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Pipeline Construction: FAQs

These Frequently Asked Questions (FAQs) and their responses are intended to provide insight into PHMSA's
approach to the issues they describe. They are intended to facilitate understanding of the code, enhance
communication with all stakeholders, and provide information to operators concerning PHMSA's inspection
approach. Nothing in these FAQs alters the content of the code, constitutes new requirements, or represents
interpretations of the code. Official written interpretations may be requested in accordance with 49 CFR 190.11.

Here you will find a listing of the most frequently asked questions (FAQs) related to Pipeline Construction. You may
browse the complete listing of FAQs below, or download the entire set of FAQs in pdf format.

1. Why are there so many construction issues lately?

There was a boom in pipeline construction from 2007 through 2011. As a result, there have been more inspections of
pipelines under construction.

It is possible that the increased number of construction problems is simply the result of more miles of pipe being
constructed. PHMSA's inspection findings, however, indicate that some construction concerns could be laying the
foundation for future problems with pipeline integrity. The high rate of construction could have stretched the
construction resources thin and added pressures to finish a job with fewer resources. Attention to quality by all involved
in the process of pipeline construction is needed to assure quality pipe and minimize future problems.

Revised: 6/15/12

2. What kinds of issues has PHMSA found?

PHMSA construction inspections have found issues in all areas associated with pipeline construction. Pipeline coating
has been the area where the most issues have been identified. In the course of inspecting 35 pipeline construction
projects, PHMSA has identified problems in these areas:

Issue Area No. of Problems
Coatings 117
Welding 87
Excavation 20
Nondestructive Testing 20
Pipe Materials 12
Bending 9
Lowering/Installation in Ditch 7
Hydrostatic Testing 4
Design 3
Miscellaneous 5

Original: 8/7/09

3. Why are coating issues of such concern if pipe is protected by cathodic protection?

Coating and cathodic protection (CP) are both intended to prevent external corrosion of buried pipelines. They are
intended as defense-in-depth - two layers of protection. Good coating is necessary because CP is not always good
enough. There may be issues that reduce the effectiveness of CP, such as shielding. There may be problems with the
CP system that go undetected for some period. Experience has shown that corrosion can do significant damage to a
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pipeline if CP is not adequate, even for a period of a few months. It is necessary to assure that pipeline coating is good
to provide continued assurance of protection against corrosion even if CP problems occur.

Original: 8/7/09
4. What is the cause of recent pipeline construction issues?

There are several causes. Pipeline material issues can result from problems that occur at the mills where steel is made
and where it is made into pipe. Issues that occur at the construction site can result from poor/wrong materials or from
poor construction practices.

Original: 8/7/09
5. Don’t pipeline standards provide enough guidance for construction?

There have been recent advances in pipeline technology, including for example more use of high-strength steels. There
are some instances in which the standards need to catch up to current practice. The standards do provide adequate
guidance for many issues. PHMSA’s evaluation of many of its inspection findings from construction projects has found
that the details specified in the standards are often not realized in the installed pipe.

Original: 8/7/09
6. Aren’t construction procedures adequate?

PHMSA has found that the procedures for most pipeline construction projects are adequate and reflect the
recommendations of consensus standards. The procedures are not always followed, though. This could be a result of
inadequate training or understanding of the procedures by those who must implement them.

Original: 8/7/09
7. Isn’t Quality Control supposed to find problems?

Quality Control (QC) is used on pipeline construction projects to assure that the quality of construction meets required
specifications. It is an extra layer of defense beyond having adequate procedures and doing things correctly. QC can
find problems, which are indicative of problems in the construction. The correct response is to identify the reasons why
the construction problems are occurring and correct them. It is not acceptable to simply rely on QC to find problems as
the only means of assuring quality construction.

Original: 8/7/09
8. Are pipeline construction personnel adequately qualified?

The personnel qualification requirements in PHMSA regulations apply to operators of pipelines, not to construction
personnel. The owners of pipeline projects are responsible for assuring that their construction personnel are adequately
qualified. Deficiencies in personnel qualification - lack of understanding of what they are supposed to do - has been
found to be a contributing factor to many construction inspection deficiencies.

Original: 8/7/09
9. Don’t high-strength steels make pipelines safer?

Pipelines are designed with a safety margin. As high-strength steels are used, new pipelines are being designed to use
thinner-walled and higher strength steel pipe, and may operate at higher pressures. It is thus important to assure that
the high-strength pipe material meets specifications to assure that the required safety margin is maintained.

Revised: 6/15/12
10. What kinds of pipe material problems have been seen?

In some pipeline construction projects, the material properties of the high-strength steel have been found to vary
among the many sections, or “joints,” of pipe that are purchased. A principal property is the yield strength, the amount
of stress that the steel can withstand before it begins to yield, changing its shape/physical dimensions. Some pipe
joints have been found to have a yield strength as much as 15 percent below that specified. Pipeline design, including
the required safety margin, generally assumes that the pipe is as strong as the specification requires. Pipe that is below
specification values thus can reduce the safety margins.

Revised: 6/15/12
11. How have pipeline construction problems been identified?

Some problems have been identified by PHMSA safety inspectors reviewing procedures and observing pipeline
construction. Problems have also been identified through testing done to verify pipeline construction. This has included
failures experienced during hydrostatic testing (e.g., failure of welds, expansion of pipe and fittings that has exceeded
its yield strength). Problems with pipeline coating have been identified using a number of types of indirect examinations
that are designed to find “holidays” or damage to the pipeline coating. Post-construction inspections with in-line
inspection tools (sometimes called “smart pigs”) have also found problems such as denting and gouges.

Revised: 6/15/12

12. What kinds of problems have led to coating issues?
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The single most-significant cause of identified coating problems has been failure to follow manufacturer’s instructions
and operator procedures. This problem has been identified in instances in which field-applied coatings have been
identified as inadequate. It has also been identified in inadequate inspections of coatings using electronic defect
detectors (commonly known as “jeeping”). Failure to properly prepare the pipe surface, removing all dirt and rust, has
also resulted in problems.

Revised: 6/15/12
13. What kinds of problems have led to welding issues?

Again, the most significant cause of welding issues is failure to follow procedures. Problems with pre-heating and pipe
alignment (misalignment of the pipe bevels) have also contributed to inadequate welds.

Revised: 6/15/12
14, Isn’t non-destructive testing required after welding? Why is it not finding the problems?

Non-destructive testing (NDT) is required following welding. Ultrasonic inspection and radiographic inspection (similar
to X-rays) are the most common techniques used. These inspection techniques are designed to find gaps in the weld
and foreign materials (i.e., inclusions) in the weld metal.

Welds in high-strength steels are more susceptible to hydrogen-induced cracking. Hydrogen from the welding rods
dissolves in the molten weld metal. This hydrogen comes out of solution as the metal cools. If all of the hydrogen is not
allowed to escape, it can result in delayed cracking of the finished weld. In some recent cases, reviews of NDT records
following weld failures have found that there were no cracks or inclusions in the welds. In these cases, it is likely that
hydrogen-assisted cracking occurred after the post-welding NDT was done.

Original: 8/7/09
15. Can welders be qualified to work on any pipeline project?

Pipeline safety regulations make assuring proper qualification of welders the responsibility of the pipeline operator.
Welders are often contract personnel who work on many pipelines for different operators. Pipeline operators can, and
sometimes do, run joint qualification programs, but the responsibility remains with each individual operator to assure
its welders are qualified.

Original: 8/7/09

16. Isn’t there a way to reduce the amount of hydrogen that dissolves in weld metal and thus reduce the
incidence of hydrogen-assisted cracking?

Yes. Hydrogen is present in the coating of the most commonly-used welding electrodes. Low-hydrogen electrodes exist
and are beginning to be used in pipeline construction welding. The extent to which low-hydrogen electrodes are used
remains small, however. Proper heat treatment, including time at temperature to allow hydrogen to diffuse out of the
weld metal, can also help reduce hydrogen-assisted cracking.

Original: 8/7/09
17. Is there any pattern to the welding problems that have been identified?
Pipeline construction welding problems have been found most often on projects involving new, high-strength steels.
Original: 8/7/09
18. Can better management practices help assure quality?

Yes. Application of Quality Management Systems (QMS) can help assure quality. QMS is more than QA/QC of the
finished product. It includes assuring that procedures are correct, reflect the provisions of relevant standards, and are
followed during construction.

Original: 8/7/09
19. How can we assure that coating is not damaged during direct bore and similar installations?

Use of indirect assessments such as direct current voltage gradient (DCVG) following installation has identified
instances of coating damage resulting from installation.

Original: 8/7/09
20. What kinds of problems have been noted during State inspections of pipeline construction?
The most common findings from State pipeline construction inspections have included:

e Poorly Qualified Construction Personnel

e Poorly Qualified Inspectors by Operators

e Storage and Handling of Pipe

o Improper Procedures

o Failure to Follow Procedures

e Lack of Procedures

o Span of Control of Inspectors Used by Operators
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Original: 8/7/09

21. How does a pipeline operator control material problems that occur during steel and pipe
manufacturing?

Pipeline operators need to assure that their specifications are adequate. They must also assure that steel and pipe
mills, fitting and hot bend manufacturers have, and follow, quality management programs designed to ensure the
production of quality materials (pipe, steel, fittings, and hot bends). Finally, operators need to inspect the materials
that they receive, including during manufacturing, carefully to assure that their specifications have been met.

Revised: 6/15/12
22. What kinds of pipe material problems have been found?
Material deficiencies identified in pipe for new pipeline construction projects include:

o Incorrect chemical composition
e Low and variable yield strength
e Laminations and Inclusions
o Incorrect pipe bevel ends — high/low and flat spots on pipe ends
Revised: 6/15/12
23. What factors can contribute to low and variable yield strength?

Factors that can affect yield strength include:

o Wrong heat chemistry from steel supplier

o Pipe test locations for yield/ultimate tensile strengths at steel and pipe mills

o Plate/coil ordered under strength based on the type pipe rolling process

o Incorrect plate/coil rolling process

o Improper plate/coil cooling rates

o Plate/coil switch at pipe mill

Original: 8/7/09

24. What kind of fitting and hot bend material problems have been found?

Material deficiencies identified in fittings and hot bends for new pipeline construction projects include:

e Low and variable yield strength
o Incorrect strength/grade of material used for manufacturing the fitting
o Incorrect pipe bevel ends — high/low and misalignment of hot bend ends

Original: 6/15/12
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Pipeline Construction: Miscellaneous

The following is a summary listing of typical issues that have been identified by PHMSA inspections of new pipeline
construction projects. Identified problems have primarily been due to a failure to implement existing industry
standards, manufacturer’s recommendations, and federal regulations. Some of these issues are discussed in more
detail on other Pipeline Construction web pages, but are repeated here in order to provide a consolidated list.

Pipe and Miscellaneous Issues

Pipe Bending
o Pit defects in the pipe body « Ripples out of tolerance
e Laminations o Pipe seam not in neutral axis
o Pipe sizing issues and variability/damage to pipe ends ¢ Inadequate construction specification
e Low tensile strength and/or thin wall in some pipe o Not using internal mandrel when required by procedures

. . « Not following procedures
Hydrostatic Testing

e Poor test in winter due to freezing of pressure Lowering
equipment o Inadequate boom spacing per the ECA requirements
o Cracks discovered in girth welds during hydro test o Unrepaired coating defects at lowering

e Improper pressure maintenance during hydro test

« Long seam failure Operation - Insufficient line markers

Inadequate Operator Qualification Documentation If

Design )
o Incorrect pipe wall thickness for class location Applicable
¢ Inadequate testing documentation for pipeline Post Construction Documentation
components
End Facing
Stringing - Long seam alignment/orientation
Coating
Fusion Bonded Epoxy Issues Electronic Defect Detectors (Jeeping)
o Coating over mud or rust o Failing to follow manufacturer's instructions
o Application temperature too hot or cold o Low voltage setting on holiday detector
o Heat damage to the factory FBE coating o Inadequate training of inspectors and contractors
o Failing to follow manufacturer's instructions o Jeeping over tape and fiberboard stuck to the pipe
e Sand blast technique - no correct bevel / no overlap o Failing to adequately clean the pipe before jeeping
at factory coating e Failing to visually inspect pipe for coating defects
¢ Coating in high wind with blowing dirt « Using damaged (bent) detector springs
e Water in the pipe during heating — does allow for « High resistance in electrical circuit
uniform heating « Jeeping at too fast a speed per the spec or manufacturer
o Coating specifications not available to inspectors « Jeeping over coating repairs before they are dry
o Girth weld coating not fully bonded to pipe « Detector failing to identify defects
Melt Stick o Detector not calibrated per manufacturer
o Failing to follow manufacturer's instructions Two Part Epoxy Issues
¢ Not adequately heating pipe before application o Failing to follow manufacturer's instructions
o Inadequate surface preparation - abrasion « Inadequate surface prep - abrasion
+ Use on defects larger than 0.5 in® « Application after epoxy starts to set
* Application over two part epoxy « Inadequate mixing of the epoxy
* Improper accelerated drying by patting « Applying above or below recommended temp - or not pre-
e Use on bare metal heating pipe

e Using unapproved IR temperature sensors
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Welding

Mechanized Welding

Coating damage caused by welding band .
Incomplete weld procedure qualification .

Pre-heat crew not using Tempilstiks .
Pipe size - Hi-Lo alignment issues .
NDT falling behind main gang .
Lack of padding between pipe and skids .
Incorrect or inadequate placement of skid cribbing .

Lack of inspector oversight .
Not following procedures .
Incorrect pre-heat or interpass temp .
Improper use of Tempilstik - too near weld .
Amps and Volts measured at machine not weld (only .
long leads) .

Moving pipe during root bead welding .
Initial high defect rates
Inadequate defect repair tracking .

Inadequate quality and documentation of MUT

Manual Welding

Not following procedures

Lack of inspector oversight

Early clamp release

Arc burns due to poor welding practices

Incorrect pre-heat or interpass temp

Inadequate visual weld inspection

Improper storage of low hydrogen rods

Welding inspectors not in possession of welding procedures
Use of 'hinging' technique to aid with pipe line-up
Pipe size - Hi-Lo alignment issues

Improper gas flow rate for gas shielded processes
Inadequate defect repair tracking

Incomplete qualification documents for welders

Amps and Volts measured at machine not weld (for long
leads)
Inadequate defect removal on repair welds

Excavation
o Inadequate use of rock shield, padding machines or o Erosion of cover at streams
selective backfill o Insufficient pipeline weights
« Insufficient burial depth( to code or waiver) « Excavating over the pipe without adequate protection from
o Ditch profile not matching pipeline causing inadequate rocks, etc.
support o Not reviewing as-built drawings for parallel pipelines
¢ Dents caused by placing pipe on rocks « No One-Call notifications

Nondestructive Testing

Essential wire or hole not visible on radiograph .
Testing to achieve only the minimum requirements of .
192 or 195 .

Poor radiographic technique - not meeting 1104 .
requirements

Not meeting the minimum 10% NDT requirements

NDT records not adequate or up to date
Incomplete qualification documents for technicians
Inadequate interpretation of radiographic results
Film density not in spec

PHMSA Home | Regulations
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From Attachment INTERVENORS.VGS.1-114.1 (2014 Inspection
Reports) .pdf

ML-DAILY INSPECTOR REPORTS 2014 (348 pages):

Start date: 8-20-2014
End date: 11-20-2014

| did not witness any of the tie in made. Eds crew built a trench plug at sta#546+57
area. Doug Mabee with VHB agreed with location. They then x-rayed welds, coated and
jeeped them and covered 38' of pritec pipe with rock shield and backfilled trench. Pritec
pipe was installed from sta#546+86 to 547+24 for 38'. Cook clearing ground up trees
from sta#349+00 to 351+00 with one operator working. Over and Under environmental
crew flagged and unloaded jersey barriers on Essex exit 10 at bore site sta# 239+00 .|
did not witness all activities today as | was covering 4 crews.

Inspector J.R. Kelch, 9/5/2014 (p 32 of 348)

.... Was not able to witness all activities today. Crews were spread out too far and both
were performing critical task.

Inspector J.R. Kelch, 9/ 12 / 2014 (page 50 of 348)

.... RTD-TI 360 was coated by Mikes crew with no coating inspector present, using
canusa sleeve. Was not present for all activities as crews are spread out.

Inspector J.R. Kelch, 9/ 13 /2014 (p 53 of 348)

.... Did not witness all activities as most of the day was spent at Alder brook creek
crossing.

Inspector J.R. Kelch, 9 /5 /2014, (p 56 of 348)
.... Was not able to cover all activities today with 4 crews.

Inspector J.R. Kelch, 9/ 16 / 2014 (p 58 of 348)
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.... Was not able to watch all activities covering 4 crews.

Inspector J.R. Kelch, 9/ 17 / 2014 (p 62 of 348)

.... Ed also turned in extra depth of trenching of 4' at sta 545+58 to 546+50 for 90" with
the reason that after crossing Allen Brook they had to go deeper to get under Vermont
Gases plastic line.... Did not get to watch all activities with 4 crews.

Inspector J.R. Kelch, 9/ 18 / 2014 (p 64 of 348)

.... Ed's crew had 2 welds today that were not covered by welding inspectors busy at
other locations. Not able to cover all activities due to having 4 crews.

Inspector J.R. Kelch, 9 /24 / 2014 (p 80 of 348)

.... Did not witness all activities with 4 crews today. Had 1 weld not covered by
inspection today.

Inspector J.R. Kelch, 9/25/2014 (p 83 of 348)

.... Was not able to witness all activities today with 3 crews to cover.
Inspector J.R. Kelch, 9 /27 / 2014 (p 89 of 348)

.... Could not witness all activity with 4 crews to watch today.
Inspector J.R. Kelch, 9/29 /2014 (p 92 of 348)

.... Was not able to cover all activities as crews are spread from Mt.View to Mill Pond
Rd.

Inspector J.R. Kelch, 10 /6 /2014 (p 110 of 348)
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.... Did not witness all activities with 4 crews.

Inspector J.R. Kelch, 10 /7 / 2014 (p 112 of 348)

.... Was not able to cover all activities today with 4 crews to watch over.

Inspector J.R. Kelch, 10 /8 / 2014 (p 116 of 348)

.... Was not able to cover all activities today with 4 crews to watch over.

Inspector J.R. Kelch, 10 /8 / 2014 (p 119 of 348)

.... Was not able to cover all activities today with 4 crews to watch over.
Inspector J.R. Kelch, 10/ 9/ 2014 (p 122 of 348)
.... Was not able to witness all activities due to watching 4 crews.

Inspector J.R. Kelch, 10 /20 / 2014 (p 131 of 348)

.... Not able to witness all activities watching over 4 crews in different locations.

Inspector J.R. Kelch, 10/ 22 / 2014 (p 137 of 348)

.... Did not witness all activities today with four crews, two of them lowering in ml.

Inspector J.R. Kelch, 10 /27 / 2014 (p 140 of 348)

....\Was unable to cover all task with four crews today.

Inspector J.R. Kelch, 10/ 29 / 2014 (p 146 of 348)
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.... Was not able to witness all activities today with 4 crews working.

Inspector J.R. Kelch, 10/ 30 / 2014 (p 149 of 348)

.... Not able to witness all activities with 4 crews.

Inspector J.R. Kelch, 10 /17 / 2014 (p 161 of 348)

.... Unable to witness all activities today due to 4 crews.

Inspector J.R. Kelch, 11 /5/2014 (p 170 of 348)

.... Could not cover all activities with 4 crews.

Inspector J.R. Kelch, 11 /6 /2014 (p 173 of 348)

.... I try to ensure my crew's work in a safe manner and wore proper ppe. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 9 /2 /2014 (p 203 of 348)

.... I try to ensure my crew's work in a safe manner and wore proper ppe. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 9/3 /2014 (p 206 of 348)

.... 3 welds were wrapped in a Canusa K-60, 4 HDD welds and 1 main line weld were
R-95 coated. See coating report for details. John Pritchard's bore crew was shut down
for several violations. | try to ensure my crew's work in a safe manner and wore proper
ppe. All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 9/5 /2014 (P 209 of 348)
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... 7 welds were wrapped in a Canusa K-60. See coating report for details. | try to
ensure my crew's work in a safe manner and wore proper ppe. All reports turned in are
a spot check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp 9/ 6 /2014 (p 212 of 348)

.... T weld was wrapped in a Canusa K-60, 7 HDD,1 main line and 1 tie in weld were
coated with R-95. See coating report for details. | try to ensure my crew's work in a safe
manner and wore proper ppe. All reports turned in are a spot check status as | over look
3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 9/8 /2014 (p 215 of 348)

.... 4 welds were wrapped in a Canusa K- 60. See coating report for details. John
Pritchards bore crew started boring at a new entry point which should put them with a
much higher exit point. They currently have 40ft augered. | try to ensure my crew's work
in a safe manner and wear proper ppe. All reports turned in are a spot check status as |
over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 9/9/2014 (p 218 of 348)

.... 3 welds were wrapped in a Canusa K-60's. See coating report for details. John
Pritchard's bore crew was shut down so no progress to report. | try to ensure my crew's
work in a safe manner and wear proper ppe. There are several coating crews now so |
am unable to observe / report on all coating / sleeves. All reports turned in are a spot
check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp 9/ 12 /2014 (p 221 of 348)

.... 2 welds were wrapped in a Canusa K-60's and 1 weld was coated with R-95. See
coating report for details. John Pritchard's bore crew is working on mobing to the
railroad bore location of Fay road. | try to ensure my crew's work in a safe manner and
wear proper ppe. There are several coating crews now so | am unable to observe /
report on all coating / sleeves. All reports turned in are a spot check status as | over
look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 9/ 13 /2014 (p 224 of 348)
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... 3 welds were wrapped in a Canusa K-60's. See coating report for details. John
Pritchard's bore crew cleared the top soil at the bore entrance pit and continued working
on mobing to the railroad bore location off of Fay road @ 372+50. | try to ensure my
crew's work in a safe manner and wear proper ppe. There are several coating crews
now so | am unable to observe / report on all coating / sleeves. All reports turned in are
a spot check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 9/ 15/2014 (p 227 of 348)

Met with Kevin Ames in the morning to go over the jsa and what was today's planned
work activities. 4 welds were wrapped in a Canusa K-60's and 2 welds were coated with
R-95 Powercrete. See coating report for details. John Pritchard's bore crew excavated
the bore pit entrance and installed 2 trench boxes off of Fay road @ 372+50. | try to
ensure my crew's work in a safe manner and wear proper ppe. There are several
coating crews now so | am unable to observe / report on all coating / sleeves. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 9/ 16 / 2014 (p 230 of 348)

.... 2 welds were wrapped in a Canusa K-60's and 1 weld was coated with R-95
Powercrete. See coating report for details. John Pritchard's bore crew continued to set
up to bore off of Fay road @ 372+50. | try to ensure my crew's work in a safe manner
and wear proper ppe. There are several coating crews now so | am unable to observe /
report on all coating / sleeves. All reports turned in are a spot check status as | over
look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 9/ 17 /2014 (p 233)

....1T weld was wrapped in a Canusa K-60 and 4 welds were coated with R-95
Powercrete. See coating report for details. John Pritchard's bore crew continued to set
up to bore off of Fay road @ 372+50. | try to ensure my crew's work in a safe manner
and wear proper ppe. There are several coating crews now so | am unable to observe /
report on all coating / sleeves. All reports turned in are a spot check status as | over
look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp 9/ 18 /2014 (p 236 of 348)
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.... | try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp 9/ 19/ 2014 (p 239 of 348)

Met with Kevin Ames in the morning to go over the jsa and what was today's planned
work activities. Kevins crew worked on excavating and welding up pritec coated pipe.
John Pritchard's crew is still at 120ft augered with 20inch casing at the bore off of Fay
road @ 372+50 due to issues with the boring head(rock causing issues). 9 Canusa K-
60's were applied;see coating report for details. | try to ensure my crew's work in a safe
manner and wear proper ppe. There are several coating crews now so | am unable to
observe / report on all coating / sleeves. All reports turned in are a spot check status as
| over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp 9 /23 /2014 (p 242 of 348)

....4 Canusa K-60's were applied;see coating report for details. | try to ensure my crew's
work in a safe manner and wear proper ppe. There are several coating crews now so |
am unable to observe / report on all coating / sleeves. All reports turned in are a spot
check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 9/ 24 / 2014 (p 245 of 348)

....1 R-95 coat was applied;see coating report for details. | try to ensure my crew's work
in a safe manner and wear proper ppe. There are several coating crews now so | am
unable to observe / report on all coating / sleeves. All reports turned in are a spot check
status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 9 /27 / 2014 (p 248 of 348)

.... 2 K-60 wraps were applied;see coating report for details. | try to ensure my crew's
work in a safe manner and wear proper ppe. There are several coating crews now so |
am unable to observe / report on all coating / sleeves. All reports turned in are a spot
check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 9/29 /2014 (p 251 of 348)
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.... 5 R-95 coats were applied;see coating report for details. | try to ensure my crew's
work in a safe manner and wear proper ppe. There are several coating crews now so |
am unable to observe / report on all coating / sleeves. All reports turned in are a spot
check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 9/ 30 /2014 (p 254 of 348)

....4 R-95 coats & 2 Canusa K-60's were applied;see coating report for details. | try to
ensure my crew's work in a safe manner and wear proper ppe. There are several
coating crews now so | am unable to observe / report on all coating / sleeves. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 10 /1 /2014 (p 257 of 348)

.... | try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 10 /2 / 2014 (p 260 of 348)

.... 4 welds were coated with R-95 powercrete. See attached coating reports. | try to
ensure my crew's work in a safe manner and wear proper ppe. There are several
coating crews now so | am unable to observe / report on all coating / sleeves. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 10 /7 /2014 (p 263 of 348)

..... John Pritchard's crew has finished the bore; total length of concrete coated pipe
is142.8ft. 2 welds were coated with R-95 powercrete. See attached coating reports. | try
to ensure my crew's work in a safe manner and wear proper ppe. There are several
coating crews now so | am unable to observe / report on all coating / sleeves. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 10 /8/ 2014 (p 266 of 348)
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Met with Kevin Ames in the morning to go over the jsa and what was today's planned
work activities. Kevins crew excavated and lowered in a 435ft section(see details
above). John Pritchard's crew is working to mob to the next bore site off Mill pond road;
slightly delayed due to the clearing of the row/access to the bore not being complete. 2
welds were wrapped in K-60's. See attached coating reports. | try to ensure my crew's
work in a safe manner and wear proper ppe. There are several coating crews now so |
am unable to observe / report on all coating / sleeves. All reports turned in are a spot
check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 10/ 15/ 2014 (p 269 of 348)

Met with Kevin Ames in the morning to go over the jsa and what was today's planned

work activities. Kevins crew back filled/Rock shielded a 435ft section(see details above).

John Pritchard's crew is working on digging the bore entry pit near 26+00. 2 welds were
wrapped in K-60's. See attached coating reports. | try to ensure my crew's work in a
safe manner and wear proper ppe. There are several coating crews now so | am unable
to observe / report on all coating / sleeves. All reports turned in are a spot check status
as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 10 /17 / 2014 (p 272 of 348)

Met with Kevin Ames in the morning to go over the jsa and what was today's planned
work activities. Kevins crew excavated and lowered in a 60ft section(see details above).
John Pritchard's crew continued working on digging the bore entry pit near 26+00. 2
welds were wrapped in K- 60's. See attached coating reports. | try to ensure my crew's
work in a safe manner and wear proper ppe. There are several coating crews now so |
am unable to observe / report on all coating / sleeves. All reports turned in are a spot
check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 10 /18 / 2014 (p 275 of 348)

Met with Kevin Ames in the morning to go over the jsa and what was today's planned
work activities. Kevins crew excavated and lowered in a 100ft section(see details
above). John Pritchard's crew has now augered 70ft and will continue tomorrow. 2
welds were wrapped in K-60's. See attached coating reports. | try to ensure my crew's
work in a safe manner and wear proper ppe. There are several coating crews now so |
am unable to observe / report on all coating / sleeves. All reports turned in are a spot
check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 10 /20 / 2014 (p 278 of 348)
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.... John Pritchard's crew has dug the exit pit and punched out. They will start tomorrow
on pushing the concrete coated joints. 1 weld was wrapped in a K-60. See attached
coating reports. | try to ensure my crew's work in a safe manner and wear proper ppe.
There are several coating crews now so | am unable to observe / report on all coating /
sleeves. All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day

Inspector Bryan Kemp, 10/21/2014 (p 281 of 348)

.... John Pritchard's crew has 2 concrete coated joints now pushed and will continue this
process tomorrow. 3 welds were coated in R-95 Powercrete. See attached coating
reports. | try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.

All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 10 /22 /2014 (p 284 of 348)

....1T weld was coated in R-95 Powercrete. See attached coating reports. | try to ensure
my crew's work in a safe manner and wear proper ppe. There are several coating crews
now so | am unable to observe / report on all coating / sleeves. All reports turned in are
a spot check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 10 /23 /2014 (p 287 of 348)

..... John Pritchard's crew was able to get another concrete coated joint attached and
pushed. We should be getting close to punching out the exit side with concrete coated
pipe. 1 weld was coated in HBE 95. See attached coating reports. | try to ensure my
crew's work in a safe manner and wear proper ppe. There are several coating crews
now so | am unable to observe / report on all coating / sleeves. All reports turned in are
a spot check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 10 / 25 /2014 (p 290 of 348)

.... 1 weld was coated in HBE 95. See attached coating reports. | try to ensure my
crew's work in a safe manner and wear proper ppe. There are several coating crews
now so | am unable to observe / report on all coating / sleeves. All reports turned in are
a spot check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 10 /27 / 2014 (p 293 of 348)
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.... 2 welds were coated in HBE 95 and 2 welds wrapped in a K-60. See attached
coating reports. | try to ensure my crew's work in a safe manner and wear proper ppe.
There are several coating crews now so | am unable to observe / report on all coating /
sleeves. All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 10 / 28 /2014 (p 296 of 348)

.... I try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 10 /29 / 2014 (p 299 of 348)

.... | try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 10 /30 / 2014 (p 302 of 348)

Met with Kevin Ames in the morning to go over the jsa and what was today's planned
work activities. Kevins crew worked on ditching & welding up sections on pipe.(see
details above) John Pritchard's crew is working on matting an entry way to the bore site
at Rte 15/ Upper main. 4 welds wrapped in a K-60. See attached coating reports. | try
to ensure my crew's work in a safe manner and wear proper ppe. There are several
coating crews now so | am unable to observe / report on all coating / sleeves. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 10/ 31 /2014 (p 305 of 348)

Met with Kevin Ames in the morning to go over the jsa and what was today's planned
work activities. Kevins crew worked on ditching & welding up sections on pipe.(see
details above) John Pritchard's crew is working on matting an entry way to the bore site
at Rte 15/ Upper main. 4 welds wrapped in a K-60. See attached coating reports. | try
to ensure my crew's work in a safe manner and wear proper ppe. There are several
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coating crews now so | am unable to observe / report on all coating / sleeves. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 11 /1 /2014 (p 308 of 348)

... 5 welds wrapped in a K-60. See attached coating reports. | try to ensure my crew's
work in a safe manner and wear proper ppe. There are several coating crews now so |
am unable to observe / report on all coating / sleeves. All reports turned in are a spot
check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 11 /3 /2014 (p 311 of 348)

.... 9 welds were wrapped in a K-60 Canusa. See attached coating reports. | try to
ensure my crew's work in a safe manner and wear proper ppe. There are several
coating crews now so | am unable to observe / report on all coating / sleeves. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 11 /5 /2014 (p 314 of 348)

.... I try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 11 /6 /2014 (p 317 of 348)

John Pritchard's crew attempted to bore 3ft deeper which put him at 10ft but had the
same issue. The soil above it started to collapse. He is now pulling out until further
direction on what to do at the bore site at Rte 15 / Upper main. | try to ensure my crew's
work in a safe manner and wear proper ppe. There are several coating crews now so |
am unable to observe / report on all coating / sleeves. All reports turned in are a spot
check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 11 /7 /2014 (p 320 of 348)

John Pritchard's crew is attempting to use a different bore head / technique at the bore
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site at Rte 15 / Upper main. | try to ensure my crew's work in a safe manner and wear
proper ppe. There are several coating crews now so | am unable to observe / report on
all coating / sleeves. All reports turned in are a spot check status as | over look 3 to 5
different crews depending on the day.

Inspector Bryan Kemp, 11 /8 /2014 (p 323 of 348)

John Pritchard's crews 3rd attempt to bore failed at the bore site at Rte 15 / Upper main.

They are working to figure out what they are going to attempt next. | try to ensure my
crew's work in a safe manner and wear proper ppe. There are several coating crews
now so | am unable to observe / report on all coating / sleeves. All reports turned in are
a spot check status as | over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 11 /10 /2014 (p 326 of 348)

John Pritchard's crew is working to set-up a thumper at the bore site at Rte 15/ Upper
main. Coating crew coated the 2-A HDD welds. Coating report is to be turned in at a
later date after final inspection is complete. | try to ensure my crew's work in a safe
manner and wear proper ppe. There are several coating crews now so | am unable to
observe / report on all coating / sleeves. All reports turned in are a spot check status as
| over look 3 to 5 different crews depending on the day.

Inspector Bryan Kemp, 11/12/2014 (p 329 of 348)

.... | try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 11 /13 /2014 (p 332 of 348)

.... | try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 11/ 14 /2014 (p 335 of 348)
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.... 3 welds were wrapped in a K-60 Canusa. See attached coating reports. I try to
ensure my crew's work in a safe manner and wear proper ppe. There are several
coating crews now so | am unable to observe / report on all coating / sleeves. All reports
turned in are a spot check status as | over look 3 to 5 different crews depending on the
day.

Inspector Bryan Kemp, 11/ 15/ 2014 (p 337 of 348)

.... I try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day. (

Inspector Bryan Kemp, 11 /17 / 2014 (p 341 of 348)

.... | try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 11 /19 /2014 (p 344 of 348)

.... | try to ensure my crew's work in a safe manner and wear proper ppe. There are
several coating crews now so | am unable to observe / report on all coating / sleeves.
All reports turned in are a spot check status as | over look 3 to 5 different crews
depending on the day.

Inspector Bryan Kemp, 11 /20 /2014 (p 347 of 348)

HiHE
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MEMORANDUM

To: ANGP File

From: Kristy Oxholm

Date: December 21, 2015

Re: Addison Natural Gas Project (ANGP) QA/QC Executive Summary

While no QA/QC program can assure 100% perfection on any project, Vermont Gas Systems,
Inc. (VGS) has implemented QA/QC requirements to assure the highest levels of quality are
adhered to. In circumstances where quality is questioned, appropriate follow-up remediation
and/or mitigation is implemented.

For the 2014 construction season QA/QC requirements were incorporated into various
documents, such as the construction specifications, VGS Operations & Maintenance (O&M)
Manual and Addison Natural Gas Project Inspector’s Manual. Part way through the project it
was determined that a more robust QA/QC system would benefit VGS and ANGP.

A significantly enhanced QA/QC program was implemented with the introduction of the VGS
Quality Assurance Plan in June of 2015. The framework of this plan was developed by Storti
Quality Consulting. A committee of VGS representatives then worked to customize it for use
within VGS. The objective of the plan is stated as:

Vermont Gas Systems is committed to performing work to the highest standards of
quality while ensuring compliance with applicable regulations, policies and
procedures. The objective of this plan is to ensure that all employees and contractors
performing work or constructing new transmission and distribution system share the
company’s commitment. The Plan provides the structure for effective quality
assurance and quality control, but it is the responsibility of all employees and
contractors to embrace the need for, and value of, performing work with a high
degree of quality and to have a healthy questioning attitude when encountering
situations or conditions that may be adverse to quality.

To reduce the need for multiple documents, applicable requirements found in the VGS O&M
Manual were incorporated into the construction specifications for the 2015 construction
season, In addition, the 2015 Inspector’s Manual was assembled using the construction
specifications to aid clarity.
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One of the items included in the VGS Quality Assurance Plan is the Corrective/Preventive
Actions Procedure. This procedure was implemented to address Conditions Adverse to Quality
(CAQ) with Correction/Preventive Action Requests (CAR) and document remedial actions that
return the condition to an acceptable quality or detail other actions that mitigate quality
concerns. These CARs address CAQs which have occurred. VGS retroactively applied this
procedure to items from the 2014 construction season for purposes of having consistent
documentation throughout the project.

Summary

VGS identified areas which were addressed through Quality Assurance processes as well as
areas in which there may be information that we do not know. To gain insight into what we
don’t know, interviews were conducted with members of the project management team,
inspectors and contractors. The details of each identified area are included in the tabbed
section of this report and are summarized here.

2014 Items
Welding (TAB 2)

There was the possibility that welders had more than one WPS available to them and
could have used the incorrect procedure on some welds. Both of the procedures in question
were qualified procedures. This concern broadened to include document control on VGS
welding documents. This concern was addressed with an extensive update to the VGS
welding plan and requalifying the procedures which are now in use.

There was less than 100% inspection coverage for visual inspection of welds. There is no
requirement, either contractual or statutory for visual inspection of each weld if it is inspected
by non-destructive evaluation, therefore no CAR was issued. Welding quality has been
addressed by performing 100% Radiography on the welds on this project.

QA/QC Executive Summary Page 2 of 6
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Coatings

There are 340 welds for which we have no corresponding coating report. Based on as-
built records, 15 of these were coated with 2 part epoxy and the balance was coated with
Canusa Sleeves. These numbers reflect having one coating inspector for three coating crews.
There is no requirement, either contractual or statutory, to having a coating report for each
coating application, therefore no CAR was issued. During excavation to assess the reports of
trash/garbage/debris in the backfill, two of the welds with no associated coating reports were
exposed. The coating appeared to be in good condition, further indicating that no CAR was
necessary. The commissioning of the cathodic protection (CP) system and a direct assessment
survey (to be conducted in the spring of 2016) provide mitigation measures to address this
concern.

Trenching & Backfill (TAB 3)

There was concern as to whether proper backfill was used in all areas where
construction occurred in 2014. We are uncertain of specific locations where improper backfill
may have been used. The only areas we are certain were an issue are a few locations that
were noted during the lowering of pipe to address depth of cover issues. In those cases, any
improper backfill was removed and replaced with proper backfill as part of the lowering
process. No damage to the pipe or coating was noted. The caliper tool run will locate any
dents or deformations that could be a result of the pipe being in contact with improper
backfill. The commissioning of the cathodic protection (CP) system and a direct assessment
survey (to be conducted in the spring of 2016) provide additional mitigation measures to
address any concern about potential coating damage. In-line Inspection (ILI) will be used in
the future to monitor any issues. A CAR will be issued at that time if appropriate.

Reportedly there was trash/garbage/debris in backfill used in the ROW and directly over
the pipe along Redmond Road. This was addressed by CAR 2015-004. The investigation
consisted of digging test pits in the area of concern. No trash/garbage/debris was found in
close proximity to the installed pipe. The commissioning of the cathodic protection (CP)
system and a direct assessment survey (to be conducted in the spring of 2016) will provide
additional mitigation measures to address this concern.
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Depth of Cover (TAB 4)

Pipe installed in 2014 was found to have insufficient cover in several locations. This
issue was addressed by CAR 2015-005. The lack of proper cover was addressed by a
combination of regrading, pipe lowering by cutting out sections and permit amendments.
(See the CAR for more specific information). Additionally, the final as-builts for this section of
ANGP will be reviewed once complete to ensure proper depth of cover as specified in permits,
specifications and agreements.

Bending

A question was raised as to whether all bends were done as required. There is not clear
evidence that bends were not done correctly so no CAR was issued. The inspection reports do
not document any incorrect bends. The caliper tool run will locate any wrinkles, dents,
buckles or ovality that could be a result of incorrect bends. If necessary a CAR will be issued
at that time.

Specification Deviations (TAB 5)

It was determined that not all trench breakers were installed as required. This is
addressed by CAR 2015-006. The corrective actions for this continue are in progress and
required trench breakers will be installed in the future (see CAR for more specific
information). In the interim, VGS Operations will patrol the transmission corridor on a
monthly bases, not to exceed 45 days, or after any significant rain event to ensure no erosion
occurs due to the lack of a trench breaker.

2015 Items
Welding (TAB 6)

A determination was made that the requirements for welding line-up clamps should be
more restrictive than those in the qualified welding procedures. Directive 2015-004 was issued
requiring the line-up clamps be used unless they meet specific requirements.
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Coatings (TAB 7)

The method of pipe surface preparation for shrink sleeves was clarified by directive.
Directive 2015-010 was issued requiring sandblasting using the SSPC-SP10 or NACE 2 — Near-
White Blast Cleaning Specification.

Pritec patches were discovered to not be adhering appropriately to the Pritec pipe.
CAR 2015-003 was issued. As a result of the investigation into the issue the decision was
made to switch to the use of Canusa sleeves as the sole method of repair until such time as
other methods may be approved. The commissioning of the cathodic protection (CP) system
and a direct assessment survey (to be conducted in the spring of 2016) provide additional
mitigation measures to address this concern.

Sacrificial coatings were used over the coated welds on pipe installed by Horizontal
Directional Drilling (HDD). Directive 2015-009 was issued to address correct installation of the
additional sacrificial coating.

The frequency of adhesion testing during winter months was addressed by increasing the
frequency of those tests from October 1° through March 31%.  Directive 2015-011 was issued.

Trenching and Backfill (TAB 8)

Sand berms/pillows were used in some areas instead of sandbags for pipe support. CAR
2015-002 was issued. The use of sand berms was discontinued unless it is added to the
technical specifications as an approved method of support and padding of the pipe.

The technical specifications require the use of pipe supports in all locations unless
otherwise directed by the Construction Management Team (CMT). The CMT determined that
the use of pipe supports was unwarranted in the area from station 240+26 to 279+75 due to
the uniform sandy condition of the trench. Directive 2015-005 was issued to document this
direction.

It was determined that compaction requirements in typical cross-county areas needed
further clarification. Directive 2015-006 was issued to document this clarification.
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It was determined that the general backfill material specifications were overly
restrictive. Directive 2015-007 was issued to change the maximum dimension for stones to
clods in general backfill from 3” in the longest dimension to 6” in the longest dimension.

Horizontal Directional Drilling (TAB 9)

The HDD installation under Route 2A and the railroad in Essex did not meet the
acceptance criteria in place at the time it was installed. CAR 2015-008 was issued. The
investigation included an indirect inspection of the pipe in question by EN Engineering. (See
the CAR for more specific information). The results of the testing indicated that the pipe is
acceptable. The commissioning of the cathodic protection (CP) system and a direct
assessment survey (to be conducted in the spring of 2016) will provide additional mitigation
measures to address this concern.

Conclusion

VGS developed and implemented a robust Quality Assurance Plan for the Addison Natural Gas
Project. The program highlighted actual and potential Condition Adverse to Quality (CAQ) that
were remediated according to the Plan. With the increased investment in the QA/QC program,
many potential quality issues were addressed by the use of Specification and Directives, rather
than becoming conditions which required corrective actions .The commitment to quality is
further evident by the fact that most issues in 2015 were addressed before they became a CAQ.

Additionally, VGS has accelerated planned mitigation measures, including the commissioning of
the CP system at the time of gas-up, additional patrols and direct assessment surveys.
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VGS Welding Supervisor: Individual responsible for administering the VGS Welding Program.
This is not necessarily a job title for purposes other than the administration of this program.

Welding Process: A materials joining process which produces coalescence of materials by
heating them to suitable temperatures with or without the application of pressure or by the
application of pressure alone and with or without the use of filler material. There are many types
of welding processes. VGS uses the SMAW Process.

WPS- Welding Procedure Specification: A formal written document describing welding
procedures, which provides direction to the welder for making sound and quality production
welds as per the code requirements. The purpose of the document is to guide welders to the
accepted procedures so that repeatable and trusted welding techniques are used.

WQR-Welder Qualification Report: Individual welders are certified with a qualification test
documented in a Welder Qualification Report that shows they have the understanding and
demonstrated ability to work within the specified WPS.

Section III. Welding Procedure Specifications

All welds must follow parameters in a WPS. If any changes are required new WPS must be
created and tested in accordance with this section.

When a new welding procedure is required, it will be developed in accordance with API 1104
Section 5.3, using the VGS Welding Procedure Specification Form and the document [ssuing a

VGS Welding Procedure Specification (Appendix D).

All Welding Procedure Specifications must be supported by a Welding Procedure Qualification
Record which demonstrates that welds with suitable mechanical properties and soundness can be
made by the procedure. The method of conducting a Welding Procedure Qualification is
detailed in Section IV.

Changes to a previously qualified WPS may be made and supported by the previous PQR unless
any of the following essential variables are changed. In the case that an essential variable is
changed, the procedure must be qualified according to Section IV.

WPS Essential Variables Requiring a New PQR

e Change in Welding Process
¢ Change in Base Material from one group to another
o Group A - Specified minimum yield strength less than or equal to 42,000

psi.
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Section IV. Procedure Qualifications

Procedure qualification involves making a procedure qualification weld and testing that weld.

When the procedure qualification weld is made, both the welder and the tester must have a copy
of the draft WPS readily available for reference. The tester shall be a CWI, a CPWI or an
individual qualified by appropriate training and experience and approved by the VGS Welding
Supervisor. If the tester is not a VGS employee, a company representative must witness the
welding and testing.

The actual welding parameters are checked and recorded at the time of welding, by the tester, to
ensure the WPS is being followed. These may be recorded directly onto the VGS Weld
Procedure Qualification Coupon Test Report (Appendix D) or transferred to it after being
recorded elsewhere during the actual test.

Supporting documentation, such as material test reports and inspector’s notes should become
part of the PQR.

All testing both non-destructive and destructive, is recorded on the VGS Weld Procedure
Qualification Coupon Test Report. Required tests are detailed in API 1104 Sections 5.6 and 5.8.

Once all the parameters and test results are recorded on the VGS Weld Procedure Qualification
Coupon Test Report the tester shall determine, based on the test results, if the procedure is
qualified, qualified with changes to the draft or disqualified and so indicate on the test report.
The report shall then be signed by the tester. If the tester is not a VGS employee, the company
representative witnessing the welding and testing must also sign the test report. Once signed, no
changes may be made to any VGS Weld Procedure Qualification Coupon Test Report.

The VGS Weld Procedure Qualification Coupon Test Report and any additional documentation
shall then be forwarded to the VGS Welding Supervisor or the VGS Codes and Compliance
Administrator.

Section V. Welder Qualifications

The primary purpose for Welder Qualification is to verify the ability of an individual to execute a
qualified welding procedure specification to produce a sound weld. Welders qualify to a specific
welding process (i.e. SMAW), not a specific welding procedure.







To perform a multiple qualification the welder shall make two test welds using qualified
procedures.

For the first test, the welder shall make a butt weld in the fixed position with the axis of the pipe
either in the horizontal plane or inclined from the horizontal plane at an angle of not more than
45°. This weld shall be made on pipe with an outside diameter of at least 6.625 in. and with a
wall thickness of at least 0.250 in. without a backing strip.

For the second test, the welder shall lay out, cut, fit and weld a full-sized branch-on-pipe
connection. This weld shall be made on pipe with an outside diameter of at least 6.625 in. and
with a wall thickness of at least 0.250 in. A full size hole shall be cut in the run. The weld shall
be made with the run-pipe axis in the horizontal position and the branch-pipe extending
vertically downward from the run.

If any of the following essential variables are changed, the welder must requalify:

o Change in Welding Process
e Change in the Direction of Welding from Uphill to Downbhill or vice versa.
e Change in Filler Metal (Refer to Appendix A)

o From Group 1 or2 to Group 3

o From Group 3 to Group 1 or 2

Requalification: A welder may not weld on pipe unless within the preceding 6 calendar months
the welder has had at least one production weld tested and found acceptable under section 6 of
API 1104. Alternatively, a welder may maintain qualification status by performing welds tested
and found acceptable under section 6 of API 1104 at least twice each calendar year, but at
intervals not exceeding 7 %2 months.

If there is a specific reason to question a welder’s ability to make welds that meet the
specifications s/he shall perform a requalification test.

To complete the requalification test a welder shall make a test weld using a qualified procedure
to make a butt weld in the fixed position.

The Welder Continuity Report shall be used to document compliance with this section of the
Welding Program.

Welder Qualification Tests

For all types of welder qualification tests, both the welder and the tester must have a copy of the
WPS readily available for reference. The tester shall be a CWI, a CPWI or an individual
qualified by appropriate training and experience and approved by the VGS Welding Supervisor.
If the tester is not a VGS employee, a company representative must witness the welding and
testing.

([« -
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All testing (visual, destructive and non-destructive [optional]) shall be recorded on the VGS
Welder Qualification Report in accordance with the instruction document Issuing a VGS Welder

Qualification Report (Appendix D).

Once the parameters and test results are recorded on the VGS Welder Qualification Report, the
tester shall determine, based on the test results and the Welder Qualification Checklist, if the
welder is qualified or disqualified and so indicate on the test report. The report shall then be
signed by the tester. If the tester is not a VGS employee, the company representative witnessing
the welding and testing must also sign the test report.

The VGS Welder Qualification Test Report, the Welder Qualification Checklist and any
additional documentation shall then be forwarded to the VGS Welding Supervisor or the VGS
Codes and Compliance Administrator.

Section VI. Recordkeeping

When any completed document/form is received by the VGS Welding Supervisor or the VGS
Codes and Compliance Administrator, s/he will check if for completeness and accuracy. If there
are any discrepancies on the document/form, it will be returned for clarification.

Completed forms will be scanned and placed in an appropriate folder on the VGS shared drive.
This folder will be set up in a manner that will allow all VGS employees access to the
information (see specific information below). Access for any purpose other than viewing and
printing will be limited to the VGS Welding Supervisor, the VGS Codes and Compliance
Administrator and the IT Department.

The following folders will be maintained on the VGS Shared Drive:

Welding Procedure Specifications: All current, qualified procedures will be maintained in this
folder. Everyone will have view/print access. Any and all production welding shall be
performed using a WPS from this folder.

Procedure Qualification Records: A PQR supporting each WPS in the above folder will be
maintained in this folder. Everyone will have view/print access.

Qualified Welders: A list of all currently qualified welders will be maintained in this folder.
Additionally this folder will contain the most recent qualification test for each qualified welder.
Everyone will have view/print access.
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APPENDIX A
REVISION LOG

Revision 1 Date 06/12/2015

Miscellaneous

Minor changes for clarity or grammar which do not effect procedures

Section IV Added language disallowing changes to any signed Procedure

Qualification Test Record

Appendix A Added Revision Log

Appendix B Appendix A was renamed Appendix B

Appendix C VGS Welding Document Numbering System was removed from
Appendix D and is now Appendix C

Appendix D Appendix B was renamed Appendix D

Appendix D Added language requiring WPS to include all electrode diameters that

Issuing a VGS WPS

may be used; Added language requiring that any changes found
necessary to a draft WPS during testing be made prior to the WPS being
signed and issued.

Appendix D Modified form to include enough samples for testing procedures on large
Weld Procedure diameter pipe.

Coupon Test Report

Appendix D Removed Weld Procedure Qualification Checklist as it is not a required

document, rather a note taking aid.

Appendix D Modified form to remove calculations for tensile test, as they are not

Welder Qualification | required for welder qualification. Added enough samples for testing
Report welders on large diameter pipe.

Revision 2 Date 07/27/2015

Miscellaneous

Minor changes for clarity or grammar which do not effect procedures

Title Retitled document
Section | Added definitions for CPWI and CWI
Section Il Added language requiring all weld follow WPS parameters
Section IV Removed references to Weld Procedure Qualification Checklist which

was removed from Appendix D in Revision 1

Section IV and
Appendix D VGS Weld
Procedure Qualification

Coupon Test
Instruction and Report

Added “qualified with changes to the draft” to options for completing
VGS Weld Procedure Qualification Coupon Test Report

Section V Added language specifically requiring that WPS be followed during
qualification testing.
Section V Changed required parameter from “Rod Diameter” to “Pipe Outside
Diameter” to correct previous error
Appendix D Added language in reference to Preheat section in WPS forms to define
allowable methods and controls.
Revision 3 Date 08/03/2015
Section | Added language specifying that this plan does not cover ASME welding |
Section VI Added section on production welding
Title Reverted to original title

Al
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Appendix B

Table 1—Fillar Matal Groups

Geoup AWS Specification AWS Classification Electrode FAux ©
AS5.1 E6010, EGO11
! AS5.5 E7010, E7011
2 A5.5 E8010, E8011, £9010
AS5.10r A5.5 E7015, E7016, E7018
3 AS5.5 £8015, E8016, E8018
E9018
A5.17 £t8 pPexz2
EL8K Fex0
EL12 Fe6x2
43 EMSK F7X2
EM12« F7X0
EM13K F7x2
EM15K
A5.18 ER708-2
st A5.18 ER7058-6
A5.28 ER80S8-02
A5.28 ER9OS-G
6 A5.2 RG60, RG6S
, A5.20 E617-GS d
E7T-38d
8 A5.29 E71T8-K6
9 A5.29 E91T8-G
NOTE Othar dectrodes, filer metals, and fuxes may ha usad but require separate procedure quaifca§an.
2 Any combinafion of fux and elecimde in Group 4 may be usad ta quaify a procedure. The combinafon
identfed by s canglate AWS dassifcafon number. such as FZAG-EL12 or FEA2.EM12X. Only subs§hifons that
resutin the same AWS dasaifcation number are pamied withaut requalficataon.
b A shisldng ga= isee 5.42.10} is raquired far use wih the eleckodes in Group 5.
€ in the fiux dasignation, hie X can bs dtheran A o P foras-welded or pastweld haatl traatad.
d For ot pass weldng anly.

APl 1104 Twentieth Edition
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Appendix D

Issuing a VGS Welding Procedure Specification

Title the WPS to make it clear what the specification covers. There is no specific convention for
naming, as the numbering system will be the method of document control.

Assign WPS number based on the VGS Welding Document Number System (Appendix C).

If WPS is being issued based on a previously performed Procedure Qualification Record, fill in
the Supporting Procedure Qualification Record Number.

If WPS is being issued pending Procedure Qualification testing, note “Pending Qualification” in
place of a supporting Qualification Record Number.,

Fill out welding information on the WPS form as follows:

e Select type of shielding
o Flux - Cellulose
o Flux-Iron Powder
e Select Pipe Material Type
o Group A —Specified minimum yield strength less than or equal to 42,000 psi.
o Group B —Specified minimum yield strength greater than 42,000 psi but less
than 65,000 psi.
o Group C - Specified minimum yield strength greater than or equal to 65,000 psi
Each grade of group C materials requires a separate qualification test. For
Group C materials specify the grade.
e Select Pipe Diameter range
e Select Wall Thickness range
e Select Filler Metal Group(s)
o Select all filler metal groups to be used in this procedure. Specify designations
within each group.
* Specify Preheat instructions. If no preheat is required this must be noted.
e Specify Postheat instructions. If no postheat is required this must be noted.
e Sketch joint design if not using a form prepopulated with sketch.
e For bead 1, 2 and 3+ specify the following paremeters:
o Specify Electrode size {enter all diameters that may be used)
o Specify Electrode designation
o Specify Voltage Range

o
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WELDING PROCEDURE SPECIFICATION
TITLE

WPS #

Supporting Procedure
Qualification Record:

In accordance with APl 1104

Vermont Gas

Welding Process: SMAW  Position: Fixed Joint Design: V Bevel (see sketch) Minimum # Passes: 3 Shielding: == 10|

Pipe Material Description: [ Group A ] GroupB [] Group C: Specify | |
Diameter: [[] OD<2.375Inches [[] OD2375t012.750Inches [J OD>12.750Inches
Wall Thickness(es): [] Nominal WT <0.188In  [T] Nominal WT 0.188t00.750in [] Nominal WT >0.750 In
Filler Metal Groups) [ Group1 [ [ Group2 [ [ Group3 | &
Preheat

Flame heat; Monitor using temperature crayons, pyrometer or infrared thermometer

Postheat Flame heat; Monitor using temperature crayons, pyrometer or infrared thermometer
Bead # Electrode Voltage Current Polarity Direction of Travel Travel Speed
Size  Designation Range  amperage Range AC/DC
T Il [ [ 1 | 1o | =1 | (=] | fipm
2| [ [ | | 1 | [} =] | (=] ] [1IPm
3+ || ][ | [ | I ]| G | lipm
Time Lapse Bead 1toBead 2: | | Bead 2 to each succeeding bead: | 1

LineUpClamp: [T Internal [] External [J] NotRequired Removal(if used): After minimum of 50% of root bead welding
Cleaning and/or Grinding: [] PowerTools [J] Hand Tools

repared by: Date/Time Field
Approved by: Date/Time Field
Rev.107/29/15 Page 10f1

DS
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WELDING PROCEDURE QUALIFICATION RECORD

TITLE
PQR#

Vermont Gas

In accordance with APl 1104

Weldor

Date

Draft WPS Number

Procedure Qualification Test Report #:

Final WPS as issued (signed)

Required Attachments

Additional Attachments

(if available)
[[] Inspector's Notes
[] Procedure Qualification Checklist
[} Radiographic Inspection Report

[C] Material Test Report

Prepared by:

Approved by:

Date/Time Field

Date/Time Field

Changes other than essential variables listed in APl 1104 5.4.2 may be made in the procedure without the need for requalification.
Any procedures issued without the need for requalification based on this Procedure Qualification Record must be listed below

Final WPS as issued (signed)
Final WPS as issued (signed)
Final WPS as issued (signed)
Final WPS as issued (signed)

Final WPS as issued (signed)
Rev. 0 04/08/15

and attached to this file.

D7

Date

Date

Date

Date

Date

Page 1 of 1
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23,

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

by

34,

35.

Select filler metals observed being used on root and subsequent passes.

Enter welding position observed.

Select shielding type observed being used.

Enter lapse time observed between passes 1 and 2, and between subsequent passes.

Enter information on how welder’s identification was verified. (i.e. Driver’s License, Passport)
Enter total weld time.

Enter Interpass Temperature observed.

Enter Postheat temperature observed. if no postheat used, enter N/A.

Enter following information as observed during the test weld:

Weld Pass

Electrode Type

Rod Diameter

Preheat Temperature

Voltage Range

Amperage Range

Travel Speed

Start and Stop times for each pass

Note: One method of measuring the travel speed that may be used is to begin timing the
welding process when the welder initiates the arc and stop when the weld pass is terminated.
Determine how much time elapsed along with the total length of filler metal deposited. Divide
the length of filler metal in inches by the elapsed time in seconds. Multiply by 60 to determine
the travel time in inches per minutes.

Enter following test information as required by APl 1104 Section 5.6 and 5.8:

Bend Tests
Nick Break Tests
Tensile Tests

Select whether weld was destructively tested, examined by radiography, or both. If examined
radiography, attach copy of radiography report.

Select whether procedure was Qualified, Qualified with Changes or Disqualified. If Qualified
with Changes, note any changes made to the Draft WPS.

If qualified, select the qualification limitations for the test based on API 1104,
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Weld Procedure Qualification Coupon Test Report

Waelding Procedure number: Test/Report No; Date:

Welder: I

Social Security Number: Welder Stencll:

Vermont Gas Y000 (M ===
Contractor: | | | Project: | |
Location: ! | Weather: | 1
Welding Process: Manual SMAW Pipe Material Description: | |
Electrical Characteristicszl IJ Pipe Diameter: | |
Welding Machine: | 1 Wall Thickness: | i
Preheat Temperature: | | | Pipe Manufacturer: |
Direction of Travel | ] | Heat Number: | |
Number of Welders: @& 1 C 2 Joint Design: | |
Method of Cleaning: [ Hand Tools [] PowerTools | Filler Metal:  Root | Subsequent v
Position: Shielding: | |~}
Time Between Passes: 1. Subsequent Welder Identification Verified: | |
Total Weld Time: [ e | Interpass Temperature: I
Post Weld Heat Treatment: | ___J Notes: | |
WELDPASS | ELECTRODE ROD PREHEAT | VOLTAGE AMPERAGE TRAVEL SPEED Start / Stop
DIAMETER RANGE RANGE (inches per min.)

Jem 1/
e ][]
2 I ]

=== | M | A /] ] |
|
I
I lem 1/ ]
|
I
I

|
[E==s] | 2R [ (=0 () | () /[
[ | e 5 | o - O I O 2
| —] | [ | o] (- || | )/ ||
|

|

|

lem  [][C]
lew /]
lem [/

| — | H [ | o I
[ | el | o = N
[ | B A e 0 ]

Notes:

Rev.2 07/27/15 Page 10of 2

D11

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn






10.

11

12.

Issuing a VGS Welder Qualification Test Report

Enter Welder’'s name.
Enter Welder’'s employer.
Enter location of test.
Enter date of test.

Select type of qualification:

¢ Single (Butt Weld only)
e Multiple {Butt and Branch Welds)
s Requalification (Butt Weld Only}

Select Butt Weld Test or Low Hydrogen Sleeve (groove weld) Test
Enter Number for WPS being used.
Enter pipe information:

¢ Pipe specification and grade
e Pipe diameter
e Pipe wall thickness

Enter following information as observed during the test weld:

e Rod Diameter
s Electrode AWS Class
e Direction of travel

Enter following test information as required by API 1104 Section 5.6:

e Bend Tests
e Nick Break Tests
e Tensile Tests

Select whether visual inspection is Acceptable or Unacceptable

Select Weld Test or Low Hydrogen Sleeve (fillet weld ) Test if multiple qualification was selected
above. If Single qualification or Requalification was selected proceed to step 18.

D13
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Vermont Gas

WELDER QUALIFICATION REPORT

In accordance with APl 1104

Welder Name:

Test Location

Date

Employer | II

Qualification Type:

(" Single (Butt Weld Only)

" Multiple (Buttand

(" Butt Weld Test

(" Low Hydrogen Sleeve (groove weld) Test

Process: SMAW Joint Design: V-Bevel

WPS &

Branch Welds) " Requalification (Butt Weld Only)

[ R T |

Position: Fixed

Pipe Spec/Grade: Pipe Diameter: Pipe Wall Thickness:
Pass Rod Diameter AWS Class Direction of Travel .
Nick Break Tests
Root Pass - v v Nick 1 K4
Hot Pass v v v Nick 2 v .
Filler Pass(es) v v v Nick 3 =
Cap Pass(es) - v v Nick 4 >
Bend Tests Additional Nick Break in lieu of Tensile
Nick 5 v
Face vl Face3 vl Root1 ~| Root 3 v
( - Nick 6 v
.ce? v} Face4 v} Root2 ~{ Root4 >
Nick 7 ¥
Tensile 1 Tensile 2 Tensile 3 Tensile 4
Fracture Location - v & ~f Nick8 ]
Disposition 3 B ] < visual: g
(" BranchWeld test (" Low Hydrogen Sleeve ((fillet weld) Test WPS # | |I
Process: SMAW Joint Design: V-Bevel Position: Fixed
Pipe Spec/Grade: Pipe Diameter: Pipe Wall Thickness:: 'I
Pass Rod Diameter AWS Class Directlon of Travel Nick Break Tests
Root Pass - v | Nick 1 g
Hot Pass - v v Nick 2 v
Filler Pass(es) = v - Nick 3 -
Cap Pass(es) - v v Nick 4 -
Was optional radiographic inspection performed? N -
Ifyes, attach copy of radiegraphy report. (" No (7 Yes-Acceptable (" Yes-Unacceptable Visual: b
( TestResult: C Qualified  Disqualified
Tested by: Date:
Rev.105/21/15 Company Representative Page 1 of 1

(Required If tested by other than Company

D15
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WELDER CONTINUITY REPORT

—

Vermont Gas In accordance with 49 CFR 192.229
Welder Name: Employer
Stencil: Last 4 SSN: Qualification/Continuity Due Date:

b*

A welder may not weld on pipe unless within the preceding 6 calendar months the welder has had at least one production

weld tested and found acceptable under section 6 of AP| Standard 1104,

Alternatively, a welder may maintain an ongoing qualification status by performing welds tested and found acceptable
under section 6 of API Standard 1104, at least twice each calendar year, but at intervals not exceeding 7 1/2 months.

This forms serves to document the compliance to these requirements.

[T1 Welder has had a production weld tested and found acceptable within the last 6 calendar months

Date of Acceptable NDE Report: Attach NDE report referencing above stencil number.

[[] Welder has performed a test weld which was found acceptable

Date of Acceptable Test Weld: Attach Welder Qualification Report referencing above stencil number.

New Quallfication/Continuity Date:

(New date s calculated as 6 months from the date of the Welder Qualification Test Report or the NDE Report.)

Date:

Approved By:

Company Representative
~quired if approved by other than Company personnel):

Rev.0 08/12/15 D17

Page 1 of 1
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Q. Welding rod stubs or unused welding rod shall be carefully removed from the site and shall not be
discarded in the ditch, right-of-way or elsewhere on the site.

R. No miter joints allowed.
S. During the final tie-in section the pipe shall be supported by side booms until all filler passes are
complete.

34 WELD INSPECTION & NON-DESTRUCTIVE EXAMINATION

A. All welds shall be 100% radiographically inspected at the OWNER'S expense according to API
1104. If the results of these inspections indicate the welds to be defective, CONTRACTOR shall
replace or repair the defective welds at CONTRACTOR’S expense. If the cut-out method of
examination of weld is employed by the OWNER, the OWNER may, in the judgment of its
OWNER INSPECTOR, cut-out and test any welds designated by him. Should such cut-out welds
pass the requirements of API 1104, the cost of cutting out and subsequent tie-in will be borne by
the OWNER. The cost of cutting out and replacing any welds that fail the tests shall be borne by
the CONTRACTOR. :

B. Liquid dye penetrant inspection, magnetic particle inspection or ultrasonic inspection may be
utilized by OWNER on a case-by-case basis. Acceplance criteria for these inspections are as stated
in API 1104,

35 WELD REPAIRS

A. Any defect found in a weld, which is determined to be detrimental to its serviceability, shall be
either ground out and re-welded, or removed from the line as a cylinder and replaced by welding in
a new section of pipe.

B. If visual or radiographic inspection indicates a weld to be defective, the CONTRACTOR, at no
additional cost to the OWNER, shall cut a cylinder of pipe containing such weld from the pipeline
and replace it with new pipe or shall have the defective weld repaired in accordance with API
1104. Correction of an individual bead prior to the laying of a succeeding bead is not considered a
repair of a defect under these specifications.

(& Preheating shall be used according to the WPS. Such preheating shall be accomplished by a
method acceptable to the OWNER and shall cover at least four (4) inches wide on each side of the
weld. Heating shall not char the pipe coating. Preheat temperature shall be checked by use of
temperature indicating crayons.

D. All repair and replacement welds shall be 100% radiographically inspected and shall meet the
acceptance standards of API 1104,

E. Only one repair shall be allowed per girth weld. The necessity of a second weld repair constitutes a
mandatory cut-out.

F. The accumulated length of weld repairs shall not exceed 8% of the total length of the girth weld.
G. Under no circumstances should attempts be made to repair cracks in a weld. All cracks shall be cut
outs,
WELDING PAGE 9 OF 10

CHA PROJECT NO. 28757
ticha-lip.com'proj ProjectSpecs\28757 Finali04.29.15 Submission_Current: 137000 - WELDING doc SECTION 137000
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Vermont Gas

Page 1 of 2
Corrective/Preventive Action Request (CPAR)

CAm PA[]

(Check appropriate box to indicate corrective or preventive action)

Initiator: K Oxhom Corrective Action # 2015-004
or
Date: 1019115 Preventive Action #
Date Due By/Assigned to Completed Initials & Date
Investigation Kristy Oxholm o aslaos
Implementation Lee Brown
Audit )
CAR/PAR closed John St. Hilaire 4L (3L /u/eS

Description of Issue

Pipe at appx. 398+00 to 406+00 has garage/trash mixed in with backfill. Pipe is
reportedly padded with select backfill, has mirify fabric laid and the backfill in
question on top of the mirify. Varying reports describe the garbage/trash as
mostly broken glass to chunks of metal and other household garbage/trash.

Work Processes need to be modified or ceased during investigation?: Yes ___ No X __
If so, specify:

Approved by: /// /M Date: 13~/ ll/ 15
v

Investigation Finding

In speaking with a variety of people there is clear cause for concern. At least two
test pits will be dug to determine the extent of the problem and to complete this
investigation.

During the period of 12/1/15 to 12/8/15 a total of 8 test pits were dug in the area of
concern. No trash or garbage was found in close proximity to the installed pipe.

A small amount of small items was found in the very top layer of the cover, well
above the pipe. No mirify fabric was found at any of the dig sites. (see attached
pictures).

Rev.0 07/24/2015
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Vermont Gas

Page 2 of 2
Corrective/Preventive Action Request (CPAR)

Recommendations for Corrective / Preventive Action

As a result of the findings in the test pits, no corrective action is required.

VGS will be commissioning the cathodic protection (CP) system at the gas-up of
the pipeline. This will provide protection should any coating holidays exist on the
pipeline because of the trash/debris. Additionally, a direct assessment type
survey will be conducted in the spring of 2016. If any part of the coating is
damaged in this area because of trash/debris, the survey will indicate an anomaly
and it can properly be inspected and remediated.

Action Taken / Verification

Any future re-evaluation and follow-up required? Yes___ NoXx _
If so, specify:
Verified by: Date:

Was action taken effective? I:' Yes D No [f no, new CA/PA number:

Comments:

Rev. 0 07/24/2015
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VERMONT GAS SYSTEMS, INC.
TRANSMISSION LINE EXPOSURE REPORT

This report is to be completed when excavation work is being done near a transmission
pipeline.

P
Date:/2- 715 | Clock #: {1\, | Dig safe Ticket Number: 7,5/ l'e’] ?00 7:/Photo’s takef.Y)/ N

Location: Rk&{)mou‘p o . Pipe D(ameler Wall Thickness:
Municipality: l/\) LLismony VGS facilities marked: Y / N | As-Built Station No.

Pipeline As-Built Sheet:  of High Consequence Area: Y / {0 HCA segment number:
CP Pipe to Soil Reading: A.(/ Av | Coating Type: Pipe Depth:
Coating Condition: P Slight disbondment  Disbonded Coating Replaced: Y / -@
Type Replacement Coating: Replacement Coating Length:
Pitting: Y /
Exposed bare pipe: Y / {{) Pitting Location: UT Gauge testing:  A|/ jA
Soil: én) Clay @ Cinders Refuse Soil Packing: Loose Mgdup Hard
Soil Sample Taken: Y /@ Soil Moisture Content: Dry Qum') Wet
Foreign Pipe crossing
Foreign Pipe crossing: Y /(@ clearance: Foreign pipe crossing ties taken: Y/ N

’7\0104«14 ™ ;-\140@(4/ " %ﬂ« A*\IKIJ QWMS%IE, ﬁ‘-ulm—.o
r9z/+'mﬂ-— &%w\/o /D:ﬂé [N B rerTu 2 ens émﬂ ﬂow‘*
Al 2 A8 /> Dt Nir fA-s@o UD

File: TOPS' TRANSMISSION LINE EXPOSURE REPORT
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VERMONT GAS SYSTEMS, INC.
TRANSMISSION LINE EXPOSURE REPORT

This report is to be completed when excavation work is being done near a transmission

pipeline.

Date: / 28— §| Clock #: / a) lg Dig safe Ticket Number2©/ y"¢f §00 7| Photo’s taken(Y)/ N

t

Location: ﬂﬁd) MOAL N dlh Pipe Diameter:/,? Wall Thickness:
Municipality: (;[ ), LLisT Al VGS facilities marked: Y / N | As-Built Station No.
Pipeline As-Built Sheet:  of High Consequence Area: Y / © HCA segment number:
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File: NOPS' TRANSMISSION LINE EXPOSURE REPORT
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Vermont Gas

Page 2 of 2
Corrective/Preventive Action Request (CPAR)

Recommendations for Corrective / Preventive Action

The first step was to survey the areas identified to ensure that the proper finished
grade was surveyed and that the GPS data was correct and accurate. There
were multiple areas where the depth of cover was only lacking by 1-3 inches. All
the areas were surveyed and the pipe was probed with a probe bar to confirm the
depth. The results can be separated into three general categories; areas where
the data was off and the pipe was actually installed to the proper depth, areas
where the grade was not restored to pre-construction conditions, and areas where
the pipe was not installed to proper depth.

Going forward, the as-built depth of cover data will be looked at more closely and
in a more timely manner at the time of construction so that it can be remediated
quickly, efficiently, and effectively.

Action Taken / Verification

See attached

Any future re-evaluation and follow-up required? Yes*  No__
if so, specify:

Final as-builts for approximately the first 10.5 miles of the ANGP pipeline will be
reviewed once complete to ensure proper depth of cover as related to the specific
permits, specifications, and agreements.

Verified by: Date:

Was action taken effective? D Yes [:I No If no, new CA/PA number;

Comments:

Rev.0 07/24/2015
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Attachment to CAR 2015-005
Action Taken / Verification

The areas where probing verified that the pipe was installed to the proper depth of cover were removed
from the list. This included a total of 24 areas. There were a total of 41 areas where regrading was
performed to achieve the proper depth of cover. The Survey Team set stakes in these areas which
indicated the additional depth of cover that was needed. There were 6 areas where the pipe was
completely removed, the trench was dug to ensure proper depth, and the pipe reinstalled to the proper
depth. At this time there is still one area that needs regrading to achieve proper depth of cover, which
will be completed after the construction mats are removed from this area.

There were 5 areas where the pipe was not installed to the proper depth that was included in the
VTrans permit related to the proposed Circumferential Highway or "Circ." Since this project has been
planned for over 20 years and there is no currently schedule to build it, VGS received a permit
amendment/waiver to leave it at the current installed location. VGS asked for this amendment/waiver
because the design of the highway could easily change in the future and per the agreement VGS has
with VTrans for the pipeline in the Circ corridor, VGS is responsible to move it if there are any conflicts
between the highway infrastructure and the pipeline.

A final summary table is attached denoting all 77 areas.
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Vermont Gas

Page 2 of 2
Corrective/Preventive Action Request (CPAR)

Recommendations for Corrective / Preventive Action

VGS will investigate the areas where a designed trench breaker was not instalied.
If field conditions show that one is not needed, then it will be documented as to
the reason why not. If one is needed, then one will be scheduled to be installed.

While this investigation takes place, VGS Operations will patrol the transmission
corridor on a monthly basis, not to exceed 45 days, or after any significant rain
event to ensure no erosion occurs due to the lack of a trench breaker. If VGS
Operations finds erosion occurring, it will be remediated to ensure the safety of

the pipeline.

Action Taken / Verification
Any future re-evaluation and follow-up required? Yes __ No___
If so, specify:

As required by code, the transmission corridor is continually patrolled multiple times
each year by VGS Operations and one of the items that is looked for is erosion areas
or potential erosion areas. Anything that is deemed a threat to the pipe will be
remediated by VGS Operations.

Verified by: Date:

Was action taken effective? I:l Yes I:l No If no, new CA/PA number:

Comments:

Rev.0 07/24/2015
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ARNGP PROJECT DIRECTIVE

Date: 8/28/2015
Subject: Welding Line Up Clamp Usage Clarification

Directive Number: 2015-004

The Butt Weld procedures used on this project (WPS-VGS-B-2 2014-2; WPS-VGS-X-65-2
2014-2) indicate that the use of an external line up clamp is allowed, but not required. This
directive serves as a notification that the use of an external line up clamp is required on all main
line girth welds on this project except when it is not feasible due to situations where the contour
of a fitting does not allow use. In such cases the weld will be fitted up in a manner that does not

place undue stress on the weldment. This is also stated in the Technical Specification Section
137000 — Welding in Part 3, Subsection 3.3(B).

If another situation arises where use of a clamp is not feasible, then it must be reviewed and
approved by the Construction Inspection Team and VGS Operations.

The clamp shall not be removed until a minimum of 50% of the root bead has been placed,
according to the instructions in the WPS and Section 137000 — Welding.

This Project Directive replaces 2015-002.

Issued by (print): Christopher LeForce

Signature:

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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Vermant Gas

ARNGP PROJECT DIRECTIVE

Date: 9/29/2015
Subject: Pipe surface preparation for shrink sleeves weld coating

Directive Number: 2015 =010

Pipe surface preparation for Shrink Sleeves will be sandblasting using the SSPC-SP10 or NACE
2- Near-White Blast Cleaning Specificiation.

Method of surface preparation shall continue to be recorded for each weld.

Issued by (print): Christopher LeF

Signature:

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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Vermont Gas
Page 1 of 2
Corrective/Preventive Action Request (CPAR)
CAm PA[]
(Check appropriate box to indicate corrective or preventive action)
Initiator: K. Oxhoim Corrective Action # 2015-003
or
Date: onuis Preventive Action #
Date Due By/Assigned to Completed Initials & Date
Investigation Eric Curtis
Implementation Eric Curtls
Audit
CAR/PAR closed

Description of Issue

Pritec patches were discovered to not be adhering appropriately to the Pritec
pipe.

Work Processes need to be modified or ceased during investigation?: Yes X No____
If so, specify:

Patches were one of two acceptable repair methods. Patch use was discontinued
during investigation. Canusa sleeves were the only remaining acceptable method
during this time.

Approved by: ”M Date: Ié—/lt IIS

V4

Investigation Finding

Discussion with Liberty Coatings representative Wally Armstrong determined that
the patch kits used during 2014 were CRP-65 kits. Prior to the 2015 construction
season the CRP-65 kits were discontinued by the manufacturer. The replacement
for the discontinued kit is the CRP-Ultra kit. The kits used in 2015 were
CRP-Ultra kits. The adherence problem appears to affect the CRP-Ultra kits.

A variety of kits were used at the coating mill and several patches that were
installed at the mill were tested and found to be adhering properly. There were
patches that did not appear to be adhering properly upon receipt of the pipe at the
laydown yard. Those that were not adhering were repaired in the laydown yard.

Rev. 0 07/24/2015
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Vermont Gas

Page 2 of 2
Corrective/Preventive Action Request (CPAR)

Recommendations for Corrective / Preventive Action

Recommend switching to use of the Canusa sleeve as the sole method of repair
in this situation. Additional methods of repair may be reviewed and approved in
the future.

Action Taken / Verification

The use of CRP-Ultra kits was discontinued in favor of using Canusa sieeves until
such time as an alternative repair method is approved.

Direct assessment to be conducted in 2016 will address concerns about any
potential holidays. In addition, VGS will be commissioning the cathodic protection
(CP) system at the gas-up of the pipeline. This will provide additional protections
should any coating holidays exist on the pipeline.

Any future re-evaluation and follow-up required? Yesx  No___
If so, specify:

The planned direct assessment will be used to verify whether any coating
holidays exist.

Verified by: Date:

Was action taken effective? E’ Yes [:, No If no, new CA/PA number:

Comments:

Rev. 0 07/24/2015
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MEMORANDUM
TO: Addison Rutland Natural Gas Project (ARNGP) File
FROM: Christopher LeForce
DATE: September 4, 2015

RE: Use of sacrificial coating over primary weld coatings on horizontal directional
drilling (HDD} installations

Vermont Gas Systems, Inc. (VGS) is proposing to use a sacrificial coating over the
primary weld coating on (HDD) installations. VGS is using Powercrete® R-95 liquid
epoxy for the primary corrosion protection at the welds. The R-95 is a single coat,
100% solids, high build epoxy novolac that coats pipelines. As an abrasion resistant
overlay (ARO} it is compatible with fusion bond epoxy {(FBE) and CTE mainline
coatings. The purpose of the sacrificial coating is to add additional protection to the
weld coating during pullback of the pipe during the HDD process.

In HDD installations, a typical corrosion coating, like FBE, cannot be used because of
the potential for the coating to be damaged down to bare metal. For that reason
either an ARO coating is used over the FBE or a harder, more durable coating is
used. The line pipe is coated with a two-layer system, a FBE coating under an ARO
coating, which is the sacrificial coating. In a similar manner, VGS is proposing to add
a sacrificial coating over the R-95 coating to provide additional protection.

VGS is proposing to use Wrapid Shield™ XL manufactured by Canusa-CPS, a Shawcor
Company. Wrapid Shield™ XL is a fiberglass cloth, pre-impregnated with a resin
that can be activated by salt or freshwater to coat and protect any diameter of pipe
within minutes. The product is formulated to resist shear, impact and abrasion on
pipe coating systems above and below ground such as fittings and joints on all mill-
coated pipe and as an outer wrap over heat-shrinkable sleeves for added mechanical
protection.

The purpose of the pipeline coating is to provide a barrier between the steel pipe
and the elements that can cause it to corrode or rust. The coating is the primary
corrosion control method of protection the pipe. If there is a coating break or
holiday, then the pipe is protected by the secondary measure of cathodic protection
(cP).

The question that has been brought up is does applying this type of coating cause
cathodic shielding. Shielding is caused by an external material that prevents the
cathodic protection (CP) current from getting to the steel pipe. Technically,
properly applied coating fits into the definition of cathodic shielding because it does
not allow any connection with a foreign material. In order for CP to work you need
a full circuit for the current to flow from the pipe to the soil and back. Other foreign
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materials can cause shielding which include plastic sheets with no adhesion, tree
roots, rocks, soil, improper backfill/compaction, casings, and any other high
resistance materials.

As supported by a letter from Steve Anderson (NACE CIP2 # 25805) of Shawcor,
dated August 12, 2015, a properly applied coating will not cause cathodic shielding.
In this case when both coatings are applied correctly and appropriately tested to
ensure no holidays, this will not cause a cathodic shielding condition. The sacrificial
coating of the Wrapid Shield™ XL will help protect the primary coating of the R-95
from damage during the HDD pullback.

The primary coating of R95 will be applied per manufacturer’s procedures,
inspected by the construction inspection team, and properly checked for any coating
holidays before the wrap is applied to ensure the integrity of the coating. After the
installation of the pipe is complete, at least one coated weld will be inspected per
the VGS inspection criteria.

In conclusion, the Wrapid Shield™ XL will help ensure the primary coating is
protected and can function as designed in protecting the steel pipe. If the sacrificial
coating is not used, there is a higher potential of having coating holidays in the
primary coating and it would not be able to function properly. In this case the
secondary corrosion control method of CP would be used to protect the pipe. In 49
CFR Part §192.461 External corrosion control: Protective coating, it states "if coated
pipe is installed by boring, driving, or other similar method, precautions must be
taken to minimize damage to the coating during installation.” Using the Wrapid
Shield™ XL is the best method of minimizing the damage to the primary coating
during installation.
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Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 9/30/2015
Subject: Adhesion Testing ~ Field Coating

Directive Number: 2015 -011

An adhesion test shall be performed on an average of 2% of epoxy coated welds from April 1*
through September 30™ and 5% of epoxy coated welds from October 1* through March 31st, as
well as on a minimum of one coated weld in the string for each HDD installation.

The instructions for completing these tests, “QA/QC Adhesion Test for Field Applied
Coatings (Revision 0),” is attached to this directive.

Any questions on adhesion should be directed to Christopher LeForce or Eric Curtis.

This directive supercedes directive 2015- 008.

Issued by (print): Christopher%\
Signature: % %/%ﬁ/?

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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Vermont Gas

Page 1 of 2
Corrective/Preventive Action Request (CPAR)

CAm PA[]

(Check appropriate box to indicate corrective or preventive action)

Initiator: K. gzhom Corrective Action # 2015-002

or
Date: @1s Preventive Action #

Investigation Finding

During investigation, M chels agreed to cease use of the berms/pillows in favor of sand bags.

Regardless of the support materialitype, the p pe supporis in the length of the trench are only temporary support
(lo achieve separation of the pipe from racks or hard bottom in the trench bottom) until the padding/backfili
malerial is placed around and under the area between the supporits

The sand berms/plllows react fo the weighted pp  n a similar manner as the padding/backfilled soil that is
subsequently installed between these supports thereby achieving a consistent, continuous, and uniform surface
for the pipeline.

The dirt berm/pillow supports are createdfinsta ed by the padding/sifting hoes, are mueh wider than sandbags
supponts {larger load bearing area) and are free of deleterious materials, rocks, etc. This method is an
accepted practice in the pipe ine industry

Rev.0 07/24/2015

Case No. 17-3550-INV Interven

ors' Motion to Broaden Scope - Atiachments

00112



Vermont Gas

Page 2 of 2
Corrective/Preventive Action Request (CPAR)

Recommendations for Corrective / Preventive Action

Recommend the discontinuance of the use of sand berms/pillows, unless it is
added to the technical specifications as an approved method of support and
padding of the pipe.

Action Taken / Verification

Sand berms/pillows were not approved as an alternative to sand bags for further
use. Based on information (attached) that the use of sand berms/pillows is a
common industry practice the berms/pillows that are already in place will be left in
use.

Any future re-evaluation and follow-up required? Yes ___ Nox
If so, specify:
Verified by: Date:

Was action taken effective? |:| Yes |:| No If no, new CA/PA number:

Comments:

Rev. 0 07/24/2015
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Kris:x Oxholm

From: Shawn Pomerleau <spomerle@michels.us>
Sent: Thursday, December 17, 2015 5:10 PM

To: Kristy Oxholm

Subject: RE: Sand/Earth Berms

Kristy — The sand berm method of temporary pipe support (prior to adding padding material) is a common practice
within the pipeline industry. Generally these are installed with the use of a padding bucket which screens/filters the
material. As these sand berms are built using native backfill material the pipe is able to settle consistently. | have never
heard of, or seen, this method cause adverse conditions to the pipeline. Let me know if you need anything else. | will be
glad to help. Thank you.

Shawn Pomerleau | Project Manager

Michels Pipeline Construction
A Division of MICHELS Corporation
office: 724.249.2065 cell: 920.737.4701

spomerle@michels.us www.michels.us
2155 Park Avenue, Suite 105

Washington, PA 15301

THE INFORMATION CONTAINED IN THIS COMMUNICATION MAY BE CONFIDENTIAL IS INTENDED ONLY FOR THE USE OF RECIPIENT{S) NAMED ABOVE. AND MAY BE LEGALLY
FRIVILEGED IF THE READER OF THIS MESSAGE 15 NOT THE INTENDED RECIPIENT YOU ARE HEREBY NOTIFIED THAT AN'Y DISSEMINATION, DISTRIBUTION, OR COPYING OF THIS
COMMUNICATION OR ANY OF ITS CONTENTS 18 STRICTLY PROHIBITED

From: Kristy Oxholm mail 0:KOxholm - vermont as.com
Sent: Thursday, December 17, 2015 5:00 PM

To: Shawn Pomerleau <spomerle@michels.us>

Subject: Sand/Earth Berms

Good Afternoon,

Have you seen the sand/earth berm (pillow) method of temporary pipe support when installing pipe (prior to backfilling)
prior to the VGS installations?

If so, have you ever seen them cause any Conditions Adverse to Quality?
Is this a common practice in the pipeline industry?

Thanks,
Kristy
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Foreword

This primer was written to explain how interstate natural gas pipelines are constructed,
from the planning stages to completion. The primer is designed to help the reader
understand what is done during each step of construction, how it is done, the types of
equipment used, and the types of special practices employed in commonly found

construction situations.

It also describes practices and methods used to protect workers, ensure safe operation
of equipment, respect landowner property, protect the environment and ensure safe

installation of the pipeline and appurtenances

This report is meant to be used by all those interested in pipelines and their construction,
including federal agencies, landowners, the public, state and local governments,

emergency responders and new employees of pipeline and construction companies.

This primer, which was reviewed by INGAA Foundation member companies, updates

previous works produced by the INGAA Foundation

In particular, the steering committee working group determined nominal technical space
requirements discussed in Appendix A. This group also designed the drawings in
Appendix B. Project specific circumstances will have a bearing on the workspace
proposed by individual pipeline project applicants. When determining nominal
workspace requirements, the pipeline company must consider the space needed for the
safest construction possible, including personnel safety, staging of pipe and pipeline
appurtenances, efficient movement of materials and equipment, as well as diligent

management of environmental impacts.
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Concrete coating may be used under streams and in wetlands. Weighting is applied to

manage buoyancy in special circumstances, such as river and wetland crossings.
Valves and appurtenances are coated with either FBE or coal tar.

The March 2009 QA/QC Workshop mentioned above also identified an opportunity to
improve coating practices on the portion of the pipe where girth welds have been made.
A group of INGAA Foundation members worked together in 2010 and 2011 to develop
guidance for coating applicators and coating inspectors. The group produced a report
entitled, Training Guidance for Construction Workers and Inspectors for Welding and
Coating, which is available on the INGAA Foundation Web Site. A separate working
group of INGAA Foundation members evaluated challenges with applying coatings
during construction. The group developed a report entitled, Best Practices in Field

Applied Coatings, also available on the INGAA Foundation Web Site.

3.9 Lowering the Pipe into the Trench

Prior to lowering the pipeline, the trench is cleaned of debris and foreign material, and
dewatered as necessary. Trench dewatering entails pumping accumulated groundwater
or rainwater from the trench to stable upland areas. The work is performed in
accordance with applicable local, state and federal permitting requirements, as well as
the operator’s procedures. In rocky areas, the bottom of the trench is padded with sand,
gravel, screened soils, sandbags or support pillows to protect the pipe coating. Topsoil is

not used as padding material.

As described above, an inspection of the coating via jeeping is performed to ensure the

integrity prior to lowering. Any coating anomalies detected are repaired.

s No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments









Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 8/31/2015
Subject: General Backfill Materials
Directive Number: 2015 - 007

In 2.1(B) — Materials of Section 312333 - Trenching, Pipe Laying, and Backfilling of the
Technical Specifications, it states native materials containing no stones or clods larger than 3" in
the longest dimension are acceptable for general backfill. This directive will serve as notice that
native materials containing no stones or clods larger than 6™ in the longest dimension are
acceptable for general backfill.

The VGS Operations and Maintenance Manual in the Trenching and Backfilling Procedure
allows for this change to the specification and now the two documents will be consistent.

Issued by (print): Kristy Oxholm (for Christopher LeForce)
Signature:

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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Page 2 of 2
Corrective/Preventive Action Request (CPAR)

Recommendations for Corrective / Preventive Action

With only one small area having coating damage and the fact that pulling more
pipe through the hole could cause more damage because it had been idle for
muitiple days, VGS decided to look for another method of inspection. it was
decided that an above ground indirect corrosion survey would be completed on
the pipe.

Action Taken / Verification

See attached

Any future re-evaluation and follow-up required? Yes X No___
If so, specify:

EN's recommendation is to perform é Close-Interval Survey (CIS) within six
months of commissioning the system and verify if the pipeline is meeting NACE
criteria for cathodic protection. This will be completed in the spring of 2016.

Verified by: Date:

Was action taken effective? l:l Yes l:l No If no, new CA/PA number:

Comments:

Rev.0 07/24/2015
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Attachment to CAR 2015-008
Action Taken / Verification

VGS hired EN Engineering to conduct the indirect inspection of the pipe. EN Engineering provides
"comprehensive and dependable engineering, consulting, and automation services to pipeline
companies, utilities, and industrial customers." EN Engineering reviewed and revised VGS' Direct
Assessment procedure and was hired in 2015 to conduct a direct assessment on multiple sections of
pipe in VGS' transmission system. Their credentials are attached.

EN performed a close-interval survey (CIS), a alternating current voltage gradient (ACVG) survey, and a
direct current voltage gradient (DCVG) survey on the section of pipe installed by HDD. The ACVG survey
found one minor coating defect on the upstream side of the pipe, but the DCVG survey found no
indications. EN concluded that its appears "that this segment of pipe could be adequately cathodically
protected as long as coating damage does not exist anywhere else along the pipe that would raise the
necessary cathodic protection levels" and that "based on the testing, it appears this section of pipe is
acceptable.” They do indicate that the survey is most effective at depths of less than 20 feet. Although
a majority of this section of pipe is greater than 20 feet deep, there is an approximately a 100-foot
portion of pipe that was pulled through the entire hole on the lead end at a depth of 20 feet or less. The
survey did not find any coating defects on this portion of pipe. A copy of report is attached.

In addition, VGS will be commissioning the cathodic protection (CP) system at the gas-up of the pipeline.
This will provide additional protection should any other coating holidays exist on the pipeline.
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A criterion for the confirmation of HDD acceptability from a corrosion engineering perspective is used
to clearly define the acceptability of an HDD installation and includes the following:

¢ Testing results may not be in excess of the following:

® Any single coating indication greater than 80 dBu V.

® More than four (4) coating indications greater than 65 dBu V but less than or
equal to 80 dBu V per 160-ft of individual HDD installation.

" Cathodic protection current demand in excess of 2 ma/ft? for an assumed 98%
effective coating (2% bare); with Close interval survey (CIS)

® Any single location that cannot be polarized (pipe-to-soil instant off
measurement) equal to or more negative than -0.950 Vdc using a protective
cathodic protection current as established above.

EN Engineering employees working on this project have included: Adam Gervasio, Ryan
McCarthy, Corey Mitchell, Dominic Ciarlette and Kristi Sparbanie.

EN Engineering has been performing this type of testing on various projects over the last thirteen (13) or
more years — most significantly with the following companies:

¢ Valero, lllinois— 60-foot depth HDD installation associated with liquids line from terminal to dock
facility

o Enbridge Energy: Line 14 — New Pipeline construction from Construction from lllinois/Wisconsin
border to Griffith, Indiana. Corrosion engineering field inspection of all HDD or bore type
crossings on Line 14 construction®

» Nicor Gas: Multi-year Contract (2001 to 2010) — Various HDD or bore type crossings
inspected as part of corrosion control engineering and cathodic assessment projects.

! Line 14 is routed from Superior, Wisconsin to Griffith, Indiana. Corrosion engineering inspection was only
performed on the lllinois/indiana section of the pipeline construction project. No post construction issues were
found on this section of pipe; however, many post and significant construction issues, related to corrasion control
and cathodic protection, were found on the section of pipeline from Superior, Wisconsin to the lllinois/Wisconsin
border.
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Vermont Gas

2015 ANGP Project Directive Log
Number Date Subject Issued By Disposition*
2015-001 | 8/24/15 | Reporting Potential Vandalism John Stamatov
2015-002 | 8/24/15 | Welding Line Up Clamp Usage Chris LeForce Superseded by
Clarification 2015-004
2015-003 | 8/24/15 | CP Test Stations for the first 11 Chris LeForce
miles
2015-004 | 8/28/15 | Welding Line Up Clamp Usage Chris LeForce Replaces 2015-002
Clarification
2015-005 | 9/1/15 | Construction in Sand Area John Stamatov
Kristy Oxholm on
2015-006 | 8/31/15 | Backfill Compaction behalf of Chris
LeForce
Kristy Oxholm on
2015-007 | 8/31/15 | General Backfill Materials behalf of Chris
LeForce
Kristy Oxholm on Superseded by
2015-008 | 8/31/15 | Adhesion Testing — Field Coating behalf of Chris 2015-011
LeForce
2015-009 | 9/14/15 | HDD Sacrificial Weld Coating Chris LeForce
Pipe Surface Preparation for .
2015-010 | 9/30/15 Sh"rink Sleeve Weld Coating Chris LeForce
2015-011 | 9/30/15 | Adhesion Testing — Field Coating Chris Leforce Replaces 2015-008

*Dispositions: Expired, Superseded, Cancelled
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Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 8/24/2015
Subject: Reporting Potentia Vanddism
Directive Number: 2015 - 001

Upon discovery of any damage to pipeline components, construction equipment or anything dse
associ ated with this project which appears to be a result of vandalism (or the cause of such
damage is unknown and not attributable to normal weer and teer, damage inflicted during routine
construction activities, etc.), the Construction M anagement Team shall be notified as soon as

possible.

The notification should befirst to the on-site inspector and through the chain of command to the
Chief Inspector and Construction Manager. The Construction Manager wil! in turn notify the
Project Manager.

This early reporting will alow for prompt notification of law enforcement authorities, if deemed
appropriate. This reporting will aso alow for redization of trends (i.e., scratiched pipein
multiple different locations) which may influence the Construction Management Team's
decisions in determining a course of action to follow.

Issued by (print): John Stamatov
Signature:

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date
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Vermont Gas

ARNGP PROJECT DIRECTIVE
Date: 8 24 2015
Subject: Cathodic Protection (CP) Test Stations for the first 11 miles

Directive Number: 2015 003 (Revision 0)

Please use the attached documents when installing the CP Test Stations on the first 11 miles of
ARNGP Phase I. The documents included are:

* Proposed CP Test Station Locations

* Corrosion Control Cathodic Protection (2015 VGS Operations and Maintenance
Manual)

*  Two Wire Test Station Detail*

* Four Wire IR Drop Test Station Detail

* The detail included does not indicate the color of the wires for the two wire test station. Use
white wire as stated in the Corrosion Control  Cathodic Protection Procedure in the 2015 VGS
Operations and Maintenance Manual.

Also please notify the VGS Corrosion Technician, Jeremy Bachand, when any installation is
scheduled. He will either inspect the test station during installation or afterwards if he is
unavailable at the time of installation.

Jeremy Bachand
Corrasion Technician

Vermont Gas Systems, Inc.

RO. Bax 4467, Buriingion, YT 054020467
85 Swilt Sreet, Sa. Burkingion, YT 05403
Tel: 8029510333

Cell: 8023094279 Vermont Gas
fox: 8028438671 CLEAN EMERGY CLEAN AR
{bochand@vermon

Issued by (print): Christopher LeForce

Signature: S A /“—_

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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Vermont Gas Addison Rutland Natural Gas Project (ARNGP) - Phase |

Proposed CP Test Station Locations {First 11 Miles} August 14, 2015

Land Parcel
Tast Approx. | Approx Distance
: , 8
Station # | Station | Mile Past etween | Station Type| Location Description Town LL # Landowner
Boxes
0 0+00 0.00 0.00 Two Wire Colchester Launcher Colchester 1.03 [Cade
1 26400 0.4% 0.49 FD:z;Wwe IR Mill Pond Road Crossing |Colchester 202 |Town of Colchester
2 67+00 1.26 0.77 |twoWire |Access Road "C" Colchester 3 State of Vermont
3 109+00 206 0.B0 Two Wire Rt 2A Crossing Essex 5 State of Vermont
4 158+00 299 0.93 Two Wire VELCO 289 Crossing Essex 6 State of Vermont
5 214+00 4.05 1.06 Two Wire Rt. 15 Crossing Essex g State of Vermont
3 240450 4.55 0.50 Two Wire Essex Way Crossing Essex g State of Vermont
7 302400 | 5.71 116 E‘:g; Wire IR }, 89 "Jughandie™ Essex g [state of Vermont
8 356400 | 6.74 103 |Two Wire :2;:“5"' River HDD Essex 14 |Steiner
9 374400 7.08 0.34 Two Wire RR Crossing Willistan 21 CSWD
10 399450 7.57 0.49 Two Wire Redmaond Road Williston 23 CSwD
11 443450 8.40 0.83 Two Wire Redmond Road Williston 30 CSwpD
12 481400 | 9.10 070  [Twowire |MountainViewRd Williston 36 |Town of Williston
Crossing
13 | siaes0 | 982 072 [twowire |vestofCatamountCC, |, ... 00 38 |state of Vermont
Bike Path
14 551400 | 10.43 0.61 ;?;;W"e R | williston Station Williston 41  |Town of Williston

8/24/15 11.40 AM
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Referring Sections:

192.453 — Requirements for Corrosion Control General

192,455  External corrosion control: Buried or submerged pipelines installed after July 31, 1971
192,457  External corrosion control: Buried or submerged pipelines installed before July 31, 1971
192,463 — External corrosion control: Cathodic Protection

192,467  External corrosion control: Electrical isolation

192.469  External corrosion control: Test stations

192.471 — External corrosion control: Test leads

192.473 — External corrosion control: Interference currents
49 CFR 192 - Appendix D

See also following procedure:
Inspection

Corrosion Control procedures, including those for the design, installation, operation and
maintenance of cathodic protection systems, must be carried out by, or under the
direction of, a person qualified by experience and training 1n pipeline corrosion control
methods.

thodi tecti i res

All new steel transmission, distribution and service installations will be reviewed by the
Corrosion Technician, and/or the Manager of Engineering, for inclusion of the proper
cathodic protection devices, anodes, insulators, test stations, etc. Changes or
modifications to new or existing systems shall not be permitted unless the Manager of
Engineering approves such changes.

All new steel pipe installations will have a cathodic protection system designed to protect
the pipeline in its entirety within one year of installation. If any deficiencies should be
discovered, they will be reviewed by the Corrosion Technician and corrective measures
will be recommended.

When practical, the following corrosion control data should be recorded on the initial
survey of a new steel pipeline installation:

Location of All Test Stations

Pipe Coating Resistance - when practical

Protective Current Applied to New Pipe - when practical
Pipe to Soil Potentials of New Pipe

P

Printed as uncontrolled copy. Please verify on VGS server thal you have the most up to datle revision prior to use
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VGS
. Corrosion Control - Cathodic Protection
Operating Effective Date: March 4, 2015
Procedures Page 2 of 9

Electrical isolation shall be designed and maintained with the use of insulating devices
such as insulating unions, flanges, insulating joints, fiberglass shields, casing seals and
link seals. Typical locations where insulating devices should be installed include:

1. Metallic structures, such as bridges, pipe support stanchions, pilings, and
reinforced concrete structures.

Casings and sleeves

River weights and pipe anchors

Gate stations

Service risers

Information gathering systems such as SCADA devices

Sk WL

Coated steel carrier pipe must be electrically isolated from metallic casings with the use
of insulating devices such as casing seals and link seals. Care shall be used when
inserting the coated carrier into the casing to reduce the possibility of damaging the
coating and creating electrical shorts. Electrical isolation shall be confirmed at all
installations.

Electrical insulators are not to be installed in an area where a combustible atmosphere is
anticipated (such as in a vault), unless precautions are taken to prevent arcing.

In areas where fault currents or unusual risk of lightning may be anticipated, such as in
close proximity to electrical transmission tower footings, the pipeline must be provided
with protection from such currents as recommended by the Corrosion Technician and
Manager of Engineering. These protective measures must also be taken at insulating
devices, such as those at gate stations,

The protection from these fault currents shall typically be provided with the installation
of a grounding cell (such as a Kirk Cell) or an isolator/surge protector. These devices act
as an insulator (or isolator) at low DC voltages but conduct AC and high DC fault
currents to ground to prevent potentially hazardous voltages from being developed on the
pipeline.

The following wire types will be used unless otherwise specified:

Galvanic Anodes shall be supplied with a Minimum #12 AWG solid copper wire with
600 Volt T.W. Type Insulation.

Test Wire: This will be #8-12 AWG solid copper wire with 600 Volt T.W. Type
Insulation.

Printed as unconirolled copy. Please verify on VGS server that you have the most up to date revision prior to use.
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VGS
. Corrosion Control - Cathodic Protection
Operating Effective Date: March 4, 2015
Procedures Page 3 of 9

Previous installation may not have followed the current wire color conventions.

The number and location of test points throughout a cathodic protection system shall be
such that they provide sufficient data to determine the adequacy of cathodic protection.
These test points are to be determined by, or under the direction of, a person qualified by
experience and training in pipeline corrosion control methods. Test stations should allow
sufficient access to the pipeline for all necessary tests including pipe-to-soil potentials,
current flows and interference test,

VGS will install and maintain CP test stations to ensure all pipelines are adequately
protected.

Spacing of test stations along the pipeline system will vary widely depending upon the
type of soil, moisture, quality of pipe coating, size of pipe, type of cathodic protection
system, level of cathodic protection, etc. With so many variables involved, the distance
between test stations must be based on the judgment of a person qualified by experience
and training in pipeline corrosion control methods for the specific installation and
conditions.

As a rule of thumb VGS test stations should be located, on average, every one mile along
the transmission system. Test stations will generally be located at road crossings so that
they are accessible and can be maintained. Items that may prohibit test stations from the
one mile average may include large farm fields, swamps, rivers and streams.

Test Station Location Requirements:

When designing new installations, test station leads must always be installed at the
following locations:

Pipe Casings

Insulating Joints

Galvanic Anode Installations

Rectifier/impressed Current Anode Installations

As directed after review by the Corrosion Technician

oo o

Casing Test Stations:

Any installation where steel carrier pipe is inserted into a steel casing requires a test
station with leads from both the carrier pipe and casing. Casing test leads will be blue

Printed as unconirolled copy. Please verify on VGS server that you have the mast up to date revision prior to use.
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VGS
. Corrosion Control - Cathodic Protection
Operatmg Effective Date: March 4, 2015
Procedures Page 4 of 9

#8-12 AWG wires and pipe test leads will be black #8 12 AWG wires.

Specific locations and use of stations shall be specified by the Corrosion Technician.

Two-Wire Test Station:
Two-wire test stations will contain 2 white #8-12 AWG wires.

The Corrosion Technician shall specify locations and use of stations.

Four-Wire Test Stations:

Four-wire test stations are generally used to test the pipe on either side of an insulated
coupling or other insulator. Black #8 10 AWG wires will be used on one side of the
insulator; white #8-10 AWG wires will be used on the other.

The Corrosion Technician shall specify locations and use of stations.

Current Measuring Test Stations (IR Drop):

The Corrosion technician shall specify locations and use of

stations, Special Test Stations:

On occasion, specific situations may dictate the use of special test stations not outlined in
the procedure. The arrangement and location will be specified by the Corrosion
Technician for each special installation.

Test lead wires are required for various corrosion control testing and monitoring
operations after pipe installation. Test wires must be securely attached to the pipe or
structure and must be instalied in the configuration recommended.

nectjo t i truct :

Connection of test wires to pipe or structures must be of such a nature as to maintain
mechanical strength and electrical continuity.

The only acceptable method is the thermite connection.

Thermite Connection (Cadweld) - The thermite connection for STEEL should use ONLY

Printed as uncontrolled copy. Please verify on VGS server that you have the most up to date revision prior {0 use.
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VGS
. Corrosion Control - Cathodic Protection
Operating Effective Date: March 4, 2015
Procedures Page 50f 9

15 gram F-33 alloy charges. For #8-12 AWG wire, use cartridge 15P. The powder is
copper oxide and aluminum.

Thermite Welding of Wires:

USE CAUTION WHEN MAKING THERMITE CONNECTIONS NOT TO BREATHE
ANY FUMES GENERATED DURING THE PROCESS.

Manufacturer’s instructions should be consulted. The wire shall encircle the pipe at least
once and then be knotted at the top pipe surface to provide a strain relief for the
connection. The end of the wire to be attached shall be prepared as follows:

a. For #10 AWG solid anode wire, approximately 3" of the end shall be stripped and
the conductor doubled over to provide a 1 ' " connection end.

b. For #8 AWG or #6 AWG copper test wire, approximately 1 4" of the end shall be
stripped and twisted tight and inserted into a copper sleeve supplied with the kit.
Compress the sleeve so that it remains firmly on the wire. The thermite welder
mold shall have a metal disk and a weld charge placed in the chamber. The mold
shall be seated on the cleaned pipe surface, and the wire shall be inserted into the
mold slot to its full depth. While the mold is held firmly in place, the charge is
ignited and then allowed to cool approximately 15 seconds so the molten metal
may solidify. After removal of the mold, the connection shall be tested for
strength by striking it sharply with a hammer. After cooling, all thermite
connections shall be coated with primer and wax tape or other approved coating
methods.

Recoating of Pipe and Wire at Thermite Connection:

For steel pipe, after the thermite weld has cooled sufficiently, prime and tape the weld
and adjacent area to provide a coating of similar integrity and strength of mill-applied
coating.

Minimizing Stress Concentration:

The test wires shall be securely tied around the pipe so that the connection point will not
be affected by any undue stress on the wires and to minimize possible stress
concentration on the pipe. Sufficient slack shall be allowed in the installation of all test
wires.

Printed as unconlralled copy. Please verify on VGS server that you have the most up to dale revision prior to use
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VGS
. Corrosion Control - Cathodic Protection
Operating Effective Date: March 4, 2015
Procedures Page 6 of 9

Mechanical Connections:

In areas involving leak repairs where residual gas is present, a mechanical clamp may be
substituted for a thermite connection. This clamp will be designed specifically for the
installation of a sacrificial anode.

Mechanical Splicing Connections:

Mechanical connectors shall be utilized to make wire-to- wire connections either in-line
or branch. In-line connections shall be made with a water proof wire connector, while
branch connections shall be made with a split-bolt connector. Split-bolt connectors allow
branch connections from a header cable without cutting of the header cable itself,
requiring only removal of insulation.

Impr rremt tems:

Impressed current systems shall be utilized to protect large underground structures or
distribution systems where stray currents on adjacent foreign structures would not be a
serious problem. Ground bed design and rectifier selection are the responsibility of the
VGS Corrosion Technician or corrosion consultant. Owners of adjacent underground
metallic structures shall be notified before such systems are energized.

Ivani :

Design and layout of galvanic anode systems shall be the responsibility of the Corrosion
Technician or corrosion consultants. Such systems are preferred for smaller sections of
pipeline and in areas where stray currents generated by an impressed current system may
cause serious damage to other underground metallic structures and where soil conditions
permit with respect to resistivity of soil.

Installation of Anodes includes but is not limited to extra depth excavation, cadwelding,
connecting, coating and wrapping, wetting, conduit, drip box, and terminal box. Do_
not connect anodes directly to the pipe under any circumstances, unless approved by the

Corrosion Technician.

Efforts shall be made to install anodes parallel to the pipeline at least two (2) feet from
the center of the pipeline, and at a distance of ten (10) foot centers when possible.

Anodes will be buried to an elevation of at least one (1) foot from the bottom of the
pipeline to the top of the Anode.

Each anode wire lead will be connected to a collector cable (A.W.G. #8-10AWG solid

Prinled as uncontrolled copy. Please verify on VGS server that you have the most up o date revision prior to use.
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VGS
. Corrosion Control - Cathodic Protection
Operating Effective Date: March 4, 2015
Procedures Page 7 of 9

copper with thin type insulation) which shall be installed parallel to the pipeline and over
the anodes. Connection to the cable to be made with split bolt copper connectors for #8-
12AWG. Connectors shall be wrapped.

Two #8-12AWG main leads shall be attached to the pipeline by the cadweld method.
The wires will be two (2) feet apart on the pipeline. The two main leads and collector
cable will be terminated together in either a test box or a post mounted terminal box.

When possible, wet the anodes before backfilling. Particular care must be taken in
backfilling to ensure the wires are not severed, or damaged.

Insulated Fitti | Coupli

If the corrosion process is to be stopped, it is necessary to break the electrical path or
continuity between the gas pipe and all metals cathodic to it. This is done by installing an
insulation fitting between the metals. Insulating couplings, tees, flanges, and other
insulating fittings are used to break the electrical path. The insulation fitting and the pipe
adjacent to it must be well coated to eliminate exposure and a reverse coupling effect.

A. Coated steel pipe shall be insulated from the following structures:

House piping
All other pipelines or structures

l. Unprotected pipe

2. Bare steel pipe

3. Cast and ductile iron pipe
4., Copper pipe

5. District regulator vaults
6. Casings

7.

8.

The insulating end of insulating fitting shall go on the side towards the
unprotected pipe.

A reasonable effort should be made to test insulating fittings after installation.
When non-insulting compression fittings are used, the pipe ends shall be
thoroughly cleaned to bare metal to insure metallic contact with the fittings.
Steel main inserted into a casing shall have "insulators" installed.

m oo w

Approved insulated fittings and couplings shall be used to electrically isolate new piping
from old piping. Where new coated steel piping will be connected to either old bare steel
or cast iron piping, an insulated fitting or coupling must be used. The Corrosion
Technician shall have the responsibility of determining the need for an insulated fitting or
coupling in all other applications. Insulated fittings and couplings shall be installed by

Printed as uncontrolled copy. Please verify on VGS server that you have the most up 1o dale revision prior lo use.
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VGS
. Corrosion Control - Cathodic Protection
Operatmg Effective Date: March 4, 2015
Procedures Page 8 of 9

closely following the manufacturer's directions.
Wire and Cable:

Wire and cable shall be suitable for the particular applications. Galvanic systems may
utilize standard #8-12AWG wire with THW grade insulation for all underground and
above-grade wiring. Impressed current systems may utilize #8-12 AWG wire with THW
grade insulation for test wires. SBAWG may be utilized for the negative rectifier cable.
However, cable attached to the positive rectifier terminal and used for direct burial in a
ground bed shall be cathodic protection cable with High Molecular Weight Polyethylene
(HMWPE) insulation. Actual cable size shall be determined by the Corrosion Technician
for each installation.

Where underground wiring is to be direct-buried, the surrounding backfill shall be hand-
shoveled, rock-free material. Minimum cover for underground wiring in a trench shall be
18".  All wiring shall be inspected for damage to the insulation. Galvanic systems may
have insulation repaired by taping with electrical tape. Impressed current systems shall
not use any cable which, in the opinion of the Corrosion Technician, has excessive
insulation damage. Where impressed current cable is deemed to be repairable, only resin
type splice kits or cable sleeves that can be heat-shrunk shall be used to repair the defect.

Connections and Splices:

Thermite Weld Connections:

Thermite weld connections shall be the preferred method of attaching cable or wire to

underground steel pipes or structures. Refer to specific instructions regarding thermite
welding procedures above. The thermite weld is a fusion weld of the conductor to the

surface, using a special alloy with a minimum heat effect on the structure,

Mechanical Connections:
In areas involving leak repairs where residual gas is present, a mechanical clamp may be

substituted for a thermite weld connection. This clamp will be designed specifically for
the installation of a sacrificial anode.

Splice Coating - Impressed Current Systems:

Connections in impressed current ground beds are susceptible to consumption if they are
not insulated from the underground electrolyte, so specially manufactured splice kits are
used on these connections. Two types of kits are available:

l. Resin Splice Kits. A pre-formed mold is snapped over the connection, and an

Printed as uncontrolled copy. Please verify on VGS server that you have the most up to date revision prior to use.
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VGS
. Corrosion Cantrol - Cathodic Protection
Operatmg Effective Date: March 4, 2015
Procedures Page 9 of 9

epoxy resin is mixed and poured into the mold and allowed to harden and
encapsulate the connection.

2. Fold-Over Splice Kits. A symmetrical sheet of elastomeric compound with a
depression on each side. The connection is primed and depressed into the
encapsulating gel on one side, while the other half is folded over to seal the
connection.

Splice Coating - Galvanic Systems:

All splices shall be coated by one of two methods:

1. Immersed in mastic and allowed to dry.
2. Immersed in primer and allowed to dry; wrapped in electrical or cold-applied tape to
cover.

Temporary installations;
Temporary installations are defined as those installations not to be in service for greater

than five years beyond installation, need not be cathodically protected if corrosion on that
pipeline during that five year period will not be detrimental to public safety.

Cathodic Protection Criteria

The criteria for cathodic protection and determination of measurements used by VGS are
as described in 49 CFR 192 - Appendix D.

Printed as uncontrolled copy. Please verify on VGS server that you have the most up to date revision prior to use.
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Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 8 28 2015
Subject: Welding Line Up Clamp Usage Clarification

Directive Number. 2015-004

The Butt Weld procedures used on this project (WPS-VGS-B-2 2014-2; WPS-VGS-X-65-2
2014-2) indicate that the use of an external line up clamp is allowed, but not required. This
directive serves as a notification that the use of an external line up clamp is required on all main
line girth welds on this project except when it is not feasible due to situations where the contour
of a fitting does not allow use. In such cases the weld will be fitted up in a manner that does not
place undue stress on the weldment. This is also stated in the Technical Specification Section
137000 Welding in Part 3, Subsection 3.3(B).

If another situation arises where use of a clamp is not feasible, then it must be reviewed and
approved by the Construction Inspection Team and VGS Operations.

The clamp shall not be removed until a minimum of 50% of the root bead has been placed,
according to the instructions in the WPS and Section 137000 Welding.

This Project Directive replaces 2015-002.

Issued by (print): Christopher LeForce

Signature: %//’ 8fprhors

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.

s No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments



Vermeont Gas

ARNGP PROJECT DIRECTIVE

Date: 9/1/2015
Subject: Construction in Sand Area

Directive Number: 2015 005

In3.5(B) Bedding and Backfilling of Section 312333 Trenching, Pipe Laying, and
Backfilling of the Technical Specifications: pipe supports shall be installed in all locations prior
to backfilling, unless otherwise directed by the Construction Management Team.

This document serves to direct the construction without pipe supports in the sand area from
station 240426 to station 279475, as the uniform sand in the trench meels requirements for select
backfill.

Issued by (pri t): John ta atov

Signatur /6/ r

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date
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Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 8/31/2015
Subject: Backfill Compaction in Typical Cross-Country Areas
Directive Number: 2015 006

In 3.5(D)(1) Bedding and Backfilling of Section 312333 Trenching, Pipe Laying, and
Backfilling of the Technical Specifications, it states that the pipe trench in typical cross-country

areas shall be thoroughly compacted by mechanical means to avoid any future trench settlement.

In these cross-country areas, the trench can be compacted by mechanical means using an
excavator bucket,

Compaction shall occur when there is at least 12” of sand padding and 12" of general backfill
above the pipe and at a maximum of 24" lifts thereafter. Final compaction at grade can be
completed using either an excavator bucket or the tracks of a piece of excavating equipment.

The use of an excavator for mechanical means of compaction in cross-country areas is typical in
transmission line construction,

Issued by (print): Kristy xholm (for Christopher LeForce)

Signature:

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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Vermont Gas
ARNGP PROJECT DIRECTIVE

Date: B/31/2015
Subject: General Backfill Materials
Directive Number: 2015 007

In2.1(B) Materials of Section 312333 Trenching, Pipe Laying, and Backfilling of the
Technical Specifications, it states native materials containing no stones or clods larger than 3" in
the longest dimension are acceptable for general backfill. This directive will serve as notice that
native materials containing no stones or clods larger than 6” in the longest dimension are
acceptable for general backfill.

The VGS Operations and Maintenance Manual in the Trenching and Backfilling Procedure
allows for this change to the specification and now the two documents will be consistent.

Issued by (print): sty xholm (for Christopher LeForce)

Signature:

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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Vermont Gas

ARNGP PROJECT DIRECTIVE
Date: 9 14/2015
Subject: Sacrificial Weld Coating on HDD Installations

Directive Number: 2015 009

For added abrasion resistance on horizontal direction drill (HDD) installations, Canusa’s Wrapid
Shield™ XL shall be installed over the Powercrete® R-95 coated weld. Please follow all
manufacturer’s instructions regarding the installation of both coatings and ensure the coatings are
installed by qualified contractor personnel. All installations shall be observed by an inspector
from the VGS Construction Inspection Team. Also ensure that at least one adhesion test is
completed on the Powercrete® R-95 coating before the Wrapid Shield™ XL is installed.

At least one weld coating shall be visually inspected and jeeped after the pullback operation.

Attached for added reference is a memo explaining the use of additional abrasion resistance
coating, along with the installation guide and product data sheet for the Wrapid Shield™ XL.

[ssued by (print): Christopher LeFo e

Signature: % ‘?/‘%z«ﬂs

This directive expires an 12/31/2015 unless superseded or cancelled prior te that date.
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MEMORANDUM
TO: Addison Rutland Natural Gas Project (ARNGP) File
FROM: Christopher LeForce
DATE: September 4, 2015

RE: Use of sacrificial coating over primary weld coatings on horizontal directional
drilling (HDD) installations

Vermont Gas Systems, Inc. (VGS) is proposing to use a sacrificial coating over the
primary weld coating on (HDD) installations. VGS is using Powercrete® R-95 liquid
epoxy for the primary corrosion protection at the welds. The R-95 is a single coat,
100% solids, high build epoxy novolac that coats pipelines. As an abrasion resistant
overlay (ARO) it is compatible with fusion bond epoxy (FBE) and CTE mainline
coatings. The purpose of the sacrificial coating is to add additional protection to the
weld coating during pullback of the pipe during the HDD process.

In HDD installations, a typical corrosion coating, like FBE, cannot be used because of
the potential for the coating to be damaged down to bare metal. For that reason
either an ARO coating is used over the FBE or a harder, more durable coating is
used. The line pipe is coated with a two-layer system, a FBE coating under an ARO
coating, which is the sacrificial coating. In a similar manner, VGS is proposing to add
a sacrificial coating over the R-95 coating to provide additional protection,

VGS is proposing to use Wrapid Shield™ XL manufactured by Canusa-CPS, a Shawcor
Company. Wrapid Shield™ XL is a fiberglass cloth, pre-impregnated with a resin
that can be activated by salt or freshwater to coat and protect any diameter of pipe
within minutes. The product is formulated to resist shear, impact and abrasion on
pipe coating systems above and below ground such as fittings and joints on all mill-
coated pipe and as an outer wrap over heat-shrinkable sleeves for added mechanical
protection.

The purpose of the pipeline coating is to provide a barrier between the steel pipe
and the elements that can cause it to corrode or rust. The coating is the primary
corrosion control method of protection the pipe. If there is a coating break or
holiday, then the pipe is protected by the secondary measure of cathodic protection
(CP).

The question that has been brought up is does applying this type of coating cause
cathodic shielding. Shielding is caused by an external material that prevents the
cathodic protection (CP} current from getting to the steel pipe. Technically,
properly applied coating fits into the definition of cathodic shielding because it does
not allow any connection with a foreign material. In order for CP to work you need
a full circuit for the current to flow from the pipe to the soil and back. Other foreign
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materials can cause shielding which include plastic sheets with no adhesion, tree
roots, rocks, soil, improper backfill/compaction, casings, and any other high
resistance materials.

As supported by a letter from Steve Anderson (NACE CIP2 # 25805) of Shawcor,
dated August 12, 2015, a properly applied coating will not cause cathodic shielding,
In this case when both coatings are applied correctly and appropriately tested to
ensure no holidays, this will not cause a cathodic shielding condition. The sacrificial
coating of the Wrapid Shield™ XL will help protect the primary coating of the R-95
from damage during the HDD pullback.

The primary coating of R95 will be applied per manufacturer's procedures,
inspected by the construction inspection team, and properly checked for any coating
holidays before the wrap is applied to ensure the integrity of the coating. After the
installation of the pipe is complete, at least one coated weld will be inspected per
the VGS inspection criteria,

In conclusion, the Wrapid Shield™ XL will help ensure the primary coating is
protected and can function as designed in protecting the steel pipe. If the sacrificial
coating is not used, there is a higher potential of having coating holidays in the
primary coating and it would not be able to function properly. In this case the
secondary corrosion control method of CP would be used to protect the pipe, In 49
CFR Part §192.461 External corrosion control: Protective coating, it states "if coated
pipe is installed by boring, driving, or other similar method, precautions must be
taken to minimize damage to the coating during installation.” Using the Wrapid
Shield™ XL is the best method of minimizing the damage to the primary coating
during installation.
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Wrapid Shield XL

Fiberglass Mechanical Protection for Field Joints on Directionally

Drilled Pipelines

Product Description

1 B nstoller Kit |

<

Nitnle Glaves
Wrapid -
Shield XL Camgr 1300

Equipment List

-

Wrapid Shield XL is supplied within the
kit and is conlained in a hea! ealed
foil pouch.

Installer Kit

An Installer K_is supplied sep rate
and includes C mpression Fl uncr
Nitrile gloves.

For heot-shrinkoble sleeve corrasion
coalings yse the Conusa product spe-
cific installation guide.

Approprigle tools for surface abrason
and preparalion {wire brush power wir
brush or grit blaster, abrasive paper 40
80 gril), Knife, hnt fres rogs, app oved
solvent and waler spray bottle Siandard
sofely equipment gloves, safety g o se
hard hat, etc.

Outer Wrap
Application Wropid Shield XL

Waier is needed to oclivate Wrapid
Shield XI.. Open the foil pouch, remove
the rall. Once opened, the product can-
nol be repackaged. Wropid Shield XL is
activaled using o waler sprayer to mist
and wet each ?ayer as il is wrapped.

(0 CANUSA-CPS

A SHAWCOR COMPANY

Surface Preparation

:

Clean exposed sleel ond odjocent
pipe coating with on opproved sol-
vent (Acelone, MEK, Alcohol >96%) to
remave the presence of oil, grease, and
other conlaminants f present. Ensure
that the pipe is dry prior fo mechanical
cleaning

!
L

Starhng ol the irailing end of the field
(o, begin Ihe application ol a distance
of 50mm (2"} past the inner corrosion
coating and exend the wrap 150 mm
{6"} beyond the corrosion coating on
the leoding edge Apply the first wrap
circumferentially urountr the pipe at @
90 ongle then begin spiral wrapping
with a 50% overlap following the wrop-
ping guideline that is printed on the roll.
Ap{:ly pressure during application b
ul ing firmly on the roll as i is applied.
queeze anJ mold firmly in the direction
of the wrap uniil tight

Surface Preparation

F)

Surface preporotion shall be os required
for the specific corrosion coaling used in
conjunclion with Wrapid Shield XL.

%3
\WroP® K

=

4
Wtﬂp’z &

L=

End with o circumferential wrap applied
at 90° to the pipe For high shear or
impact requirements, additional loy-
ers may be required. To creale thinned
edges for directiona) drilling, reduce the
overlop in the last 100mm - 150mm of
the edges to 10-20% rather than 50%.

INSTALLATION GUIDE

canusdacps.com
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Apply compression film in the some
direction as the previous loyers with
a 50% overlap Stot min  50mm
{2") beyond the outer edge of the
Wrapid Shield XL, pulling firmly during
applicalion

NOTE: Compression film should be
ugplied before excess fooaming is
observed from the Wrapid Shield XL.
A second installer shauld begin this
step and follow the Wrapid Shield
XL installer(s) os they progress with
the wrapping of the pipe. The resin
should be compressed and the film
perforaled as quickly os possible.

Perforate the compression film using o
wire brush {or other perforating device)
by iapping firmly on the tape with the
meial bristles. Perforation allows the
CO? gas generated by the curing pro-
cess to escope Compression film may
be removed afier molerial hordens and
either discarded or iefi in ploce

Prior 1o Pulling

Allow the Wrapid Shield XL to reach a
Shore O Hardness of 70 prior to pull-
ing Wrapid Shield XL is fuﬁ cured ot o
Shore D Hardness of 83 @ 72°F

Note: If helidoy inspection s
required it must be done after instal-
lation of the corrosion coulina prod-
uct is installed because the holiday
detecior with jeep on residual mois-
ture in the Wrapid Shield XL installed
praduct.

Storage & Safety Guidelines

To ensure moximum performance, slore
Conusa preducts in a dry, ventilaled area
Ka":[p producis seoled in original cartony

and cveid exposure ta direct sunkight, roin,
wnow, dust or other odverss environmental
alements. Avoid prokmg(e:d slorage of
temperalures chove 35 l‘95'F) or below
-20°C [-4"F} Product instollation should be
done 1n occordance with locol heolth ond
solety regulalions.

Thass installation insiructions are
intended as a guide for stundard
products, Consull your Canuse
rapresenictive for specific projects or
unique applications,

Canusa-CPS
A division of ShawCor Ltd.

Head Office
25 Bethridge Rd.
Toronto, ON M¥W 1M7 Canada

Tel: +1 4167437111
Fex; +1 416 743 5927

Canada
Suite 3200, 450 - Tst Street 5. W,
Calgary, AB T2P 5H1 Canada

Tel: +1 403 218 8207
Fax; +1 403 244 3649

Americas
2408 Timberloch Place, Building C-8
The Woodlands, TX 77380 USA

Tel: +1 281 347 8846
Fax: +1 281 367 4304

Europe, Middle East,

Africo & Russio

Unit 3, Sterling Park,

Gatwick Rocd, Crawley, West Sussex
RH10 2QT United Kingdom

Tel: +44 1293 541254
Fax: +44 1293 541777

Asia-Pacific

101 Thomsen Road,
#11-03 United Square
307591 Singapore

Tel: +65 6749 8918
Fax: +65 6749 8919

Canusa-CPS is registered
10 ISO 9001:2008

Cantso warranis thal the product conforms
1o it charnicel and physical description
and is oppropriaie for tha u1a stated on the
installotion guids when used in complience
with Canusg’s written instructions. Since
many instailalion fociors are beyol

our control, the user shall delermine the
suitability of the produds for the intended
use and assurma all risks and liobilties in
conneclion therewith, Canusa’s Nability is
stated in the stondord terms and conditions
of safe. Canusa makes no other warre
sither expressed or implied. All informetion
contained in this installation guide I 1o be
used a3 o guide ond is subject fo change
without noh:Tl Thil_inslnllmiolg'?uide e
supensedes all previous installation gui

on this product, ESOE ¢

Parl No. $9040-228
1G_Wrapd Shield XL revD10

(0) CANUSA-CPS

Pipeline corrosion
Pratection
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2880 Bergey Road, Suite F - Hatfield, PA 19440 - Ph 877 373-0118 - Fx: 888-850-3787
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PRINCIPAL MANUFACTURERS

AY. MCDONALD MFG. COMPANY is the leading manufacturer of Plug and Ball style Gas Meter Shutoff Valves utilized in both
residential and commercial applications up to 175 PSIG. A.Y. McDonald offers a variety of Integral Valve and Standard Configuration
Meter Bars including single and multiple residential By-Pass Meter Bars and the newly developed Industrial By-Pass Bar. A full line of
straight and off-set Meter Swivels, Meter Nuts, and Meter Plugs are also available in black malleable iron or a galvanized finish. 3 Part
Unions in *4” thru 2” diameters are also manufactured in a BMI finish.

BOHMER!

BOHMER is a worldwide leader in the manufacturing of forged, fully welded, trunnion mounted style ball valves for a vanety of high
pressure field applications. Nearly 60 years of German engincening and design have resulted in a state of the art production facility and
one of the highest quality, flange welded end valves available on the market Bohmer Valves are available in diameter sizes ranging from
2" thru 56" with ANSI Class 150 to 1500 nominal pressure ratings, and made in accordance with API 6D standards.

() CANUSA-CPS

CANUSA-CPS is the global leader in field applied corrosion protection systems CANUSA Heat-Shrinkable Sleeves include Wraparound

and Tubular Sleeve Systems and Tapes. CANUSA also offers HBE-95 Liquid Epoxy Coating for all your field joint coating needs.
ANUSA products are also specified for a vanety of specialty apphcations including Directional Drillings, Casings, Bridge Crossings,

+ ater/Wastewater fittings, and elbows. CANUSA also recently developed Wrapid Shield™ PE, a ligh impact resistant rockshield to

protect your corrosion coatings.

CCI PIPELINE SYSTEMS specializes in providing a complete line of Casing related products for the Gas, Qil, Water and Wastewater

Industries offering Wrap-It Link Seals, High-Density Polyethylene, Carbon or Stainless Steel Casing Spacers, and Neoprene Rubber End
Seals for Casing Pipe and Wall Penetration applications.

CHASE
Pipeline Products

CHASE CORPORATION is a leading manufacturer of field applied coatings and tapes for the natural gas, oil, water and wastewater
industries. Chase’s pipeline coatings division sells the highest quality and well respected brand name products including the Tapecoat
® and Royston ® suite of corrosion protection products, Their extensive product lines include a vanety of Cold and Hot Applied Tapes,
Sealants, Protective Outerwraps, Liquid Epoxies, Mastics, Petrolatum Wax Tapes and Casing Fill products and services.

CITADEL

TE HNOLOGIES

CITADEL TECHNOLOGIES is the leading developer and only manufacturer of the Diamond Wrap suite of products on the market.
The Diamond Wrap HP, Diamond Wrap and Black Diamond systems consist of a 100%0 Solid Epoxy coupled with a Bi-Directional
Carbon Fiber Wrap. Our Carbon Fiber Composite Repair Systems are extremely low profile and unmatched in structura) integrity used
to completely restore corroded/eroded piping systems to their ongmal MAOP without service interruption.
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PRINCIPAL MANUFACTURERS

DENSO is an internationally recogmzed leader in corrosion prevention and sealing systems for new and rehabilitation applications.
DENSOQ developed the original Petrolatum Wax Tape and they have completed successful applications for over 75 years. DENSO’s suite
of corresion products include: Petrolatum Wax Tapes for above/below grade applications, fast curing Protal Liquid Epoxies for standard
and LOW TEMP applications, Bitumen and Butyl Tape systems, and Sealing/Molding products including their Profiling Mastic for
irregular shaped valves and flanged connections.

ERICO

ERICO is the worldwide CP connections leader ERICO was the first to develop the exothermic welded electrical connections that will
never loosen, corrode or increase in resistance The remotely detonated, CADWELD  PLUS system is the latest advancement in
welded connections providing your crews with simple and quick installations from outside the ditch

B
alas i
Ch

GLAS MESH CO. manufacturers and supplics a complete line of Fiberglass Reinforced Plastic (FRP) Corrosion/Abrasion control

sducts for a variety of pipeline applications such as Bridge Aerial Crossings, Compressor/Pumping Stations, and Meter Sct/Station
piping applications. Glas Mesh products include the FRP Shiclds, Spacers, Saddles, Flatties, Casing Insulators, Coated U-Bolts and EPI
Scam-Sealer.

1 BRAIN
1ty

LB&A manufacturers a variety of Non-Conductive Pipe Rollers, Pipe Hangers, and related support hardware for pipeline Bridge
Crossing applications. LB&A's Hangers and related support hardware are available in a varicty of corrosion prevention finishes including
stainless steel and a proprictary BLUECOAT system. LB&A products have been proven to provide long-term durability, weatherability
and performance.

LIBERTY COATING COMPANY
A Liberty Group Company

LIBERTY COATING COMPANY, LLC is the Northeast leader in the application of anti-corrosion coatings for the gas, oil, electnc,
water and wastewater industries. In addition to our PRITEC® coating system, Liberty applies ID OD Specialty Paint and Lining Systems
and provides Pipe-Type Cable Flaring and Coatings. Liberty Coating is located on 35 acres with Rail and Truck access Pipe Handling,
Cutting, Storage, and Logistical Freight Services are also available.

D
Q

LIBERTY SALES & DISTRIBUTION, LLC offers products from the pipeline industries leading manufacturers of HDD coating
systems. These include the liquid epoxy coatings Powercrete J, Powercrete R-95, Denso ARQ, Warrior 100, as well as the Canusa DDX
heat shrink sleeve system  Liberty Sales readily stocks these coating systems, ensuring quick response and timely delivery

LIBERTY SALES & DISTRIBUTION

Directional Drilling Coatings
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PRINCIPAL MANUFACTURERS

LIBERTY SALES & DISTRIB TIOM
Pipeline Markers

ST
©

LIBERTY SALES & DISTRIBUTION, LLC can provide you with all your marking needs for both underground and above ground
infrastructure. The Liberty Dome Post, Test Station, Vent Casing Post, and Flat Marker Post are all made from impact resistant, UV
stable plastics and resins that will provide long term marking protection They are available in standard lengths and colors.

\“\ LIBERTY SALES & DISTRIBUTION
Pipeline Pigging Products

LIBERTY SALES & DISTRIBUTION, LLC serves the pipeline industry by distributing a wide selection of pipeline pigging products
and accessoties. Our pipeline pigging products are available in most sizes for cleaning, swabbing and batching solutions for your

pipeline  Whatever the job requires, Liberty Sales can provide the proper pig, pig launcher or pig tracker, each customized to the
customers specifications.

LIBERTY SALES & DISTRIBUTION
Liberty HD Rockshield

LIBERTY HD ROCKSHIELD® provides high impact and abrasion resistance to protect all of your underground pipeline infrastructure
reds. Made from a random looped, lead free, PVC material, this high-density rockshield will save you money by eliminating the need
.or select back fill, and provide long term abrasion resistance for the life of the pipeline, We will custom cut most orders to help reduce

waste on your preject. Liberty Sales and Distribution also provides a variety of lighter weight rockshields to meet all your underground
pipeline protection needs.

‘sﬁl‘.

M"’% LIBERTY SALES & DISTRIBUTIOM

Tracer ir* & Cathodic Protection

LIBERTY SALES & DISTRIBUTION, LLC supplies a variety of solid/stranded copper Tracer Wire and CP Wire for your damage
prevention and corrosion protection needs Cur HMWPE Tracer Wire is insulated with a rugged, moisture resistant High Molecular
Weight Polyethylene (HMWPEY) ideal for direct burial applications in the Gas, Fiber Optic, Water and Wastewater Industries Our CP
wire is available in #2 - #8 sizes along with a varicty of color options. Custom markings and packaging is available upon request

MONTI TOOLS INC. preduces high quality surface preparation tools that provide consistent profile depth for field joints and countless
other applications. The Monti Bristle Blaster Kit is available in both electric and pneumatic models with a wide selection of

attachments. They are widely used in both shop and field applications and can provide SSPC-SP10 surface cleanliness and anchor profile
up to 4.7 mils depending upon the substrate,

MM
o Thon
cown

PIPELINE INSPECTION COMPANY produces a host of pipe inspection products including the well known SPY Holiday
Detector. Each of the SPY Portable Holiday Detectors offer an indefinite adjustable voltage settings range including the Model 780
(1kV-5kV), Model 785 (1kV-15 kV) and the Model 790 (5 kV-35 kV). The positive ground light and audible alarm features are designed

with safety in mind and the rugged ergonomic design and easy installation batteries makes for the most efficient and rehable Jeep on the
market.
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PRINCIPAL MANUFACTURERS

U TECO AMERICAS

TECO AMERICAS - The FireBag Thermal-activated Gas Shut-off Device automatically turns off the gas supply in the event of a fire
preventing explosions and the spreading of fire. In the unfortunate event of a fire when the external ambient temperature of The Firebag
reaches 203-212 F (95-100 C) the metal alloy that keeps the plug & cartridge together melts. Then the spring pressure pushes the plug

against the gas opening closing it completely No fire or heat detectors are required to automatically intercept gas flow. Meets AGA/CGI
ANSI Z21 15, DIN 3586 and UIE EN 1775 standards for mdoor gas installations

Western Technology

[uplasion Proof & LowVoltape Lighting Towdatits
& Inchusiry"s Mo Compieta Lirw of Dasdrhan Liyle furhete Cortrol

WESTERN TECHNOLOGY INC. 1s the premier manufacturer and supplier of Explosion Proof and Low Voltage Lighting

products, serving a variety of industries The NEW UL Approved, CLASS 1 DIV I BRICK Light offers brilliant white LED lighting

with safety and ‘kick it tough™ durability The BRICK Light provides superior lighting with minimal heat generation even after hours of

operation Western Technology also provides a complete line of Explosion Proof Products for a variety of applications in hazardous

locations
A

P
GODARD
CURRAN

WOODARD & CURRAN has successfully served the energy market for over 20 years providing a broad scope of regulatory,
environmental, and construction support services with clients specializing in the generation, transmission, distribution, and the storage of
Iy Woodard & Curran’s expenence includes electricity, natural gas petroleum, nuclear energy, heat/power, and the renewable

encrgy sectors  Typical services include: design engineertng, linear project routing and permitting, site evaluations, feasibility studies,
regulatory compliance, wetland use and resource permitting, mapping and GIS services.

CONTACT INFORMATION

Corporate Office:

Liberty Sales and Distribution, LLC
2880 Bergey Road, Suite F
Hatfield, PA 19440

Phone: (877)373-0118

Fax: (888) 850-3787

www.libertysales.nct
www.libertyhd.net
www.libertymarkers.nct

Tracey Rocchino
Office Manager
Email: trocchino@libertysales.net

Tracy Nixon
Inside Sales Representative
Email: tnixon@libertysales.net

ia Rorer
nside Sales Representative
Email: jrorer@libertysales.net

Regional Offices:

New England Territory

Wally Armstrong

Cell:  (978) 815-8336

Email warmstrong@@libertysales.net

Mid Atlantic Territory

George Rocchino

Cell:  (267) 767-9423

Email grocchino@libertysales.net

Southern Territory

Lou Taylor

Cell: (267)664-8177

Email. ltaylor@libertysales net

Northern Territory
Shanc Quackenbush
Cell (518) 441-5532

Emaif  squackenbush libertysales.net

Outside Sales Consultants:

Mid Atlantic Territory

Chuck Lang IV

Cell:  (213) 350-9990

Email: clang4(@libertysales.net

New England Territory

John Maher

Cell:  (207) 650-5740

Email: jmaher@libertysales.net
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CANUSA-CPS
W a ‘d Sheld™
XL/XL-FC

Fiberglass Mechanical Protection for
Field Joints on Directionally Drilled
Pipelines

Wrapid Shield XL/XL-FC is a fiberglass cloth, preimpregnated

with a resin that can be activated by solt or freshwaler io coot

and protect any diometer of pipe within minutes. The product is

formulated to resist shear, impact and abrasion on pipe coating

systems above and below ground such as fitt ngs and joints on

all mill-coated pipe and as an outer wrap over heat-shrinkable

sleeves for added mechanical protection. Applications

Superior Mechanical Protection

* Provides unparalleled protection aga’nst impact, indentation, Oil & Gas
abrasion, punctures and teors that may result from directionol
drilling, rough handling, native backfills or severe in-service

conditions Onshore Pipelines
* Designed 1o protect the underlying field joint coating from the effect
of forces associated with directional drilling.

Chemical Resistance Offshore Pipelines

» Resistant to corrosive salt woter, soil acids, alkalies and salis,
common chemicals, chemical vapors, and exposure to outdoor
weathering ond sunlight.

Girth-Weld Joinis

Long Term Corrosion Protection

* In combination with a heai-sh inkable sleeve the composition of the Directional Drilling
products is such that they provide an effeclive barrier to waler and
oxygen which provides effect ve carrosion profection and soil siress
resistance.

Different Cure Speeds Available

* Wrapid Shield™ XL is available in 2 configurations depending on
project or environmental conditions

* Wrapid Shield™ XL is the standard version and has an
application time of 20 minutes ot 23°C.

* Wrapid Shield™ XL-FC is a Fast Cure version ond has
an application fime of 5 minutes at 23°C.

PRODUCT DATA SHEET canusdacps.com
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W a ‘dSheld™ XL/ L-FC

Fiberglass Mechanical Protection for Field Joints on

{Jireciionally Drilled Pipelines

Cura Time at 23 C**

Lap Shear Strength ASTM D3143
Dansity ASTM D792
Glass Transition Temperature (DSC) ASTM D3418
Tensile Strength ASTM Dé38
Hardness Shore D
Drielectric strength ASTM D149
Flexural Strength ASTM D790
Compressive Strength ASTM D695
Impact Resisiance ASTM G14 G462 (MOD

Cure Time o 23 C**

Density ASTM D792
Tensile Strength ASTM D638
Hardness Shore D

sxural Strength ASTM D790
Impact Resistance ASTM G14/Gé2 (MOD)

*With an 8 layer system

20 min
12 Mpa
1.15 g/cm
Tg 175-189C
248 MFa
80
16 k¥/mm
405 MPo
165 MPa
167 )

min
14 g cm
6 MPa

> 70
372 MPa

167 )

**Cu o times will vary depending on substrcle lemperature Please contodd you  ocal Canwta office for he  m dele mining w ch

configuration wauld work best far your project’s conditions

Since 1967 Canusa-CPS has been a lead ng developer and manufaciurer of specialty p peline coot ngs
for the sealing ond corros on protfection of p'peline jeints and cther subsirates Canusa-CPS h'gh
armonce products are manufaciured to the h ghest quality standards ond are available in o number

anfigurahens o accommodaie many spe ific project epplications

The product information
shown here is intended as
guide for standard preducts.

Consult your Canusa
representalive for specific
proje<ts or unique applications.

Canusa-CPS
A division of ShawCor Lid.

25 Bethridge Rd
Toranto, OM MSW 1M7 Canedo

Tel 414167437111
Fax +1 414 743 5927

Suite 3200 450 st Strast SW
Calgaty, AB T2P 5H1 Conada

Tel +1 403 218 8207
Fax 1403 264 3449

2408 Timbarlach Place, Building C 8
The Woodlands, TX 77380 USA

Tel. 1281347 BB&S
Fax 1281367 4304

Unit 3, Sterling Pork,
Gutwick Road, Crawley, West Sussex
RH10 92QT United Kingdom

Tol +44 1293 541254
Fox: +44 1293 541777

101 Themsan Road,
#11-03 Umited Squaore
307591 Singapore

Tel: +45 6749 8918
Fox 45 6749 8919

.Cemua warrants rtlul_lh? meduc{ eonforms to

o] ¥ ption ond is
approprigie for the Use steted on the

product dola sheet when used in compl ance
with Conusa's writlen instructions. Sinca many
nstollation factors are nd our control,
the usar shall detfermina the suilabifity of the
produdis for the intended use and axsume oll
risks and liahilities in connachon thar .
Cenusa's liability 1 slotad in the Hondard
terms and condilions of sole Conuwsa mekes
o oher warranty sither exprassed or imphed
All information condomed s thig dato sheet i
to be usad o3 o guwde ond is subject fo chan,
without nofice, dato shesi supersedes o
pravious dolo sheats on this product, E&QE

PDS Wropid Shield™ XL/AXL-FC rev010

CANUSA-CPS

Pipe ine corrosion
r tee inn
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Vermont Gas

ARNGP PROJECT DIRECTIVE
Date: 9/29/2015
Subject: Pipe surface preparation for shrink sleeves weld coating

Directive Number: 2015 010

Pipe surface preparation for Shrink Sleeves will be sandblasting using the SSPC-SP10 or NACE
2- Near-White Blast Cleaning Specificiation.

Method of surface preparation shall continue to be recorded for each weld.

Issued by (print): Christopher LeF

Signature:

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 9/30/2015
Subject: Adhesion Testing Field Coating
Directive Number: 2015 -011

An adhesion test shall be performed on an average of 2% of epoxy coated welds from April 1%
through September 30" and 5° of epoxy coated welds from October 1* through March 31st, as
well as on a minimum of one coated weld in the string for each HDD installation.

The instructions for completing these tests, “QA/QC Adhesion Test for Field Applied
Coatings (Revision 0),” is attached to this directive.

Any questions on adhesion should be directed to Christopher LeForce or Eric Curtis.

This directive supercedes directive 2015- 008.

Issued by (print); Christopher LeForc

Signature:

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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Attachment INTERVENORS.VGS.1-84.3b

MEMORANDUM

TO: ANGP File

FROM: Shana Kane

DATE: April 6,2017

RE: Addison Natural Gas Project (ANGP) QA/QC Executive Summary (Twenty-two mile Section)

This QA/QC Summary covers the approximately twenty-two mile section of pipe from the north side of
Geprags Park in Hinesburg to the Middlebury Gate Station, stations 979+00 to 2179+88.

VGS’ quality assurance/quality control (QA/QC) for the ANGP project has undergone continuous
improvement over the course of the project. VGS’ inspectors have collected extensive QA/QC data
including:

Final holiday surveys

Coating repairs (type and location)

Adhesion testing

Voltage readings

Bending (locations, joint #, length, total deflection, any damage)

Daily grade and ditching reports

HDD and RD bores (locations, pull back dates, station locations, length)
Pipe anomaly evaluation

Pipe lowering, padding and backfill

Cleanup and restoration

The data has been collated and analyzed for trends by the VGS Operations team and DPS regulators on
an ongoing basis. VGS used this information to identify additional quality assurance checks as well as
revisions needed to project specifications. Summaries of specific QA/QC focus areas for the pipeline
south of Geprags Park are provided below, followed by a separate summary for the Geprags HDD
pipeline installation, which occurred at a later date.

Coating
Coating integrity is a critical component of a pipeline system and has been a focus area of the ANGP
QA/QC program. Specific items related to coating are summarized below.

Holiday Detection

Holiday detection was performed as pipe sections are welded together to identify any anomalies
needing repair. Final holiday detection surveys were performed prior to the pipe being laid in
the trench and as it was lowered into the ditch.

VGS plans a closed interval survey and coating holiday survey of the buried 22-mile segment in
2017.

QA/QC Executive Summary Page 1 of 4



Adhesion Testing

The lead coating inspector performed adhesion tests for the Canusa sleeves and epoxy coating,
used on the Pritec-coated pipe and fusion-bonded epoxy (FBE)-coated pipe respectively. This
quality control process tested the integrity of applied coating and was a key factor that
identified an issue with defective Canusa wrap (see discussion below).

Canusa Wrap Failure

In 2016, adhesion testing identified failure of coating repairs that used Canusa sleeves from a set
of 2013 and 2014 manufactured lots. Immediate actions included removal of the Canusa lot
numbers from the project and identification of locations that had sleeves installed from these
lots. Testing was performed on other lots of Canusa wrap; no additional batches were identified
as having quality issues. See attachment, “Report on Canusa Shrink Sleeve Peel Tests”.

Handling Damage

The Pritec coating used for the ANGP project has been susceptible to damage during pipe
handling (transfer of pipe and bending). Project personnel had operator qualifications related to
coating damage prevention, field bending of pipe and hauling, stringing and handling of pipe.
Coating inspectors were onsite and provided field oversight of pipe handling techniques. QA
checklists were completed for coating application, repairs and holiday inspections.

Bending of the pipe was performed in accordance with specifications outlined in Trenching and
Backfilling (Section 312333). Inspectors performed QA/QC of the bending to ensure coating was
not damaged during the bending process. It was observed that bends with a high total
deflection were more likely to have coating damage. Any damage as well as high deflection
bends was repaired with Canusa sleeves.

Horizontal Directional Drilling (HDD)

This pipeline segment had eleven sections of pipe installed by HDD. Michels followed VGS requirements

for HDD pipe pullback and HMM completed QAQC checklists for each location.

The HDD at Monkton Swamp required approximately 158 ft. of pipe to be pulled through prior to the

pipe meeting inspection criteria. VGS provided details related to the acceptance of this HDD to the
Department of Public Safety on Sept. 6, 2016.

Welding

Welding was performed in accordance with project specification Section 137000 — Welding, which

includes 100% visual inspection by HMM inspectors and 100% radiographical inspection.

No QAQC issues have been identified for follow-up.

Materials - Pipe Anomalies

Pipe anomalies/defects were detected at the ends of several joints of pipe. Prior to June 20, 2016,

inspectors performed visual inspections of the anomalies for acceptance or mitigation.

VGS issued Directive 2016-004 on June 20, 2016 which established a procedure to measure anomalies
with pit gauges or ultrasonic testing (UT) and detailed criteria for acceptance, repair or cut-out.

QA/QC Executive Summary Page 2 of 4



Anomalies were repaired by grinding or cut out, depending on the pit depth and wall thickness. UT was
used to ensure pipe thickness met requirements in areas of repair by grinding.

VGS plans a closed interval survey of the buried 22-mile segment in 2017, which will assess coating
integrity and an ILI survey, which will assess wall thickness. In addition, the cathodic protection system
will be commissioned as soon as possible after the pipeline is fully installed.

QA/QC Executive Summary Page 3 of 4
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QAQC ADDENDUM — GEPRAGS HDD

Coating

The pipe installed for the Geprags HDD has fusion-bonded epoxy (FBE) coated to the steel and
Powercrete abrasive resistant overlay (ARO) coating. In addition, the welds had a sacrificial coating of
Canusa Wrapid Shield fiberglass cloth for protection against possible damage during pullback.

Holiday Detection

Holiday detection (jeeping) was performed by VGS personnel. Each weld joint was jeeped after
the R-95 two-part epoxy was applied and prior to the installation of the Wrapid Shield. A final
survey performed as the pipe was being pulled in. No holidays were detected during either
survey.

Adhesion Testing
VGS performed three adhesion tests for the R-95 epoxy coating; all were successful.

Horizontal Directional Drilling (HDD)
The HDD at Geprags Park was drilled and installed by Gabe’s Construction Company following VGS
requirements. Pullback met VGS’ HDD acceptance criteria.

Welding
Welding was performed by Mulholland Welding in accordance with project specification Section 137000
— Welding. No cut-outs or repairs were required.

Team Industrial Services performed radiographical inspection of all welds. No issues were detected.

QA/QC Executive Summary Page 4 of 4
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Report on Canusa Shrink Sleeve Peel Tests

Date: March 21, 2017, Revision 0
By: Christopher LeForce

Purpose: This report summarizes and addresses the testing performed on the
Canusa Shrink Sleeves, specifically the batches from 2013 and 2014.

Background: As part of the Addison Natural Gas Project (ANGP), adhesion tests
were performed on the various field applied coatings. For the Canusa K60 Shrink
Sleeves, the adhesion test performed was a field peel test. The VGS Construction
Team and contractors followed the Canusa procedure titled “Field Peel Test &
Repair Procedure.”

The adhesion test for the Canusa K60 shrink sleeve consists of cutting a 1-inch wide
by 6-inch long outline into a sleeve 24 hours after it was applied, then using a utility
knife to pry back the first two inches of the cut sleeve. Vice grips with an attached
force gauge are attached to the 2-inch tab and used to pull the coating at a 90° angle
at a rate of 4 inches per minute. The tab is pulled until cohesive failure is noted to
both substrate and sleeve backing.

On August 19, 2016, a field adhesion test was initiated but failed when attempting to
pry back the 2-inch tab of the coating. The sleeve backing (yellow outer layer)
separated from the adhesive, which was bonded to the steel. The lot number
associated with this adhesion test was 13-B-319. The “13” refers to the year it was
manufactured. Eight additional adhesion tests were performed that same day; six
failures occurred and were associated to 2013 lots. Two other lots were tested and
passed.

The VGS lead coating inspector contacted the manufacturer, Canusa, and the
distributor, Liberty Coatings, regarding the field peel test failures associated with lot
13-B-319. On August 22, 2016, representatives from both companies were on-site
to witness additional field peel tests. Two adhesion tests were performed (lot 13-B-
319 and 14-B-284) and received a fail rating. All parties agreed that the adhesion
tests were performed according to the Field Peel Test & Repair Procedure and failed
due to adhesive failure from the backing.

The Canusa representative then conducted additional tests on sleeves with batch
prefix 14-B. These tests also received a fail rating due to adhesive failure from the
backing. During an August 22, 2016 meeting between Canusa representative (Jeff
Bertsche), Liberty Coating representatives (Shane Quakenbush and Wally
Armstrong), Michels QA/QC (George Hess), and VGS lead coating inspector (Ryan
Schaefer), all parties agreed that Canusa batches associated with years 2013 and
2014 should not be used until Canusa could perform laboratory tests on the batches
of concern.

Actions: All welds coated with a shrink sleeve batch from 2013 or 2014 and had not
been buried, were removed and replaced with a newer batch from 2015 or later. A
3/21/2017 Rev. 0

Page 1 of 3
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Report on Canusa Shrink Sleeve Peel Tests

total of 296 shrink sleeves were removed and replaced. Currently 66 shrink sleeves
remain from 2013 /14 batches that were installed during the 2016 construction
season.

Canusa took shrink sleeves from 2013/14 batches and ran laboratory tests on them.
They conducted both a Peel Test and a Lap Shear Test. The results of those tests and
discussion around them is included in a document titled “Re: Canusa Peel Test / Lap
Shear Review for the Vermont Gas / Michels Project” to Mr. Wally Armstrong from
Mr. Paul Boczkowski on January 24, 2017.

Discussion: The Field Peel Test was used as a QA/QC check on the application of the
field applied coating. The purpose of the test is to make the shrink sleeve fail. The
type of failure is the important part of the test. As described in the Canusa
document referenced above, there are three types of failure modes described as
follows:

¢ (Cohesive Failure - adhesive remains on both the steel substrate and PE

backing

* Adhesive Failure from the Backing - all adhesive remains on the steel
substrate

¢ Adhesive Failure from the Substrate - clean peel, no adhesive on the steel
substrate

The first two are acceptable failure modes and the last one is unacceptable.
Basically, the adhesive on the shrink sleeve is the corrosion protection and the outer
backing layer is protection for the adhesive. The worst outcome is to have the
adhesive not adhere to the steel pipe it is protecting, which is adhesive failure from
the substrate.

The Peel Tests that were completed on ANGP primarily experienced cohesive
failure. The Peels Tests that were completed on August 19, 2016 and August 22,
2016 experienced adhesion failure from the backing. Both were acceptable failure
modes.

Canusa conducted their own laboratory tests on the shrink sleeves from 2013/2014
batches as outlined in the Canusa document referenced above. The Peel Test
showed that varying the temperature can effect the failure mode between cohesive
failure and adhesion failure from the backing. They did not have any test experience
adhesion failure from the substrate, which would be the unacceptable result.

Further testing, specifically a Lap Shear Test, was completed on the shrink sleeves
from 2013 /2014 batches to closely mimic the conditions of a buried pipeline where
soil stresses act on the pipe and its coating. The results of these tests show that the
sleeves were compliant with Canusa’s performance standards.

3/21/2017 Rev. 0
Page 2 of 3
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Report on Canusa Shrink Sleeve Peel Tests

Conclusion: With the results of the tests completed by Canusa, VGS believes no
further action needs to be completed at this time. The lab test results show that the
Canusa K60 Shrink Sleeves from batches manufactured in 2013 and 2014 were
acceptable and the results of the Field Peel Tests on ANGP that were experienced
were also acceptable.

VGS will maintain records of the installed shrink sleeves in the event a future
problem develops.

3/21/2017 Rev. 0
Page 3 of 3
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January 24, 2017

Mr. Wally Armstrong
Liberty Sales & Distribution
2880 Bergey Road, Suite F
Hatfield, PA 19440

Re: Canusa Peel Test / Lap Shear Review for the Vermont Gas / Michels Project

Dear Mr. Armstrong

With respect to the above referenced Review, please be advised that Canusa has performed testing
on 2013/14 manufactured K-60 heat shrink sleeves (“Sleeves”), which were supplied to Michels in
August 2016, for installation on the subject Vermont Gas Addison Country Project. The results of the
testing are set out here below, alongside the test methods of both Peel Tests and Lap Shear Tests
used to evaluate the Sleeves.

Field Peel Test

It should be noted that the references to “failure” used throughout this document refer to a pipeline
industry term used to describe how adhesives separate from the different layers. Failure is the desired
outcome of the testing, the particular mode of failure being the desirable or undesirable test result.

The Field Peel Test is a quality control check, which may be used on the Right-of-way (“ROW”) as a
method of determining whether the heat shrink sleeve was applied properly. Visual inspection is used
additionally or in the alternative. The Field Peel Test utilizes portions of the ASTM D1000 and the DIN
30672 standards as performed in a lab, however lab testing procedures naturally use more precise
instrumentation providing accurate values and temperatures, which are held constant throughout the
testing process. The Field Peel Test is used to measure the bond of the adhesive to the substrate.

Changing temperatures on the ROW can produce different peel values and peel modes, and therefore
the peel tests completed in the field are not considered to be a reliable measure or an indicator of the
product’s in-use performance, rather as stated they are used to check for proper surface preparation
and preheat.

Installers typically use visual inspection of the peeled area to determine the particular failure mode and
to understand if the Sleeve has been applied properly. The three (3) typical modes of failure are as
follows:

e Cohesive Failure — adhesive remains on both the steel substrate and PE backing

e Adhesive Failure from the Backing — all adhesive remains on the steel substrate

o Adhesive Failure from the Substrate — clean peel, no adhesive on the steel substrate

Canusa-CPS
25 Bethridge Road o +14167437111
Toronto, Ontario f +1416 743 5927

M9W 1M7 Canada



Field Peel Tests can result in cohesive failure, however, adhesive failure from the backing can also
occur with cooler ambient temperatures as was the case on this project. Adhesive failure from the
substrate (bare pipe exposed), would be considered an undesirable and an unacceptable result,
which would typically require the joint to be recoated. It is important to note that in the case of this
project, this ‘adhesive failure from the substrate’ failure mode did not occur.

Peel Test

Canusa conducted peel tests for the purpose of simulating the Vermont Gas / Michels field peel test
as set out below. The results of the testing show that temperature differences between the adhesive
and backing can change the resultant failure mode, for example, a temperature differential of 5.3°F
can produce the adhesive failure from the backing failure mode as opposed to the cohesive failure
mode. Both failure modes being considered acceptable modes of failure for this test.

Figure 1: Canusa K-60/L, QA# 13-B-319 SL

Peel Test Method:

e 2016 Canusa K-60/L sleeve was applied

e Ice was placed in the bottom half of the pipe to simulate a temperature differential between the
steel surface and the outer PE backing.

o Peel test was performed.

The results of the Peel Test were as follows:

e Top half of the pipe, test showed cohesive failure = a PASS

e Bottom half of the pipe, test showed adhesive failure from the backing = a PASS

e Same Sleeve, installer and peel test with two (2) different results. The only variable that changed
was a lower steel pipe temperature. (Approximately 5°F).



Figure 2: Follow Up Testing Canusa K-60/L, QA# 16-B-554.

The testing and results obtained described above indicate that the Sleeve’s performance was
normal, acceptable and the peel testing in the field was conducted at a peel failure mode transition
temperature (temperature differential). Both results would be considered a PASS.

The existence of two results may have contributed to some confusion on the ROW, since we
understand the contractor had observed only one (the cohesive failure mode) thus far. In a
proactive response to the concerns expressed on the ROW all 2013 and 2014 material was set
aside and replaced with 2016 material until Canusa could show there were no material quality
issues. We understand that Michels wanted to ensure that this 2013 and 2014 material would
perform as expected.

Canusa reviewed the quality control reports at the time of manufacturing of the Sleeves and has
also completed lap shear testing (to ASTM D1002). All manufacturing quality control test results
(thickness, viscosity, softening point, shear, peel, etc.) were shown to be within acceptable ranges.
The lap shear testing performed is discussed below.

Lap Shear Testing

The lap shear test follows ASTM D1002. This test is used to ensure that the Sleeve can withstand soil
stresses such as the longitudinal shear deformation caused by temperature differences and
circumferential stresses exerted during wet/dry cycles. Lap shear measures the comparative
strengths of adhesives for bonding materials.



Lap Shear Test Method:

1. 1 square inch of adhesive is placed between two metal strips (or metal and PE backing strips)
2. Condition sample for several hours at required temperature

3. Place sample between grips of Instron test system

4. Pull sample apart at specified rate

5. Typical values for the Canusa K-60 is 35 N/cm?

The lap shear test provides a good indicator of how the sleeve will perform in service. A random
sample of 2013 and 2014 sleeves were pulled from the ROW and sent to the Shawcor Technology
and Development Center for testing.

The Lap Shear Test results are set out in Appendix 1 to this letter and show that all values are
within acceptable ranges.

In conclusion, the Peel tests and Lap Shear tests described here, the results of which are shown for
both the 2013 and 2014 Canusa K-60 heat shrink sleeves, demonstrate that the Sleeves are
compliant with Canusa’s performance standards and expected therefore to perform normally and
within our product specifications.

Should you wish to discuss these results, have questions or require any further information, please
do not hesitate to contact myself or Ms. Salehpour from Canusa’s Product and Technology
Management, contact information below, Thank you.

Sincerely,

Paul Boczkowski

Global Product Manager

Phone: +1-416-744-5590
Paul.Boczkowski@shawcor.com

Somaieh Salehpour

Global Technology Manger

Phone: +1-416-744-5792
Samaieh.Salehpour@shawcor.com



Appendix 1

Figure A1: Results of lap shear tests on 2013 Sleeves

Lap Shear Testing for 2013 Canusa K-60 / Vermont Gas, 1cm/min, 15°C

QA # Average Value Image
13 B 319 SL 45 N/cm? CF, backing broke

13 B 2201 LG 49 N/cm?, CF

13 B 1981 SL 49 N/cm?, CF



Figure A2: Results of lap shear tests on 2014 Sleeves

Lap Shear Testing for 2014 Canusa K-60 / Vermont Gas, 1cm/min, 15°C
14 B 1404 RK 44 N/ cm?, CF

14B 108 LG 46 N/ cm?, CF
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Vermont Gas

Page 1 of 2
Corrective/Preventive Action Request (CPAR)

CAm PA[]

(Check appropriate box to indicate corrective or preventive action)

Initiator: K Oxhom Corrective Action # 2015-004
or
Date: 1019115 Preventive Action #
Date Due By/Assigned to Completed Initials & Date
Investigation Kristy Oxholm o aslaos
Implementation Lee Brown
Audit )
CAR/PAR closed John St. Hilaire 4L (3L /u/eS

Description of Issue

Pipe at appx. 398+00 to 406+00 has garage/trash mixed in with backfill. Pipe is
reportedly padded with select backfill, has mirify fabric laid and the backfill in
question on top of the mirify. Varying reports describe the garbage/trash as
mostly broken glass to chunks of metal and other household garbage/trash.

Work Processes need to be modified or ceased during investigation?: Yes ___ No X __
If so, specify:

Approved by: /// /M Date: 13~/ ll/ 15
v

Investigation Finding

In speaking with a variety of people there is clear cause for concern. At least two
test pits will be dug to determine the extent of the problem and to complete this
investigation.

During the period of 12/1/15 to 12/8/15 a total of 8 test pits were dug in the area of
concern. No trash or garbage was found in close proximity to the installed pipe.

A small amount of small items was found in the very top layer of the cover, well
above the pipe. No mirify fabric was found at any of the dig sites. (see attached
pictures).

Rev.0 07/24/2015
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Vermont Gas

Page 2 of 2
Corrective/Preventive Action Request (CPAR)

Recommendations for Corrective / Preventive Action

As a result of the findings in the test pits, no corrective action is required.

VGS will be commissioning the cathodic protection (CP) system at the gas-up of
the pipeline. This will provide protection should any coating holidays exist on the
pipeline because of the trash/debris. Additionally, a direct assessment type
survey will be conducted in the spring of 2016. If any part of the coating is
damaged in this area because of trash/debris, the survey will indicate an anomaly
and it can properly be inspected and remediated.

Action Taken / Verification

Any future re-evaluation and follow-up required? Yes___ NoXx _
If so, specify:
Verified by: Date:

Was action taken effective? I:' Yes D No [f no, new CA/PA number:

Comments:

Rev. 0 07/24/2015
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Good Morning Dave,

I hope this message finds you and your family safe and healthy.

I’m unavailable this morning and early afternoon, but will keep an eye out for an indication of
your status.

I’ve added some further references related to the ANGP coating issues [nested in brackets and
attached] in the list I sent Fri 9/8/2017 3:28 PM (below).

Regards,

GC

From: Morris, GC [s}:p]Sgnt: Friday, September 08, 2017 3:35 PMitnTo: 'David Berger'
<dave.b@verizon.net>istSubject: RE: PRIVILEGED & CONFIDENTIAL, request for
Assessment(s) and Recommendation(s)

I certainly understand Dave,

I look forward to talking to you next week (and knowing that you and your family are safe &
sound)

Best Wishes,

GC

From: David Berger [mailto:dave. b@verizon.net] {s:gg]Sent: Friday, September 08, 2017 3:28
PMist»To: Morris, GC <GC.Morris@vermont.gov>isteSubject: RE: PRIVILEGED &
CONFIDENTIAL, request for Assessment(s) and Recommendation(s)

GC,

Today is not a good day to discuss so let us defer to sometime next week, say Tuesday if [ have
phone service and electric, otherwise I will email you when I am back up and running.

Dave
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David Berger Associates | Office: 941.900.2226 | Cell: 516.702.7271 | Email:
dave.b@verizon.net|

From: Morris, GC [mailto:GC.Morris@vermont.gov] it-Sent: Friday, September
08, 2017 3:25 PMitTo: David Bergerit-Subject: PRIVILEGED & CONFIDENTIAL,
request for Assessment(s) and Recommendation(s)

Hello Dave,
Thanks for your phone message and status-email.
I was wondering how you’ve been doing in FL lately, given current circumstances.

I’ve received your recent A&R and plan to discuss it with you directly in the very near
future. Are you still available this afternoon?

Regarding your phone message, I understand that our staff have authorized your production of
another A&R document related to existing pipe coating conditions. I’ve outlined coating
concerns below. We had discussed associating these concerns with the concern of Lack of
Padding/support, because your recommendations to address them are similar. Occurrences of
Lack of Padding/support appears to be slightly greater than the few locations acknowledged by
the company; the pipeline, in several swampy areas, was installed by via excavation of soft
material adjacent to pipeline allowing pipe to sink-in to position by displacement of ground
beneath it. Another condition for our consideration is that trench-breakers were not installed in
approximately 38 locations designated in the pipeline designs.

1) CRP-65 patch kit, adhesion failure(s)
Multiple locations on ANGP, unknown number

VGS discontinued patches per CPAR 2015-003 [found in ANGP QA/QC Executive Summary
dated 12/12/2015, provided in my Fri 9/8/2017 3:59 PM email to you]

2)  CRP-Ultra patch kit, adhesion failure(s)
Multiple locations on ANGP, unknown number

VGS discontinued patches per CPAR 2015-003 [found in ANGP QA/QC Executive Summary
dated 12/12/2015, provided in my Fri 9/8/2017 3:59 PM email to you]|
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b)

3) Mill applied patches, adhesion failure(s)
Multiple locations on ANGP, unknown number

VGS discontinued patches per CPAR 2015-003 [found in ANGP QA/QC Executive Summary
dated 12/12/2015, provided in my Fri 9/8/2017 3:59 PM email to you]

4) Canusa Shrink Sleeves (wraps)
Multiple locations on ANGP, unknown number

VGS "Report on Canusa Shrink Sleeve Peel Tests" dated 3/21/2017 [found in Memorandum,
ANGP QA/QC Executive Summary, dated 4/6/2017, attached to this message]

5) Coating Holiday (HDD acceptance criteria not met)
Location: Rte.2A crossing HDD

VGS accepts condition per CPAR 2015-008 [found in ANGP QA/QC Executive Summary dated
12/12/2015, provided in my Fri 9/8/2017 3:59 PM email to you]

7/16/2015 EN engineering - Route 2A/Rail Crossing HDD Coating Investigation [found in
ANGP QA/QC Executive Summary dated 12/12/2015, provided in my Fri 9/8/2017 3:59 PM
email to you]

6) Coating Damage (HDD installation)
Location: Monkton Swamp

VGS memo/report accepting condition dated 9/6/2016 [attached to this message, sent 9/12/17
AM ]

Regards,

GC
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From: Adam Gero <AGero@yvermontgas.com>
To: "Morris, GC" <GC.Morris@vermont.gov>, "Laperle,
Michelle"

<Michelle.Laperle@vermont.gov>
CC: "Shana L. Kane" <slkane@vermontgas.com>, John
St.Hilaire

<jsthilaire@vermontgas.com>, Chris LeForce
<CLeForce@vermontgas.com>
Subject: RE: Items from the Matrix
Thread-Topic: Items from the Matrix
Thread-Index:
AdMiUI1x6aYM9TnecSOW8+Raz2h4H4AAQC2SQ
Date: Thu, 31 Aug 2017 20:02:19 +0000

Hi GC,

In reviewing the matrix of discussion items, it seems there are a
few open =

items that can be closed with some simple clarifications. They
are:

For AC Mitigation:

VGS is still working on the finalization of the CP and AC
Mitigation System=

s. The CP and AC Mitigation Systems were installed as
designed by ARK Engi=

neering and VGS is completing final checks during the annual
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testing of the=

systems. Once complete and data is compiled, VGS will
provide all documen=
ts related to the commissioning and testing of the systems. We
expect this=

to be complete mid-Fall timeframe.

For Integration of Data, regarding Canusa sleeves:

In general, VGS will use available sources of data and integrate
them when =
analyzing inspections of the pipeline.

For construction method used in swamp areas:

VGS followed the Construction Type W detailed on sheet
ANGP-T-G-006 of the =

design drawings for pipe installations in swampy areas. When it
was not pra=

cticable to install sandbags or other pipe supports in these areas,
the con=

struction team made sure to over dig the trench and make sure
that native m=

aterial was returned to the bottom of the trench as padding.
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For Ratification of JanX Procedures:

See attached memorandum.

For Gas Quality review:

See attached email from Todd Lawliss.

I hope this provides some clarity on these items.

Thanks,

Adam Gero
Engineering Compliance Manager

Vermont Gas Systems, Inc.
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 13 of 185

Q.INTERVENORS.VGS.1-12: Admit that Attachment A was one of the “plans,” “these plans”
and “approved plans” referenced in paragraph 2 of the Certificate of Public Good issue in Docket
No. 7970, as follows:

Construction of the proposed Project shall be in accordance with plans and evidence as
submitted in this proceeding. Any material deviation from these plans or a substantial
change to the Project must be approved by the Board. Failure to obtain advance approval
from the Board for a material deviation from the approved plans or a substantial change
to the Project may result in the assessment of a penalty pursuant to 30 V.S.A. §§ 30 and
247.

A.INTERVENORS.VGS.1-12: Admitted that Attachment A was submitted in that Docket, and
that the CPG is accurately quoted above.

Person Responsible for Response: Eileen Simollardes
Title: Vice President — Regulatory Affairs.
Date: December 1, 2017
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From: Morris, GC

To: Jordan, Bill

Date: Jul 7, 2016, 10:52 AM

Subject: RE: DIRECT LAY OF LINE PIPE ON UNDISTURBED CLAY
Attachment(s): 1

Yes Sir, the Bushman paper is attached.

GC

Fe=n

<GC.Morris@vermont.gov>it-Subject: RE: DIRECT LAY OF LINE PIPE ON
UNDISTURBED CLAY

GC,

Please forward to me John’s message from 6/17 with the attachment “Corrosion and
Cathodic Protection Theory.” Thank you.

Bill

William B. Jordan

Director of Engineering

Vermont Department of Public Service

112 State Street, Montpelier, VT 05620-2601
Office: (802) 828-4038; Mobile: (802) 522-3959

bill.jordan@vermont.gov
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From: Morris, GC ist»Sent: Thursday, July 07, 2016 8:39 AMit-To: Jordan, Bill; Porter,
Louiseist-Subject: FW: DIRECT LAY OF LINE PIPE ON UNDISTURBED CLAY

Hello Bill and Louise,

I’'m forwarding this message (from David Berger) to you, for your reference, regarding
the ANGP specification Section 312333 which currently requires the pipe to be installed
on a bed of select backfill.

GC

From: David Berger [mailto:dave.b@verizon.net] tSent: Monday, June 20, 2016 7:24
AMistiTo: 'John McCauley' <jmccauley@precisionpipelinesolutions.com>; Morris, GC
<GC.Morris@vermont.gov>itCc: David Berger <dave.b@verizon.net>st-Subject: RE:
DIRECT LAY OF LINE PIPE ON UNDISTURBED CLAY

John,

You are correct that laying a pipeline directly on compacted clay soil is not ideal and can
cause corrosion both initially due to having aerated soil above and non-aerated soil on
the bottom of the pipe. Over time the bottom layer of clay could also trap moisture and
thus have a lower soil resistivity and thus promote corrosion that way. Of course, the
ideal situation would be to place 1 to 2’ of sand under the pipeline and then place the
pipe on the sand bed and fill around it with additional sand. As you suggest, they should
as a minimum place the pipe on sand bags and then fill in around with select fill. They
also may want to put in trench breaks to prevent ground water using the trench as new
pathway since it in compacted clay. The VGS specifications appear pretty clear and the
contractor should be following them. Thanks for this update and the later one on running
the PCM and CIS. Do you know if they found any surprises?

Dave

David Berger Associates | Office: 631.689.1137 | Cell: 516.702.7271 | FAX:
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631.689.1137 | Email: dave.b@verizon.net|

From: John McCauley [mailto:jimccauley@precisionpipelinesolutions.com] it=Sent:
Friday, June 17, 2016 2:11 PMitTo: dave.b@verizon.net; Morris, GCit-Subject:
DIRECT LAY OF LINE PIPE ON UNDISTURBED CLAY

Hi Dave,

It appears that this year the company intends to excavate the trench, and in areas
where there is no rock in the ditch, to lay the pipe directly on the bottom without pipe
supports or continuous sand padding. We have a concern, that without having sand
padding below the pipe, that we are setting up a potential differential aeration corrosion
cell. Attached please find the current construction standards, specifically Section 3.3(B)
, which seems to indicate that select padding will be placed continously on the bottom of
the trench, or the pipe supported which would allow select backfill to be shaded around
the pipe.

In your opinion do you believe that laying the pipe directly on the undisturbed clay
presents a potential corrosion issue, as is illustrated on page 5 of Corrosion and
Cathodic Protection Theory (see attached).
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Adam Gero

From: John St.Hilaire

Sent: Thursday, June 08, 2017 3:57 PM
To: Chris LeForce; Adam Gero
Subject: FW: VGS weekly meeting follow-up

From: John St.Hilaire

Sent: Friday, July 01, 2016 4:55 PM

To: Morris, GC (GC.Morris@vermont.gov)

Cc: Chris LeForce; Adam Gero; Porter, Louise (Louise.Porter@vermont.gov)
Subject: VGS weekly meeting follow-up

Hi GC.

We had two items to follow up with from our Tuesday meeting including pipe placement in the trench and induced
voltage.

Pipe placement in the trench — On 6/21 we discussed this item and we understood the issue to be around the
placement of the pipe at the bottom of a trench and if our spec allowed for this or were we required to add padding. We
engaged our engineering firm of record to provide input on whether the spec allowed for a pipe to be placed at the
bottom of the trench when suitable backfill material is present. We provided an e-mail from the engineering firm
describing his wording and intent to allow pipe to be placed on the bottom of the trench when suitable material is
present without bedding. This is the same interpretation our inspection and our pipeline contractors have taken in
regard to the spec. During our 6/28 meeting, we learned the issue was not the mechanical aspects of placing the pipe at
the bottom of a trench, it is the corrosion potential due to oxygen differentials in the soil layers. We again reached out
to others to determine if this was an acceptable practice. We engaged Mott McDonald and two New England LDC’s who
all reported that when suitable backfill material is present in the bottom of the trench, it is acceptable and common to
put the pipe on the bottom of the trench. Today (7/1) at 2pm, we discussed this with ARK engineering to understand the
corrosion aspect of oxygen concentration. We reviewed the report (Bushman & Associates, Inc.) provided by Mr.
McCauley and find it does walk through various corrosion mechanisms including Galvonic Corrosion, Oxygen
concentration corrosion, and Corrosion caused by dissimilar soils. Further it states “corrosion can be caused due to
differences in the electrolyte. These differences may be in the soil resistivity, oxygen concentration, moisture content,
and various ion concentrations”. The next section of the report details corrosion control mechanisms including coating
pipe and cathotic protection.

Corrosion is a factor that we work to minimize on a pipeline. Corrosion can occur from oxygen concentrations
at the change of soil from one geologic area to another, from an HDD to open trenching, and from moving through
wetlands not only due to soil changes but due to the added moisture content of the soil. We cannot eliminate every risk
of corrosion, which is why we utilize the corrosion control mechanisms listed in the Bushman report including pipe
coating, cathotic protection, and compacting backfill with native soil in minimizing oxygen concentration corrosion.

Our research shows that placement of cathotically protected coated steel pipe on the bottom of a trench with
suitable backfill material (no sharps, etc) is an accepted practice in the natural gas industry from a mechanical and
corrosion perspective. The Bushman concludes with “When a system is designed, installed, and maintained properly,
cathotic protection is one of the most effective and economical methods of preventing corrosion”. With the evaluation
complete, we have submitted an RFI to our engineer to officially clarify the spec and its allowance for the placement of
the pipe at the bottom of a trench when suitable backfill material is present.
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Induced voltage — On 6/21 we again discussed managing induced voltage. We both had been trying to get a Velco
procedure to manage induced voltage. In the meantime, Michels implemented their standard management approach to
induced voltage including daily measuring and installing grounding rods. We were also asked about the qualifications of
the Michels safety individual who was managing the induced voltage program. During the week of 6/21 we developed a
formal Michels procedure, provided a summary of the readings for the project, and the resume of the Michels regional
safety manager. All readings from the start of the project were substantially below the recommended level of 15 volts.
On 6/28, we provided the written procedure and asked for comments. We also agreed to provide additional information
regarding the Michels safety person for Induced voltage. We reached out to Ark Engineering, two New England LDC’s,
and our own NACE 2 CP tech to learn about managing induced voltage on a shared ROW. We learned a procedure
should be in place, testing and training should be required, and grounding installed to manage induced voltage. We
learned that there is no industry certification for induced voltage and the NACE CP certifications only briefly covers
induced voltage. Our research indicated that an individual with actual experience managing induced voltage on a
pipeline project should be used to manage the induced voltage program. During our conversation with ARK engineering,
we asked them to audit our procedure and give feedback on how we can improve the procedure. We provided the
procedure to ARK on 7/1. Ark Engineering is the entity that designed the cathotic protection system for the pipeline and
did an induced voltage survey of the Velco line when designing the system. We continue to be open to suggestions and
ways to improve the management of induced voltage.

I am still working on the information on the Michels regional safety manager and hope to have that for you on Tuesday.

Please let me know if you have any questions.
John
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 90 of 185

Q.INTERVENORS.VGS.1-85: Admit that Attachment D is an excerpt of plans and/or directions
provided by Vermont Gas Systems to contractors for construction of the ANGP, dated October
18, 2013.

A.INTERVENORS.VGS.1-85: Admitted. Please note Attachment D was a component of the
bid documents provided to prospective construction contractors.

Person Responsible for Response: Chris LeForce
Title: Project Engineering Manager
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 91 of 185

Q.INTERVENORS.VGS.1-86: If the prior question is not admitted without qualification,
explain in detail why it was not and attach all documents which pertain to, explain, contradict or
support the answer.

A.INTERVENORS.VGS.1-86: Not applicable.
Person Responsible for Response: Chris LeForce

Title: Project Engineering Manager
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 92 of 185

Q.INTERVENORS.VGS.1-87: Admit that plans and/or directions to contractors of the ANGP as
of 2013 included the following: “The pipe shall rest on undisturbed trench bottom provided the
material does not include rocks, sharp objects and/or debris that may cause damage to the pipe.”

A.INTERVENORS.VGS.1-87: Admitted that the quoted language is contained in Attachment
D.

Person Responsible for Response: Chris LeForce
Title: Project Engineering Manager
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 93 of 185

Q.INTERVENORS.VGS.1-88: If the prior question is not admitted without qualification,
explain in detail why it was not and attach all documents which pertain to, explain, contradict or
support the answer.

A.INTERVENORS.VGS.1-88: Not applicable.
Person Responsible for Response: Chris LeForce

Title: Project Engineering Manager
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 94 of 185

Q.INTERVENORS.VGS.1-89: Admit that Attachment E is an excerpt of plans and/or directions
provided by Vermont Gas Systems to contractors for construction of the ANGP, dated May 24,
2014.

A.INTERVENORS.VGS.1-89: Admitted.
Person Responsible for Response: Chris LeForce

Title: Project Engineering Manager
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 95 of 185

Q.INTERVENORS.VGS.1-90: If the prior question is not admitted without qualification, explain
in detail why it was not and attach all documents which pertain to, explain, contradict or support
the answer.

A.INTERVENORS.VGS.1-90: Not applicable.
Person Responsible for Response: Chris LeForce

Title: Project Engineering Manager
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 96 of 185

Q.INTERVENORS.VGS.1-91: Admit that plans and/or directions to contractors of the ANGP
as of 2014 included the following: “The pipe shall rest on undisturbed trench bottom provided
the material does not include rocks, sharp objects and/or debris that may cause damage to the

pipe.”
A.INTERVENORS.VGS.1-91: Admitted that the quoted language is contained in Attachment E.
Person Responsible for Response: Chris LeForce

Title: Project Engineering Manager
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 97 of 185

Q.INTERVENORS.VGS.1-92: If the prior question is not admitted without qualification,
explain in detail why it was not and attach all documents which pertain to, explain, contradict or
support the answer.

A.INTERVENORS.VGS.1-92: Not applicable.
Person Responsible for Response: Chris LeForce

Title: Project Engineering Manager
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 98 of 185

Q.INTERVENORS.VGS.1-93: Admit that the plans and/or directions given to contractors in
2013 and 2014 departed from the plans submitted to the Commission, and violated the CPG,
because they did not require 6 inches of backfill under the pipeline in all locations.

A.INTERVENORS.VGS.1-93: Denied. VGS does not agree that the plans as submitted to the
Commission in the CPG process required “6 inches of backfill under the pipeline in all
locations” as stated and believes that the plans and/or directions given to contractors in 2013 and
2014 were appropriate and compliant with the CPG.

Person Responsible for Response: Chris LeForce
Title: Project Engineering Manager
Date: December 1, 2017

s No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments



Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 99 of 185

Q.INTERVENORS.VGS.1-94: If the prior question is not admitted without qualification,
explain in detail why it was not and attach all documents which pertain to, explain, contradict or
support the answer.

A.INTERVENORS.VGS.1-94: See AINTERVENORS.VGS.1-15.

Person Responsible for Response: Chris LeForce
Title: Project Engineering Manager
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 100 of 185

Q.INTERVENORS.VGS.1-95: Admit that, in fact, parts of the ANGP were constructed in
accordance with the 2013 and 2014 plans — without any backfill under the pipe.

A.INTERVENORS.VGS.1-95: Objection — this question is vague and ambiguous regarding
how it is using the term “backfill.” VGS understands this question is asking about material under
the pipeline. Without waiver of the objection, VGS admits that the pipeline was constructed in
accordance with plans but VGS denies that any location was installed “without any backfill
under the pipe.” It is both appropriate and fully compliant with the CPG to lay pipeline directly
within a trench when the material already existing at the trench bottom will provide proper and
adequate support.

Person Responsible for Response: John St. Hilaire
Title: Vice President of Operations
Date: December 1, 2017
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Case No. 17-3550-INV

VGS’ Response to the Intervenors’
First Set of Discovery Requests
December 1, 2017

Page 101 of 185

Q.INTERVENORS.VGS.1-96: If the prior question is not admitted without qualification,
explain in detail why it was not and attach all documents which pertain to, explain, contradict or
support the answer.

A.INTERVENORS.VGS.1-96: See AINTERVENORS.VGS.1-95.

Person Responsible for Response: John St. Hilaire
Title: Vice President of Operations
Date: December 1, 2017
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MEMORANDUM

TO: ANGP File
FROM: Adam Gero
DATE: June 6, 2017

RE: Addison Natural Gas Project (ANGP) Pipe Laid on Trench Bottom

This memorandum serves as justification for Vermont Gas’ decision to allow the areas on ANGP
where pipe was laid directly on the trench bottom to remain in place.

During the construction of the ANGP pipeline, there were a few locations where the transmission
pipe was installed directly on the trench bottom or supported by sand berms or “dutchmens”. At
the time of occurrence it was in compliance with Technical Specification Section 312333. After
the occurrences, decisions were made to adopt more stringent construction practices and no
longer allow these methods.

Order of events:

August 31, 2015 — Pipe was installed between station 240+26 and station 279+75 directly on the
sandy bottom of the trench. This is documented in directive 2015-005 (attached) stating that the
Construction Management Team deemed that the trench bottom had adequate support and
padding. This practice was allowed by the Technical Specifications:

“Pipe supports shall be installed in all locations prior to backfilling, unless otherwise directed
by the Construction Management Team — refer project design drawings for further
requirements. Stacked sandbags, pipe pillows, or owner approved equal are acceptable
methods. Spacing shall be per manufacturers recommendations, if a commercial product, or
15’ maximum intervals if sandbags.” — Technical Specification for ANGP, Section 312333
part 3.5B — April 29, 2015

June, 2016 — Construction began on ANGP south of the Williston Gat Station. Technical
Specification 312333 part 3.5B had been revised 05/2016 to read:

“Pipe supports may be installed in all locations prior to backfilling as an alternative to
continuous pipe bedding for the entire width of the trench. However, areas around pipe shall
still be padded with select backfill as shown on the contract drawings and explained in
paragraph 3.3.b. above. Stacked sandbags, pipe pillows, or owner approved equal are
acceptable methods. Spacing shall be per manufacturer recommendations, if a commercial
product, or 15' maximum separation if sandbags.” — Technical Specification for ANGP,
Section 312333 part 3.5B — May, 2016
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MEMORANDUM

The Construction Management Team constructed the pipeline with the knowledge that pipe
installed on the trench bottom or on sand berms was in fact an “owner approved equal” for pipe
support. This is solidified by the (attached) email from Brendan Kearns, CHA Engineer to John
St. Hilaire on June 22, 2016 where he stated “If the material 6 below the bottom of the trench is
deemed to be suitable material (per specifications) by the CM team, then the pipe can be laid in
the bottom of the trench as long as it is sufficiently supported as stated in 3.3.C”. The only
section that was installed directly on the trench bottom in 2016 was a 360 foot section between
station 564+24 and station 567+84. VGS did a test dig in that section to inspect the pipe and to
analyze the trench. The report (attached) shows that the soil at the bottom of the trench was
suitable for padding material.

Further discussions on this matter ensued and on July 5™ 2016 the team decided that for
consistency they would no longer allow pipe to be installed on the trench bottom or supported on
sand berms. This is memorialized in RFI#: ANGP-VGS-RFI-025 (attached) and then
communicated to the DPS in the (attached) email From Chris LeForce to GC Morris and Louise
Porter on July 7™ 2016.

Another concern was also brought up regarding soil differences potentially causing corrosion
issues. This concern was quickly handled by Jeremy Bachand, Vermont Gas Corrosion
Technician, NACE CP2 certified, and Bob Allen, President and Owner of ARK Engineering,
NACE CP4 certified. Their conversations clarified that the conditions present in the areas where
the pipe was installed directly on the ground or on sand berms were similar to those elsewhere on
the project and raised no extra corrosion concern. This was documented in an email from John
St. Hilaire to GC Morris and Louise Porter on July 1%, 2016 (attached).

At the time that the pipe was installed either on the trench bottom or on sand berms it was
acceptable practice. VGS and the Construction Management Team then decided to remove some
of the flexibility in the construction methods. After this change was made, no additional pipe was
installed on the trench bottom or on sand berms.
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Date

8/31/2015
6/17/2016
6/18/2016
6/21/2016
6/28/2016
7/5/2016

Areas Pipe Lays on Ground or Pipe Using Dirt Berms

Station From

240+26
564+24
889+74
888+38
863+62
663+00

Station To

279+75
567+84
892+11
889+74
864+55
664+50

Sand Berms

X X X X

Pipe on the
Ground
X
X
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Adam Gero

From: John St Hilaire

Sent: Wednesday, June 22, 2016 9:53 AM

To: Adam Gero; Chris LeForce

Subject: FW: 312333 Trenching and Backfilling Clarification
FYI

From: Kearns, Brendan [mailto:BKearns@chacompanies.com]
Sent: Wednesday, June 22, 2016 9:37 AM

To: John St.Hilaire

Cc: 'john.r.stamatov@pwc.com'

Subject: 312333 Trenching and Backfilling Clarification

Hi John St. Hilaire,

The intent of the trenching and backfilling specification is to have suitable native material (described in the
specification) around the pipe as shown in the trench details on ANGP-T-G-015. If the material 6” below the
bottom of the trench is deemed to be suitable material (per specifications) by the CM team, then the pipe can be
laid in the bottom of the trench as long as it is sufficiently supported as stated in 3.3.C:

“The bottom of the trench shall be accurately graded to provide a uniform layer of padding/bedding
material, as required, for each section of pipe. Trim and shape trench bottoms and leave free of
irregularities, lumps, and projections.”

If the material in the trench is determined not suitable by the CM team, then borrow material as described in
section 2.1.A.2 shall be used as select backfill and placed around the pipe according to the dimensions shown in
the trench detail on sheet ANGP-T-G-015. Alternatively, the contractor may use a shaker bucket with the
native material to screen out the oversized material to meet the specification. However, Part 2.1.A.1 states:

“A shaker bucket or screen may be used if native material is too large, given that the characteristics of the
material are suitable for successful shaker bucket or screen use.”

This clause was placed in there to clarify that if the material cannot work in a shaker bucket (e.g. clay) and that
material is in large “clumps” and the CM team cannot assure that the material meets the specification, then
borrow material must be brought in to bed the pipe.

As far as the Cathodic Protection issue goes, clay is not as dielectric (dielectric meaning a poor electrical
conductor) as sand. However, there is nothing in the code that says you can’t use clay around the pipe. Ark
Engineering can speak better to this, but they studied the soils along the route in preparation for the design of
the CP system.

Thanks,

Brendan

Brendan C. Kearns, P.E.*
Engineer I
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CHA ~ design/construction solutions
Office: (802) 735-0374

Mobile: (978) 503-2333
bkearns@chacompanies.com
www.chacompanies.com

*VT

Responsibly Improving the World We Live In
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ANGP Pipeline Anomaly Dig, @ station 565+85

Personnel On-Site: Darrel Crandall (Mott MacDonald), Steve Miner (VGS), Kate Marcotte (VGS), and the
Michels Pipeline Construction crew

Date: 09/27/2016

The Enduro Pipeline Services caliper inspection detected a 1.7% deformation in the pipe at the
4:00/4:30 location on the pipe at station 565+85, indicating a possible dent in the pipe. Pictures below
show no rocks were detected around the pipe or anywhere in the excavation. Pictures also show no
indication of a dent found due to construction while inspecting the pipe.

Excavation dirt pile with clumps of clay and no rocks.

Exposed pipe section at station 565+85. Moved stake into area to show location of possible dent.

Page 1 of 4
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ANGP Pipeline Anomaly Dig, @ station 565+85

No dent or coating damage spotted at station 565+85 after cleaning the pipe and thoroughly inspecting
the pipe by hand. Checked the pipe several feet upstream and downstream of station number.

Excavation dirt pile with clumps of clay and no rocks. Expanded excavation to locate weld 0193.

Page 2 of 4
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ANGP Pipeline Anomaly Dig, @ station 565+85

Exposing more pipe to weld 0193. No rocks detected just clumps of clay and clay topsoil mix.

Measurement of 17’ from weld 0193 to possible dent to confirm location.

Page 3 of 4
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ANGP Pipeline Anomaly Dig, @ station 565+85

Confirmation measurement came to the same location from the first location observed based point set
by survey. No dent detected due to a construction condition on any part of the pipe upstream or

downstream of station 565+85. Re-inspected the pipe by hand several feet upstream and down stream
of station 565+85 to feel for any damage. Also inspected pipe for damage in the entire section exposed.
No coating damage detected or indication of a dent due to construction in the section of pipe exposed.

Close up picture of station 565+85 at the 4:00/4:30 location. No coating damage or dent detected

Page 4 of 4
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PROJECT:
Addison Natural Gas Pipeline

Phasel
REQUEST FOR INFORMATION TRANSMITTAL
Date: 7/1/2016 RFI #: ANGP-VGS-RFI-025
RFI Title: Trenching, Pipe Laying, And Backfilling Specification Clarification
RFI Origin: Name: Christopher LeForce Contractor: Vermont Gas Systems, Inc.
RFI Submitted To:  Name: Brendan Kearns Contractor: CHA

Engineering [ X ]

Environmental [ ]

Discipline: Construction [ ]
Other (specify) [ ]

Information Requested:

VGS is requesting clarification with respect to the methods the pipeline can be placed in
the trench and backfilled under Section 312333 Trenching, Pipe Laying, And Backfilling
Specification. Please provide intent and clarification on the various methods the trench
bottom can be prepared under the specification.

Information Response:

PER SPECIFICATION 31233, THE TRENCH BOTTOM MAY BE PREPARED UTILIZING TWO METHODS NOTED BELOW. WITH EITHER
METHOD, THE PIPE SHALL HAVE A MINIMUM OF SIX (6) INCHES OF SELECT BACKFILL/PADDING PLACED BENEATH (BETWEEN
IN-SITU NATIVE MATERIAL AND BOTTOM OF PIPE) AND ALL ON SIDES OF THE PIPE (SECTION 3.3.B).

1) THE PIPE MAY BE PLACED ON STACKED SANDBAGS, OR OTHER APPROVED SUPPORT METHOD (SECTION 3.5.B.) AND
BACKFILLED AS SPECIFIED IN SECTION 312333.

2) THE PIPE MAY BE "CONTINUOUSLY SUPPORTED" WITH SELECT BACKFILL/PIPE PADDING (MINIMUM 6 INCHES) AS
DESCRIBED IN SECTION 312333, PART 3.3.B, AND SHOWN ON DETAILS 3 AND 6 ON SHEET ANGP-T-G-015. THE CONTRACTOR
AND CONSTRUCTION MANAGEMENT TEAM SHALL VERIFY THAT THE 6” OF PADDING MATERIAL BELOW THE PIPE MEETS
SPECIFICATION 312333 PART 2.1.A.

PER THE SPECIFICATIONS AND DETAILS 3 AND 6 ON SHEET ANGP-T-G-015, LAYING THE PIPE DIRECTLY ON IN-SITU NATIVE
MATERIAL ON BOTTOM OF TRENCH IS NOT ACCEPTABLE.

IBRENDAN KEARNS, CHA ENGINEER |

Printed Name and Title:

Date: 7/5/16

Authorized Signature:

Copies to: VGS-Office  VGS - Field CHA VHB
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Adam Gero

From: Chris LeForce

Sent: Thursday, July 07, 2016 6:16 PM

To: Morris, GC

Cc: John St.Hilaire; Adam Gero; Porter, Louise

Subject: VGS weekly meeting follow-up

Attachments: Adhesion Test - Field Coating Rev.2.pdf; ANGP-VGS-RFI-025-R0 RESP.pdf; Denso 35

Tape Peel test procedure 2016 0707 Rev 1.pdf; VGS Project Org Chart_06142016 v1.pdf

GC,

| have attached multiple documents that you have requested copies of or have asked for additional clarification during our
weekly meetings. They are listed below with an explanation.

VGS Project Org Chart 06142016 v1.pdf — This was provided in hard copy form at our meeting on 7/5/2016. John St. Hilaire
said we would send along an electronic version.

Denso 35 Tape Peel test procedure 2016 0707 Rev 1.pdf & Adhesion Test - Field Coating Rev.2.pdf — It was requested that we
properly title the adhesion test procedure for the Denso 35 Tape. The final version is attached. | have also included the
updated QA/QC Adhesion Test Plan, which incorporates this test for the tape. These documents will be added to the
Inspector Manual on Monday morning.

ANGP-VGS-RFI-025-R0 RESP.pdf — This is the Request for Information (RFI) related to the pipe trench preparation under
Section 312333 Trenching, Pipe Laying, and Backfilling Specification. VGS had asked CHA to clarify the methods that were
acceptable under the specification, as it is written under its current revision.

It was our intent to allow the pipe to be installed on the trench bottom if the soil conditions were shown to be rock free,
which would be completed by inspecting the trench bottom and sidewalls and also the spoil from the trench. If a
determination could not be made or the soil contained rocks, then the pipe would be properly supported and padded during
the installation. This is a commonly accepted construction technique used in the industry by other companies when favorable
soil conditions exist. This is a similar situation to the use of the sand berms or “dutchmen” for pipe support in the trench in
lieu of sandbags or pipe pillows. It is a commonly used method of installation in the industry. Both are difficult to inspect and
by a pure interpretation reading of the specification, neither is allowed unless the specification was edited and updated, as
shown in CHA’s response to the RFI.

VGS at this time will not be using either technique and has instructed the Construction Management (CM) Team to completely
pad the trench bottom or use sand bags as pipe supports unless they submit an alternative for approval. We will also circulate
a copy of the RFI to the CM Team to present the interpretation. The CM Team has stated these have been the primary
techniques used on the installed pipe, except for a few hundred-foot section installed south of the Williston Gate Station. We
will incorporate this section into the QA/QC Program.

Regards, Chris
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Adam Gero

From: John St.Hilaire

Sent: Thursday, June 08, 2017 3:57 PM
To: Chris LeForce; Adam Gero
Subject: FW: VGS weekly meeting follow-up

From: John St.Hilaire

Sent: Friday, July 01, 2016 4:55 PM

To: Morris, GC (GC.Morris@vermont.gov)

Cc: Chris LeForce; Adam Gero; Porter, Louise (Louise.Porter@vermont.gov)
Subject: VGS weekly meeting follow-up

Hi GC.

We had two items to follow up with from our Tuesday meeting including pipe placement in the trench and induced
voltage.

Pipe placement in the trench — On 6/21 we discussed this item and we understood the issue to be around the
placement of the pipe at the bottom of a trench and if our spec allowed for this or were we required to add padding. We
engaged our engineering firm of record to provide input on whether the spec allowed for a pipe to be placed at the
bottom of the trench when suitable backfill material is present. We provided an e-mail from the engineering firm
describing his wording and intent to allow pipe to be placed on the bottom of the trench when suitable material is
present without bedding. This is the same interpretation our inspection and our pipeline contractors have taken in
regard to the spec. During our 6/28 meeting, we learned the issue was not the mechanical aspects of placing the pipe at
the bottom of a trench, it is the corrosion potential due to oxygen differentials in the soil layers. We again reached out
to others to determine if this was an acceptable practice. We engaged Mott McDonald and two New England LDC’s who
all reported that when suitable backfill material is present in the bottom of the trench, it is acceptable and common to
put the pipe on the bottom of the trench. Today (7/1) at 2pm, we discussed this with ARK engineering to understand the
corrosion aspect of oxygen concentration. We reviewed the report (Bushman & Associates, Inc.) provided by Mr.
McCauley and find it does walk through various corrosion mechanisms including Galvonic Corrosion, Oxygen
concentration corrosion, and Corrosion caused by dissimilar soils. Further it states “corrosion can be caused due to
differences in the electrolyte. These differences may be in the soil resistivity, oxygen concentration, moisture content,
and various ion concentrations”. The next section of the report details corrosion control mechanisms including coating
pipe and cathotic protection.

Corrosion is a factor that we work to minimize on a pipeline. Corrosion can occur from oxygen concentrations
at the change of soil from one geologic area to another, from an HDD to open trenching, and from moving through
wetlands not only due to soil changes but due to the added moisture content of the soil. We cannot eliminate every risk
of corrosion, which is why we utilize the corrosion control mechanisms listed in the Bushman report including pipe
coating, cathotic protection, and compacting backfill with native soil in minimizing oxygen concentration corrosion.

Our research shows that placement of cathotically protected coated steel pipe on the bottom of a trench with
suitable backfill material (no sharps, etc) is an accepted practice in the natural gas industry from a mechanical and
corrosion perspective. The Bushman concludes with “When a system is designed, installed, and maintained properly,
cathotic protection is one of the most effective and economical methods of preventing corrosion”. With the evaluation
complete, we have submitted an RFI to our engineer to officially clarify the spec and its allowance for the placement of
the pipe at the bottom of a trench when suitable backfill material is present.
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Induced voltage — On 6/21 we again discussed managing induced voltage. We both had been trying to get a Velco
procedure to manage induced voltage. In the meantime, Michels implemented their standard management approach to
induced voltage including daily measuring and installing grounding rods. We were also asked about the qualifications of
the Michels safety individual who was managing the induced voltage program. During the week of 6/21 we developed a
formal Michels procedure, provided a summary of the readings for the project, and the resume of the Michels regional
safety manager. All readings from the start of the project were substantially below the recommended level of 15 volts.
On 6/28, we provided the written procedure and asked for comments. We also agreed to provide additional information
regarding the Michels safety person for Induced voltage. We reached out to Ark Engineering, two New England LDC’s,
and our own NACE 2 CP tech to learn about managing induced voltage on a shared ROW. We learned a procedure
should be in place, testing and training should be required, and grounding installed to manage induced voltage. We
learned that there is no industry certification for induced voltage and the NACE CP certifications only briefly covers
induced voltage. Our research indicated that an individual with actual experience managing induced voltage on a
pipeline project should be used to manage the induced voltage program. During our conversation with ARK engineering,
we asked them to audit our procedure and give feedback on how we can improve the procedure. We provided the
procedure to ARK on 7/1. Ark Engineering is the entity that designed the cathotic protection system for the pipeline and
did an induced voltage survey of the Velco line when designing the system. We continue to be open to suggestions and
ways to improve the management of induced voltage.

I am still working on the information on the Michels regional safety manager and hope to have that for you on Tuesday.

Please let me know if you have any questions.
John
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From :
Subject :
To:

Mon, Aug 07,2017 02:22 PM

Jim,

Morris, GC <GC.Morris@vermont.gov>

VGS ANGP discussion
Porter, James <James.Porter@vermont.gov

A VGS ANGP topic for our discussion:

Identify/Tabulate existing pipeline segments without support as specified (For analysis, Dave

Berger needs, for each specific location, soil type, soil resistivity and coating type)

See Reference(s): VGS ANGP QA QC Summary, 12/21/2015, tab 8, (segments not

identified) and

See VGS Memorandum, ANGP QA QC Executive Summary, Oct. 4, 2016, (4

segments identified)

See Memorandum, ANGP Pipe Laid on Trench Bottom, June 6, 2017, (6 segments
identified, 2 of which comprise one segment referenced in memo above)

Plus segments installed by sink-in swamp-method including:

New Haven, Wetland buffer

Monkton, Red Maple Green Ash Swamp

Installation Station From | Station To Physical installation, soi | soil coating type
Date out-of-spec. 1 resistivi
ty |ty
Sand Pipe Other ? pe Pipe | Girth
Berms on the mill | -weld

Groun coati |,

d ng field-
coati
ng

8/31/2015 240+26 279+75 X
6/17/2016 564+24 567+84 x(clay)
6/18/2016 889+74 892+11 X
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6/21/2016 888+38 889+74 X
6/28/2016 863+62 864+55 X
7/5/2016 663+00 664+50 X
9/3/2016 Approximatel (remova | (swam
y lof P,
adjacent | wetlan
1635+00 ground d
material | buffer)
allowed
concrete
coated
pipe to
sink-in)
Approximate | Appox.1642+ | Appox.1666+ | (sink-in) | (swam
ly 00 00 p)
9/18/2016
Other?

Fe-a

St. stiMontpelier, VT 05620-2601 ist802-828-4073
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Section:
Date:
Report:
W.O.:
Inspector:

Vermont Gas
Addison Natural Gas Project

Phase I

ML-DAILY INSPECTOR REPORT

Section | - Colchester to Williston

1

9/9/2014

62

J.R.Kelch

Contractor
Super/Foreman

Weather/Temp:

County/Town
JSA Topic

Final Report:

: Over and Under

: Fred Robinson

sunny 46-76

. Williston

: wear ppe

No [] Yes

Item

Activity

Station
From

Station
To

Footage
Today

Footage
to Date

Pre-Const Survey/Video

0

0

0

0

ECD Installation

Temp Fencing/Gates

Clearing and Grubbing

Grading

o

o

Machine Trenching

o

o

o

Excavator Trenching

Rock Removal-Mechanical

Rock Removal-Blasting

Loading and Hauling Soils

Hauling and Stringing

o|o|o|o

Bending and Setup

o|o|o|o

o|lo|o|o|o

Lowering In

189+86

19

-
+

06

120’

Welding

Welding-Tie-in

Welding-Tie-in-Final

NDT

Coating-Below Ground

Coating-Above Ground

CP-Zinc Ribbon

CP-Anodes

o|o|o|o|o|o|o|o

o|lo|o|o|o|o|o|o

o|o|o|o|o|o|o

Padding and Compaction

o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o

Backfill

Permanent Fencing/Gates

Clean-up Rough

Clean-up Final

Road Crossing Cased

Road Crossing Uncased

Boring

HDD-Pilot Hole

HDD-Reaming

HDD-Pullback

HDD-Hydro-Aboveground

HDD-Hydro-Belowground

Hydrotest-Final

Drying

Pigging

Drain Tile Repair

Road Cleaning

Oo|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|e

OCl|lo|Oo|0o|0O|C|0|0|0|0|o|o|o|o|o|o

Pipe Offload and Tally

i [u|n]ns s s s EEEE NS EE SO EEEEEOEEEE SN E

o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|e

olo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
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WORK DETAILS/COMMENTS

Mikes crew lowered in from sta 189+86 to 191+06 and from sta 193+69 to 194+89 for a total of 240' today, all pritec pipe.

Ed's crew trenched from sta 552+30 to 552+90,then lowered in and welded 60' joint of concrete coated pipe. Crew then started excavating for
next joint of pipe.
The environmental crew worked on putting up silt fence on hwy 289,sta 262+00 area.
Cook clearing returned today to hwy 289 sta 346+00 and unloaded feller buncher using ADA flaggers on entry ramp to hwy 289 and started
cutting trees.

Over and Under also had an operator hammering rock around sta 171+00. Could not witness all activities today with 5 crews. Stayed longer
with both crews lowering in pipe, one on hwy 2 and the other on hwy 289 behind Mobil station at sta 189+00 area.

ECDs and PAY ITEMS (Pay items shown in yellow)

Item uomM Start Sta. End Sta. Today To Date
Silt Fence LF 0
Silt Soxx LF 0 0 0 0
Wood Chips LF 0 0 0 0
Super Silt Fence (reinforced) LF 261+00 264+00 300°
Safety Fence LF 0 0 0 0
Geotech SY 0 0 0 0
Straw Bales BALE 0 0 0 0
Temp Culvert w/crushed stone  |EACH 0 0 0 0
Temp Culvert w/o crushed stone |EACH 0 0 0 0
Timber Mats LF 0 0 0 0
Winter Stabilization ACRE 0 0 0 0
Trench Breakers EACH 0 0
Pipe Sacks/Saddlebags EACH 0 0 0 0
Select Fill/Sand LOAD 0 0 0 0
Concrete Coated Pipe LF 552+30 552+90 60" 0
Rock Haul Away LOAD 0 0 0 0
Stabilized Construction Entrance |CU FT 0 0
Mat Cleaning EACH 0 0 0 0
Wash Stations EACH 0 0 0 0
Welding and X-rays
Rejected Welds
Weld Count Rejected Reject Rate Reject Reject Reject Cut
Repaired Balance Out
Today 0 0 0% 0 0 0
To Date 0 0 0% 0 0 0
Rejected Welds Temporary Welds
Temporary Welds | Temporary Welds Total Welds
Cut Out for Engineering X-Rayed Cut Out Balance Installed
Today 0 0 0 0 0
To Date 0 0 0 0 0
BORING
Location (station/road/railroad) Length (pit face to pit face) Pipe (length and type)

Safety Issues

[Hours & Reason: |
PUBLIC INTERACTION

Contractor Downtime

|Agency Visitors

Agency Name Number Comments
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Land Owner or Protestor Interaction (If protester request for information or landowner request or complaint direct them to Dave Walker, VGS
RoW Manager, 802.951.0368 and provide his business card.)

Hrs Wkd: | 10 [signature: [ TR HKelch

CHANGE ORDER WORK [Change Order Number:

[Time and Materials

Contractor Personnel

Item Name Position Hours Comments

Equipment

Item Equipment Rent Own Comments
L] [
[ [
(] [
[ []
[ []
[] []
[ ]
[ (]
[ (]
[ []
[ []
[ []
[] [

Materials

ltem Description Quantity Loc/Station # Comments
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Attachment INTERVENORS.VGS.1-114.2

Vermont Gas
Addison Natural Gas Project

Phase I

HDD-Daily Inspector Report

Section | - Colchester to Williston

Date: 5/27/2015 Contractor: ECI
Report: Phase1Sec1_EC46-2 Super/Foreman: Mike Wright
W.O.: Phase 1 Sec 1 Weather/Temp: Mostly cloudy, afternoon rain, 86 / 68
Inspector: Eric Curtis County/Town: Chittendon / Williston
Final Report: No g Yes JSA Topic: PPE
HDD # and Name: 1-89, (596+10 to 605+48 Estimated Length: 938
. . Estimated Estimated .
Item or Crew PASS S:::ln St:-t;on Footage Footage % olis(::)n:;:fec:ion Comments
Today To Date
Casing 0 0 0 0 0%
Pilot Hole 0 0 0 0 0%
First Ream 0 0 0 0 0%
Second Ream 0 0 0 0 0%
Third Ream 0 0 0 0 0%
Fourth Ream 0 0 0 0 0%
Swab 0 0 0 0 0%
Pull Back 0 0 0 0 0%
Other 0 0 0 0 0%
Other 0 0 0 0 0%
ECDs and PAY ITEMS (Pay items shown in yellow)
Item uom Start Sta. | End Sta. Today To Date
Silt Fence LF 0 0 0 45
Silt Soxx LF 0 0 0 0
Wood Chips LF 0 0 0 0
Super Silt Fence LF 0 0 0 0
Safety Fence LF 0 0 0 0
Geotech Sy 0 0 0 0
Straw Bales EA 0 0 0 0
Temp Culvert w/crush.stone EA 0 0 0 0
Temp Culvert EA 0 0 0 0
Timber Mats LF 0 0 0 0
Winter Stabilization AC 0 0 0 0
Trench Breakers EA 0 0 0 0
Pipe Sacks/Saddlebags EA 0 0 0 0
Select Fill/Sand LOAD 0 0 0 0
Concrete Coated Pipe LF 0 0 0 0
Rock Haul Away LOAD 0 0 0 0
Stabilized Const Entrance CUFT 0 0 0 0
Cleaning Mats EA 0 0 0 0
Wash Stations EA 0 0 0 0
COMMENTS
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Welding and X-rays

Rejected Welds
Weld Count Rejected Reject Reject Reject Reject Cut Out for
Rate Repaired | Balance Cut Out Engineering
Today 0 0 0% 0 0 0 0
To Date 0 0 0% 0 0 0 0
Temporary Welds
Temporary Welds X-Rayed Temporary Welds Cut| Balance | Total Welds |Comments
Out Installed
Today 0 0 0 0
To Date 0 0 0 0

WORK DETAILS/COMMENTS
Crew bagan preparing the work site and mobilizing equipment in to resume with the drilling and installation of pipe under I-89. The ditch
witch JT100 drill rig and deere 160 excavator were delivered to the site. All brush and debris left from clearing was pushed into a pile then
loaded into a dump truck and hauled away. The ATWS was graded. Large rocks were relocated to a central location and piled into a row
along the east side of the ATWS. The ATWS was seeded and fertilized. Erosion matting was installed over the site and silt fence was
installed along the ditch line parallelling Hurricane Ln. Crew plans on resuming work tomorrow (5/28/2015).

Safety Issues

Contractor Downtime

Hours/Reason:
PUBLIC INTERACTION
Agency Visitors
|Agency Contact Name Number Comments

Land Owner or Protestor Interaction: (if protester request for information or landowner request or complaint direct them to Dave
Walker, VGS RoW Manager, 802.951.0368 and provide his business card)

Hours Worked: [ 10 Signature: | Exic Cuntis
CHANGE ORDER WORK Change Order Number:
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Vermont Gas

) Addison Natural Gas Project Phase |
ML-Daily Inspector Report

Section 1 - Colchester To Williston

Section: Phase 1 Contractor: Michels
Date: 8/27/2015 Super/Foreman: Johnny Kroner/Randy Carrillo
Report: 08/27/2015_Phase1_ML_IDCR_JB27 Weather/Temp: 72/53 Cloudy
Location: Route 289 County/Town: Chittenden/Essex Junction
Inspector: Jim Barton JSA Topic: Pinch points , Awareness , PPE

Item Activity Station Station Footage Footage

From To Today to Date

Clearing and Grubbing

Pot Hole

Grading

Stringing 301+00 298+00 300 2400

Bending

Set-up

299+00 291+00 800 2300

Trenching

Blasting

Welding

Welding Tie-In

NDT

Coating-Above Ground

Coating-Below Ground

H0OC(O)|00 0= 00 (E|010 §

301+00 298+00 300 1800

Lowering In

Padding 301+00 298+00 300 900

Backfill 302+00 300+00 200 800

CP-Anodes

CP-Zinc Ribbon

Test Leads

Seeding

ECD Installation

Clean-up Rough

Clean-up Final

Restoration

Temp Fencing/Gates

Perm Fencing/Gates

Road Crossing UnCased

Boring

Hydro-Aboveground

Hydro-Belowground

Hydrotest-Final

Drying

Pigging

Drain Tile Repair

Pipe Offload

Pipe Tally

Other

Other

] o | o o o | oo o) o

Other

WORK DETAILS/COMMENTS
(1)Working out at Rt.289 we had our JSA meeting where | talked to everyone about the size of stones allowed in the ditch.(2)We strung pipe at 301+00 back to 298+00
then lowered it in , padded and backfilled it .(3)We trenched 800 Ft. of ditch today starting at 299+00 to 291+00 .(4)Built in two Trenchbreakers one each at 302+18 and
300+50 .

BORING
Location (station/road/railroad) Length (pit face to pit face) Pipe (length and type)

Safety Issues

James L Barton Signature:J L Barton 12
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Section: Addison Natural Gas Project Phase 1

Section 1 - Colchester To Williston

Date: 8/27/2015

Report: 08272015_Phase1_ML_IDCR_JK_39

Location: Hwy 289 st 315+00 to 308+00 and 27+00 to 36+00

Inspector: J.R.Kelch

ML-Daily Inspector Report

Contractor:
Super/Foreman:
Weather/Temp:
County/Town:
JSA Topic:

Vermont Gas

Addison Natural Gas Project Phase |

Michels

Don Hargraves/ Ruben Carrillo

sunny 63/75

Chittiden/Essex

stay hydrated

Item Activity

Insp

Station
From

Station
To

Footage Footage
Today to Date

Clearing and Grubbing

Pot Hole

Grading

84+97

109+00

2403' 13279'

Stringing

Bending

Set-up

Trenching

1454'

Blasting

Welding

Welding Tie-In

NDT

Coating-Above Ground

Coating-Below Ground

Lowering In

0|00 000(= 000010

v

1446'

Padding

315+50

308+00

750' 1449'

Backfill

315+50

308+00

750' 1449'

CP-Anodes

CP-Zinc Ribbon

Test Leads

Seeding

ECD Installation

Clean-up Rough

Clean-up Final

Restoration

Temp Fencing/Gates

Perm Fencing/Gates

Road Crossing UnCased

Boring

Hydro-Aboveground

Hydro-Belowground

Hydrotest-Final

Drying

Pigging

Drain Tile Repair

Pipe Offload

Pipe Tally

Other

Other

Other

O100(0O|00 00|00 00|00 58|00 5|00 0|

WORK DETAILS/COMMENTS

Grade crew finished skip area at st 282+00 then moved 2 hoes and 2 dozers to st 36+00 to grade back to st 27+00. Crew completed footage at stations listed above.They
moved in 24 matts and used 100’ of geotex. Crew bushogged st 115+00 area in the extra work space 280'x240'. The composite crew 2 padded and backfilled stations

listed above and helped composite crew 1 with trenching and setting up to weld pipe for the rest of the day.

BORING

Location (station/road/railroad)

Length (pit face to pit face)

Pipe (length and type)

Safety Issues

Inspector's Name:Johnnie Kelch

Signature:J.R.Kelch

1
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QAQC Checklist (Procedure # VGS-110-2, Inspection of New Transmission Facilities)

Did ABNORMAL working conditions adversely affect construction progress?

Crews affected by adverse weather, right-of-.way or other working conditions?

Any Contractor caused delays, down time or other reduced progress?

Yes

O

O

O

No

)

If Yes, explain Below in the COMMENTS SECTION

TRENCHING, LOWERING IN & BACKFILLING Inspector's Checklist

Complete all question below and provide an explaination in the comments section below for all R or U values.

A= Acceptable/ R=Acceptable Re-Inspection/U=Unacceptable/N/A=Non applicable

1. Digsafe notified per Sec. 312333, Part 1, Subpart 1.4, Sentence A? A Or Ou Cna
2. Existing utilities located per Sec.312333, Part 1, Subpart 1.4, Sentence E, A Or Ou CIvA
Item 3?
3. Line list/landowner agreements satisfied? A Or Ou Ona
consiment it Sep 312335, Sabput 38t @ O Ou  Ow
5. Pipe jeeped prior to lowering in/submerging per Sec. 1380007 A Or Ou CIn/a
6. Holiday, if any, repaired per Sec. 138000? A Or v CIna
7. Pipe installed in ditch in a manner as to minimize undo stress per 312333? A Or Cu N/A
For all Rs and Us, explain Below in the COMMENTS SECTION
Hours Name Position Hours Equipment
Michels Crew

10 Don Hargraves foreman 10 komatzu 220 excavator

10 Jarod Gorham straw 10 |cat d-6 dozer

10 Carl Gagnon laborer 10 komatzu 240 excavator

10 Ryan Mugford laborer 10 cat d-6 dozer

10 Colt Hendrix operator 10  |skid steer with bush hog attachment

10 Toby Rumbles operator

10 Bob Mcquire operator

10 Derrick York operator

10 Luke Derby operator

11 Ruben Carrillo foreman 11 kamatzu 220 excavator

11 Ruben Carrillo jr oiler cat d-6 dozer

11 Martin Salinas straw cat side boom

1 Haven Mcneil operator 11 kamatzu 220 excavator

11 Roger Hinojosa laborer

1 John Maltbie operator

11 Lou Chaisson laborer

11 John Cabrera laborer
Signature:J.R. Kelch Inspector's Name:Johnnie Kelch Date:8/27/15
References:
Technical Specification

Vermont Agency of Transportation, Standard Specification for Construction
Vtrans Standard 704.08A “Granular Backfill for Structures”

ANGP drawi

Part 192 Subpart G-General Construction Requirements for Transmission Lines and Mains-Installation of Pipe in a Ditch.

ing set

Standard Specifications for Highway Materials and Methods of Sampling and Testing American Association of State Highway and
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Attachment INTERVENORS.VGS.1-100.9

S D Ireland Concrate Construction Corporation INVOICE |

PO Box 2286
South Burlington VT 05407-2288 Invoice #: 56818
Date: 7/20M16 5

Customer No: 3611
i
Sold To: Delivered To: |
|
MICHELS CORPORATION |
PO BOX 128, 817 W MAIN STREET LINCOLN RD- ST GEORGE - |
BROWNSVILLE, WI 53006-0128 ‘
30 Pay Terms Net 30 Totak 2,022.30 |
JOB#/PO# /61103 Ticket UM Unit Price Material Total Tax Line Total ‘
COMM FLOWABLE FILL 19119817 18,000 CY 105.0000E 1,890.00 13230 WvT 202230 [
Total: 1,890.00 0.00 13230 2,022.30 ‘
Total Involce: 1,090.00 0.00 13230 202230 ‘/,1
i
PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT :
i
i
g2 it
¥ Vincont |
(o103
Payment Type: On Account !
Total: 2,022.30;

30 Pay Terms Net 30

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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North Middlebury Sand & Gravel Invoice
1555 Burpee Road
Bristol, Vermont 03443 DATE INVOICE NO.
Alur 802-346-7439 103172016 7796C
BILL TO
Michels Pipeline Construction
PO Box 128 | loS. <X gg\\‘(‘w
817 West Main Street
Brownsville, W1 53006
Cedy Vincant
LAR3
TERMS
DATE SLIP # YARDS DESCRIPTION RATE AMOUNT
10/5 'Y 14 | Screened Sand 9.50 133.00T
10/31 v’ 28 | topsoil 2300 644.00T
1027 o 14| 34" crushed gravel 9.50 133.00T
1077 ~ 14| 1 172" Crushed Gravel 9.50 133.007
Sales Tax 6.00% 62.58
Payments/Credits $0.00 Total Due cisss W

Case No. 17-3550-INV Intervenors
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S D Ireland Concrete Conslruction Corporation
PO Box 2286

INVOICE

South Burlington VT 05407-2286 Invoice #: S5718
Date; 8r22/16
Customer No: 3611
Sold To; Delivered To:
MICHELS CORPORATION
PO BOX 128, 817 W. MAIN STREET RT.2A - ST.GEORGE -
BROWNSVILLE, WI 53006-0128
30 Pay Terms Nelt 30 Total: 2,696.40
JOB#IPOS 161103 Ticket UM  Unit Price Material Total Tax Line Tolal
COMM FLOWABLE FILL 19118066 24000 CY 105.000CE 252000 176 40 WVT 2,695.40
Total: 2,520.00 000 T 47540 2,696.40
: Total Invoice: 2,520.00 0.00 17640 2,695.40

PLEASE REMIT vOP PORTION OF INVOICE WITH PAYMENT

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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S D lreland Concrete Construction Corporation INVOICE

PO Box 2288
South Burlington VT 05407-2286 Invoice #; 57876
Date: 9/1/16
Customer No: 3611
Sold To: | Delivered To:
\
MICHELS CORPORATION
PO BOX 128, 817 W. MAIN STREET OLD STAGE RD -
BROWNSVILLE, WI 53008-0128
30 Pay Terms Net 30 Total: 6,010.20
wlo
JOB#/POK 1 MONKTON Ticket UM Unit Price Material Total Tax Line Total
COMM FLOWABLE FILL 19122925 54.000 CY 105.0000E §,670.00 020 VT 6,010.20
Total: 5,670.00 0.00 340.20 6,010.20
" Total favolce: ; 5,670.00 0.0 Jao2h U Tsbiodo
PLEASE REMIT TOE PORTION OF INVOICE WITH PAYMENT
\
wyment Type: On Account
\ Total: s.o1o.zﬁ
Pay Terms Net 30 /
I —

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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@ Glass Bagging Enterprises, Inc. anOice
GBE
¢ P.O. Box 120
===’ Duncansville, PA 16635 Dete L
(814)693-6886 8n12016 37688
BN To S To
Michels Pipelio Ca. Williston, VT
P.0. Box 120 Staged lo Starkshocn
Brownsville, W1 5300
£.0. Number Terms Rep Shig via F08 Project
wi648228s Ne130 %112016 RJ. Glaus
Qusnity Kam Code Description Price Each Amount
50,400 | Paly Prop fac Poly Prop Sand Sacks 17 114,408.007
. 672|Bulk Bags Bufkbags ... __ ‘ 27.00 18,144.00T
Out-of-state sale, cxempt from sakes tax 0.00% 0.00
2D
s 28T
)
Y4
Cody Vincqnt
Total 5132,552.00
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S D tretand Concrete Construction Corporation

INVOICE
PO Box 226868
South Burington VT 05407-2286 Involce #: 58092
Date: aane
Customer No: 3611
Sold Yo! Deltvered Ta:
MICHELS CORPORATION
PO BOX 128, 817 W, MAIN STREET QLD STAGERD -
BROWNSVILLE, W1 53006.0128
30Psy Tarms Net 30 Total: 5,008.50
JOBRIPOR [ MONKTON Ticket UM Unit Price Material Tota! Tax Line Total
COMM FLOWABLE FiLL. 19123467 45000 CY 105.00006 47500 BIDVT 500850
Totdl: 47150 (1] 21150 S,000.50
t - Tl T Yool o0 T3 TTTTT T 4200 T a0eTT 2kase DU T senst
PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT 7
Rt ble
ot _

Payment Typa: OnAccount

3Pay Terms Nat30 _

Total: 5,008

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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North Middicbury Sand & Gravel

Invoice

1555 Burpee Road
Bristol, Vermont 05443 | DATE I INVGICE NG
Alan 802-319-7439 7735N
BILLTO
Michels Pipeline Construction
PO Box 128
£17 West Main Street
Brownsviile, Wi 53006
TERMS
DATE SLIP# YARDS DESCRIPTION RATE AMOUNT
0922 12424 28| cenver material 10.00 2B0.00F
56| topsoil 23.00 1288 00T
09/23 / 14]opsoll 2300 300T
Sales Tax 7.00% 13230
24 30 Dol \{{af
sty ancont
Lted Gl
Payments/Credits $0.00 Total Due $

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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Harrison Redi-Mix Corporation . e S R TS
P.O. Box 2098 I Y
Georgia, Vermont 05468 DN =3 EH 0T ——*
(802) 849-66868 INVOICE'NO.
10/11/16 -
INVOICE DATE
30485

CUSTOMER NO.

MICHELS CORPORATION
817 WEST MAIN STREET

PO BOX 128
BROWNSVILLE, WI 53006-0128

o+« arow
O- T-xInn

ORDER No.m DIVISION ' DATE SHIPPED | TERMS _Y

; , NET 30

PURCHASE ORDER NO. Y ORDER DATE
1 I

! 3
’ - - -—

A SOy : PP 1 —
| uwrence T EXTENDED PRICE

QUANTITY . I ITEM NUMBER T DESCRIPTION

32.00 FLOWFILL FLOWABLE FILL
JOB #61103/SODOM RD FLO-FILL

94.00 3,008.00

nors' Motion to Broaden Scope - Attachments
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H ¥ Vi allal =
EEE VM ESLE s
Harrison Redi-Mix Corporation ; v ! E=EF =FE= 1
I P.O. Box 2098 PAGE
Georgia, Vermont 05468 ) 36938
(802) 849-6688 INVOICE'NO.
11/02/16
INVOICE DATE
30485

CUSTOMER NO.

MICHELS CORPORATION
817 WEST IN STREET
PO BOX 12

BROWNSVILLE, WI 53006-0128

O~ Orown
O« D=IO

( PURCHASE ORDER NO. [ ORDER DATE Yonnsn NO. ',SE{,{ngI DIVISION [ DATE SHIPPED [ TEAMS [ N

NET 30

( QUANTITY Y TEM NU‘ABEH Y DESCRIFTION Y UNIT PRICE Y EXTENDED PARICE )
64.00 FLOWFILL 2504 FLOWABLE FILL 94.00 6,016.00
3.50 4000 4000 PSI CONCRETE 124.00 434.00
67.50 WINTER ° WINTER CONCRETE 7.00 472.50
3.50 FIBER I FIBER MESH 8.00 28.00
1.00 MINIMUJ SMALL LOAD CHARGE 110.00 110.00

SALES TAX
FREIGHT

TOTAL 7,060.50

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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JOB#/PQ# 1920-53903 Ticket UM  Unit Price Material Total Tax Line Total
1 HR RETARDER/ HYDRATION STABILIZER 19120207 65.010CY. 0.0000E Q.00 0.00VT 0.00
COMM FLOWABLE FILL 19120207 26000 CY 105.0000 2,730.00 163.81V1 2,893.81 7
Total : 2,730.00 0.00 163.81 2,893.81
Total Invoice: 2,730.00 0.00 163.81 2,893.81 /
PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT
-
i
{30 Pay Terms Net 30 e

Case No. 17-3550-INV Interven

ors' Motion to Broaden Scope - Atiachments
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S D Ireland Concrete Construction Corporation

PO Box 2286
South Burlington VT 05407-2286

Sold To:

MICHELS CORPORATION
PO BOX 128, 817 W. MAIN STREET
BROWNSVILLE, W| 53006-0128

30 Pay Terms Net 30

INVOICE

Invoice # 56767!
Date; 7126116
Customer No: 3611 I

Delivered To:

BREEZY VALLEY - ST.GEORGE -

Total: 4,044.60

30Pay Terms Net 30

4,044.601

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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Ranger Asphalt & Concrete Proc., LLC Invoice

Invoice Number:
1607 Malletts Bay Avenue Errdia2a13
P.O. Box 96
Involce Date:
Colchester, VT 05448 oct 18, 2028
Phone: 802-685-3978 Fax: 802-855-1391 PII::
Michals Pipelins Construction
Attn: Roberta Harrington
2153 Park Avenue Suite 105
Washington, PA 15301
Customer PO Payment Terms Due Date
Net 30 Days 11714715
s m SR N P == ﬂ&Ym R T i U
Topsoll par yard 12.00 2500 300.00
Subtotal 300,00
Sales Tax 21,00
Total Invoice Amount 321.00
- ﬁmﬁh;,?me?k Memo No: Payment/Credit Applied
ase pay s invoice. 321.00
Thanks! TOTAL

&ﬂ'ff‘ ﬂﬁ% 5 oCT 25 2015

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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{7 ALL SEASONS EXCAVATING & LANDSCAPING, INC.
(] AANGER INDUSTRIAL PARK, LLC
£3 RANGER ASPHALT & CONCRETE PROC., LLC

gtharge (JPaldAmS

Soid 1o: . Dete ”-L?Z“’—r
¢y id 7
vmh-|£§£¥2,

TICKET #

Disposal - In Oty Materiel - Out 2
Asphati par v 1° Mirus Crushed Concrete pir ton
Concrma pecyd -4/ sAinus Crushed Concrets per fon
Gonrets winesh pet yd 1° Mirwa Crushed Asphan per fon
Oonamts wiebar par yd 1" Plant Mix TO4.08A par ion
3 par yd 1:1/2 Plant Mix 704.05A per o
Ot “Topeoll per yo .éﬂﬂ#

Carmmon 5and per fon K
Mound Sand per ion
Bark butch per yd
Sait per ton
Other:
Soring Fear
Oversizs Fas:
‘ * Alj matesial mus] be segeraiod. |
g Minimus Disposal Charge 20
VT SALESTAX —
Sk TomL_____
I gm0 S
Drivar Nams ©6 paid by purcheses inchatng starmys lese.

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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Sales Tax

6.00%

173.95
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Lower-In/Padding/Backfill Daily Report

Vermant Gas

IPROJECI' NAME: Phase 7 Looping

IDATE: 11-2-2016

IPROJECT JOB #:

CONTRACTOR: Michels

IPROJECT LOCATION: 263+20 to 265+00

WEATHER CONDITIONS: 56 Sunny

backfill and padding tomorrow.

|Lowerep-in: FROM STA. TO STA. DAILY TOTAL
263+20 265+00 180"

|pabpinG: EACH FROM STA. TO STA. DAILY TOTAL

SANDBAG SUPPORT 15' 283+20 265+00 180"
leenToniTE

{PaDDING BERM

lBackFiLL: FROM STA. TOSTA. DAILY TOTAL

N/A

SAFETY: REMARKS:
foNE caLLs maDE ves [ 1 |no [/]

SAFETY MTG CONDUCTED ves [/] |vo [T] |HotlinesiPinch Points

TRAFFIC CONTROL BARRIERS & SIGN ves [¥] [nvo [1 | Fence and cones installed at end of day
|PPE USE comPLIANCE ves [7] |vo [

WORK SITE HOUSEKEEPING ves [/] |vo [

JOB SITE SECURED ves [7] |no (]

ENVIRONMENTAL CONCERNS:
[coMMENTS:

All O Q 's verified prior to tasks being peformed Michel's employees lowered in Phase VIl 16" pipe and padded ditch from station
263+20 to 265+00. All work went smoothly and without incident. Road cut was backfilled with flowable fill and we will complet

|insPECTOR NAME: Scott Cagson

[nspecron sinature: oF Cof LQJLS__.—-

ICHIEF INSPECTOR REVIEW:

Case No. 17-3550-INV Intervenors'

00283
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&h Lower-In/Padding/Backfill Daily Report

IPROJECT NAME: Phase 7 Looping IDATE: 11/2186
IPROJECTJOB #: CONTRACTOR: Michels
[ProsECT LocaTion: Sandy Birch

WEATHER CONDITIONS: Claar

|LOWERED-IN: FROM STA. TO STA. DAILY TOTAL
Yas 418+50 419+91 141ft
JPADDING: EACH FROM STA. TO STA. DAILY TOTAL
SANDBAG SUPPORT 15ft 418450 4194 1411t
BENTONITE

PADDING BERM

laackFiLL: FROM STA. TO STA. DAILY TOTAL
No N/A N/A N/A

SAFETY: REMARKS:

ONE CALLS MADE ves [V1 [no [

SAFETY MTG CONDUCTED ves [¥] |no ]

TRAFFIC CONTROL BARRIERS & SIGN ves [¥] |no [
{PPE USE COMPLIANCE ves [7] Ino [

WORK SITE HOUSEKEEPING ves Y] |nvo O]

10B SITE SECURED ves [7] |wo ]
[ENvIRONMENTAL coNCERNS:

N/A

COMMENTS:

From 418+50 to 418+75 ML valve was installed.

INSPECTOR NAME: Bo Reeves

INSPECTOR SIGNATURE: Bo Resves
CHIEF INSPECTOR REVIEW:

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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Lower-In/Padding/Backfill Daily Report

ENVIRONMENTAL CONCERNS:

COMMENTS:

Station 1309+61 contractor backfilled the main line valve and fabrication.

INSPECTOR NAME: Bill Jackson
INSPECTOR SIGNATURE:
CHIEF INSPECTOR REVIEW:

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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V Lower-In/Padding/Backfill Daily Report

Vet Gas

IPROJECI’ NAME: Addison Natural Gas Project Phase 1

DATE: 6/1116

lerosecT 108 #: 28757

CONTRACTOR: Michels

IPROJECT LOCATION:

!

WEATHER CONDITIONS: Drizzle/rain 50's
|LoweRED-IN: FROM STA. TO STA. DAILY TOTAL
line pipe 885+20 887+00 180
|racDinG: EACH FROM STA. TOSTA. DAILY TOTAL
SANDBAG SUPPORT 885+20 887+00
[BENTONITE
[PAoDING BERM
[BACKFILL: FROM STA. TO STA. DAILY TOTAL
885+40 886+60 120
SAFETY: REMARKS:
ONE CALLS MADE ves [v1 [no [
SAFETY MTG CONDUCTED ves /] |no [
TRAFFIC CONTROL BARRIERS & SIGN ves M1 |nvo [
PPE USE COMPLIANCE ves [7] Ino [
WORK SITE HOUSEKEEPING ves [¥] [no O
JOB SITE SECURED ves [7] Ino [
ENVIRONMENTAL CONCERNS:
COMMENTS:

IINSPECTOR NAME: Stephen Taylor

IINSPECT OR SIGNATURE: Stephen L Taylor

CHIEF INSPECTOR REVIEW:

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments
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Steel Pipelines Crossing
Railroads and Highways

APl RECOMMENDED PRACTICE 1102
SEVENTH EDITION, DECEMBER 2007

ERRATA, NOVEMBER 2008
ERRATA 2, MAY 2010

ase No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments



Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.
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Foreword

The need for an industry-recommended practice to address installation of pipeline crossings under railroads was first
recognized by the publication of American Petroleum Institute (APl) Code 26 in 1934. This code represented an
understanding between the pipeline and railroad industries regarding the installation of the relatively small-diameter
lines then prevalent.

The rapid growth of pipeline systems after 1946 using large-diameter pipe led to the reevaluation and revision of API
Code 26 to include pipeline design criteria. A series of changes were made between 1949 and 1952, culminating in
the establishment in 1952 of Recommended Practice 1102. The scope of Recommended Practice 1102 (1952)
included crossings of highways in anticipation of the cost savings that would accrue to the use of thin-wall casings in
conjunction with the pending construction of the Defense Interstate Highway System.

Recommended Practice 1102 (1968) incorporated the knowledge gained from known data on uncased carrier pipes
and casing design and from the performance of uncased carrier pipes under dead and live loads, as well as under
internal pressures. Extensive computer analysis was performed using Spangler’s lowa Formula [1] to determine the
stress in uncased carrier pipes and the wall thickness of casing pipes in instances where cased pipes are required in
an installation.

The performance of carrier pipes in uncased crossings and casings installed since 1934, and operated in accordance
with APl Code 26 and Recommended Practice 1102, has been excellent. There is no known occurrence in the
petroleum industry of a structural failure due to imposed earth and live loads on a carrier pipe or casing under a
railroad or highway. Pipeline company reports to the U.S. Department of Transportation in compliance with 49 Code
of Federal Regulations Part 195 corroborate this record.

The excellent performance record of uncased carrier pipes and casings may in part be due to the design process
used to determine the required wall thickness. Measurements of actual installed casings and carrier pipes using
previous Recommended Practice 1102 design criteria demonstrate that the past design methods are conservative. In
1985, the Gas Research Institute (GRI) began funding a research project at Cornell University to develop an
improved methodology for the design of uncased carrier pipelines crossing beneath railroads and highways. The
research scope included state-of-the-art reviews of railroad and highway crossing practices and performance records
[2, 3]. three-dimensional finite element modeling of uncased carrier pipes beneath railroads and highways, and
extensive field testing on full-scale instrumented pipelines. The results of this research are the basis for the new
methodology for uncased carrier pipe design given in this edition of Recommended Practice 1102. The GRI summary
report, Technical Summary and Database for Guidelines for Pipelines Crossing Railroads and Highway by Ingraffea
et al. [4], includes the results of the numerical modeling, the full derivations of the design curves used in this
recommended practice, and the data base of the field measurements made on the experimental test pipelines.

This recommended practice contains tabular values for the wall thickness of casings where they are required in an
installation. The loading values that were employed are Cooper E-80 with 175% impact for railroads and 10,000 Ibs
(44.5 kN) per tandem wheel with 150% impact for highways. Due notice should be taken of the fact that external loads
on flexible pipes can cause failure by buckling. Buckling occurs when the vertical diameter has undergone 18% to
22% deflection. Failure by buckling does not result in rupture of the pipe wall, although the metal may be stressed far
beyond its elastic limit. Recommended Practice 1102 (1993) recognizes this performance of a properly installed
flexible casing pipe, as opposed to heavy wall rigid structures, and has based its design criteria on a maximum
vertical deflection of 3% of the vertical diameter. Measurement of actual installed casing pipe using Recommended
Practice 1102 (1981) design criteria demonstrates that the lowa Formula is very conservative, and in most instances,
the measures long-term vertical deflection has been 0.65% or less of the vertical diameter.

Recommended Practice 1102 has been revised and improved repeatedly using the latest research and experience in
measuring actual performance of externally loaded uncased pipelines under various environmental conditions and
using new materials and construction techniques developed since the recommended practice was last revised. The
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current Recommended Practice 1102 (2007) is the seventh edition and reflects the most recent design criteria and
technology.

The seventh edition of Recommended Practice 1102 (2007) has been reviewed by the API Pipeline Operations
Technical Committee utilizing the extensive knowledge and experiences of qualified engineers responsible for design
construction, operation and maintenance of the nation’s petroleum pipelines. API appreciatively acknowledges their
contributions.

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American Petroleum
Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or translate all or any
part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually and updated quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW,
Washington, D.C. 20005, standards@api.org.
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Steel Pipelines Crossing Railroads and Highways

1 Scope

1.1 General

This recommended practice, Steel Pipelines Crossing Railroads and Highways, gives primary emphasis to provisions:
for public safety. It covers the design, installation, inspection, and testing required to ensure safe crossings of steel-
pipelines under railroads and highways. The provisions apply to the design and construction of welded steel pipelines:
under railroads and highways. The provisions of this practice are formulated to protect the facility crossed by the:
pipeline, as well as to provide adequate design for safe installation and operation of the pipeline. )

1.2 Application

The provisions herein should be applicable to the construction of pipelines crossing under railroads and highways and
to the adjustment of existing pipelines crossed by railroad or highway construction. This practice should not be
applied retroactively. Neither should it apply to pipelines under contract for construction on or prior to the effective
date of this edition. Neither should it be applied to directionally drilled crossings or to pipelines installed in utility
tunnels.

1.3 Type of Pipeline

This practice applies to welded steel pipelines.

1.4 Provisions for Public Safety

The provisions give primary emphasis to public safety. The provisions set forth in this practice adequately provide for
safety under conditions normally encountered in the pipeline industry. Requirements for abnormal or unusual
conditions are not specifically discussed, nor are all details of engineering and construction provided. The applicable
regulations of federal [5, 6], state, municipal, and regulatory institutions having jurisdiction over the facility to be
crossed shall be observed during the design and construction of the pipeline.

1.5 Approval for Crossings

Prior to the construction of a pipeline crossing, arrangements should be made with the authorized agent of the facility
to be crossed.

2 Symbols, Equations, and Definitions

21 Symbols

4, Contact area for application of wheel load, in in.2 or m2.
By Bored diameter of crossing, in in. or mm.

B. Burial factor for circumferential stress from earth load.
D External diameter of pipe, in in. or mm.

E Longitudinal joint factor.

E Modulus of soil reaction, in kips/in.2 or MPa.
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2 AP| RECOMMENDED PRACTICE 1102

E. Excavation factor for circumferential stress from earth load.

E. Resilient modulus of soil, in kips/in.2 or MPa.

E; Young’s modulus of steel, in psi or kPa.

F Design factor chosen in accordance with standard practice or code requirement.
F; Impact factor.

Gan Geometry factor for cyclic circumferential stress from highway vehicular load.
Gy Geometry factor for cyclic circumferential stress from rail load.

Grh Geometry factor for cyclic longitudinal stress from highway vehicular load.
Gy Geometry factor for cyclic longitudinal stress from rail load.

H Depth to top of pipe, in ft or m.

HVL  Highly volatile liquid.

Kye Stiffness factor for circumferential stress from earth load.

Kgn Stiffness factor for cyclic circumferential stress from highway vehicular load.
Ky, Stiffness factor for cyclic circumferential stress from rail load.

Kin Stiffness factor for cyclic longitudinal stress from highway vehicular load.
Ky, Stiffness factor for cyclic longitudinal stress from rail load.

L Highway axle configuration factor.

Lg Distance of girth weld from centerline of track, in ft or m.

MAOP Maximum allowable operating pressure for gases, in psi or kPa.

MOP  Maximum operating pressure for liquids, in psi or kPa.

Ny Double track factor for cyclic circumferential stress.

NL Double track factor for cyclic longitudinal stress.

M Number of tracks at railroad crossing

P Wheel load. in Ib or kN.

Py Single axle wheel load, in Ib or kN.

Py Tandem axle wheel load, in Ib or kN.

p Internal pipe pressure, in psi or kPa.
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS

SHi

Highway pavement type factor.

Longitudinal stress reduction factor for fatigue.

Total effective stress, in psi or kPa.

Fatigue resistance of girth weld, in psi or kPa.
Fatigue resistance of longitudinal weld in psi or kPa.

Circumferential stress from earth load, in psi or kPa.

Circumferential stress from internal pressure calculated using the average diameter, in psi or kPa.

Sgi (Barlow) Circumferential stress from internal pressure calculated using the Barlow formula, in psi or kPa.

S1, 82, 83

SMYS
T
T, T
b
w

ot

Principal stresses in pipe, in psi or kPa: S; = maximum circumferential stress; S, = maximum Iongitudinalé

stress; S3 = maximum radial stress.
Specified minimum yield strength, in psi or kPa.
Temperature derating factor.
Temperatures (°F or °C).
Pipe wall thickness, in in. or mm.
Applied design surface pressure, in psi or kPa.
Coefficient of thermal expansion, per °F or per °C.
Unit weight of soil, in Ib/in.3 or kN/m3.
Cyclic circumferential stress, in psi or kPa.
Cyclic circumferential stress from highway vehicular load, in psi or kPa.
Cyclic circumferential stress from rail load in psi or kPa.
Cyclic longitudinal stress, in psi or kPa.
Cyclic longitudinal stress from highway vehicular load, in psi or kPa.
Cyclic longitudinal stress from rail load, in psi or kPa.

Poisson’s ratio of steel.
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4 API RECOMMENDED PRACTICE 1102

2.2 Equations
NOTE  All stresses below have units of psi or kPa.
Equation
Earth Load:
Spe = KyB.E.YD
Live Load:
w = P/4,
ASy = Ky G Ny Fyw
AS,, = KGN, Fw
ASy, = Ky GunRLF,w
AS,, = K., G, RLFw
Internal Load:
Su = p(D—t,)/2t,
Natural gas:
[Sy(Barlow) = pD/2t ]S FXEXTXSMYS
Liquids:
[Sy(Barlow) = pD/2t ]S FXEXTXSMYS
Limits of Calculated Stresses:
Circumferential:
S, = Sy + ASy+ Si
Longitudinal:
S, = AS,—Eo (T, —T)) + v(Spe + Sii)
Radial:

S; = —p =-MAOP or -MOP

1
Ser = jzusl—Sz)z+(S2—S3)2+(S3—S1>2]
S <SMYSXF

AS, < Seo X F

(10)
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 5

AS;, /N, < Spo X F (15)
ReAS,, /Ny < Spg X F (16)
ASy < S X F (17)
AS;< Sy XF (18)
ASy,/ Ny < Sy X F (19)
ASy, < Sp X F (20)

2.3 Definitions
The following definitions of terms apply to this practice:

231
carrier pipe
A steel pipe for transporting gas or liquids.

23.2
cased pipeline or cased pipe
A carrier pipe inside a casing that crosses beneath a railroad or highway.

233
casing
A conduit through which the carrier pipe may be placed.

234
flexible casing
Casing that may undergo permanent deformation or change of shape without fracture of the wall.

NOTE  Steel pipe is an example of a flexible casing.

235
flexible pavement
A highway surface made of viscous asphaltic materials.

2.3.6
girth weld
A full circumferential butt weld joining two adjacent sections of pipe.

2.3.7

highly volatile liquid (HVL)

A hazardous liquid that will form a vapor cloud when released to the atmosphere and that has a vapor pressure
exceeding 40 psia (276 kPa) at 100 °F (37.8 °C).

2.3.8
highway
Any road or driveway that is used frequently as a thoroughfare and is subject to self-propelled vehicular traffic.

2.3.9
longitudinal weld
A full penetration groove weld running lengthwise along the pipe made during fabrication of the pipe.
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6 API RECOMMENDED PRACTICE 1102

2.3.10

maximum allowable operating pressure (MAOP) or maximum operating pressure (MOP)

The maximum pressure at which a pipeline or segment of a pipeline may be operated with limits as determined by
applicable design codes and regulations.

23.11

percussive moling

A construction method in which a device is used to advance a hole as sections of pipe are jacked simultaneously into
place behind the advancing instrument.

2.3.12

pipe jacking with anger boring

A construction method for pipeline crossings in which the excavation is performed by a continuous auger as sections
of pipe are welded and then jacked simultaneously behind the front of the advancing auger.

2.3.13

pressure testing

A continuous, uninterrupted test of specified time duration and pressure of the completed pipeline or piping systems,
or segments thereof, which qualifies them for operation.

2.3.14

railroad

Rails fixed to ties laid on a roadbed providing a track for rolling stock drawn by locomotives or propelled by self-
contained motors.

23.15
rigid pavement
Highway surface or subsurface made of Portland cement concrete.

2.3.16
split casing
A casing made of a pipe that is cut longitudinally and rewelded around the carrier pipe.

2.3.17

trenchless construction

Any construction method, other than directional dirlling, for installing pipelines by subsurface excavation without the
use, of open trenching.

2.3.18

uncased pipeline or uncased pipe
Carrier pipe without a casing that crosses beneath a railroad or highway.

3 Provisions for Safety

31 | The applicable regulations of federal, state, municipal or other regulating bodies having jurisdiction over the
pipeline or the facility to be crossed shall be observed during the installation of a crossing.

3.2 As appropriate to the hazards involved, guards (watch persons) should be posted; warning signs, lights, and
flares should be placed; and temporary walkways, fences, and barricades should be provided and maintained.

3.3 Permission should be obtained from an authorized agent of the railroad company before any equipment is
transported across a railroad track at any location other than a public or private thoroughfare.

3.4 The movement of vehicles, equipment, material, and personnel across a highway should be in strict compliance
with the requirements of the appropriate jurisdictional authority. Precautionary and preparatory procedures should be

Case No. 17-3550-INV Interven

ors' Motion to Broaden Scope - Atiachments

00298



STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 7

used, such as posting flagpersons to direct traffic and equipment movement and protecting the highway from surface
or structural damage. Highway surfaces should be kept free of dirt, rock, mud, oil, or other debris that present an
unsafe condition.

3.5 Equipment used and procedures followed in constructing a crossing should not cause damage to, or make
unsafe to operate, any structure or facility intercepted by or adjacent to the crossing.

3.6 The functioning of railroad and highway drainage ditches should be maintained to avoid flooding or erosion of
the roadbed or adjacent properties.

4 Uncased Crossings

4.1 Type of Crossing

The decision to use an uncased crossing must be predicated on careful consideration of the stresses imposed on
uncased pipelines, versus the potential difficulties associated with protecting cased pipelines from corrosion. This
section focuses specifically on the design of uncased carrier pipelines to accommodate safely the stresses and
deformations imposed at railroad and highway crossings. The provisions apply to the design and construction of
welded steel pipelines under railroads and highways.

4.2 General

4.2.1 The carrier pipe should be as straight as practicable and should have uniform soil support for the entire length
of the crossing.

4.2.2 The carrier pipe should be installed so as to minimize the void between the pipe and the adjacent soil.

4.2.3 The carrier pipe shall be welded in accordance with the latest approved editions of API Standard 1104,
Welding of Pipelines and Related Facilities [7], and ASME B31.4 or B31.8 [8, 9], whichever is applicable.

4.3 Location and Alignment

4.3.1 The angle of intersection between a pipeline crossing and the railroad or highway to be crossed should be as
near to 90 degrees as practicable. In no case should it be less than 30 degrees.

4.3.2 Crossings in wet or rock terrain, and where deep cuts are required, should be avoided where practicable.

4.3.3 \Vertical and horizontal clearances between the pipeline and a structure or facility in place must be sufficient to
permit maintenance of the pipeline and the structure or facility.

44 Cover
4.41 Railroad Crossings

Carrier pipe under railroads should be installed with a minimum of cover, as measured from the top of the pipe to the
base of the rail, as follows (see Figure 1):
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8 API RECOMMENDED PRACTICE 1102

Minimum depth
below bottom of rail

Drainage ditch

X

RAILROAD CROSSING

Highway
Minimum depth / ‘ Drainage ditch
below ditch
A\_/f $¥#

R — Z/l
Uncased carrier pipe / Minimum depth below

surface of pavement

Minimum depth below ground Uncased carrier pipe

HIGHWAY CROSSING
Figure 1—Examples of Uncased Crossing Installations
Location Minimum Cover
a) Under track structure proper. 6 ft (1.8 m)
b) Under all other surfaces within the right-of-way or from the bottom of ditches. 3t (0.9 m)
c) For pipelines transporting HVL, from the bottom of ditches. 4f(1.2m)
4.4.2 Highway Crossings

Carrier pipe under highways should be installed with minimum cover, as measured from the top of the pipe to the top
of the surface, as follows (see Figure 1).

Location Minimum Cover
a) Under highway surface proper. 4 ft(1.2m)
b) Under all other surfaces within the right-of-way. 3ft(0.9m)
c) For pipelines transporting HVL, from the bottom of ditches. 41t (1.2m)

4.4.3 Mechanical Protection

If the minimum coverage set forth in 4.4.1 and 4.4.2 cannot be provided, mechanical protection shall be installed.

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments

00300



STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 9

4.5 Design

To ensure safe operation, the stresses affecting the uncased pipeline must be accounted for comprehensively,
including both circumferential and longitudinal stresses. The recommended design procedure is shown schematically
in Figure 2. It consists of the following steps:

a) Begin with the wall thickness for the pipeline of given diameter approaching the crossing. Determine the pipe, soil,
construction, and operational characteristics.

b) Use the Barlow formula to calculate the circumferential stress due to internal pressure, Sy; (Barlow). Check
Syi (Barlow) against the maximum allowable value.

c¢) Calculate the circumferential stress due to earth load, Sye.

d) Calculate the external live load, w, and determine the appropriate impact factor, F;.

e) Calculate the cyclic circumferential stress, ASy, and the cyclic longitudinal stress, AS; due to live load.
f) Calculate the circumferential stress due to internal pressure, Sy;.

g) Check effective stress, S, as follows:

1) Calculate the principal stresses, S; in the circumferential direction, S, in the longitudinal direction, and S3, in the
radial direction.

2) Calculate the effective stress, St

3) Check by comparing S.¢ against the allowable stress, SMYS x F.
h) Check welds for fatigue as follows:

1) Check with weld fatigue by comparing AS;, against the girth weld fatigue limit, Sgg x F.

2) Check longitudinal weld fatigue by comparing, ASy against the longitudinal weld fatigue limit, Sgp, x F.
i) If any check fails, modify the design conditions in ltem a appropriately and repeat the steps in Items b through h.
Recommended methods for performing the steps in ltems b through h, above, are described in 4.6 through 4.8. In 4.6
through 4.8, several figures give design curves for specific material properties or geometric conditions. Interpolations

between the design curves may be done. Extrapolations beyond the design curve limits are not recommended.

4.6 Loads
4.6.1 General

4.6.1.1 A carrier pipe at an uncased crossing will be subjected to both internal load from pressurization and external
loads from earth forces (dead load) and train or highway traffic (live load). An impact factor should be applied to the
live load. Recommended methods for calculating these loads and impact factors are described in the following
subsections.

4.6.1.2 Other loads may be present as a result of temperature fluctuations caused by changes in season;
longitudinal tension due to end effects; fluctuations associated with pipeline operating conditions, unusual surface
loads associated with specialized equipment; and ground deformations arising from various sources, such as
shrinking and swelling soils, frost heave, local instability, nearby blasting, and undermining by adjacent excavations.
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Begin
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Pipe, operational,
installation, and

site characteristics
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Internal load
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Calculate circumferential
stress due to earth load,
She: Equation 1, and
Figures 3, 4, and 5

Live load l

Calculate w: Section 4.7.2.2.1;
and calculate F;: Figure 7

l

!

Calculate cyclic circumferential
stress due to live load, AS,;:
Equation 3 or 5; Figures 8, 9, and
10; or Figures 14 and 15

Calculate the circumferential
stress due to internal pressu
using the Barlow formula,

Syi (Barlow): Equation 8a or 8b

re

I

Syi (Barlow) < allowable

Fails

Calculate cyclic longitudinal
stress due to live load, AS; :
Equation 4 or 6; Figures 11, 12,
and 13; or Figures 16 and 17

Calculate the circumferential

stress due to internal pressure,

Syi: Equation 7

l

Fails S, check

Calculate the principal stresses,
S|, S5, S3: Equations 9, 10, 11

!

Calculate effective stress,
Sei Equation 12

!

Fails fatigue check

Check for allowable S,
Equation 13

!

Check for fatigue in girth weld:
Table 3, Equation 15 or 16,
Figure 18, or Equation 17

Check for fatigue in longitudinal
weld: Table 3, Equation 19,
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!

Satisfactory design |

!

No

Optimal design? |

!

Design complete |

Figure 2—Flow Diagram of Design Procedure for Uncased Crossings of Railroads and Highways
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 11

Pipe stresses induced by temperature fluctuations can be included. All other loads are a result of special conditions.
Loads of this nature must be evaluated on a site-specific basis and, therefore, are outside the scope of this
recommended practice. Ingraffea et al. [4] describe how pipeline stresses can be influenced by longitudinal bends
and tees in the vicinity of the crossing, and they give equations to evaluate such effects.

4.6.2 External Loads
4.6.2.1 Earth Load

The earth load is the force resulting from the weight of the overlying soil that is conveyed to the top of pipe. The earth
load is calculated according to the procedures widely adopted in practice for ditch conduits [10]. Such procedures
have been used in pipeline design for many years and have been included in specifications adopted by various
professional organizations [11, 12, 13].

4.6.2.2 Live Load
4.6.2.2.1 Railroad Crossing

It is assumed that the pipeline is subjected to the load from a single train as would be applied on either track shown in
Figure 1. For simultaneous loading of both tracks, stress increment factors for the cyclic longitudinal and cyclic
circumferential stress are used. The crossing is assumed to be oriented at 90 degrees with respect to the railroad and
is an embankment-type crossing as illustrated in Figure 1. This type of orientation generally is preferred in new
pipeline construction and is likely to result in pipeline stresses larger than those associated with pipelines crossing at
oblique angles to the railroad.

4.6.2.2.2 Highway Crossing

It is assumed that the pipeline is subjected to the loads from two trucks traveling in adjacent lanes, such that there are
two sets of tandem or single axles in line with each other. The crossing is assumed to be oriented at 90 degrees with
respect to the highway and is an embankment-type crossing, as shown in Figure 1. This type of orientation generally
is preferred in new pipeline construction and is likely to result in pipeline stresses larger than those associated with
pipelines crossing at oblique angles to the highway.

4.6.3 Internal Load

The internal load is produced by internal pressure, p, in pounds per square inch (psi) or kilopascals (kPa). The
maximum allowable operating pressure, MAOP or maximum operating pressure, MOP should be used in the design.

4.7 Stresses

471 General

For detailed information on the methods used to develop the design approaches and design curves for determining
stresses, see Ingraffea et al. [4].

4.7.2 Stresses Due to External Loads

External loading on the carrier pipe will produce both circumferential and longitudinal stresses. Recommended
procedures for calculating each component of these stresses follow. It is assumed that all external loads are
conveyed vertically across a 90 degree arc centered on the pipe crown and resisted by a vertical reaction distributed
across a 90 degree arc centered on the pipe invert.
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4.7.2.1 Stresses Due to Earth Load
The circumferential stress at the pipeline invert caused by earth load. Sy, (psi or kPa), is determined as follows:

She = KyB.EYD (1)
where

Ky s the stiffness factor for circumferential stress from earth load.

B. is the burial factor for earth load.

E, is the excavation factor for earth load.

y is the soil unit weight, in Ib/in.3 or KN/m3.

D s the pipe outside diameter, in in. or m.

It is recommended that y be taken as 120 Ib/ft3 (18.9 kN/m3) (equivalent to 0.069 Ib/in.3) for most soil types unless a
higher value is justified on the basis of field or laboratory data.

The earth load stiffness factor, Ky, accounts for the interaction between the soil and pipe and depends on the pipe
wall thickness to diameter ratio, #,/D, and modulus of soil reaction, E'. Figure 3 shows Ky, plotted for various E’, as a
function of #,/D. Values of E' appropriate for auger borer construction may range from 0.2 to 2.0 kips/in.2 (1.4 to 13.8
mPa). It is recommended that E' be chosen as 0.5 kips/in.2 (3.4 mPa), unless a higher value is judged more
appropriate by the designer. Table A-1 in Annex A gives typical values for E".

The burial factor, B, is presented as a function of the ratio of pipe depth to bored diameter, H/By for various soil
conditions in Figure 4. If the bored diameter is unknown or uncertain at the time of design, it is recommended that B4
be taken as D + 2 in. (51 mm). For trenched construction and new structures constructed over existing pipelines,
B4 =D can be assumed, recognizing that soil compaction in the trench would lead to higher E' values than those for
auger bored installations.

The excavation factor, E,, is presented as a function of the ratio of bored diameter to pipe diameter, B4/D in Figure 5.
If the bored diameter is unknown or uncertain at the time of design, £, should be assumed equal to 1.0. For trenched
construction and new structures constructed over existing pipelines, E, can be assumed equal to 1.0.

4.7.2.2 Stresses Due to Live Load
4.7.2.2.1 Surface Live Loads

The live, external rail load is the vehicular load, w, applied at the surface of the crossing. It is recommended that
Cooper E-80 loading of w = 13.9 psi (96 kPa) be used, unless the loads are known to be greater. This is the load
resulting from the uniform distribution of four 80-kip (356-kN) axles over an area 20 ft by 8 ft (6.1 m by 2.4 m).

The live external highway load, w, is due to the wheel load, P, applied at the surface of the roadway. For design, only
the load from one of the wheel sets needs to be considered. The design wheel load should be either the maximum
wheel load from a truck’s single axle, P, or the maximum wheel load from a truck’s tandem axle set, P;. Figure 6
shows the methods by which axle loads are converted into equivalent single wheel loads P; and P;. For example, a
truck with a single axle load of 24 kips (106.8 kN) would have a design single wheel load of P, = 12 kips (53.4 kN) and
a truck with a tandem axle load of 40 kips (177.9 kN) would have a design tandem wheel load of P, = 10 kips
(44.5 kN). The maximum single axle wheel load recommended for design is P, = 12 kips (53.4 kN). The maximum
tandem axle wheel load recommended for design is P; = 10 kips (44.5 kN). The decision as to whether single or
tandem axle loading is more critical depends on the carrier pipe diameter, D; the depth of burial, A; and whether the
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Figure 3—Stiffness Factor for Earth Load Circumferential Stress, Ky,
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Excavation factor for auger bored earth
load circumferential stress, E,

"1.00 1.05 1.10 1.15 1.20 1.25 1.30
Ratio of bored diameter to pipe diameter, By/D

Figure 5—Excavation Factor for Earth Load Circumferential Stress, E,

road surface has a flexible pavement, has no pavement, or has a rigid pavement. For the recommended design loads
of P, = 12 kips (53.4 kN) and P; = 10 kips (44.5 kN), the critical axle configuration cases for the various pavement
types, burial depths, and pipe diameters are given in Table 1.
The applied design surface pressure, w (Ib/in.2 or kN), then is determined as follows:

w = P/A4, 2)
where

P is the either the design single wheel load, P, or the design tandem wheel load, P, in Ibs (kN).

A

p is the contact area over which the wheel load is applied; 4, is taken as 144 in.2 (0.093 m2).

For the recommended design loads of P; = 12 kips = 12,000 Ibs (53.4 kN) and P; = 10 kips = 10,000 Ibs (44.5 kN) the
applied design surface pressures are as follows:

a) Single axle loading: w = 83.3 psi (574 kPa).
b) Tandem axle loading: w = 69.4 psi (479 kPa).

For design wheel loads different from the recommended maximums, refer to Annex A.
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4.7.2.2.2

Single axle load

—~
N

Direction of travel

©~ "1 Actual tire contact
| . area

Equivalent load
application area

Single axle load
2

P.=

s

Tandem axle load

OO

Tandem axle load

P.= .

Figure 6—Single and Tandem Wheel Loads, P, and P;

Table 1—Critical Axle Configurations for Design Wheel Loads of P, = 12 Kips (53.4 kN)

and P, = 10 Kips (44.5 kN)

Depth of burial, H, < 4 ft (1.2 m) and diameter, D, < 12 in. (305 mm)

Pavement Type

Critical Axle Configuration

Flexible pavement
No pavement
Rigid pavement

Tandem axles
Single axle
Tandem axles

Depth, H, <4 ft (1.2 m) and diameter, D, > 12 in. (305 mm)
Depth, H, = 4 ft (1.2m) for all diameters

Pavement Type

Critical Axle Configuration

Flexible pavement
No pavement

Rigid pavement

Tandem axles
Tandem axles
Tandem axles

Impact Factor

It is recommended that the live load be increased by an impact factor, F; which is a function of the depth of burial, A,
of the carrier pipeline at the crossing. The impact factor for both railroad and highway crossings is shown graphically
in Figure 7. The impact factors are 1.75 for railroads and 1.5 for highways, each decreasing by 0.03 per ft (0.1 per m)

of depth below 5 ft (1.5 m) until the impact factor equals 1.0.
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Impact factor, F,
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Figure 7—Recommended Impact Factor Versus Depth

4.7.2.2.3 Railroad Cyclic Stresses

4.7.2.2.3.1 The cyclic circumferential stress due to rail load, ASy;,, (psi or kPa), may be calculated as follows:

ASy, = Ky Gy NyFiw

where

Ky, s the railroad stiffness factor for cyclic circumferential stress.

Gy is the railroad geometry factor for cyclic circumferential stress.

Ny s the railroad single or double track factor for cyclic circumferential stress.

F; is the impact factor.

w is the applied design surface pressure, in psi or kPa.

The railroad stiffness factor, Ky, is presented as a function of the pipe wall thickness to diameter ratio, #,/D, and soil

resilient modulus, E,, in Figure 8. Table A-2 in Annex A gives typical values for E..
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Figure 8—Railroad Stiffness Factor for Cyclic Circumferential Stress, Ky,

The railroad geometry factor, Gy,, is presented as a function of pipe diameter, D, and depth of burial, H, in Figure 9.

The single track factor for cyclic circumferential stress is, Ny = 1.00. The Ny factor for double track is shown in
Figure 10.

4.7.2.2.3.2 The cyclic longitudinal stress due to rail load, AS; ;. (psi or kPa) may be calculated as follows:
AS,, = KGN Fw 4)
where
K, is the railroad stiffness factor for cyclic longitudinal stress.
Gy, s the railroad geometry factor for cyclic longitudinal stress.
N;, is the railroad single or double track factor for cyclic longitudinal stress.
F; is the impact factor.
w is the applied design surface pressure, in psi or kPa.
The railroad stiffness factor, K ,, is presented as a function of /D and E; in Figure 11.
The railroad geometry factor, Gy, is presented as a function of D and H in Figure 12.

The single track factor for cyclic longitudinal stress is Ny, = 1.00. The Ny factor for double track is shown in Figure 13.
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Figure 9—Railroad Geometry Factor for Cyclic Circumferential Stress, Gy,
4.7.2.2.4 Highway Cyclic Stresses

4.7.2.2.41 The cyclic circumferential stress due to highway vehicular load, ASy;, (psi or kPa), may be calculated
from the following

ASy, = Ky, GuRLFw (5)
where

Kgn is the highway stiffness factor for cyclic circumferential stress.

Gun is the highway geometry factor for cyclic circumferential stress.

R is the highway Pavement type factor.

L is the highway axle configuration factor.

F, is the impact factor.

w is the applied design surface pressure, in psi or kPa.
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The highway pavement type factor, R, and axle configuration factor, L, depend on the burial depth, H; pipe diameter,
D; and design axle configuration (single or tandem). The decision on the design axle configuration has been
described in 4.7.2.2.1. Table 2 presents the R and L factors for various H, D, pavement types, and axle configurations.

The highway stiffness factor, Ky, is presented as a function of #,/D and E; in Figure 14.

25
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circumferential stress, Ky,
T

0 0.02 0.04 0.06 0.08
Wall thickness to diameter ratio, #,,/D

Figure 14—Highway Stiffness Factor for Cyclic Circumferential Stress, Ky
The highway geometry factor, G, is presented as a function of D and H in Figure 15.

4.7.2.2.4.2 The cyclic longitudinal stress due to highway vehicular load, ASy;, (psi or kPa), may be calculated from
the following:

AS,, = K. ,G,RLFw (6)
where

Kin is the highway stiffness factor for cyclic longitudinal stress.

Grn is the highway geometry factor for cyclic longitudinal stress.

R is the highway pavement type factor.

L is the highway axle configuration factor.

F; is the impact factor.

w is the applied design surface pressure, in psi or kPa.

The pavement type factor, R, and axle configuration factor, L, are the same as given in Table 2.
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Figure 15—Highway Geometry Factor for Cyclic Circumferential Stress, Gy,

The highway stiffness factor, K1}, is presented as a function of #,/D and E; in Figure 16.
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The highway geometry factor, Gy, is presented as a function of D and H in Figure 17.

4.7.3 Stresses Due to Internal Load

The circumferential stress due to internal pressure, Sy; (psi or kPa), may be calculated from the following:

SHi = p(Ditw)/ztw

where

P is the internal pressure, taken as the MAOP or MOP, in psi or kPa.

D

is the pipe outside diameter, in in. or mm.

ty is the wall thickness, in in. or mm.

4.8 Limits of Calculated Stresses

42

The stresses calculated in 4.7 may not exceed certain allowable values. The allowable stresses for controlling
yielding and fatigue in the pipeline are described in the following subsections.
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Table 2—Highway Pavement Type Factors, R, and Axle Configuration Factors, L

Depth, H, <4 ft (1.2 m) and diameter, D, <12 in. (305 mm)

Pavement Type Design Axle Configuration R L
Flexible pavement Tandem axle 1.00 1.00
Single axle 1.00 0.75
No pavement Tandem axle 1.10 1.00
Single axle 1.20 0.80
Rigid pavement Tandem axle 0.90 1.00
Single axle 0.90 0.65

Depth, H, <4 ft (1.2 m) and diameter, D, > 12 in. (305 mm)
Depth H, > 4 ft (1.2 m) for all diameters

Pavement Type Design Axle Configuration R L
Flexible pavement Tandem axle 1.00 1.00
Single axle 1.00 0.65
No pavement Tandem axle 1.10 1.00
Single axle 1.10 0.65
Rigid pavement Tandem axle 0.90 1.00
Single axle 0.90 0.65

4.8.1 Check for Allowable Stresses

4.8.1.1 Two checks for the allowable stress are required. The first is specified by 49 Code of Federal Regulations
Part 192 or Part 195 [5, 6]. The circumferential stress due to internal pressurization, as calculated using the Barlow
formula, Sy; (Barlow) (psi or kPa), must be less than the factored specified minimum vyield strength. This check is
given by the following:

[Syi(Barlow) = pD/2t ]S FXEXTXSMYS

for natural gas, and (8a)

[Syi(Barlow) = pD/2t,] < FX EXTXSMYS
for liquids and other products (8b)

where
P is the internal pressure, taken as the MAOP or MOP, in psi or kPa.
D s the pipe outside diameter, in in. or mm.
tw  is the wall thickness. in in. or mm.

F is the design factor chosen in accordance with 49 Code of Federal Regulations Part 192.111 or Part
195.106.

E is the longitudinal joint factor.
T  is the temperature derating factor.

SMYS is the specified minimum yield strength, in psi or kPa.
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4.8.1.2 The second check for the allowable stress is accomplished by comparing the total effective stress, S.¢ (psi or
kPa), against the specified minimum yield strength multiplied by a design factor, F. Principal stresses, S, S, and S3,
(psi or kPa), are used to calculate S.g. The principal stresses are calculated from the following:

Sy = Syt ASy + Sy ©)
where

S; is the maximum circumferential stress.

ASy is ASy, in psi or kPa, for railroads, and

is ASgp, in psi or kPa for highways.

S, = AS . —Eo(T,—T)) + v(Spe + Sui) (10)
where

S, is the maximum longitudinal stress.

ASy, is AS, in psi or kPa, for railroads, and

is ASyp, in psi or kPa, for highways.

Es is Young’s modulus of steel, in psi or kPa.

or is the coefficient of thermal expansion of steel, per °F or per °C.

T, is the temperature at time of installation, in °F or °C.

T, is the maximum or minimum operating temperature, in °F or °C.

v  is Poisson’s ratio of steel.
NOTE  Table A-3, in Annex A gives typical values for Eg, v, and o

Sy = —p = -MAOP or —-MOP (11)
where

S3  is the maximum radial stress.

NOTE  The Poisson effects from Sy, and Sy; are reflected in S, as vs (Sye + Sy;)- The Poisson effect of ASp on S; is not directly
represented in the equation for ;. The values of ASy and AS in this recommended practice were derived from finite element
analyses, thus they already embody the appropriate Poisson effects.

4.8.1.3 The total effective stress, S.r (psi or kPa), may be calculated from the following:

Ser = J%[(Sl—S2)2+<S2—Sz)2+<sg—sl>2] (12)

The check against yielding of the pipeline may be accomplished by assuring that the total effective stress is less than
the factored specified minimum yield strength, using the following equation:

S < SMYSXF (13)
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where

SMYS is the specified minimum yield strength, in psi or kPa.

F  is the design factor.
The designer should use values for the design factor, F, consistent with standard practice or code requirements.
4.8.2 Check for Fatigue
The check for fatigue is accomplished by comparing a stress component normal to a weld in the pipeline against an
allowable value of this stress, referred to as a fatigue endurance limit. These limits have been determined from S-N
(fatigue strength versus number of load cycles) data [14, 15], and the minimum ultimate tensile strengths as given in API
Specification 5L [16].
4.8.21 Girth Weld
The cyclic stress that must be checked for potential fatigue in a girth weld located beneath a railroad or highway crossing
is the longitudinal stress due to live load. The design check is accomplished by assuring that the live load cyclic
longitudinal stress is less than the factored fatigue endurance limit. The fatigue endurance limit of girth welds is taken as

12,000 psi (82,740 kPa), as shown in Table 3 for all steel grades and weld types..

Table 3—Fatigue Endurance Limits, Sgg, and Sy, for Various Steel Grades

Minimum SrG (psi) SrL (psi)
Ultimate Tensile
SMYS Strength Seamless

Steel Grade (psi) (psi) All welds and ERW SAW
A25 25000 45000 12000 21000 12000
A 30000 48000 12000 21000 12000
B 35000 60000 12000 21000 12000
X42 42000 60000 12000 21000 12000
X46 46000 63000 12000 21000 12000
X52 52000 66000 12000 21000 12000
X56 56000 71000 12000 23000 12000
X60 60000 75000 12000 23000 12000
X65 65000 77000 12000 23000 12000
X70 70000 82000 12000 25000 13000
X80 80000 90000 12000 27000 14000
NOTE 1 pound per square inch (psi) = 6.895 kilopascals (kPa).

The general form of the design check against girth weld fatigue is given by the following:

AS, < Spo X F (14)
where

ASy, is ASp,, in psi or kPa, for railroads, and

is ASyj, in psi or kPa, for highways.
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Srg is the fatigue endurance limit of girth yield = 12,000 psi (82,740 kPa).
F  is the design factor
4.8.2.1.1 Railroad Crossing

4.8.2.1.1.1 Equation 14 is the general form of the girth weld fatigue check. Since the value of AS = AS, is
influenced by whether a single or double track crossing was selected, this must be accounted for in the fatigue
checks. It is overly conservative to assume that all of the applied load cycles will be those generated by simultaneous
loading of both tracks, with the train wheel sets always in phase directly above the crossing. Therefore, the cyclic
longitudinal stress used in the girth weld fatigue check at railroad crossings is based on the live load stress from a
single track loading situation. The resulting equation is given by the following:

AS/Ny £ Spg X F (15)
where

ASy ;. is the cyclic longitudinal stress determined from Equation 4, in psi or kPa.

Nr is the single or double track factor used in Equation 4 (see note).

Sk is the fatigue endurance limit of girth weld = 12,000 psi (82,740 kPa).

F  is the design factor.
NOTE N =1.00 for single track crossings.
4.8.2.1.1.2 Equation 15 is applicable to railroad crossings in which a girth weld is located at a distance, Lg less than
5 ft (1.5 m) from the centerline of the track. For other locations of a girth weld. Equation 15 is replaced by the
following:

RiAS, /Ny £ Spg X F (16)
where

Rg  is the longitudinal stress reduction factor for fatigue.

Ry is obtained from Figures 18-A and 18-B. Figure 18-A is for values of Lg greater than or equal to 5 ft (1.5 m) but less
than 10 ft (3 m). Figure 18-B is for values of Lg greater than or equal to 10 ft (3 m).

4.8.2.1.2 Highway Crossing

Longitudinal stress reduction factors to account for girth weld locations are not used, nor are double lane factors
used, since adjacent truck loadings already are considered in the design curves. The cyclic longitudinal stress for
highway crossings is determined using Equation 6. The girth weld fatigue check is given by the following:

AS £ Spg X F (17)
4.8.2.2 Longitudinal Weld
4.8.2.2.1 The cyclic stress that must be checked for potential fatigue in a longitudinal weld located beneath a

railroad or highway crossing is the circumferential stress due to live load. The check may be accomplished by
assuring that the live load cyclic circumferential stress is less than the factored fatigue endurance limit.
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The fatigue endurance limit of longitudinal welds, Sgr, is dependent on the type of weld and the minimum ultimate
tensile strength. Table 3 gives the fatigue endurance limits for seamless, ERW, and SAW longitudinal welds made in
various grade steels. For SMYS values intermediate to those listed in Table 3, the fatigue endurance limits for the
closest SMYS listed that is lower than the particular intermediate value should be used. For example, if the SMYS is
54,000 psi (372 mPa), the fatigue endurance limits for X52 grade steel would be used.
The general form of the design check most longitudinal weld fatigue is as follows:

AS, < Sy X F (18)
where

ASy is ASyy, in psi or kPa, for railroads, and

is ASyn, in psi or kPa, for highways.

Spr,  is the fatigue endurance limit of longitudinal weld obtained from Table 3, in psi or kPa.

F  is the design factor.
4.8.2.2.2 Railroad Crossing
Equation 18 is the general form of the longitudinal weld fatigue check. As described in 4.8.2.1.1 dealing with girth
weld fatigue at railroad crossings, it is overly conservative to use double track cyclic stresses for fatigue purposes.
Therefore, the cyclic circumferential stress used in the longitudinal weld fatigue check at railroad crossings is the live
load stress from a single track loading situation. The resulting equation is as follows:

ASy/Ny < Sp X F (19)
where

ASy; is the cyclic circumferential stress determined from Equation 3, in psi or kPa.

Ny is the single or double track factor used in Equation 3 (see note).

Spr.  is the fatigue endurance limit of longitudinal weld obtained from Table 3, in psi or kPa.

F  is the design factor.
NOTE Ny = 1.00 for single track crossings.

4.8.2.2.3 Highway Crossing

The cyclic circumferential stress for highway crossings is determined using Equation 5. The longitudinal weld fatigue
check is as follows:

ASyy < Sp X F (20)

Double lane factors are not used in the highway fatigue check since the design curves take adjacent truck loadings
into account. The longitudinal weld fatigue endurance limits are given in Table 3.
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4.9 Orientation of Longitudinal Welds at Railroad and Highway Crossings

The design checks against longitudinal weld fatigue in this recommended practice are based on the maximum value
of the cyclic circumferential stress, ASy. Thus, if the design check against longitudinal weld fatigue is satisfactory,
locating the weld at any location is acceptable. However, it may be advantageous to consider the circumferential
orientation of the pipeline welds during construction. The optimal location of all longitudinal welds is at the 45, 135,
225, or 315 degree position with the crown at the zero degree position. For any of these orientations, Equations 3 and
5 will predict conservative values of cyclic circumferential stress. Accordingly, these optimal weld locations listed
provide an additional margin of safety against longitudinal weld fatigue.

4.10 Location of Girth Welds at Railroad Crossings

The optimal location of a girth weld at railroad crossings is at a distance, L, of at least 10 ft (3 m) from the centerline
of the track for a single track crossing. As indicated in 4.8.2.1.1, substantial reductions in the value of applied cyclic
longitudinal stress may be obtained in this case. No reduction factor should be taken for the fatigue check when
evaluating pipeline crossings beneath two or more adjacent tracks. No reduction factor should be taken for the fatigue
check associated with highway crossings. The variable positioning of highway traffic makes it impractical to locate
girth welds for minimum cyclic loading effects.

5 Cased Crossings

5.1 Carrier Pipe Installed within a Casing

Design procedures for casings beneath railroad and highway crossings have been established and used in practice
for many years. The relevant specifications for selecting minimal wall thickness in casings under railroads are given
by the American Railway Engineering Association [11], and design practices suitable for casings beneath railroads
and highways are provided by the American Society of Civil Engineers [13] and the American Society of Mechanical
Engineers [8, 9, 12]. Carrier pipe for cased crossings should conform to the material and design requirements of the
latest edition of ASME B31.4 or B3.1.8. Casings may be coated or bare.

5.2 Casings for Crossings

Suitable materials for casings are new or used line pipe, mill reject pipe, or other available steel tubular goods,
including longitudinally split casings.

5.3 Minimum Internal Diameter of Casing
The inside diameter of the casing pipe should be large enough to facilitate installation of the carrier pipe, to provide
proper insulation for maintenance of cathodic protection, and to prevent transmission of external loads from the

casing to the carrier pipe. The casing pipe should be at least two nominal pipe sizes larger than the carrier pipe.

5.4 Wall Thickness
5.4.1 Bored Crossings

The minimum nominal wall thickness for steel casing pipe in bored crossings should equal or exceed the values
shown in Annex C.

5.4.2 Open Trenched Crossings
If the requirements of 5.7 are fulfilled at open cut or trenched installations, the minimum nominal wall thickness for
steel casing for bored crossings in Annex C may be used. If the requirements of 5.7 cannot be met, installation of

casing at greater depths, the use of heavier wall casing pipe, stabilized backfill, or other accepted methods should be
utilized.
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5.5 General
5.5.1 The casing pipe should be free of internal obstructions, should be as straight as practicable, and should have
a uniform bedding for the entire length of the crossing. In addition to being properly compactable, padding and backfill

must be of appropriate quality to prevent damage to pipeline and/or casing coatings.

5.5.2 The casing pipe should be installed with an overbore as small as possible so as to minimize the void between
the pipe and the adjacent soil.

5.5.3 Steel casing pipe should be joined completely to ensure a continuous casing from end to end.

Minimum depth
below ground

Minimum depth
below bottom of rail

Minimum depth

Drainage ditch
below ditch ‘

ﬁ HX_T_‘J B ~—Vent

\ End seal \Casing Carrier pipe l

RAILROAD CROSSING

Minimum depth Drainage ditch

below ditch ¢ Highway ¢
? l ! ! —=—\/ent

F Carrier pipe

C[g:(:ggg —==—--—-=----—----xX===1—
End seal \Casing Minimum depth below
surface of pavement

HIGHWAY CROSSING
NOTE  For simplicity, drawing does not include insulators/spacers (5.8 and 5.11) or test stations (6.3.6)

Figure 19—Examples of Cased Crossing Installations
5.6 Location and Alignment

5.6.1 Where casing pipe is installed, it should extend a minimum of 2 ft (0.6 m) beyond the toe of slope or base
grade, 3 ft (0.9 m) beyond the bottom of the drainage ditch, whichever is greater (see Figure 19). Additionally for
railroad crossings, the casing pipe should extend a minimum distance of 25 ft (7.6 m) each side from centerline of
outside track when casing is sealed at both ends, or a minimum distance of 45 ft (13.7 m) each side of the centerline
of the outside track when casing is open at both ends.

5.6.2 The angle of intersection between pipeline crossings and the railroad or highway to be crossed should be as
near to 90 degrees as practicable. In no case should it be less than 30 degrees.

5.6.3 Crossings in wet or rock terrain, and where deep cuts are required, should be avoided where practicable.

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments

00323



32 API RECOMMENDED PRACTICE 1102

5.6.4 Vertical and horizontal clearances between the pipeline and a structure or facility in place must be sufficient to
permit maintenance of the pipeline and the structure or facility.

5.7 Cover
5.7.1 Railroad Crossings

Casing pipe under railroads should be installed with a minimum cover, as measured from the top of the pipe to the
base of the rail, as follows (see Figure 19):

Location Minimum Cover
a) Under track structure proper, except secondary and industry tracks. 551t (1.7 m)
b) Under track structure proper for secondary and industry tracks. 451t (1.4 m)
c) Under all other surfaces within the right-of-way or from bottom of ditches. 3 ft (0.9 m)
d) For pipelines transporting HVL, from the bottom of ditches. 4 (1.2m)

5.7.2 Highway Crossings

Casing pipe under highways should be installed with a minimum cover, as measured from the top of the pipe to the
top of the surface as follows (see Figure 19):

Location Minimum Cover
a) Under highway surface proper. 41 (1.2m)
b) Under all other surfaces within the right-of-way. 3 (0.9 m)
c) For pipelines transporting HVL, from the bottom of ditches. 41 (1.2m)

5.7.3 Mechanical Protection
If the minimum coverage set forth in 5.7.1 and 5.7.2 cannot be provided, mechanical protection shall be installed.
5.8 Installation

5.8.1 Carrier pipe installed in a casing should be held clear of the casing pipe by properly designed supports,
insulators, or other devices, and installed so that no external load will be transmitted to the carrier pipe. This also may
be accomplished by building up a ring of layers of coating and outer wrap, or by a concrete jacket. Where
manufactured insulators are used, they should be uniformly spaced and securely fastened to the carrier pipe.

5.8.2 Multiple carrier pipes may be installed with one casing pipe where restricted working areas, structural
difficulties, or special needs are encountered. The stipulations in the above paragraph should apply, and each carrier
pipe should be insulated from other carrier pipes, as well as from the casing pipe.

5.9 Casing Seals
The casing should be fitted with end seals at both ends to reduce the intrusion of water and fines from the
surrounding soil. It should be recognized that a water-tight seal may not always be possible under field conditions,

and in some circumstances water infiltration should be anticipated. The seal should be formed with a flexible material
that will inhibit the formation of a waterway through the casing,
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5.10 Casing Vents
5.10.1 Vents are not required on casings.

5.10.2 One or two vent pipes may be installed, if used, vent pipe should be not less than 2 in. (51 mm) in diameter,
should be welded to the casing, and should project through the ground surface at the right-of-way line or fence line
(see Figure 19). A hole through the casing not less than one-half the vent pipe diameter must be made prior to
welding the casing vent over it.

5.10.3 Vent pipe should extend not less than 4 ft (1.2 m) above the ground surface. The tops of vents should be
fitted with suitable weather caps.

5.10.4 Two vent pipes maybe installed to facilitate filling the casing with a “casing filler” by connecting the vent pipe
at the low end of the casing to the bottom of the casing and connecting the vent pipe at the high end of the casing to
the top of the casing.

5.11 Insulators

Insulators electrically isolate the carrier pipe from the casing by providing a circular enclosure that prevents direct
contact between the two. The insulator should be designed to promote minimal bearing pressure between the
insulator and carrier coating.

5.12 Inspection and Testing

Supervision and inspection should be provided during construction of the crossing. Before installation, the section of
carrier pipe used at the crossing should be inspected visually for defects. All girth welds should be inspected by
radiographic or other nondestructive methods. After a cased crossing is installed, a test should be performed to
determine that the carrier pipe is electrically isolated from the casing pipe.

6 Installation
6.1 Trenchless Installation

6.1.1 General

Pipe jacking with an auger borer is the predominant means in U.S. practice of pipeline installation beneath railroads
and highways. Percussive molding also is used but is restricted to small pipelines, typically less than 6 in. (150 mm) in
diameter. For trenchless construction techniques that excavate an oversized hole relative to the size of the pipe, the
diameter of the bored hole, By, needs to be known or specified before construction. By means of Figure 5, the
designer can account for the influence of the bored hole diameter, B4, on the earth load transmitted to the pipe.

When the auger is adjusted to excavate a hole equal in size to the pipe, or when percussive molding or a similar
insertion method is used, the designer should assume that the bored diameter is equal to the pipe diameter, B4 = D.

6.1.2 Boring, Jacking, or Tunneling

6.1.2.1 Auger boring for a pipeline crossing often is performed with an auger that is a fraction of an inch to as much
as 2 in. (51 mm) larger in diameter than the pipe, under circumstances in which the auger is advanced in front of the
casing. Modifications of the method, such as reducing the auger size and fitting the pipe or casing with stops to
prevent the auger from leading the pipe, can substantially reduce overexcavation. Reduction in the amount of
overexcavation will decrease the chances of disturbing the surrounding soil and overlying facility and can diminish the
amount of earth load imposed on the pipe. It should be recognized, however, that reductions in overcutting generally
will increase frictional and adhesive resistance to the advance of the pipe. It may be necessary, therefore, to require
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trackmounted equipment in the launching pit with a suitable end bearing wall so that adequate jacking forces can be
mobilized. For long or sensitive crossings, the use of bentonite slurry to lubricate the jacked pipe may be helpful.

6.1.2.2 The following provisions apply to bored, jacked, or tunneled crossings:

a) The diameter of the hole for bored or jacked installations should not exceed by more than 2 in. (51 mm) the outside
diameter of the carrier pipe (including coating). In tunneled installations, the annular space between the outside of the
pipe and the tunnel should be held to a minimum.

b) Where unstable soil conditions exist, boring, jacking, or tunneling operations should be conducted in a manner that
will not be detrimental to the facility to be crossed.

c) If too large a hole results or if it is necessary to abandon a bored, jacked, or tunneled hole, prompt remedial
measures should be taken to provide adequate support for the facility to be crossed.

6.1.3 Excavation

The pipe is jacked from an excavation, referred to as a launching pit, into an excavation, referred to as a receiving pit.
Both the launching and receiving pits should be excavated and supported in accordance with applicable regulations
to ensure the safety of construction personnel and to protect the adjacent railroad or highway.

6.1.4 Backfilling

Carefully placing and compacting the backfill under the carrier pipe in the launching and receiving pits helps reduce
the settlement of the carrier pipe adjacent to the crossing. This, in turn, decreases the bending stress in the carrier
pipe where it enters the backfilled launching and receiving pits. Good backfilling practice includes, but is not limited to,
removing remolded and disturbed soil from the bedding of the carrier pipe and placing fill compacted in sufficiently
small lifts to achieve a dense bedding for the carrier. Earth- or sand-filled bags or other suitable means should be
used to firmly support the carrier pipe adjacent to the crossing prior to backfill. Support materials subject to biological
attack, such as wooden blocking, may decompose and increase the chance of local corrosion.

6.2 Open Cut or Trenched Installation

6.2.1 General Conditions

6.2.1.1 Work on all trenched crossings from ditching to restoration of road surface should be scheduled to minimize
interruption of traffic.

6.2.1.2 Where an open cut is used, the trench shall be sloped or shored in accordance with Occupational Safety
and Health Administration (OSHA) requirements. The pipe as laid should be centered in the ditch so as to provide
equal clearance on both sides between the pipe and the sides of the ditch.

6.2.1.3 The bottom of the trench should be prepared to provide the pipe with uniform bedding throughout the length
of the crossing. In addition to being properly compactable, padding and backfill must be of appropriate quality to
prevent damage to pipeline and/or casing coatings.

6.2.2 Backfill

Backfill should be compacted sufficiently to prevent settlement detrimental to the facility to be crossed. Backfill should
be placed in layers of 12 in. (305 mm) or less (uncompacted thickness) and compacted thoroughly around the sides
and over the pipe to densities consistent with that of the surrounding soil. Trench soil used for backfill (or a substituted
backfill material) must be capable of producing the required compaction. In addition to being properly compactable,
padding and backfill must be of appropriate quality to prevent damage to pipeline and/or casing coatings.
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6.2.3 Surface Restoration

The surface of pavement that has been cut should be restored promptly in accordance with the appropriate highway
or railroad authority’s specifications.

6.3 General

The considerations listed in 6.3.1 through 6.3.7 apply to trenchless and open cut pipeline installation, irrespective of
uncased or cased crossings.

6.3.1 Construction Supervision

Construction should be supervised by personnel qualified to oversee the welding of line pipe and the types of pipeline
installation referred to in 6.1 and 6.2. The work should be coordinated, and close communication should be
maintained between construction supervisors in the field and authorized agents of the railroad or highway to be
crossed. Precautionary measures should be taken when transporting construction equipment across railroads and
highways. Railroad and highway facilities should be protected at all times, and drainage ditches should be maintained
to avoid flooding or erosion of the roadbed and adjacent properties.

6.3.2 Inspection and Testing

Inspection should be provided during the construction of the crossing. Before installation, the section of carrier pipe
used at the crossing should be inspected visually for defects.

6.3.3 Welding

Carrier pipe at railroad or highway crossings should be welded with welding procedures developed in accordance
with the latest approved edition of API Standard 1104, Welding, of Pipelines and Related Facilities [7]. Nondestructive
testing in accordance with the aforementioned specification is required for all girth welds beneath or adjacent to the
crossing. At uncased crossings, nondestructive testing normally will be required for girth welds within a horizontal
distance of 50 ft (15 m) from either the outside or inside rail and from either the outside or inside highway pavement
line. For cased crossings, the same applies for welds within 50 ft (15 m) of the end seals of the casing.

6.3.4 Pressure Testing

The carrier pipe section should be pressure tested before startup in accordance with 49 CFR, Part 192 or Part 195
requirements.

6.3.5 Pipeline Markers and Signs

Pipeline markers and signs should be installed as set forth in the latest approved edition of APl Recommended
Practice 1109, Marking, Liquid Petroleum Pipeline Facilities [17].

6.3.6 Cathodic Protection

6.3.6.1 Cathodic protection systems at cased crossings should be reviewed carefully. Casings may reduce or
! eliminate the effectiveness of cathodic protection. The introduction of a casing creates a more complicated electrical
* system than would prevail for uncased crossings, so there may be difficulties in securing and interpreting cathodic
. protection measurements at cased crossings. Test stations with test leads attached to the carrier pipe and casing pipe
. should be provided at each cased crossing.

;: 6.3.6.2 A cased carrier pipe can be exposed to atmospheric corrosion as a result of air circulation through vents
. attached to the casing and moisture condensation in the casing annulus. A proper coating, jeep testing, proper
' spacing and end seals reduce the potential for atmospheric corrosion or electrical shorts. This problem may be
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minimized by filling the casing with a high dielectric casing filler, corrosion inhibitor, or inert gas. This is most easily
accomplished immediately after construction.

6.3.7 Pipe Coatings

Pipeline coatings should be selected with due consideration of the construction technique and the abrasion and
contact forces associated with pipeline installation. There are a variety of coatings that are tough and exhibit good
resistance to surface stress, moisture adsorption, and cathodic disbondment. In areas where damage to the
protective coating is likely, consideration should be given to applying an additional protective coating, such as
concrete, over the carrier pipe coating prior to installation.

7 Railroads and Highways Crossing Existing Pipelines

7.1 Adjustment of Pipelines at Crossings

If an existing pipeline at a proposed railroad or highway crossing complies with the requirements of this practice, no
adjustment of the pipeline is necessary. However, other considerations outside the scope of this recommended
practice may necessitate an adjustment to an existing pipeline. If adjustments are required, the pipeline crossing
should be lowered, repaired, reconditioned, replaced, or relocated in accordance with this practice.

7.2 Adjustment of In-service Pipelines

7.21 Lowering Operations

If lowering of the pipeline at a crossing in place is required, care should be exercised during the design phase and the
lowering operation to prevent undue stress on the pipeline, in accordance with the latest approved edition of API
Recommended Practice 1117, Lowering In-Service Pipelines [18]. The pipeline should be uncovered for a sufficient
distance on either side of the crossing so that the carrier pipe may be uniformly lowered to fit the ditch at the required
depth by natural sag. All movements of liquid petroleum pipelines should comply with the U.S. Department of
Transportation’s required maximum operating pressures, as contained in 49 Code of Federal Regulations Part
195 [6].

7.2.2 Split Casings

Where stress due to external loads of the railroad or highway necessitates casing of a pipeline, the casing may be
installed by using the split casing method. This method provides for cutting the casing into two longitudinal segments
and welding the segments together over the carrier pipe after the coating is repaired and casing insulators are
installed. Precautions should be taken to prevent weld splatter from the welding operation from causing damage to
the carrier pipe coating or the insulating spacers.

7.2.3 Temporary Bypasses

A temporary bypass utilizing suitable mechanical means to isolate the section to be adjusted may be installed to avoid
interruption of service.

7.3 Adjustments of Pipelines Requiring Interruption of Service
When a pipeline cannot be taken out of service for more than a few hours for a required adjustment, a new separate

crossing generally is constructed. In such cases, the only shutdown required is the time necessary for making the tie
in connections of the new pipeline to the existing line.
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7.4 Protection of Pipelines During Highway or Railroad Construction

An agreement between the pipeline company and the party constructing the crossing should be made to protect the
pipeline from excessive loads or damage from grading (cut or fill) by work equipment during the construction of the
railroad or highway. The pipeline alignment should be clearly marked with suitable flags, stakes, or other markers at
the crossing. This recommended practice should be used to determine expected stresses on the pipeline. As
necessary, suitable bridging, reinforced concrete slabs, or other measures should be employed to protect the
pipeline.
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Annex A

Supplemental Material Properties and Uncased Crossing Design Values

This annex contains tables and figures on material properties and design values that give supplemental information to
that contained in the body of this recommended practice.

A.1 Tables of Typical Values

Table A-1—Typical Values for Modulus of Soil Reaction, E’

Soil Description E’, ksi (MPa)
Soft to medium clays and silts with high plasticities 0.2(1.4)
Soft to medium clays and silts with low to medium 0.5(3.4)
plasticities; loose sands and gravels
Stiff to very stiff clays and silts; 1.0 (6.9)

medium dense sands and gravels

Dense to very dense sands and gravels 2.0 (13.8)

Table A-2—Typical Values for Resilient Modulus, E,

Soil Description E,, ksi (MPa)
Soft to medium clays and silts 5(34)
Stiff to very stiff clays and silts; 10 (69)

loose to medium dense sands and gravels

Dense to very dense sands and gravels 20 (138)

Table A-3—Typical Steel Properties

Property Typical Range
Young’s modulus, Ej, psi (kPa) 28 — 30 x10°
(1.9-2.1x 108)
Poisson’s ratio, vy 0.25-0.30
Coefficient of thermal expansion, o, per °F (per °C) 6-7x10°

(1.6 — 1.9 x 1075)

A.2 Critical Highway Axle Configurations

For design wheel loads different from the recommended maximums of Py = 12 kips (53.4 kN) and P; = 10 kips
(44.5 kN), the critical axle configuration may be different than given in Table 1. Figure A-1 is used to determine
whether single or tandem axle configurations produce greater carrier pipe live load stresses. If the design P, and P,
coordinate ties above the line in Figure A-1 for a particular design pavement type, burial depth, H, and carrier pipe
diameter, D, then single axle configurations are more critical. If the design P; and P, coordinate lies below the line in
Figure A-1 for a particular design pavement type, then tandem axle configurations are more critical. In Figure A-1, the:
plotted points represent the recommended design loads of P, = 12 kips (53.4 kN) and P; = 10 kips (44.5 kN), with the':
resulting critical axle configurations as given in Table 1 in the main body of this recommended practice.
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Single wheel load, P; (kips)

H<4ft(1.2m)and H<4ft(1.2) and D > 12 in. (305 mm);
D <12 in. (305 mm) H24ft(1.2m)forall D
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Annex B

Uncased Design Example Problems

B.1 Highway Crossing Design

A 12.75-in. (324-mm) diameter liquid product pipeline with a wall thickness of 0.250 in. (6.4 mm) is intended to cross
a major highway that is paved with asphaltic concrete. The pipe is constructed of Grade X42 steel with ERW welds
and will operate at a maximum pressure of 1000 psi (6.9 MPa). The pipeline will be installed without a casing at a
design depth of 6 ft (1.8 m), using auger boring construction with a 2-in. (51-mm) overbore. The soil at the site was
determined to be a loose sand with a resilient modulus of 10 kips/in.2 (69 MPa).

Using APl Recommended Practice 1102, check whether the proposed design is adequate to withstand the applied
earth load highway live load, and internal pressure. Ignore any change in pipe temperature.

Step a—initial Design Information

Pipe and operational characteristics:

Outside diameter, D =12.75in.
Operating pressure, p = 1,000 psi
Steel grade =X42
Specified minimum yield strength, SMYS =42,000 psi
Design factor, F =0.72
Longitudinal joint factor, E =1.00
Installation temperature, T; =N/A
Maximum or minimum operating temperature, 7, =N/A
Temperature derating factor, T =N/A
Wall thickness, ¢, =0.250in.
Installation and site characteristics:
Depth, H =6.0ft
Bored diameter, By4 =14.8in.
Soil type = Loose sand
Modulus of soil reaction, E” =0.5ksi
Resilient modulus, E, =10 ksi
Unit weight, y =120 Ib/ft3 = 0.069 Ib/in.3
Type of longitudinal weld = ERW
Design wheel load from single axle, P; =12 kips
Design wheel load from tandem axles, P; =10 kips
Pavement type = Flexible
Other pipe steel properties:
Young’s modulus, E = 30,000 Ksi
Poisson’s ratio, vy =0.30
Coefficient of thermal expansion, o =6.5x 1076 per °F
Step b—Check Allowable Barlow Stress
Equation 8b with: p = 1,000 psi Syi (Barlow) = 25,500 psi
D=12.75in.
tw = 0.250 in.
F=0.72 FxExTxSMYS=N/A
E =1.00 F x Ex SMYS = 30,240 psi
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Step c—Circumferential Stress Due to Earth Load

c.1 Figure 3 with:

c.2 Figure 4 with:

c.3 Figure 5 with:

c.4 Equation 1 with:

7=N/A
SMYS = 42,000 psi

t4/D = 0.020
E'=0.5 ksi

HIB4=4.9
Soil type = Loose sand = A

By/D=1.16

D=1275in.
v =120 Ib/ft3 = 0.069 Ib/in.3

Step d—impact Factor, F;,and Applied Design Surface Pressure, w

d.l  Figure 7 for highways with:

d.2 Applied design surface pressure, w
Section 4.7.2.2.1:
Critical case: tandem axles

Step e—Cyclic Stresses, ASy, and ASy;,

e.1 Cyclic circumferential stress. ASyy

e.1.1  Figure 14 with:
e.1.2  Figure 15 with:

c.1.3 Table 2 with:
Flexible pavement
Tandem axles

e.1.4 Equation 5:

e.2 Cyclic longitudinal stress, AS

e.2.1  Figure 16 with:
e.2.2 Figure 17 with:

e.2.3 Table 2 with:
Flexible pavement
Tandem axles

e. 2.4 Equation 6:

H=6ft

Flexible pavement

ty/D = 0.020
E; =10 ksi

D=1275in.
H=6ft

H=6ft
D=12.75in.

ty/D = 0.020
E, =10 ksi

D=1275in.
H=6ft

H=6ft
D=12.75in.

Shi (Barlow) < Allowable? Yes

Kie = 3,024

B.=1.09

E.=1.11

She = 3,219 psi

Fi= 1.47

Py =10 kips
w = 69.4 psi

Ky = 14.3

Gy = 0.99

~
non
-_—
o o
[eoNe)

ASyy, = 1,444 psi

Kip= 9.9

Grp = 1.01

~
Inon
-
o o
[N ]

AS1 1, = 1,020 psi
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42 API RECOMMENDED PRACTICE 1102

Step f—Circumferential Stress Due to Internal Pressurization, Sy;
Equation 7 with: p = 1,000 psi
D=1275in.
tw =0.250 in.
Step g—Principal Stresses, S, S, S5

E, =30 x 108 psi
o = 6.5 x 107 per °F

Tl =N/A
7, = N/A
vs =0.30
g.1 Equation 9 with: SHe = 3,219 psi
ASyhp = 1,444 pSI
Sui = 25,000 psi
g.2 Equation 10 with: ASt, = 1,020 psi
SHe = 3,219 psi
Sui = 25,000 psi
g3 Equation 11 with: » = 1,000 psi
g4 Effective stress, Sqgr
. Equation 12 with: S1 = 29,663 psi
S> = 9,486 psi
S5 =—1,000 psi
g.5 Check allowable effective stress
F=0.72
SMYS = 42,000 psi
Equation 13 with: Sefr = 26,994 psi

SMYS x F = 30,240 psi

Step h—Check Fatigue

h.1  Girth welds
F=0.72
Table 3
Equation 17 with: AS1 1, = 1,020 psi
Spg X F = 8,640 psi

h.2 Longitudinal welds
F=0.72
Table 3
Equation 20 with: ASyy, = 1,444 psi
SpL X F = 15,120 psi

Sui = 25,000 psi

Sy = 29,663 psi

S, = 9,486 psi

S3 =-1,000 psi

Sefr = 26,994 psi

Seff < SMYS x F? Yes

Skg = 12,000 psi
AS1 £ Spg X F? Yes

Sgr = 21,000 psi (ERW)

ASHh < SFL x F? Yes
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B.2 Railroad Crossing Design

The same 12.75-in. (324-mm) diameter, 0.250-in. (6.4-mm) wall thickness liquid product pipeline described in the
highway example problem now will cross underneath two adjacent railroad tracks. The depth of the uncased carrier is
6 ft (1.8 m). All other design parameters are the same as those used for the highway crossing.

Using APl Recommended Practice 1102, check whether the proposed design is adequate to withstand the applied
earth load, railroad live load, and internal pressure. Ignore any changes in pipe temperature. Assume that there will
be a girth weld within 5 ft (1.5 m) of either track centerline.

B.2.1 Railroad Example Problem

Step a—Initial Design Information

Pipe and operational characteristics:

Outside diameter, D =12.75in.
Operating pressure, p =1,000 psi
Steel grade =X42
Specified minimum yield strength, SMYS =42,000 psi
Design factor, F =0.72
Longitudinal joint factor, E =1.00
Installation temperature, T; =N/A
Maximum or minimum operating temperature, 7, =N/A
Temperature derating factor, T =N/A
Wall thickness, t,, =0.250 in.
Installation and site characteristics:
Depth, H =6.0ft
Bored diameter, By =14.8in.
Soil type = Loose sand
Modulus of soil reaction, E” = 0.5 ksi
Resilient modulus, E; =10 ksi
Unit weight, y =120 Ib/ft3 = 0.069 Ib/in.3
Type of longitudinal weld =ERW
Distance of girth weld from track centerline, Lg =0ft
Number of tracks (1 or 2) =2
Rail loading = E-80
Other pipe steel properties:
Young’s modulus, E; = 30,000 ksi
Poisson’s ratio, v, =0.30
Coefficient of thermal expansion, ot =6.5x 1076 per °F

Step b—Check Allowable Barlow Stress

Equation 8b with: p = 1,000 psi Syi (Barlow) = 25,500 psi
D=1275in.
tw = 0.250 in.
F=0.72 FXEXTxSMYS = N/A
E=1.00 F x E x SMYS = 30,240 psi
T=N/A

SMYS = 42,000 psi
Sui (Barlow) < Allowable? Yes

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments

00335



44 API RECOMMENDED PRACTICE 1102

Step c—Circumferential Stress Due to Earth Load

c.1 Figure 3 with: tw/D = 0.020
E"=0.5ksi
c.2 Figure 4 with: HIBy=4.9
Soil type = Loose sand = A
c.3 Figure 5 with: B4/D=1.16
c.4 Equation 1 with: D =12.75in.

v =120 Ib/ft3 = 0.069 Ib/in.3
Step d—Impact Factor, F;, and Applied Design Surface Pressure, w
d.1  Figure 7 for railroads with: H=6ft

d.2 Applied design surface pressure, w
Section 4.7.2.2.1: Rail loading = E-80

Step e—Cyclic Stresses, ASy, and ASy

e.1 Cyclic circumferential stress. ASy;

e.1.1  Figure 8 with: tw/D = 0.020
E. =10 ksi

e.1.2  Figure 9 with: D=12.75in.
H=61t

e.1.3 Section4.7.2.2.3 and
Figure 10 with: N =2

e.1.4 Equation 3:

e.2 Cyclic longitudinal stress, ASy

e.2.1 Figure 11 with: tw/D =0.020
E. =10 ksi

e.2.2 Figure 12 with: D=1275in.
H=6ft

e.1.3 Section4.7.2.2.3 and
Figure 13 with: N =2

e.24 Equation 4:
Step f—Circumferential Stress Due to Internal Pressurization, Sy;
Equation 7 with: p = 1,000 psi

D =12.75in.
ty = 0.250 in.

Kie = 3,024

B.=1.09

E.=1.11

She = 3,219 psi

Fi= 1.72

w =13.9 psi

Ky, = 332

Gy = 0.98

Ny=1.11

ASy; = 8,634 psi

KLr =317

G, =0.98

NL =1.00

ASp, = 7,427 psi

Syi = 25,000 psi
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Step g—Principal Stresses, S, S5, S3

E¢ =30 x 108 psi
o = 6.5 x 1078 per °F

Tl =N/A
T, =N/A
vs =0.30
g.1 Equation 9 with: SHe = 3,219 psi
ASy; = 8,634 psi
Sui = 25,000 psi
g.2 Equation 10 with: ASy, = 7,427 psi
SHe = 3,219 psi
Sui = 25,000 psi
g.3 Equation 11 with: p=1,000 psi
g.4 Effective stress, Sqgr
: Equation 12 with: S = 36,853 psi
S, = 15,893 psi
S5 =-1,000 psi
gj,5 Check allowable effective stress
F=0.72
SMYS = 42,000 psi
Equation 13 with: Sefr = 32,845 psi

SMYS x F = 30,240 psi

B.2.2 Railroad Example Problem (Revised Wall Thickness)
Step a—Revised Design Information

Pipe and operational characteristics:
Outside diameter, D
Operating pressure, p
Steel grade
Specified minimum yield strength, SMYS
Design factor, F
Longitudinal joint factor, E
Installation temperature, T;
Maximum or minimum operating temperature, 7,
Temperature degrating factor, T
Wall thickness, t,,

Installation and site characteristics:
Depth, H
Bored diameter, By
Soil type
Modulus of soil reaction, E”
Resilient modulus, E;
Unit weight, y
Type of longitudinal weld

Si = 36,853 psi

S, = 15,893 psi

S3 =-1,000 psi

Seff = 32,845 psi

Sefr < SMYS x F? No

=12.75in.
=1,000 psi
= X42
=42,000 psi

=6.0ft

=14.8in.

= Loose sand

=0.5ksi

=10 ksi

=120 Ib/ft3 = 0.069 Ib/in.3
= ERW
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46 API RECOMMENDED PRACTICE 1102

Distance of girth weld from track centerline, Lg
Number of tracks (1 or 2)
Rail loading

Other pipe steel properties:
Young’s modulus, Eg
Poisson’s ratio, vy
Coefficient of thermal expansion, o

Step b—Check Allowable Barlow Stress

Equation 8a with: p = 1.000 psi
D=1275in.
tw =0.281in.
F=0.72
E=1.00
T=N/A

SMYS = 42,000 psi

Step c—Circumferential Stress Due to Earth Load

c.1 Figure 3 with: tw/D = 0.022
E’=0.5ksi
c.2 Figure 4 with: HIBy=4.9
Soil type = Loose sand = A
c.3 Figure 5 with: ByD=1.16
c.4 Equation 1 with: D=12.75in

v =120 Ib/ft3 = 0.069 Ib/in.3

Step d—Impact Factor, F;, and Applied Design Surface Pressure, w
d.1  Figure 7 for railroads with: H=6ft

d.2 Applied design surface pressure, w

Section 4.7.2.2.1: Rail loading = E-80

Step e—Cyclic Stresses, ASy, and ASy,

e.1 Cyclic circumferential stress, ASy;

e.1.1  Figure 8 with: tw/D = 0.022
E; =10 ksi

e.1.2  Figure 9 with: D =12.75n.
H=61t

e.1.3 Section4.7.2.2.3 and
Figure 10 with: N =2

e.1.4 Equation 3:

=0ft
=2
= E-80

= 30,000 ksi
=0.30
=6.5x 107 per °F

Syi (Barlow) = 22,687 pSI

FxExTxSMYS=N/A
F x E x SMYS = 30,240 psi

Sy; (Barlow) < Allowable? Yes

Kije = 2,500

B.=1.09

E.=1.11

She = 2,661 psi

Fi= 1.72

w =13.9 psi

Ky, = 320

Gy = 0.98

Nyg=1.11

ASy; = 8,322 psi
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e.2 Cyclic longitudinal stress, AS; .

e.2.1  Figure 11 with: tw/D = 0.022
E. =10 ksi

e.2.2 Figure 12 with: D=12.75in.
H=61ft

e.2.3 Section4.7.2.2.3 and
Figure 13 with: N =2

e.24 Equation 4:
Step f—Circumferential Stress Due to Internal Pressurization, Sy;
Equation 7 with: p=1,000 psi
D=1275in.
tw = 0.281 in.
Step g—Principal Stresses, S1, S, S5

E¢ =30 x 108 psi
o = 6.5 x 1076 per °F

T =N/A
T2 =N/A
vs =0.30
- g.1  Equation 9 with: SHe = 2,661 psi
' ASyr, = 8,322 psi
SHi = 22,187 pSI
g2 Equation 10 with: AS}, = 7,146 psi
: She = 2,661 psi
Syi = 22,187 psi
g.3 Equation 11 with: p=1,000 psi
g.4 Effective stress, Sqr
Equation 12 with: S =33,170 psi
S, = 14,600 psi
S3 =-1,000 psi
g.5 Check allowable effective stress
F=0.72
SMYS = 42,000 psi
Equation 13 with: Sefr = 29,629 psi

SMYS x F = 30,240 psi

Step h—Check Fatigue

h.1  Girth welds
F=0.72
Table 3

Ky, = 305

Gy, =0.98

N =1.00

ASy; = 7,146 psi

SHi = 22,187 pSI

81 =33,170 psi

S» = 14,600 psi

S5 =-1,000 psi

Sefr = 29,629 psi

Seff < SMYS X F? Yes

Spg = 12,000 psi
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h1.1 IfLg<5ft(1.5m)use:
Equation 15 with: ASy; = 7,146 psi
N =1.00
ASLr/NL =7,146 pSI
Skg X F = 8,640 psi

h.1.2 IfLg>51f (1.5 m)use:

Figure 18 with: Lg=

Equation 16 with: ASt ;=
N =
Rp ASLI/NL =
Spg X F =

h.2 Longitudinal welds

F=0.72

Table 3

Equation 19 with: ASy: = 8,322 psi
Ng =111

ASHI/NH =7,498 pSi
SpL X F=15,120 psi

ASy /Ny, £ Sgg X F? Yes

Rp =
Rp AS1 /N £ Spg X F?

Spr = 21,000 psi (ERW)
ASHr/NH < SpL X F? Yes
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Annex C

Casing Wall Thicknesses

Table C-1—Minimum Nominal Wall Thickness for Flexible Casing in Bored Crossings

Minimum Nominal Wall Thickness (in.)
Nominal Pipe Railroads
Diameter (in.) When Coated or | When Not Coated Highways
Cathodically or Cathodically
Protected Protected
12.75 and under 0.188 0.188 0.134
14 0.188 0.250 0.134
16 0.219 0.281 0.134
18 0.250 0.312 0.134
20 0.281 0.344 0.134
22 0.281 0.344 0.164
24 0.312 0.375 0.164
26 0.344 0.406 0.164
28 0.375 0.438 0.164
30 0.406 0.469 0.164
32 0.438 0.500 0.164
34 0.469 0.531 0.164
36 0.469 0.531 0.164
38 0.500 0.562 0.188
40 0.531 0.594 0.188
42 0.562 0.625 0.188
44 0.594 0.656 0.188
46 0.594 0.656 0.219
48 0.625 0.688 0.219
50 0.656 0.719 0.250
52 0.688 0.750 0.250
54 0.719 0.781 0.250
56 0.750 0.812 0.250
58 0.750 0.812 0.250
60 0.781 0.844 0.250
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Annex D

Unit Conversions

Table D-1—Unit Conversions

To Convert From To Multiply By
feet (ft) meters (m) 0.3048
inches (in.) millimeters (mm) 254
pounds (Ib) kilograms (kg) 0.4536
kips (k) pounds (Ib) 1000
kilonewtons (kN) 4.448
pounds per square inch (psi) kilopascals (kPa) 6.895
kilonewtons per square meter (kN/m?2) 6.895
kips per square inch (ksi) pounds per square inch (psi) 1000
megapascals (MPa) 6.895
meganewtons per square meter (MN/m?2) 6.895
degrees Fahrenheit, °F degrees Celsius, °C = (°F - 32)/1.8
pounds per cubic foot (pcf) pounds per cubic inch (pci) 0.000579
(actually pounds-force) kilonewtons per cubic meter (kN/m3) 0.157
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. Rush Shipping Fee - Next Day Delivery orders charge is $20 in addition to the carrier charges. Next Day Delivery orders must be placed by 2:00 p.m. MST to ensure overnight

e. There may be a 15% restock-
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WHERE THIS CAME FROM

API Monogram® Licensing
Program

Sales: (+1) 713-964-2662
Service: (+1) 202-962-4791
Fax: (+1) 202-682-8070
Email: certification@api.org
Web: www.api.org/monogram

API Quality Registrar (APIQR®)
* [SO 9001

* ISO/TS 29001

*|SO 14001

* OHSAS 18001

* APl Spec Q1°

* API QualityPlus®

* Dual Registration

Sales: (+1) 713-964-2662
Service: (+1) 202-962-4791
Fax: (+1) 202-682-8070
Email: certification@api.org
Web: www.api.org/apiqr

API Individual Certification
Programs (ICP®)

Sales: (+1) 713-964-2662
Service: (+1) 202-682-8064
Fax:  (+1)202-682-8348
Email:  icp@api.org

‘Web:  www.api.org/icp

‘API Engine 0Oil Licensing and
Certification System (EOLCS)
Sales: (+1) 713-964-2662
Service: (+1) 202-682-8516
Fax: (+1) 202-962-4739
Email: eolcs@api.org

Web: www.api.org/eolcs

API Training Provider
Certification Program

(API TPCP™)

Sales: (+1) 713-964-2662
Service: (+1) 202-682-8075
Fax: (+1) 202-682-8070
Email:  tpcp@api.org
Web: www.api.org/tpcp

API Perforator Design
Registration Program

Sales: (+1) 713-964-2662
Service: (+1) 202-682-8490
Fax: (+1) 202-682-8070
Email:  perfdesign@api.org
Web: www.api.org/perforators

API Credit Exchange (ACE™)
Service: (+1) 202-682-8192
Fax: (+1) 202-682-8070
Email: exchange@api.org
Web: www.api.org/ace

API Diesel Exhaust Fluid
Certification Program
Phone: (+1) 202-682-8516
Fax: (+1) 202-962-4739
Email:  info@apidef.org
Web: www.apidef.org

APl WorkSafe™

Sales: (+1) 713-964-2662
Service: (+1) 202-682-8469
Fax: (+1) 202-682-8348
Email: apiworksafe@api.org
Web: www.api.org/worksafe

API-U

Phone: (+1)202-682-8053
Fax: (+1) 202-682-8070
Email:  training@api.org
Web: www.api-u.org

API Data™

Phone: (+1) 202-682-8499
Fax: (+1) 202-962-4730
Email: apidata@api.org
Web: www.APIDataNow.org

API Publications

Online: www.api.org/pubs

Phone: 1-800-854-7179
(Toll-free: U.S./Canada)
(+1) 303-397-7956
(Local/International)

Fax: (+1) 303-397-2740

API Standards

Phone: (+1) 202-682-8148

Fax: (+1) 202-962-4797

Email:  standards.org

Web: www.api.org/standards

Request a Quotation:
www.api.org/quote
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November 7, 2014

Vermont Gas Systems

Attn: Charlie Pughe, Project Manager
85 Swilft Street

South Burlington, VT 05403

RE: Addison Natural Gas Project (ANGP) — Review of Pipe Loading within VELCQ Corridor
Vermont Gas Systems, Inc.
CHA Project No. 28757.1006.30000

Dear Charlie,

As requested, CHA reviewed the live loading conditions on the transmission pipeline within the Vermont
Electric Company (VELCO) right of way (ROW) for the Addison Natural Gas Project (ANGP). The
review was performed to verify that the anticipated live loading conditions are within the acceptable
factor of safety for the pipe. The review included calculations in general accordance with the American
Petroleum Institute method, titled “Steel Pipelines Crossing Railroads and Highways” (API
Recommended Practice 1102) and a review of the anticipated strain on the pipe using the method from
the American Lifelines Alliance report titled “Guideline for Design of Buried Steel Pipe (July 2001).”
The review was performed based on the specified materials, installation methods and calculation
assumptions. Actual construction materials and methods are to be verified by Vermont Gas Systems, Inc
(VGS) to ensure the specified construction materials and methods are utilized and performed by the
construction contractor. Our review is contingent on the Contractor adhering to the backfilling
requirements detailed in the Contract Documents, specifically in the following sections:

1. Vermont Gas Systems (VGS) — Operation & Maintenance Manual, Part 192.319 Installation of
Pipe in a Ditch, Section (b). This section states that pipe must be backfilled in a manner that
“provides firm support under the pipe and prevents damage to the pipe and pipe coating from
equipment or from the backfill matenal. ’

2. VGS Operating Procedures, “Excavation, Trenching and Backfilling” section, specifically the
*Compaction — General” description.

3. VGS Operating Procedures, “Steel Pipe General”, specifically Part E. which states “All backfil]
shall be compacted to avoid settling.”

4. Technical Specification 312333

The pipeline within the VELCO ROW was designed as a Class 3 Location with a design factor of 0.5, in
general accordance with Code of Federal Regulations (CFR) Title 49 part 192.111. The pipe to be used
within the ROW is carbon steel with 12.75 inch outer diameter, 0.312 inch wall thickness, API-5L, Gr. X-
65, PSL-2 with a Maximum Allowable Operational Pressure (MAOP) of 1440 pounds per square inch

“Sat sfying Our Chients with | 38 Eastwood Drive, Suite 105 B lingto , VT 05403
Dedicated People Commutted to Total Qualty” | T 802.735.0372 802.735976  www.chacompanies.com



Mr. Charlie Pughe Page 2 November 7, 2014

{psi) and all longitudinal welds on the pipe will be Electronic Resistance Welds (ERW). The pipe will be
buried with a minimum of 4 feet of soft silt cover soils using open cut construction methods.

As specified by VELCO, the live loading condition on the pipe were based on the American Association
of State Highway and Transportation Officials (AASHTO) HS-20 + 15% truck loading with a single axle
load of 36,800 pounds (Ibs.) (18,400 Ibs. wheel load) on an unpaved surface.

The live load capacity of the pipe was calculated in general accordance with API Recommended Practice
1102 using the computer program GasCalc 5.0 version 007 developed by Bradley B. Bean, PE. Figure 1,
attached, is a surnmary of the calculation performed. The calculation verified that the assumed external
loading conditions are within the accepted limit of the pipe for the hoop stress, total effective stress, girth
weld fatigue and longitudinal weld fatigue.

Using the method included in “Guideline for Design of Buried Steel Pipe” it was also verified that the
anticipated live loads on the pipe are within acceptable factors of safety for wall crushing, wall buckling
and ring deflection.

Based on the API Recommended Practice 1102 calculation method and Guideline for Design of Buried
Steel Pipe, the anticipated live loading conditions within the VELCO ROW are acceptable. VGS is to
verify that the materials, trench conditions and installation methods are in accordance with the project
contact documents and specifications.

If you have any questions regarding the information provided, please contact me at (802) 735-0374.

Sincerely,

Digitalty signed by Brendan Kemms
ON; orvaBrendan Keama, o, ou,

Date: 2014.51.07 1543083 0500
Brendan Keams
Engineer IT

Attachment (1)
ce: Peter Lind, VELCO Senior Project Manager

VAProectst ANYVAK 2878 A orres Venification of Live Lasds VELCO 11-7-14 Rev)



FIGURE 1: GASCalc Calculation Sheet

Crossing External Loading Calculation: ANGP Live Load Verification

Project Identification: 24381
Prepared By: Brendan Keans
Reviewed By Tyler Billingsley

Calculation Data/Results...

Filename: ¢ \wt gas\velco gas calc.ext
Calculation Method: APl Recommended Practice 1102

Pipe Data...
Outside Diameter: 12.750 Inches
Pipe Wall Thickness- .312 Inches
Pipe Specification: API 5. Electric Resistance Welded
Pipe Grade X65 - ERW
Maximum Pressure; 1440 Psi
Specified Mimmum Yield Strength- 65000 Psi

Trench/Bore Data. .
Excavation Type Trenched
Trench/Bore Width: 3 Feet
Depth Below Grade: 4 Feet
Class Location: Class 3
Backfill Type- Silt - Soft

Crossing Data...
Crossing Type Roadway
Impact Factor No Pavement Single
Maximum Load Per Wheel Set 18400 Lb - Pounds

Calculated Values...
Combined Stress: 29314.050 Psi
Ratio Of Combined Stress To SMYS (Percent SMYS): 45.099%

Other Values...
Value Type Value, Psi Limit Value, Psi
Hoop Stress - Due To Internal Pressure 29423 32500 - OK
Effective (Combined) Stress 29314 46800 - OK
Fatigue Stress - Girth Weld 2364 6000 - OK
Fatigue Stress - Longitudinal Weld 2542 11500 - OK
Calculation Notes...

The Combined Stress value was calculated.

Comments:

These calculations are oaly valid for circular pipe and within the boundsand limits established by the
selected calculation method.

These calculations are only valid for carbon steel pipe material.
References:

Calculation Method - American Petroleum Institute, Steel Pipelines Crossing Railroads and Highways, API
Recommended Practice 1102, Sixth Ed, 1993,

GASCale 5.0 Revision: 007 - December 19, 2012 Page No 1, Date: 9/5/2014
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Project Name: Vermont Gas Systems $/25/2016

Location: Burlington, VT Rev.1

Prepared for: Vermont Gas Systems

Prepared by: Mott MacDonald

Purpose:

Mott MacDonald has prepared the stress calculations included herein for Vermont Gas Systems, to
ensure the pipeline’s integrity under loading without compaction of backfill. The stress calculations
were performed per APl 1102, using various combinations of soil type and depth of cover to confirm
that 90% compaction will not be necessary.

Knowns:

¢ (lass 3 Location, Design Factor of 0.5
e 12.75inch OD

s 0.312inch WT

s API-5L Electric Resistance Welded

e Grade X-65

s  MAOP of 1440 psi

e Design Wheel Load HS-20 + 15%

Results:

A summary table has been provided below, The stress calculations show that under all soil types,
paired with 3’, 4, and 5' of cover, the pipeline passes all stress checks {Hoop, Effective, Girth Weld,
and Longitudinal Weld) In conclusion, Mott MacDonald recommends a minimum depth of cover of 4
feet. Although 3 feet of cover Is sufficient under the given loading, a one foot buffer would help
ensure that even if settlement were to occur, the pipeline would remain safe and operational.

Soil type



“X X2

Mott MacDonald Calculation cover sheet
Project Title: NERMONT GAS SYSTEMS | Projecto: | 251 4Rl @)
File No: No. of Sheats: | &

Section: Subject:

Calc No:

Project Manager: Designer: |

Deslgn Phase: A - Concept or preliminary C - Des gn verification
B - Analysis and deta ed design D-Othe { ®f

Computer Applications Used:

Title Version Date:
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Project
Vermont Gas Systems

Location Date
Burington, VT 5/24/2016

APl 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA: SITE AND INSTALLATION DATA:
Operating Pressure [psi] 1440 Soil Type:  Soft to medium clays and silts with high
Location Class: 3 plasticities

ocalion Liass: E' - Modulus of Soil Reaction fksi] 0.2
Operating Temperature [F] 60.0 Er - Resilient Modutus [ksi) 5.0
Pipe Outside Diameter [in) 12.75 Average Unit Weight of Soil [lo/ft] 120.00
Pipe Wall Thickness [in] 0.312 Pipe Depth {fi] 3
Pipe Grade:  X65 Bored Diameter [in] 12.75
Specified Minimum Yield Stress 65,000 InstallationTemperature [°F] 0.0

Design Factor 0.50 Design Wheet Load from Single Axle [kips] ~ 18.4
Longitudinal Joint Factor 10 Design Wheel Load from Tandem Axles [kips] 18.4
Temperature Derating Factor 1.000

Pavement Type: None

Pipe Class:  API 5L Electric Resistance Welded Impact Factor Method: ASCE - Highway

Young's Modulus for Steel [ksi] 30,000
Paisson's Ratio for Steel 0.30
Coefficient of Thermal Expansion [per°F] 0.0000065 Safety Factor Applied:  APi 1102 Procedure

RESULTS

Hoop Stress [psi] 29,423 Maximum Circumferential Stress [psi] 34,305
Allowable Hoop Stress [psi] 32,500 Maximum Longitudinal Stress [psi] 12,239
Stiffness Factor for Earth Load Circumferential Stress 2,196 Maximum Radial Stress [psi] -1,440
Burial Factor for Earth Load Circumferential Stress 0.83 Total Effective Stress [psi] 31,239
Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi] 32,500
Circumferential Stress from Earth Load [psi] 1,331

Impact Factor 1.50 Stress [psi] |Calculated|Allowable PASSIFAIL]|
Highway Stiffness Factor for Cyclic Circumferential 16.60 Hoop 29,423 [32,500 [PASS

o Effective 31,239 (32,500 [PASS
Highway Geometry Factor for Cyclic Circumferential 1.22 Girth Welds 3238 6000 |PAGS

Cyclic Circumferential Stress [psi) 4,271 I'Long. Welds [4,271 11,500 |PASS
Highway Stiffness Factor for Cyclic Longitudinal Stress  13.20
Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi] 3,229

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 "Steel Pipelines Crossing Railrcads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1




Project

Vermont Gas Systems

Lacation Date
Burlington, VT 5/24/2016

APl 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA: SITE AND INSTALLATION DATA

Operating Pressure [psi] 1440 Soil Type:  Soft to medium clays and silts with high
. . 3 plasticities

Location Class. E' - Modulus of Scil Reaction [ksi] 0.2

Cperating Temperature [°F] 60.0

Er - Resilient Madulus [ksi] 5.0
Fipe QUISIGE Biameteriin] - Average Unit Weight of Soil [Ib/ft' 120,00
Pipe Wall Thickness [in} 0.312

Pipe Depth [ft] 4
Pipe Grade: XG5

Bored Diameter [in) 12.75
Specified Minimum Yield Stress 65,000 InstallationTemperature {°F ] 60.0
Design Faclor 0.50

Design Wheel Load from Single Axle [kips]  18.4
Design Wheel Load from Tandem Axles [kips] 18.4
Pavement Type: None

Impact Factor Method: ASCE - Highway

Longitudinal Joint Factor 1.0
Temperature Derating Factor 1.000

Pipe Class:  API 5L Electsic Resistance Welded
Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0.:30
Coefiicient of Thermal Expansion [perF| 0.0000085 Saiety Factor Applied= SARI02 Frocedura

RESULTS

Hoop Stress [psi] 29,423  Maximum Circumferential Stress [psi] 34,529
Allowable Hoop Stress [psi] 32,500  Maximum Langitudinal Stress {psi] 12,306
Stiffness Factor for Eath Load Circumferential Stress 2,196 Maxirmum Radial Stress [psi] =1,440
Burial Factor for Earth Load Circumiferential Stress 0.97 Total Effective Stress [psi] 31,437
Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi] 32,500
Circumferential Stress from Earth Load [psi] 1,555

Impact Factor 1.50 Stress [psi]  |Calculated|Allowable|PASSIFAIL
Highway Stiffness Factar for Cyclic Circumferential 16.60 E’_"p 29'423 2,500 |PASS
Effective 31,437 32,500 |PASS
Highway Geametry Factor for Cyclic Circumferential 1.22 Gith Welds [3229  [6,000 PASS
Cyclic Circumferential Stress [psi] 4271 |Long. Welds [4,271 11,500 |PASS
Highway Stiffness Factar for Cyclic Langitudinal Stress 13,20

Highway Geometry Factor for Cyclic Longitudinal Stress 116

Cyclic Longitudinal Stress [psi] 3,228

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 :'Steel Pipelines Crossing Railroads and Highways™

Prepared By Kelsey Kibbe Approved By Revision: 13.0:1




Project

Vermont Gas Systemns
Lacation Date
Burlington, VT 5/24/2016

APl 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:
Operating Pressure [psi] 1440
Location Class: 3
Operating Temperature [°F) 60.0
Pipe Outside Diameter [in] 12.75
Pipe Wall Thickness [in] 0.312

Pipe Grade: X65
Specified Minimum Yield Stress 65,000

Design Factor 0.50
Longitudinal Joint Factor 1.0
Temperature Derating Factor 1.000

Pipe Class: APl 5L Electric Resistance Welded
Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0.30

Coefficient of Thermal Expansion [per°F] 0.0000065

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress
Burial Factor for Earth Load Circumferential Stress
Excavation Factor for Earth Load Circumferential Stress
Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stifiness Factor for Cyclic Circumferential
Highway Geometry Factor for Cyclic Circumferential
Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress
Highway Geometry Factor for Cyclic Longitudinal Stress
Cyclic Longitudinal Stress [psi]

SITE AND INSTALLATION DATA.

Soil Type:

E’ - Modulus of Scil Reaction {ksi]

plasticities

Er - Resilient Medulus fksi)
Average Unit Weight of Soil {Ib/f*]
Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F)

Design Wheel Load from Single Axle [kips]

Soft to medium clays and silts with high

0.2

50

120.00

5

12.78

60.0
18.4

Design Wheel Load from Tandem Axles [kips) 18 4
Pavement Type None
Impact Factor Method: ASCE - Highway

Safety Factor Applied: APl 1102 Procedure

29,423
32,500
2,196
1.08
0.83
1,732
1.50
16.60
1.10
3,850
13.20
1.08
3,006

Maximum Circumferential Stress [psi] 34,285

Maximum Longitudinal Stress [psi] 12,136
Maximum Radial Stress [psi] -1,440
Total Effective Stress [psi) 31,234
Allowable Effective Stress [psi] 32,500
Stress [psi]  [Calculated]Allowable|PASS/FAIL
Hoop 29,423 32,500 |PASS
Effective 31,234 [32,500 |PASS
Girth Welds [3,006 6,000 PASS
Long. Welds {3,850 11,500 |PASS

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 "Steel Pipelines Crossing Railroads and Highways”

Prepared By Kelsey Kibbe

Approved By

Revision: 13.0.1
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Project

Vermont Gas Systems
Location Date
Burlington, VT 512412016

APl 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:
Operating Pressure [psi] 1440
Location Class: 3
Operating Temperature [°F] 60.0
Pipe Outside Diameter [in] 12.75
Pipe Wall Thickness [in] 0.312

Pipe Grade: X656

Specified Minimum Yield Stress 65,000

Design Factor 0.50
Longitudinal Joint Factor 1.0
Temperature Derating Factor 1.000

Pipe Class:  API 5L Electric Resistance Welded
Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0.30

Coefficient of Thermal Expansion {per°F] 0.0000065

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress {psi]

Stiffness Factor for Earth Load Circumferential Stress
Burial Factor for Earth Load Circurnferential Stress
Excavation Factor for Earth Load Circumferential Stress
Circumferential Stress from Earth Load {psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential
Highway Geometry Factor for Cyclic Circumferential
Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress
Highway Geometry Factor for Cyclic Longitudinal Stress
Cyclic Longitudinal Stress [psi]

SITE AND INSTALLATION DATA.

Soil Type:
E' - Modulus of Soil Reaction [ksi]

low/medium plasticities

Er - Resilient Modulus [ksi]
Average Unit Weight of Sail [Ib/ft’]
Pipe Depth [fi]

Bored Diameter [in]

InstallationTemperature [°F]

Design Wheel Load from Single Axle [kips]

Soft to medium clays and silts with

05
5.0
120.00
5
12.75
600
18.4

Design Wheel Load from Tandem Axles [kips] 18.4
Pavement Type: None
Impact Factor Method: ASCE - Highway

Safety Factor Applied: APl 1102 Procedure

28,423
32,500
2,088
1.08
0.83
1,647
1.50
16.60
1.10
3,850
13.20
1.08
3,006

Maximum Circumferential Stress {psi] 34,200

Maximum Longitudinal Stress [psi} 12,111
Maximum Radial Stress {psi} -1,440
Total Effective Stress [psi] 31,159
Allowable Effective Stress [psi] 32,500
Stress [psi] [CalculatedjAllowable]PASS/FAIL
Hoop 29,423 32,500 |PASS
Effective 31,159 [32,500 [PASS
Girth Welds |3,006 6,000 |PASS
Long. Welds |3,850 11,500 |PASS

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 "Steel Pipelines Crossing Railroads and Highways"

FPrepared By Kelsey Kibbe

Approved By

Revision: 13.0.1




Project
Vermont Gas Systems

Location
Burlington, VT

Date

612412016

APl 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:
Operating Pressure [psi] 1440
Location Class: 3
Operating Temperature [°F] 60.0
Pipe Outside Diameter {in] 12.75
Pipe Wall Thickness [in] 0.312

Pipe Grade: X865
Spacified Minimum Yield Stress 65,000

Design Factor .50
Longitudinal Joint Factor 1.0
Temperature Derating Factor 1.000

Pipe Class:  API 5L Electric Resistance Welded
Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0.30

Coefficient of Thermal Expansion [per°F] 0.0000065

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress
Burial Factor for Earth Load Circumferential Stress
Excavation Factor for Earth Load Circumferential Stress
Circumferential Stress from Earth Load {psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential
Highway Geometry Factor for Cyclic Circumferential
Cyclic Circumferential Stress [psi)

Highway Stiffness Factor for Cyclic Longitudinal Stress
Highway Geometry Factor for Cyclic Longitudinal Stress
Cyclic Longitudinal Stress [psi]

SITE AND INSTALLATION DATA

Soil Type:  Loose sands and gravels

E' - Modulus of Soil Reaction [ksi] 05

Er - Resilient Modulus [ksi] 00
Average Unit Weight of Soil [Ib/{t?) 120.00
Pipe Depth [ft] 3
Bored Diameter [in] 1275
Installation Temperature [°F] 60.0

Design Wheel Load from Single Axle [kips]  18.4
Design Wheel Load from Tandem Axles [kips] 18 4
Pavement Type: None
Impact Factor Method ASCE - Highway

Safety Factor Applied: APl 1102 Procedure

29,423
32,500
2,088
0.83
0.83
1,265
1.50
12.60
1.22
3,241
9.30
116
2,275

Maximum Circumferential Stress [psi] 33,209
Maximum Longitudinal Stress [psi) 11,265

Maximum Radial Stress [psi} -1,440
Total Effective Stress [psi] 30,360
Allowable Effective Stress [psi] 32,500
[Stress [psi] [Calculated|Allowable| PASS/FAIL
{Hoop 20,423 [32,500 |PASS
Effective 30,360 [32,500 |PASS
Girth Welds {2,275 6,000 [PASS
Long. Welds 13,241 11,500 |PASS

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe

Approved By

Revision; 13.0.1




Project
Vermont Gas Systems

Location
Burlington, VT

Date

5/24/2016

AP 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operaling Pressure [psi] 1440

Location Class: 3

Operating Temperature [°F] 60.0

Pipe Outside Diameter [in] 12.75

Pipe Wall Thickness [in] 0.312

Pipe Grade:  X65

Specified Minimum Yield Stress 65,000

Design Factor 0.50
Longitudinal Joint Factor 1.0
Temperature Derating Factor 1.000

Pipe Class:  API 5L Electric Resistance Vielded
Young's Modulus for Steel [ksi] 30,000
Poisson’s Ratio for Steel 0.30
Coefficient of Thermal Expansion [perF] 0.0G00065

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psij

Stiffness Factor for Earth Load Circumferential Stress
Burial Factor for Earth Load Circumferential Stress
Excavation Factor for Earth Load Circumferential Stress

Circumnferential Stress from Earth Load [psi]

impact Factor

Highway Stifiness Factor for Cyclic Circumferential
Highway Geometry Factor for Cyclic Circumferential
Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress
Highway Geometry Factor for Cyclic Longitudinal Stress
Cyciic Longitudinal Stress [psi]

SITE AND INSTALLATION DATA:

Soil Type:

Loose sands and gravels

E' - Modulus of Soil Reaction [ksi]
Er - Resilient Modulus {ksi]
Average Unit Weight of Soil [I6/t"]
Pipe Depth [ft]
Bored Diameter [in]

InstallationTemperatire [°F]

Design Wheel Load from Single Axle [kips]

0.5
10.0
120.00
4
12.75
60.0
18.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None
Impact Factor Method: ASCE - Highway

Safety Factor Applied: APl 1102 Pracedure

29,423
32,500
2,088
0.97
.83
1,479
1.50
12.60
1.22
3,241
8.30
1.16
2,275

Maximum Circumterential Stress [psi] 33,423

Maximum Longitudinal Stress [psi]

Maximum Radial Stress [psi]
"Total Effective Stress [psi)
Allowable Effective Stress [psi]

51,330
1,440
30,550
32,500

Stress [psi]

Calculated

Allcwakle

PASSIFAIL

Hoop

28,423

132,500

PASS

Effective

30,550

32,500

PASS

Girth Welds

2,275

6,000

PASS

Long. Welds

3,241

11,500

FASS

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: API RP 1102 “Steel Pipelineés Crossing Railroads and Highways"

Prepared By Kelsay Kibbe

Approved By

Revision: 13.0.1




Project
Vermont Gas Systems

Location
Burlington, VT

Date
5/24/2016

APl 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:
Operating Pressure [psi) 1440
Location Class: 3
Operating Temperature [°F] 60.0
Pipe Qutside Diameter [in] 12.75
Pipe Wall Thickness [in] 0.312
Pipe Grade: X65

Specified Minimum Yield Stress 65,000
Design Factor 0.50
Longitudinal Joint Factor 1.0
Temperature Derating Factor 1.000
Pipe Class: APl 5L Electric Resistance Welded
Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0.30

Coefficient of Thermal Expansion [per°F] 0.0000065

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circurnferential Stress
Burial Factor for Earth Load Circumferential Stress
Excavation Factor for Earth Load Circumiferential Stress
Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential
Highway Geometry Factor for Cyclic Circumferential
Cyclic Circumferential Stress [psi)

Highway Stiffness Factor for Cyclic Longitudinal Stress
Highway Geaometry Factor for Cyclic Longitudinal Stress
Cyclic Longitudinal Stress [psi)

SITE AND INSTALLATION DATA:

Saoil Type:  Loose sands and gravels

E' - Modulus of Soil Reaction [ksi] 0.5

Er - Resilient Modulus [ksi] 10.0
Average Unit Weight of Sail [Ib/ff°] 120.00

Pipe Depth [ft] 5

Bored Diameter [in] 12,75
installationTemperature [*F] 600
Design Wheel Load from Single Axle [kips] 18.4

Design Wheel Load from Tandem Axles [kips] 16.4
Pavement Type: None
Impact Factor Method: ASCE - Highway

Safety Factor Applied: APl 1102 Procedure

29,423 Maximum Circumferential Stress [psi] 33,273

32,500 Maximum Longitudinal Stress [psi) 11,223

2,088 Maximum Radial Stress [psi] -1,440

1.08 Total Effective Stress [psi] 30,427

0.83 Allowable Effective Stress [psi] 32,500

1,647

1.50 Stress [psi] |Calculated|Allowable|PASS/FAIL

12.60 Hoop 29,423 §2. 500 |PASS
Effective 30,427 32,500 |PASS

110 'GiAh Weids 2,118 [6,000 |PASS

2,923 |Long. Welds |2,923 [11,500 |PASS

9.30 :

1.08

2118

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe

Approved By Revision: 13.0.1




Project
Vermont Gas Systems

Location Date
Burlington, VT 5/24/2016

API1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA: SITE AND INSTALLATION DATA:
Operating Pressure [psi] 1440 Soil Type:  Stiff to very stff clays and silts

Location Class: 2 E' - Modulus of Sail Reaction [ksi] 1.0

Operating Temperature {°F] 80.0 Er - Resilient Madulus [ksi] 10.0
Pipe Oulside Diameter [in] 12.75

Pipe Wall Thickness [in] 0.312
Pipe Grade:  X65

Specified Minimum Yield Siress 65,000
Design Factqgr 0.50

Average Unit Weight of Soil [Ib/ft*] - 12000
Pipe Depth [ft] K}
Bored Diameter [in] 12.75
InstaliationTemperature [*F] 60.0
Design Wheel Load from Single Axle [kips] 184

Longitudinal Joint Facior 1:0 Design Whee! Load from Tandem Axles [Kips] 18.4

Temperature Derating Factor 1.000

Pipe Class:  API 5. Electric Resistance Welded
Young's Modulus for Steel [ksi] J0,000
Poisson's Ratio for Steel 0.30
Coefficient of Thermal Expansien (per°F} 0.0000085  Salety FaciorApplisd= ARI 02 Bracedure

Pavement Type: None
impact Factor Mathod: ASCE - Highway

RESULTS

Hoop Stress [psi] 29,423  Maximum Circumferential Stress [psi} 33,046
Allowable Hoop Stress [psi] 32,500 Maximum Longifudinal Stress [psi) 11,216
Stiffness Factor for Earth Load Circumferential Stress 1,934 Maximum Radial Stress [psi] =1,440
Burial Factor for Earth Load Ciscumferential Stress 0.78 Total Effective Stress [psi] 30,216
Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [si] 32,500
Circumferential Stress from Earth Load [psi] 1,102

Impact Factor 1.50 Eess [psi]  [Calculated|Allowable|PASSIFAIL

Highway Stiffness Factor for Gyclic Gircumferential 4260 [H9%R 28,423 132500 |PASS
Effeclive 30,216 32,500 |PASS

Highway Geometry Factor for Cyclic Circumferenbal 1.22 Girth Welds 2275 5000 |PASS

Cyclic Circumferentizl Stress [psi] 3,241 Lang. Welds [3,241 11,500 |PASS
Highway Stiffness Factor for Cyclic Longitudinal Stress * 8.30
Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudina) Stress [psi] 2,275

Notes: Open cut constructian, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 “Steél Pipelines Crossing Railrcads and Highways®

Prepared By Kelsey Kibbe Approvad By . ' Revision: 13.0.1




Project
Vermont Gas Systems

Location Date
Burlington, VT 5/24/2016

AP1 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA: SITE AND INSTALCATION DATA:
Operating Pressure [psi] 1440 Soil Type:  Stiff ta very stiff clays and silts

Locatian Class: s E' - Modulus of Sail Reaction fksi] 1.0

Operating Temperature [F] 60.0 Er - Resilient Modulus [ksi] 10.0
Pipe Outside Diameter [in] 12.75

Pipe Wall Thickness [in] 0.312
Pipe Grade:  X65

Specified Minimum Yield Stress 65,000
Design Factor 0.50

Average Unit Weight of Soil [Ib/ft*] 120.00
Pipe Depth (ft] 4
Bored Diameter {in] 12.75
InstaliationTemperature [°F] 60.0
Design Wheel Load from Single Axle [kips]  18.4
Design Wheel Load from Tandem Axles [kips] 18.4
Pavement Type: None

Impact Factor Method: ASCE - Highway

Longitudinal Joint Facter 1.0
Temperature Derating Factor 1.000

Pipe Class:  API'5L Electric Resistance Welded
Young's Modulus'for Steel [ksi] 30,000
Poissan's Ratio for Steel 0.30
Coefficient of Thermal Expansion [per"F] 0.0000065 Safety Factor Applied== APl 1102 Fracedire

RESULTS

Hoop Stress [psi] 29,423 Maximum Circumferential Stress [psi] 33,215
Allowable Hoop Stress [psi] ' 32,500 Maximum Longitudinal Stress |psi] 11,267
Stiffness Factor for Earth Load Circumferential Stress 1,934 Maximum Radial Stress [psi] -1,440
Burial Factor for Earth Load Circumferential Stress 0.90 Tolal Effective Stress [psi] 30,366
Excavation Faclor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi) 32,500
Circumferential Stress from Earth Load [psi] 1,271

impact Factor 1.50 [Stress [psi] [Calculated|Allowable|PASSIFAIL
Highway Stiffness Facter for Cyclic Circumferential 1260  (HOoR % S2.500 PASS

_ - _ Effective 30,366 132,500 |[PASS
Highway Geometry Factor for Cyciic Circumferential 122 [Eith Welds 2.275 6 000 PASS
Cyclic Circumferential Strass [psi] 3,241 ¢ |Long. Welds [3,241 11,500 |PASS
Highway Stifiness Factor for Cyclic Longitudinal Stress  9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16
Cyclic Longitudinal Stress [psi] 2275

Notes: Open cut construction, calculations run using HS-20 loading + 15%

iReference! API RP 1102 “Steel Pipelines Crossing Railroads and Highways"

Prapared By Kelsey Kibbe Approved By Revision: 13.0.1




Projact
Vermont Gas Systems

Location
Burlington, VT

Date
512412016

API 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:
Operating Pressure [psi] 1440
Location Class: 3
Operating Temperature [°F] 60.0
Pipe Outside Diameter [in] 12.75
Pipe Wall Thickness {in} 0.312

Pipe Grade: X65
Specified Minimum Yield Stress 65,000

Design Factor 0.50
Longitudinal Joint Factor 1.0
Temperature Derating Factor 1.000

Pipe Class:  API 5L Electric Resistance Welded
Young's Maodulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0.30

Coefficient of Thermal Expansion [per"F] 0.0000065

RESULTS

Hoop Stress [psi)
Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

Burial Factor for Earth Load Circumferential Stress

Excavation Factor for Earth Load Circumferential Stress

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential
Highway Geometry Factor for Cyclic Circumferential
Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress
Highway Geometry Factor for Cyclic Longitudinal Stress

Cyclic Longitudinal Stress [psi]

SITE AND INSTALLATION DATA
Soil Type:  Stiff to very stiff clays and silts

E' - Modulus of Soil Reaction [ksi] 10

Er - Resilient Modulus [ksi] 100
Average Unit Weight of Soil [Ib/ft?)] 120.00
Pipe Depth [f] 5
Bored Diameter fin] 1275
InstallationTernperature [°F] 60.0

Design Wheel Load from Single Axle [kips) 18.4
Design Wheel Load from Tandem Axles [kips] 18 4
Pavement Type: None

Impact Factor Method: ASCE - Highway

Safety Factor Applied: API 1102 Procedure

29,423 Maximum Circumferential Stress [psi] 33,010
32,500 Maximum Longitudinal Stress [psi] 11,144

1,934  Maximum Radial Stress [psi] -1,440
0.98 Total Effective Stress [psi] 30,193
0.83 Allowable Effective Stress (psi] 32,500
1,384

1.50 ’_Stress [psi] |Calculated|Allowable|PASS/FAIL
1260 [Hoop 29,423 [32,500 [PASS

Effective 30,193 [32,500 ([PASS

110 G Welds [2118  [6,000 |PASS

2923 [Long. Welds 2,923 11,500 [PASS

9.30
1.08
2,118

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Frepared By Kejsey Kibbe

Approved By Revision: 13.0.1




Praject

Vermont Gas Systems

Location Date
Burington, VT 512412016

APl 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA: SITE AND INSTALLATION DATA:

Operating Pressure [psi] 1440 Soil Type:  Medium dense sands and gravels
Location Class: 3 E' - Modulus of Soil Reaction [ksi] 1.0
Operating Temperature [°F] 60.0 Er - Resilient Modulus [ksi] 10.0
Pipe Outside Diameter [in] 12.75 Average Unit Weight of Soil [Ibfft] 12000
Pipe Wall Thickness [in] 0.312 Pipe Depth [ft] 3

Pipe Grade:  X65 Bored Diameter [in] 12.75
SPECIﬁed Minimum Yield Stress 65,000 |n5ta“ati0nTEmperature {uF] 60.0

Design Factor 0.50 Design Wheel Load from Single Axle [kips] 18 4
Longitudinal Joint Factor 1.0 Design Wheel Load from Tandem Axles [kips] 18 4
Temperature Derating Factor 1.000

Pavement Type: None

Pipe Class:  API 5L Electric Resistance Welded Impact Factor Method: ASCE - Highway

Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0.30
Coefficient of Thermal Expansion [per°F] 0.0000065 Safety Factor Applied:  API 1102 Procedure

RESULTS

Hoop Stress [psi] 29,423 Maximum Circumferential Stress [psi] 33 116
Allowable Hoop Stress [psi] 32,500 Maximum Longitudina Stress [psi] 11 238
Stiffness Factor for Earth Load Circumferential Stress 1,934  Maximum Radial Stress [psi] -1440
Burial Factor for Earth Load Circumferential Stress 0.83 Total Effective Stress [psi] 30278
Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi] 32,500
Circumferential Stress from Earth Load [psi] 1,172

Impact Factor 1.50 Stress [psi] [Calculated|Altowable|PASS/FAIL
Highway Stiffness Factor for Cyclic Circumferential 1260 [HooP 29425 32,500 [PASS

Effective 30,278 |32,500 [PASS

Highway Geometry Factor for Cyclic Circumferential 1.22 Girth Weids 12275 5000  |PASS

Cyclic Circumferential Stress [psi] 3,241 Long Welds |3 241 11 500 |PASS

Highway Stiffness Factor for Cyclic Longitudinal Stress  9.30
Highway Geometry Factor for Cyclic Longitudinal Stress 1.16
Cyclic Longitudinal Stress [psi] 2,275

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision 13.0 1




Project
Vermont Gas Systems



Project
Vermont Gas Systems

Location Date
Burlington, VT 5/24/2016

APl 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA: SITE AND INSTALLATION DATA:

Operating Pressure [psi) 1440 Soil Type:  Medium dense sands and gravels
Location Class: 3 E' - Modulus of Soil Reaction [ksi] 10
Operating Temperature [°F] 60.0 Er - Resilient Modulus [ksi] 100
Pipe Outside Diameter [in] 12.75 Average Unit Weight of Soil [Ib/t’] 120 00
Plpe Wall Thickness [In] 0.312 Pipe Depth [ﬂ] 5
Pipe Grade:  XB5 Bored Diameter (in] 1275
SPECiﬁed Minimum Yield Stress 65,000 lnsla“ation-remperature [oF] 800
Design Factor 0.50 Design Wheel Load from Single Axle [kips] 18 4
Longitudinal Joint Factor 1.0 Design Wheel Load from Tandem Axles [kips] 18 4
Temperature Derating Factor 1.000

Pavement Type: None

Pipe Class:  API 5L Electric Resistance Welded impact Factor Method: ASCE - Highway

Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0.30
Coefficient of Thermal Expansion [per°F] 0.0000065 Safety Factor Applied: APl 1102 Procedure

RESULTS

Hoop Stress [psij 29,423 Maximum Circumferential Stress [psi] 33,151
Allowable Hoop Stress [psi] 32,600 Maximum Longitudinal Stress [psi} 11,186
Stiffness Factor for Earth Load Circumferential Stress 1,934  Maximum Radial Stress {psi] -1,440
Burial Factor for Earth Load Circumferential Stress 1.08 Total Effective Stress [psi] 30,318
Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi] 32,500
Circumferential Stress from Earth Load [psi] 1,525

Impact Factor 1.50 Stress [psi]  [Calculated|Allowable PASS/FAIL
Highway Stiffness Factor for Cyclic Circumferential 1260  |Hoop 29423 132,500 |PASS

Effective 30,318 |32,500 [PASS

Highway Geometry Factor for Cyclic Circumferential 1.10 Gih Welds 12.118 5000 |PASS

Cyclic Circumferential Stress [psi] 2,923  |Long. Welds |'2.923 11,500 |PASS

Highway Stiffness Factor for Cyclic Longitudinal Stress  9.30
Highway Geometry Factor for Cyclic Longitudinal Stress 1.08
Cyclic Longitudinal Stress [psi] 2,118

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision; 13.0.1




Project
Vermont Gas Systems

Location Date
Burlington, VT 51242016

API'1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA: SITE AND INSTALLATION DATA:

Operating Pressure [psi] 1440 Soil Type:  Dense to very dense sands and gravels

S . E'- Modulus of Soil Reaction ksl 2.0

Er - Resilient Modulus [ksij 20.0 -
Average Linit Weight of Soil {Ib/fit*] 120.00
Pipe Depth [ft] 3
Bored Diameter [in] 12.75
InstaliationTemperature [°F] 60.0
Design Wheel Load from Single Axle [kips]  18.4
Design Wheel Load from Tandem Axles [kips] 18.4
Pavement Type: None

Impact Factor Method: ASCE - Highway

Cperating Temperature [*F] 0.0

Pipe Outside Diameter [in] 12.75

Pipe Wall Thickness [in] 0.312

Pipe Grade:  XE5

Specified Minimum Yield Stress 65,000

Design Factor 0.50
Longitudinal Joint Factor 1.0
Temperature Derating Factor 1.060

Pipe Class:  API 5L Electri.c Resistance Welded
Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0:30
Coefficient of Thermal Expansion [per°F] 0.0000065 Safely Facior Applied" “API 1102 Procedure

RESULTS

Hoop Stress [psi] 29423  Maximum Circumterential Stress [psi] 32,060
Allowable Hoop Stress [psi] 32,500 -Maximum Longitudinal Stress [psi] 10,417
Stiffness Factor for Earth Load Circumferential Stress 1,693 Maximum Radial Stress [psi] -1,440
Burial Factor for Earth Eoad Circumierential Siress 0.78 Total Effective Stress [psi] 28,422
Excavation Factor for Earth Load Circumierential Stress 0.83 Allowable Effeclive Stress [psi] 32,500
Circumferential Strass from Earth Load [psi] 964

Impact Factor 1.50 Stress [psi]  [Calculated[Allowable[PASS/FAIL
Highway Stiffness Factor for Cyclic Circumterential 930 EOP 29423 192,500 'PASS
Effective 29,422  [32,500 |PASS
Highway Geametry Factor for Cyclic Circumferential 1.22 Girlh Welds 1517 8,000 PASE
Cyclic Circumferential Stress [psi] 2,393 Long. Welds |2,393 111,600 |PASS
Highway Stiffness Factor for Cyclic Longitudinal Stress — 6.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16
Cyclic Longitudinal Stress [psi] 1,817

Neotes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APIiRP 1102 “Steel Pipelines Crossing Railroads and Highways®

Prepared By Kelsey Kibbe Approved 8y Revision: 13.0.1




Project
Vermont Gas Systems

Location Date
Burlington, VT 5/24/2016

APl 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA: SITE AND INSTALLATION DATA,

Operating Pressure [psi) 1440 Soil Type.  Dense to very dense sands and gravels
Location Class: 3 E' - Modulus of Soil Reaction [ksi] 20
Operating Temperature [°F) 60.0 Er - Resilient Modulus [ksi] 20.0
Pipe Outside Diameter [in] 12.75 Average Unit Weight of Soil [Ibift’] 120 00
Pipe Grade: X85 Bored Diameter [in] 12.75
Specified Minimum Yield Stress 65,000 InstallationTemperature [ F] 600
Design Factor 0.50 Design Wheel Load from Single Axie [kips] ~ 18.4
Longitudinal Joint Factor 1.0 Design Wheel Load from Tandem Axles [kips] 18.4
Temperature Derating Factor 1.000

Pavement Type: None
Pipe Class:  AP! 5L Electric Resistance Welded

Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0.30
Coefficient of Thermal Expansion [per°F] 0.0000065 Safety Factor Applied:  API 1102 Procedure

Impact Factor Method: ASCE - Highway

RESULTS

Hoop Stress [psi] 29,423 Maximum Circumferential Stress [psi] 32,209
Allowable Hoop Stress [psi] 32,500 Maximum Longitudinal Stress [psi) 10,462
Stiffness Factor for Earth Load Circumferential Stress 1,693 Maximum Radial Stress [psi] -1,440

Burial Factor for Earth Load Circumferential Stress 0.90 Total Effective Stress [psi] 29,654
Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi] 32,500
Circumferential Stress from Earth Load [psi] 1,113

Impact Factor 1.50 Stress [psi] [Calculated|Allowable|PASS/FAIL
Highway Stiffness Factor for Cyclic Circumferential 9.30 Hoop 29423 [32,500 |PASS

[Effective 20,554 [32,500 |PASS

Highway Geometry Factor for Cyclic Circumferential 1.22 Girth Welds 11517 6000 |PASS

Cyclic Circumferential Stress [psi] 2,393 |Long. Welds 2,393 11,500 |[PASS

Highway Stiffness Factor for Cyclic Longitudinal Stress  6.20
Highway Geometry Factor far Cyclic Longitudinal Stress 1.16
Cyclic Longitudinal Stress [psi] 1,517

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1




Project
Vermont Gas Systems

Location Dale

Burlington, VT 5/24/2016

AP 1102 - Gas Pipeline Crossing Highway

PIPE AND CPERATIONAL DATA: SITE AND INSTALLATION DATA:

Operating Pressure [psi] 1440 Soil Type:  Dense to very dense sands and gravels

L g E'- Modulus of Soil Reaction (ki) 2.0

Er - Resilient Modulus [ksi] 20.0
Average Unit Weight of Soil [Ib/ft*] 120.00
Pipe Depih (it] ' 5
Bored Diameter [in] 12.75
InstaliationTemperature [*F] 60.0
Design Wheel Load from Single Axle [kips] 18.4
Besign Wheel Load from Tandem Axies [kips] 18.4
Pavement Type: None

Impact Factor Method: ASCE - Highway

Cperating femperature [°F] 60.0

Pipe Outside Diameter [in] 12.75

Pipe Wall Thicknass [in] 0.312

Pipe Grade:  X65

Specified Minimum Yield Stress 65,000

Design Factor 0.50
Longitudinal Joinkt Factor 1.6
Temperature Derating Facior 1.000

Pipe Class: API'SL Electric Resistance VWelded
Young's Modulus for Steel [ksi] 30,000
Poisson's Ratio for Steel 0:30
Coefficient of Thermal Expansion [per°F] 0.0000065 Safety Factoc Applied: = ARI 1102 Frocedure

RESULTS

Hoop Stress [psi] 28423  Maximum Circumferential Stress [psi] 32,071
Allowable Hoop Stress [psi] 32,500 Maximum Longitudinal Stress [psi] 10,386
Slifiness Factor for Easth Load Circumferential Stress 1,693 Maximum Radial Stress [psi] 1,440
Buriak Factor for Earth Load Circumferential Stress 0.98 "Total Effective Stress [psi] 289437
Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi] 32,500
Circumferential Stress from Earth Load [psi] 1,211
Impact Factor 150  [Stress [psi]  |Calculated[Allowable|PASSIFAIL ]
Highway Stiffress Factor for Cyclic Circumferential g30  |HocR 29423 32,500 |PASS
, - |Effective 126,437~ 132 500 " |PASS
Highway Geometry Factor for Cyclic Circumferential 1.10 Girth Welds [1.412 5,000 |PASS
Cyclic Circumferential Stress [psi] 2,157 Long. Welds |2,157 11,500 |PASS
Highway Stiffness Factor for Cyclic Longitudinal Stress — 6.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1.08
Cyclic' Longitudinal Stress [psi] 1,412

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: APl RP 1102 “Steel Pipelines Crossing Railroads and Highways®

Prepared By Kelsey Kibbe i Revision: 13.0.1




U.S. Department Pipeline & Hazardous Materials Pipeline Safety Stakeholder
of Transportation Safety Administration Communications
Pipeline Safety
Connects Us All

PIPA Recommended Practice
ND13

ND13 "Reduce Transmission Pipeline Risk through Design and
Location of New Utilities and Related Infrastructure”

Practice Statement Utilities (both above and below ground) and
related infrastructure should be preferentially located and designed to
reduce the consequences that could result from a transmission
pipeline incident and to reduce the potential of interference with
transmission pipeline maintenance and inspections.

Audience(s): Local Government, Property Developer and Owner
Practice Description

Utilities that cross and/or parallel transmission pipelines should be
developed in close cooperation with the pipeline operator to avoid
costly relocation of the pipeline or potential conflict with pipeline
operations and maintenance. Items to consider include:

e The transmission pipeline's horizontal and vertical orientation must
be considered, including any offset distance required by the
transmission pipeline operator.

e Utilities crossing the transmission pipeline should be designed so
they do not interfere with the pipeline, including its cathodic
protection, and should assure the transmission pipeline operator has
access to the pipeline.

e To the extent possible, design and construction of underground
utilities and related infrastructure should try to minimize potential
"migration paths" that could allow leaks from the pipeline to migrate
to buildings.

Coordination with the transmission pipeline operator during planning
and construction is critical, especially given the history of transmission
pipeline incidents associated with utility installation and maintenance.

References

e Common Ground Alliance Best Practices

e American Petroleum Institute (API) Recommended Practice (RP)
1102, "Steel Pipelines Crossing Railroads And Highways" , 7th
edition, 2007, API Product Number: D11021

e 49 CFR 192.467

e American Petroleum Institute (API) Recommended Practice (RP)
1162, Public Awareness Programs for Pipeline Operators

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments

00371



Navigate to Other Practices:

e Baseline (BL) Recommended Practices: BL01 BL02 BLO3 BL04
BLO5 BLO6 BLO7 BLO8 BL09 BL10 BL11 BL12 BL13 BL14 BL15 BL16
BL17 BL18

¢ New Development (ND) Recommended Practices: NDO1 ND02
NDO3 ND04 NDO5 ND0O6 NDO7 NDO8 ND09 ND10 ND11 ND12 ND13
ND14 ND15 ND16 ND17 ND18 ND19 ND20 ND21 ND22 ND23 ND24
ND25 ND26 ND27 ND28

e Table of Recommended Practices

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Atiachments

00372



United States Department of Transportation (http://www.transportation.gov)

P H M SA ( /) Pipeline and Hazardous Materials
Safety Administration

INTERPRETATIONS
BROWSER

View All

Hazmat

Pipelines

Interpretation Response #PI-
75-0116

Below is the interpretation response detail and a list of
regulations sections applicable to this response.

Interpretation Response Details

Response Publish Date: 12-02-1975
Location state: OK Country: US

View the Intepretation Document

Request text:

Williams Brothers Engineering Company
6600 South Yale Avenue
Tulsa, Oklahoma 74136

July 31, 1975

U. S. Department of Transportation Office of Pipeline Safety

Washington, D. C. 20590

Attention: Mr. Ceasar De Leon

Subject: Interpretation of Sub-Sections 192.103, 192.105,
and 192.111(b)(2)
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Attached is a print of our Figure 1-12.

Sub-sections 192.103, 192.105(a) and 192. 111(b)(2) deal
with external loads, design formula for

steel pipe, and design factor (F) for steel pipe.

The attached Figure 1-12 is an example that illustrates our
interpretation of these sub-sections of

the code. Basically our interpretation is that for any given
pipe size and wall thickness; and for

a given design factor (F) the design pressure (internal
pressure allowed) will be a lesser pressure

when installed uncased under a hard surface road than
when installation results in parallel

encroachment on roads right-of-way.

Our interpretation is based upon:

A. 192.103

Pipe must be designed with sufficient wall thickness, or
must be installed with adequate protection

to withstand anticipated external pressures and loads that
will be imposed on the pipe after

installation.

B. 192.105 (a)

t = Nominal wall thickness of the pipe in inches. ... additional

wall thickness required for

concurrent external loads in accordance with 192.103 may
not be included in computing design

pressure.

C. APIRP 1102 Fourth Edition, September 1968 -
Recommended Practice for Liquid Petroleum
Pipelines Crossing

Railroads and Highways

Paragraphs 3.1 a, b, and c.

Using this information Figure 1-12 has been constructed
and indicates that for 12.75" 0.D. x .255"

W. T., X-60 pipe the design pressure would be limited to
1350 psig for an uncased road crossing of

a hard surfaced road in a Class 1.location, while the design
pressure for the same pipe would be

1440 psig for parallel encroachment on highways or public
streets in a Class | location.
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Please advise if you concur with our interpretation of the
regulations. Your prompt consideration
of this matter will be appreciated.

Yours very truly,

WILLIAMS BROTHERS ENGINEERING COMPANY
J. L. Williams Attachment

Response text:

December 2, 1975

Mr. J.L. Williams

Williams Brothers Engineering Company
6600 South Yale Avenue

Tulsa, OK 74136

Dear Mr. Williams:

This is with regard to the telephonic conversation between
you and Mr. George L. Mocharko of this Office concerning

installing gas pipelines uncased under a hard surface road.

Your interpretation of 49 CPR 8192.103, §192.105, and
8192.111(b)(2) is correct per your letter and attachments
dated August 4, 1975.

We trust this adequately responds to your inquiry.
Sincerely,
SIGNED

Cesar DeLeon Acting Director Office of Pipeline Safety
Operations

Regulation Sections
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ABSTRACT

All buried pipes experience loading from the weight of soil
overburden. When pipelines cross railroads, roads, parking
lots or construction sites, the pipes also experience live surface
loading from vehicles on the ground, including heavy
construction equipment in some scenarios. The surface
loading results in through-wall bending in pipes, which
generates both hoop stress and longitudinal stress. Current
standards limit the stresses in buried pipes to maximum values
in terms of hoop stress, longitudinal stress and combined
biaxial stress. An early approach to estimating stresses and
deformations in a pipe subjected to surface loads dates back to
Spangler’s work in the 1940s. Many models have been
developed since then. API RP 1102 provides guidance for the
design of pipeline crossings of railroads and highways
following the model developed by Cornell University for the
Gas Research Institute (GRI). The Cornell model was
developed only based on experiments on bored pipes crossing a
railroad or a highway at a near-right angle. The live surface
loading distribution is also limited to the wheel-layout typical
of railroad cars and highway vehicles. Most other existing
models only focus on the hoop stress in the pipe. In this
paper, a new approach to determine the stresses in buried pipes
under surface loading is introduced. The approach is suitable
for assessing pipes beneath any type of vehicle or equipment at
any relative position and at any angle to the pipe. First, the
pressure on the pipe from surface loading is determined through
the Boussinesq theory.  Second, both hoop stress and
longitudinal stress in the pipe are estimated. The hoop stress
is estimated through the modified Spangler stress formula
proposed by Warman and his co-workers (2006 and 2009).
The longitudinal stress, due to local bending and global
bending, is estimated by the theory of beam-on-elastic-

Nathan Branam
Kiefner and Associates Inc.
Columbus, OH, USA

Mark Van Auker
Kiefner and Associates Inc.
Columbus, OH, USA

foundation. The modulus of foundation can be determined
through the soil-spring model developed by ASCE. The hoop
stress, longitudinal stress and the resulting combined biaxial
stress can then be compared against their respective limits from
a pertinent standard to assess the integrity of the pipe and
determine the proper remediation approach, if necessary. The
performance of the proposed approach is compared in this
study with the experimental results in the literature and the
predictions from API RP 1102.

INTRODUCTION

The pipeline industry has had a vested interest in stresses
in buried pipes due to surface loading since Spangler, at lowa
State University, conducted the pioneer work on the topic in the
1940s [1,2,3,4]. Spangler computed hoop stresses in buried
pipe with the consideration of the stiffness effect from internal
pressure. The formula was known as the “Spangler stress
formula”, and was later used in an early version of API RP
1102 [5]. He also developed an equation to compute ovality
in buried culverts, known as the “lowa formula”, which
accounts for bearing support from soil surrounding the pipes.

A multi-year project, sponsored by GRI and conducted by
researchers at Cornell University [6,7,8], developed formulae
based on finite element analysis (FEA) of bored installed pipes
under surface loads. The formulae estimate both hoop stress
and longitudinal stress resulting from surface loads, which
enable a more accurate estimation of combined biaxial stress.
The combined biaxial stress is a more suitable measure of
yielding risk than hoop stress alone. Further experiments
involving two bored pipes under railroad loads helped to verify
the performance of this method. These formulae were later
adapted in the current version of API RP 1102 [9]. It is worth
noting that the formulae do not consider the changes of stiffness
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from internal pressure variation, and the application range is
limited by the range of pipe dimensions and buried depths
investigated by FEA.

Warman et al. [10,11] proposed a modified Spangler stress
formula, which is also known as “CEPA equation”. The CEPA
equation combines the advantages of the original “Spangler
stress formula” and the “lowa formula”, which enables it to
consider the influence of both internal pressure and the support
of the surrounding soil to the predicted hoop stress. Francini
and Gertler later found the amplitude of longitudinal stress can
be as high as or higher than the hoop stress from their tests
[12], which motivated Van Auker and Francini to add the
prediction of longitudinal stress in their CEPA surface loading
calculator [13].

API RP 1102 is one the most widely used approaches to
estimate the stress in buried pipe under surface loading.
However, practical application of this approach creates frequent
engineering challenges due to its limitations. Some of the
limitations include the limited range of buried pipe depths for
which it can be applied, the limited range of diameter to wall
thickness (D /t) ratios for which the approach is applicable, and
the need for the crossing angle between the pipe and the road to
be near 90°. Since the method was developed based on FEA
for bored pipes, the application of this approach on pipes
installed using the open trench method becomes questionable.

In this paper, a new approach to estimate the stress in
buried pipes resulting from surface loads is presented. This
approach is based on Van Auker and Francini’s work [13] with
revisions in the method of estimating longitudinal stress. In
the first section, the detailed approach is introduced. In the
second section, the performance of the new approach is verified
by comparison with collected experimental data.  The
prediction is also compared with that from the current APT RP
1102 approach. Discussions regarding the new approach are
presented in the third section, and conclusions are summarized
at the end of the paper.

APPROACH TO DETERMINE THE STRESSES IN
BURIED PIPES UNDER SURFACE LOADING

Surface loading on buried pipes originates from two
sources: the live load on the ground surface and the soil
overburden on top of the pipe.

Stress from Live Load
The pressure at the pipe surface from live surface loads on
the ground can be calculated by the Boussinesq equation as

3Psurf

Dlive = 5 l'impact
2mH? [1 + (5)2]7
H
where pjive 1S the pressure on the pipe due to the live surface
load, Pg, s is the concentrated load on the ground surface, z
is the horizontal offset of the measurement point on the pipe

from the location that the concentrated load is applied on the
ground, H is the depth of cover (DoC), and Fippace is the

(M

impact factor to account for the dynamic impact of a moving
vehicle.

The Boussinesq equation assumes a homogeneous elastic
foundation and provides a conservative estimation for a road
with a hard layer at the top surface. The Boussinesq equation
has been accepted by the pipeline industry, is used in early
versions of API RP 1102 [5], and is also used in the later
developed Guidelines for the Design of Buried Steel Pipe [14].
The Boussinesq equation can be generalized to any type of
surface loading by integrating contact pressure over the contact
areas between wheels or tracks and the ground. Assuming the
pressure in a contact area is uniform and equals the internal tire
pressure in the pneumatic tire, the area can be divided into a
grid of small rectangles with a concentrated load on each
rectangle that equals the pressure times the area of the
rectangle. The total pressure at a given underground point can
then be obtained by summing the contribution from each
rectangle to the pressure point. Maximum live pressure on a
pipeline can be determined by varying the location of the
vehicle with respect to the pipe and repeating the calculations.
This maximum pressure is then used to calculate the stress in
the pipe.

The original Boussinesq equation only estimates the static
load. The impact factor, Fimpac, in equation (1) helps to
account for dynamic loading from the moving vehicle. The
impact factor generally ranges from 1.0 to 1.5. While there is
no explicit guidance on choosing impact factor, the dynamic
loading is affected by vehicle speed, tire pressure, ground
unevenness and depth of cover.

The pressure from the live load results in both hoop stress
and longitudinal stress in the buried pipe. The CEPA equation
[10,11] can be used to determine the hoop stress from the live
load as

D 2
3KpPiive (?)
OH_live — D

1+ 31(%(7)3 + 0.0915%(%)

3 2

where K, is the bending moment parameter, D and t are the
pipe outside diameter (OD) and wall thickness (WT)
respectively, K, is the deflection parameter, p; is the internal
pressure of the pipe, E’ is the modulus of soil reaction, and E
is the elastic modulus of steel. The parameters K}, and K,
were provided by Spangler [4] as shown in Table 1.  For pipes
installed using an auger boring method, a large bedding angle
of 120° can be assumed. For pipes installed using an open
trench method, it is conservative to use a bedding angle of 30°,
as the bottom reaction occurs over an arc of 30° to 60° [15].
Table 2 lists the values for E' recommended by Hartley and
Duncan [16].

The longitudinal stress in the pipe resulting from a live
load on the ground has two components. The first, oy jive 1b>
is due to local bending in the pipe wall under the distributed
load on the pipe surface. It can be determined using Bijlaard’s
solutions for local loading on a pipe [17] as

2 Copyright © 2016 by ASME
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0.153 bending moment, M;, at the measurement point on the pipe due

OLlivelb = oV 12(1 — v¥) oy live 3) to load W; is

W b 6)
where v is the Poisson’s ratio of steel. M; = 42 F(a;, b)
Table 1. Values of Parameters K; and K, If the measurement point is inside the segment with the
Bedding Moment Deflection distributed load as shown in Figure 1 (a), the F(a;, b;) is
Angle (deg) Parameter, K, Parameter, K, F(ay, by) = e~2% sin(1a;) + e~*bi sin(ib;) 7)
0 0.294 0.110 L . .
30 0.235 0.108 If the measurement point is outside the segment with the
60 0.189 0.103 distributed load as shown in Figure 1 (b), the F(a;, b;) is
90 0.157 0.096 F(a;, b;) = e~*i sin(Ab;) — e =% sin(Aaq; (8)
120 0.138 0.089 v (5) (Aa,)
150 0.128 0.085 In equation (), it is assumed that a; > b;. The coefficient 4
180 0.125 0.083 in equations (6) to (8) is
Table 2. Typical Values of the Modulus of Soil _tk )
Reaction, E’ (in psi). A= AEI
DoC” Standard AASHTO" Relative
Type of Soil (; Compaction where k is the spring coefficient of the soil providing the
(1) 85% 90% 95% 100% resistance to the deflection of the pipe. It can be determined
Fine-grained 0-5 500 700 1.000 1.500 as k = koD sin(Q1/2), where Q is bedding angle and k,, in
soils with less ~ 5-10 600 1.000 1’400 2’000 the unit of pressure/length, is the elastic spring constant (also
than 25% sand  10-15 700 1200  1.600  2.300 known as modulus of the foundation) which is based on soil
content (CL, 1520 800 1,300 1,800 2,600 type as listed in Table 3 [18].
ML, CL-ML) Table 3. Values of Modulus of the Foundation, k,
. 0-5 600 1,000 1,200 1,900 . —3 - 3
Coarse-grained > > i Soil Type Range in Ib/in° Range in N/mm
soils with fines 5-10 900 1,400 1,800 2,700 yp Min Max Min Max

10-15 1,000 1,500 2,100 3,200

(SM, SC) 1520 1.100 1,600 2.400 3.700 Loqse Sand 1842 5894  0.005 0.016
Coarse-grained  0-5 700 1.000 1.600 2,500 Medium Sand 36.84 29471 0.010  0.080
’ ’ ’ Dense Sand 232.08 471.53 0.063  0.128

soils with little 5-10 1,000 1,500 2,200 3,300

or no fines (SP, 10-15 1,050 1,600 2,400 3,600

SW, GP, GW) 15-20 1,100 1,700 2,500 3,800

* DoC: Depth of cover

# AASHTO: the American Association of State Highway
Transportation Officials

Clayed Sand(Medium) 114.20 294.71 0.031 0.080
Silty Sand (Medium) 88.41 176.82  0.024 0.048
Clay, g <0.2 N/mm? 44.21 88.41 0.012 0.024

Clay, 0.2<¢,<0.4 N/mm*> 88.41 176.82 0.024  0.048
Clay, ¢, > 0.4 N/mm’ 176.82 0.048

* g, unconfined compressive strength

The second component, 0y jive gb, iS due to the global W,
bending of the pipe segment under the live load as |
MD
OLlive gb = 57 “) a; |b;
where M is the bending moment and [ is the moment of l;
inertia of the pipe cross section calculated as (a)
n[/D\* (D \* W,
[=—|(=) —([—=—1t 5 i b.
4 [(2) (2 ) ] ©®) :
The bending moment M can be determined by the solution of 2
beam on elastic foundation [18] considering that the pipe :

experiences a uniform distributed load, W;, on a segment with
a length of [; as shown in Figure 1. The distance from a (b)
measurement point on the pipe to the two ends of the segment

with the distributed load is a; and b;, respectively. The Figure 1. lllustration of Pipe under a Distributed Load

W; over a Segment with Length ;.
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Alternatively, the spring coefficient, k, can be determined from
the pipe soil interaction model as described in Annex A of the
paper. Finally, the bending moment, M, at a specified point
on the pipe, can be determined by summing up M; in equation
(6) at every small segment along the pipe as

M :ZMi (10)

Stress from Soil Overburden

For pipe buried at shallow to moderate depth, the pressure
at the pipe surface from soil loading is estimated by prism load
of the column of soil over the pipe as

Psoil = YH (11)

where y is the weight of soil per unit volume. The prism
load is conservative and recommended by Moser [19] for
flexible pipe. The resulting hoop stress, oy soi1, can then be
determined via equation (2) by replacing pjjve With pso from
equation (11).

For a deep-buried pipe, the arching effect helps to
distribute part of the prism load to the soil surrounding the pipe.
For this scenario, using the prism load approach is overly
conservative and an alternative approach, such as that in API
RP 1102 [9], can be used to determine the hoop stress from the
soil load.

The longitudinal stress resulting from soil overburden is
uniformly distributed along a buried pipe. As the axial
deformation of a buried pipe is restrained by the soil, the
longitudinal stress is determined by the Poisson effect as

01, soil = YOH_soil (12)

PERFORMANCE OF THE APPROACH

The performance of the approach introduced above was
checked by comparing the predictions from the approach with
experimental results collected from literature and the
predictions from the current APT RP 1102 approach. Only the
stresses generated by live loads were investigated as a) limited
tests reported the stresses from soil overburden, b) thorough
studies have been conducted by other researchers [19] on
stresses in buried pipes from soil overburden, and c) the
stresses from live loads generally dominates the integrity
discussion of pipes under surface loading.

Collected Experimental Results
The experimental results from the work by three different
groups were collected.

Battelle and AARRC

The experiments were conducted by the Association of
American Railroads Research Center (AARRC) from 1960 to
1967. The data was later analyzed by Battelle Memorial
Institute in a summary report to the Research Council on
Pipeline Crossings of Railroads and Highways of American
Society of Civil Engineers [20]. The report covers the
experimental results on an 8.625-inch diameter, 0.219-inch wall

thickness pipe and a 24-inch diameter, 0.25-inch wall thickness
pipe. The pipes were installed by open trench method in silty
sand soil within confining timber bulkheads. The soil was
compacted to approximately 95% of its standard Proctor
density after the pipe was installed, and before any experiments
were conducted. The buried depth of the 8.625-inch pipe was
27.375 inches. Two buried depths of 25 inches and 50 inches
were investigated on the 24-inch pipe.

Two loading configurations were used to apply live loads
on the 8.625-inch pipe. A three-tie track segment, as shown in
Figure 2, was used to simulate a railroad load. Each tie was 7-
inches high, 9-inches wide, and 8.5-feet long. The space
between the close edges of two adjacent ties was 11 inches as
shown in Figure 2. The length of the ties was along the pipe
axial direction. The load amplitude applied on the track
segment increased from 18 kips up to 95 kips. A total of
2,000,000 cycles of 95 kips force through the three-tie track
segment was then applied to simulate the ground compacting at
the crossing over a long period of time. The 95 kips load was
then applied again to determine the influence of the
compaction. After that, the loading configuration of a 15-inch
diameter steel plate was used to simulate the point load on
unpaved ground. The investigated amplitudes of the load
were 10 kips and 15 kips. The internal pressure was zero
during the application of all live loads on the 8-inch pipe.

Three loading configurations were used to apply live loads
on the 24-inch pipe. An 8-foot long, 6-foot wide and 6-inch
thick concrete slab was used to simulate the load on a road with
rigid pavement. The length of the slab was along the pipe
axial direction. The load amplitude was 25 kips. The same
steel plate in the experiments on the 8.625-inch pipe was then
used to apply a 25 kips point load. Finally, the same three-tie
track segment in the experiments on the 8.625-inch pipe was
used to apply a 95 kips railroad load. The live loads were
applied before compacting the soil with cyclic loads. All live
loads were applied on the pipe with zero internal pressure and
also with 550 psig internal pressure.

Loading Beam
L4 WE 176 Jack Load
Hﬁjllf /—Rail
L 1
7| 7 [ Tie
| F2-05~ |
s s ]

el L Hole in
4-8 ( )Bulk Helnd
l 1

f
h Lab. Floor

Figure 2. Transverse Section through Simulated
Crossing with Three-Tie Track Segment
(Battelle and AARRC) (from Figure 2 in
Reference [20])
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Spangler
The second work was a field casing investigation led by

Spangler in the 1960s [21]. The test data consisted of three
casing pipes installed at Thorsby, Alabama, one at Gallup, New
Mexico, and one at Garden City, lowa. The tests were
conducted over multiple years. Only the maximum hoop
stresses due to the passage of trains on the tracks above the
pipes were recorded. As these were casing pipes, there was no
internal pressure applied during the tests.

Cornell and TTC

The third work was conducted by a research group from
Cornell University at the Transportation Test Center (TTC)
from 1988 to 1990 [8]. These experiments were part of the
effort to develop the approach in the current version of API RP
1102. A 12.75-inch diameter, 0.250-inch wall thickness, X42
pipe and a 36-inch diameter, 0.606-inch wall thickness, X60
pipe were installed using auger boring methods. The soil type
at the site was reported as dense sand. The depth of cover for
both pipes was 5.75 feet. In reference [8], the maximum hoop
stress and longitudinal stress were measured when a train was
over the pipe.

The pipe dimensions, buried depth, installation method,
soil type, and internal pressure level of above collected
experimental data are summarized in Table 4. The loading
method and load amplitude are summarized in Table 5.

Analysis with Kiefner Approach

To facilitate the late comparison, the approach introduced
previously in the paper is referred to as the Kiefner approach.
The input parameters' for the analysis with the Kiefner
approach are listed in Table 6.

The modulus of soil reaction, E’, depends on soil type,
buried depth of the pipe, and compaction of backfills as shown
in Table 2. In the Battelle-AARRC experiments, the silty sand
soil was compacted to 95% of its standard proctor density
before the application of live loads. From Table 2, E' is
1,200 psi based on 95% compacted coarse-grained soils with
fines (SM, SC) buried deeper than 5 feet. For the 8.625-inch
pipe, some of the experiment was conducted after further
compacting of the soil with 2,000,000 cycles of load. No
significant changes of stresses in the pipe were observed after
the first 500,000 cycles of load. The soil should have been
fully compacted to 100%. Therefore, a modulus of soil
reaction of 1,900 psi was assumed for the experiments after the
additional loading cycles were applied. In the Spangler
experiments, no detailed information was available for the type
of soil at the sites. Since the tests were conducted under the
rail road over multiple years, it was reasonable to assume the
soil had reached 100% compaction. The types of soil were
deduced from the measured stress level" as follows. In the
Spangler experiments conducted at Thorsby, Alabama, the three
casing pipes were buried at the shallowest depth of 7 feet but

! The pipe dimensions and buried depths have been listed in Table 4 and Table
5 and are not repeated in Table 6.

i There is a very coarse estimation as the stresses level in the pipe also
depends on the dimensions of pipes, applied loads and other factors.

produced the lowest stresses among the five investigated casing
pipes. As a result, very stiff soil such as “coarse-grained soils
with little or no fines” from Table 2 was assumed. For
analysis of such soil, a modulus of soil reaction of 3,300 psi
with 100% compaction at 5-10 feet depth of cover was utilized.

Table 4. General Information of Collected
Experimental Data

Pipe .. Internal

Pipe WT DoC Installation Pressure
(psig)

OD (in) (in) (in) Type
Battelle- 8.625 0.219 27.375  Open Silty 0
AARRC 24 0.25 25,50 trench sand 0, 550

30" 0.25
36 0312 84

Spangler 42" 0.375 l‘?“.ger N/A 0
34 0406 101 oring
30° 0344 161

Cornell- 12.75 0.25 69 Auger  Dense 0"

TTC 36  0.606 69 boring sand

# At Thorsby, Alabama

! At Gallup, New Mexico

$ At Garden City, lowa

* The experiments also investigated non-zero internal pressure.
However, only the maximum stress under zero internal
pressure was reported in reference [8] for both pipes.

Table 5. Live Load Information in Collected
Experimental Data

Pipe OD . Load Amplitude
. Loading Method .
(in) g (kips)
8.625 Steel plate 10, 15
’ Three-tie track segment 18, 36, 54, 72, 95
Battelle-
AARRC Concrete slab 25
24 Steel plate 25
Three-tie track segment 95
Single train passing the
Spangler 30 to 42 tracks on top of pipe N/A
Cornell- Single train parking on
TTC 12.75, 36 tracks on top of pipe N/A

Table 6. Input Parameters for Kiefner Approach

Pipe OD Bedding

(in) E7PS)  Angle (deg) Fimpact
Battelle-  8.625 1200, 1900 30 10
AARRC 24 1200 )
30
36 3300
Spangler 42 120 1.5
34 2700
30 2000
Cornell- 12.75 " "
TTC 36 1800 120 1.0
* Following the value provided in reference [ 8]
5 Copyright © 2016 by ASME
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At Garden City, Iowa, the 30-inch pipe was buried at the
greatest depth of nearly 13 feet, but the highest stress was
measured. Therefore, very soft soil such as “fine-grained soils
with less than 25% sand content” was assumed. For analysis
of such soil, a modulus of soil reaction of 2,300 psi with 100%
compaction at 10-15 feet depth of cover was utilized. Finally
at Gallup, New Mexico, the 34-inch pipe was buried at a
moderate depth of around 8 feet with moderate measured stress.
The soil type assumed was “coarse-grained soils with fines”.
For analysis of such soil, a modulus of soil reaction of 2,700 psi
with 100% compaction at 5-10 feet depth of cover was utilized.
For Cornell-TTC experiments, a soil modulus of reaction of
1800 psi was reported in reference [8].

The bedding angle was used to determine the parameters
Ky and K, in equation (2). The bedding angle depends on
the installation method of the pipe. In the Battelle-AARRC
experiments, the pipes were installed through the open trench
method. As a result, the bedding angle was conservatively
selected as 30°. In the Spangler experiments and the Cornell-
TTC experiments, the casing pipes and line pipes were installed
through the auger boring method beneath the railroads. The
bedding angle was therefore selected as 120°.

The impact factor, Fijypac, was determined from loading
condition in the tests. In the Battelle-AARRC experiments, all
the live loads were applied as static loads. As a result, the
impact factor was 1.0. In the Spangler experiments, the stress
was measured when moving trains passed along the tracks over
the pipes. Therefore, the maximum impact factor of 1.5 was
used. In Cornell-TTC experiments, an impact factor of 1.0 for
the tests was reported in reference [8].

One parameter not covered in Table 6 is the spring
coefficient, k, used in equation (9) to predict the longitudinal
stresses. This parameter was determined using the soil spring
model following the procedure in Annex A. The soil spring
model requires the soil properties including the weight of soil
per unit volume, y, friction angle, ¢, and cohesion, c. No
detailed soil properties other than soil type were recorded
during the experiments. For Battelle-AARRC experiments, y
=120 Ib/ft’, ¢ =30°and ¢ =0 were used. These are typical
parameters for loose sand which was close to the silty sand soil
used in the experiments. For Cornell-TCC experiments, y =
120 Ib/ft’, ¢ = 40° and ¢ = 0 were used, which are typical
parameters for dense sand at the experimental site. As no
longitudinal stresses were measured in Spangler experiments,
no estimation for k was needed.

The live loads on the ground surface were simulated as
follows. In the Battelle-AARRC experiments, three loading
configurations were used. The steel plate was simulated as a
single point load. The concrete slab was simulated by a grid
of small rectangles covering a 6-foot by 8-foot area. The total
load of 25 kips was then uniformly distributed among the grid.
The three-tie track segment was simulated by a series of
concentrated loads distributed along three lines. Each line
was along the centerline of a tie. The total live load applied
on the track was then distributed uniformly along the three
lines. For the Spangler and the Cornell-TCC experiments, the

live load from the real train was simulated by a grid of small
rectangles with the concentrated load at the center of each
rectangle. The amplitude of the concentrated load was
determined by the area of the rectangle and the pressure derived
from uniformly distributing the 320-kips weight of the loaded
train car over an area of 20-feet by 8-feet™.

Analysis with Current APl RP 1102 Approach

The formulae estimating the stresses in API RP 1102
involve multiple factors. API RP 1102 provides multiple
figures with curves that can used to determine the values of
these factors, with input parameters such as pipe dimensions,
soil properties, and pipe burial depth. The curves in these
figures are only provided for pipe diameter/wall thickness
ratios less than 100, and buried pipe depths greater than 6 feet
for railroad crossings or greater than 3 feet for highway
crossings. These specified ranges are due to the investigated
range of FEA from which these curves were developed [8].

The input parameters” for the analysis with the API RP
1102 approach are listed in Table 7.

API RP 1102 requires soil resilient modulus, E,., to predict
the stresses resulting from a live load. API RP 1102 provides
suggested values for E, for various soil types'. Following
the soil types discussed in the previous section of “Analysis
with Kiefner Approach”, the estimated E, values are listed in
Table 7.

API RP 1102 also has its own recommendation for impact
factor, F;, based on road type and buried depth™. 1In the
Battelle-AARRC experiments, all the live loads were applied as
static loads. As a result, the impact factor is 1.0. In the
Spangler experiments, the stress was measured when trains
passed over the tracks on top of the pipes. Due to this
dynamic loading, impact factors greater than 1.0 were
determined following the approach in API RP 1102. In the
Cornell-TTC experiments, an impact factor of 1.0 for the tests
was reported in reference [8].

Table 7. Input Parameters for APl RP 1102 Approach

Pipe OD (in) E, (ksi) F;
Battelle- 8.625
AARRC 24 10 1.0
30
36 20
Spangler 42 From API RP 1102
34 10
30 5
Cornell- 12.75 " *
TTC 36 20 1.0

* Following the value provided in reference [8]

This is a typical design train load known as Cooper E-80. Please see

reference [9] for details.

" The pipe dimensions and buried depths have been listed in Table 4 and Table
5 and are not repeated in Table 7.

¥ Table A-2 in reference [9].

Figure 7 in reference [9].
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The API RP 1102 approach uses the pressure on the ground
surface, w, to determine the stresses resulting from a live load.
There are also different formulae for stresses due to live loads
depending on whether the live load is from a railroad or a
highway. The selection of formulae and the values of w are
summarized in Table 8.

Table 8. Load Configuration Treatment for Analysis
with APl RP 1102 Approach

Loading API RP 1102
Method Formulae

Pressure on the
Ground, w (psi)

Highway formulae
Concrete slab with rigid pavement 86.8
and single axle

Battelle- Highway formulae

AARRC  Steel plate  with no pavement and ~ 56.6 — 141.5
single axle
Threetie  pailroad formulae ~ 2.94- 155
track segment
Single train
Spangler passing over Railroad formulae 13.9
the pipe
Single train
C(%r;léu_ parking over  Railroad formulae 13.9
the pipe

In Battelle-AARRC  experiments, three loading
configurations were used. The concrete slab simulated the
load on a road with rigid pavement. As a result, the highway
formulae were used with a pavement type factor, R, of 0.9 and
an axle configuration factor, L, of 0.65"". The ground
pressure, w = 25,000/(2x144) = 86.8 psi, was determined by
considering that the application of total 25 kips load on slab
was equivalent to the application of the load of a single axle via
two wheels. This value is very close to the design value of
83.3 psi for a single axle truck recommended in [9]. The steel
plate simulated a single point load on an unpaved ground
surface, for which the highway formulae were selected with R
=120 and L = 0.80 for the 8.625-inch pipe and R =1.10 and
L = 0.65 for the 24-inch pipe™. The ground pressure is
calculated as w = F/m(dy/2)? , where F is the applied force
and d, is the diameter of the plate (in this case 15 inches).
Three loads of 10 kips, 15 kips and 25 kips were applied during
the experiments, resulting in w values of 56.6 psi, 84.9 psi,
and 141.5 psi, respectively. The three-tie track segment
simulated the railroad loads, for which the railroad formulae
were selected. The ground pressure, w, was determined by
distributing the total force uniformly over an area of 102 inches
by 60 inches™. For the maximum load of 95 kips applied via

Yl Following Table 2 in reference [9] for rigid pavement with a single axle load.

¥l Following Table 2 in reference [9] for no pavement with a single axle load.

™ According to the test setup, the length of each tie was 8.5 feet or 102 inches,
the width of the tie was 9 inches, and the space between the closest edges of
two adjacent ties was 11 inches. Therefore, each tie distribute its load in an
area of 102 inches by 20 inches (=11+9). Finally, the total load was
distributed by three ties to an area of 102 inches by 60 inches (=3 X20).

the three-tie track segment, the result is w = 15.5 psi, which is
very close to the design value of 13.9 psi for the Cooper E-80
loaded train car recommended in [9]. For the Spangler and
the Cornell-TCC experiments, the live load from the real train
was applied. Therefore, the railroad formulae were selected,
and the design value of w = 13.9 psi for the Cooper E-80 load
was used.

Results Comparison

The comparison between the measured hoop stresses from
all collected experimental data and the prediction from the
Kiefner approach and the API RP 1102 approach is presented in
Figure 3. The blue dots show the predictions from the Kiefner
approach and the red dots show those from the API RP 1102
approach. The red dots with a cross indicate the cases that are
out of the range of the curves in API RP 1102 to determine the
factors used to predict the stresses. For such cases, we used
the stress factors determined by the available points on the
curves which were closest to the experimental conditions.
However, the accuracy of these dots may be arguable. From
the figure, the Kiefner approach provided a consistently
conservative estimation for all cases with a mean factor of
around 2.5. The API RP 1102 approach predicted lower
stresses than the Kiefner approach. There are many cases that
were out of the range of the API RP 1102 approach. For a
considerable proportion of cases, the predicted stresses from the
API RP 1102 approach were also nonconservative. Even if
one were to neglect the out-of-range cases, there are still
several cases with predicted stresses from the API RP 1102
approach that are lower than measured values from the
experiments. The comparison between the measured
longitudinal stresses from all collected experimental data, the
prediction from the Kiefner approach, and the API RP 1102
approach is presented in Figure 4, with trends similar to those
of the hoop stresses. For longitudinal stress, the Kiefner
approach provided a conservative estimation for all cases
except one. However, the mean factor was around 1.3 which
was lower than that for the hoop stress. The API RP 1102
approach predicted lower stresses than the Kiefner approach
and the predictions were nonconservative for a considerable
proportion of cases, even neglecting those which were out of
the range of the API RP 1102 approach.

The API RP 1102 approach was developed based on FEA
modeling for bored pipe and later was verified through
experiments on bored pipes. However, the API RP 1102
approach may underestimate the stresses in pipes installed by
the open trench method where the pipe receives less support
from the surrounding soil (in the Kiefner approach this
translates to a lower bedding angle for a pipe installed by open
trench method as compared to a similar bored pipe). In the
three groups of experiments, the pipes in the Battelle-AARRC
experiments were installed with the open trench method and the
pipes in the other two groups of experiments were installed
with the auger boring method. Figure 5 shows the comparison
of hoop stress predictions with Spangler and Cornell-TTC
experiments only. The API RP 1102 approach only
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underestimated the stress in one case®. The predictions were 73 :
conservative for all other cases including those out of the @ . ]| © Kiefner o
B . £6 3 o APIRP 1102 °
application range. However, a closer observation showed that o 1 1L
the predictions did not follow the same trend as the measured 1 S e —o
stresses. The four red dots at the right side of the figure §4 I—©owo o °
showed decreased predicted stresses with increased measured 0 3 ] - °© o
stresses, even though they were within the application range of 3 2 3 @ 5
the API RP 1102 approach. The predictions from the Kiefner I
approach were conservative for all cases and overall followed E 13
the same trend with the measured stresses. Figure 6 shows the L)}t
comparison of longitudinal stress for the Cornell-TTC 0 0.5 1 1.5 2 25 3
experiments (no longitudinal stress was reported for the Measured Stresses (ksi)
Spangler experiments). The Kiefner approach predicted a
higher longitudinal stress than the API RP 1102 approach for Figure 5. Comparison of Hoop Stress with
one case and was almost identical with the API RP 1102 Experimental Data from Spangler and
approach for the other case. The predictions from both Cornell-TTC
approaches were conservative. The inconsistent trend
between the API RP 1102 predictions and the measured hoop 7 7 —
stress may be due to the inaccurate assumption of soil types at %61 g E'Sf'l;g 1102
the sites in the Spangler experiments. However, the Kiefner ;5 1 —11Line
approach provided the same trend as the experimental results § E :
using the same assumed soil types. g 4 3
R o
"535 3 [ o Kiefner S 3 —
=307 o APIRP 1102 o G
2 25 ji—T:lLine y = 2.45x 83
8 20 1 o L
@ 15 1 0 0.5 1 15 2 25 3
2 10 3 ° D/M)o/ Measured Stresses (ksi)
[T} 3
T 5 ° Figure 6. Comparison of Longitudinal Stress with
a Cs__o® __ & Experimental Data from Cornell-TTC
0 5 10 15

The comparison with the Battelle experiments was further
investigated in Figure 7 and Figure 8 for hoop stress and
Figure 3. Comparison of Hoop Stress with All longitudinal stress, respectively. The steel plate and concrete

Collected Experimental Data slab simulated the road crossing and the three-tie track segment
simulated the railroad crossing. The Kiefner approach did not
distinguish the road crossing and railroad crossing. The only
differences between the two types of crossing in the Kiefner
approach were the live load distribution and the impact factor.
The API RP 1102 approach used different groups of equations
for the road crossing and railroad crossing. From Figure 7 and
1.31x Figure 8, the Kiefner approach only slightly underestimated the
o o longitudinal stress at a single case. The API RP 1102
3 approach underestimated the stresses for both the road crossing
E and railroad crossing when the pipe was installed using the
open trench method. The 8.625-inch pipe with 27.375-inch
DoC and the 24-inch pipe with 25-inch DoC exceeded the
application range of API RP 1102. However, both
conservative and nonconservative predictions were observed on
Figure 4. Comparison of Longitudinal Stress with All the two pipes. The 24-inch pipe with 50-inch DoC was within

Collected Experimental Data the application range of API RP 1102. The nonconservative
stresses were predicted for concrete loads and three-tie track
* This case was Cornell-TTC expetiment on 36-inch pipe. In Table 9 of loads on this pipe with zero internal pressure and for steel plate

reference [8], the reported measured hoop stress and predicted hoop stress loads on this pipe with both zero internal pressure and 550 psig
were 2410 psi and 2030 psi, respectively.
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w
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internal pressure. A brief summary of the observation is that
the API RP 1102 approach is not conservative for pipes
installed with open trench method.

%‘35 E e Kiefner, plate

X< 30 7§ o Kiefner, slab ®

B o5 ] o Kiefner, 3-tie

@ E e APIRP 1102, plate

20 § ©- e APIRP 1102, slab

& 15 3 o API RP 1102, 3-tie

2 E

510

2 5

o g —
10 15

Measured Stresses (ksi)

Figure 7. Comparison of Hoop Stress with
Experimental Data from Battelle-AARRC

35 : ‘

k7 E ® Kiefner, plate

= 30 @ Kiefner, slab

B 25 3 o Kiefner, 3-tie

R = APIRP 1102, plate

320 3 = APIRP 1102, slab

B 15 ] o API RP 1102, 3-tie

K=} ] | ]

210

K

8 5

a 03 — —8
0 5 10 15

Measured Stresses (ksi)

Figure 8. Comparison of Longitudinal Stress with
Experimental Data from Battelle-AARRC

DISCUSSION

Based on the comparison with the experimental data in the
above section, the Kiefner approach provided conservative
estimates in most scenarios, and in more scenarios than the API
RP 1102 approach. Furthermore, the overall trends of the
predictions were consistent with the observations in the
experiments. The API RP 1102 approach underestimated the
stresses for multiple cases when compared with the
experiments, and the trends were not always consistent with the
experimental observation.

The Kiefner approach is a more universal tool to treat a
wide range of parameters on buried pipes under surface
loading. It is applicable to problems with a wide range of pipe
dimensions, buried conditions, loading scenarios, and pipe
installation methods. On the contrast, the approach in API RP
1102 was developed based on pipe that was installed through
boring with a relatively narrowed range for input parameters.

Under some conditions, the prediction from the Kiefner
approach may be too conservative, especially for hoop stress.
This stems from the usage of the Boussinesq equation. The
Boussinesq equation assumes homogeneous elastic soil. In

reality, the ground above buried pipes generally consists of
multiple layers with quite different properties. Soil also yields
under large live loads and deviates significantly from the
behavior of elastic material. However, due to the complexity
of the surface loading problem on buried pipes, a relatively
large safety margin seems unavoidable to ensure the predictions
are always conservative.

The degree of conservatism in the Kiefner approach is
different for hoop stress and longitudinal stress. By
comparison with the experiments data used in this study, the
Kiefner approach overestimated the hoop stress by an average
factor of 2.5 and overestimated the longitudinal stress by an
average factor of 1.3. The longitudinal stress resulting from
live load has two contributions: one from local bending which
is dependent on the hoop stress due to live load, and the other
from global bending which is independent of the hoop stress.
The level of overestimation for the global bending component
may be one of the sources that results in a different estimation
level between hoop stress and longitudinal stress. However,
the deviation between the predicted levels still seems a little too
large. Further work may improve the model.

Finally, the approach in this paper only estimates the
stresses resulting from surface loading. These stresses should
be added to other existing stresses™ in the pipes to determine
the total stresses for design or integrity assessment purpose.

CONCLUSION

Kiefner’s approach to estimate the stress in buried pipes
under surface loading is presented in this paper. This
approach considers both hoop stress and longitudinal stress
resulting from surface loading. The stiffness effect of internal
pressure and the support of soil at the sides of the pipe are also
accounted for in this approach. The approach is a universal
tool that is able to handle a wide range of loading scenarios.

The comparison with experimental results shows that the
Kiefner approach provides a conservative estimate and overall
consistent trend with the results observed. The comparison of
these results with predictions from the API RP 1102 approach
also showed superior performance of the Kiefner approach.
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_ D D?

Qq4 =NCcD+qu(H +E)D+Nyy7 (A-1)
where N, Ny, N, are bearing capacity factors, ¢ is the soil
cohesion, D is the pipe outside diameter, y is the weight of
the soil per unit volume, ¥ is the effective weight of soil,
which equals y for pipe buried above the ground water level,
and H is the depth of cover.

The bearing capacity factors are determined by the friction
angle of the soil, ¢, in degrees, as

N, = cot [e’”a“?’ tan? <45 + %) - 1] (A-2)
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Ny = e™tan® tan? (45 + %) (A-3)
and
NY = 6(0'18¢_2'5) (A-4)

In equation (A-2), ¢ = ¢ +0.001. When the amplitude of
soil force just reaches Qq, the critical relative displacement
between soil and buried pipe is Agq. For granular soils,

Aga = 01D (A-5)
and for cohesive soils,
Agq = 0.2D (A-6)
Finally, the spring coefficient is determined as
Qu
k=— A-7
A (A-7)
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Development of a Pipeline Surface Loading Screening
Process and Assessment of Surface Load Dispersing
Methods

D. J. Warman, J. D. Hart & Robert B. Francini

1.0 INTRODUCTION

The Canadian Energy Pipeline Association (CEPA) represents Canada's oil and gas transmission
pipeline operators who are world leaders in providing safe, reliable long-distance energy
transportation. CEPA member companies receive numerous requests annually from all over
Canada to cross their pipelines. In some cases, these crossing applications are for the
establishment of permanent roads over the existing pipelines but in many others they are for
temporary crossing by vehicles and equipment in locations without established roads.
Regulations compel member companies to determine the potential loading effects of the crossing
application and where determined to be excessive, take mitigative measures to reduce the applied

stresses to acceptable levels.

A survey by CEPA of member companies indicates that they employ a variety of techniques to
evaluate and mitigate surface loading effects on their buried pipelines. One widely used practice,
embodied in API 1102 (1993, reaffirmed 2002), is limited to cover depths greater than or equal
to 3 feet and has been specifically developed based on AASHTO H20 truck loads with small
footprints associated with tire pressures typically in-excess of 550 kPa (80 psig). Several
important limitations are inherent to this method. The method cannot be effectively extrapolated
to shallow cover situations. It also may not scale correctly to different types of equipment that
ride on floatation tires or caterpillar tracks where ground surface pressures are less than 350 kPa
(50 psig). Further, it determines pipeline stresses in a non-traditional manner. These conditions
create a barrier to uniform adoption of the method.

The National Energy Board (NEB) has requested that CEPA study the issues and determine the
feasibility of a standard approach. CEPA wants to examine the above stated limitations as well
as to determine the feasibility of a phased approach to crossing assessments that would eliminate
the need to perform detailed calculations in most, if not all, cases. At the same time CEPA has
identified the need to examine the various temporary load-spreading measures or other
mitigation techniques to identify which are the most effective. Kiefner and Associates, Inc.
(KAI) jointly with SSD, Inc. conducted this work for CEPA. The following report represents the
results of this study.
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1.1 Summary

Presented herein is a report detailing the development and implementation of a simplified
screening process to assess the effects of surface loads on buried pipelines. The first section
provides an overview of the results of a literature survey to identify theoretical models,
standards, codes, and recommended practices that are currently used to assess the surface loading
effects on buried pipelines.

The second section provides the methodology utilized to develop the screening tool which
provides a simple “pass/no pass” determination and is based on attributes which are generally
casy to obtain (e.g., wheel or axle load, ground surface contact area and/or surface loading
pressure, depth of cover, maximum allowable operating pressure and design factor). Situations
that pass this initial screening would require no additional analysis while situations that do not
pass the initial screening may need to be evaluated on a more detailed basis. Additional
simplified graphs have been included to assist in additional screening prior to performing a more
detailed evaluation.

The third section identifies various temporary or permanent surface load-dispersal techniques
and other mitigation approaches that are often used as a means to lessen the effects of surface
loading. The effectiveness of various methods is also discussed.

In the Appendices are general guidelines and charts that can be adopted by pipeline operators to
address infrequent crossings of existing pipelines.

2.0 LITERATURE SEARCH SUMMARY

2.1 Introduction

A limited literature survey has been performed to identify theoretical models, standards, codes,
and recommended practices that are currently used to assess the surface loading effects on buried
pipelines. Included in this review is the position paper put out by the Canadian Standards
Association (CSA) task force at railway crossings on this topic. The goal of this review is to
highlight the following items:

e  When the techniques were developed and by whom;

¢  Where they are used;

e The technical nature of the calculations performed;

e A comparative assessment of each method, identifying their strengths and limitations;
e Recommendations as to which method(s) may be suitable for adoption as standard

practice;



e Knowledge gaps and areas that might require further study;
e Description of significant pipeline incidents caused by surface vehicle loadings.

2.2 Description of Significant Pipeline Incidents Caused by Surface
Vehicle Loadings

Reference GRI-88/0287 provides a section that reviews the performance record of buried pipe
crossings based on National Transportation Safety Board (NTSB) pipeline accident reports. At
the time of this report publication, a total of four pipeline failures at railway or highway
crossings were reported. All of these failures involved cased carrier pipes. The first failure
occurred at a substandard girth weld located within the casing that experienced flexure due to
soil movements beneath the carrier pipe outside of the casing. The second failure involved a
pressure surge which caused failure of a carrier pipe inside of a casing at an area thinned by
corrosion. The third failure involved tensile failure due to thermal contraction in a plastic carrier
pipe at a coupling located outside the limits of the casing. The fourth failure occurred in a carrier
pipe inside of a casing at a location where the wall thickness was reduced to 35% of its initial
value due to corrosion. Cased pipeline crossings account for about 20% (a disproportionately
high fraction) of corrosion-related reportable incidents, because it is difficult to protect the pipe
from corrosion inside the casing and also difficult to monitor corrosion activity therein.

It is our observation and experience that the vast majority of pipeline crossing scenarios require
little in the way of spccial mcasurcs to protect the pipcline provided the pipeline is in sound
condition and has sufficient amounts of competent soil protection. Exceptions exist such as
where muskeg soils or exceptionally heavy equipment or very shallow cover might he involved.
We are aware of only one pipeline incident associated with a ground surface vehicle. The line
was either a cast iron or old steel gas main with very shallow one-foot cover that ruptured under
a cement mixer on a car/boat dealer's parking lot. The resulting fire burned up the truck and the
dealer's inventory. We are not aware if it was ever established whether the main collapsed under
the vehicle load or merely failed due to corrosion coincidentally when a vehicle was parked
there. Overall, our familiarity with causes of pipeline failures informs us that the effects of
surface vehicle loadings, even in fairly exceptional circumstances, has not historically been
implicated as an important or frequent cause of pipeline incidents. This understanding suggests
that the practice of carrying out elaborate analyses for every routine situation may be
unwarranted. However, we fully recognize the regulatory, social, and business need to assess,
and where necessary, mitigate threats.

Sceze- Abscrr el
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2.3 Methods Used to Assess Fill and Surface Loading Effects on
Buried Pipelines

2.3.1 Review of Spangler’s Work

The pipeline industry has a longstanding interest in the problem of evaluating the eftects of fill
and surface loads on buried pipelines. Virtually all of the pipeline industry research on this topic
refers back to the collective works of M. G. Spangler (and his graduate students) at lowa State
University during the 1940s through 1960s time frame, and no review on this subject would be
complete without a discussion of Spangler’s work. Spangler’s most important publications
include the following:

e Spangler, 1941. Spangler, M. G., “The Structural Design of Flexible Pipe Culverts”,
Bulletin 153, lowa Engineering Experiment Station, Ames, lowa, 1941.

e Spangler, 1946. Spangler, M.G. and Hennessy, R.L., “4 Method of Computing Live
Loads Transmitted to Underground Conduits”, Proceedings Highway Research Board,
26:179, 1946.

e Spangler, 1954. Spangler, M.G., “Secondary Stresses in Buried High Pressure Pipe
Lines”, The Petroleum Engineer, November, 1954.

e Spangler, 1964, Spangler, M.G., “Pipeline Crossings Under Railroads and Highways”,
Journal of the AWWA, August, 1964.

e Watkins and Spangler, 1968. Watkins, R.K., and Spangler, M.G., “Some Characteristics
of the Modulus of Passive Resistance of Soil — A Study in Similitude”, Highway Research
Board Proceedings, Vol. 37, 1968 pp. 567-583.

The main developments from Spangler’s work include the so-called “Spangler stress formula”
(used to compute stresses in buried pressurized pipe) and the “lowa formula” (used to compute
ovality in buried culverts). A brief overview of these formulas is provided in the following
sections.

2.3.1.1 The Spangler Stress Formula

The Spangler stress formula computes an estimate of the additive circumferential bending stress
(o) at the bottom of the pipe cross section (in psi) due to vertical load as follows:

6Ky W, - E-tor

vertical

g = . 3
E-I'+24-K_-P-r’

2.1
where Wiemica is the vertical load due to fill and surface loads including an impact factor (Ib/in),
E is the pipe modulus of elasticity (psi), ¢ is the pipe wall thickness (inches), » is the mean pipe
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radius (inches) and P is the internal pressure (psi). The terms K, and K- are bending moment and
deflection parameters respectively (based on theory of elasticity solutions for elastic ring
bending) which depend on the bedding angle as shown in Table 2-1.

Table 2-1. Spangler Stress Formula Parameters K, and K,

Bedding Angle (deg) | Moment Parameter K}, | Deflection Parameter K,
0 0.294 - 0.110
30 0.235 0.108
60 0.189 0.103
90 0.157 0.096
120 0.138 0.089
150 0.128 0.085
180 0.125 0.083

Note that the denominator of this expression includes a pipe stiffness term (£ ) and a pressure
term (24 K-P¥ ) which is sometimes referred to as a “pressure stiffening” term since the pipe
internal pressure will provide resistance to ovalling. Bedding angles of 0, 30 and 90 degrees are
taken as corresponding to consolidated rock, open trench and bored trench conditions,
respectively. Numerous references in the literature are “hardwired” based on a bedding angle of
30°(i.e., K»=0.235 and K-=0.108). The Spangler stress equation is used to compute
circumferential stresses due to vertical loads in several pipeline industry guideline documents
including:

APIRP 1102. American Petroleum Institute, “Steel Pipelines Crossing Railroads and
Highways™, APl Recommended Practice 1102, Sixth Edition, April 1993 (rea(firmed July 2002).

GPTC, 1998/2000. GPTC Guide for Gas Transmission and Distribution Systems - 1995-1998
and 1998-2000, Guide Material Appendix G-192-15, “Design of Uncased Pipeline Crossings of
Highways and Railroads”, American Gas Associations, Arlington, VA.

CSA 7662, While not specifically referenced in CSA Z662 the equation was utilized in the
development of the section on uncased railway crossings.

According to Spangler, 1964:
“...this expression (the Spangler stress equation) is limited to pipes laid in open ditches that are

backfilled without any particular.effort to compact the soil at the sides and to bored in place pipe
at an early stage before soil has moved into effective contact with the sides of the pipe. This
expression probably gives stresses that are too high in installations where the soil at the sides of
the pipe is well compacted in tight contact with the pipe...” This limitation statement clearly
implies that stresses predicted using Spangler stress formula are conservative for buried pipe that
is in intimate contact with the soil at the side walls.
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2.3.1.2 The Iowa Formula

The lowa Formula computes an estimate of the pipe ovality due to vertical load as follows:

_ K: ) [DI ) W\'erlical] ) r3
E-1+0.061-Er’ 2.2)

where the terms that have not been previously defined in Section 2.3.1.1 are; 4X the maximum
deflection of the pipe (inches), D, is the “deflection lag factor”, I is the moment of inertia of the
cross section of the pipe wall per unit length (/=r'/12, in’) and £’ is the modulus of soil reaction
(psi). Note that the denominator of this expression includes a pipe stiffness term (£-1) and a soil
resistance term (0.061-Er) but does not include a pressure stiffening term since it was
developed for un-pressurized, flexible casing pipes. The deflection parameter (K-) is normally
“hardwired” based on a bedding angle of 30° (i.e., K-=0.108).

Spangler recognized that the soil consolidation at the sides of the pipe under fill loads continued
with time after installation of the pipe, and he accounted for this condition using the “deflection
lag factor” term D;. His experience had shown that ovalling deflections could increase by as
much as 30% over 40 years. For this reason, he recommended the use of a deflection lag factor
of 1.5 as a conservative design procedure for fill loads. Other references (e.g., AWWA Manual
M11) refer to D;, values in the range from 1.0 to 1.5. We believe that it would be reasonable and
appropriate to consider the use of a different deflection lag factor for fill loads which act on the
pipe for long time periods rather than for traffic loads which act on the pipe for short periods of
time (i.e., during the vehicle passage).

The modulus of soil reaction, £’ which defines the soil’s resistance to ovalling is an extremely
important parameter in the lowa formula. Useful background and discussion on the selection of
E’ values are presented in the following references:

Moser, 1990. Moser, A.P., “Buried Pipe Design”, McGraw Hill, 1990.

Hartley and Duncan, 1987. Hartley, J.D. and Duncan, J.M., “E’ and its Variation with
Depth”, ASCE Journal of Transportation Engineering, Vol. 113, No. 5, September, 1987.
Masada, 2000. Masada, T., “Modified Iowa Formula for Vertical Deflection of Buried
Flexible Pipe”, ASCE Journal of Transportation Engineering, September/October, 2000.

Table 2-2 (after Moser, 1990) provides published average values of the modulus of soil reaction
E’ for a range of soil types under different levels of bedding compaction.

Table 2.3 (after Hartley and Duncan, 1987) provides a range of values of £’ for a range of soil
types, compaction levels, and cover depths. Hartley and Duncan, 1987 also provide very clear
guidance on the selection of E’. This paper indicates that £’ can be taken as equal to the

6
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constrained modulus of the soil, M which can be established based on relatively simple

laboratory tests.

The lowa formula is used as a basis for estimating ovalling deflections due to vertical loads in
several pipeline industry guideline documents including:

o AWWA Ml11, 1999. American Water Works Association, “Steel Pipe — A Guide for
Design and Installation”, AWWA Manual M11, 31 Edition, 1999,

e ALA, 2001. American Lifelines Alliance, “Guidelines for the Design of Buried Steel
Pipe”, Published by the ASCE American Lifelines Alliance,
www.americanlifelinesalliance.org, July 2001.




Table 2-2. Design Values of E’, psi (From Moser, 1990)

TABLE 3.4 Average Values of Modulus of Soll Reactlon, E (For Initial Flexible Pipe
Deflection)

E’ for degree of compaction of bedding, Ib/in?

Slight, | Moderate, | High,
< 85% | 85%-96% >956%
proctor, proctor, proctor,
< 40% | 40%-70% > 70%
Soil type-pipe bedding material relative | relative | relative
(Unifted Classification System*) Dumped density density density

Fine-grained soils (LL > 50)t
Soils with medium to high plastic- |No data available; consult a competent soils
ity CH, MH, CH-MH engineer; Otherwise use E' = 0

Fine-grained soils (LL < 50)
Soils with medium to no plasticity
CL, ML, ML-CL, with less than 26%

coarse-grained particles 60 200 400 1000
Fine-grained soils (LL < 50)
Soils with medium to no plasticity .
CL, ML, ML-CL, with more than
25% coarse-grained particles 100 400 1000 2000

Coarse-grained goils with fines
GM, GC, 8M, SC contains more
than 12% fines

Coarse-grained soils with little or no
fines

GW, GP, SW, SPi contains less

than 12% fines 200 1000 2000 3000
Crushed rock 1000 3000 3000 3000
Accuracy in terms of percentage +2 *2 1 + 0.5

deflection§

*ABTM Designation D2487, USBR Designation E-3

LL = liquid Limit

1Or any borderline eoil beginning with one of these symbols (i.e,, GM-GC, GC-SC)

ilFor + 1% accuracy and predicted deflection of 3%, dctual deflection would be between 2%
and 4%.

Nore: Values applicable only for fills less than 50 ft (15 m). Table does not include any
safety factor. For use in predicting initial deflections only, appropriate deflection lag factor
must be applied for long-term deflections. If bedding falls on the borderline between two com-
paction categories, select lower E' value or average the two values. Percentage proctor based
on laboratory maximum dry density from test standards using about 12,600 ft-Ib/ft* (598,000
J/m') (ASTM D698, AASHO T-99, USBR Designation E-11). 1 Ib/in® = 6.9 kN/m*.

source: Amster K. Howard, “Soil Reaction for Buried Flexible Pipe,” U.S. Bureau of Recla-
mation, Denver, Colo. Reprinted with Permiasion from American Society of Civil Engi 8
J. Geoteck. Eng. Div., January 1977, pp. 33—438.

00401



Table 2-3. Design Values of E’, psi (from Hartley and Duncan, 1987)

Type of Soil Depth of Standard AASHTO' Relative |
Cover (ft) Compaction

85 % 90 % 95 % 100 %

Fine-grained soils with less than 25 0-5 500 700 1,000 1,500
percent sand content (CL, ML, CL-ML) 5-10 600 1,000 1,400 2,000
10-15 700 1,200 1,600 2,300

15-20 800 1,300 1,800 2,600

Coarse-grained soils with fines (SM, 0-5 600 1,000 1,200 1,900
SC) 5-10 900 1,400 1,800 2,700
10-15 1,000 1,500 2,100 3,200

15-20 1,100 1,600 2,400 3,700

Coarse-grained soils with little or no 0-5 700 1,000 1,600 2,500
fines (SP, SW, GP, GW) 5-10 1,000 1,500 2,200 3,300
10-15 1,050 1,600 2,400 3,600

15-20 1,100 1,700 2,500 3,800

*Note: AASHTO is the American Association of State Highway Transportation Officials.
Table reproduced from Hartley and Duncan, 1987

23.1.3 Discussion of Load Terms in Spangler Stress Formula and Iowa
Formula

As described above, the Spangler stress formula and the lowa Formula both operate on a load per
unit length of pipe, Wiepeu resulting from either fill and/or surface loads. Hence, a key aspect of
these formulas is the estimation of the effective fill and surface loads at the top of the pipe.

These loads are discussed in this section.

Pipe Load Due to Fill
Spangler computed the pressure transmitted to the pipe due to earth (fill) load based on

Marston’s load theory (Marston, 1913) as follows:

W_ﬁ// =C, '7"Bj (2.3)
where Cyis a fill coefficient, y is the soil density and By is the effective trench width. Values of
the fill coefficient C, for different soils are tabulated as a function of the trench geometry
(defined based on the ratio of the depth of soil cover H to the effective trench width B,) and soil
type in several references (e.g., the GPTC Guide, Spangler and Hennessy, 1946, etc.).
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