertise, their firsthand understanding of
the project conditions and practical judgment — aswell as by the parties’ opportunity to fully air the
dispute. The parties’ confidence in the DRB process and their knowledge of the individual Board
members, gained during the period of construction, plays an important role. Acceptance of the
recommendation is also influenced by the fact that it is admissible in subsequent arbitration or
litigation in the event that negotiations are unsuccessful.

1.2.2 Best Practice Guidédines

This Manual isintended to serve as areference guide for users and participants in applying the DRB
process. It explains various practices and procedures that have resulted in the success experienced to
date. While this process can be customized to suit a particular project, and certain modifications are
acceptable in special circumstances, there are certain practices and procedures that are so important
to the success of the DRB process that they should be strictly followed whenever possible. These
best practices are summarized below, and include references to other sections of the Manual for
detailed discussion and explanation. Readers are strongly encouraged to review the referenced
chaptersto fully understand and apply the guidelines. There are four sets of best practices:
Specification Provisions, Actions by the Parties, Behavior of Board Members, and Dispute Hearings.

Specification Provisions

Thereisaset of essential provisions that must be included in the contract specifications to assure the
success of the DRB process. These provisions contain requirements that are not found in other
aternative dispute resolution concepts. Revising or deleting any of these provisions places the
success of the DRB process at risk; the effectiveness of the DRB and the quality of its contributions
to the parties may be severely compromised. In adding provisions for the DRB to the contract
documents, owners are discouraged from revising the DRBF Guide Specification [2A] * and Three
Party Agreement [ 2B] or the Dispute Board provisions of FIDIC and the World Bank Procurement
of Works (see Section 4). The following are essentia specifications provisions.

1. Provide aselection procedure that ensures absolute neutrality of the selected Board members.
[2.2.2 and 2A]

" [2A] refersto Section 2, Appendix A; [2.2.4] would refer to Section 2, Chapter 2, Part 4.
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2. Require periodic meeting that start soon after award of the contract and continue as long as
work from which disputes might arise is underway. [2.3.2 and 2A.5]

3. Include athree-party agreement that binds the parties and the DRB. [2B]

Require that the owner and contractor share equally all costs of the DRB. The Board isa
resource for both parties to the contract and equal cost sharing encourages both partiesto
utilize it when needed. Payment of board invoices should be from one source. [2A.7]

5. Establish informal hearing procedures for faster dispute resolution. Oral, advisory non-
binding opinions are issued. This does not preclude a subsequent formal DRB hearing.
[2.4 and 2A.6.H]

6. Allow the DRB to hear disputes on all aspects of the contract. Language limiting issuesto be
heard enhances the potential for future litigation. [2.5.1, 2.11.1.1,2 and 2A.2]

7. Either party may refer adispute to the DRB. [2.5.1 and 2A.6]

8. Allow prompt hearing of disputes by not requiring

multiple steps of submittals, denials, decisions, final Recommendations
decisions and appeal s before a dispute can be brought Typical DRB practicein the U.S., Canada and
tothe DRB. [2.5] many other countries includes non-binding

9. Provide that recommendations are not binding on either | "écommendations
party. [2A.1] Multinational practice typically uses aform of

_ o “binding in the interim” recommendation,

10. Ensure that recommendations are admissible as which is deemed accepted by both parties
evidence, to the extent permitted by law, in case of later | unless specifically objected to within acertain
arbitration or litigation. [2A.1] time period. See Section 4, “Multinational

Practice” for further discussion.

11. Absolve Board members from personal or professional
liability arising from their DRB activities, as long as these activities are conducted in good
faith. [2.11.2.1 and 2B.XI]

12. Allow termination of Board members only by agreement of both parties. [2.9 and 2B.X]

13. Ensure that Board members cannot be called as withesses in subsequent proceedings.
[2B.XI]

Actions by the Parties

In addition to the above specification requirements, the contracting parties must take specific actions to
facilitate the establishment and operation of the DRB and the overall dispute resolution process. The
following are essential actions by the parties to the construction contract.

1. Establish the DRB promptly after the contract is executed, preferably before construction
begins, and no later than ninety days after the contract is executed. [2.2.1 and 2A.4]

2. Fully investigate the qualifications, especially conflicts of interest and neutrality, of all Board
nominees before approving them. [2.2.2]

3. Reject al nominees that have a problematic conflict of interest or even ahint of bias. [2.2.2]

4. Provide Board members with copies of construction progress reports and minutes of weekly
project meetings. [2.3.1.3]

5. Arrange for periodic meetings and site visits with the DRB on aregular basis. It isbad
practice to curtail DRB meetings simply because there are no apparent disagreements or
disputes. [2.3.2]
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Do not require the DRB to prepare minutes of periodic meetings. [2.3.4]
Promptly negotiate to resolve disputes and, if negotiations fail, take disputes to the DRB as

soon as possible. [2.5 and 2A.6]

Dedicate the resources required to fully present and defend disputes in front of the DRB.
[2.6]

Behavior of Board Members

Each Board member must strive to maintain the confidence of the parties, and thus facilitate the
dispute resolution process. The following are essential behaviors of Board members.

1.

Adhere to the DRBF Code of Ethics. At the outset fully disclose all known past and present
relationships with, or interests between any party to the contract, or related parties such as
subcontractors, design professionals, construction managers and site supervisors.
Immediately disclose relationships or interests discovered or established subsequent to initial
disclosure. [1.6,2.10.1, 3.2]

Remain neutral and avoid any behavior that could lead to a perception of bias, including any
ex parte communications. Board members are not an advocate for either party. [1.6, 2.10.1,
3.2]

Avoid all conflicts of interest and notify the parties of any actions that could be perceived as
such. Have no financial interest in the contract or in any party involved in the design or
construction of the contract. Have no discussions and make no agreements for future
employment or any other business relationships while serving on the DRB. [1.6, 2.10.1, 3.2]

Become familiar with the contract, plans, specifications and other contract requirements, such
as coordination and scheduling. [3.3.4]

Do not request that the parties furnish progress documents that they do not already producein
the normal course of business. [3.4.1]

Keep abreast of job activities and developments by reviewing periodic construction progress
reports and minutes of weekly project meetings and by periodic meetings. [3.4.4]

Make no disclosures of project information that is not within the public domain without
permission of both parties. [2.10.3, 2B.VIII and 3.4.4]

Never give advice on conduct of thework. [3.4.1 and 3.4.3]
Encourage the parties to proactively discuss and resolve potential disputes before they

| escalate to the point where a hearing is required. [3.4.3]

10. Never promote disputes or comment on the validity of disputes or other issues. [3.4.3 and

3.6.3]

11. Do not accede to a single party's resignation request without reaching agreement within the

DRB that this solution would best serve the parties. [ 3.8]

Dispute Hearings

To ensure a prompt and economical hearing, and provide the best chance for resolution of the
dispute, the following best practices must be adhered to by the parties and Board members.

1.

The parties clearly define the issuesin dispute. [2.6.2 and 3.6.1]
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2. The parties exchange and submit to the DRB concise statements of their positions with
supporting documentation for review prior to the hearing. [2.6.3]

3. To the maximum extent possible, the parties submit supporting documentation as joint exhibits.
[2.6.2]

4. The parties submit alist of presenters and proposed attendees at |east two weeks prior to the
hearing. [2.6.7]

5. The DRB conducts the hearing, deliberates, and prepares the recommendations and report in a
professional, impartial and expeditious manner. [2.7.2]

6. During the hearing and subsequent deliberations no indication of the DRB’s or any Board
member’ s position should be revealed. [3.6.3 and 3.7.1]

7. The DRB gives each party ample opportunity to fully convey its position. [2.7.3 and 3.6.3]

8. Presentation of information not included in the pre-hearing exchangesis discouraged. If
additional information has been developed after submittal of the position papers, and the DRB
decides to permit this information to be introduced, the other party must be given ampletimeto
consider and respond to it. [3.6.3]

9. The DRB may ask for additional information, documentation and testimony as needed to
determine the facts of the dispute. [2.7.3 and 3.6.3]

10. DRB recommendations and reports address only the issues in dispute, as defined or agreed by
the parties. [3.7.2]

11. DRB recommendations are based only on the facts of the case and the contract provisions.
[3.7.2]

12. DRB recommendations and report are concise, yet complete. [3.7.2]
13. The DRB makes every effort to prepare unanimous recommendations and report. [3.7.3]
14. The DRB provides clarification whenever requested. [2A.6.G and 3.7.6]

15. Only in certain circumstances does the DRB reconsider its recommendations. A request for
reconsideration should be based on additional evidence rather than a continuation of argument
previously heard. [2A.6.G and 3.7.7]
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1.3 Benefits

The DRB process provides benefits to all participants on the construction project —and to the project
itself. These benefits accrue in terms of both claim avoidance and resolution of disputes.

The primary benefit is claim avoidance. The very existence of areadily available dispute resolution
process that uses a panel of mutually selected, technically knowledgeable and experienced neutrals
familiar with the project tends to promote agreement on problems that would otherwise be referred to
arbitration or litigation after along and acrimonious period of posturing. Experience has demonstrated
that the DRB process facilitates positive relations, open communication, and the trust and cooperation
that is necessary for the parties to resolve problems amicably. There are severa reasons for this result,
including: (1) the parties are reluctant to posture by taking tenuous or extreme positions, because they
do not want to lose their credibility with the Board members and (2) since the DRB encourages the
prompt referral of disputes and handles disputes on an individual basis, the aggregation of claimsis
minimized, thus avoiding an ever-growing backlog of unresolved claims which can create an
atmosphere that fosters acrimony.

The DRB encourages the parties to settle claims and disputes in a prompt, businesslike manner.

During the periodic meetings the Board members ask about any potential problems, claims, or disputes
and review the status report of outstanding claims. The parties are led to focus on early identification
and resolution of problems and, in the event of an impasse, use the DRB for prompt assistance. On
many projects the parties resolve all potential disputes with none formally referred to the DRB.

The DRB process has been found to be more successful than any other method of aternative dispute
resolution for construction disputes. This process has experienced avery high rate of successin
resolving disputes without resorting to litigation — the resolution rate is over 98 percent to date.

Several unique factors account for this remarkable statistic. A DRB provides the parties with an
impartial forum and an informed and rational basis for resolution of their dispute. The Board members
have knowledge and experience with (1) the design and construction issues germane to the project, (2)
the construction means and methods employed on the project, (3) the interpretation and application of
contract documents, and (4) other processes of dispute resolution. As anon-binding process, the
parties remain in control of the ultimate resolution.

The DRB processis very cost effective when compared with other methods of dispute resolution, and
especialy so if the high costs of arbitration or litigation are considered. As a“standing neutral”
method, the DRB process typically addresses disputes soon after an impasse between the parties.
Early resolution greatly reduces costs to the parties, such as legal and consultant fees, as well asthe
loss of productive project time for owners and contractors. The DRB process provides a better-
informed dispute analysis because individual s with first-hand knowledge of the facts are readily
available and, in many instances, the Board members can actually observe the field condition or
construction operation that is related to the dispute.

Cost savings actually begin with more and lower bids, including subcontractor quotes, because of
reduced risk of prolonged disputes. It is generally accepted that fair contracting practices result in
lower bids because litigation contingencies are reduced. When a contract includes a DRB provision,
prospective contractors know that if disputes occur, they will be considered expeditiously by a
mutually selected panel of technically knowledgeable and impartial neutrals already familiar with the
project. Thus, therisks of long delays and substantial costs are significantly reduced. In addition,
earlier resolution means an earlier start to the payment process for contract modifications accepted by
the owner.
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From the owner’ s perspective, having a DRB on a construction project encourages on-going dispute
resol ution and minimizes end-of-the-contract claims. This permits the owner to more closely control
the budget and avoid the high expense and unpredictability of post project litigation. In addition, a
DRB recommendation documents the basis upon which the parties may reach resolution.

A DRB recommendation is especially helpful for public owners because frequently the decision to
accept settlement of a dispute must be approved by a governing board such as a school board, city
council, county board of supervisors, or other similar public governing board. A well-reasoned
analysis of the dispute by a panel of neutral professionals with construction backgrounds provides
credibility to support the public owner’s decision to accept the DRB recommendation.

The DRB processisflexiblein fulfilling the needs of projects because it has several unique advantages
over other means of dispute resolution. The advantages include:

e Board members continually monitor the project during construction. This allowsthem to
readily understand what has occurred in away no other process can match.

e Board members get to know and understand the individual s managing the contract and vice
versa. Thisbuilds arelationship of respect and trust with the parties during construction.

e The DRB may provide advisory opinions to assist in mitigating potential disputes. This occurs
long before the disputes would otherwise be resolved through any alternative process.

e Board members ongoing knowledge of the project facilitates finding the truth. This provides
strong support for the DRB’ s recommendation.

. A_Ith_ough DRB praptice _provid%for recommendations that are not Note: Multinational
_b| nding on the parties, history shows that they are aI most always used pract.i cediffers
in reaching aresolution to the dispute. In the few instances where the dlightly. See Chapter
dispute has progressed to subsequent proceedings, DRB 1.5 and Section 4 for
recommendations have carried considerable weight because they were | further information.
made by independent, experienced professionals, who had knowledge
of the events as they occurred.

While a number of other methods for resolving disputes exist, none of them contain the added benefit
of independent, experienced professionals who visit the site during performance of the project. These
other methods only start to address the problem after the dispute has been formalized, without the
benefit of having followed development of the project. Thismay be after the project has been
completed and the participants have scattered, retired or even passed away.

When “partnering” is conducted on a construction project, the presence of a DRB has the effect of
enhancing the partnering process by encouraging the partiesto fully utilize the partnering process for
dispute resolution.

In summary, experience has shown that the DRB’ s presence influences the behavior of the partiesin
such away asto minimize disputes. When conflicts do arise, the DRB is able to make
recommendations for settlement quickly, before adversarial attitudes escalate to the extent that
construction is compromised.

DRB record through 2005

On aworldwide basis, roughly a hundred construction contracts with DRBs start every year, worth
some US $5 billion per year. Within this total, roughly a hundred disputes are settled each year by
Dispute Resolution Boards.
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The reported records through 2005 detail over 1,300 projects worth US $95 billion that have had
DRBs.

North America

The DRB process has been used on more than 1,000 completed projectsin North America with atotal
construction value of over $44 billion. Considering only completed projects.

e Project values have ranged from over $1 billion to a number of projects under $5 million,
averaging $42 million each.

e The average number of disputes per project is 1.3.
e 60% of the projects had no disputes.

e Considering only those projects with disputes that were heard by DRBS, the average number of
disputes per project has been 3.4. Half of those projects had 3 or fewer disputes.

e 99% of the projects were completed without any arbitration or litigation. In other words, only
one project in 100 has had disputes that were not settled simply with the help of the DRB.

In addition, DRBs are active on over 200 ongoing projects with atotal value of over $15 hillion,
bringing the North American total alone to nearly 1,300 projects, amounting to roughly $60 billion in
construction.

DRB usersto date have included:

e State highway departments. California, Florida, Massachusetts and Washington are the largest
users. The highway departments of 1daho, Ohio, Oregon, South Carolina, Utah, Virginiaand
Wisconsin also have active DRBs. In addition, private toll road projects have used DRBS,
including the $1.3 billion T-Rex project currently under construction in Denver.

e Publictransit authoritiesin Dallas, Houston, Los Angeles, New Y ork, Sacramento, San Diego,
San Francisco, Seattle and Washington D.C.

e Dozens of cities and counties for various public works projects, including bridge rehabilitation,
building renovation, combined sewer overflow tunnels, convention centers, court houses,
highways, libraries, parking structures, prisons, sewer pipelines and tunnels, sewerage
treatment facilities, schools and water supply projects.

e Universities, including the University of California, Ohio State University, the University of
Washington, and Washington State University, on various construction projects including an
art gallery, classroom and medical buildings, libraries, research facilities, and sports complexes.

e Airport expansions, dams, various Federal projects, hydroelectric projects, manufacturing
plants, office buildings, port facilities, private research laboratories, and stadiums.

Outside North America

Over 50 projects outside North America have been reported that have used Dispute Boards (DBs)
through 2005. Their combined construction value has been some US$36 billion. Project values have
ranged from $15 billion for the Eurotunnel down to two projects under $5 million. DBs have been
used in Australia, Denmark, Ethiopia, Honduras, Hong Kong, Hungary, India, Italy, Lesotho,
Mozambique, New Zealand, Pakistan, Peoples Republic of China, Poland, Romania, Sudan, Uganda,
the UK and Vietnam.
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1.4 Deciding to Have a Dispute Review Board

141 Potential for Disputes

When planning a construction project, owners should ask:

Can disputes be expected? I f so, could they be serious enough to specify a DRB?

In 1994 the Construction Industry I nstitute sponsored a study of the predictability of contract disputes.*
This study found that once the contract is awarded, the potential for disputesis predictable. However,
the decision to use a DRB should be made long before the contract is awarded. What can owners do
during the design phase to realistically evaluate the potential for disputes? The questions used in the
study can provide excellent guidance.

To determine the likelihood that your project will generate disputes, consider the following:

e Thepreviousexperience of your organization with construction projects. Evaluate whether
disputes were difficult to resolve, disrupted construction, or went to litigation. Ask the same
guestions of the construction management group that will oversee the work.

e Thepersonnel you plan to assign to administer the contract. Have they demonstrated the
ability to get along with contractor’ s personnel, to get the work completed as specified without
significant disputes?

e Thecontract documents. Isthisthe type of contract you normally use or isthistype new to
your organization? Do the technical specifications require state-of-the-art methods or materials?
Are the plans and specifications complete or will they be completed after award of construction?
Are the other contract documents your standard or do they include untried provisions that could
be problematical? Are these and other risksfairly identified and allocated? Are the contractual
requirements reasonable or might the contractor consider them difficult or beyond the current
state-of -the-art?

e Thecontractorswho might likely be awar ded the work. Have they worked for you before, or
will many bidders be new to your organization? Would the contractors be from some distance
away and not be familiar with conditions at the site? Have you pre-qualified experienced and
capable contractors? Could your solicitation attract inexperienced contractors?

e Thework. Isthe project exceptionaly large or are there internal milestones or completion dates
that could be hard to meet? |sthe project adequately funded, with adequate budget for changes?
Is the design exceptionally complex or difficult to execute? Have you built similar projectsin the
recent past or does this project have features that are unique, requiring innovative construction
methods? Do these features push or exceed the current state-of-the-art of that sector of the
construction industry? What are the chances of the contractor being less than adequately
experienced in this type and/or complexity of construction? Are thererisks of differing site
conditions?

Owners can be guided by their answers to these questions. However, significant claims sometimes
arise even on projects considered relatively problem free at the outset. With no DRB in place,
resolution can be expensive, time-consuming and unsatisfactory. Thus, even if consideration suggests

1 Diekmann, James E.; Girard, Matthew J.; and Abdul-Hadi, Nader. DPI-Disputes Potential Index: A Study into the
Predictability of Contract Disputes. A report to the Construction Industry Institute, 1994.
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aDRB may not be necessary in a given situation, establishing a DRB is prudent to help ensure disputes
are kept to aminimum.

Many owners have guidelines that require DRBs on al projectsin excess of a certain size (often
US$10 million) and/or duration, or on unusually complex or difficult jobs.

For owners who aren’t familiar with DRBs, it might be helpful to sit in on a periodic DRB meeting or
even adispute hearing to get a better understanding of the process. Call the DRBF for assistance in
arranging to observe a DRB in action.

1.4.2 Costs

The direct costs include the fees and expenses of the Board members. The parties should also
consider the indirect costs of their employees’ time in preparing for and participating in DRB
meetings. However, the commitment and interruption is considerably less than that involved in the
resolution of disputesinvolving arbitration or litigation.

The Board member costs should be shared equally by the parties to avoid any perception of
allegiance to either party. Thisis usually accomplished by having the contractor pay all of the Board
member fees and expenses, and the inclusion of an allowance item in the bidding schedule from
which the owner can reimburse the contractor for the owner’s half of these costs.

The direct costs include periodic meetings and site visits, which usually average about four per year,
document review and preparation time, and hearing time, including time to deliberate and prepare the
recommendation. Each Board member's professional fees usualy are in the range of $1,000 to
$2,000 per day for meetings or hearings, with an hourly fee for document review and study time.

Periodic meetings and site visits normally require one day. Time spent reviewing progress reports
and other documents and preparing for periodic visitsis usually nominal. Chairman duties will
require somewhat more time. Travel and subsistence expenses as well as other reimbursable costs
can be estimated with reasonable accuracy.

The expense of periodic meetings can be thought of as prevention costs, yielding the benefit of
dispute avoidance as aresult of the Board' s presence. Although the value is difficult to quantify,
owners and contractors who have used the DRB process generally agree that the value far exceeds
the cost.

The cost of a hearing depends upon the time required for review of Note: Retainers are usualy paid
the parties' pre-hearing submittals, the hearing itself, and the time in multinational practice to secure
required for the DRB to deliberate and prepare the written the availability and independence
recommendation(s) with supporting rationale. For asimple case, of the Board members.

the hearing could occur during a periodic meeting followed
immediately by the deliberations, with the recommendation issued shortly thereafter. Complex
disputes might require several days of hearings and severa weeks for DRB deliberations and report
preparation.

DRB cost ranges from 0.05% of final construction contract cost, for relatively dispute-free projects, to
amaximum of 0.25% for difficult projects with disputes. Considering only projects that refer disputes
to the Board or that had difficult problems, the cost ranges from 0.04% to 0.26% with an average of
0.15% of final construction contract cost, including an average of four dispute recommendations.

1.4.3 Other Consider ations

Attracting Bidders. Many contractors have expressed reservations about bidding work where there is
no DRB to assist in the resolution of disputes. Inclusion of a DRB on contract work can encourage
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contractors to submit bids on work that they might otherwise declineto bid. Thisis especialy true
where the owner is new to bidding this type of work and the contractor is unsure of the owner’s
approach to resolving disputes. Similarly, inclusion of a DRB can attract bidders on projects where the
owner’ srecord of past dealings with contractors has been unfavorable or cause for concern amongst
contractors.

Reduced Bid Prices. Anowner’sinclusion of a DRB on aproject is a strong indication that the owner
is seeking alevel playing field in the execution of the project work. Further, theinclusion of aDRB is
an indication that the owner is looking to avoid disputes, or at least accomplish timely resolution of
them so as to keep the primary objectives of accomplishing the work in focus, before unproductive
adversarial attitudes can develop.

Contractors typically include contingency amountsin their bid prices to cover the cost of pursuing
resolution of disputesthat may arise. To thisend, knowing that a Board of respected knowledgeable
individuals experienced in the type of work to be contracted will hear disputes before proceeding to
adversarial, costly and time-consuming litigation (or other binding forms of dispute resolution) is
generally considered a strong benefit when bidding the work. Similarly, the bidding contractor knows
that the DRB will remain up to date on the progress of the work throughout construction, requiring
limited further enlightenment or education in the event of adispute. As such, some contractors have
indicated that the inclusion of a DRB has lowered their bid price by as much as 10 percent.
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1.5 Concerns

This section identifies and addresses some previously stated concerns. These concerns should not be
afactor when the DRB process is implemented correctly and effectively.

151 DRBs Do Not Add Value

The fundamental cost-effectiveness of a DRB readily demonstrates that establishing and operating a
DRB isahighly effective investment, even if there are no disputes. Although it isdifficult to
guantify the benefitsin dollarsit iswell known that such benefits exist. The following advantages
relate to value added by aDRB:

e Potentially lower bids, especially from contractors who are familiar with the DRB process, and
particularly to owners that are generally unknown within the industry. Inclusion of a DRB shows
biddersthat arational dispute resolution mechanism is provided.

e Better communication and less acrimony on the job site.
e |ssuesare discussed and frequently resolved before they become disputes.

e Timely and cost-effective resolution of disputes at the job-site level and fewer end-of-project
unresolved claims.

e Lower total contract completion cost.
There is no doubt that the cost is easily justified if even one piece of litigation is avoided.

1.5.2 Board MembersWill Ignorethe Contract and | mpose Their
Own Concepts of Fairness and Equity

It is sometimes argued that a DRB will provide a recommendation that ignores the contract or is
somewhere in between the positions taken by each party; in effect, acompromise. It isnot the
DRB’s prerogative to substitute its own ideas of fairness and equity for the provisions of the
contract. Rather, acompetent and conscientious DRB will strive for a recommendation consi stent
with al terms of the contract. The standard three-party agreement requires the DRB to comply with
applicable laws and contract provisions.

Member selection is an important factor in achieving a DRB that is aware of its duties and
responsibilities. Board members who are determined to correct seemingly unfair contract provisions
should be reminded that the contractor agreed to the terms of the contract. If necessary, such aDRB
member should be terminated as provided in the three-party DRB agreement. As afurther safeguard,
the parties have the option of rejecting or seeking clarification of any recommendation.

Just like ajudge, jury, or arbitrator, each Board member will have his or her personal views of
fairness and equity. A Board member who is respected in the industry will be capable and
comfortable putting those personal views aside. Moreover, it isnot a single member’s view that
prevails; the pressure of the other members should serve to prevent a gross miscarriage of justice. It
isdifficult to hide abias or prejudice in awell-reasoned recommendation.
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1.5.3 The DRB Process Promotes Disputes

Since the effort and expense of submitting a dispute to a DRB are relatively small, it has been argued
that a contractor might abuse the DRB process and utilize it to test the viability of seemingly
marginal claims. Experience has shown that this has not been a significant factor, probably because
most contractors do not want to face the loss of credibility with Board members which would likely
result from asking them to consider non-meritorious claims.

154 Board Members May be Unqualified

There is no excuse for selecting an unqualified Board member when the contracting parties apply
appropriate selection criteria. Users have not experienced difficulty in obtaining qualified members,
especially when they are willing to consider candidates other than those in their local area. DRBF
training workshops throughout the U.S. and abroad will further ensure qualified candidates in most
regions.

Some public owners solicit Board members through an advertised request for qualifications, a
process that often culminatesin personal interviews and evaluation against established criteria,
including specific construction experience as well as dispute resolution experience. Given the
standard provision that member qualifications are subject to review and approval by both contracting
parties, as long as the parties take this responsibility seriously and both do their due diligencein
investigating each nominee's background, there is no valid basis for concern that the parties will end
up with an unqualified Board member.

155 Board MembersMay be Biased

Without question, each Board member must be totally neutral and impartial. Thisisthe primary key
to the success of the DRB process. The parties must be willing to reject all proposed members who
might be other than neutral. The conflict-of-interest standards, coupled with the ability of either
contracting party to reject anominee, puts the ability to select truly neutral and impartial Board
members within the power of the contracting parties.

There may be atendency in the beginning of a project for the parties to accommodate each other in
an attempt to “get along.” During this‘honeymoon’ phase, one of the parties may be especially
hesitant to reject a proposed Board member nominated by the other. Because of the importance of
mutual unconditional acceptance of all Board membersin this process, it is essential that both parties
assure themselves that all selected Board members are completely unbiased. If thereisany question
or concern about a proposed Board member, that nominee must not be approved.

1.5.6 DRBs I ntroduce Acrimony and Promote Posturing

It has been argued that, by forcing the parties to bring their disputes to a hearing, the parties are
encouraged to take positions that are not conducive to resolution of the dispute. In practice,
however, just the opposite occurs. Properly executed, the DRB process prevents or reduces
acrimony, helps to avoid or resolve disputes in atimely fashion, reduces protracted disagreements
that lead to entrenchment of each party’ s views and focuses both parties efforts toward the project
objectives. During periodic meetings the DRB encourages the parties to solve their issues before they
become disputes.
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1.5.7 DRBsL ack L egal Procedures and Standards

Some critics argue that the DRB process, which involves relatively informal fact-finding procedures,
characterized by limited documentary discovery and unsworn testimony without cross-examination,
isadrawback. Such concerns are unfounded, since disputes of material fact seldom remain after the
hearing process. The extensive documentation in most projects, as well as the ready availability of
knowledgeabl e, contemporaneous witnesses, minimizes factual disputes. The DRB process uses
experienced construction professionals who can readily interpret contract documents and drawings,
observe site conditions first-hand, and evaluate construction practices while applying appropriate
construction industry standards. Furthermore, whileit is not cross-examination, probing questions
from knowledgeable Board members is often far more effective in revealing inaccuracies or
weaknesses in a party’ s position than alawyer’ s cross-examination. Also, the rebuttal process
facilitates questioning of each party without embracing hostility that generally inhibits open and
honest discussion and disclosure of key circumstances in adispute.

1.5.8 The DRB Processis“ Claims Review,” Not “ Dispute
Resolution”

In an effort to ensure that the owner’ s staff has thoroughly reviewed all aspects of a dispute, some
contract documents place the DRB review very late in the dispute resolution process, e.g., after
submittal of adetailed claim package, and in some cases after receipt of the contracting officer’s
final decision. This placesthe DRB in the position of evaluating the dispute after the claim has been
formally denied by the owner, rather than guiding the parties toward early resolution of their
differences.

One argument expressed by ownersis the need to know the cost of a claim before making a decision.
A DRB has the unique opportunity to hear and provide arecommendation on the merit of aclaim
without considering quantum. Merit is not afunction of the cost and, conversely, the Board's
finding of merit does not force the owner to issue a change order. Generally, once merit is
established, the parties are able to negotiate quantum without the DRB’ s assistance. If not, the DRB
isavailable to conduct a subsequent hearing on quantum, if requested. This avoids placing the
burden (and cost) of preparing and reviewing detailed cost backup information before merit is even
established.

Further, most experienced Board members have observed that after preparation and review of
substantial written documentation, and subsequent denial of claims, the parties’ positions tend to
become entrenched and hardened. The result is that both parties have greater difficulty accepting
DRB recommendations that are not consistent with their viewpoint, and the disputes continue. One
of the benefits of the DRB processistimely consideration and resolution of disputes before the more
formal and costly claims processisinitiated. Thus, the DRBF strongly recommends that the DRB
process, especialy in disputes over merit, be placed early in the contract disputes ladder.

159 DRBs Favor Contractors

Some owners have voiced concerns that the DRB process appears to favor contractors. This may be
because it sometimes appears that the contractor “wins’ more often than the owner. There are three
primary reasons for this perception:
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e Most contractors do not want to face the loss of credibility with Board members. Asaresult,
contractors usually will only bring disputes to the DRB that they feel will prevail. Thishasthe
effect of “weeding out” disputes that have little merit. Thisisin fact one of the benefits of the
DRB —the change in behavior of the parties. Nonetheless, because only the stronger disputes
are brought to the DRB, sometimes it appears that the contractor wins more than would be the
case without a DRB.

e Ownersand their field representatives are often hesitant or lack the authority to settle valid
claims at the job level due to the owner’s degper management structures, frequently with
political oversight. In these circumstances, a DRB recommendation may help to obtain upper
management approval of a settlement to the dispute. Asaresult, the disputes that are brought
to the DRB for resolution may include a number of valid contractor claims that might have
been resolved by the parties at the job level. However, the resulting DRB recommendations
can add to the perception that DRBs favor contractors.

e Occasionally adispute will arise over the adequacy and/or correctness of the contract
documents. Not surprisingly, some owners are reluctant to admit that their engineering
consultants are fallible. Asaresult, disputes founded upon this basis are sometimes referred to
the DRB instead of being settled by the partiesin negotiations. Given their experience with
similar construction, the DRB usually recognizes the flaws in contract documents that can
result in arecommendation in favor of the contractor. This outcome could also result in the
owner’ s perception that the DRB is biased in favor of the contractor.

Due to the confidential nature of DRB proceedings and the consequent lack of reported information,
there are no hard statistics on what percentage of disputes are actually recommended in favor of the
owner or the contractor. However, in light of the DRB’ srole in filtering out spurious disputes and its
reported success in dispute avoidance, the DRB process should not be construed as favoring the
contractors.
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1.6

The DRBF Code of Ethics

The DRB'’srole makes it essential that all Board members be trusted implicitly by the contracting
parties. To thisend, the DRBF has established a Code of Ethics, which setsforth the key elements of
the behaviors to which all Board members must subscribe in order for the DRB process to function
effectively. The following are the five Fundamental Canons of the DRBF Code of Ethics:

Canon 1

Canon 2

Canon 3

Canon 4

Canon 5

Board members shall disclose any interest or relationship that could possibly be viewed
as affecting impartiality or that might create an appearance of partiality or bias. This
obligation to disclose is a continuing obligation throughout the life of the DRB.

Conduct of Board members shall be above reproach. Even the appearance of a conflict
of interest shall be avoided. There shall be no ex parte communication with the parties
except as provided for in the DRB’ s Operating Procedures.

Board members shall not use information acquired during DRB activities for personal
advantage, or divulge any confidential information to others unless approved by the
parties.

Board members shall conduct meetings and hearings in an expeditious, diligent, orderly,
and impartial manner.

The DRB shall impartially consider all disputes referred to it. Reports shall be based
solely on the provisions of the contract documents and the facts of the dispute.

Practice guidelines and further discussion of how Board members are expected to conduct themselves
are included in Chapter 2.10.
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SUGGESTED GENERAL GUIDELINES

HORIZONTAL DIRECTIONAL DRILLING (HDD) INSTALLATIONS OF DUCTILE IRON PIPE







Suggested General Guidelines
Horizontal Directional Drilling (HDD)
Installations of Ductile Iron Pipe

1.0 Scope

This document contains guidelines applicable to the installation of ductile iron pipe, in
sizes 4" through 42" manufactured per ANSI/AWWA C151/A21.51, using horizontal
directional drilling (HDD). It includes minimum requirements for design, materials, and
equipment used for the horizontal directional drilling installation of ductile iron pipe and
joints for the substantially trenchless construction of pipelines or portions of pipelines.

These guidelines also include materials, dimensions, and other pertinent properties of
pipe and required accessories. They provide several minimum performance
requirements for various components including joints.

Commentary:

Some aspects of these guidelines and the pipe specified may also be helpful in design
and construction of replacement pipelines by (“pulled”) pipe bursting installations. This
is normally where new restrained joint ductile iron pipe is pulled into the path formed by
a bursting cone or other cutter fracturing an existing pipe and expanding the broken
pipe pieces radially out into the adjacent soil. With certain pipe bursting systems, non-
restrained joint ductile iron pipe can be effectively installed by either direct jacking or by
transferring the pulling force at the pipe bursting head into a pushing force at the back of
the pipe. This is normally accomplished by use of pulling rods or cables extending
through the new ductile iron pipe to the back where a pushing adapter is added to
convert the pulling force of the rods into a pushing force on the rear of the pipe string.

2.0 Reference

The following standards contain provisions that, through reference in this text, constitute
provisions of these guidelines. All standards are subject to revision, and users of these
guidelines are encouraged to investigate the possibility of applying the most recent
editions of the standards indicated below.

ANSI/AWWA C150/A21.50 -- American National Standard for the Thickness Design of
Ductile-Iron Pipe

ANSI/AWWA C151/A21.51 -- American National Standard for Ductile-Iron Pipe,
Centrifugally Cast, for Water

ANSI/AWWA C111/A21.11 -- American National Standard for Rubber-Gasket Joints for
Ductile-Iron Pressure Pipe and Fittings

ANSI/AWWA C104/A21.4 -- American National Standard for Cement-Mortar Lining for
Ductile-Iron Pipe and Fittings for Water

ASTM A746 -- Ductile Iron Gravity Sewer Pipe

ASTM A716 -- Standard Specification for Ductile Iron Culvert Pipe

ANSI/AWWA C105/A21.5 -- American National Standard for Polyethylene Encasement
for Ductile-lIron Pipe Systems
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ANSI/AWWA C110/A21.10 -- American National Standard for Ductile-Iron and Gray-Iron
Fittings, 3-inch through 48-inch, for Water and Other Liquids

ANSI/AWWA C153/A21.53 -- American National Standard for Ductile-lIron Compact
Fittings, 3-inch through 24-inch and 54-inch through 64-inch, for Water Service
ANSI/AWWA C600 -- AWWA Standard for Installation of Ductile-Iron Water Mains and
Their Appurtenances

3.0 Horizontal Directional Drilling Design/Bore-Path, Pipe, Equipment,
and Expertise

3.1 Design/Bore-Path: The bore path alignment and design for HDD shall be based on
the Engineer’s plans and other factors. Some of these factors are the pipe bell and
barrel diameters, the optimum individual pipe length (20’ standard), bore path inside
diameter, and maximum deflection capabilities of the joint (see Table 3.2.1).

Prior to the start of drilling, reaming, and pipe placement operations, the Contractor
shall properly locate and identify all existing utilities in proximity to the pipeline
alignment. The Contractor shall confirm the alignment of all critical utilities, by
potholing/day-lighting using vacuum excavation or other suitable excavation method, for
further detailed confirmations as necessary.

Commentary: Several factors should be considered in horizontal directional drilling.
The cross-sectional diameter and alignment of the reamed path for the pipe shall be
appropriately established with due consideration for safety, the environment, all soil
conditions, appropriate clearance from adjacent surface and sub-surface structures and
topography, and also for the dimensions and capabilities of the equipment, pipe, and
joints to be used.

In general, the alignment should be designed and prepared with as gradual curvatures
as possible in any direction, such that the pipe can be smoothly and safely installed with
proper support. The entry angle for the HDD drill string should normally be between 10
and 22 degrees (from horizontal) and the exit angle shall be such that when the new,
flexible restrained joint ductile iron pipe is pulled back in an assembled-line option (to be
discussed herein), any transition from the surface into the entry ramp or the bore path is
within the Manufacturer’s allowable joint deflection. The bore path shall traverse through
soil strata conducive to HDD installations of pipe and shall be designed with
consideration for available equipment. The configuration of the bore path and the
connection of the pulling head (with pipe connected) to the drill string shall be such that
damage does not occur, due to torque from the drill string, buoyancy of the piping, or
other factors. In general, the bore path should be reamed approximately 1-1/4 to 1-1/2
times greater than the outside diameter of the bell joints to be employed. The bore path
should also be adequately reamed and/or otherwise prepared (with the use of drilling
fluids as necessary) prior to the pulling of the actual pipe string, so as to allow passage
of straight and/or deflecting pipe sections with dimensions as per Table 3.2.1. In cases
where the bore path alignment is at an extreme depth or with high pumping pressures,
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particularly for larger sizes of pipe, the buckling strength of the pipe may need to be
evaluated as noted in Section 3.2 to follow.

Trenchless pipeline construction procedures are generally less disruptive to existing
infrastructure and features than other forms of construction. However, tendencies
toward surface heave, or settlement of structures over the bore path during or following
construction, should be considered by competent Engineers and construction
practitioners experienced with the process.

3.2 Pipe: Pipe used for directional drilling shall be ductile iron pipe with restrained and
boltless flexible joints, smoothly contoured bells and properties shown in Table 3.2.1.
Joints with bulky glands or flanges that may prevent the smooth flow of the drilling
fluid/soil slurry over the joint may not be acceptable. Pipe shall be AMERICAN Flex-
Ring® or approved equal:

Table 3.2.1
Net Unit
Pipe Pipe Bell | Unit Weight | Bulk Density [ gy vancy?, Allowable
Barrel Outside |Lined PC 350 ©FEMPY [Empty Pipe in Pulling Allowable | Minimum?
Size 0.D. | Diameter In.| Pipelb/ft | PipeIb/ft® | wwater Ib/ft Loads Deflection | Curve Radius
In. (mm) [ In. (mm) (mm) (kg/m) (kg/m?) (kg/m) Ib. (kN) (Deg.) ft. (m)
4(102) | 48(122) | 7.06 (179) | 13(19) 100 (1600) | Minus5(7) | 10,000 (44.5) 5.00 230 (70)
6(152) | 6.9 (175) | 9.19 (233) | 18(27) | 69 (1100) | Minus 2(-3) | 20,000 (89.0) 5.00 230 (70)
8(203) | 9.05 (230) | 11.33 (288) | 25 (37) 55 (900) 3) 30,000 (133.4) | 5.00 230 (70)
10 (254) | 1.1 (282)] 13.56 (344) | 31 (46) 46 (740) 11(16) | 45,000 (200.2) 5.00 230 (70)
12 (305) | 13.2 (335) | 15.74 (400) | 40 (60) 42 (670) 19(28) | 60,000 (266.9) | 5.00 230 (70)
14 (356) | 15.3 (389) | 19.31 (490) | 53 (79) 41 (660) 27(40) | 75,000 (333.6) | 4.00 285 (87)
16 (406) | 17.4 (442) | 21.43 (544) | 65 (98) 40 (640) 38(57) | 95,000 (4226) | 3.75 305 (93)
18 (457) | 19.5 (495)| 23.70 (602) | 78 (116) | 37 (590) 52 (77) | 120,000 (5338) | 3.75 305 (93)
20 (508) | 21.6 (549) | 25.82 (656) | 90 (134) | 35(560) | 69 (100) | 150,000 (667.2) | 3.50 327 (100)
24 (610) | 25.8 (655) | 29.88 (759) | 122 (182) | 34 (550) | 104 (150) | 210,000 (934.1) | 3.00 380 (116)
30 (762) | 32.0 (813) | 36.34 (923) | 173 (257) | 31(500) | 175 (260) | 220,000 (978.6) | 2.50 458 (140)
36 (914) | 38.3 (973) | 42.86 (1089)| 233 (348) | 29 (500) | 266 (400) | 310,000 (1378.9)]  2.00 570 (174)
42 (1067) |44.5 (1120)| 49.92 (1268)| 315 (464) | 29 (470) | 359 (535) | 390,000 (1734.9)| 2.00 570 (174)
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Fig. No. 1 - Attachment of AMERICAN Flex-Ring® pipe/pulling bell assembly
to clevis, swivel, reamer, and drill string in HDD installation

Commentary

1. Per Archimedes Principle: A body in a fluid, whether floating or submerged, is acted
on by a buoyant force equal to the weight of the fluid displaced. The buoyant force acts
vertically upward through the centroid of the displaced volume and can be defined
mathematically as F=1V, where F is the buoyant force (e.g. Ib), 4 is the specific weight
of the fluid (e.g. Ib/ft®), and V is the volume of the fluid (e.g. ft%) displaced by the body.
The “Net Unit Buoyancy” is in effect the approximate vertical force per unit length (e.g.
Ib/ft) that an empty Pressure Class 350 pipeline with standard cement-mortar lining
weight would exert if at rest in clean water, for example on the confinement defined by a
casing pipe (or the undisturbed bottom or top of a drill-path). A minus or negative
number would indicate that even an empty pipe would tend to sink in water, whereas a
positive value would indicate it would float in water or any heavier fluid. As can be
observed in the above table, and unlike lighter pipes, empty ductile iron pipe in smaller
diameter sizes results in very low buoyancy numbers. Net unit buoyancy is one factor
that can influence pulling loads on pipe strings, as it affects the unit normal bearing
force in pulling friction calculations. Thus, it is not a coincidence that pulling loads for
ductile iron horizontal directional drilling installations are often less than encountered for
other pipe. In other words, the weight of the pipe offsets buoyancy once the pipe enters
a fluid-filled bore path. Some authorities assume that the fluid of a typical bore path
(normally composed of drilling fluid and some mix or dispersion of soil cuttings) may be
about 20% more dense than water. With such assumption, the net unit buoyancy of
pipe would in effect be more positive than the values shown in the above table. For
example, the net unit buoyancy of 36" Pressure Class 350 pipe with standard cement
lining in a fluid with a density of 1.2(62.4)~75 Ib/ft* would be 366 Ib/ft, instead of the 266
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Ib/ft tabular value in clean water. For this reason, it may be advisable, and particularly
in some cases with large diameter pipe and/or long pulls, to employ schemes of
reasonably uniform internal or external weighting. Careful weighting of large pipe in the
drill path may lessen pulling loads and better control final positioning of pipe cross-
section in the installed cross-section of the bore path.

2. **Based on 20’ nominal laying lengths and the formula: Minimum Curve Radius (e.g.
in ft)=Nominal Laying Length (e.g. in ft)/(2(Tangent [Y/2]), where Y is the maximum joint
deflection angle in degrees. The minimum curve radius possible with ductile iron pipe is
thus typically tighter than industry “rules-of-thumb” for welded pipes. It is even possible
to accomplish even tighter curves with shorter lengths of ductile iron pipes, though
effects on cost and delivery times should be considered when the use of short pipe is
contemplated.

By virtue of its material properties and common available thicknesses, ductile iron pipe
possesses greater long-term buckling strength than many other piping materials;
however, when non-pressurized pipe is expected to be subjected to very high
(differential from outside compared to inside) external pressures or depth of cover, as
by deep bore paths or high fluid pumping pressures, the buckling capability of the pipe
should be checked. Evaluations should be made in accordance with the DIPRA
Technical Report “Critical Buckling Pressure for Ductile Iron Pipe” with adjustments as
necessary for higher external pressures or densities of fluid surround, etc. The
properties of pipe shown in Table 3.2.1 are for Pressure Class 350 ductile iron pipe with
standard cement-mortar lining. Consult with Manufacturers for information regarding
applications with less than Pressure Class 350 pipe in 14"-42" sizes. In no case shall
the specified nominal thickness of pipe be less than Pressure Class 350 for 4"-12"
sizes, Pressure Class 250 for 14"-20" sizes, Pressure Class 200 for 24" size, and
Pressure Class 150 for 30"-42" sizes.

When installed and operated under the conditions for which they are designed, ductile
iron pipe, fittings, accessories, and their joints maintain all their functional characteristics
over their operating life, due to constant material properties, the stability of their cross-
sections, and to their design with high safety factors.

3.3 Equipment and Expertise: The Contractor should have equipment and expertise,

appropriate for horizontal directional drilling installations. This includes the preparation

and maintenance of the bore path using drilling fluids appropriate for the geology of the
soils. The Contractor should also have experience in safely and dependably installing,

in similar geology, similar size and length of piping involved.

4.0 Technical Requirements for Pipe, Joints, and Pulling Bell
Assemblies
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4.1 Pipe and Fittings: Pipe
and fittings shall meet the
requirements of ANSI/AWWA
C151/ A21.51 and
ANSI/AWWA C110/A21.10 or
ANSI/AWWA C153/A21.53,
respectively.

4.2 Joints, Interconnections,
and Pulling Bell Assemblies:
Joints used for directional
drilling shall be boltless,
flexible, restrained and shall be
AMERICAN Flex-Ring or
approved equal. Joints with
bulky glands or flanges that
may prevent the smooth flow of the drilling fluid/soil slurry over the joint may not be
acceptable. Pipe and joint seals, when properly assembled and installed, shall be
capable of dependably handling the specified internal pressure, as well as vacuum and
external pressures that can occur in pipeline operation. Joints shall exhibit such
performance attributes in straight alignment or at maximum rated joint deflection. Pipe
pulling bell assemblies shall be designed and furnished by American Ductile Iron Pipe,
or approved equal. The pulling bell assembly shall have the same performance
characteristics as the pipe to which it is connecting. They shall also be fabricated with
filling/testing ports, of appropriate size, for testing of the pipe after it is pulled through
the bore path. For pipe that is installed using the Assembled Line method, described as
follows, the pulling bell may also be used as one of the two (2) bulkheads required for a
low pressure air test of the pipe string prior to pull back. After complete installation, the
pulling head may also be helpful, with or without further connection of piping, in normal
higher pressure hydrostatic testing of the installed piping.

Fig. No. 2 - AMERICAN Flex-Ring® Pulling Bell
Assembly

4.2.2 Proof-of-Design Tests: The Manufacturer shall have representative proof-of-
design tests of flexible restrained pipe joints as well as of the pipe pulling bell
assemblies that establish the basis for the maximum allowable pulling loads (see Table
3.2.1).

4.2.3 Linings and Coatings: Ductile iron water pipe is normally lined with cement
mortar per ANSI/AWWA C104/A21.4.

Ductile iron wastewater and culvert pipes as included in ASTM standards A746 and
A716, respectively, are lined with cement mortar per ANSI/AWWA C104/A21.4.
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Ductile iron piping is normally furnished with a standard asphaltic external coating
approximately one mil thick in accordance with ANSI/AWWA C151/A21.51, primarily for
aesthetic purposes.

Commentary

Ductile iron pipe for wastewater service may alternatively be furnished with one of
several flexible linings including PolybondPlus®, a composite fusion-bonded epoxy
primer/heat-fused polyethylene or Protecto 401%, a ceramic epoxy. These and other
special linings are appropriate when the specific service is particularly aggressive or
septic.

4.2.3.1 Polyethylene Encasement: Ductile iron pipe to be installed by horizontal
directional drilling shall be installed with a single or double polyethylene encasement
(PE) per ANSI/AWWA C105/A21.5, when required by the Owner and/or the Engineer
(see “Commentary” that follows). “Method A” for “installations below the water table...”
Polyethylene encasement provides corrosion protection and, along with typical
buoyancy properties of ductile iron pipe, minimizes pulling loads. Only polyethylene
encasement meeting all material requirements of ANSI/AWWA C105/A21.5 shall be
used.

Any damage that occurs
to the polyethylene wrap
during pipe handling and
throughout the
construction process
should be repaired prior
to pulling the pipe string
into the bore path.

Ccommentary:

According to the Ductile

Iron Pipe Research

Association (DIPRA), if

the native soil or drilling

fluid is considered

corrosive to ductile iron Fig. No. 3 - Close-fit, double polyethylene encasement in
pipe, corrosion protection 16" ductile iron pipe HDD installation

is warranted. One

method of protection is to polyethylene encase the ductile iron pipe. The method of
applying the polyethylene encasement is different for HDD than for dry, open-cut
pipeline installation. This procedure, along with some additional suggestions for
optimum efficiency, is as follows.

Using only tube-type polyethylene sleeves, the polyethylene encasement shall be
placed onto the barrel of the pipe and firmly secured as recommended in AWWA C105,
Method A and for installations below the water table or underwater. The Contractor
shall also ensure that all excess material is folded, longitudinally, and secured tightly to
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the pipe barrel by circumferential wraps of standard tape applied at intervals of
approximately 2'. After engaging the spigot into the bell, the following sequence is
recommended for specially securing and completing the PE encasement at the pipe
joints. This sequence should be followed so that the final overlap is made opposite to
the direction of the pull, preventing any catching of the edge and minimizing any
collection of drilling fluids inside the wrap. For each layer of polyethylene encasement
the Contractor shall always complete the joint by first overlapping the end of the tube
from the spigot end over the bell and secure the end of the tube onto the pipe barrel,
beyond the point where the barrel begins to flair to form the bell

See

UE=EEEEEN

Step 1: Assemble Joint

Pull

Lap PE over bell, this direction first _“
: Step 2: Lap PE over bell
E ' and secure to pipe surface
. behind the bell, on the flat
— i portion of the barrel.

=T =

Circumferential Tape Wraps Circumferential Tape Wraps

= G
Step 3: Finally, overlap PE
| . back over the bell (opposite

to the direction of pull-back)
and secure on both sides of
the bell on the barrel.

Finally, overlap PE in a direction
opposite to pull back ||-

Figure No. 4 — Excess PE is folded and secured (top). PE tightly secured
with tape wrapped circumferentially at 2’ spacing (top).

(see Step 2 above), with sufficient circumferential wraps of Scotch Box Sealing Film
Tape, 48mm x 50m with 3" core, 3.2 mils thick or similar quality strong strapping tape,
that will assist in resisting movement of the polyethylene encasement along the pipe
barrel.
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The PE encasement from the pipe closest to the HDD drilling machine shall then be
overlapped over the bell and secured to the barrel on the spigot end of the most
recently installed pipe with circumferential wraps of tape. When double PE encasement
is specified the same procedure is repeated, with the final overlap being secured to the
barrel on the spigot end of the pipe with circumferential wraps of tape. The Contractor
should apply one final, tight circumferential wrap a few inches from the bell face on the
last polyethylene wrap overlap over the most recently assembled spigot end. This final
wrap should consist of the strong strapping tape as previously discussed or other firm
fastening means (that will not damage the wrap) that will further minimize any sliding or
bunching of the wrap in installation. The Contractor must have any other proposed
methods of installing and fastening PE encasement approved by the Engineer.

5.0 Basic Assembly/Pulling Methods

Commentary

General Installation: The use of versatile, restrained flexible joint ductile iron pipe allows
for alternative HDD installation techniques. Either the “cartridge” or the assembled-line
methods can accomplish installation readily. Whenever polyethylene wrapped pipe is
lifted or supported in the construction processes, for example to lower wrapped pipes
into place or to minimize wrap damage as exposed pipes are pulled along the ground,
such lifts should be accomplished with wide-bearing nylon slings or other appropriately
padded/bearing devices that will not damage the wrap.

5.1.1 Cartridge Assembly (Option 1):

Cartridge assembly option shall be defined by the assembling of individual sections of
flexible restrained joint ductile iron pipe in a secured entry and assembly pit. The pipe
sections are assembled individually and then progressively pulled into the bore path a
distance equivalent to a single pipe section. This assembly-pull process is repeated for
each pipe length until the entire line is pulled through the bore path to the exit point.

Commentary

Cartridge Assembly Option: The cartridge method involves excavating a safe entry or
assembly pit and then connecting the joints during pulling installation one at a time in
this entry pit. Generally, the invert of the entry/assembly pit is excavated to allow for the
pipe to be assembled in essentially straight alignment prior to entering the bore path.
The location and trench protection for the entry/assembly pit might also subsequently be
used for connections, locating valves, air release structures, fire hydrants, etc. as
desired. The entry or insertion pit need only be a few feet longer than an individual
pipe length, and it is often significantly shorter than the length of excavation and right-of-
way needed for soil “ramps” etc. used in pulling welded pipelines. The cartridge
assembly method is preferred in locations where there is insufficient right of way or
easements to use the assembled-line option, where the entire line is normally lined up,
assembled, and then pulled back as a single unit.
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The cartridge assembly option is
made possible due to the ability of
boltless, restrained joint ductile iron
pipe to be effectively assembled very
quickly and with a limited amount of
intervention by the installation crew.
For Flex-Ring joint pipe it often takes
a little more time to assemble/install
than it takes to swap out sections of
drill pipe by the HDD drilling
equipment operator. The cartridge
method also normally results in
minimal risk to polyethylene
encasement, as it is not necessary to
pull significant lengths of pipe along
the ground or over rollers, prior to
them becoming buoyant/lubricated by
drilling fluids etc. in the bore path.
Wherever possible the drilling slurry
from the excavation should be at
least partially “dammed up” or
evacuated immediately before the

location where the joints are Fig. No. 5 - Entry/assembly pit for
assembled/wrapped in the cartridge-loading HDD installation of ductile
entry/assembly pit. Where vacuum iron pipe

excavation is desired, this can

normally be done by excavating a small non-man-entry shaft down to the bore path to
confine the drilling mud and isolate it from the entry/assembly pit and allow vacuum
evacuation of the slurry as desired.

Whenever possible it is recommended that pipe be prepared in advance of assembling,
by “pre-wrapping” the pipe, pre-installing the Fastite sealing gaskets, pre-installing
AMERICAN'’s rubber-backed flex-rings for locking into the sockets (only necessary for
14” through 42" Flex-Ring Pipe, as 4"-12" flex-rings are shipped from the factory taped
on the spigot end of each) and also positioning/stacking individual pipes conveniently
next to the entry/assembly pit. All pipe prepared in this fashion should be appropriately
cushioned to prevent damage to wrap and to keep bells, spigots, and wrap reasonably
clean prior to assembly. Some advance preparation facilitates very rapid and smooth
HDD installation.
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Fig. No. 6 — Assembled-line 20"
ductile iron HDD installation

Figure No. 7 - Preliminary
assembly/staging of pipe in
assembled-line installation of 12"
ductile iron pipe

HDD Guidelines — Version 2.1

5.1.2 Assembled-Line (Option 2):
Assembled-line option shall be defined by the
pre-assembly of multiple pieces of flexible
restrained joint ductile iron pipe, with
subsequent pulling installation into the bore
path as a long pipe string. With this option the
Contractor shall provide an entry ramp to the
entrance of the bore path. The ramp should be
of sufficient length and grade such that any one
pipe joint does not exceed the allowable joint
deflection at any point prior to the pipe string
entering the also properly designed and
prepared bore path. The Contractor shall be
responsible for providing the necessary
equipment or ground surface preparation to
allow the pipe to be pulled back along the
surface prior to the entry ramp and bore path
without damaging the PE encasement. The
Contractor shall repair any damage to the wrap
prior to the pipe section entering the bore path.

Commentary

Assembled Line Option: The assembled line
option method requires significantly greater
length of right of way and access. Special
care/precautions should also be taken with this
method to prevent damage to polyethylene
encasement when unsupported, wrapped
pipelines are pulled along ground or paving
surfaces into the bore path. Such precautions
should include suitably protective, multiple
supporting pipe rollers (composed of non-
marring polyurethane or coated rolls), plastic
slides placed between the wrapped pipe and
the ground, or protective/sacrificial
circumferential bearing pads or skids banded in
the bell area on the outside of the polyethylene
encasement. For all circumferential bearing
pads, the bearing pad shall extend at least
slightly beyond the bell and be secured tightly
with circumferential wraps of sufficiently strong
tape, electrical ties, or tensioning bands. The
angle of ramp approaches shall be carefully
considered/controlled to keep any joint
articulation to within allowable deflection limits
of the pipe joints.
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Fig. No. 8 — 8mil (0.02 mm) low density polyethylene encasement on 8"
HDD pipe on coated rollers

5.2 Importance of Proper Joint Cleaning/Assemblies in HDD, and Testing of HDD
Pipe Segments:

The Contractor shall be responsible for the proper assembly of all pipe and
appurtenances in accordance with the Manufacturers written procedure and as
supplemented by these guidelines. Prior to joint assembly all joints and joint
components shall be thoroughly cleaned and examined to ensure proper assembly and
performance. In the event that the Contractor is not experienced with the assembly of
the type of flexible restrained joint being used, it shall be the responsibility of the
Contractor to contact a factory-trained representative for recommendations on the
proper and efficient installation of the joint.

Commentary

Importance of Proper Joint Cleaning/Assemblies in HDD and Testing of HDD Pipe
Segments: The quality of ductile iron pipe, available only from a relatively few, very
large, well-established ductile iron pipe producers and confirmed by required high-
pressure factory testing of each and every pipe, is well known. Likewise, basic joining
designs available for a great many years are generally quite robust and have been
assembled successfully by widely diverse skilled and relatively unskilled laborers and
technicians around the world. However, there are significant construction/schedule and
cost ramifications of an improperly cleaned or assembled, or even a damaged, pipe in
some HDD-type installations (at least if not diagnosed before the pipe is installed in the
bore path). Costs and impacts of problems in some HDD installations might be more
profound than with much common open-cut pipeline construction where most joints are
reasonably accessible by digging before final acceptance of the pipeline. For this
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reason, particular care should be taken in HDD joint assemblies to avoid problems such
as pushed or “fish-mouthed” gaskets. In this regard, thorough cleaning/examination of
pipe features such as gasket grooves, proper, fully-seating gaskets in proper gasket
grooves (all around the sockets), careful lubrication/alignment of pipes in pushing
assembly, and proper positioning of locking mechanisms should be accomplished.
Likewise, depending on the criticality of the installation and/or experience of/with parties
involved, some installers might elect also to do some extra diagnostic testing of
assembled pipes before the entire pipe section is installed inside the bore path. This
can be readily accomplished, and often with relatively low cost, with a very low pressure
(e.g. 2-4 psi) air test or other means. Such pre-testing can forestall problems and
increase confidence levels in the installed line prior to final placement and eventual
hydrostatic acceptance testing of the ductile iron pipeline required in accordance with
ANSI/AWWA C600. Extreme care should be taken in installations involving
diagnostic air-testing of pipelines, and higher air pressures should generally
never be used for any piping material/system, due to safety concerns.

Periodic low pressure air testing can even be accomplished quite readily in cartridge
loading type installations. This can be accomplished by temporarily/periodically
installing an available inflatable testing device (e.g. a sewer ball or stopper) inside the
open socket end of the most recently installed pipe and then pumping the progressively
longer piping section up for test.

Note: A diagnostic air test is not a substitute for, nor is it
intended to replace, a properly specified and accomplished
hydrostatic test.
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1 PURPOSE

To provide essential background and describe site-specific modifications to standard wetland and
waterbody crossing procedures that will minimize and/or eliminate adverse impacts that could result from
the construction of the Alberta Clipper/Southern Lights Diluent Pipeline Project (hereafter referred to as
the “Project”) through the Pokegama Carnegie Wetlands ASNRI (hereafter referred to as the PC ASNRI)
located south of Superior, Wisconsin.

2 BACKGROUND
2.1 Regulatory Context

Crude oil pipelines have been constructed in the United States since before the turn of the century.
However, environmental regulation in general and regulation of pipeline construction in particular is
relatively recent. Qil pipelines are regulated by various state authorities and commissions depending upon
project-specific circumstances. In Wisconsin, the construction of crude oil pipelines is managed by the
Office of Energy within the Department of Natural Resources (WDNR).

As part of project planning, detailed pre-construction environmental surveys are conducted to identify
environmental features within the project area and to evaluate potential impacts on said features as a
result of construction activities. The environmental survey information is also used in the permitting
process for various required Federal, state and local permits. When a project is subject to regulation
under the National Environmental Policy Act (NEPA) and the similar Wisconsin Environmental Policy
Act (WEPA) a detailed alternatives analysis (also known as practicable alternatives analyses or PAA) is
required. The purpose of the PAA is to ensure that the selected route and construction practices proposed
for a project represent the Least Environmentally Damaging Practicable Alternative (LEDPA) as required
under NEPA and/or WEPA.

2.2 Environmental Impact Minimization

Enbridge has completed pre-construction environmental surveys for most of the Project area; the
exception includes a reroute between mileposts 1090.74 to 1093.0. Surveys for this area will occur in the
spring of 2009. Various field surveys and office investigations of published environmental data for the
Project, including the preferred and route and several alternatives have been completed.

Field surveys completed for the Project include but are not limited to cultural resources surveys, wetland
surveys and boundary delineations, and threatened/endangered/special concern/invasive species
inventories. Field surveys have been completed for the preferred route only due to issues associated with
land access. Office investigations of known sensitive resources identified through agency consultations,
literature reviews, and internet queries. To provide an equal comparison, published environmental data
was used in the alternatives analysis for the preferred route, as well as, the alternatives.

In general, the preferred route is collocated with an existing Enbridge corridor that currently contains four
pipelines installed from the mid 1950s on. Approximately 100 percent of the preferred route is collocated
along the existing Enbridge corridor within the Pokegama Carnegie Area of Special Natural Resource
Interest (ASNRI).

Enbridge, the WDNR, and the St. Paul District of the Corps of Engineers (COE) are cooperatively
assessing potential alternatives to Project collocation in the existing Enbridge corridor through the PC
ASNRI. Enbridge believes that site-specific modifications to existing construction, restoration, and
operations procedures that further minimize and/or eliminate impacts need to be considered in the
alternatives assessment process.

2.21 Project and Site-Specific Construction Plans

Enbridge has developed standardized construction procedures to ensure that adverse impacts to water-
related resources and adjacent uplands are minimized during pipeline construction. Enbridge has
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incorporated wetland and waterbody and upland erosion control construction and mitigation procedures
into their “Environmental Mitigation Plan” (EMP) “Revegetation and Restoration Monitoring Plan” and
“Noxious Weeds and Invasive Species Control Plan”, which were submitted previously under separate
cover. In addition, Enbridge is working with the WDNR construction stormwater staff in the
development and approval of a Stormwater Pollution Prevention Plan for the Project.

The following procedural categories are more fully explained in the respective plans.

Timing of Construction,

Clearing,

Erosion and Sediment Control Practices
Topsoil Stripping and Segregation,
Subsoil Storage,

Minimization of Rutting and Soil Mixing,
Topsoil Replacement and Grading,
Revegetation and Planting.

LN~ E

In special settings such as the crossing of PC ASNRI in Wisconsin, standard procedures provided in the
plans can be modified and expanded to accommodate site-specific characteristics that minimize and or
eliminate construction, restoration, and operations related impacts to important physical and biological
habitat elements.

For example, construction impacts to sensitive seasonal wetlands can be minimized by limiting clearing
and construction to typically dry periods. The portion of the construction right-of-way (CROW) stripped
of topsoil can be adjusted to:

1. Maximize the preservation of applicable areas of seed bank material;

2. Minimize impacts to topsoil that may affect natural vegetative and seed regeneration from
construction equipment traffic, and consolidation of topsoil; and

3. Provide additional area for subsoil spreading.

Though more time consuming, topsoil in wetland areas not dominated by trees and brush can be stripped
and reserved. Topsoil replacement and grading can be performed under the supervision of a wetland/soils
specialist to ensure that topsoil is appropriately replaced to the correct locations of the ROW and that
grading is performed to match the distribution and size of micro-topographic features. Revegetation and
planting specifications can be tailored to site-specific conditions to ensure that favorable habitat niches
exist for threatened and endangered plants in the area, and that restored wetland and upland reflect
adjacent undisturbed conditions and habitats.

For the purposes of this discussion Enbridge will consider site-specific procedures implemented during
construction, restoration, and management to be “Active Restoration,” as opposed to the generally
applicable “Passive Restoration” procedures implemented to ensure that restored wetland areas fulfill
specific hydrologic and vegetative cover requirements as permit conditions. These techniques would not
constitute mitigation, but are proposed for sensitive areas to minimize/eliminate unavoidable impacts to
sensitive resources that have been identified as benefiting from site-specific prescriptions.

2.2.2 Development of Site Specific Plans
To prepare this plan, Enbridge followed the steps outlined below:

1. Identification of need. What natural and/or physical features make the site special? This
involved but was not limited to the presence of sensitive physical features (e.g. micro-
topography), easily disturbed hydrologic and soil features, intact rare floristic assemblages, and
special regulatory status.

2. Consult with appropriate agencies. Pre-construction agency consultations are performed when
permitting large projects. Consultations include discussion of sensitive resources that may be
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present within the construction workspace and avoidance/minimization/mitigation strategies to
reduce and/or eliminate impacts.

3. Characterize the site. The characterization should emphasize the features of the site that would be
important to restore and/or maintain as intact habitat elements after construction to ensure that
impacts to these elements are minimized/eliminated.

4. Modify existing procedures and/or develop new procedures to minimize and/or eliminate impacts
to important site characteristics identified in (1) and (2), above.

5. Implement plans.

6. Monitor construction and post construction implementation success.

7. Correct any restoration failures identified in 7 above, as necessary.

This document addresses bullets 1-4 above. Site specific plans will be prepared for construction within
the PC ASNRI, after the completion of the wetland survey in spring 2009. This analysis assumes that
impact-minimization procedures identified by the Project proponent in cooperation with applicable
agencies are implemented during construction, restoration, and operations segments of the Project.

3 CURRENT SITE CHARACTERISTICS

During the due diligence process of route selection, Enbridge delineated, described, and surveyed
wetlands and identified Wisconsin-listed threatened, endangered, and special concern species found
within the CROW and extra workspaces (EWS) along the route through the PC ASNRI (described in
more detail below). Additional work was performed that emphasized a description of site hydrogeology
and edaphic and ecological conditions along the existing easement. Through ongoing consultations with
the WDNR, Enbridge revised the orientation of the Project within Enbridge’s existing easement from the
south to the north side, thus reducing the CROW and permanent right-of-way (PROW). Currently the
wetland types within the reroute have been determined using Wisconsin Wetland Inventory data.
However, further extrapolation of existing delineation data from surveys conducted on the southern area
of Enbridge’s existing PROW was completed to provide a more accurate depiction of the wetland types
found within the Project footprint. This has significantly reduced the the estimated forested wetland
acreages in this area, as compared to WWI data, and will be provided to the WDNR in the form of a
supplement to the U.S. Army Corps of Engineers application. Field verification of the extrapolated data
will occur in April/May 20009.

3.1 Ecological Community

The PC ASNRI is a large wetland complex containing plant communities influenced by the poorly
drained red clay flats of the Superior Clay Plain. This community is most notable for its
concentrations of rare plants, some of which occur nowhere else in the basin, or state. The
predominant plant community is a shrub dominated wetland community consisting of Alnus incana
(speckled alder) with other shrub associates including Cornus stolonifera (red-osier dogwood), Salix
bebbiana (Bebb’s willow), S. discolor (pussy willow), S. petiolaris (meadow willow) etc. This extensive
wetland complex also includes wet meadow, marsh, and open pool components along with small fire
dependent forested uplands. Of special significance are the numerous populations of rare wetland plants
(see following section). Large or multiple populations of these rare plants are interspersed
throughout the complex and are found growing in open micro-topographic depressions, areas of exposed
organic substrate, or wet meadow habitats. In general, these species require some type of disturbance
regime, either natural or man-made to mimic natural disturbance that reduces competition and enables
these populations to persist. Threats to the community include disruption of hydrology, increased
development, invasive species, pollution and suppression of natural disturbance regimes.
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Enbridge has proposed a restoration plan which takes advantage of the mimicking of
construction activities to that of a natural disturbance. With the proposed restoration of
hydrologic features, control of seeding, and the two-phase restoration program, Enbridge
anticipates community and its rare plant species populations will be enhanced as a result of
construction, restoration and maintenance activities.

3.2 PreCongruction Environmental Surveys. ldentification and Status of the Pokegama
Carnegie Wetlands ASNRI

Pre-construction environmental surveys have been performed for the Project in support of various Federal
and state permits. Several of these inventories were performed as office investigations of known sensitive
resources available from agency consultations, literature reviews, and internet queries. Field surveys
completed for the Project include but are not limited to cultural resources surveys, wetland surveys and
boundary delineations, and threatened/endangered/special concern/invasive species inventories.

Wisconsin has identified the Pokegama Carnegie Wetland Complex as a designated ASNRI under NR
1.05. Portions of the ASNRI were designated State Natural Area No. 516 in 2006. Additional areas have
been designated ASNRI because of:

1. The presence of endangered, threatened, special concern species or unique ecological community
identified in the Wisconsin Natural Heritage Inventory;

2. The presence of the wetlands on the City of Superior SAMP; and

3. Listed as ecologically significant wetlands identified in Publication # ER-002-00, data
compilation and Assessment of Coastal Wetlands of Wisconsin’s Great Lakes, March 2000.

The PC ASNRI is a two-unit land feature consisting of a large speckled alder swamp on fine-textured
clayey soils (refer to Appendix A and Figure 1). The designated significant natural area (SNA) consists
of two smaller units within the PC ASNRI. In addition to Enbridge’s pipelines, two additional pipeline
corridors are present within the ASNRI/SNA and were established well before the ASNRI/SNA
designation.

The two units are separated by a railroad yard, which is not state designated SNA or ASNRI. However,
all of the existing Enbridge pipeline easements within the ASNRI and SNA are included within the
respective designations. Two additional pipeline easements exist within the PC ASNRI.

In aggregate, the south and north units of the PC ASNRI extend from approximate MP 1091.0 to 1094.1.
Six listed species were found within the planned construction ROW (as of January 2009) within the PC
ASNRI during rare plant surveys:

Eleocharis nitida, slender spike rush, Wisconsin endangered
Juncus vaseyi, Vasey’s rush, Wisconsin special concern

Parnassia palustris, grass-of-parnassus, Wisconsin threatened
Petasites sagittatus, sweet coltsfoot, Wisconsin threatened.
Ranunculus cymbalaria, alkali buttercup, Wisconsin threatened
Sparganium glomeratum, clustered bur-reed, Wisconsin threatened
Triglochin maritima, seaside arrowgrass, Wisconsin special concern

The Natural Heritage Inventory (NHI) and survey data indicate the presence of five additional species
with known occurrences within one mile of the planned construction through the ASNRI.

Caltha natans, floating marsh marigold, Wisconsin endangered
Calamagrostis gtricta, narrow-leaved reedgrass, Wisconsin special concern
Eleocharis mamillata, soft stem spikerush, Wisconsin special concern
Ranunculus gmelinii, small yellow water crowfoot, endangered
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Several of these listed species are particularly adapted to open, recently disturbed areas that characterize
the environment of the restored ROW. Hydrogeologic Setting

The hydrogeologic setting of the PC ASNRI was determined by an office review augmented with a field
investigation to verify soils, vegetation, and hydrogeology. The PC ASNRI is located on a broad,
elevated inter-fluve between the Nemadji River south and east, and Little Pokegama River to the north
(refer to Appendix A and Figure 1).

Soils on the site formed in very fine-textured red clays deposited in off-shore environments in the bed of
Glacial Lake Duluth. The red color of the clay is the result of glacial action incorporating iron-bearing
bedrock that is common in the area. Relief on the elevated lake plain is flat, and limited to very subtle
rises between small (0.25 acre) to medium sized (1-2 acre) depressions. Total relief between the rises and
depression bottoms is on the order of one foot within the PC ASNRI.

Site hydrology is strongly influenced by the presence of micro-topography and the very low hydraulic
conductivity (< 10® cm/s) of the sediments. Very poorly drained Berglund soils (very-fine, mixed,
semiactive, frigid Aeric Vertic Epiaqualfs) occupy ephemerally to seasonally ponded depressions,
somewhat poorly drained Cuttre (very-fine, mixed, active, frigid Aeric Glossaqualfs) and moderately well
drained Amnicon (Oxyaquic Vertic Glossudalfs) soils occupy successively drier interdepressional areas,
respectively. All of these soils are poorly developed and contain very thin (1-2 inch) A-horizons over red
clays. Shallow peat Cathro soils (Loamy, mixed, euic, frigid Terric Haplosaprists) are less frequently
found, and occupy the beds of larger and deeper, seasonally-to-semipermanently flooded depressions.

The majority of the wetland systems are fed by surface runoff. Most depressions are ponded very early in
the year and immediately after heavy precipitation events. The area is characterized by a complex net of
subtle, poorly integrated drainages. Drainageways are ephemeral in nature and dependent upon
precipitation intensity for flow. The elevated areas that are dominated by Cuttre and Amnicon soils
between depressions are very rarely or never ponded (refer to Appendix A and Figure 2).

Areas of the raised interfluves that are close to the Nemadji and Little Pokegama rivers are characterized
by down-cutting drainages and slightly better drained soils (refer to Appendix A and Figure 3).

3.3 Current Conditions on Enbridge’s Permanent Easement through the Pokegama Carnegie
Wetlands ASNRI

A field review of soil, hydrology, and vegetation along Enbridge’s PROW compared to undisturbed
conditions away from the PROW was performed in mid-October 2008 to generally assess the impacts that
successive pipeline installations have had on the hydrology and ecology of affected areas. This analysis
was performed in order to develop and propose specific modifications to construction, restoration, and
operations procedures to minimize and/or eliminate impacts to the PC ASNRI.

The following observed features are believed to represent the major impacts that pipeline construction has
had on the ecology and hydrogeology on the affected areas of the PC ASNRI. All pipeline construction
on the Enbridge easement occurred before the SNA was designated.

1. Maintenance requirements result in the periodic removal of all shrubs, including alder, willow,
and saplings that encroach onto the maintained easement between maintenance clearing events.

2. Pipeline installations occurred progressively from south to north, with the oldest installation
(circa 1950s) occurring on the south side of the easement, and the latest installations (Terrace 3,
circa 2003) occurring on the north side of the easement.

3. Approximately 25-feet of permanently maintained easement extending from the northern edge
inward represents moderately-disturbed portions of the Terrace 3 construction easement. Soils in
this area are relatively undisturbed and are similar to those occurring to the north of the
maintained easement.
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4. Areas further to the south of the zone described in 3 (above) represent excavated trench and spoil
storage areas and construction traffic zones. Soils are mixed, with much of the area presenting
red clay subsoil at the surface. Small to moderate amounts of darker colored A-horizon material
that are interspersed throughout the matrix of the soils indicate that topsoil segregation was not
generally practiced prior to the construction of Terrace 3.

5. A distinct though discontinuous mound of trench spoil present in the southern half of the
permanently maintained easement indicates that subsoil excavated during construction and
returned to the trenched area during ROW restoration has not settled to pre-construction contours.
It is likely that this trench spoil is residual from old construction.

6. Trench mounding was not observed in the area of newer Terrace 3 construction. Variability in
the distribution and composition of emergent wetland vegetation across the permanent easement
reflects changes in micro-habitat; including:

a. release of herbaceous vegetation by removal of shrubs (alders and willows) that
dramatically reduce sunlight availability;

b. mixing of thin A-horizons and seed-bank containing layers with subsoil; and

c. mounding spoil over the trench area over the amount required to account for settling.

7. Plant communities in depressions and wet, inter-depressional areas associated with more recent
construction are native plants found in the herbaceous understory in adjacent undisturbed areas.
However, the extent of habitat characterized by exposed subsoil is greater within the disturbed
area of the permanently maintained easement when compared to adjacent undisturbed areas.

8. Because the entire area is and always has been subject to erosion after particularly intense rain
events, habitats with exposed subsoil are expected in areas of undisturbed habitat.

Enbridge has completed a comparison review of pre-construction rare plant surveys completed for the
Terrace 3 project in 2003 and the Alberta Clipper/Southern Lights Diluent Projects in 2008. The results
of the survey comparison, as well as, site maps with the location of the plant communities are provided in
Appendix B and marked as confidential. The results of this comparison indicate that pipeline
construction, does in fact, mimic natural disturbances necessary for the propagation of rare plant species
found in the Pokegama-Carnegie wetland complex.

4 PROPOSED SITE-SPECIFIC PIPELINE CONSTRUCTION PROCEDURES

The Pokegama Carnegie Wetlands ASNRI and SNA were identified, proposed, and established
subsequent to the Enbridge Terrace 3 pipeline installation that occurred in 2003. Four pipelines currently
exist within the permanently maintained Enbridge corridor through the PC ASNRI and SNA. Enbridge’s
Project proposes to expand the area cleared for construction by 75 feet and add to the permanently
maintained ROW by 10 feet. A typical construction drawing illustrating the construction configuration is
provided (refer to Appendix A and Figure 3).

4.1 The following modifications to crossing procedures are proposed to minimize/eliminate
adverseimpactsto the PC ASNRI. Procedural Considerations during Construction

Pipeline construction occurs in a specific sequence of operations. Many of these operations can be
adapted to a site-specific plan to minimize/eliminate impacts.

1. Perform a detailed, Order 1 soil survey of the construction ROW. This survey would be
performed under the supervision of a soil scientist licensed in the State of Wisconsin, and would
focus on the identification of intact hydrologic regimes represented by site soils. The mapping
scale would be negotiated between the agencies and Enbridge, but would be at a fine enough
detail to identify micro-topographic features including subtle drainageways carrying surface
runoff during spring snowmelt and heavy precipitation events. The resulting map would be used
during construction and restoration to appropriately segregate or maintain topsoil and facilitate
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the restoration of micro-topographic features (depressions, inter-depression ridges, and drainage-
ways) to their pre-construction locations.

Employ trained environmental inspector and monitor. An Environmental Inspector (EI) that
reports to Enbridge and Environmental Monitors that report to the Wisconsin DNR will be
wetlands specialists trained in the procedures within the final, approved, site-specific crossing
plan for the PC ASNRI.

Clearing. Clearing would occur during July/August 2009 and would be performed to minimize
soil disturbance while ensuring that brush would be cut off at ground level to facilitate subsequent
surface soil segregation. Brush would be removed to an approved upland area for burning or off-
site disposal. This would not necessarily be the case at locations of rare plants as discussed
below.

Rare Plant Options

There are three options to consider assuming that these rare plant populations would be impacted
during the construction process, and these would be incorporated into a restoration plan. The
approach would be refined during consultation with agency ecologists but would likely include or
consider the following options:

a. Limiting seeding to an annual cover crop only (winter wheat);
b. Conducting onsite seed collection; and
c. Development of a specified seed mix.

All of these considerations would require post-construction grading on a finer scale (fine grading)
and use of a cover crop as an erosion control measure immediately after final grade. It is
anticipated that the final approach will include some combination of these options. These options
are further described under Post Construction Reclamation.

Timing regtrictions. Pipeline construction would be restricted to late summer when the wetlands
in the PC ASNRI are typically dry. Pipeline construction creates greater impacts to wet soils
through consolidation and compaction reducing hydraulic conductivity and increasing bulk
density. Trafficking wet soils can result in rutting or potential soil mixing. Impacts are
significantly reduced when construction occurs during dry periods.

Minimize the length of the construction period through the ASNRI. Typical construction
protocols for the Project are described in the EMP. To minimize the amount of time required for
construction; the construction gap between the installation of the Southern Lights Diluent Line (to
be installed first) and the Alberta Clipper Pipeline would be minimized to the extent practicable.
A detailed march chart would be developed for the important components of pipeline
construction. The march chart would be modified as necessary to account for weather-related
alterations in construction.

Site-specific surface soil stripping protocols. With the exception of Cathro soils, surface soils
are very thin, yet contain important seed bank components. The top 2-3 inches of native,
undisturbed soil including alder/willow stumps and roots would be stripped within the PROW
and segregated at the edge of the CROW. Large root/stumps would be removed from the
segregated surface soils and would be collected for off-site disposal. Stripped soils would be
moved perpendicular to the lay to facilitate the return of the soils to the locations from which they
were stripped. Stripping would occur over the subsoil storage area, and the trench. Soil
disturbance resulting from trafficking, loading, rutting, or mixing would be limited to subsoils.
Limit construction traffic to timber mats. The use of timber mats on areas stripped of surface
soil will limit consolidation, compaction, puddling and mixing of working side subsoils. While
some compaction/consolidation will occur, the hydraulic conductivity of the subsoils is so low
that is unlikely that any lasting hydrologic effects will occur. In addition, some
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compaction/consolidation would facilitate the grading of trench spoil and the restoration of
micro-topography to pre-existing conditions.

Develop site specific trench dewatering protocols. It is likely that late-summer/fall construction
would occur when the watertables in the PC ASNRI are drawn down several feet (see Appendix
A), possibly limiting the amount of dewatering necessary. Enbridge is developing a dewatering
protocol to either treat the water to allow for discharge in wetlands or to an upland areas for
discharge. .

Backfill. Trench spoil will be stored in spoil storage areas stripped of topsoil. As possible,
trenches will be dry when the backfill operations begin. To the extent practicable, this subsoil
will be returned to the trench in the approximate order removed. Track hoe operators will tamp
the subsoil returned to the trench down to the extent possible to minimize volume increases that
can result if trench soil is not packed sufficiently.

Grading. Grading would be accomplished in conjunction with the detailed soil map resulting
from bullet 1 above. Micro-depressions up to 0.5 to 1 foot in depth and inter-depressional areas
elevated up to 1 foot above the depressions would be created at the original locations. Excess
excavated subsoil is minimized by paying particular attention to packing subsoils returned to the
trench. However, a minor amount of excess subsoil is expected. The volume of soil displaced by
Alberta Clipper (36 OD pipe) and Southern Lights Diluent (20” OD pipe) pipelines per foot of
ROW is 12,215 and 3770 cubic inches, respectively (total 15,985 cubic inches, ). The area
proposed to be stripped of surface soil per foot of ROW is approximately 110 feet (15,840 square
inches). Thus approximately 1.0 inch of soil from the trench that was displaced by the pipe
would be added to the stripped portions of the ROW prior to topsoil replacement. It is likely that
compaction occurring within the matted traffic area would result in at least 0.5 to 1.0 inches of
compression. Thus at most 1.0 inch of soil would be added to the stripped area, and this
additional soil may be negligible if compaction/consolidation is substantial.

Surface Soil replacement. Segregated surface soils would be returned to the approximate
locations and micro-topographic settings from where they were taken. Large roots and alder
stumps would be removed to the extent practicable during surface soil replacement. This will be
of particular importance for areas where rare plants have been documented.

Note: This procedure is designed to reestablish pre-existing micro-topography and hydrology to
the extent possible. The intent is to reestablish the pre-existing hydrologic functions of the
disturbed areas by maintaining to the extent practicable the preexisting niches that were present.
Specific restoration procedures summarized below are designed to maximize habitat colonization
of specific plants of interest. However, there will be a conversion of shrub carr to emergent
wetlands.

4.2 Post Construction Reclamation

Post-construction reclamation and enhancement is being proposed as a two-phased action. As discussed

below.

Phase |

Following installation of the Southern Lights Diluent pipeline, an annual cover crop of winter wheat will
be planted to minimize movement of soils and stabilize the disturbed CROW until the installation of the
Alberta Clipper Pipeline. Upon installation of the Alberta Clipper Pipeline, subsoil will be graded,
topsoil replaced and a second cover crop of winter wheat will be planted to stabilize the CROW until the
spring growing season.

3/02/09
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A third-party contractor specializing in the restoration of high-value wetlands will be used in the final
restoration and enhancement of the PC ASNRI in the spring of 2010. This contractor would be tasked
with the fine grading of portions of the PROW using smaller equipment to recreate the micro topographic
depressions as identified during the Order 1 soil survey. These depressions would be extended to
incorporate the additional 10 feet of new PROW. Grading activities would also include reconnecting
former drainageways/swales across the PROW that had been disrupted during previous construction
efforts, where possible. These drainageways/swales typically run perpendicular to the existing corridor.
Upon re-establishment of the micro-topographical depressions these areas will be planted with collected
seeds and/or a seed-mix approved by the WDNR. A discussion of possible seed-mixes is provided below.

Cover Crop

This option is to only reseed the micro depressions and drainageway/swales with an annual cover crop
(e.g., winter wheat) that would not compete with the re-establishment of the rare species. With a
considerable number of rare plant populations found in the existing corridor, it is assumed that the
available seed bank within the reserved topsoil that is replaced during restoration would be quite viable.
The intent of using a cover crop is to reduce the potential for soil erosion and limit competition of
adjacent opportunistic perennial species.

Onsite Seed Collection

If it is determined following post-construction monitoring of wetlands the seedbank is adequate, seed
could be collected onsite and used for seeding after completion of fine grading activities. Seed would be
collected from rare species and also prevalent members of a given wetland plant community that would
not compete but compliment the rare species. Seed collection can be difficult in that it is a labor intensive
effort and timing of seed collection efforts is critical.

Special Seed Mixes

Special seed mixes may be available not most likely from outside of the state of Wisconsin. This would
require the introduction of a new genetic ecotype.

4.3 Operationsand Maintenance

Current ROW maintenance activities include removed of woody grown and brush over the pipelines. If
after the year of wetland monitoring, re-establishment of rare species is not successful.. Enbridge will
evaluate the rare plant communities to determine if a revision to the routine corridor maintenance would
need to occur to address issues with re-establishment of these communities and/or address invasive
species issues.

3/02/09 Page 9



APPENDIX A -

FIGURES



ENBRIDGE

el f

A .-/'

Alberta Clipper Project and
Southern Lights Diluent Pipeline Projects

45

i T

Preferred Route

= o
r"‘-‘bﬁi—-/—_.n"ﬂ*fﬂf'?’.'
sl R e TG

Lake Superior Basin Priority Site

NATURAL

. . RESOURCE
Wild Rice Area GROUP

ASNRI Waterbodies

ASNRI
0 1,500 3,000 4,500 6,000

E Feet

Wetland Mitigation Site

Priority SAMP Wetland




FIGURE 2

The dominant soils within the Pokegama-Carnegie wetlands are the Hydric Berglund and hydric and non-
hydric variants of Cuttre soils, and the organic Cathro soil. These soils are excellent indicators of hydrology
and, when combined with plant distribution data can establish the microtopographical relationships that
produce the distribution of wetlands in the area.

Part A. Non-hydric, somewhat poorly drained Cuttre, poorly drained Bergland, and hydric and non-hydric intergrades of
these soils form complex assemblages in the alder areas that are based on microtopography. The sampling location and
the two soils shown were collected approximately 50 feet apart. The soil on the left is a wet variant of a Bergland soil in
a small (~0.25 acre concave depression. The soil has a very thin A-horizon and a gleyed (grey) surface with numerous
redoximorphic features indicative of frequent saturation. The soil on the right is a wet variant of a Cuttre (wet variant)
soil collected on a small (~1.0 foot) rise in between depressions. The presence of a relatively thick granulated A-horizon,
a dominantly reddish matrix with few redoximorphic features suggests somewhat poorly drained hydric soil that is
transitional to upland.

Part B. Though deeper depressions are typically emergent wetland, persistently saturated areas in alder are common
also. The soil shown is a Cathro soil that is indicative of persistent saturation or frequent ponding, or both. The soils was
organic down to 12 inches over a mineral topsoil underlain by striated red and grey clay.



FIGURE 3

Hillshaded Digital Terrain Model of the broad, flat interfluves that contain the Pokegama-Carnegie Wetland
Complex. Drainage off the glacial lake plain is to the north and east. Note that rivers to the north and south
are deeply entrenched in the highly erodible clay sediments. These entrenched areas will typically have
better drained soils. First order streams associated with the flat interfluves in the lower center of the photo
are weakly incised and receive water from a catchment that will vary in size in relationship to storm intensity
and runoff dynamics.
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APPENDIX B

RARE PLANT COMMUNITY COMPARISON BETWEEN CONSTRUCTON
OF THE TERRACE 3 PROJECT (2003) AND ALBERTA
CLIPPER/SOUTHERN LIGHTS DILUENT PIPELINE PROJECTS (2008)





