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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:

Poorly Qualified Construction Personnel
Poorly Qualified Inspectors by Operators
Storage and Handling of Pipe
Improper Procedures
Failure to Follow Procedures
Lack of Procedures
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:

Incorrect chemical composition
Low and variable yield strength
Laminations and Inclusions
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:

Wrong heat chemistry from steel supplier
Pipe test locations for yield/ultimate tensile strengths at steel and pipe mills
Plate/coil ordered under strength based on the type pipe rolling process
Incorrect plate/coil rolling process
Improper plate/coil cooling rates
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:

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

Original: 6/15/12
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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
Pit defects in the pipe body
Laminations
Pipe sizing issues and variability/damage to pipe ends
Low tensile strength and/or thin wall in some pipe

Hydrostatic Testing
Poor test in winter due to freezing of pressure
equipment
Cracks discovered in girth welds during hydro test
Improper pressure maintenance during hydro test
Long seam failure

Design
Incorrect pipe wall thickness for class location
Inadequate testing documentation for pipeline
components

Bending
Ripples out of tolerance
Pipe seam not in neutral axis
Inadequate construction specification
Not using internal mandrel when required by procedures
Not following procedures

Lowering
Inadequate boom spacing per the ECA requirements
Unrepaired coating defects at lowering

Operation - Insufficient line markers

Inadequate Operator Qualification Documentation If
Applicable

Post Construction Documentation

End Facing

Stringing - Long seam alignment/orientation

Coating

Fusion Bonded Epoxy Issues
Coating over mud or rust
Application temperature too hot or cold
Heat damage to the factory FBE coating
Failing to follow manufacturer's instructions
Sand blast technique - no correct bevel / no overlap
at factory coating
Coating in high wind with blowing dirt
Water in the pipe during heating – does allow for
uniform heating
Coating specifications not available to inspectors
Girth weld coating not fully bonded to pipe

Melt Stick
Failing to follow manufacturer's instructions
Not adequately heating pipe before application
Inadequate surface preparation - abrasion
Use on defects larger than 0.5 in
Application over two part epoxy
Improper accelerated drying by patting
Use on bare metal

Electronic Defect Detectors (Jeeping)
Failing to follow manufacturer's instructions
Low voltage setting on holiday detector
Inadequate training of inspectors and contractors
Jeeping over tape and fiberboard stuck to the pipe
Failing to adequately clean the pipe before jeeping
Failing to visually inspect pipe for coating defects
Using damaged (bent) detector springs
High resistance in electrical circuit
Jeeping at too fast a speed per the spec or manufacturer
Jeeping over coating repairs before they are dry
Detector failing to identify defects
Detector not calibrated per manufacturer

Two Part Epoxy Issues
Failing to follow manufacturer's instructions
Inadequate surface prep - abrasion
Application after epoxy starts to set
Inadequate mixing of the epoxy
Applying above or below recommended temp - or not pre-
heating pipe
Using unapproved IR temperature sensors

2
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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

Inadequate use of rock shield, padding machines or
selective backfill
Insufficient burial depth( to code or waiver)
Ditch profile not matching pipeline causing inadequate
support
Dents caused by placing pipe on rocks

Erosion of cover at streams
Insufficient pipeline weights
Excavating over the pipe without adequate protection from
rocks, etc.
Not reviewing as-built drawings for parallel pipelines
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
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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 

 

_____ 

 

 

I 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 .I 
did not witness all activities today as I 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 I 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 I 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. 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 I 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. 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 I over look 3 to 5 different crews depending on the day.  

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

_____ 

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

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

_____ 

….1 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. I try to ensure my crew's work in a safe manner 
and wear proper ppe. There are several coating crews now so I am unable to observe / 
report on all coating / sleeves. All reports turned in are a spot check status as I 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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_____ 

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

Inspector Bryan Kemp, 9 / 29 / 2014  (p 251 of 348) 

00013
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



_____ 

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

Inspector Bryan Kemp, 10 / 1 / 2014 (p 257 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 I am unable to observe / report on all coating / sleeves. 
All reports turned in are a spot check status as I 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. I try to 
ensure my crew's work in a safe manner and wear proper ppe. There are several 
coating crews now so I am unable to observe / report on all coating / sleeves. All reports 
turned in are a spot check status as I 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. I try 
to ensure my crew's work in a safe manner and wear proper ppe. There are several 
coating crews now so I am unable to observe / report on all coating / sleeves. All reports 
turned in are a spot check status as I 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. I try to ensure my crew's 
work in a safe manner and wear proper ppe. There are several coating crews now so I 
am unable to observe / report on all coating / sleeves. All reports turned in are a spot 
check status as I 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. I try to ensure my crew's work in a 
safe manner and wear proper ppe. There are several coating crews now so I am unable 
to observe / report on all coating / sleeves. All reports turned in are a spot check status 
as I 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. I try to ensure my crew's 
work in a safe manner and wear proper ppe. There are several coating crews now so I 
am unable to observe / report on all coating / sleeves. All reports turned in are a spot 
check status as I 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. I try to ensure my crew's 
work in a safe manner and wear proper ppe. There are several coating crews now so I 
am unable to observe / report on all coating / sleeves. All reports turned in are a spot 
check status as I 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. I try to ensure my crew's work in a safe manner and wear proper ppe. 
There are several coating crews now so I am unable to observe / report on all coating / 
sleeves. All reports turned in are a spot check status as I 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. I try to ensure my crew's work in a safe manner and wear proper ppe. There are 
several coating crews now so I am unable to observe / report on all coating / sleeves. 
All reports turned in are a spot check status as I over look 3 to 5 different crews 
depending on the day.  

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

_____ 

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

Inspector Bryan Kemp, 10 / 29 / 2014 (p 299 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 I am unable to observe / report on all coating / sleeves. 
All reports turned in are a spot check status as I 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. I try 
to ensure my crew's work in a safe manner and wear proper ppe. There are several 
coating crews now so I am unable to observe / report on all coating / sleeves. All reports 
turned in are a spot check status as I 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. I 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 I am unable to observe / report on all coating / sleeves. All reports 
turned in are a spot check status as I 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. I try to ensure my crew's 
work in a safe manner and wear proper ppe. There are several coating crews now so I 
am unable to observe / report on all coating / sleeves. All reports turned in are a spot 
check status as I 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. I try to 
ensure my crew's work in a safe manner and wear proper ppe. There are several 
coating crews now so I am unable to observe / report on all coating / sleeves. All reports 
turned in are a spot check status as I 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 I am unable to observe / report on all coating / sleeves. 
All reports turned in are a spot check status as I 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. I try to ensure my crew's 
work in a safe manner and wear proper ppe. There are several coating crews now so I 
am unable to observe / report on all coating / sleeves. All reports turned in are a spot 
check status as I 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. I try to ensure my crew's work in a safe manner and wear 
proper ppe. There are several coating crews now so I am unable to observe / report on 
all coating / sleeves. All reports turned in are a spot check status as I 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. I try to ensure my 
crew's work in a safe manner and wear proper ppe. There are several coating crews 
now so I am unable to observe / report on all coating / sleeves. All reports turned in are 
a spot check status as I 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. I try to ensure my crew's work in a safe 
manner and wear proper ppe. There are several coating crews now so I am unable to 
observe / report on all coating / sleeves. All reports turned in are a spot check status as 
I over look 3 to 5 different crews depending on the day.  

Inspector Bryan Kemp, 11 / 12 / 2014 (p 329 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 I am unable to observe / report on all coating / sleeves. 
All reports turned in are a spot check status as I over look 3 to 5 different crews 
depending on the day.  

Inspector Bryan Kemp, 11 / 13 / 2014 (p 332 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 I am unable to observe / report on all coating / sleeves. 
All reports turned in are a spot check status as I 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 I am unable to observe / report on all coating / sleeves. All reports 
turned in are a spot check status as I 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 I am unable to observe / report on all coating / sleeves. 
All reports turned in are a spot check status as I over look 3 to 5 different crews 
depending on the day. ( 

Inspector Bryan Kemp, 11 / 17 / 2014 (p 341 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 I am unable to observe / report on all coating / sleeves. 
All reports turned in are a spot check status as I over look 3 to 5 different crews 
depending on the day.  

Inspector Bryan Kemp, 11 / 19 / 2014 (p 344 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 I am unable to observe / report on all coating / sleeves. 
All reports turned in are a spot check status as I over look 3 to 5 different crews 
depending on the day.  

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

_____ 

### 
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QA/QC Executive Summary Page 1 of 6  

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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QA/QC Executive Summary Page 2 of 6  

 

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. 
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QA/QC Executive Summary Page 3 of 6  

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 1st through March 31st.     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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oSection I. Administration of Plan

All pipeline welding at VGS shall be done in conformance with this program and API 1 104

(Welding of Pipelines and Related Facilities) as incorporated by reference into 49 CFR Part 192.

This program does not cover welding done in accordance with section IX of the ASME Boiler

and Pressure Vessel Code (BPVC).

The VGS Welding Program shall be reviewed periodically to ensure that all documents are

relevant and current.

Section II. Abbreviations and Definitions

Codes and Compliance Administrator: Individual responsible for updating and posting welding

program information in cooperation with the Welding Supervisor.

Coupon Test Report: Report showing destructive tests performed and the results thereof.

CPWI- Certified Pipeline Welding Inspector: CPWl™ is an individual who has completed the

intense classroom training and testing by the National Welding Inspection School governing all

of the codes and standards for pipeline construction and in-service welding.

CWI - Certified Welding Inspector A person certified by AWS as meeting the qualification

requirements of 5.2, 6.1, and 6.2 ofAWS B5.1, Specification for the Qualification of Welding

Inspectors.

PQR- Procedure Qualification Record: The WPS is supported by a number of documents (e.g.,

a record of how the weld was made, NDE, mechanical test results) which together comprise the

Procedure Qualification Record. The PQR combines all of the information of the WPS and adds

the test results to provide a complete document that certifies the WPS.

SMAW- Shielded Metal Arc Welding: A manual arc welding process that uses a

consumable electrode coated in flux to lay the weld. An electric current, in the form of

either alternating current or direct current from a welding power supply, is used to form

an electric arc between the electrode and the metals to be joined. The work piece and the

electrode melt forming the weld pool that cools to form a strong joint. As the weld is laid, the

flux coating of the electrode disintegrates, giving off vapors that serve as a shielding gas and

providing a layer of slag, both of which protect the weld area from atmospheric contamination.

o

o

{ ' }
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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 ofpressure 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 1 1 04

Section 5.3, using the VGS Welding Procedure Specification Form and the document Issuing 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

• 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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oo Group B - Specified minimum yield strength greater than 42,000 psi but

less than 65,000 psi.

d Group C - Specified minimum yield strength greater than or equal to

65,000 psi. (Each grade in Group C requires a separate PQR.)

o Note: Welding materials of two separate groups is allowed. The

procedure for the higher strength group shall be used.

• Major change in Joint Design

o Major changes include a change from V groove to U groove,

o Minor changes which do not constitute an essential variable include

changes in the angle of bevel or the land of the welding groove.

• Change in Position from fixed to roll or vice versa.

• Change in Wall Thickness Group

o Nominal pipe wall thickness less than 0.188 in.

o Nominal pipe wall thickness from 0.1 88 in. through 0.750 in.

o Nominal pipe wall thickness greater than 0.750 in.

• Changes in Filler Metal (Refer to Appendix B)

o Change from one filler metal group to another

o For Group C Materials, a change in the AWS designation of the filler

material

• Change in Electrical Characteristics

o Change from Electrode Negative to Electrode Positive or vice versa,

c- Change in current from DC to AC or vice versa.

• Increase in the maximum time between completion of the root bead and the start

of the second bead.

• Change in the Direction of Welding from Uphill to Downhill or vice versa.

• Change in flux

• Change in the range for Speed ofTravel

• Decrease in the specified minimum preheat temperature

• The addition ofor change to Post Weld Heat Treatment Specifications

o

If there is no essential variable change requiring a procedure qualification, the signed WPS will

be forwarded to the VGS Welding Supervisor or Codes and Compliance Administrator for

issuing and posting in accordance with Section VI of this plan.

If a procedure qualification is required for a new WPS (including changes to a current WPS that

include changes in essential variables, the draft WPS will be tested in accordance with Section

IV of this plan.

o

{ 3 }
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V

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 1 104 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.

{ « }
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oThere are three types ofwelder qualification covered by this welding plan: Single Qualification,

Multiple Qualification and Requalification.

Single Qualification: A welder shall make a test weld using a qualified procedure to make a butt

weld in the fixed position (per API 1 104 Section 6,2. 1 ). A welder qualified with a single

qualification test shall be qualified to make butt welds within the limits of the essential variables

listed below. Ifany of these variables change the welder must requalify.

• Change in Welding Process

• Change in the Direction of Welding from Uphill to Downhill or vice versa.

• Change in Filler Metal (Refer to Appendix B)

o From Group 1 or 2 to Group 3

o From Group 3 to Group 1 or 2

• Change for one outside diameter group to another

o Outside diameter less than 2.375 in,

o Outside diameter from 2.375 in. through 12.750 in.

o Outside diameter greater than 12.750 in.

• Change in Wall Thickness Group

o Nominal pipe wall thickness less than 0.188 in.

o Nominal pipe wall thickness from 0.188 in. through 0.750 in,

o Nominal pipe wall thickness greater than 0,750 in.

• Change in Position

o From vertical to horizontal or vice versa

o Note: Passing a butt weld qualification test in the fixed position with the

axis inclined 45° from the horizontal plane shall be qualified to do butt

welds and lap fillet welds in all positions

• Change in Joint Design

o

Multiple Qualification: A welder who completes the butt weld qualification test on pipe with an

outside diameter greater than or equal to 12.750 in. and a full-size branch connection weld on

pipe with an outside diameter greater than or equal to 12.750 in. shall be qualified to weld in all

positions; on all wall thicknesses, joint designs and fittings; and on all pipe diameters.

f

A welder who completes the butt weld qualification test on pipe with an outside diameter less

than 12.750 in. and a full-size branch connection weld on pipe with an outside diameter less than

12.750 in. shall be qualified to weld in all positions; on all wall thicknesses, joint designs and

fittings; and on all pipe diameters less than or equal to the outside diameter used by the welder in

the qualification tests.

o

{ * }
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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:

Change in Welding Process

• Change in the Direction of Welding from Uphill to Downhill or vice versa.

• Change in Filler Metal (Refer to Appendix A)

o From Group 1 or 2 to Group 3

o From Group 3 to Group 1 or 2

Reaualification: 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 1 104. Alternatively, a welder may maintain qualification status by performing welds tested

and found acceptable under section 6 of API 1 104 at least twice each calendar year, but at

intervals not exceeding 7 Vi months.

o

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.o

{ « }
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o
Prior to starting the welder qualification test(s), the welder shall be allowed reasonable time to

adjust the welding equipment to be used. The welder must follow the WPS and shall use the

same welding technique and proceed with the same speed s/he will use if s/he passes the test and

is permitted to do production welding.

During welder qualification test(s) the following shall be verified by the tester and conformance

or non-conformance to the parameters will be noted on the Welder Qualification Checklists.

1 . Preheat

2. Pipe end damage and cleanliness

3. Proper space and alignment

4. Electrode classification, condition and diameter

5. Correct polarity

6. Proper ground connection

7. Amperage, voltage and travel speed

8. Clamp release at proper time

9. Visually inspect root pass for cracks, bum-through, etc.

10. Welder identification o
During the welding test(s), the tester shall record the following parameters. These may be

recorded directly onto the VGS Welder Qualification Report (Appendix D) or transferred to it

afier being recorded elsewhere during the actual test.

• Pipe Outside Diameter

• AWS Class

• Direction ofTravel

The tester shall visually examine all test welds. For a qualification test weld to be acceptable it

shall be free from cracks, inadequate penetration and bum-through, and must present a neat

workman-like appearance. The depth of undercutting adjacent to the final bead on the outside of

the pipe shall not be more than 1/32 in. or 12.5% of the pipe wall thickness, whichever is

smaller, and there shall not be more than 2 in. of undercutting in any continuous 12 in. length of

weld.

The tester shall examine test weld to ensure that they are acceptable according the requirements

set forth in API 1 104 Section 6.2.1 (Single Qualification and Requalification) or Section 6.3.1

(Multiple Qualification).

o

{ 7 i
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AH 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.

o

o
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oWelder Qualification Records: Historical WQR records will be maintained in this folder. This

folder will have access restricted to the VGS Welding Supervisor, the VGS Codes and

Compliance Administrator and the IT Department.

Retired Welding Procedure Specification and Procedure Qualification Records: Historical WPS

and PQR records will be maintained in this folder. This folder will have access restricted to the

VGS Welding Supervisor, the VGS Codes and Compliance Administrator and the IT

Department.

Section VII. Production Welding

All production welding must be done in accordance with a qualified Welding Procedure

Specification. A copy of the relevant Welding Procedure Specifications will be issued to the

welder to reference during any welding operations. The welder will verify through appropriate

document control procedures that the WPS is current.

During production welding, the following shall be verified during the first weld of the day and at

least once more during the day if additional production welds are performed.

o1 1 . Preheat

12. Pipe end damage and cleanliness

13. Proper space and alignment

14. Electrode classification, condition and diameter

15. Correct polarity

16. Proper ground connection

1 7. Amperage, voltage and travel speed

1 8. Clamp release at proper time

19. Visually inspect root pass for cracks, bum-through, etc.

20. Welder identification

o

{ 9 }
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APPENDIX A

REVISION LOG

Revision 1 Date 06/12/2015

Minor changes for clarity or grammar which do not effect procedures

Added language disallowing changes to any signed Procedure

Qualification Test Record

Miscellaneous

Section IV

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

Issuing a VGS WPS
Added language requiring WPS to include all electrode diameters that

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.	

Modified form to include enough samples for testing procedures on large
diameter pipe.

Appendix D

Weld Procedure

Coupon Test Report

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

document, rather a note taking aid.	

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

required for welder qualification. Added enough samples for testing

welders on large diameter pipe.	

Appendix D

Welder Qualification

	 Report	

O Revision 2 Date 07/27/2015

Miscellaneous Minor changes for clarity or grammar which do not effect procedures

Retitled documentTitle

Section II Added definitions for CPWI and CWI

Section III Added language requiring ail weld follow WPS parameters	

Removed references to Weld Procedure Qualification Checklist whichSection IV

was removed from Appendix D in Revision 1

Section IV and

Appendix D VGS Weld

Procedure Qualification

Added "qualified with changes to the draft" to options for completing

VGS Weld Procedure Qualification Coupon Test Report

Coupon Test

Instruction and Report

Section V Added language specifically requiring that WPS be followed during

qualification testing.	

Changed required parameter from "Rod Diameter" to "Pipe Outside

Diameter" to correct previous error	

Added language in reference to Preheat section in WPS forms to define

allowable methods and controls.

Section V

Appendix D

Revision 3 Date 08/03/2015
Section I Added language specifying that this plan does not cover ASME welding

Added section on production welding	Section VII

Title Reverted to original title

A1
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APPENDIX A

REVISION LOG

O
Date 08/05/2015Revision 4

Section V Modified Welder Qualification Tests subsection to include Welder

Qualification Checklist 	

Added Welder Qualification ChecklistAppendix D

Date 08/17/2015Revision 5

Section V Modified Requalification language and clarified requirements

Appendix D Added Welder Continuity Record

DateXX/XX/XXRevision 6

DateXX/XX/XXRevision 7

DateXX/XX/XXRevision 8

O

o
A2
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o Appendix B

Table 1—Filler Metal Groups

Group AWS Specification AWS Classification Electrode Rux c

A5.1 £6010, £6011
1

A5.5 £7010, £7011

2 A5.5 £6010, £6011, £9010

A5.1 or A5.5 £7015, £7016, £7016

3 A5.5 £8015, E6016, ES018

£9018

AS. 17 ELS P6X2

EL6K F6X0

EL12 F6X2

4® EM5K F7XZ

EM12K F7X0

o EM13K F7X2

EM15K

A5.18 ER70S-2

AS. 18 ER70S-6
5b

A5.28 ERS0S-02

A5.28 ER90S-G

6 A5.2 RG60, RG65

E6lT-<3SdA5.20
7

£7lT-<35 d

8 A5.29 E71T8-K6

9 A5.29 E91T8-G

NOTE Other electrodes, lifer medals, and tuxes may be used but requre aqiaata [xaGedure qudHafai,

a Any comtinaSon of tibx and electrode n &oup 4 may be used (a qudify a procedure. The oamhnaSan is
idoilied by Is ccmfie to AWS dassifcaion ntmb«\ such as F7A0-EL1 2ar F6A2-EM13<. Oily suhsSSuians lhat

restilin Siesame AWS dassifastbn number ire peimtSed wtliau) requaBcafon.

b A shhlcfng gas (see 5.42.1 0} is tequiedfcr use wtti the efectroda in Group 5.

c ki the lux dasignatari. SieX can be aSteran A trP foras*wdded crpastwdd heat treated.

a Far root pass wolrfng arfy.
/^\

API 1104 Twentieth Edition
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APPENDIX C

OVGS Welding Document Numbering System

WPS -VGS-X65-1:2014-1

WPS - Welding Procedure Specification

PQR - Procedure Qualification Record

WQR- Welder Qualification Record

Type of document:

WPS-VGS-X65-1:2014-1

Vermont Gas Systems

WPS-VGS-X65-1:2014-1

Type of material

OWPS-VGS-X65-1:2014-1

Procedure number: 1 - Branch

2 - Butt

3 - Delay

Additional numbers to be assigned as needed

WPS-VG5-X65-1:2014-1

Year and version. The year of issue and the version. Additional versions of a WPS may be

issued based on one PQR.

The revision number shall be shown in the lower left hand corner of the document. This should

not be confused with the version number. A revision would be a change to a specific version.

Alt documents shall be issued initially as Revision 0.

Weld Procedure Qualification Coupon Test Report

Test/Report Number shall be the six digit date, followed by a dash and a number indicating the number

of the test on that day. i.e. 040815-1, 040815-2, etc.

o
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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.

1.

Assign WPS number based on the VGS Welding Document Number System (Appendix C).2.

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

the Supporting Procedure Qualification Record Number.

3,

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:4.

• Select type of shielding

o Flux - Cellulose

o Flux - Iron Powder

• 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.

• Select Pipe Diameter range

• Select Wall Thickness range

• 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.

• Specify Postheat instructions. If no postheat is required this must be noted.

• Sketch joint design if not using a form prepopulated with sketch.

• 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

D1
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oo Specify Amperage Range

o Select AC or DC Current

o Select Electrode Positive or Electrode Negative Polarity

o Select Uphill or Downhill Direction of Travel

o Specify Travel Speed Range

• Specify allowable time lapses,

d Bead 1 to Bead 2

o Bead 2 to each subsequent Bead

• Select Line Up Clamps specifications. (If clamp is allowed but not required "Not

Required" should be checked, along with allowable clamp type.)

• Select allowable tools for cleaning and grinding.

If WPS is being issued pending Procedure Qualification testing, the procedure should not be

signed. It should be issued clearly marked "DRAFT" (either by ink stamp or water mark). The

WPS will then be tested. If required, changes to the draft WPS shall be updated with any

changes found to be necessary during testing and then issued per the VGS Welding Procedure

Qualification document. The WPS shall then be signed and dated by the preparer and

forwarded to an Operations Supervisor or Manager for review and approval.

S,

If WPS is being issued based on a previously performed Procedure Qualification Record the

Preparer should sign and date the WPS and forward to an Operation Supervisor or Manager for

review and approval.

o

Once the WPS has been reviewed and approved, forward it to the VGS Welding Supervisor or

Codes and Compliance Administrator for issuing and posting.

6.

o
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WELDING PROCEDURE SPECIFICATION
_

TITLE
o

WPS#
Vermont Gas

Supporting Procedure

Qualification Record:

In accordance with AP1 1 1 04

3Welding Process: SMAW

Pipe Material Description:

Diameter:

Wall Thickness(es):

Filler Metal Group(s):

Position: Fixed Joint Design: V Bevel (see sketch) Minimum # Passes: 3 Shielding:

Group A Q Group B Group C : Specify {

OD < 2 375 Inches

0 Nominal WT< 0.188 In

Group 1

0 OD 2.375 to 12.750 Inches 0 OD > 12.750 Inches

0 Nominal WT 0.1 B8 to 0.750 In 0 Nominal WT > 0.750 In

3 0Group2 3 0Group3 3

Preheat
Flame heat; Monitor using tern perature crayons, pyrometer or Infrared thermometer

Postheat
Flame heat; Monitor using temperature crayons, pyrometer or Infrared thermometer

o

A

r>J

NOT TO SCALE

Bead # Electrode Voltage

Size Designation Range
Current

Am pera ge Ra n ge AC/DC

Polarity Direction ofTravel Travel Speed

a Eli IPM

J CHI El EH2 IPM

El3+ E IPM

Time Lapse

Line Up Clamp: £] internal 0 External

Cleaning and/or Grinding: Power Tools

Bead 1 to Bead 2: 	 I Bead 2 to each succeeding bead:

0 Not Required Removal (if used): After minimum of 50% of root bead welding

0 Hand Tools

repared by: Date/Time Field

Approved by:

fiev, 1 07/29/15

Date/Time Field

Page 1 of 1

D3
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WELDING PROCEDURE SPECIFICATION

TITLE
D

WPS#
Vermont Gas

Supporting Procedure

Qualification Record:
i i

In accordance with AP1 1 1 04

Position: Fixed Joint Design: V Bevel (see sketch) Minimum # Passes: 3 Shielding:

Group A Group B

OD< 2,375 Inches

Nominal WT < 0.188 In

Group 1

Welding Process: SMAW

Pipe Material Description:

Diameter:

Wall Thickness(es):

Filler Metal Group(s):

Group C : Specify 	

OD 2.375 to 12.750 Inches OD> 12.750 Inches

Nominal WT 0.1 88 to 0.750 In Nominal WT > 0.750 In

]3 Group 3 |3 D Group 2 El

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

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

o
3D" t5*. *

h-V±!fc"

" ! Max. Ha'

ar

/V-.
1

	 1	

W	

ur

NOT TO SCALE

Polarity Direction of Travel Travel SpeedBead # Voltage

Size Designation Range

Electrode Current

Amperage Range AC/DC

EI ai 1PM

» I I El El 1PM

El El El3+ IPM

	 Bead 2 to each succeeding bead: 	

] Not Required Removal (If used): After minimum of 50% of root bead welding

Hand Toots

Bead 1 to Bead 2:Time Lapse

Line Up Clamp: internal Externa)

Cleaning and/or Grinding: £] Power Tools

Date/Time FieldPrepared by:

Date/Time FieldApproved by:

Rev. 1 07/29/15 Page 1 of 1
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WELDING PROCEDURE SPECIFICATION

TITLE

V
Vermont Gas

WPS#

Supporting Procedure

Qualification Record:

In accordance with AP1 1 1 04

Welding Process: 5MAW Position: Fixed Joint Design: V Bevel (see sketch) Minimum # Passes: 3 Shielding: E

Group A

OD < 2.375 Inches

Nominal WT< 0.188 In

Group! [

B
Pipe Material Description:

Diameter:

WallThickness(es):

Filler Metal Group(s):

Group B 0 Group C : Specify | "

OD 2.375 to 12.750 Inches OD > 12.750 Inches

[~1 Nominal WT 0.1 88 to 0.750 In 0 Nominal WT > 0.750 In

13 Group 2 ]3 Group 3 [ 3

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

Postheat
Flame heat; Monitor using temperature crayons, pyrometer or Infrared thermometer

o

Bead # Electrode Voltage

Size Designation Range Amperage Range AC/DC
Current Polarity Direction of Travel Travel Speed

)[ ] EZB [
]UJ3[
]03[

-1i
IPM

2 ] IPM

D3+ 3 IPM

Bead 2 to each succeeding bead: I

0 Not Required Removal (if used): After minimum of 50% of root bead welding

0 Hand Tools

Time Lapse

LlneUpClamp: j^j internal 0 External

Cleaning and/or Grinding: Q Power Tools

Bead 1 to Bead 2:

repared by:

Approved by:

Date/Time Field

Date/Time Field

Rev. 1 07/29/1 S Page 1 of 1
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oVGS Welding Procedure Qualification Record Instructions

Enter title of Welding Procedure Specification to be qualified.1.

Assign PQR number based on the VGS Welding Document Number System.2.

Enter the Welder(s) name(s).3.

Enter qualification date(s).4.

Attach the following documents:5.

• Draft WPS (Enter number on cover sheet)

• Procedure Qualification Test Report (Enter number on cover sheet)

• Final WPS as issued (signed) (Enter number on cover sheet)

Check the following documents if available and attach to cover sheet:6.

• Inspector's Notes

• Radiographic Inspection Report

• Material Test Report

oPreparer should sign and date the WPS and forward to an Operations Supervisor or Manager for

review and approval.

7.

Once the PQR has been reviewed and approved, forward it to the VGS Welding Supervisor or

Codes and Compliance Administrator for issuing and posting.

8.

Information on attaching additional WPS(s) to the Welding Procedure Qualification Record is

included in Issuing and Posting VGS Welding Documents procedure.

9.

o

06
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WELDING PROCEDURE QUALIFICATION RECORD

TITLE | ~

PQR#
V

Vermont Gas
In accordance with API 1 1 04

Weldor Date

Required Attachments

Draft WPS Number

Procedure Qualification Test Report #:

Final WPS as issued (signed)

Additional Attachments
(if available)

Inspector's Notes

Procedure Qualification Checklist

Q Radiographic Inspection Report

[~1 Material Test Report

Prepared by: Date/Time Field

Approved by: Date/Time Field

Changes other than essential variables listed In API 1 104 5.4.2 may be made in the procedure without the need for req ual ifi cat ion .

Any procedures Issued without the need for requalification based on this Procedure Qualification Record must be listed below

and attached to this file.

Final WPS as issued (signed) Date

Final WPS as issued (signed) Date

Final WPS as issued (signed) Date

Final WPS as issued (signed) Date

Final WPS as issued (signed) Date

Rev.O 04/08/15 Page 1 of 1
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oIssuing a VGS Weld Procedure Qualification Coupon Test Report

Enter WPS number from the draft WPS being qualified.1.

For Test/Report Number, enter six digit date, followed by a dash and a number indicating the

number of the test on that day. i.e. 040815-1, 040815-2, etc.

2.

Enter date of coupon test.3.

Enter Welder's name.4.

Enter last 4 digits of welder's Social Security Number.5.

Enter welder's stencil information. If not available, stencil will be last 4 digits of welder's SSN.6.

Enter Contractor employing welder. If VGS employee, so state.7.

Enter project name if applicable. Enter N/A if qualification if not related to a specific project.8.

Enter location of test.9.

10. Enter weather information.

o11. Enter Pipe Material Description.

12. Enter Electrical Characteristics.

13. Enter Pipe Diameter.

14. Enter Welding Machine information.

15. Enter Pipe Wall Thickness

16. Enter Preheat temperature observed. If no preheat used, enter N/A.

17. Enter Pipe Manufacturer.

Select Direction of Travel: Uphill, Downhill or Combination. If "Combination" is selected, enter

direction for each pass in the "Notes" section below.

18.

19. Enter Pipe Heat Number.

20. Select number of welders.

21. Enter Joint Design description.

22. Select methods of Cleaning/Grinding observed.

o

9
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1 Select filler metals observed being used on root and subsequent passes.23.

Enter welding position observed.24.

Select shielding type observed being used.25.

Enter lapse time observed between passes 1 and 2, and between subsequent passes.26.

Enter information on how welder's identification was verified, (i.e. Driver's License, Passport)27.

Enter total weld time.28.

Enter Interpass Temperature observed.29.

Enter Postheat temperature observed. If no postheat used, enter N/A.30.

Enter following information as observed during the test weld:31.

Weld Pass

Electrode Type

Rod Diameter

Preheat Temperature

Voltage Range

Amperage Range

Travel Speed

Start and Stop times for each pass

o

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 API 1104 Section 5.6 and 5.8:32.

• 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.

33.

by

Select whether procedure was Qualified, Qualified with Changes or Disqualified. If Qualified

with Changes, note any changes made to the Draft WPS.

34.

If qualified, select the qualification limitations for the test based on API 1104.35.

o

09
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o36. Person conducting the test shall sign and date form. If person conducting the test is not a VGS

employee, test must be observed and signed by a company representative.

37. Attach Weld Procedure Qualification Coupon Test Report to Welding Procedure Qualification

Record. Submit as directed in VGS Welding Procedure Qualification Instructions.

o

o

010
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Weld Procedure Qualification Coupon Test Report
Welding Procedure number:

i
Test/Report No; Date:

Welder:

W
Social Security Number: Welder Stencil:

Vermont Gas xxx-xx-

Contractor: Project:

Location: Weather:

Manual SMAWWelding Process: Pipe Material Description:

rj Pipe Diameter:Electrical Characteristics:

Welding Machine: Wall Thickness:

Preheat Temperature: Pipe Manufacturer:

Direction of Travel [ TJ Heat Number:

Number of Welders: Joint Design:r i c 2

Method of Cleaning: Hand Tools Q Power Tools Filler Metal: Root * Subsequent

01Position: Shielding:

f
Time Between Passes : -| _2 Welder Identification Verified:Subsequent

Total Weld Time: Interpass Temperature:

Post Weld Heat Treatment: Notes:

WELD PASS VOLTAGE

RANGE

ELECTRODE AMPERAGE

RANGE
ROD PREHEAT TRAVEL SPEED

(Inches per min.)
Start i Stop

DIAMETER

3 1 iticzht

•F

a i hi if no no
3 1 hOI-f
3 i idlZZh
3i—pnnnn

31 l*F I I'l I

[ IPM /

/IPM

]'[IPM

IPM /

]IPM

/IPM

IPM /

o Notes:

Rev. 2 07/27/15
Page 1 of 2
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Weld Procedure Qualification Coupon Test Report

DBend Tests Nick Break Tests Additional Nick Bieak In lieu of Tensi

j Nick 1

Nick 2

*J Nick 3

Nick 4

3 Nicks
Nick 6

3 Nick 7
NIckS

j Root 1

*j Root 2

»| Root 3

Root 4

Face 1

aFace 2

aFace 3

aFace 4

Tensile 2 Tensile 3 Tensile 4Tensile 1

Dimensions

Area

Max Load

Tensile Strength

aFracture Location

a a aDisposition

o

0 Destructively Tested 0 Examined by Radiography (not required); If performed, attach copy of Radiography Report.

0 Disqualified0 Qualified with Changes (see notes below)0 Qualified

Note any

Changes to

Draft WPS:

0 < 2,375" O.D. 0 2.375" -1 2.75' O.D. 0 >12.75"O.D.Diameter:
Qualification Limitations

for this Test 0 < ,1 88" W.T. 0 .188" -.750" W.T. 0 >.750" W.T.Wall Thickness:

I/We certify that the statements in this record are correct and that the test welds were prepared, welded and tested In accordance
with the requirements of API 1 104 (latest edition adopted by 49 CFR 1 92).

' Tested by: Date:

Company Representative:

(Requited if tested by other than Company personnel)
Date:

\.

Rev. 2 07/27/15 Page 2 of 2
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Issuing a VGS Welder Qualification Test Report

Enter Welder's name.1.

Enter Welder's employer.2.

Enter location of test.3.

Enter date of test.4.

Select type of qualification:5.

• Single (Butt Weld only)

• Multiple (Butt and Branch Welds)

• Requalification (Butt Weld Only)

6. Select Butt Weld Test or Low Hydrogen Sleeve (groove weld) Test

7. Enter Number for WPS being used.

Enter pipe information:8.

• Pipe specification and grade

• Pipe diameter

• Pipe wall thickness

I

Enter following information as observed during the test weld:9.

• Rod Diameter

• Electrode AWS Class

• Direction of travel

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

• Bend Tests

• Nick Break Tests

• Tensile Tests

11. Select whether visual inspection is Acceptable or Unacceptable

12. 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.

013
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o
13. Enter Number for WPS being used.

14. Enter pipe information:

• Pipe specification and grade

• Pipe diameter

• Pipe wall thickness

IS. Enter following information as observed during the test weld:

• Rod Diameter

• Electrode AWS Class

• Direction of travel

16. Enter the Nick Break Test information as required by API 1104 Section 5.8.

17. Select whether visual inspection is Acceptable or Unacceptable

18. Select whether radiographic inspection was used during the test and whether it was acceptable

or unacceptable.

19. Person conducting the test shall sign and date form. If person conducting the test is not a VGS

employee, test must be observed and signed by a company representative. o
20, Forward completed form to the VGS Welding Supervisor or Codes and Compliance

Administrator for recordkeeping.

o

D14
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WELDER QUALIFICATION REPORT

Vermont Gas

In accordance with API 1 1 04

Welder Name: Employer

Test Location Date

Qualification Type: C Single (Butt Weld Only) C Multiple (Butt and Branch Welds) C Requalification (Butt Weld Only)

C Butt Weld Test C Low Hydrogen Sleeve (groove weld) Test WPS #

Process: SMAW Joint Design: V-Bevel Position: Fixed

Pipe Spec/Grade: Pipe Diameter: Pipe Wall Thickness:

Rod Diameter AWS ClassPass Direction of Travel
Nick Break Tests

Root Pass Nick 1

3 3 3 3Hot Pass Nick 2

3Filler Pass(es) Nick 3

3 3IZZB 3Cnp Pass(es) Nick 4

Bend Tests Additional Nick Break in lieu of Tensile

aNicks
~| Face 3

~| Face 4

*] Root 3

*j Root 4

Face 1 » Root 1 v

Nick 6

3 3.ce2 Root 2

3Nick 7
Tensile 1 Tensile 2 Tensile 3 Tensile 4

a a a U NickB aFracture Location

a Visual: a
Disposition

C Branch Weld test C Low Hydrogen Sleeve ((fillet weld) Test WPS#

Process: SMAW Joint Design: V-Bevel Position: Fixed

Pipe Spec/Grade: Pipe Diameter: Pipe Wall "Thickness::

Pass

Root Pass

Rod Diameter AWS Class Direction of Travel Nick Break Tests

a aNick 1

3 3Hot Pass Nick 2

3 aFiller Pass(es) Nick 3

3 3Cap Pass(es) Nick 4

Was optional radiographic inspection performed? p No r Yes - Acceptable C Yes - Unacceptable

If ycsr attach copy of radiography report. Visual:

Test Result: r Qualified C Disqualified

Tested by: Date:

Company Representative

(Required if tested by other than Company
Rev.1 05/21/15 Page 1 of 1
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WELDER QUALIFICATION CHECKLIST

(For use conjunction with the Welder Qualification Test Report)

O

Wefder:Date:

ID Verified Via:WPS ft:

ELEMENT WITHIN WPS

PARAMETERS

OUTSIDE WPS

PARAMETERS

Preheat

Proper Space and Alignment

Electrode Classification and Diameter

Polarity

Amperage, Voltage and Travel Speed

Clamp Release at Proper Time*

*lf no clamp is used enter N/A in the Within WPS Parameters cotumn.

ACCEPTABLE UNACCEPTABLEELEMENT

oPipe End Damage and Cleanliness

Proper Ground Connection

Visual Inspection of Root Pass for Cracks,

Burn-through, etc.	 	

Each element shall be checked during welder qualification testing. Any mark in the "Outside

WPS Parameters" or "Unacceptable" columns will cause a failure of the qualification test.

Tested by: Date:

O
Rev 0 08/04/20X5 Otfi
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t
/

f
WELDER CONTINUITY REPORT

In accordance with 49 CFR 1 92.229Vermont Gas

EmployerWelder Name:

Stencil: Qualification/Continuity Due Date:Last 4 SSN:

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 Standard 1 104.

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 twiceeach calendar year, but at intervals not exceeding 7 1/2 months.

This forms serves to document the compliance to these requirements.

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 Qualification/Continuity Date:

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

Approved By: Date:

Company Representative

squired if approved by other than Company personnel):

Rev. 0 08/12/15 Page 1 of 1P17
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4
WELDING PROCEDURE SPECIFICATION

c TITLE X-65 Butt Weld

WPS# WP5-VGS-X65-2:2014-2

Vermont Gas

Supporting Procedure

Qualification Record:
PQR-VGS-X6S-2:20 1 4-2

In accordance with API 1 1 04

Welding Process: 5MAW

Pipe Material Description.

Diameter:

Wall Thickness(es):

Filler Metal Group(s):

Position: Fixed Joint Design: V Bevel (see sketch) Minimum # Passes: 3 Shielding: Flux-Cellulose

Group A Group B Group C : Specify |APLSLX-65

OD < 2 375 Inches

Nominal WT < 0.1 SB In

^ OD 2375 to 12.750 Inches OD > 1 2.750 Inches

0 Nominal WT 0.1 88 to 0.750 In Q Nominal WT > 0.750 In

g| Group 1 |A5.1 E60I0 0 Group 2 |a5.5E8010 ~1 Group 3 |

Flame heat to minimum 250'F (to minimum 300°F if ambient below 40'F), maximum 500'F. Check temperatures
with temperature crayons or pyrometer.

Preheat

Postheat N/A

30'+S\-0-
W*O [—

Mai Hi'

4

3

2

CTM

K.*±V—! r

NOT TO SCALE

Bead# Electrode Voltage

Size Designation Range Amperage Range AC/DC

1 lf/8". 5/32" I iAS.I 6010 I fTs-30 I l?5-135. 100-17S I \oC I I Electrode Positive I loownhiil I [i-16
2 ls/32". 3/16" IaS.SSQIoI 120-32 1 1 100-165.130-2101 IpC I lEIectrode Positive I iDownhill

3+ 15/32", 3/1 6" I Ia5.5 8010 1 120-32 1 1 100-1 65.1 3Q-2"?o1 |PC I lEIectrode Positive I I Downhill | |6-16

Time Lapse Bead 1 to Bead 2: 5 minutes I Bead 2 to each succeeding bead: llO minutes I
Line Up Clamp; Q internal 0 External ^ Not Required Removal (if used). After minimum of 50% of root bead welding

Cleaning and/or Grinding: g) Power Tools 0 Hand Tools

Current Polarity Direction ofTravel Travel Speed

IPM

IPM6-16

IPM

Prepared by: Date/Time Field Dec 5, 201 4

L Approved by:

Rev. D 04/0B/1 5

Date/Time Field Dec 5, 2014

Page 1 of 1

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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WELDING PROCEDURE SPECIFICATION

Vermont Gas

TITLE X-65 BRANCH TEE

WPS# WPS-VG5-X65- 1 : 20 1 4-3

Supporting Procedure
Qualification Record:

PQR-VGS-X6S-1: 2014-2

In accordance with AP1 1 104

Position: Fixed Joint Design: V Bevel (see sketch) Minimum # Passes: 3 Shielding: Flux-Cellulose

Group A Group B g] Group C : Specify IaPI 5LX-65

OD < Z375 Inches

Nominal WT < 0.1 88 In

El GrauP 1 IA5.1E6010 ~1 0Group 2 |as.5E8010 ~l Q3

Welding Process: SMAW

Pipe Material Description:

Diameter

Wall Thickness(es):

Filler Metal Group(s):

El OD 2.375 to 12.750 Inches OD> 12.750 Inches

El Nominal WT 0.188 to 0.750 In Nominal WT> 0.750 In

P3|rou

Flame heat to minimum 250°F (to minimum 300'F if ambient below 40*F), maximum 500°F.
Check temperatures with terperature crayons or pyrometer

Preheat

N/APostheat

o
!

V V I

IV'K."-

NOT TO SCALE

Electrode Voltage

Size Designation Range Amperage Range AC/DC
1 1 1/8". 5/32" 1 1A5.1 6010 1 llS-30 1 I7s-140. 100-175~1 IDC I I Electrode Positive i bownhill
2 15/32". 3/16" I Ia5.5 8010 I 1 20-32 I 1 100-1 65 1 3Q-21o1 I DC I lElectrode Positive I I Downhill

3+ 15/32". 3/1 6" I IA5-5 801 0 1 1 19-32 I 1 100-1 65 IBQ-jTol IDC 1 lElectrode Positive I 1 Downhill
Bead 1 to Bead 2: 5 Minutes

E) External
Cleaning and/or Grinding: g) power Tools

Beads PolarityCurrent Direction ofTravel Travel Speed

] 16-16 llPM
] 16-16 llPM

16-16 IPM

Time Lapse

Line Up Clamp: Q internal

Bead 2 to each succeeding bead: 10 Minutes	

g] Not Required Removal (if used): After minimum of 50% of root bead welding

El Hand Tools

Prepared by:

Approved by.

Rev 0 04/08/15

Date/Time Field Dec 5, 2014

Date/Time Field Dec 5, 2014

Page 1 of 1

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

00063
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



WELDING PROCEDURE SPECIFICATION
C

TITLE Grade "B" Butt Weld [6010, 8010)

WPS# WPS-VGS-B-2: 2014-2

Vermont Gas
Supporting Procedure

Qualification Record:
PQR-VGS-B-2: 2014-2

In accordance with AP1 1 104

Welding Process: SMAW

Pipe Material Description:

Diameter

WaltThlckness(es):

Filler Metal Group(s):

Position: Fixed Joint Design: V Bevel (see sketch) Minimum # Passes: B Shielding: Flux-Cellulose

Group A ^ Group B Q Group C : Specify 	

OD < 2.375 Inches g| OD 2375 to 12.750 Inches OD> 12.750 Inches

Nominal WT< 0.1 88 In g| Nominal WT 0,1 88 to 0.750 In Nominal WT > 0.750 In

g| Group 1 A5.1 E6Q10 g) Group 2 A53 E8010 Groups 	

250*F (if ambient below 40*F, 300*F)Preheat

Postheat N/A

o 30' *5", -0*

—j j—

_JJ	L
—LI Max. V

A

3

2
I

I I
n.-A"-: i—

NOT TO SCALE

Voltage

Designation Range

1 1 1/8". 5/32" I ls.16010 1 1 15-30

2 ls/32", 3/16" I |S3 80 IPG I [20-32

3+ 15/32". 3/16' I ls.5 BOIOGI bo-32

Bead 1 to Bead 2: 1 5 minutes

ElectrodeBead If Polarity Direction ofTravel Travel SpeedCurrent

Amperage Range AC/DC 	

75-135,100-175 I IDC i lEIectrode Positive Downhill

100-165 120-210l I DC 1 lEIectrode Positive I loownhlll
100-1751 30-2 Tol I DC I lEIectrode Positive I vnhill

Bead 2 to each succeeding bead: 20 minutes	

gj Not Required Removal (if used): After minimum of 50% of root bead welding

Size

1 1PM6-16

Ifrifi IPM

IPM6-16

Time Lapse

Line Up Clamp: p Internal EI External

Cleaning and/or Grinding: g) PowerTools gj Hand Tools

Date/lime Field n&c_£,

Date/Time Field Use. I1-}

Prepared by:

o ZZ
Approved by:

Rev 0 04/08/15 Page 1 of 1

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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WELDING PROCEDURE SPECIFICATION

o TITLE Grade "B" Branch Tee (6010, 0010)

WPS# WP5-VGS-B-1: 2014-2

Vermont Gets
Supporting Procedure

Qualification Record:
PQR-VGS-B-1: 2014-2

In accordance with API 1 1 04

Welding Process: SMAW

Pipe Material Description:

Diameter:

Wall Thickness(es):

Filler Metal Group(s):

Position: Fixed Joint Design: V Bevel (see sketch) Minimum # Passes: 3 Shielding: [Flux-Cellulose

Group A Q Group B

0 OD < 2.375 Inches

0 Nominal WT < 0.188 In

0 Group 1 IaS.I £6010

0 Group C : Specify 	

H OD 2375 to 12.750 Inches 0 OD > 12.750 Inches

g| Nominal WT 01 88 to 0.750 In 0 Nominal WT > 0.750 In

] 0Group 2 |aS.SE8010 ~l |~]Group3|

Preheat 250*F (if ambient is below 40"F, 300'F)

Postheat N/A

v.;

m©
i

v«v

jrir
V iv-

Nor TO SCALE

ElectrodeBead* Voltage

Size Designation Range Amperage Range AC/DC

1 1 1/8". 5/32" I ls.1 6010 [ 1 15-30 I 175-135. 100-1 75~1 I DC I liectrode Positive I IPownhlll
2 ls/32". 3/1 6" I I5J8010GI 120-32 I 1 100-165 13Q-21o1 I DC I I Electrode Positive I Ipownhlll

3+ Is/32". 3/16" I ls.5 8010G 1 120-32 I 1 100-1 65 1 3Q~21o1 I DC I lEIectrode Positive I I Downhill
Bead 2 to each succeeding bead: 1 20 minutes	

O Not Required Removal (if used): After minimum of 50% of root bead welding

0 Hand Tools

PolarityCurrent Direction of Travel Travel 5peed

[W6 IPM

IPM6-16

IPM6-16

Time Lapse

Line Up Clamp: 0 internal 0 External

Cleaning and/or Grinding: gj Power Tools

Bead 1 to Bead 2: 5 minutes

Prepared by: Date/Time Field Dec 5, 2014

o Approved by:

Rev.O 04/08/1 S

Date/Time Field Dec 5, 2014

Page 1 of I
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WELDING PROCEDURE SPECIFICATIONi

\

Vermont Gas

TITLE Grade "B" Branch Tee (6010)

WPS# WPS-VGS-B-1: 2014-1

Supporting Procedure

Qualification Record:
PQR-VGS-B-1: 2014-1

In accordance with API 1 1 04

Welding Process: SMAW Position: Fixed Joint Design: V Bevel (see sketch) Minimum * Passes: 3 Shielding: jpiux-Cellulose

0 Group A El Group B

OD < 2375 Inches

0 Nominal WT< 0.1 88 In

S Group 1 lAS.1 E6Q10 ~1 0Group 2

Pipe Material Description:

Diameter

Wall Thickness(es):

Filler Metal Groupfs):

0 Group C : Specify |

El OD 2.375 to 1 2.750 inches 0 OD > 1 2.750 Inches
E| Nominal WTO, 188 to 0.750 In 0 Nominal WT > 0.750 In

0Group 3|

Preheat 250*F (if ambient is below 40*F, 300°F)

Postheat N/A

o
©jp®©

Ii
>L' IV C

1

NOT TO SCALE

Voltage

Size Designation Ften9e Amperage Range AC/DC
1 ll/B". 5/32" I IA5-1 6010 I U 5-30 I (75035. 100-175 I IPC I [iiectrode Positive ~~| Ipownhlll
2 15/32". 3/1 6" I lAS.1 6010 I 120-32 I 1 100-1 75 140-2251 IDC I lEIectrode Positive I IPownhill I 1 6-1 6 llPM

3+ Is/32". 3/16" I lAS.1 6010 1 120-32 I 1 100-1 75 140-2251 I DC I lEIectrode Positive I Ipownhlll I lfi-16
Bead 2 to each succeeding bead: 20 minutes

El Not Required Removal (If used): After minimum of 50% of root bead welding

El Hand Tools

Bead # Electrode PolarityCurrent Direction of Travel Travel Speed

IPM6-16

IPM

Bead 1 to Bead 2: 5 minutes

El External
Cleaning and/or Grinding: g] Power Tools

Time Lapse

Line Up Clamp: 0 internal

Prepared by; Date/lime Field Dec 5, 2014

Approved by:

Rev 0 04/OB/15

Date/Time Field Dec 5, 2014

Rage 1 of 1

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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WELDING PROCEDURE SPECIFICATIONL

Vermont Gas

O TITLE Grade "B" Butt Weld (6010)

WPS# WPS-VGS-B-2: 2014-1

Supporting Procedure

Qualification Record:
PQR-VGS-B-2: 201 4-1

In accordance with AP1 11 04

Welding Process: 5MAW Position: Fixed Joint Design: V Bevel (see sketch) Minimum # Passes: 3 Shielding: Flux-Cellulose

Pipe Material Description:

Diameter:

Wall Thickness(es):

Filler Metal Group(s):

Group A |3 Group B Group C : Specify 	

OD < 2375 Inches E| OD 2375 to 12.750 Inches OD> 12.750 Inches

Nominal WT <0.1B8 In g| Nominal WT 0.1 88 to 0,750 In Q Nominal WT > 0.750 In

0 Group 1 A5.1 E6010 Group 2 Group 3

Preheat 250'F (if ambient below 40"F, 300*F)

Postheat N/A

o 30' *5*. -0*

—fit" ±Ha"

Max V„"

4

3

2

1
V ±V

fi«" —:

NOT TO SCALE

Bead# Electrode Voltage

Size Designation Range Amperage Range AC/DC

1 1 1/8", 5/32" I IaS.I 6010 I fl5-30 1 [75050, 100-175 I IDC 1 Hiectrode Positive 1 Ipownhill
2 ls/32*. 3/16" I IA5.1 6010 1 1 20-32 I |l00-175 140-22T1 I DC I lEIectrode Positive I Ipownhill

3+ Is/32*. 3/16" I lAS.1 6010 I 120-32 I 1 100-1 75 140-22sl I DC I I Electrode Positive I IPownhlll
Bead 1 to Bead 2: 1 5 minutes

PolarityCurrent Direction ofTravel Travel Speed

] 1 6-16 llPM

IPMfi-16

]lPM] 1 6-1 6
Bead 2 to each succeeding bead: 20 minutes	

0 Not Required Removal (if used): After minimum of 50% of root bead welding

Time Lapse

Line Up Clamp: Q internal El External

Cleaning and/or Grinding: g] Power Tools 0 Hand Tools

Date/Time Field "Dec W

Date/Time Field j"Dec- Zo\tj-

Prepared by:

Approved by:

Bev 0 04/08/15 Page 1 of 1

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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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.c
No miter joints allowed.R.

During the final tie-in section the pipe shall be supported by side booms until all filler passes are
complete.

S.

3.4 WELD INSPECTION & NON-DESTRUCTIVE EXAMINATION

All welds shall be 100% radiographically inspected at the OWNER'S expense according to API

1 1 04. 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 1 1 04, 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

A.

the CONTRACTOR.

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

B.

in API 1104.

3.5 WELD REPAIRS

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.

A.

o
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
1 104. Correction of an individual bead prior to the laying of a succeeding bead is not considered a
repair of a defect under these specifications.

B.

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.

C.

All repair and replacement welds shall be 100% radiographically inspected and shall meet the

acceptance standards of API 1 104.

D.

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

E.

The accumulated length of weld repairs shall not exceed 8% of the total length of the girth weld.F.

G. Under no circumstances should attempts be made to repair cracks in a weld. AH cracks shall be cut
outs.

o WELDING PAGE 9 OF 10
CHA PROJECT NO. 28757

SECTION 137000'.'cha-llp.com proj'ProjcctSpecs^STS?' Final 04.29.15 Submission Current 137000 - WELDING doc
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Vermont Gas

Page 1 of 2

Corrective/Preventive Action Request (CPAR)

CA B PA c
(Check appropriate box to indicate corrective or preventive action)

Initiator: k o»hoim Corrective Action #2015^

or

Date: 10/19/15 Preventive Action #

Date Due By/Assigned to Completed initials & Date

£^0 Mlas/aoi5Investigation Krlsty Qxholm

Implementation Lee Brown

Audit

jJ-CAR/PAR closed John St. Hilaire

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 ±
If so, specify:	

77M. O-/ li Ii5Approved by: Date:
U

T7

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?
If so, specify:	

Yes No x

Verified by:

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

Date:

Comments:

Rev. 0 07/24/2015
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p
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:/.* -7- Clock#: Pi; safe Ticket Number: 2to I <Tf$DO 7<"v ^Photo's takefCx)

f/a'meten Wall Thickness:
i N

Location: iflft

Municipality: |/J i LL- /

Pipe

VGS facilities marked: Y / N As-Built Station No.

High Consequence Area: Y / jpPipeline As-Built Sheet: of HCA segment number

CP Pipe to Soil Reading: aM Av Coating Type: Pipe Depth:

Coatin Replaced: Y_/JcjPCoating Condition: Boni Slight disbondmcnt Disbonded

Type Replacement Coating: Replacement Coatin Length:

Pitting Location:

Pitting: Y /

UT Gauge testing:Exposed bare pipe: Y / jfi)	

Cla oao Soil: Cinders Refuse Soil Packing: Loose Stigma Hard

Soil Sample Taken: Y / £) Soil Moisture Content: Dry I^affipy Wet

Foreign pipe crossing ties taken: Y / N

Foreign Pipe crossing

clearance:Foreign Pipe crossing: Y j(Q

-(f) !rl " Port- Amy

(9 tJfafl— 6- Q (5 Q> /f/p PoQC

f>>pe	Mr 	Li-pltL(/ &

File: TOPS TRANSMISSION LINE EXPOSURE REPORT

o
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p
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:/^'-P~t C Clock#:/pJ \q Dig safe Ticket Numberb?C/ C Lj $007<V Photo's taken/Y)/ N

/V\OkI>^ 1 Pipe Diameter^
Municipality: f/ J, l LI VGS facilities marked: Y/N
Location: Wall Thickness:

As-Built Station No.

Hi h Conse uence Area: Y ]_®Pipeline As-Built Sheet: of HCA se ent number:

CP Pipe to Soil Reading: v Coating Type: Pipe Depth:

Coating Condition: ponded) Coating Replaced: Y

Re placement Coatin Len h: *-l f fy	
Pittini Location: a-)/ UT Gauge testing: Af/

Soil Packing: Loose Medjgn) Hard	

Slight disbondinent Disbonded

Type Replacement Coatin :

P'Sting: Y /

Exposed bare pipe: Y tuN
it

Soil: (^an^Clay/Loany Cinders Refuse

Soil Sample Taken: Y/N	 	

o
Soil Moisture Content: Dry Wet

T77a
Foreign pipe crossing ties taken: Y/N

Foreign Pipe crossing t

clearance:Forei *n Pipe crossin : Y /ffi) *

	AfD	Ii(<sl>(rr-r- fj**r uft /J "
	AMtf	 &&£	fiuatAsi <OP- A(?Duut\

AM	uJAssUj&LM-	 CAcMBJAJ

File: T\OPS\ TRANSMISSION LINE EXPOSURE REPORT
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Vormont Gas

Page 1 of 2

Corrective/Preventive Action Request (CPAR)

CA B PA
(Check appropriate box to indicate corrective or preventive action)

Initiator: k o*hotm Corrective Action #2015-005

or

Date: 10/10/15 Preventive Action #

Date Due By/Assigned to Completed Initials & Date

Iz/l&TaiS
Investigation 11/30/2015 Christopher LeForce

Implementation 12/1/2015 Christopher LeForce

Audit

CAR/PAR closed

Description of Issue

Pipe Installed by 2014 Contractor (Over & Under) with Insufficient cover in
numerous locations.

Work Processes need to be modified or ceased during Investigation?: Yes	 No ±

If so, specify:	

Approved by: Date:

Investigation Finding

After reviewing as-built data collected by CHA, it was found that the ANGP
pipeline that was installed by Over and Under in 2014 had multiple areas with
insufficient cover. The majority of the areas with insufficient cover pertained to the
minimum depth of cover in the VTrans permit and other permits/agreements with
various agencies. The final list identified 77 areas along the pipeline where depth

of cover needed to be investigated and then remediated.

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

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. AH
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:

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

Date:

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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Addison Natural Gas Project (ANGP) - Segment 1

Depth of Cover Remediation Table/List

Appro*, Begin Min. Cover fliaton far lade of Cover

|oth«rthin 3 ft)

Appro*. Additional

Cover Needed (ft|

VGS to
Appro* End 5TA.Area If Additional Note*Remediation Plan

Needed (ft) Fl*7STA.

YES1 126+50 4 VTniiw12B+QQ Completed

2 131*0(3 4 YES130+00 VTrara Corripieced

Complated3 132+00 132+00

135+50

4 VTrara YES21
0 2-0-74 133+00 4 VTrara YES LsmplBtBd:

5 140+00 Completed

Dynpieted

140+00 4 VTrara YES0.6

6 142+50 143+50 4 VTrara 0.S-12 YES

7 144+50 4 VTrara YESI4B+00 91SL
Ea 1B8+75 VTrara190+00 01-09 YES Cnmplflted

9 192+75 192+75 4 YESVTrara 05 Completed

193+75 193+7S VTrara10 YES4 0.3 Competed

0.1-12197+00 207+0011 _4 YE5VTrara Completed

12 4208+00 208+00 0.6 YESVTrara Completed

Completed.229+7513 229+75 VTrara4 YE50.1

14 230+50 230+50 4 VTrara YES Compiled

Completed

0.2

15 324+50 4 VTrara YES322+75 0.3 1 4

326+5016 326+50 4 VTrara 0.5 YES Completed.

0.3-0.617 332+00 4 VTrara YES331+00 Completed.
la 4133+75 333+75 a2VTrara YES Completed.

Completed.419 339+50338+50 VTrara 0.2-0.4 YES

«S20 340+50 340+SO 4 VTrara Completed.0.4

21 346+00 4344+00 VTrara 0.2-1.9 YES Completed.

22 346+75

348+50

346+75 4 VTrara YES Completed.01

23 348+50 4 VTrara YES Completed.0.5

Cut out pipe section and re-installed to

proper depth. Wort completed by Micheh,
23A 351+25

352+00

5 Stream Crossing349+25 0.6*2-2 YES Completed.

Agriculture24 352+00 4 YES0.6 Completed.

j^pmpleted.25 353+50 354+00 4 o.i-oa YESAgriculture

Agriculture

AgrieulturB

26 355+00 355+00 4 01 YES Completed.

366+7527 366+75 4 0.9 YES Completed.
367+25

z j as | si i ; i jtsz.
31	 375+50 , 379+75	 3 . 	 	 01*0.4 No

384+50

28 367+25 4 Agriculture 0.8 YES

°sr -	 Probed, measured 4.0 feetocft*tt
! Na*tteamcTEfitx^JuttwetiNofkJSM*4

. . :

-

	 rwwwd 3.0
V ti died with VTrara 3 feet of cover it

- -

32 381+75 3 VTrara YES0-0.7 None.
acceptable is this area.	

Mali were in the way- Probed to verily.
Need to fl* st lit

HA »fl6+5£ 387*50 3 Typrai YES02-0.6

401+00 404+00 U UMl.

_—«		
H No

	 	

40B+S0! . 405+25 .34 2. «»
410+50 3

414+25 "415+00
	41B+50

None.1L,i 409+50 No

-—
	 rnyisorod 3J feet or tf+ttrfT

4—
—36 3 J*± None

3 MQ3415+5037 NoTIP"1 None.

Cut out pipe tettfon and ra-irataHed to

prpFef iLhyftr. Work completetjl by Mkheft.
38 418+75 420+00 4 03-1.7Typical YES Completed.

Completed^39 423+25 423+15 JMSL3 YES0.2

425+75

430*00

—40 425+50

u	
—

—h ""7 7- —	 rrppetA m—sureo J-tJTeet Of greater.

1 Probe to weddy. VEICO Easement I

Pinbe to verily VELCQ Easement	

	; JT°fr»4 mowwodjO foot oc jrto+o,.
Cut out pipe section and re-fmtaied to

pfpjw depth. Work completed by Mfdwh,

		frp^rmeasured 30 feet or greater

41 343QtOO IfflSai None.

0.5-0.742 433+00 435+00 4 VEICO YES CipnplHtwd
43 435+75

437+75

435+75 4 VELCQ 0.4 Yes Hem piatHi.

437775 0l244 3 No

45 440+25 440+75 5 Stream Crowing 0.8-1.0 Yes Completed.

44575 T46 443+75 No None.

47 445+25 445+25 3

I
0-2 Yes Combated

447+75

455+00

0-1 No
	 :— 	
	 : 	 ——: -

01,4 " 1
5I35j

Jrobed- measured 3-0 ieet or.

7 robed, measured 3,0 feet oe greater

Probed, measured 4X1 feet or £fe*tw

Waiver from VTrara for the cut area.

48 447+75 None. - ..- -- — r—

2X**49 453+50 3
_ _

None,

VTLroSO 456+25 456+25 _+	 5 . None.
51_ 457+50

46S+7S

465+50 4 Agriculture Yes Completed.

Waiver from VTram+5 L Varies478+50 VTfarajyrrara Ctit No None.

QhnpMed.
i-

52A 474+00 474+75

<78+50 481+00

480+80 .480+80 "

3 0.3-0.8 Ye*

	 *> _ Piobed, measured 4.0 feet otgreater

. Probed, measured 3.0 faetor ir***w,

frrtsbed, measured 3.Qfeeiorirt*taT

4
53A 3

~ " i £ I
None,

		

488400 3482+50 None.
489+50488+50 Completed.55 4 VT™L 0.5-0.9 Y«

56 492+60

None.

492+60 4 VTrara

VTrara

YesOS

ito	 WaNer from VTrara57 493+50 496+00 4 to 10 0.1-60

57A 495+75494+00 4 VTrara 0.1-0.3 Yes Completed,

500+50499+00 __ Probed, mewumH.0 Net

W4fver from VTra»SL. -Tin- ! S t
VTrara Grt 01 to 4.0 No

58 4 None.
—

5! 515+25 516+25

520+50

4 to 9 None.
60 4,4 to B Wtihar from VTrara

60A 518+50 519+00 4 VTrara 0.2-0.5 Yes Complated.

61 524+50 524+50 4 VTrara 0.1 Yes ComaM*d_

62 -79+00 532+00 I fapj^nwwwured 4.0 feet orjuiiiii]

. Probed, meesurydCQleet or greater."
Prphedg measured 4+0 feet'orjfaiter.

4 to 9
;	 	

0.1-4J No 		

^ :	
m-qn Mn

-Mir 532+00 &94+5Q 4 to 8
— b-

-s—h-ss VTNHBCut

539+00 *
540+50 4 to 13

540+2565A 539+00 •Za-np-liirH;4 VTrara Yes0.1
66 538+25 536+25 VTrara Yes4 Completed:

i Mwti permJt cntNfa based on67 344+00 546+00 4 to 18 FEH No0.2-130
.pr^PepwioshSky	

Cut out pipe section and roimtafled to

proper deplh. Work oomgl+ted by Mtchefa.

Pipe cut and lowered during the JnstailaUon

of the 12* * 6* tee for the WiMston Gate

Station. Work Wjfed by Mkhels,
Pipe cut and lowered during the instaliabkm

erf the 12* * 6" tee for the WiDistou Gate
atatkm. Wofkopmpteted by Mlcheh-	

68 547+25 548+25 4 VTrara 0.4-21 Yes Completed

69 552+00 552+00 4 Agriculture Yes05 Completed.

>0 553+50 553+50 4 Agriculture Yes0.6 Completed.

77 Total numbarof areas

6 Areas remediated by cutting out the pipe and reinstalling.

>4AiM3 prawd toK3BttulT(d«y Mvwb* p+oEB^» fJpt
5 Areas obtained a VTrara waiver to leave pipe as Installed

41 Areas remediated by refracting

1 Area remaining to be remediated.

loll 11/30/15 4 15 PM
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en

Von mt Gas

Page 1 of 2

Corrective/Preventive Action Request (CPAR)

CA B PA c
(Check appropriate box to indicate corrective or preventive action)

Initiator: *. p*"0'™ Corrective Action #2015-006

or

Date: n/iaans Preventive Action #

Date Due By/Assigned to Completed Initials & Date

£4/. i2/hk*\S
" t i-Zy&iS

Investigation 12/9/2015 Christopher LeForce

Implementation 12/11/2015 Christopher LeForce

Audit

CAR/PAR closed
Description of Issue

In areas where pipe was installed by the 2014 Contractor (Over & Under) on ANGP,
trench breakers were not installed as designed in numerous locations. A table
attached, titled "ANGP Trench Breaker As-built 2014 (Segment 1)", shows the general
design locations by station number and the corresponding as-built location if installed.
There were both sand trench breakers and bentonite trench breakers on this list. Also
there were some trench breakers installed where there was not a designed location.

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

l<ll tilI SApproved by: Date:

Investigation Finding

The list titled "ANGP Trench Breaker As-built 2014 (Segment 1 )" was reviewed
and the locations plotted on a set of design drawings. After talking to field
personnel (inspectors), it was determined that some of the locations where trench
breakers were designed on paper were omitted because the field conditions
warranted them not to be installed. On the other hand there were locations where
there was no designed trench breaker, but field conditions warranted one to be
installed. There was no documentation of this process.

Rev. 0 07/24/2015
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1

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 installed.
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? [^] Yes No If no, new CA/PA number:

Comments:

Rev. 0 07/24/2015
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This	  directive	  expires	  on	  12/31/2015	  unless	  superseded	  or	  cancelled	  prior	  to	  that	  date.	  
	  

  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:  
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ir
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-While Blast Cleaning Specificiation.

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

Issued by (print): Christopher LeF

Signature: ^

7

This directive expires on 12/31/2G15 unless superseded or cancelled prior to that date.
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V
Vermont Gas

Page 1 of 2

Corrective/Preventive Action Request (CPAR)

CA PA
(Check appropriate box to indicate corrective or preventive action)

Initiator: k. o»hq'™ Corrective Action #2015.003
or

Date: Preventive Action #

Date Due By/Assigned to Completed Initials & Date

Investigation Eric Curtis

Implementation Eric Curtis

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.

I^Jit 1 1 5Approved by: Date:

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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Y
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 sleeves 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? Yes ±	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? Yes No If no, new CA/PA number:

Comments:

Rev. 0 07/24/2015
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Vermtml 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.

Issued by (print): Christopher LeFgjce

Signature: 1/fl Z"S

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

00098
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



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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August 12, 2015

To:

Mr. Wafly Armstrong

Liberty Sales and Distribution

2880 Bergey Rd. Ste. F

Hatfield, PA. 19440

RE:

WrapidShield-XL Compatibility with Powercrete R95 and Nap-Gard FBE's / ARO's,

and Cathodic Shielding Concerns on VGS's Addison County Expansion Project.

Dear Mr. Armstrong,

Canusa's WrapidShield-XL product is fully compatible with all 2 part liquid epoxies, all

Fusion Bonded Epoxies, and all ARO epoxies (powder or liquid). The XL product

consists of a woven glass and a moisture cured Polyurethane. Polyurethanes and

epoxies are chemically compatible, and the 2 will adhere to one another given that

proper surface preparation is completed (surface abrasion of the FBE/2PLE/ARO).

As far as the Cathodic Shielding concerns, all coatings have the potential to shield if

not installed properly. All coatings have electrically resistive properties. Proper

application training and following the manufacturers recommended installation

procedure will assure that coatings will not shield.

Please let me know if I can be of further assistance.

Sincerely,

Steve Anderson
Technical Sales Representative

SHAWCOR

NACE CIP2 # 25805

steve .anderson@shawcor.com

M. 832-314-7110

(Tj SHAWCOR C™S-CPS
3838 N. Sam Houston Pkwy East

Ste 300

Houston, IX 77032

0 +1 800 44 1 0862

Shawcor.com
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Canusa-CPS
A ShawCOR company

Wrapid Shield XL
Fiberglass Mechanical Protection for Field Joints on Directionally
Drilled Pipelines

Product Description Equipment List Surface Preparation Surface Preparation

Installer Kit
n

fl& ^ - u

E >

. r^JJ—

1 f

.

\ 1-

INlirito Gloves

'

n
Wrapid

5hield XL

t'r
r;-r

Comprei
him

: i

Wrapid Shield XL is supplied within the
kit and is contained in a heat-sealed
foil pouch.

Installer Kit

Appropriate tools for surface abrasion
ana preparation (wire brush/powe
brush or grit blaster, abrasive paper (40
80 grit), Knife, lint free rags, approved
solvent and water spray bottle Standard
safety equipment gloves, safety glasses,
hard hat, etc.

Clean exposed steel and adjacent
pipe coating with an approved sal-
vent (Acetone, MEK, Alcohol >96%) to
remove the presence of oil, grease, and
other contaminants if present Ensure
that the pipe is dry prior to mechon cal
cleaning

Surface preparation shall be as required
for the specific corrosion coating used in
eon unction with Wrapid Shield XL

r wire

Installer Kit Is supplied separately
and includes Compression Film ond
Nitrile gloves.

An

Outer Wrap
Application Wrapid Shield XL

E
erf?

tnrs a\
ecli°n

Oil

I
J

y
,h

it4
VtraP*

j

For heat-shrinkoble sleeve corrosion
coalings use the Canusa product spe
cific nstallation guide.

Water is needed to activate Wrapid
Shield XL. Open the foil pouch, remove
the roll. Once opened, Ihe product can
not be repackaged Wrapid Shield XL is
activated using a water sprayer ta mist
and wet each foyer as it is wrapped

Starting at the trailing end of Ihe field
joint, begin Ihe application at a distance
of 50mm 2"i past the inner corrosion
coating and extend the wrap 150 mm
(6") beyond the corrosion coaling on
the leading edge Apply the first wrap
circumferent ally arouna the pipe at a
90 angle then beg n spiral wrapping
with a 50% overlap following the wrap
ping guidel ne that is pr nled on the roll.
Apply pressure during application by
pulling firmly an the roll as it is applied
Sgueeze ana mod firmly in the direction
of the wrap unlit tight

End with a circumferential wrap applied
at 90 to the pipe. For high shear or
impact requirements additional lay
ers may be required To create thinned
edges far directional drilling reduce Ihe
overlap in the last 100mm - 150mm ol
the edges to 10-20% rather than 50%.

INSTALLATION GUIDE canusacps.com
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Prior to Pulling

Storage & Safely GuidelinesE

To ensure maximum performance, store
Conusa products m a dry. ventilated
Keep products sealed on original cartons
and avotd exposure to direct sunlight, roin,
snow, dust or other adverse environmenial
elements Avoid prolonged storage at
temperatures above 35 C (95' F} or below
20 C( 4'F] Product installation should be
done in accordance with local health and
safety regulations

area

,,

B

i1 0$&r

- These installation Instructions are
Intended as a guide for standard
products. Cartsyh your Canuso
representative for specific projects or
unique applications.

J

Apply compression film in the same
d rection as the previous layers with
a 50% overlap 5tart min. 50mm
(2") beyond the outer edge of the
Wrapd Shield XL, pulling firmly during
application

Perforate the compression film using a
wire brush (or other perforating device)
by tapping firmly on the tape with the
metal bristles. Perforation allows the
CO! gas generated by the curing pro
cess to escape Compression film may

. , u . be removed after material hardens and
NOTE: Compression film should be ei,her discorded Qr |eft in ,ace
applied before excess foaming is r
oDservcd from the Wrapid Shield XL.
A second installer should begin this
step and follow the Wrapid Shield
XL installer(s) as they progress with
the wrapping of the pipe. The resin
should be comp ssed and the film
perforated as quickly as possible.

Allow the Wropid Shield XL to reach a
Shore 0 Hardness of 70 prior to pull
ing Wrapid Shield XL is fully cured at o
Shore D Hardness of 83 @ 72*F

Note: If holiday inspection is
required it must be done after instal
lation of the corrosion coating prod
uct is installed because the holiday
detector with jeep on residual mois
ture in the Wrapid Shield XL installed
product.

Canusa-CPS
A division of ShawCor Ltd.

Head Office
25 Bethridge Rd

Toronto, ON M9W 1M7 Canada

Tel: +1 416 743 7111

Fo*. +1 416 743 5927

Canada
Suite 3200, 450 • 1st Street S.W.

Calgary, AB HP 5H1 Canodo

Teh +1 403 218 6207

Fox +1 403 264 3649

Americas
240B Timberloch Place, Building C-8

The Woodlands, TX 77380 USA

Tel +1 2B1 367 8866

Fax; +1 28 1 367 4304

Europe, Middle East,

Africa & Russia
Unit 3, Sterling Park,

Gatwick Road, Crowley, West Sussex

RH 1 0 9QT United Kingdom

Tel: -1-44 1293 541254

Fox: +44 1293 541777

Asia-Pacific
101 Thomson Road,

#1 1 -03 United Square

307591 Singapore

Teh +65 6749 8918

Fox: +65 6749 8919

Canusa-CPS is registered
to ISO 9001:2008

Conimj warrants that (ho pf odud conforms
lo ils chemical and physical description
and is appropriate for the use stated on the
installation gu'de when used in compliance
with Canute's written instructions 5»nce
many installation factors ore beyond
our control, the user shall determine the
suitability of the products for the ntendod
use and assume all rules and liabilities in
connection therewith Canuso's liability is
stated in the standard terms and conditions
of sate. Canusa makes no other warranty
either expressed or trip lied All information
contained in this installation gurde is to be
used as a guide and is subject to change
without notice. This installation guide
supersedes all previous installation guides
on this product E&Of

Port No 99060-228

IGJrVrapid Shield XL . revOlO

Pipeline corrosion
Protection

(][) Canusa-CPS
a ShawCor Company
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lips® LIBERTY SALES & DISTRIBUTION
2880 Sergey Road. Suite F - Hatfield, PA 19440 * Ph: 877-373-0118 - Fx: 888-850-3787

PRINCIPAL MANUFACTURERS

• ifir

A.Y. 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 new ly dc\ eloped 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 3A" thru 2" diameters arc also manufactured in a BM1 finish

l#Li VMWS

BOHMER is a worldwide leader in the manufacturing of forged, fully welded, trunnion mounted style ball valves for a variety of high
pressure field applications. Nearly 60 years of German engineering 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 Bohmcr Valves arc 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.

(7T) CANUSA-CPS
A ShAw£0» COMfANT

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,
CANUSA products arc also specified for a variety of specialty applications including Directional Drillings, Casings, Bridge Crossings,
WatcrAVastcwatcr fittings, and elbows. CANUSA also recently developed Wrapid Shield™ PE, a high impact resistant rockshield to
protect your corrosion coatings.

CCI PIPELINE SYSTEMS specializes in providing a complete line of Casing related products for the Gas, Oil, Water and Wastewater
Industries offering Wrap-It Link Seals, High-Density Polyethylene, Carbon or Stainless Steel Casing Spacers, and Ncoprcnc Rubber End
Seals for Casing Pipe and Wall Penetration applications.

f CHASE
% ' Pipeline Products

TapgcnM* HuyKton"

CHASE CORPORATION is a leading manufacturer of field applied coatings and tapes for the natural gas, oil. w ater 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 variety of Cold and Hot Applied Tapes,
Sealants, Protective Outenvraps, Liquid Epoxies, Mastics, Petrolatum Wax Tapes and Casing Fill products and services

I- CITADEL
TECHNOLOGIES

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" a Solid Epoxy coupled with a Bi-Dtrectional
Carbon Fiber Wrap. Our Carbon Fiber Composite Repair Systems are extremely low profile and unmatched in structural integrity used
to completely restore corroded/eroded piping systems to their original MAOP without service interruption.
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LIBERTY SALES & DISTRIBUTION

#11 2880 Bergey Road, Suite F • Hatfield, PA 19440 • Ph: 877-373-0118 • Fx: 888-850-3787

PRINCIPAL MANUFACTURERS

Denso

DENSO is an internationally recognized leader in corrosion prevention and scaling systems for new and rehabilitation applications
DENSO developed the original Petrolatum Wax Tape and they have completed successful applications for over 75 years. DENSO's suite
of corrosion 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

CO.

GLAS MESH CO. manufacturers and supplies a complete line of Fiberglass Reinforced Plastic (FRP) Corrosion/Abrasion control
products for a variety of pipeline applications such as Bridge Aerial Crossings, Compressor/Pumping Stations, and Meter Set/Station
piping applications. Gtas Mesh products include the FRP Shields, Spacers, Saddles, Flatties, Casing Insulators, Coated U-Bolts and EPI
Scam-Sealer.

J
I J -Act r m £j|

r.n*.* !*.!_

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 variety of corrosion prevention finishes including
stainless steel and a proprietary 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, electric,
water and wastewater industries In addition to our PRITECK1 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.

LIBERTY SALES & DISTRIBUTION

Directional Drilling Coatings

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 ARO, Wamor 100, as well as the Canusa DDX
heat shrink sleeve system. Liberty Sales readily stocks these coating systems, ensuring quick response and timely delivery.
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2K\ LIBERTY SALES & DISTRIBUTION
2880 Bergey Road, Suite F • Hatfield, PA 19440 Ph: 877-373-0118 • Fx: 888-850-3787

PRINCIPAL MANUFACTURERS

LIBERTY SALES & DISTRIBUTION

Pipeline Markers

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 arc 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 accessories. Our pipeline pigging products arc 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
needs. Made from a random looped, lead free, PVC material, this high-density rockshicld will save you money by eliminating the need
for 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 project. Liberty Sales and Distribution also provides a variety of lighter weight rockshiclds to meet all your underground
pipeline protection needs.

LIBERTY SALES & DISTRIBUTIONf|[p
Mm* Tracer Wire & 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. Our HMWPE Tracer Wire is insulated with a rugged, moisture resistant High Molecular
Weight Polyethylene (HMWPE) 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 variety of color options Custom markings and packaging is available upon request

MONTI

MONTI TOOLS INC. produces 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.

SPY vccrwH

COwut. its

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
(lkV-5kV). Model 785 (lkV-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 reliable Jeep on the
market.
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LIBERTY SALES & DISTRIBUTION

2880 Bergey Road, Suite F Hatfield, PA 19440 • Ph: 877-373-0118 Fk: 88S-B50-3787

PRINCIPAL MANUFACTURERS

$ TECD 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 ofThe Fircbag®
reaches 203-2 12aF (95-1 00=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 . 1 5, DIN 3586 and UIE EN 1 775 standards for indoor gas installations.

Western Technology
iEnitin prpai 4 lew'

M«Ht Compllt* !«»»

Volt
of I

AC SfMtukrtl

M>W innW Contrail
rim

r»'i

WESTERN TECHNOLOGY INC. is the premier manufacturer and supplier of Explosion Proof and Low Voltage Lighting
products, serving a variety of industries The NEW UL Approved, CLASS I 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.

WOODARD
iSlCURRAN

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
energy. Woodard & Curran's experience includes electricity, natural gas, petroleum, nuclear energy, heat/power, and the renewable
energy sectors. Typical services include: design engineering, linear project routing and permitting, site evaluations, feasibility studies,
regulatory compliance, wetland use and resource permitting, mapping and GIS services

CONTACT INFORMATION

Regional Offices:Corporate Office: Outside Sales Consultants:

Liberty Sales and Distribution, LLC

2880 Bergey Road, Suite F

Hatfield, PA 19440

Phone: (877)373-0118

Fax: (888) 850-3787

New England Territory

WaUy Armstrong
Mid Atlantic Territory

Chuck Lang IV
Cell: (978)815-8336 Cell: (215) 350-9990
Email: warmstrcmg® libertysales net Email: clang4@libertysales.net

www.libertysalcs.net

www.libertyhd.net

www.libertymarkcrs.net

New England Territory

John Maher

Mid Atlantic Territory

George Rocchino

Cell: (207) 650-5740Cell: (267) 767-9423

Email: jmaher@libertysales.netEmail: grocchino@libertysales netTraccy Rocchino

Office Manager

Email trocchino@hbertysales net
Southern Territory

Lou TaylorTracy Nixon

Inside Sales Representative
Email: mixon@libertysales.net

Cell: (267) 664-8177

Email: ltaylor@libertysales.net

Jcnna Rorcr

Inside Sales Representative
Email jrorer@libcrtysalcs.net

Northern Territory

Shane Quackcnbush

Cell: (518)441-5532

Email: squackenbush@hbert> sales net
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fO) CANUSA-CPS

Wrapid Shield
XL/XL- FC

A ShawCor CompanyTM

Fiberglass Mechanical Protection for
Field Joints on Directionally Drilled
Pipelines

v

m

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

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,

3 .

'V S
A

Applications

Superior Mechanical Protection

• Provides unparalleled protection against impact, indentation,
abrasion, punctures and tears that may result from directional

drilling, rough handling, native backfills or severe in-service

conditions.

• Designed to protect the underlying field joint coating from the effect

of forces associated with directional drilling.

Chemical Resistance

• Resistant lo corrosive salt water, soil acids, alkalies and salts,

common chemicals, chemical vapors, and exposure to outdoor

weathering and sunlight.

Long Term Corrosion Protection

• In combination with a heat-shrinkable sleeve the composition of the
products is such that they provide an effective barrier to water and

oxygen which provides effective corrosion protection and soil stress

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 at 23 C.

• Wrapid Shield™ XL-FC is a Fast Cure version and has

an application time of 5 minutes at 23 C.

^ Oil & Gas

Onshore Pipelines

Offshore Pipelines

os® Girth -Weld Joints

Directional Drilling

—1
€

\I

I

PRODUCT DATA SHEET canusacps.com
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The product information

shown hare is intended as a

guide for standard products.

Consult your Canusa

representative for specific
projects or unique applications.

Wrapid Shield™ XL/XL-FC
Fiberglass Mechanical Protection for Field Joints on
Directionally Drilled Pipelines

Typical Wrapid Shield " XL Properties' Test Method Typical Values I

m
Ll '

Cure Time at 23°C" 20 min n
'I.

Lop Shear Strength

Density

Glass Transition Temperature (DSC)

Tensile Strength

ASTM D3 163 12 Mpa

1

ASTM D792 115 fl/cm3

Tg = 175 - 189TASTM D3418

X,
ASTM D638 248 MPo

1
Vs.

•• \

Hardness Shore D 80
5', 73f»S>r.pt.Dielectric strength 1 6 kV/mmASTM D 149

Flexural Strength ASTM D790 405 MPa Canus CPS
A division of ShawCor Ltd.

75 Bethridgo Rd

Toronto, ON M9W 1M7 Canada

Tel +1 416 743 7111
Fa« +1 416 743 5927

Compressive Strength ASTM D695 1 65 MPa

ASTM G14/G62 (MOD)Impact Resistance 167 J

Typical Wrapid Shield" XL-FC Properties" Typical ValuesTest Method

Cure Time ot 23°C" 5 min
Con ado

Suita 3200 450 - 1 st Street S W

Calgary, AB T2P 5H1 Canada

Tel +1 403 218 8207

Fox. 41 403 264 3649

ASTM D792 114 g/cm*Density

Tensile Strength ASTM D638 206 MPa

Hardness Shore D > 70

2408 Timborloch Place, Building C-B

The Woodlands, TX 77380 USA

Tot: 41 281 367 8866

Fax: 41 281 367 4304

Flexural Strength ASTM D790 372 MPa

ASTM G14/G62 (MOD) 167 JImpact Resistance

"Mrh an 8 laytir iyslt?m

"Curo times will vaty depending on subslictc tempcialuiij Please contact your local Canusa office lot help in dclci mining which
configuration would work bail for your project'* conditions

Europe, Middle East, Africa & Russia

Unit 3, Starling Park,

Gatwick Road, Crawley, West Sussex

RH10 9QT United Kingdom

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

Asia-Pacific
101 Thomson Road,

#T 1-03 United Square

307591 Singapore

Tel: +65 6749 8918

Fax: +65 6749 8919

Canusa-CPS is registered
to ISO 9001:2008

Ocnusa warrants thai the product conforms ta
its chemical and physical description and is
appropriate for tiro uio stated on the
product data sheet when used in compliance
with Canusa's written instructions. Since many
installation factors ara beyond our control,
the user shall determine the suitability of the
products for tha intended use and assume all
risks and liabijilies in connection therewith.
Canusa's liability is stated in tha standard
terms ond conditions of sale Canuia mokes
no other warranty either expressed or implied
All information contained in this rioto sheet is
ta be used as a guide and Is subject to chdnae
without notice, Tnis rfofa sheet supersedes all
previous data sheets on this product. E&QE;

Since 1 967, Canuso-CPS has been o lead ng developer and manufacturer of specialty pipel ne coohngs
for the sealing and corrosion protect.on of pipeline joints and other substrates Canusa-CPS h'gh

performance products ore manufactured to the highest quality standards ond are avoiloble in o numbe'
of configurat ons to accommodate many specific project applications PD5_Wrap.d Shield " Xl/Xi-FCjcvOlO

corrosion
Protection

n£) Canusa-CPS
a ShawCoh Company
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V
Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 9/30/2015

Subject: Adhesion Testing - Field Coating

Directive Number: 2015 - 01 1

An adhesion test shall be performed on an average of 2% of epoxy coated welds from April lsl

through September 30,h and 5% ofepoxy coated welds from October 1st 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 LeForcj

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)

CA PA
(Check appropriate box to indicate corrective or preventive action)

Initiator k. oxhoim Corrective Action #2015-002

or

Date: «""s Preventive Action #

Date Due By/Assigned to Completed Initials & Date

f+up lejniUjz
CfijL f2/r9/z3i5

investigation Krisly Oxhoim

Implementation Chris LeForce

Audit

CAR/PAR closed

Description of Issue

Concern was expressed about the use of sand berms/pillows instead of sand

bags for pipe support since it was not specifically called out in the technical
specifications as an approved method of support and padding.

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

Use of sand berms/pillows was ceased during the investigation.

•MApproved by: Date: U-

Investigation Finding

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

Regardless of the support material/type, the pipe supports in the length of the trench are only temporary support
(to achieve separation of the pipe from rocks or hard bottom in the trench bottom) until the padding/backfill
material is placed around and under the area between the supports.

The sand berms/pillows react to the weighted pipe In 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 created/installed by the padding/sifting hoes, are much wider than sandbags
supports (larger load bearing area), and are free of deleterious materials, rocks, etc. This method is an
accepted practice in the pipeline industry.

Rev. 0 07/24/2015
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Vermont Gas

Page 2 of 2

Corrective/Preventive Action Request (CPAR)

Recommendations for Corrective I 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?
If so, specify:	

Yes No x

Verified by:

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

Date:

Comments:

Rev. 0 07/24/2015

00113
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



Kristy Oxholm

Shawn Pomerleau <spomerle@michels.us>

Thursday, December 17, 2015 5:10 PM

Kristy Oxholm

RE: Sand/Earth Berms

From:

Sent:

To:

Subject:

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. I have never

heard of, or seen, this method cause adverse conditions to the pipeline. Let me know if you need anything else. I 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 MAYBE CONFIDENTIAL IS INTENDED ONLY FOR THE USE OF RECtPIENT(S) NAMED ABOVE. AND MAYBE LEGALLY
PRIVILEGED IF THE READER OF THIS MESSAGE IS NOT THE INTENDED RECIPIENT YOU ARE HEREBY NOTIFIED THAT ANY DISSEMINATION. DISTRIBUTION. ORCOPYING OF THIS
COMMUNICATION OR ANY OF ITS CONTENTS IS STRICTLY PROHIBITED

From: Kristy Oxholm fmailto:KOxholmi!S)vermontfias.com1

Sent: Thursday, December 17, 2015 5:00 PM

To: Shawn Pomerleau <spomerle(5>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

l
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I I The INGAA Foundation Inc.

20 F Street NW Suite 450

Washington, DC 20001
The INGAA Foundation, Inc.

Copyright ® 2013 by the INGAA Foundation, Inc.
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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.

iii
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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.

42
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V
Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 9/1/2015

Subject: Constniclion in Sand Area

Directive Number 2015-005

In 3.5(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 240+26 to station 279+75, as the uniform sand in the trench meets requirements for select
backfill.

Issued by (print): John Btanfatov

Sinnatur

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

00121
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 8/31/2015

Subject: Backfill Compaction in Typical Cross-Countiy Areas

Directive Number 2015-006

In 3.5(D)( 1 ) Bedding and Backfilling of Section 3 1 2333 - 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 Oxholm (for Christopher LeForce)

Signature: 	

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

ARNGP PROJECT DIRECTIVE

Date: 8/31/2015

Subject: General Backfill Materials

Directive Number. 2015 007

In 2. 1 (B) Materials of Section 3 1 2333 - 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.

00123
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 

 

 

 

 

 

 

 

TAB 9 

00124
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



Vermont Gas

Page 1 of 2

Corrective/Preventive Action Request (CPAR)

CA H PA
(Check appropriate box to indicate corrective or preventive action)

Corrective Action # 2ois-ooaInitiator Christopher LeForce

or

Date: 7/1/2015 Preventive Action #

Date Due By/Assigned to Completed Initials & Date
Investigation 6/18/2015 Christopher LeForce

Implementation 9/1/2015 Christopher LeForce

Audit

CAR/PAR closed

Description of Issue

The horizontal direction drilling (HDD) installation of the 12" transmission line, as
part of Phase I of ANGP, under route 2A and the railroad in Essex did not meet
the current acceptance criteria, at that time, for installation. The pipe was
installed by ECI.

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

i^ln 1 1 $Approved by: Date:

Investigation Finding

When the pipe was first pulled out of the bore hole and inspected, there was
coating damage both on a weld and to the pipe. The welds were coated with
Powercrete R-95 liquid epoxy and there was damage down to metal on the weld
inspected. The coating damage on the pipe went through the abrasion resistant
overlay (ARO) and through the fusion bonded epoxy (FBE) to bare metal.
Additional pipe was pulled through the hole for inspection, which is allowed by the
VGS Operations and Maintenance Manual. An additional 15 feet of pipe was
inspected and an additional weld. No coating damage was found on the pipe but
there was one small area of coating damage found on the weld, which was down
to bare metal.

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

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
multiple 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 *	No	
If so, specify:	 		

EN's recommendation is to perform a 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:

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

Date:

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 dose-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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Date: 8/19/15

Chris LeForce

Vermont Gas Systems

Engineering Manager
CLeForce@vermontaas.com

To:

Kristi Sparbanie
T: (630)353-4024
F: (630)353-7777
ksparbanie@enaineerinq.com

From:

Subject: Project # F56637.00: Route 2A/Rail Crossing HDD Coating Investigation Findings

Vermont Gas Systems retained the services of EN Engineering (ENE) to conduct a coating
integrity analysis along the Route 2A/Rail Crossing HDD Bore. The testing and analysis was
performed to identify any possible coating faults along the 760 foot length of 12" pipe. The
pipeline station is approximately 108+00 to 1 16+00. This is one HDD segment and is part of an
approximately 41 mile "Addison Rutland Natural Gas" project. The HDD is located in Essex,
Vermont.

The testing was performed and completed on July 16, 2015 by ENE. The testing that was
performed included the following:

• Close-Interval Survey (CIS Native) - This survey was performed to acquire the native
potential values of the survey section.

• Close-Interval Survey (CIS DC Applied) - This survey was performed by installing a
temporary rectifier and ground bed to determine how much current would be needed to
protect this section of pipe. Once the temporary system was installed an "On" and
"Instant Off survey was performed.

• Alternating Current Voltage Gradient (ACVG) - This survey was performed to locate any
coating holidays along the pipe.

• Direct Current Voltage Gradient (DCVG) - This survey was performed to locate any
coating holidays along the pipe. If a coating holiday is located, side-drain readings are
taken to calculate the %IR reading to determine the severity of the coating holiday.

All testing that was performed is found to be the most reliable when pipe depths are less than
20 feet deep. For the majority of the 760 foot section of pipe that was tested, the depth of cover
was greater than 20 feet with a maximum depth of 55 feet.

Test Results
A native CIS survey of the pipe was performed.

• The survey did not show any moderate or severe anodic or cathodic peaks.
• Most of the native pipe-to-soil potentials ranged from -400mV to -500mV.

An "On" and "Instant Off CIS survey was performed when a temporary interrupted current
source of 10mA was applied to the 760 foot section of pipe to simulate a cathodic protection
system.
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• The data collected does not indicate the potential for any moderate corrosion activity
(Moderate dips: "On" readings more negative than -850mV and "Instant Off readings
more positive than -850mV).

• The data does not indicate the potential for any severe corrosion activity (Severe dips:
"On" and "Instant Off readings more positive than -850mV).

• The data indicated two (2) minor dips in the survey at neat station 3+50 and 5+75.
• The pipeline exhibited rapid polarization from the applied CP current.
• VGS indicated the original design parameters for this pipeline was a 1 mA/ft2 density

value and a 95% or better design coating. Based on the design, ENE calculated a
current density value of 126mA would need to be applied to represent the origin design
parameters.

The ACVG survey performed found one minor coating defect at station 5+95, two feet from the
east side of Colchester Rd.

• One (1) minor coating defect was discovered along the 760 foot section of pipe. The
coating defect was 42 dBpV.

The DCVG survey performed did not indicate any coating faults.

Analysis

Analysis of the CIS survey data, ACVG, and DCVG indicate that only one (1) minor coating
defect was identified along the entire 760 foot HDD bore and there were no moderate or severe
anodic or cathodic peaks in the survey data.

The values used for the proposed cathodic protection system were 1 mA/ft2 and a 95% effective
coating design basis. Based on this, it would appear 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.

Based on the testing, it appears this section of pipe is acceptable. However, the pipe depth was
greater than 20 feet deep and at that depth the surveys performed are not as reliable. It is
possible that additional indications exist on this section of pipe, but because of the depth they
are not being picked up with the limitations of the equipment. In addition, the surveys performed
do not determine if physical damage or wall loss is present in the pipeline steel wall.

Recommendations

Perform a Close-Interval Survey (CIS) within six months of commissioning the system and verify
if the pipeline is meeting NACE criteria for cathodic protection.
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2 November 201 5

Vermont Gas Systems, Inc.

85 Swift Street

South Burlington, Vermont 05043

Attention: Kate (Rich) Marcotte

Operations Engineer

kmarcotte@vermontaas.com

802.951.0388 (office)

802.922.3254 (mobile)

Reference: References/Resumes for VGS HDD coating survey

Dear Kate:

I am providing the following information based on your October 14, 2015 request as e-mailed to Alfredo
(Fred) Ulanday, Sr. Project Manager (ENE).

To date for Vermont Gas, EN Engineering has only completed the corrosion engineering assessment of

two (2) HDD locations on the 41 mile "Addision Rutland Natural Gas* project.

EN Engineering is currently providing a large Midwest natural gas transmission company with HDD

corrosion engineering assessments over the past two (2) years. This is being performed on over 40 HDD
locations on two (2) active pipeline construction projects. HDD corrosion engineering assessment is the

result of an earlier HDD installation where the pipeline was believed damaged during the installation.

The process of assessment is now part of contract specifications and consists of the following:

• Perform the following testing at all HDD locations:
o Close-Interval Survey (Native Readings) - Used to identify any anodic or cathodic peaks
c Close-Interval Survey ("On" and "Instant Off survey when current is temporary applied to

the pipeline) - Used to identify any anodic or cathodic peaks and if the HDD pipeline
segment can be protected with the current design parameters

c Current Demand Testing - Used to determine if the HDD pipeline segment can protected
with the current design parameters

o ACVG Survey - Used to determine if any coating holidays exist
o DCVG Survey - Only performing DCVG if the pipeline was too deep and the ACVG

equipment could not be used
• The HDD testing is more accurate when the pipe is less than 20 feet deep. The survey can still be

performed at depths greater than 20 feet deep, but some of the equipment and/or testing
methods might not be as reliable.

• The HDD testing ENE performs does not determine if physical damage or wall loss is present.
• The HDD testing can determine if the pipeline segment can be protected with the proposed

design parameters.

• The HDD testing is best performed when the pipeline ends are exposed and not connected to the
remainder of the pipeline. The ends should have temporary test leads installed and no drill
equipment should remain on the pipe.

www.enengincering.com

EN Engineering LLC / 20100 Torch Parkway t Warrenville, lllino s 60555 I T 630 353 4000 I F 630 353 7777
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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 SO dBp. V.

More than four (4) coating indications greater than 65 dB|i V but less than or

equal to 80 dBp V per 160-ft of individual HDD installation.

Cathodic protection current demand in excess of 2 ma/ftJ 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, Illinois- 60-foot depth HDD installation associated with liquids line from terminal to dock
facility

• Enbridge Energy: Line 14 - New Pipeline construction from Construction from Illinois/Wisconsin
border to Griffith, Indiana. Corrosion engineering field inspection of all HDD or bore type
crossings on Line 14 construction1

• 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.

1 Line 14 is routed from Superior, Wisconsin to Griffith, Indiana. Corrosion engineering inspection was only
performed on the Illinois/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 corrosion control

and cathodic protection, were found on the section of pipeline from Superior, Wisconsin to the Illinois/Wisconsin

border.
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I wish to thank-you for the opportunity to provide you with this information. Please let Fred or

I know if you have any other questions or additional need for information. I can be reached at

630.353.4039.

Sincerely,

—

David A. Schramm

Vice President

Corrosion Control Engineering
630 353 4039 (Office)

630 353 7777 (Fax)

630 303 1213 (Mobile)

dschramm@enenaineerina.com

Attachment: Resumes

• A. Gervasio, R. McCarthy, C. Mitchell, D. Ciarlette, K. Sparbanie, D. Schramm

Management-of-Change and Approval Record (MOCAR)
Date Version Description Name

11/02/2015 FINAL0.1 Ulanday
10/31/2015 01 RAFT Schramm

www.enctigineerlng.com

EN Engineering LLC / 28100 Torch Parkway t Warrenvitle, Illinois 60555 / T 630 353 4000 / F 630 353 7777
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Dominic Ciarlette

Design Engineer - Integrity
Page 1 of 1

rev 013015

Overview: Mr. Ciarlette is a graduate of University of Illinois at Chicago. Since
joining EN Engineering, he has served as a team member for MAOP verification
projects, as well as working on other integrity based projects and tasks.

Key Relevance

MAOP Verification

Relevant Projects:
External/Internal Corrosion

Direct Assessment Genesis - MAOP Verification

Alabama Participated in MAOP verification including quality assurance
activities to confirm accuracy and completeness. Reviewed and assessed
pipeline engineering documents used to validate the pipeline MAOP.
Assembled spreadsheets to track pipeline features and examined pipeline
specifications and tests to determine safe operating conditions.

Corrosion Control Field

Assessments

Job Title:

Design Engineer

Integrity
Pacific Gas and Electric - MAOP Verification
California Participated in MAOP verification including quality assurance
activities to confirm accuracy and completeness. Reviewed and assessed
pipeline engineering documents used to validate the pipeline MAOP.
Assembled spreadsheets to track pipeline features and examined pipeline
specifications and tests to determine safe operating conditions.

Years with EN Engineering: 1

Total Years of Experience: 1

Primary Office Location:
Warrenville, IL DTE - ECDA/ICDA Surveys

Michigan Performed Close Interval Survey (CIS), Alternating Current Voltage
Gradient (ACVG), Current Attenuation, Elevation and Depth of Cover Surveys.Education:

• BS, Chemical Engineering,
University of Illinois at Chicago

MidAmerica Energy - Direct Assessment Surveys

Iowa Performed Close Interval Survey (CIS), Alternating Current Voltage
Gradient (ACVG), Current Attenuation, Elevation and Depth of Cover Surveys.

Enbridge - Elevation Surveys

Illinois Performed Elevation and Depth of Cover Surveys for crude oil
transmission line.

NIPSCO - MAOP Verification

Indiana Participated in MAOP verification including quality assurance activities
to confirm accuracy and completeness. Reviewed and assessed pipeline

engineering documents used to validate the pipeline MAOP. Assembled
spreadsheets to track pipeline features and examined pipeline specifications
and tests to determine safe operating conditions.

ENSngirteering
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Adam Gervasio
Design Engineer - Corrosion

Page 1 of 2

rev. 101415

Overview: Adam Gervasio has two years experience of project experience in
cathodic protection, corrosion control survey. Prior to joining EN Engineering,
he worked for Weeks Marine doing heavy marine construction and
environmental remediation in addition to interning at TY Lin and Cook County
Highway department. He is a Cathodic Protection Tester and has passed the
FE Exam.

Key Relevance

Corrosion Control Field
Assessments

Cathodic Protection Trouble
Shooting Relevant Projects:
Atmospheric Corrosion

Inspection Cook County Highway Department
Assisted in reviewing permits on behalf of the Transportation and Planning
division. Processed and prepared new permit requests on behalf of Permits
division. Aided in the development of proposals for RTA/CMAP grants.
Evaluated possible solutions for specific problem intersections/traffic related
issues. Location: IL

Corrosion Control Field
Assessments

Job Title:

Design Engineer

Corrosion
T.Y. Lin International
Worked in a team, met various project deadlines, where I assisted in civil design
and drafting work on the proposed Cermak Green Line elevated CTA (rail)
station from 30% to bid-set submittals. Including: Removal Plan, Maintenance
of Traffic, Proposed Work, Track Design, Grading Plan, Pavement Markings,
Existing Conditions, and documentation control. Location: IL.

Years with EN Engineering: 2

Total Years of Experience: 3

Primary Office Location:
Weeks MarineWarrenville, IL, USA
Collected, processed and analyzed hydrographic and beach survey data using
electronic data collection instruments (DGPS, digital echo sounder, RTK etc.)
and custom software packages. Analyzed daily collected dredge data for
projects managers and superintendents to optimize operations efficiency at
individual job sites. Responsible for constructing dig patterns using custom
software to maximize dig productivity. Led a survey crew in gradation for beach
nourishment and disposal areas. Responsible for troubleshooting, functionality
and accuracy of all land and water survey equipment. Assisted in the
mobilization and demobilization of all projects assigned to. Location: NY, NC,

Education:

• B.S., Civil Engineering,
University of Illinois, Chicago,
IL.

Professional Certifications:

FL, LA• Professional Engineer Intern

• OSHA 30 Hour Construction

Course
MidAmerican Energy - Cathodic Interval Survey

Operator in a closed interval survey for a 1 00 mile pipeline along with gathering
soil resistivity data along the length of the pipeline. Location: IA• Cathodic Protection Test

(CP1), NACE

N1PSCO

Performed field inspections in order to determine if pipelines were bare steel
along with final analysis and report writing. Testing included PCM attenuation
Locations: IN

Zoetis INC.

Performed a leak detection survey in addition to report writing and analysis.
Locations: IL

Alliant Energy

Performed cathodic protection testing of the protective coating on all completed
horizontal directional drilled (HDD) locations. Field procedures included the
following testing to be performed: Alternating Current Voltage Gradient Survey
(ACVG), Close-Interval Survey (CIS), and Electrical Conductance Testing at all
completed HDD locations. Locations: Wl, IA

El\Engineering
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Adam Gervasio

Design Engineer - Corrosion
Page 2 of 2

rev. 101415

Relevant Projects (Cont'd)

National Fuel Gas - AC Mitigation Design

Gathered soil resistivity and assessed existing power line systems in the field
for proposed 96 mile pipeline. Locations: PA, NY

ENEngineering
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Ryan McCarthy Page 1 of 2

rev. 020315Corrosion Technician - Corrosion

Overview: Mr. McCarthy has over two (2) years of experience in the corrosion
industry, focusing primarily on coating, external corrosion and integrity. I
became a Cathodic Protection Tester in February 2014.

Relevant Projects:

Key Relevance

Corrosion Control Field
Assessments

EN Engineering - Corrosion Technician
Survey and analysis of cathodic protection annual and troubleshooting surveys
including CIS, DCVG, ACVG and ICDA. Thermite welding of valve connections.
Confined space supervisor and maximum allowed operating pressure (MAOP).
Location: IL

Cathodic Protection Trouble

Shooting

Internal Corrosion

Job Title:
Corrosion Technician

Corrosion

Exxon Mobile

Annual cathodic protection survey. Observe and performed pipe to soil
readings in gas storage tank in refinery. Troubleshooting shorted wiring to gas
tanks. Locations: IL

Years with EN Engineering: 2

Nicor - Aux Sable AC Mitigation Design
Field assessed and modeled a proposed 30 mile pipeline in a highly congested
ROW corridor. Provided mitigation design and construction support for multiple
phases of installation. Location: IL

Total Years of Experience: 2

Primary Office Location:

Warrenville, IL, USA

Genesis

Completed maximum operation pressure forms for Genesis Martinville-
Gwinville Junction and Freestate pipeline. Locations: MS

Education:

• Harper College

• Illinois State University
Integrity Solutions - AC Assessment and Design
Provided AC assessment procedures and field guidelines for third party
contractors. Evaluated the collected data and modeled 485 miles of a proposed
pipeline. Provided AC mitigation design for various locations along the ROW.
Locations: WY, MT

Professional Certifications:

• Cathodic Protection Tester
(CP1), NACE

• NCCER - Pipeline Core 2013 Illinois American Water
Confined Space Supervisor. Thermite welding connections at valves. Location:
IL

Enbridge - Spearhead line 55
Annual Cathodic protection survey. Pipe to soil readings at test stations, bonds,
foreign crossings and valves. Measurements and inspection of rectifiers.
Mainline valve inspections. Location: OK, KS, MO, IL

MidAmerican Energy (MEC)

Cathodic protection survey including: AVCG and CIS of Illinois - Iowa gas
transmission pipelines. Locations: IL, IA

DTE Energy

Cathodic Protection survey including: ACVG, CIS, IDCA and stationing of
Frankfort, Powers-Gladstone, Powers - Iron River, Mackinaw, and Petoskey
gas transmissions pipelines. Location: Ml

ENEngineering
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Ryan McCarthy Page 2 of 2

rev. 020315Corrosion Technician - Corrosion

Alliant

HDD survey including: ACVG, DCVG, and CIS of Oakdale and Clarinda gas
transmission pipelines. Cathodic protection survey including: CIS of Story
County gas transmission pipeline. Location: IA, Wl

NIPSCO

Pipe to soil readings at test stations, bonds, foreign crossings, and valves.
Measurements and inspection of NIPSCO rectifiers. Soil resistivity of NIPSCO
gas transmission pipeline. Bare steel inspection of NIPSCO gas distribution
pipeline. Location: IN

Explorer
AC Mitigation survey: Soil resistivity for Explorer gas transmission pipeline.
Location: IL

ENSngineering
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Corey Mitchell

Sr. Design Engineer - Corrosion
Page 1 of 3

rev. 100915

Overview: Mr. Mitchell is an engineer with three (3) years of project experience
in cathodic protection, corrosion control survey and inspection. Work on a vast
array of different and unique projects provides Mr. Mitchell with an excellent
background in pipeline corrosion control and integrity field services within the:
oil, gas, and water transmission and distribution arena. Mr. Mitchell is proficient
in the entire external corrosion direct assessment (ECDA) and internal
corrosion direct assessment (ICDA) process including the performance of:

Key Relevance

Cathodic Protection Design

Corrosion Control Field
Assessments

Cathodic Protection Trouble
Shooting Close-interval survey (CIS),

Direct current voltage gradient (DCVG),
Alternating current voltage gradient (ACVG),

Current attenuation (PCM), and
Pipeline profile surveys.

ICDA Dig Assessment
ECDA Dig Assessment

AC Mitigation Design and
Analysis

Atmospheric Corrosion
Inspection

Internal Corrosion

Relevant Projects:

Job Title:

Sr. Design Engineer
Corrosion

Pacific Gas and Electric (PG&E)
MAOP Verification: Reviewed and evaluated historical pipeline engineering
documents to determine the current pipeline MAOP as determined by PHMSA
requirement 49 CFR Part 192 - Subparts J & L. Assembled spreadsheets to
track pipeline characteristics and examined pipeline specifications and tests to
determine operating safety of existing pipeline. Performed Quality Control of
team of 7 engineers to ensure an accurate and uniform deliverable. Location:

Years with EN Engineering: 3

Total Years of Experience: 3

CAPrimary Office Location:
Warrenville, IL, USA

Enbridge
Foreign Operations: Performed a review of foreign operations for Enbridge's
proposed pipeline and contacted each foreign operator to schedule and
compile encroachment agreements between companies. CP Construction:
Contributed as part of a team in the design of a cathodic protection system of
a new 600 mile pipeline. Collected field data at key locations along proposed
route required for CP design and coordinated any/all foreign operations that
took place along ROW. Responsible for providing construction oversight for
150+ miles during installation of cathodic protection test stations, ground-beds,
and rectifiers. Affectively communicated with a multitude of construction crews
throughout the installation process to ensure a quality product be delivered to
the client. Annual / Exceptions Report: Organized and reviewed data collected
during annual surveys along several Enbridge pipelines throughout the
Midwest. Compiled and prepared annual reports for both D.O.T. and Enbridge
field personnel detailing any non-compliance issues found during the survey.
Locations: IL, MO, KS, OK

Education:

• B.S., Civil Engineering,
Southern Illinois University,
Carbondale, IL

Professional Certifications:

• Cathodic Protection Test
(CP1), NACE

• Cathodic Protection Technician
(CP2), NACE

ENEngineering
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Corey Mitchell

Sr. Design Engineer - Corrosion
Page 2 of 3

rev. 100915

Relevant Projects: (Cont'd)

Blue Racer

Impressed Current Cathodic Protection Design: Collected soil resistivity along
ROW and designed a cathodic protection system for twenty-eight (28) miles of
parallel 10" and 8" pipelines located within the state of Ohio. Provided a review
of existing CP test stations with recommendations, Impressed Current
Protection Design, CP typicals for construction, BOM for CP design, and a CP
design report to the client. Galvanic Cathodic Protection Design: Collected soil
resistivity along ROW and designed a cathodic protection system for 2.77 miles
of 12" pipe located within the state of Ohio. Provided an AC threat assessment,
Galvanic Cathodic Protection Design, CP typicals for construction, BOM for CP
design, and a CP design report to the client. Location: OH

DTE

ECDA / ICDA Survey: Performed Close Interval Survey (CIS), Alternating
Current Voltage Gradient (ACVG), Current Attenuation, Elevation and Depth of
Cover Surveys as well as collected soil resistivity data. Prepared indirect
examination, direct examination, and post-assessment reports. Locations: Ml

MidAmerican Energy (MEC)
CIS Survey: Performed Close Interval Survey (CIS) along 100+ miles of
pipeline throughout the state of Iowa. Lead and trained a crew to perform the
necessary duties to collect the necessary data to complete the project
affectively. Collected soil resistivity readings at half mile intervals along all
surveyed pipelines. Lead data and equipment management throughout the
project to ensure a quality product would be delivered to the client. Locations:
IA

CF Industries

Responsible for providing construction oversight for of cathodic protection
facilities: such as anodes, test stations, insulating flanges, and Dairyland
devices. Performed data collection and baseline readings at new cathodic
protection test stations. Affectively communicated with a multitude of
construction crews throughout the installation process to ensure a quality
product be delivered to the client. Locations: IA

Alliant
Performed cathodic protection testing of the protective coating on all completed
horizontal directional drilled (HDD) locations. Field procedures included the
following testing to be performed: Alternating Current Voltage Gradient Survey
(ACVG), Close-Interval Survey (CIS), and Electrical Conductance Testing at all
completed HDD locations. Locations: Wl

Enbridge Tank Farm

Contributed as part of a team in the design of a cathodic protection system for
a 1 000 feet of new 30" pipe and the cabl i ng to oil storage tank bottom . Assisted
with the following throughout the project: Validate the design adequacy of the
distributed anode system to the protect the pipeline and tank bottom, design
proper isolation of the pipeline from other entities, prepare construction level
drawings for the anodes, cabling, coupons, reference cells, and bond boxes for
the project, and provide construction level oversight to ensure the design is
followed during the installation. Locations: IL

ENEngineering
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Corey Mitchell
Sr. Design Engineer - Corrosion

Page 3 of 3

rev. 100915

Relevant Projects: (Cont'd)

NIPSCO AC Design
Performed an evaluation of AC levels on a 6" and 4" pipeline collocated with
overhead high voltage AC distribution and transmission towers: Data review
and field data collection, AC threat assessment, and AC mitigation modeling
and design. Locations: IL

WE Energies

ECDA Survey: Performed Close Interval Survey (CIS), Alternating Current
Voltage Gradient (ACVG), Direct Current Voltage Gradient (DCVG), and
Current Attenuation Surveys as well as collected soil resistivity data. Prepared
indirect examination, direct examination, and post-assessment reports.
Locations: Wl

Vermont Gas
ECDA / ICDA Survey along High Consequential Areas (HCA): Performed Close
Interval Survey (CIS), Alternating Current Voltage Gradient (ACVG), Current
Attenuation, Elevation and Depth of Cover Surveys as well as collected soil
resistivity data. Performed data analysis and recommended dig locations.
Performed direct examinations for all ICDA and ECDA digs along the HCA's,
Prepared indirect examination, direct examination, and post-assessment
reports. Performed cathodic protection testing of the protective coating on all
completed horizontal directional drilled (HDD) locations. Field procedures
included the following testing to be performed: Alternating Current Voltage
Gradient Survey (ACVG), Close-Interval Survey (CIS), and Electrical
Conductance Testing at all completed HDD locations Locations: VT

ENSngineering
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David A. Schramm
Vice-President and Senior Project Manager - Corrosion Engineering

Page 1 of 6

rev 102015

Overview: Mr. Schramm has over thirty-five (35) years of extensive
experience in the direct and practical application of corrosion control methods,
cathodic protection assessment and design, and system integrity management
and field services.

Key Relevance

SME • Cathodic Protection

Design

Direct experience with external, internal, and atmospheric corrosion control on

natural gas and liquid transmission and distribution pipeline systems, under

ground natural gas storage, under-ground storage tanks, above-grade storage

tanks, power plant structures, condenser/chiller/heat exchange equipment,

production and injection/withdrawal wells, lead sheath cable, underground

electric cable, water transmission systems, and fresh-water marine structures

SME - HVDC and Pipeline

Conflicts (Stray Current)

SME - Corrosion Control
Field Assessments

SME - Cathodic Protection
Trouble Shooting

SME - AC Mitigation Design

and Analysis Responsible for the technical performance, quality, and operation service

offerings that provide:
SME -Atmospheric

Corrosion Inspection
Corrosion engineering analysis and design
Cathodic protection monitoring and assessment

Process control and measurement

Correlation of internal "smart" tool to indirection inspection survey data
Cathodic protection design, installation and maintenance
AC safety and AC corrosion assessment, modeling, and mitigative
design

Computerized close interval potential survey

Direct current and alternating current voltage gradient survey
Stray DC interference and telluric current monitoring, measurement, and
mitigation

Coating selection and inspection

Material selection, specification and procurement
Technical specification and procedure

OQ qualification and training

Corrosion related field failure, wall loss assessment, and remaining
strength evaluation

Indirect and direct inspection program support

Field installation oversight and inspection

Project management and commission services
Operational support including:
- Leak detection
- Purge operations

- Watch and protect and rights-of-way inspection
- Locating

- High Consequence Assessment and Class Survey

SME -Internal Corrosion

SME -Wall Loss
Assessment (Corrosion)

SME - Coating Selection

and Condition Assessment

Operator Qualification

Program Management and
Assessment

Corrosion Education and

Training

Job Title:
Vice-President/Senior Project
Manager - Corrosion
Engineering

Years with EN Engineering:
13+

Total Years of Experience:
35

Primary Office Location:

Warrenville, IL, USA

Education:

B.S., Forestry: Resource
Management, Iowa State
University, Ames, Iowa

B.S., Integrated Pest
Management (Entomology,

Pathology and Dendrology), Iowa
State University, Ames, Iowa
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David A. Schramm
Vice-President and Senior Project Manager - Corrosion Engineering

Professional Certifications:

• NACE Institute No. 3178 Certified
Cathodic Protection Specialist

• NACE Institute No. 3178 Certified

Corrosion Technologist
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Corporate program support:

• ENE Health, Safety, and Environmental Committee - member

• OSHA Safety Training Programs

o Development and documentation of program safety
documents.

o Initial creation and training of Level 0 OSHA training
presentations (PowerPoint)

Professional Organizations &
Affiliations:

NACE International Institute (Nil)

• Board of Directors - (2012-2016)
• Chairman, Certification

Committee (2012-2016)

• Audit Committee (Board) 2015
2016)

• Vision Accounting and Project Documentation:
o Part of management team charged with the development of

project management and project set-up (2014/2015) Vision
EWMS project.

o Developed IN proposal documentation and procedures under
Opportunity section of Vision

o Automation of reports and training of Vision to departmental

Project Mangers

o EMWS Super UserNACE International fNACEl

• Professional Activities Director
(PDAC) (Board) (2011 to 2014)

• Audit Committee (Board) (2011 to

2014)

• Professional Activities (PDAC)
Chair (2011 to 2014)

• Professional Activities (PDAC)
Vice-Chair (2008 to 201 1 )

• Certification Committee Chair
(2003 to 2006)

• Certification Committee Vice-

Chair (2000 to 2002)

• T-10A-11: Gas Distribution
Industry Corrosion Problems
Chair (1997 to 2001)

• T-10A-11: Gas Distribution

Industry Corrosion Problems
Vice-Chair (1995 to 1997)

• SME Department of Defense

(DoD) Panel on Training and
Certification

• CP Interference Course

Development Task Group:
Cathodic Protection Interference

• Operator Qualification and Safety Records

o Administrator for ISNETWORLD software and NCCER
program audit and oversight.

o Initial development and submittal of safety programs for RAV
review

o Initial support for Client response and safety program update,
o Set-up and established support for Veriforce OQ programs.

• ISO 9001: 2000 Certification

o Part of team tasked with the initial development and
completion of ISO 9001 policy and procedures within EN
Engineering; leading to, ISO9001: 2000 certification for the
corporate office.

Relevant Projects:

Tallgrass Development

Provide subject matter expertise (SME) related to conflict between proposed

HVDC system and large diameter, high pressure natural gas pipeline in the

State of Illinois.

(2006)
Whiting Petroleum Corporation

Provide professional subject matter expertise (SME) of a test installation of nine

(9) deep anode cathodic protection systems installed to provide protection to

directionally drilled production wellhead systems in the State of North Dakota.

Data review and professional opinion of deep anode design, cement log, and

cathodic protection profile (CPP) tool run data. Project deliverables included a

professional opinion report and a technical presentation on results.

• Cathodic Protection Sub-
Committee: Cathodic Protection

Technologist (2004)

• Cathodic Protection Training and

Certification Program Task

Group: Cathodic Protection
Level 1 (2000) and Cathodic
Protection Level 2 (2000)

• Chicago Section Membership
Chairman (1986-1987)
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David A. Schramm

Vice-President and Senior Project Manager - Corrosion Engineering

Professional Organizations &
Affiliations:

• Cathodic Protection Task Group:
Cathodic Protection Training
Program (1999 - 2000)

• Chicago Section - Special
Events Chairman (1985-1986)

• Chicago Section - Membership

• Chicago Regional Committee on
Underground Corrosion

(CRCUC) Chair and Vice-Chair
• Michigan Electrolysis Committee

Chair and Vice-Chair

National Center for Construction
Education and Research (NCCER1
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Tallgrass Development
SME project direction related to excavation analysis of coating and pipeline wall

assessment and conductance, evaluation, and assessment if in-situ pipeline

coating assessment to TM01 02-2002 Standards. Direct analysis of data
obtained from field and laboratory testing, written report and recommendations.

Valero Energy Corporation

SME project direction for AC Threat Assessment on 150-mile pipeline as an
"active" high level management approach to evaluate both present "threat area"

and future AC "threat" risk. Project included the gathering of AC voltages on

the pipeline and soil resistivity at intervals not exceeding 1000-ft. AC Threat
calculation, research and inclusion of historic data obtained from other sources

(DFOS), generation of plots and graphs, scenario or sensitivity analysis, report,

observations and recommendations.• Certified Master Trainer (2010)

• Certified Administrator (2010)

• Certified Craft Trainer/Evaluator:
Core Curricula, Gas Pipeline
Operations, Liquid Pipeline
Control Center Operations,
Liquid Pipeline Field Operations,
Pipeline Core, Pipeline
Corrosion Control, Pipeline
Electrical and Instrumentation

Southern Star Gas Central

SME project support for 20-inch diameter natural gas pipeline damaged by
12kV AC power line arc near Joplin, Missouri including: assessment of

condition, documentation of event, wall loss discovery, assessment and written

report, and Client support with regulatory oversight and questions
(E&l), Pipeline Maintenance,
Pipeline Mechanical, Specialty
Craft

Exxon Mobil Refinery

SME technical project support assessment of condition (cathodic protection

systems), annual survey, remediation, and recommendation.

Veriforce

• Authorized Evaluator

Midwest Energy Association (MEA)

• Administrator

The Society for Protective

Coatings fSSPC)

• Member

Industry Participation:

United States Gypsum
Develop, perform training, assessment and evaluation for operator qualification

of Client employee resources, assess natural gas pipeline system and plant

facilities, and develop initial pipeline normal operation system drawing format.

• API 1161 - Task Group on
Operator Qualification, Pipeline
Segment - Resolution of
Appreciation for contributions to

the Task Group

• OSHA 510 Certified
"Occupational Safety & Health
Standards for the Construction

United States Gypsum
SME level support for isolation flange failure in Washington, PA including:
assessment of condition, purge out of product, oversight of repairs, purge in of

product, and restoration of service.

Industry"

• Quality Awareness Training
(NicorGas- 1993)

• Basic Corrosion Course (NACE-
1983)
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David A. Schramm

Vice-President and Senior Project Manager - Corrosion Engineering
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Corrosion Control Operations

Managed and directed the Corrosion Control Service Group for Nicor

Technologies and Nicor Gas providing corrosion control consulting services to
distribution and transmission pipelines, municipal and utility organizations, and

commercial and industrial customers. Responsible for the performance of all
operating corrosion control programs (internal, external and atmospheric) on

the Nicor Gas pipeline system including specification, performance and day-to
day operation. As a member of the Nicor Gas welding and joining, system

integrity, and code committee operating task groups provided technical

expertise in pipeline integrity, research and testing, corrosion control and

cathodic protection issues, Having responsibility for the due diligence corrosion
control and cathodic protection evaluations on acquisition projects in Argentina

and Tennessee. Developed risk, quality, and integrity management programs

related to corrosion control and cathodic protection operations. Location: IL

Industry Participation:

• TWIC (Transportation Workers
Identification Credential)

• Clockspring Trainer/Installer
Certified (2002)

• Administration Training: Assessor
Training (Nicor Gas-1994)

• Goodall Rectifier School: Goodall
Electric, Inc. (1982 -

• Managing Cultural Diversity
(Coleman Management
Consultants (1994)

• Control, West Virginia, University
(1985)

• Corrosion Prevention by Cathodic
Protection (NACE- 1983)

• Effective Business
Communication (IWCC - 1990)

• Appalachian Underground
Course: Advanced Corrosion

Corrosion Control Services

Directed and coordinated the Nicor Gas corrosion control programs for

distribution, transmission, and storage facilities. Directly supervision
responsibility for the completion of annual corrosion control and corrosion

control activities which include: annual reading programs, close interval survey,

stray current interference, and impressed current rectifier system replacement.

Expert Witness Testimony:

• South Dakota Public Utility
Commission - Testimony
o Keystone Pipeline, October

2007- Corrosion and

Protective Coating Sections
and Related Code

o Keystone XL, September
2009 - Corrosion and
Protective Coating Sections
and Related Code

o Keystone XL, March-July-
September, 2015 - Corrosion
Protective Coating Sections
and Related Code

Research Services

Managed and directed the research lab for Nicor Gas and was responsible for

day-to-day operation, quality performance, testing, recommendation and
approval, including the performance and analysis ASTM and ANSI test

standards and methods. Directly responsible for the purge routine process for

all large-diameter high- pressure pipelines. Conducted, analyzed and

developed corrosion control action and recommendation for all wall loss and
field failure events. Locations: IL

• State of Iowa Utilities Board

c 2002, Testimony related to
AC Interference, assessment,
and mitigation as it relates to:
proposed pipeline
construction beneath
overhead AC transmission

systems, Iowa.

Lakehead Pipeline Company

Directed the completion of all annual cathodic protection reading programs,

close interval survey, stray current interference, impressed current rectifier

system replacement, and field failure investigations for the Lakehead Pipe Line
Company over a six (6) year period on facilities that include pipeline,

compression, substation, and storage facilities. Locations: ND, MN, Wl, IL, Ml,

NY.

• Illinois Commerce Commission
o 2015, Expert Witness

Testimony related to impact of
proposed HVDC system on
large diameter, high pressure
natural gas pipeline system in
Illinois

EKSngineering
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David A. Schramm

Vice-President and Senior Project Manager - Corrosion Engineering

Technical Presentations:
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Portal Pipeline Company

Supervised and completed the annual cathodic protection reading program for

the Portal Pipe Line Company including pipeline, gathering and wellhead

systems. Location: ND

• Whiting Petroleum Corporation

September 2015 presentation on
Cathodic Protection of Wellhead

Structures

• NACE International - Rocky
Mountain Section Meeting,
September 2015 presentation on

AC Interference and Mitigation.
• Columbia Gas, Virginia -

Technical presentation on AC
Interference and Mitigation and

Alyeska Pipeline Service Company

In-state direction, supervision and related to the process of conducting,

analyzing and performing telluric based close interval surveys for the Trans-

Alaska Pipeline System (TAPS) over a four (4) year period. Direct responsible

for the performance, provision, data quality, data analysis and report

recommendations. Location: AKCIS/ACVG/DCVG Data
Interpretation, September, 2015

• Baltimore Gas and Electric (BGE),
September, 201 5 - Technical
Presentation on

• Baltimore-Washington Corrosion
Committee (BWCC) - Technical
Presentation on AC Interference
and Mitigation- May, 2015

• PG&E - February, 2015 Technical
Presentation on AC Interference
and Mitigation

• NACE International, January-201 5

Northern Plains Corrosion Control
Short Course, Omaha, Nebraska
- Speaker and presentation on AC
interference and Mitigation and

case examples

• USG - January, 2015 - Technical
Presentation on Plant Audit

Inspections

• NACE San Antonio Section

Meeting, May-2014 - Speaker and
presentation on AC interference

and mitigation and case examples
• NACE International, January-201 4

Plains Short Course (Omaha),

Nebraska - Speaker and
presentation on AC interference

and Mitigation and case example

• NACE Wisconsin Short Course,
September, 2013 - Cathodic
Protection Design and Practical

• NACE Wisconsin Short Course,
September, 2013 - Casings:

Design and Regulations
• NACE International, August -

2013 Central Area Conference,

Little Rock - Speaker and
presentation on AC interference
and Mitigation and case example.

Desert Generation and Transmission Company

Supervised, conducted and performed the design and testing services for the

Deseret Generation and Transmission Company. Planned and performed a
wide variety of duties involving the evaluation, design, and installation of

cathodic protection systems to inhibit corrosion on pipelines, tanks, and similar

underground and submerged structures including electrical continuity and

protection of concrete steel cylinder pipe. Locations: UT

Mobil Oil

Conducted and analyzed all underground facilities for the potential application

of cathodic protection for the Mobil-Joliet Refinery. Operational and

performance responsibilities related to installation of new and existing cathodic

protection systems: design, redesign, and installation of impressed current

systems for tank bottoms. Location: IL

Montana Power

Conducted, analyzed and performed close interval and leak detection surveys

on large diameter - high pressure - natural gas transmission pipelines owned

and operated by Montana Power near Helena, Montana. Location: MT

Northern Natural Gas

Conducted, analyzed and performed close interval surveys on large diameter -

high pressure - natural gas transmission pipelines owned and operated by

Northern Natural Gas (NNG) in the Upper Peninsula of Michigan. Location: Ml

Mountain Bell Telephone

Supervised, conducted, analyzed and performed the corrosion control and

cathodic protection analysis of the Mountain Bell Telephone lead sheath cable

running between Evanston and Cheyenne. Locations: WY
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David A. Schramm
Vice-President and Senior Project Manager - Corrosion Engineering
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Technical Presentations: Coffeen Power Plant

Supervised, conducted, analyzed, designed and installed cathodic protection

systems for the Coffeen Power Plant Facilities operated by the Central Illinois

Light Company (CILCO). Location: IL

• Northern Natural Gas (NNG) Spring
Corrosion Round Table - 2013: AC
Interference and Mitigation Training
(Minneapolis, Des Moines, El Paso)

• Northern Natural Gas (NNG) Spring
Corrosion Round Table - 2013:
CIS/ECDA Defect and Interpretation

• AGA/SPE, March 2012-
Identification and Prevention of
Corrosion in Gas Storage Gathering

Facilities

• NACE Wisconsin Section - Annual
Short Course - 2013: Speaker and
presentation on Cathodic Protection
Design and Practical's and Casings:

Design and Regulations
• NACE Wisconsin Section - 2012:

Speaker and presentation on AC
interference and Mitigation and a
case example related to a 12-inch
and 20-inch pipeline system.

• 51s'. Annual Underground Corrosion
Short Course: Speaker and
presentation on AC issues on

Pipelines presented under the
System Integrity section, Purdue

University, 2012

• 51st. Annual Underground Corrosion
Short Course: Pipeline Casing
Presentation, 2012

• 51st. Annual Underground Corrosion
Short Course: Station Assessment
Procedures, 2012

• EPRI/Southwest Research: June

LaGrange Hospital

Designed, analyzed and supervised the installation of galvanic anode systems

designed to protect the interior water box of condenser/chiller units operated by

the LaGrange Hospital. Location: IL

Union 76

Supervised, conducted and analyzed the cathodic protection systems installed

on over 250 underground gasoline and waste oil storage tanks systems owned

and operated by Union 76. Locations: IL, KY, IN

O'Hare Airport

Designed and supervised the installation of galvanic anode protection systems

for aviation fuel pipelines related to jet-way expansions. Responsible for the

cathodic protection assessment, design, and mitigation on jet-way expansions

of the G & H terminals as well as field supervision on the United Airlines terminal

1 construction project. Locations: IL

City of Viburnum
Designed and supervised the installation of down-hole impressed current
systems for the City of Viburnum including the protection of water well casing,
column and bowls. Location: MO

2010, Copper Grounding
Presentation

• China International Oil and Gas
Pipeline Conference, Langfang,
Hebel, China, November-2009:
Safety and Operability Assessment
Report and HAZOP Study Report
(PetroChina),

• China International Oil and Gas
Pipeline Conference, Langfang,

Hebel, China, November-2009:
ECDA Implementation Case Study -
Pipeline Integrity and Corrosion
Control Technology

• NACE International, March, 1991 -
The Development and Conversion to
an "On-line" Corrosion Control
Records System on a Mainframe
Computer, Corrosion 91, Paper
Number 346, NACE International.
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Kristi Sparbanie
Sr. Project Engineer, Corrosion
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Overview: Ms. Sparbanie is an engineer with experience in cathodic
protection, corrosion control surveys, design, and maintenance of natural gas
and water distribution and transmission mains. She has experience in
performing close-interval (CIS) and DCVG surveys, cathodic protection annual
surveys, stray current interference, analyzing and reporting data, performing
External Corrosion Direct Assessments (ECDA), and cathodic protection
design of pipelines and stations; such as, galvanic or impressed current
systems, calculating anode design life, procurement of materials, and installing
CP facilities for monitoring.

Additional designs have been performed for distribution and transmission
pipelines and stations which include utilization of sizing programs for regulators,
designing heaters and odorizers for customer operating stations, cost
estimation and analysis, preparation of bid documents, analysis of public
improvement project designs for conflict with gas piping, conflict resolution and
reduction, new product testing to determine applicability for field application and
standard criteria with reliability testing, cost analysis, and development of
customer specifications.

Key Relevance

Cathodic Protection Design

Corrosion Control Field

Assessments

Cathodic Protection Trouble
Shooting

AC Mitigation Design and

Analysis

Atmospheric Corrosion

Inspection

Internal Corrosion

Relevant Projects:

Pacific gas and Electric (PG&E)
Reviewed and assessed historical pipeline engineering documents used to
validate the pipeline MAOP as determined by PHMSA requirement 49 CFR Part
192 - Subparts J & L. Assembled spreadsheets to track pipeline characteristics
and examined pipeline specifications and tests to determine safe pipeline
operations. Verified spreadsheets as part of the quality control team to ensure
accuracy and completeness of the final product being delivered. Location: IL

Job Title:
Sr. Project Engineer

Corrosion

Years with EN Engineering: 12

Total Years of Experience: 12

Primary Office Location:

Warrenville, IL, USA DuPage Water
Performed testing and analysis of structure-to-electrolyte readings, AC readings,
bond readings, isolation flanges, pipeline continuity, panhandle eastern (casing)
testing, close-interval surveys (CIS), DCVG and ACVG Surveys, and static and
dynamic stray current interference which included system wide testing. Analyzed
cathodic protection pipeline systems and back-up generation stations, prepared
construction drawings for galvanic and impressed current designs and monitoring
facilities, and procurement of materials. Location: IL

Education:

B.S., Mechanical Engineering,
Northern Illinois University, DeKalb,
IL.

Professional Certifications:

• Cathodic Protection Tester (CP1),

NACE

Kern River

Performed an interference assessment and design on a 30" and 36" pipeline in
Wyoming. Reviewed historical data and assessed data to provide a stray
current mitigation design that involved installing DC coupon test stations and
two galvanic anode systems. Location: IL

• Cathodic Protection Technician

(CP2), NACE

• National Center for Construction
Education and Research

Illinois American Water
Performed testing, analysis, and design for steel, PCCP, and ductile iron pipelines
which included baseline and annual surveys, AC study, test stations and CP
monitoring facilities, air release locations, stray current interference, zinc grounding
mats, and CP design. Reld testing included structure-to-electrolyte readings, AC
potentials, isolation and continuity testing, stray current interference testing,
recording data from line current test stations to determine the calibration factor, and
installing temporary data loggers to monitor the AC and DC readings over time.
Location: IL

(NCCER)

• Fundamentals of Engineering
Exam (FE), State of Illinois

United States Gypsum

EKSngineering

00148
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



Kristi Sparbanie

Sr. Project Engineer, Corrosion
Page 2 of 3
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Performed an External Corrosion Direct Assessment (ECDA) on various pipeline
segments which included pre-assessment and indirect inspection phases. Field
work performed consisted of close-interval surveys (CIS), DCVG surveys,
interference testing, isolation testing, and depth of cover surveys. Locations: TN
and AL

Northwestern Suburban Municipal Joint Action Water Agency
(NSMJAWA)

Annual testing of different line segments to determine structure-to-electrolyte
readings, AC readings, and isolation at each test station. Performed close-
interval surveys (CIS), stray current interference testing, and analyzed and
provided recommendations based on the data obtained. Location: IL

Louisville Gas and Electric (LG&E)
Designed a cathodic protection system for an 8.1 mile 20" diameter pipeline in
Kentucky which included two stations and a section of pipeline installed in rock.
Utilized design calculations to determine rectifier size, anode type and amount,
and cable lengths and sizes. Monitoring facilities including foreign pipeline test
stations, AC coupon test stations, anode test stations for galvanic anodes
protecting piping inside stations, isolation test stations, and permanent gradient
control mats for AC safety. Assisted in the AC assessment and AC design for
the HVAC. Location: IL

Altiant Energy

Designed a cathodic protection system for a 13.31 mile 20" diameter pipeline
in Iowa which included an Interconnect and a Gas Yard Station and a 12.76
mile 12" diameter pipeline in Iowa which included an Interconnect and a
Regulator Station. Utilized design calculations to determine rectifier size, anode
type and amount, and cable lengths and sizes. Location: IL

DTE Energy
Assisted in training and performing the close-interval (CIS) and DCVG surveys
for the External Corrosion Direct Assessment (ECDA) on several sections of
main. Location: Ml

Nicor Gas

Designed cathodic protection systems on distribution and transmission work orders
and performed close-interval (CIS) and DCVG surveys on Nicor Gas pipelines.
Designed stations which included odorant and storage tanks, meter sets, sizing
regulators, procurement of material, and estimation of cost. Analyzed and
determine extents of main to be replaced for public improvements involving the
replacement of cast iron, steel, or P.E. main. Location: IL

Enbridge Pipeline

Performed annual potential reads on various line segments, performed close-
interval survey (CIS), and designed impressed current systems for several
locations in Minnesota. Locations: IL, Wl, and Ml

Valero

Performed close-interval surveys (CIS), stray current interference testing, and
analyzed and provided recommendations based on the data obtained.
Location: IL

Vectren
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Kristi Sparbanie

Sr. Project Engineer, Corrosion
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Modified Gas and Liquid IMP procedures and forms. Assisted in the study and
design of an AC system. Location: IL

Cttgo Refinery

Designed 2,275' of 8" main to run along New Avenue and 1 35th Street for the new
hydrogen plant for CITGO. Analysis was performed to determine the minimum
radius of curvature and the operational stresses on the 8" main crossing the
railroad at an approximate depth of 20'. In addition, a new meter station was
proposed that included a 6" meter set and 4" Mooney regulators. Location: IL

Adkin's Energy

Designed a station for the new plant for Adkin's Energy that included a 500,000
Btu/hr heater, a meter set with a 4" turbine meter, and a dual regulator run with

3" Mooney regulators and 6" ball valves. In addition, an 8" fuel line was run for
about 1 ,140' up to the Adkin's energy building where another dual regulator run
was designed to cut the pressure down. Location: IL

ENEngineering
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4
Vermont GasL

2015 ANGP Project Directive Log

Number SubjectDate Issued By Disposition*

8/24/152015-001 Reporting Potential Vandalism John Stamatov

8/24/15 Welding Line Up Clamp Usage

Clarification

2015-002 Chris LeForce Superseded by

2015-004

8/24/15 CP Test Stations for the first 11

miles

2015-003 Chris LeForce

8/28/15 Welding Line Up Clamp Usage

Clarification

2015-004 Chris LeForce Replaces 2015-002

9/1/152015-005 Construction in Sand Area John Stamatov

Kristy Oxholm on

behalf of Chris

LeForce

8/31/152015-006 Backfill Compaction

Kristy Oxholm on

8/31/152015-007 General Backfill Materials behalf of Chris

LeForce

Kristy Oxholm on

behalf of Chris

LeForce

Superseded by

2015-0118/31/152015-008 Adhesion Testing - Field Coating

9/14/15 HDD Sacrificial Weld Coating2015-009 Chris LeForce

Pipe Surface Preparation for

Shrink Sleeve Weld Coating
9/30/152015-010 Chris LeForce

9/30/15 Adhesion Testing - Field Coating2015-011 Chris LeForce Replaces 2015-008

*Dispositions: Expired, Superseded, Cancelled

o
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Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 8/24/2015

Subj ect: Reporti ng Potenti al Vandal i sm

Directive Number: 2015-001

Upon discovery of any damage to pipeline components, construction equipment or anything else

associated with this project which appears to be a result of vandalism (or the cause of such

damage is unknown and not attributable to normal wear and tear, damage inflicted during routine

construction activities, etc.), the Construction Management Team shall be notified as soon as

possible.

The notification should be first to the on-site inspector and through the chain of command to the

Chief Inspector and Construction Manager. The Construction Manager will in turn notify the

Project Manager.

Thisearly reporting will allow for prompt notification of law enforcement authorities, if deemed

appropriate This reporting will alsoallowfor realization of trends (i.e., scratched pipein

multiple different locations) which may influence the Construction Management Team's

deci si ons i n determi ni ng a course of acti on to fol I ow.

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 1 1 miles

Directive Number: 2015 - 003 (Revision 0)

Please use the attached documents when installing the CP Test Stations on the first 1 1 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
Corraltori Technician

ftJVefmonJ Got Syjtomi. Inc.
P.O Box 447, Burlinglai, VT 05402-0457
85 Swift Sired, S& Mingttn, VI 05403
Tel: 002-951-0323
Cell: 002-309-9279
Fa. 802-893007!

Vermont Gas
CUAN fMCPtOV CUAN AJ*.

jbocht . . igaixom

Issued by (print): Christopher LeForce

Signature:

V
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 I

Proposed CP Test Station Locations (First 11 Miles) August 14, 2015

Land Parcel

Oistance

Between

Boxes

Test Approx.

Station

Approx.

Mile Post
Station Type Location Description Town LL# Landowner

Station ff

Colchester0 Colchester Launcher

Mill Pond Road Crossing

Access Road "C"

0+00 0.00 0.00 Two Wire

Four Wire IR

Drop

Two Wire

1.03 Cade

Colchester1 26+00 0.49 0.49 Town of Colchester2.02

67+00 Colchester0.77 State of Vermont1.26 3

3 109+00 2.06 Two Wire Rt 2A Crossing

VELCO 289 Crossing

Rt. IS Crossing

Essex Way Crossing

1-89 "Jughandle"

Winooski River HDD

Begin

RR Crossing

Redmond Road

Redmond Road

5 State of Vermont

State of Vermont

State of Vermont

State of Vermont

0.80 Essex

0.93 64 158+00

214+00

240+50

2.99 Two Wire

Two Wire

Two Wire

Four Wire IR

Essex

Essex

Essex

5 4.05 1.06 9

6 4.55 0.50 9

7 302+00 5.71 1.16 9 State of VermontEssex
Drop

8 356+00

374+00'
399+50

6.74 Two Wire1.03 Essex 14 Steiner

0.34 219 Williston

Williston

7.08 Two Wire

Two Wire

CSWD

CSWD10 7.57 0.49 23

Two Wire11 443+50 8.40 0.83 Williston 30 CSWD

Mountain View Rd

Crossing

West of Catamount CC,

Bike Path

12 481+00 WillistonTwo Wire Town of Williston9.10 0.70 36

0.72 Williston13 518+50 9.82 Two Wire

Four Wire IR

Drop	

38 State of Vermont

Williston551+00 Williston Station14 10.43 0.61 Town of Williston41

(

I

8/24/15 11:40 AM
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VGS
Corrosion Control - Cathodic Protection

Effective Date: March 4, 2015

Page 1 of 9

Operating

Procedures

Referring Sections:

192.453 — Requirementsfor Corrosion Control - General

192.455 — External corrosion control: Buried or submergedpipelines installed after July 31, 1971

192.457 — External corrosion control: Buried or submergedpipelines installed before July 31, 1971

192.463 — External corrosion control: Cathodic Protection

192.46 7 — 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 alsofollowing 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 in pipeline corrosion control

methods.

Cathodic Protection Design Procedure:

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:

1 . Location of All Test Stations

2. Pipe Coating Resistance - when practical

3. Protective Current Applied to New Pipe - when practical
4. Pipe to Soil Potentials ofNew Pipe

(

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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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.

2. Casings and sleeves

3 . River weights and pipe anchors

4. Gate stations

5. Service risers

6. Information gathering systems such as SCADA devices

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 snecified:

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 uncontrolled copy. Please verify on VGS server that you have the most up to date revision prior to use.
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Test Stations

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

b. Insulating Joints

Galvanic Anode Installations

d. Rectifier/impressed Current Anode Installations

As directed after review by the Corrosion Technician

a.

c.

e.

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 uncontrolled copy. Please verify on VGS server that you have the most up to dale revision prior to use.
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(

#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 fIR 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 installed in the configuration recommended.

Connection to steel pine or structures:

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 to use.
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(

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:

For #10 AWG solid anode wire, approximately 3" of the end shall be stripped and

the conductor doubled over to provide a 1 Yz" connection end.

a.

b. For #8 AWG or #6 AWG copper test wire, approximately 1 Yz 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 uncontrolled copy. Please verify on VGS server that you have the most up to date revision prior to use,
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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.

Impressed Current Systems:

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.

Galvanic Systems:

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 (I) 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-l0AWG solid

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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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-l2AWG 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.

Inswlaftti Eittings and Couplings

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:

Unprotected pipe

Bare steel pipe

Cast and ductile iron pipe

1.

2.

3.

Copper pipe4.

District regulator vaults

Casings

House piping

All other pipelines or structures

5.

6.

7.

8.

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

C. A reasonable effort should be made to test insulating fittings after installation.
D. When non-insulting compression fittings are used, the pipe ends shall be

thoroughly cleaned to bare metal to insure metallic contact with the fittings.
E. Steel main inserted into a casing shall have "insulators" installed.

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 to date revision prior to use.
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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. 8AWG 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:

Resin Splice Kits. A pre-formed mold is snapped over the connection, and an1.

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

encapsulate the connection.

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.

2.

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
V.

ARNGP PROJECT DIRECTIVE

Date: 8/28/20)5

Subject: Welding Line Up Clamp Usage Clarification

Directive Number: 20 1 5-004

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).

C 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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f
Vermont Gas(

ARNGP PROJECT DIRECTIVE

Date: 9/1/2015

Subject: Construction in Sand Area

Directive Number 2015 - 005

In 3.5(B) - Bedding and Backfilling of Section 312333 - Trenching, Pipe Laying, and
Backfilling of the Technical Specifications: pipe supports shall be installed in alt 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 240+26 to station 279+75, as the uniform sand in the trench meets requirements for select
backfill.

Issued by (print):John £tao(atov

Signatur/^V fid/Î 1^1Mr
(

(

This directive expires an 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 3 12333 - 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 of24" 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 Oxholm (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: 8/31/2015

Subject: General Backfill Materials

Directive Number. 2015-007

In 2. 1 (B) Materials of Section 3 1 2333 - 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:

C

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

ARNGP PROJECT DIRECTIVE

Date: 9/14/2015

Subject: Sacrificial Weld Coating on HDD Installations

Directive Number: 20 1 5 — 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 ofadditional abrasion resistance

coating, along with the installation guide and product data sheet for the Wrapid Shield™ XL.

C
Issued by (print): Christopher LeFojce

Signature: q/ii

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

C
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.
C

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 secondaiy 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 foreignC
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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.
C

As supported by a letter from Steve Anderson (NACE C1P2 # 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.

o

c
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(5) Canusa-CPS
A ShawCor Company

Wrapid Shield XL
Fiberglass Mechanical Protection for Field Joints on Directionally
Drilled Pipelines

Product Description Equipment List Surface Preparation Surface Preparation

ITt mInstaller Kit

I Y'

< P!
Nitrite Gloves

1

J
Wrapid

Shield XL
Com pre j

Firm
s on

Surface preparation shall be as required
for the specific corrosion coaling used in
conjunction with Wrapid Shield XL.

Wrapid Shield XL is supplied within the
kit and is contained in a heat-sealed
foil pouch.

Appropriate tools for surface abrasion
ana preparation (wire brush/power wire
brush or grit blaster, abrasive paper (40
80 grit), Knife, lint free rags, approved
solvent and water spray bottle Standard
safely equipment, gloves, safety glasses,
hard hat, etc.

Clean exposed steel and adjacent
pipe coating with an approved sol
vent (Acetone, MEK, Alcohol >96%) to
remove the presence of oil, grease, and
other contaminants if present. Ensure
that the pipe is dry prior to mechanical
cleaning

Installer Kit
An Installer Kit is supplied separaley
and includes Compression F I n and
Nitrile gloves.

Outer Wrap
Application Wrapid Shield XL

fee §

For Heat-shrinkoble sleeve corrosion
coatings use the Canusa product spe
cific installation guide.

Water is needed to activate Wrapid
Shield XL. Open the foil pouch, remove

Starting at the trailing end of the field
|Oinl, begin the application at a distance
of 50mm (2") past the inner corrosion
coating ond extend the wrap 150 mm
(6") beyond the corrosion coating on
the leading edge. Apply the first wrap
circumferenlially around the pipe at
90° angle then begin spiral wrapping
with 50% overlap following the wrap
ping guideline thai is printed on the roll.
Apply pressure during application by
Dulling firmly on the roll as it is applied,
queeze ond mold firmly in the direction

of the wrap until tight

End with a circumferential wrap applied
at 90° to the pipe. For high shear or

ndifjiional loy-the roll. Once opened, the product can
not be repackaged. Wrapid Shield XL is
activated using a water sprayer to mist
and wet each layer as it is wrapped.

impact requirements,
ers may be required. To create thinned
edges for directional drilling, reduce the
overlap in the last 100mm - 150mm of
the edges to 1 0-20% rather than 50%.

s

C

INSTALLATION GUIDE canusacps.com

00174
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



Prior to Pulling

BT Storage & Safety GuidelinesEET
To ensure maximum performance, stoie
Canusa products Tn a dry, ventilated area
Keep products sealed in original cartons
ana avoid exposure to direct sunlight, rain,
snow, dust or other advene environmental
elements- Avoid prolonged storage at
temperatures above 35 C (95*FJ or below
-2(rC (-4*F) Product installation should be
done in occordonce with local health and
safety regulations.

v-

, I
I

•

These Installation Instructions are
intended as a guide for standard
products. Consult your Canusa
representative for specific projects or
unique applications.

Apply compression film in the same Perforate the compression film using a Allow the Wrapid Shield XL to reach a
direction as the previous layers with wire brush (or other perforating device) Shore D Hardness of 70 prior to pull
et 50% overlap Start min 50mm by lapping firmly on the tope with the ing Wrapid Shield XL is fully cured at o
(2") beyond the outer edge of the metal bristles. Perforation allows the Shore D Hardness of 83 <© 7
Wrapid Shield XL, pulling firmly during CO2 gas generated by the curing pro- fcl . « . ..j . .
application cess to escape Compression film may No,e.: " holiday inspection is
NOTE: Compression film should be ^hn^n^or^ij,°ito» "" ^on iKmsion coafcg S
applied before excess foaming is either discarded or left in place uct is installed because the Holiday
observed from the Wrapid Shield XL. detector with jeep an residual mais-
A second installer should begin this ture in the Wrapia Shield XL installed
step and follow the Wrapid Shield product.
XL inslaller(s) as they progress with
the wrapping of the pipe. The resin
should be compressed and the film
perforated as quickly as possible.

2°F.

Canusa- CPS
A division of ShawCor Ltd.

Head Office
25 Bethridge Rd.

Toronto, ON M9W 1M7 Canada

Tel: +1 416 743 7111

Fax: +1 416 743 5927

Canada
Suite 3200, 450 * 1st Street S.W.

Calgary, AB T2P 5H1 Canada

Tel: +1 403 218 8207

Fax: +1 403 264 3649

Americas
2406 Timberloch Place, Building C-8
The Woodlands, TX 77380 USA

Teh +1 281 367 8866

Fax: +1 281 367 4304

Europe, Middle East,
Africa & Russia
Unit 3, Starling Pork,

Gatwick Road, Crawley, West Sussex

RH10 9QT United Kingdom

Tel: +44 1293 541254

Fox: +44 1293 541777

o

Asia-Pacific
101 Thomson Road,
#1 1-03 United Square

307591 Singapore

Tel: +65 6749 8918
Fax: +65 6749 891 9

Canusa-CPS is registered
to ISO 9001:2008

Canuw worrenls thai Itie product conforms
to its chemical and physical description
and is appropriate for the use staled on the
installation guide when used in compliance
with Canute's written instructions. Since
many installation factors are beyond
our control, the user shall determine the
suitability of the products for the intended
use and assume all risks and liabilities in
connection therewith. Canute's liability it
stated in the standard terms and conditions
of tale. Canusa makes no other warranty
either expressed or Implied. All information
contained in this installation guide Is to be
used as guide and is subject to change
without notice. This installation guide
supersedes ail previous installation guides
on this product. E&OE

Part No. 99060-228

IGJWraptd Shield XL_rev0 TOC

HP Canusa-CPS Pipeline corrosion
Protection
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LIBERTY SALES & DISTRIBUTION

2880 Bergey Road, Suite F • Hatfield, PA 19440 • Ph; 877-373-0118 - Fx: 888-850-3787

PRINCIPAL MANUFACTURERS(

A.Y. 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 V" thru 2" diameters are also manufactured in a BMI finish.

U44. VALVE1

BOHMER is a worldwide leader in the manufacturing of forged, fully welded, trunnion mounted style ball valves for a variety of high

pressure field applications. Nearly 60 years of German engineering 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.

(TT) CANUSA-CPS
A ShawCcm Company

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.
\NUSA products arc also specified for a variety of specialty applications including Directional Drillings, Casings, Bridge Crossings,

Vater/Wastewater fittings, and elbows. CANUSA also recently developed Wrapid Shield™ PE, a high impact resistant rockshicld to

protect your corrosion coatings.

CCI PIPELINE SYSTEMS specializes in providing a complete line of Casing related products for the Gas, Oil, 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 Product*

TapHjor h^aorr*

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 T apecoat
® and Royston ® suite of corrosion protection products. Their extensive product lines include a variety of Cold and Hot Applied Tapes,
Sealants, Protective Outerwraps, Liquid Epoxies, Mastics, Petrolatum Wax Tapes and Casing Fill products and services.

CITADEL
TECHNOLOGIES

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% Solid Epoxy coupled with a Bi-Directional
Carbon Fiber Wrap. Our Carbon Fiber Composite Repair Systems are extremely low profile and unmatched in structural integrity used
to completely restore corroded/eroded piping systems to their original MAOP without service interruption.
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ifiS^ LIBERTY SALES & DISTRIBUTION
2880 Sergey Road, Suite F Hatfield, PA 19440 • Ph; 877-373-0118 - Fx: 888-850-3787

PRINCIPAL MANUFACTURERSV

Denso

DENSO is an internationally recognized leader in corrosion prevention and sealing systems for new and rehabilitation applications.
DENSO developed the original Petrolatum Wax Tape and they have completed successful applications for over 75 years. DENSO's suite
of corrosion 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, CADWELDE PLUS system is the latest advancement in

welded connections providing your crews with simple and quick installations from outside the ditch

"Unit,'
CO.

GLAS MESH CO. manufacturers and supplies a complete line of Fiberglass Reinforced Plastic (FRP) Corrosion/Abrasion control
oducts for a variety of pipeline applications such as Bridge/Aerial Crossings, Compressor/Pumping Stations, and Meter Set/Station

piping applications. Glas Mesh products include the FRP Shields, Spacers, Saddles, Flatties, Casing Insulators, Coated U-Bolts and EPI

Scam-Sealer.

itutAiiyu

Laa TW- 1 l uiJ

V" 1
WW*

LB&A manufacturers a variety ofNon-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 variety of corrosion prevention finishes including
stainless steel and a proprietary 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-conosion coatings for the gas, oil, electric,
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.

LIBERTY SALES & DISTRIBUTION

f Directional Drilling Coatings

LIBERTY SALES & DISTRIBUTION, LLC offers products from the pipeline industries leading manufacturers ofHDD coating

systems. These include the liquid epoxy coatings Powercrete J, Powercrete R-95, Denso ARO, 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.
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fflsjjjik LIBERTY SALES & DISTRIBUTION
2880 Bergey Road, Suite F- Hatfield, PA 19440 Ph: 877-373-0118 • Fx: 888-850-3787

c PRINCIPAL MANUFACTURERS

LIBERTY SALES & DISTRIBUTION

Pipeline Markers

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.

ffjs LIBERTY SALES & DISTRIBUTION

Pipeline Pigging Products

LIBERTY SALES & DISTRIBUTION, LLC serves the pipeline industry by distributing a wide selection of pipeline pigging products

and accessories. 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

*eds. Made from a random looped, lead free, PVC material, this high-density rockshicld 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 project. Liberty Sales and Distribution also provides a variety of lighter weight rockshiclds to meet all your underground

pipeline protection needs.

fmUBERTY SALES & DISTRIBUTION
Tracer Wire & 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. Our HMWPE Tracer Wire is insulated with a rugged, moisture resistant High Molecular

Weight Polyethylene (HMWPE) 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 variety of color options. Custom markings and packaging is available upon request.

MONTI
Tools Irico'pora tned

MONTI TOOLS INC. produces 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.

SPV
MtiM

•Jrtirtw

UfeMI '. Lfl

c;
PIPELINE INSPECTION COMPANY produces a host ofpipe 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

(lkV-5kV), Model 785 (lkV-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 reliable Jeep on the

market.
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fgfl LIBERTY SALES & DISTRIBUTION

WW
2880 Bergey Road, Suite F • Hatfield, PA 19440 • Ph: 877-373 0118 • Fx: 888-850-3787

PRINCIPAL MANUFACTURERS

$ TECD AMERICAS

TECO AMERICAS - The FircBag® 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 (QS-IOO^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 indoor gas installations

Western Technology
[Ftoticn Proo* & l47*-Voft*f* ticniM* 1

ry*i Moil CwnptoM urw at Sn, l> IWrtKJItCorrtrTjIi

WESTERN TECHNOLOGY INC. is the premier manufacturer and supplier of Explosion Proof and Low Voltage Lighting
products, serving a variety of industries The NEW UL Approved, CLASS I 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

&OODARD
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
gy. Woodard & Curran's experience includes electricity, natural gas. petroleum, nuclear energy, heat/power, and the renewable

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

CONTACT INFORMATION

Regional Offices:Corporate Office: Outside Sales Consultants:

Liberty Sales and Distribution, LLC

28R0 Bergey Road, Suite F
Hatfield, PA 19440

Phone: (877)373-0118

Fax: (888) 850-3787

New England Territory

Wally Armstrong
Mid Atlantic Territory

Chuck Lang IV

Cell: (215) 350-9990

Email: clang4@libertysales.net

Cell: (978)815-8336

Email: warmstrong@hbertysales.net

www.libertysales.net

www.libertyhd.net

www.libertymarkers.net

New England Territory

John Maher

Mid Atlantic Territory

George Rocchino

Cell: (207) 650-5740Cell: (267) 767-9423

Email: jmaher@libertysales.netEmail: grocchino@libertysales.netTraccy Rocchino
Office Manager

Email: trocchino@libertysales.net
Southern Territory

Lou TaylorTracy Nixon

Inside Sales Representative
Email: tnixon@libertysales.net

Cell: (267) 664-8177

Email: ltaylor@libertysales.net

/

la Rorer

Inside Sales Representative
Email: jrorer@libcrtysales.net

Northern Territory

Shane Quackcnbush

Cell: (518)441-5532

E mail : squac kenbush@ 1 ibertysa les.net
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nn canusa-cps
Wrapid Shield

C XL/XL-FC

a ShawCor CompanyTM

M

Fiberglass Mechanical Protection for

Field Joints on Directionally Drilled

Pipelines

jfr

;1

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

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. Applications

Superior Mechanical Protection

• Provides unparalleled protection against impact, indentation,

abrasion, punctures and tears that may result from directional

drilling, rough handling, native backfills or severe in-service

conditions.

• Designed to protect the underlying field joint coating from the effect

of forces associated with directional drilling.

Chemical Resistance

• Resistant to corrosive salt water, soil acids, alkalies and salts,

common chemicals, chemical vapors, and exposure to outdoor

weathering and sunlight.

Long Term Corrosion Protection

• In combination with a heat-shrinkable sleeve the composition of the

products is such that they provide an effective barrier to water and

oxygen which provides effective corrosion protection and soil stress

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 at 23°C.

• Wrapid Shield™ XL-FC is a Fast Cure version and has

an application time of 5 minutes al 23°C.

Oil & Gas

Onshore Pipelines

(
Offshore Pipelines

Girth-Weld Joints

Directional Drilling

\

(

PRODUCT DATA SHEET canusacps.com
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Ths product information

shown here is intended as a

guide for standard products.

Consult your Canusa

representative for specific

projects or unique applications.

Wrapid Shield™ XL/XL-FC
Fiberglass Mechanical Protection for Field Joints on
^pirectionally Drilled Pipelines

Typical Wrapid Shield'" XL Properties* Test Method Typical Values

r
LCure Time ot 23°C** 20 min-

Lap Shear Strength

Density

Glass Transition Temperature (DSC)

Tensile Strength

Hardness

ASTMD3163 1 2 Mpa '

1ASTM D792 1.15 g/cm1

ASTMD3418 Tg w 175- 189"C

*
ASTM D638 248 MPa >1®

|S ; 1M
r

SjPj!Shore D 80

f-'

Dielectric strength

Flexural Strength

Compressive Strength

ASTM D1 49 1 6 kV/mm

ASTM D790 405 MPo Canusa-CPS
A division of ShowCor Ltd.

Head Office
25 Bethridgo ltd
Toronto, ON M9W 1M7 Concdo

Tot: +1 416 743 7111

Fax +1 416 743 5927

ASTM D695 165 MPa

Impact Resistance ASTM G14/G62 (MOD) 167 J

Typical Wrapid Shield'" XL-FC Properties* Test Melhod Typical Values

Cure Time at 23°C" 5 min.
Canada
Suite 3200, 450 - 1st Street S.W.

Calgary, AB T2P 5H1 Canada

Tel: +1 403 218 B207

Fax. + 1 403 264 3649

Density

Tensile Strength

Hardness

1.14 g/cm3

306 MPa

ASTM D792

ASTM D638

Shore D > 70
Americas
240S Timberloch Place, Building C-8

The Woodlands, IX 77380 USA
' jxural Strength

Impact Resistance

ASTM D790 372 MPa

ASTM G14/G62 (MOD) 167 J Tel: +1 281 367 8866

Fax +1 281 367 4304
"With on 8 layer system

"Cu'e times wi]J vary depending on substrate temperature Please eontod you- bca( Canuta office for be'p in dete mining which

configuration would work best far your projed's conditions
Europe, Middle East, Africa & Russia

Unit 3, Sterling Park,

Gatwick Road, Crawley, West Sussex

RH10 9QT United Kingdom

Tel: +44 1293 541254

Fax: +44 1293 541777

Asia -Pacific
101 Thomson Road,

#1 1-03 United Square

307591 Singapore

Tel: +65 6749 8918

Fax i65 6749 8919

Canusa-CPS is registered
to ISO 9001:2008

Canusa warrants thotthe product conforms to
its chemical and physical description and k
appropriate for the stated an the
product dole sheet when used in compi once
with Conuld's written instructions. Since many
installation factors are beyond our control,
the user shall determine the suitability of the
products for the intended use and assume all
risks and liabilities in connection therewrth.
Canute's liability u stated in the standard
terms and conditions of tale. Canusa makes
no other warranty either e*pre»ed or implied
AH information contained in this data sheet is
to be used as a guide and is subject to change
without notke. This data sheet supersedes off
previous data sheets on thk product. E&OE

Since 1967, Canusa-CPS has been a leading developer and manufacturer of specialty pipeline cootngs
for the sealing and corrosion protection of p'peline joints and other substrates. Canusa-CPS h'gh

ormonce products are manufactured to the highest quality standards and are available in a number

onfigurations to accommodate many specific project applications( PQS_Wrapid Shield " XL/XL-FC_,m010

Pipeline corrosion
P rntMtion

fff*) Canusa-CPS
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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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Venncmt Gas

{

ARNGP PROJECT DIRECTIVE

Date: 9/30/2015

Subject: Adhesion Testing - Field Coating

Directive Number: 2015 - 01 1

An adhesion test shall be performed on an average of 2% of epoxy coated welds from April 1st

through September 30th and 5% ofepoxy coated welds from October 1st 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 LeForcj

Signature:

c

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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QA/QC Executive Summary Page 1 of 4 

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.  

Attachment INTERVENORS.VGS.1-84.3b
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QA/QC Executive Summary Page 2 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. 

00185
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 

QA/QC Executive Summary Page 3 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. 
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QA/QC Executive Summary Page 4 of 4 

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. 
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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	
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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.	
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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.	
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Canusa-CPS

25 Bethridge Road

Toronto, Ontario

M9W 1M7 Canada

o +1 416 743 7111

f +1 416 743 5927

Shawcor.com

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:

 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
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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:

 2016 Canusa K-60/L sleeve was applied

 Ice was placed in the bottom half of the pipe to simulate a temperature differential between the

steel surface and the outer PE backing.

 Peel test was performed.

The results of the Peel Test were as follows:

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

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

 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).
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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.
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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/cm2

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
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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/cm2 CF, backing broke

13 B 2201 LG 49 N/cm2, CF

13 B 1981 SL 49 N/cm2, CF
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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/ cm², CF

14 B 108 LG 46 N/ cm², CF
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Fa o, Aud

Subject: FW: Canusa Joint sleeves - confidential and Privileged communication

From: David Berger Ima ilto:dave. b@verizon. net]
Sent: Wednesday, August 30,20L7 10:45 AM
To: Morris, GC <GC.Morris@vermont.gov>
Cc: Porter, Louise <Louise.Porter@vermont.gov>; Porter, James <James.Porter@vermont.gov>; David Berger
<dave, b@verizon. net>
Subject: RE: Canusa Joint Sleeves - Confidential and Privileged Communication

GC,
I have searched my files and found some things but I believe that they are confidential so I cannot share them with you.

However, the Canusa issue was identified ín a request for a special permit by Spectra Energy (formally Duke Energy)

under pHMSA Docket 08-0257 but look at things in 2011 which may have reports and findings etc. which would be non-

confidential. lf you want me to research this, it will have to wait awhile since I am tied up on other work for the next few
days.

Dave

David Berger Associates I Office: 94L.90A.22?6 | Cell: 5t6.702.7271 | Email: dave'b@verizon.netl

From: Morris, GC [mailto:GC.Morris@vermont.gov]
Sent: Wednesday, August 30,2017 B:35 AM
To: David Berger
Subject: Canusa loint Sleeves - Confidential and Privileged Communication

Good Morning Dave,
I hope your vacation to New York was enjoyable and you had a safe return trip to Florida.

During our discussion referenced below, you mentioned that Duke Energy had stated Canusa wraps were all fine, on a
particular pipeline project, however an lLl run indicated significant pipe degradation {resultant of the wraps}. ls there a

report,paperorotherdocumentationofthatsituatíonwhichyoucouldforwardtome? lfyoudon'thaveaccessto
written record, etc., would you provide reference to wherefwhen? I believe you or John mentioned that PHMSA may

have issued a replacement order. I mentioned ít to Zack Barrett (when I saw him last week) and he offered to look for
related materials to the situation, if we can't find it.

Thanks,
GC

From: David Berger Ima ilto:dave.b@verizon. net]
Sent: Wednesday, July 1-9, 2017 L2:1-X" PM
To: Morris, GC <GC.Morris@vermont.gov>
Subject: RE: Pipeline Padding and Canusa Joint Sleeves - Confidential and Privileged Communication

GC,
Let's set a time for 1 today?

1
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Vermont Gas

Page 1 of 2

Corrective/Preventive Action Request (CPAR)

CA B PA c
(Check appropriate box to indicate corrective or preventive action)

Initiator: k o»hoim Corrective Action #2015^

or

Date: 10/19/15 Preventive Action #

Date Due By/Assigned to Completed initials & Date

£^0 Mlas/aoi5Investigation Krlsty Qxholm

Implementation Lee Brown

Audit

jJ-CAR/PAR closed John St. Hilaire

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 ±
If so, specify:	

77M. O-/ li Ii5Approved by: Date:
U

T7

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?
If so, specify:	

Yes No x

Verified by:

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

Date:

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  Sent: Friday, September 08, 2017 3:35 PM To: 'David Berger' 

<dave.b@verizon.net> Subject: 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]  Sent: Friday, September 08, 2017 3:28 

PM To: Morris, GC <GC.Morris@vermont.gov> Subject: 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 I 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]  Sent: Friday, September 

08, 2017 3:25 PM To: David Berger 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) 

a)      Multiple locations on ANGP, unknown number 

b)      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) 

a)      Multiple locations on ANGP, unknown number 

b)      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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3)      Mill applied patches, adhesion failure(s) 

a)      Multiple locations on ANGP, unknown number 

b)      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) 

a)      Multiple locations on ANGP, unknown number 

b)      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) 

a)      Location:  Rte.2A crossing HDD 

b)      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] 

c)       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) 

a)      Location: Monkton Swamp  

b)      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@vermontgas.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: 

AdMiU1x6aYM9TnecSOW8+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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(802)951-0329 

 

00206
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



I
,Ij

a

I
a
a

II

rffiiiriiliri!l
tlii ;

i;ril
r Bil iiI ti, rI

i;ilii
li liil ii

iiil$

lllliiiil

!

I
I

p .-[ .I I
EI.r Ir !

irliiii;

1

I
l

00207
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



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 
 
  
 
  
 

From: Jordan, Bill  Sent: Thursday, July 07, 2016 9:03 AM To: Morris, GC 

<GC.Morris@vermont.gov> 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  Sent: Thursday, July 07, 2016 8:39 AM To: Jordan, Bill; Porter, 

Louise 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]  Sent: Monday, June 20, 2016 7:24 

AM To: 'John McCauley' <jmccauley@precisionpipelinesolutions.com>; Morris, GC 

<GC.Morris@vermont.gov> Cc: David Berger <dave.b@verizon.net> 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:jmccauley@precisionpipelinesolutions.com]  Sent: 

Friday, June 17, 2016 2:11 PM To: dave.b@verizon.net; Morris, GC 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

00222
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



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 A.INTERVENORS.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 A.INTERVENORS.VGS.1-95.

Person Responsible for Response: John St. Hilaire
Title: Vice President of Operations
Date: December 1, 2017
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ENGINEER'S ADDENDUM NO. OT

TO THE BID DOCUMENTS (PLANS AND SPECIFICATIONS) FOR
Proposed System Expansion

Addison Natural Gas Project (ANGP)
Transmission Contract

October 18. 2013

The following changes and/or additions shall be made to the plans and/or specifications. All
other requirements ofthe contract documents shall remain the same. Acknowledge receipt ofthis
addendum by inserting its number and date in the Bid Proposal.

This Addendum is in the following parts as follows

Part I
Part II
Part III
Part IV
Part V

- Pertaining to Drawings
- Pertaining to Technical Specifications
- Clarifications to Contractor's Questions
- List of Attachments
- Additional Information

17-3550-tNV
PA(ih l OF.+ lntervenoE'

10 llt ll Discovery
ATTACHMENT D

PART I. PERTAINING TO DP.AWINGS

l. ADD the following drawings:
a. "Colchester Launcher and Tie-In Site" dated 9/24l 13 produced by CHA. The

entire scope ofthe Colchester Launcher and Tie-ln Site is now a requirement of
the Transmission Contract.

b. "Williston M&R Station" dated,glz4ll3 produced by CHA. NOTE: Only
information applicable to installation ofthe access road (outside ofthe M&R
fenced area) is applicable.

c. "Plank Road M&R Station" dated 9/24113 produced by CHA. NOTE: Only
information applicable to installation of the mainline valve (within the M&R
fenced area) and the access road (outside ofthe M&R fenced area) are applicable.

d. "Middlebury M&R Station" dated9124/13 produced by CHA. NOTE: Only
information applicable to installation of the mainline valve (within the M&R
fenced area) and the access road (outside of the M&R fenced area) are applicable.

e. "Cathodic Protection System Design - lnstallation Drawings" dated 9/30/ l3
produced by ARK Engineering & Technical Services, Inc.

f. "AC Mitigation System Design - Valve Site Grounding Installation Drawings"
dated 9/30/13 produced by ARK Engineering & Technical Services, Inc.

g. "Zinc Ribbon Installation Drawings" dated I0/10/13 produced by ARK
Engineering & Technical Services, Inc.

2. REPLACE the following sheets with the aftached sheets:
a. ANGP-T-G-01 I (EPSC Plans Only)
b. ANGP-T-G-0I3 (EPSC AND Alignment Plans)
c. ANGP-T-G-OI5 (EPSC AND Alignment Plans)

Addendum I

Chaneesr'Additions to the Bid Documents;

THIS ADDENDUM is hereby made a part ofthe conlract documents on the subject rvork as

though originally included therein. The following amendments, additions and/or corections shall
govem this work.
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PART II . PERTAINING TO TECHNICAL SPECIFICATIONS

I . Table of Contents: REPLACE with the aftached REVISED Table of Contents.
2. Invitation to Bid

a. Sixth paragraph, last sentence shall be REPLACED with the following: "This bid
shall remain valid for a period of sixty (60) days from the bid due date."

3. Instruction to Bidders
a. Item 14 - REPLACE "forty-five (45)" with "sixty (60)".
b. ltem 15.6 - REPLACE "forty-five (45)" with "sixty (60)".
c. Item 2l .1 - REPLACE the second sentence with the following: "All Contractors

must be qualified under the NGA Operator Qualification Plan."
4. Information Available to Bidders

a. ADD the following as item #2 under "Other Data": "2. Tables for Jack/Bore
Locations, Horizontal Directional Drill (HDD) Locations, Stream Crossings and
Utility Infrastructure Crossings"

b. ADD the following as item #3 under "Other Data": "3. Mainline Valve Location
Table"

c. ADD the following as item #4 under "Other Data": "4. Project Manual - Vermont
Gas Systems Addison Natural Gas Project - Horizontal Directional Drill
Design/Build"

5. Agreement
a. Section 5.1 - REPLACE the first sentence as follows: "OWNER shall make

progress pa),rnents on account ofthe Contract Price on the basis of
CONTRACTOR's Applications for Payment as recommended by ENGINEER,
on a Net 30 day basis during construction as provided in paragraphs 5.1 .l and
5.1.2 below."

b. Section 5.1.2 - DELETE entire second paragmph "If Work has been 50%
completed...equal to 90% of the Work completed."

c. Section 7.8 - REPLACE the listed drawing sets with the drawings listed on the
attached Table of Contents.

6. Bid Form: REPLACE with the attached REVISED Bid Form.
7. Bid Summary Form: REPLACE with the attached REVISED Bid Summary Form.
8. Supplemental Conditions: ADD the following:

"sc-14.2
The first sentence ofparagraph 14.2 shall be REVISED as follows: "At
least ten days before the date established for each progress payment,
which shall be bi-weekly, CONTRACTOR shall submit to ENGINEER
for review an Application for Payment filled out and signed by
CONTRACTOR covering the work completed as of the date of the
Application and accompanied by such supporting documentation as is

required by the Contract Documents."

9. Division VGS - Special Construction (Gas Pipeline)
a. Vermont Gas ANGP Project Scope of Work and Specifications ltem 13.i.

REPLACE with the following: "i. 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. Structured pipe pillows shall be installed in
the bottom ofthe trench at maximum intervals of every 16ft to protect the pipe

Addcndurn I PAGE 2 OF 4
t 0/l8i | 3
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from lying on rocks, sharp objects and/or debris which may cause damage to the
pipe or pipeline coating. The COMPANY may require the CONTRACTOR to use

select fill trench bottom padding material. ffi
ire

^-^^^A 1 t t1 :-^L^. ,l:^-^l^- ^-,I -L^ll L^ -l^^^,{ ^^--l^r^1,, ^-^,,-.1 }L^ -:-^

Select Jill base material for rock trench areas and areas with cobbles/boulders,
shall provide a minimum ofnine (9) inches of padding below and twelve (12)

inches of padding on the sides and top ofthe pipe. Seledrt rnaterial and/or
padding material shall be smd in accordance with Wrans Standard
Specification 703.03 or shall be screened native material containing silts, sands

and gravels with lhe largest matefial being no larger than l-inch on the longesl
dintension. Topsoil from the RIGHT-OF-WAY shall not be used for padding
material.
faeilities-and+ha+Lbe-e+san+"

a. Vermont Gas ANGP Project Scope of Work and Specifications Item 26.w.
REPLACE with the following: "w. Pipe installed at specified crossings shall be
hydrostatically tested for four hours at a pressure specified by the COMPANY,
both prior to, and after installation."

10. Division 0l - GeneraI Requirements
a. Section 0l 1000 Summary - REPLACE with attached 0l 100 Summary

Specification.
b. Section 012300 Altemates - REPLACE the Specification with the attached

012300 Altemates Section

PART III - CLARIFICATIONS TO CONTR{CTOR QUESTIONS

l. Answers to questions asked during the Pre-bid meeting have been addressed in the Pre-
Bid Meeting Minutes (Refer to Part IV Below).

2. Additional questions for the Transmission Contract have not been asked since the Pre-Bid
Meeting as of the date of this Addendum.

PART IV _ LIST OF ATTACHI\TENTS

1. Pre-Bid Meeting Minutes titled "Addison Natural Gas Project Phase I - Transmission
Pre-Bid Minutes of Meetings.

2. Drawings noted in PART I
3. Project Manual Table ofContents
4. Tables for JacklBore Locations, Horizontal Directional Drill (HDD) Locations, Stream

Crossings, and Utility Infrastructure Crossings (lnformation Available for Bidders)
5. Mainline Valve Location Table (lnformation Available for Bidders)
6. HDD Contract Information - The HDD contract is available at the following location:

http s:r'lrvwrv.chatlles.com/fs/v.asox?v=8d6d6a8c60a8a2 7c6c97 ( Information Avai lable
for Bidders)

7. HDD Duration Table (lnformation Available for Bidders)
8. Project Manual Bid Form

Addendum I PACE 3 OF 4
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VERMONT GAS ADDISON NATURAL GAS PROJECT

SCOPE OF WORK AND SPECIFICATIONS

1. GENERAT

a. The work shall be carried out in accordance with these Construction

Specifications, The U.S. Department of Tra nsportation Title 49CFR ParI 192 -
Transportation of Natural Gas and Other Gas by Pipeline, ASME 831.8 and API

1104. ln addition the WORK shall be performed in strict compliance with the
CONFORMED DOCUMENTS, good engineering practice and industry accepted
pipeline construction and installation techniques, and all applicable rules and

regulations. The work shall strictly adhere to the most current version of the Vermont

Gas Systems (VGS), lnc. Operation and Maintenance Manual and Operating Procedures.

The requirements-detailed in the VGS Operation and Maintenance Manual and

Operating Procedures shall supersede any other specifications provided with the Pro.lect

Manual.

b. The Addison Natural Gas Project has been divided into four contracts; Transmission,

Horizontal Directional Drilling, Meter & Regulation Stations, and Distribution. lt is a

requirement of the Transmission Contract to coordinate and cooperate with other
Contractors working on other/adjacent areas of the project.

SURVEYS

a. All pre-construction, construction, and as-built survey shall be the responsibility

of the COMPANY, and jointly coordinated between the CONTRACTOR and the
COMPANY. CONTRACTOR is responsible for coordinating the survey needs via

the designated COMPANY representative, so it does not impact work.

b. The COMPANY shall reserve the right to make any minor changes in the pipeline

route and such changes shall in no manner alter the terms of compensation
payable under this CONTRACT except as they are affected by linear

measurements of the work completed.

c. TheCOMPANYshall stakethe edges ofthe RIGHT-OF-WAY at regular intervals. These

stakes shall remain along the RIGHT-OF-WAY for the duration of the job and be removed

as part of final clean up operations when authorized by COMPANY.

d. The CONTRACTOR shall be held responsible for the preservation of all stakes and

field markings. lf any of the stakes or field markings are disturbed by the
contractor, the cost of replacing them shall be borne by the CONTRACTOR.

When it becomes necessary to move such stakes, the CONTRACTOR will relocate

them to the spoil side of the RIGHT-OF-WAY in a line approximately
perpendicular to the centerline of the pipeline location and opposite the original

location of the stake.

2

ANGP Scope of Work and Narrative Specilicarion PAGE1OF49 -sl23/14
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Stormwater Permit, Vermont 401 Water Quality Permit, Construction Line List, and

landowner clean up and final restoration sign off agreement, applicable procedures

and the requirements of the Land Owners Line List. This shall include backfilling

the pipe trench and restoring creek banks, hillsides, or other locations that are

disturbed. Backfilling of the trench shall be executed with extreme care so as

not to damage pipe or coating. Hand labor shall be used during initial backfilling

as deemed necessary by the COMPANY.

f. At all locations where the pipeline crosses roadways, walkways, and proposed

roadways where the open trench method of crossing is utilized, backfill shall be

placed in lifts and mechanically compacted within the limits of the existing or
proposed pavements and to the satisfaction of the governing agency. The

CONTRACTOR shall hold the COMPANY harmless from any and all damages

resulting from open trench Construction. Unless specified otherwise, backfill

compaction shall achieve at least ninety five percent (95%) Modified Proctor

density by wetting and tamping at all levels in the backfill material. Approval

shall be received from the COMPANY to operate compaction equipment within
thirty-six (36) inches of the pipeline.

g. Attention shall be given in backfilling the pipeline near roads to ensure that
proper pad dirt is place in such a manner as to completely fill the voids around

and under the pipe and to prevent damage to electrolysis test site leads.

h. The CONTRACTOR shall compact, subject to COMPANY approval, ditches

crossing residential and industrial yards and bell holes around all above ground

pipeline appurtenances at the CONTRACTOR'S expense.
L 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.

Structured pipe pillows shall be installed in the bottom of the trench at maximum

intervals of every 16ft to protect the pipe from lying on rocks, sharp objects and/or
debris which may cause damage to the pipe or pipeline coating. The COMPANY may

require the CONTRACTOR to use select fill trench bottom paddinB material. Select fill
base material for rock trench areas and areas with cobbles/boulders, shall provide a

minimum of nine (9) inches of padding below and twelve (12) inches of padding on the

sides and top of the pipe. Select fill material and/or padding material shall be sand in

accordance with Wrans Standard Specification 703.03 or shall be screened native
material containing silts, sands and gravels with the largest material being no larger than

1-inch on the longest dimension. Topsoilfrom the RIGHT-OF-WAY shall not be used for
padding material.

j. The CONTRACTOR shall build temporary slope breakers to divert the flow of
water from grades on the RIGHT-OF-WAY onto areas protected by established
vegetation. See Environmental Mitigation PIan.

k. Through agricultural and pasture lands, rock three (3) inches and larger measure

in any dimension shall be removed as stated in the Environmental Mitigation
Plan and the Agricultural Mitigation Plan or Agreement. Rock 12 inches and

ANGP Scope ofWork and Na rr.tive Specification PAGE22OF49

sl23l14
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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 5th, 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 7th, 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 1st, 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 Station From Station To Sand Berms
Pipe on the 

Ground

8/31/2015 240+26 279+75 X

6/17/2016 564+24 567+84 X

6/18/2016 889+74 892+11 X

6/21/2016 888+38 889+74 X

6/28/2016 863+62 864+55 X

7/5/2016 663+00 664+50 X

Areas Pipe Lays on Ground or Pipe Using Dirt Berms
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w
Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 9/1/2015

Subject: Construction in Sand Area

Directive Number: 2015 -005

In 3.5(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 240+26 to station 279+75, as the uniform sand in the trench meets requirements for select
backfill.

Issued by (pript):John/Stajpatov

Signature: r

~r

This directive expires on 12/31/2015 unless superseded or cancelled prior to that date.
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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 II 
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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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CHA ~ design/construction solutions

Office: (802) 735-0374

Mobile: (978) 503-2333

bkearns@chacompanies.com

www.chacompanies.com

*VT

CHA-
Responsibly Improving the World We Live In

snara.

2

Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

00236



ANGP	Pipeline	Anomaly	Dig,	@	station	565+85	

Page	1	of	4	

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.	
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ANGP	Pipeline	Anomaly	Dig,	@	station	565+85	

Page	2	of	4	

	

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.	
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ANGP	Pipeline	Anomaly	Dig,	@	station	565+85	

Page	3	of	4	

	

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.	
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ANGP	Pipeline	Anomaly	Dig,	@	station	565+85	

Page	4	of	4	

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	
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PROJECT: 

Addison Natural Gas Pipeline 

Phase I 

 

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 

Discipline: 

 

Engineering 
Environmental 

Construction 
Other (specify) 

 

 

[  X  ] 
[       ] 
[       ] 
[       ] 
 

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: 
 

Authorized Signature: 

Printed Name and Title: 

Date: 

 

Copies to:   VGS-Office       VGS - Field        CHA     VHB  
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4170
Text Box
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. 

4170
Text Box
BCK

4170
Text Box
BRENDAN KEARNS, CHA ENGINEER

4170
Text Box
7/5/16
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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, 
  
I 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.  I 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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EVALUATION REPORT OF GAS PIPELINE & COMPRESSOR STATION CONSTRUCTION

' #*r jiff'$
CONSTRUCTION REQUIREMENTS

.301
-

Are comprehensive written construction specifications available and adhered to? #
.303

Are inspections performed to check adherence to the construction specifications?
.305

X

.307 Is material being visually inspected at the site of installation to insure against damage that

could impair its serviceability?
'

-309(a) Are any defects or damage that impairs the serviceability of a length of steel pipe sual!

gouge, dent, groove, or arc burn repaired or removed?
X

.309(c) If repairs arc made by grinding, is the remaining wall thickness in confoi.—-—— -

tolerances in the pipe manufacturing specifications or the nominal wall thyHPfrtquireSB fe

for the design pressure of the pipe? m

.313(b) If a circumferential weld is permanently deformed during bendin

nondestructively tested? A

When pipe is placed in the ditch, is it installed so as to fitJiriSP

protect the pipe coating from damage? A

	 -Jp

Does backfill provide firm support under the pipe micrI{S_.

that prevents damage to the pipe and coating from equipmHHmihc btu$

External protective coating is inspected (by jeeping, etc.) pri

ditch. Coating damage repaired, as required.

reld
X

.319(a)
minimize stresses, and

X

:{IV.

.319(b)
itclUtackfillMHp manner

Hterial? X

•461(c)
^ the pipe into thi

x

.325(a) Is there 12 inches clearance betw

12 inches cannot be attained, are

damage that could result from the prfl^Bjj

• Is pipe in a Class 1 location instalieSH

inches of cover in consolidated roclqB

O^nd 4 locations,
_J^Hh0£ inches ofco

structure? If

Wne from
gjBjjjjtoEiinc and any other under

	 ie to protect X

!?

30 inctitf^M
•327(a)

null sole or 24
X

m Is pipe in Class

crossings,

fs of public roads and railroad

al soil or 24 inches of cover in

a.	 HBl	 		

led in a^Mor harbor havHBncbes of cover in soil or 24 inches of

olidated rtflS W&.

ft X

» Does X

CO'

ang^P attained, is additi jgjfrrotcction provided to withstand

PMR^MMm^HKAOP standard calculated under 192.620

Attachment I for aadnroaai construction requirements

ive cover
X

cdcxti

IfthdIBwwil
--y.i

.328
i

(80%

04/28/2Q16dM^ohserv^BM^c learinjjMHMpD sites from Williston to Middiebury. 05/20/16, In Williston Pipe Yard observed

contram^^^ing and restackinJBk saw nufrHbablue ribbon marked pipe within pile (blue ribbon indicates segregated). 5/24/16

New Haven Pipe ™Hk27/16 Inaction at New Haven Pipe Yard observed inspectors document heat numbers and

^^^nspecting pipe. Nuraen^»coating with ineffective patches segregated. 6/3/16 PCM and line locating with ARK

EagineBBtf7/16 Pipe stringing anHslding Hurricane lane. 6/8/16 Close Interval Survey Colchester launcher to Mill Pond Road.

6/14/16 onf^kLbertdlng and strin^B operations off of Rt 2A. Observed stringing prior to trench excavation outside of VGS

specification T^B^36(b) . 6/15/kHBserved disbanding factory applied patch, had ChiefCoating Inspector Ryan Schaefer conduct

peel test- FAllJnWgfeserveo m^fl^on of Canusa shrink sleeve. 6/16/16 observed mill defect on pipe, refered to CWI D. Love. At

kick off Williston S^^^b^fl^pipe being laid directly on trench bottom in non compliance with VOS Specification 312333

3.5(B) . Referred and D. Crandall. 6/17/16 met with VELCO employee regarding induced current on pipe.

6/23/16 met with GC MtSlprregarding AC mitigation. 6724/1 6 Stringing at 941+00 numerous non compliance issues regarding

induced current. 7/1/1. Beraas not approved, refered to Chris LaForce.6 at Sta. 680+00 sandbags and berms being used for pipe

supports. 7/2/16 Sta.691+29 lowering in of 1770 ft section. 7/7/16 Observed lowering In operation between 686+50 and 776+00

pipe supported throughout by sandbags and padding. 7/8/16 Observed backfilling at Williston Sbstation. Once again noted pipe

directly on bottom ofditch. Notified D. Crandall who advised that pipe was lowered in before directive from CHA engineering.

7/9/16 at Hurricane Lane tie in observed trench box resting on pipe, notified inspector Tom Modeen. Also put in request for

information regarding field bend at tie in, was advised 11 degree overbend. Inspection ofHDD at Route 7 Middiebury and Town

Hill road. 7/13/16 Notified Michels, Hatch Mott and VGS of unbonded pipe segment at 930+00, 19-38 volts. 7/14/16 At HDD

Town Hill Road pullback completed. 7/15/16 witness lowering in at Sta, 858+00. Witness backfilling at Sta 848+00. At Sta.

Comments:

Pi-
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EVALUATION REPORT OF GAS PIPELINE & COMPRESSOR STATION CONSTRUCTION

Comments:

1 149+00 observed bond wire off pipe siring, 35,90 voits. Notified foreman and crew as well as company notifications. 7/20/16
Observed lowering in at Williston station. 7/22/16 Inspection of HDD at 'Dragon Bore" in Middlebury.7/25/1 6 Lowering in at
842+00. 7/26/16 Observed lowering in at 777+80. Met with Chief Inspector Darrel Crandall regarding pipe mill anomalies and
rejection criteria. Inspected NDT technician 1179+00 and rebeveling of pipe with internal mill defect. 7/28/16 observed
duroroeter readings on Wrapid wrap coatings at 2164+25. 7/29/16 Lowering in at 800+00. 8/1/16 HDD inspection at Dragon
Bore". 8/2/16 Inspection of anomaly crew at 1741+00. 8/3/16 observed installation of trench brenkdp'-at 814+83. 8/3/16
Inspection at Lewis Creek bore. 8/4/16 HDD at Lewis Creek 18" back reamer. 8/8/16 Monkton Swan^pwe. 8/9/16 Monkton
Swamp putlback, coating damages observed. 8/10/16 pulled more pipe through at Monkton Swrapobserved final 16' no
through coating damage. 8/1 1/16 observed pullback at Lewis Creek bore, pipe in very good coj|jfi&^8/l 1/16 Lowering in at
1537+50. 8/12/16 excavating and padding on Old Stage Road. 8/15/16 observed installation^^eiMfe^akers. also reported
to inspector need sand bags under ovwbend at 1549+00. 8/23/16 1 11 5+00 Baldwin Road.^jplmg. 8/21mm Station 2087+00
with ndt crew on mill defects. 8/24/16 Baldwin road tie in. 8/24/1 6 lowering in at 168Q±0CT/26-27/16 tiefg
tie in at 1635+50. 9/6/16 Lowering in at 1412+00. 9/6/16 dewatering and paddinj%djp093+00. 9/8/16 rea 	
(peyser). 9/8/16 Tie in crew excavating at 1987+00. 9/20/16 enduro caliper pig i'UJjgffP^/16 drying operation in^^&S, receive
pigs at 967+50. 9/24/16 tie in at 1669+50. 9/27/16 drying at 967+50. 9/28-29/^^PK audit of fittings and valves' l^^^ tie in
at mlv2. 10/6/16 Williston Station tie in. 10/7/16 gas up to MLV 2 and thaj^pSimimus befoarGeprags. 10/12/16 lowering in
at 379+00. 10/19/16 Audit MTRs for mainline valves. 10/19/16 NewHa^jmrep station deygjfgPng. 10/20/16 conduct audit of
Michels op qua! identity of employees.

53+90. 9/3/16

bat 1390 +00

.451 CORROSION REQUIREMENTS

455(a) (1) Does the pipeline have an effective qgtemal coaling and does it

specifications?
coating

X1
s is(2) Is a cathodic protection system for? X

W.47 1(a) Are test leads mechanically secure and ell lly com X

.471(b) Are test leads attached to the pipe by cadv
concentration on the pipe?

or other. dze stress
X

v

.471(c) Arc bare test leads ions to the X

.476 Systems d

(») New c
corrosion

X

(b) Kbcfbre 5/23/07offshore pi systems X

changes to cxi: X(c)

Comments:

4/27/16 Review VGS and ARK
Hurricane Lane.
Lowering in
Referred to
Sta. 875ijl

irts on CP for Phase 1. 6/13/16 Coating application inspection R-95 coating @
ARK engineering. 6/29/16 Mill coated repair anomalies observed Sta. 642+50.
jjcfill. 6/30/16 observed a butyl tape repair on top ofa mill applied shrinck sleeve,

temperature over 115F are prohibited as per Denso specifications. 7/6/16 At
Ks to be from bending machine, 7/7/16 met with bending engineer at 1 101+50,
of water and soap was being applied during bending. Also try to make close

gacvG s

and se
pRaefcr. Also

erved 13 coating dlH
t shoes had been adjtfl
morning before heat,

^application of Protol
BhbOO witnessed irat
iWkcanusa sleeve *

that

inllEI
and lubri
16 met with M. Reagan and D. Crandall regarding peel and adhesion tests. Sta2067+00
B). 7/12/16 observed numerous jeeps on protol coating near Sta. 863+50. Notified coating
on of zinc ribbon, CAD welding and field splice for AC mitigation. 7/27/16 coating
cation. 8/3/16 observed installation of zinc ribbon at 815+00, 8/4/16 Zinc ribbon installation

B53+O0. 8/20/16 coating inspections at Sta. 1116+00, replacing previous coatings due to peel
+00. 8725/16 inspection of coating at Quarry Road crossing. 8/26/16 had Chief inspector meet

pif four wire test station not in compliance with specification. Chief ordered repair. 10/6/16 zinc
0/1 1/16 inspection of test station and ac mitigation MLV2. 	 		 . .| 	 ».r 	 1 	 ! 	 - --iii-i i - 1 1 - • — - "i	 ru—in l ir i i	 	-| i	 • 	 	

was ai

radius

observed
inspector. Stall
inspection at 12/
892+00. 8/4/16 	
test failure. 8/20/16 del^H
me at Baldwin road. lns®|
ribbon installation at 2080+

.501 TESTING REQUIREMENTS

503(a) (1) Is a hydrostatic pressure test planned to substantiate the MAOP7	 •

(2) Ifthe pipeline has been hydrostatieslly tested, have all potentially hazardous leaks
	 been located and eliminated?	

.503(a) ' Is there a specified hydrostatic pressure testing procedure? 	

X

X

X
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From :  Morris, GC <GC.Morris@vermont.gov> 

Subject :  VGS ANGP discussion 

To :  Porter, James <James.Porter@vermont.gov 

 

Mon, Aug 07, 2017 02:22 PM 

 

Jim, 

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 

Date 

Station From  Station To Physical installation, 

out-of-spec. 

soi

l 

ty

pe 

soil 

resistivi

ty 

coating type 

Sand 

Berms 

Pipe 

on the 

Groun

d 

Other ? Pipe 

mill 

coati

ng 

Girth

-weld

, 

field-

coati

ng 

Repa

ir, 

Mill-

coati

ng 

Repair, 

field-coating 

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

y 

1635+00 

  (remova

l of 

adjacent 

ground 

material 

allowed 

concrete 

coated 

pipe to 

sink-in) 

(swam

p, 

wetlan

d 

buffer) 

              

Approximate

ly 

9/18/2016 

Appox.1642+

00 

Appox.1666+

00 

(sink-in) (swam

p) 

              

Other?                       

                 

  

  

  

  

GC Morris  Gas Engineer  Vermont Dept. of Public Service  112 State 

St.  Montpelier, VT 05620-2601  802-828-4073 
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Section: Contractor:

Date: Super/Foreman:

Report: Weather/Temp:

W.O.: County/Town:

Inspector: JSA Topic:

Final Report:

Item Activity Insp Station

From

Station

To

Footage 

Today

Footage 

to Date

Pre-Const Survey/Video 0 0 0 0

ECD Installation

Temp Fencing/Gates 0 0 0 0

Clearing and Grubbing 0

Grading 0 0 0 0

Machine Trenching 0 0 0 0

Excavator Trenching 0

Rock Removal-Mechanical 0 0 0

Rock Removal-Blasting 0 0 0 0

Loading and Hauling Soils 0 0 0 0

Hauling and Stringing 0 0 0 0

Bending and Setup 0 0 0 0

Lowering In 189+86 191+06 120' 0

Welding 0 0 0 0

Welding-Tie-in 0 0 0 0

Welding-Tie-in-Final 0 0 0 0

NDT 0 0 0 0

Coating-Below Ground 0 0 0 0

Coating-Above Ground 0 0 0 0

CP-Zinc Ribbon 0 0 0 0

CP-Anodes 0 0 0 0

Padding and Compaction 0

Backfill

Permanent Fencing/Gates 0 0 0

Clean-up Rough 0 0 0 0

Clean-up Final 0 0 0 0

Road Crossing Cased 0 0 0 0

Road Crossing Uncased 0 0 0 0

Boring 0 0 0 0

HDD-Pilot Hole 0 0 0 0

HDD-Reaming 0 0 0 0

HDD-Pullback 0 0 0 0

HDD-Hydro-Aboveground 0 0 0 0

HDD-Hydro-Belowground 0 0 0 0

Hydrotest-Final 0 0 0 0

Drying 0 0 0 0

Pigging 0 0 0 0

Drain Tile Repair 0 0 0 0

Road Cleaning 0 0 0 0

Pipe Offload and Tally 0 0

ML-DAILY INSPECTOR REPORT
Section I - Colchester to Williston

Vermont Gas
        Addison Natural Gas Project

Phase I 

 sunny 46-76

Williston

wear ppe

Over and Under

Fred Robinson

1

J.R.Kelch

62

9/9/2014

No Yes
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Item UOM 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

Weld Count Rejected Reject Rate Reject                 

Repaired

Reject                

Balance

Reject                 Cut 

Out

Today 0 0 0% 0 0 0

 To Date 0 0 0% 0 0 0

Temporary Welds  

X-Rayed

Temporary Welds 

Cut Out Balance

Total Welds 

Installed

Today 0 0 0 0

To Date 0 0 0 0

Number

WORK DETAILS/COMMENTS

BORING

Pipe (length and type)

CommentsName

PUBLIC INTERACTION
Agency Visitors

Agency

Hours & Reason:Contractor Downtime

0

0

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.

Location (station/road/railroad) Length (pit face to pit face)

Safety Issues

Temporary Welds  Rejected Welds

Cut Out for Engineering

ECDs and PAY ITEMS (Pay items shown in yellow)

 Welding and X-rays
Rejected Welds
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Hrs Wkd: 10

Item Name Hours

Item Rent Own

Item Quantity Loc/Station # Comments

Comments

Comments

Equipment

Signature: JR Kelch
CHANGE ORDER WORK

Description

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.) 

Materials

Equipment

Time and Materials

Contractor Personnel

Position

Change Order Number:
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Date: Contractor:
Report: Super/Foreman:

W.O.: Weather/Temp:
Inspector: County/Town:

Final Report: JSA Topic:

HDD # and Name: Estimated Length: 938

PASS
Station 

From

Station 

To

Estimated 

Footage 

Today

Estimated 

Footage                 

To Date

Estimated                     

% of Completion
Comments

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%

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     CU FT 0 0 0 0

Cleaning Mats                           EA 0 0 0 0

Wash Stations                          EA 0 0 0 0

ECDs and PAY ITEMS (Pay items shown in yellow)

Vermont Gas
Addison Natural Gas Project

Phase I

 HDD-Daily Inspector Report
Section I - Colchester to Williston

Item or Crew

Chittendon / Williston
Mostly cloudy, afternoon rain, 86 / 68
Mike Wright
ECI

Eric Curtis
Phase 1 Sec 1
Phase1Sec1_EC46-2
5/27/2015

PPE

I-89, (596+10 to 605+48)

COMMENTS

 No  Yes 

Attachment INTERVENORS.VGS.1-114.2
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Weld Count Rejected Reject 

Rate

Reject                 

Repaired

Reject                 

Balance

Reject                 

Cut Out

Cut Out for 

Engineering

Today 0 0 0% 0 0 0 0

 To Date 0 0 0% 0 0 0 0

Balance Total Welds 

Installed

Comments

Today 0 0

To Date 0 0

Agency

10

CHANGE ORDER WORK

Hours/Reason:

Hours Worked:

WORK DETAILS/COMMENTS

Safety Issues

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) 

PUBLIC INTERACTION

0 0

Contact Name

 Welding and X-rays

Rejected Welds

Temporary Welds 

Temporary Welds X-Rayed Temporary Welds Cut 

Out

0 0

Number 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).

Change Order Number:

Contractor Downtime

Signature:

Agency Visitors

Eric Curtis
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Section: Contractor:
Date: Super/Foreman:

Report: Weather/Temp:
Location: County/Town:

Inspector: JSA Topic:

Item Activity Insp Station

From

Station

To

Footage 

Today

Footage 

to Date

Clearing and Grubbing

Pot Hole

Grading

Stringing 301+00 298+00 300 2400

Bending

Set-up

Trenching 299+00 291+00 800 2300
Blasting

Welding

Welding Tie-In

NDT

Coating-Above Ground

Coating-Below Ground

Lowering In 301+00 298+00 300 1800
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

Other

12

                         ML-Daily Inspector Report
                                     Section 1 - Colchester To Williston

Vermont Gas

Addison Natural Gas Project Phase I

Phase 1
8/27/2015
08/27/2015_Phase1_ML_IDCR_JB27
Route 289
Jim Barton

72/53 Cloudy
Chittenden/Essex Junction
Pinch points , Awareness , PPE 

James L Barton Signature:J L Barton

Safety Issues

Michels
Johnny Kroner/Randy Carrillo

BORING

Pipe (length and type)Location (station/road/railroad) Length (pit face to pit face)

WORK DETAILS/COMMENTS
(1)Working out at Rt.289 we had our JSA meeting where I 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 . 
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Section: Contractor:
Date: Super/Foreman:

Report: Weather/Temp:
Location: County/Town:

Inspector: JSA Topic:

Item Activity Insp Station

From

Station

To

Footage 

Today

Footage 

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 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

11

Michels
Don Hargraves/ Ruben Carrillo

BORING

Pipe (length and type)Location (station/road/railroad) Length (pit face to pit face)

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.

Inspector's Name:Johnnie Kelch Signature:J.R.Kelch

Safety Issues

                         ML-Daily Inspector Report
                                     Section 1 - Colchester To Williston

Vermont Gas

Addison Natural Gas Project Phase I

Addison Natural Gas Project Phase 1 
8/27/2015
08272015_Phase1_ML_IDCR_JK_39
Hwy 289 st 315+00 to 308+00 and 27+00 to 36+00
J.R.Kelch

sunny 63/75
Chittiden/Essex
stay hydrated
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 Yes              No

Hours Name Position Hours

Michels Crew

10 Don Hargraves foreman 10

10 Jarod Gorham straw 10

10 Carl Gagnon laborer 10

10 Ryan Mugford laborer 10

10 Colt Hendrix operator 10

10 Toby Rumbles operator

10 Bob Mcquire operator

10 Derrick York operator

10 Luke Derby operator

11 Ruben Carrillo foreman 11

11 Ruben Carrillo jr oiler 0

11 Martin Salinas straw 0

11 Haven Mcneil operator 11

11 Roger Hinojosa laborer

11 John Maltbie operator

11 Lou Chaisson laborer

11 John Cabrera laborer

Date:8/27/15

References:
Technical Specification
Vermont Agency of Transportation, Standard Specification for Construction
Vtrans Standard 704.08A “Granular Backfill for Structures”

ANGP drawing set

cat side boom

kamatzu  220 excavator

kamatzu  220 excavator

cat d-6 dozer

Complete all question below and provide an explaination in the comments section below for all R or U values.

Part 192 Subpart G-General Construction Requirements for Transmission Lines and Mains-Installation of Pipe in a Ditch.

Signature:J.R. Kelch

For all Rs and Us, explain Below in the COMMENTS SECTION

Inspector's Name:Johnnie Kelch

Equipment

Standard Specifications for Highway Materials and Methods of Sampling and Testing American Association of State Highway and 
Transportation Officials (AASHTO).

4. Trenching completed in a manner providing uniform pipe support 

consistent with Sec. 312333, Subpart 3.3?    

3. Line list/landowner agreements satisfied?

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?

2. Existing utilities located per Sec.312333, Part 1, Subpart 1.4, Sentence E, 

Item 3?

5. Pipe jeeped prior to lowering in/submerging per Sec. 138000?  

6. Holiday, if any, repaired per Sec. 138000?

7. Pipe installed in ditch in a manner as to minimize undo stress per 312333?

komatzu 220 excavator

cat d-6 dozer

komatzu 240 excavator

cat d-6 dozer

skid steer with bush hog attachment

QAQC Checklist (Procedure # VGS-110-2, Inspection of New Transmission Facilities)

If Yes, explain Below in the COMMENTS SECTION

TRENCHING, LOWERING IN & BACKFILLING  Inspector's Checklist

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?

A

A

A

A

A

A

A

R

R

R

R

R

R

R

U N/A

U

U

U

U

U

U

N/A

N/A

N/A

N/A

N/A

N/A
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Attachment INTERVENORS.VGS.1-100.9Attachment INTERVENORS.VGS.1-100.2

INVOICES D Ireland Concrete Construction Corporation
PO BOX 2288
South Burlington VT 05407-2288 Invoice ft

Date:

Customer No:

56618

7/20/16

3611

Sold To: Delivered To:

MICHELS CORPORATION
PO BOX 128. 817 W MAIN STREET
BROWNSVILLE. Wl 53006-0128

LINCOLN RD- ST GEORGE -

30 Pay Terms Net 30 Total: 2,022.30

Line TotalUM Unit Price Material Total TaxJOBIIPO# / 61103

COMM ROWABLE FILL

Ticket

19119917 18000 CY 105.0000E 1,690.00 132.30 WVT 202230

y
2022301,190.00 0.00Total: 13230

y
0.00 132.30 2,02230Totsl Invoice:

PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT

1,190,00

fl"1

CocfyVfocmrt
(iWS

Payment Type: On Account

2,022.30Total:
[30 Paw Terme Net 30
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North Middleburj Sand & Gravel

ISS5 Burpee Road
Bristol, Vermont 05443

Alan 802-349-7439

Invoice

DATE INVOICE NO

10.^1-^016 7796C

BILL TO

Michel* Pipeline Construction

110S.STi'O Box 128

817 West Main Street
Brownsville, WI 33006

Cody Vincent

TERMS

SLIP# YARDS DESCRIPTION RATE AMOUNTDATE

7" 14 Screened Sand

28 topsoil

14 3 ,4" crushed gra\el

14 I 1/2" Crushed Gravel

Soles Tax

9,50 133.00T

644 00T

133 OOT
13T0OT

10/3 2122
23 0010/31 13771

I2frl1a^
1263 ^

9.5010/27

9.5010/27
62 586.00%

Payments/Credits Total DueSO. 00
SI. 105 58
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INVOICES 0 Ireland Concrete Construction Corporation
PO Box 2286
South Burlington VT 05407-2286 55718

6/22/16

Invoice #:

Date:

Customer No: 3611

Delivered To:Sold To;

MICHELS CORPORATION
PO BOX 128, 817 W. MAIN STREET
BROWNSVILLE. Wl 53006-0128

RT.2A - ST.6EORGE -

30 Pay Terms Net 30 Total: 2,696.40

UM Unit Price Material Total Tax Line TotalTicketJ0B«/ro« / 61 103

COMMFLOWABLEFIU. 19118066 2,520.00240D0CY 105.000CE 17640WVT 2.696.40

2,520.00 0.00 2,696.40Total : 176.40

2,696.402,520.00 000 176.40- Total Invoice:

PLEASE REMIT STOP PORTION OF INVOICE WITH PAYMENT

Amount "

. 3fffifc¥S	SetllyjltL
CC

r ~

Vfticent "
Date:

o

•'Wfove

Payment Type: On Account

1 30 Pay Tame Net 30

00259
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Invoice4

1853 Mountain Rood
BnstoLVT 05443 Date

8/8/2016

Invoice #

8377

To

Michels Pipeline Construction

PO Box 128

817 West Main Street
Brownsville, WI 53006

-

Hours Yard(s) Load(s) Description Amount

6/25-7/31
Truck @S80/hour

Barn Sand (601-02+10%)

22725 1 8, 1 80.00

661.12126

Thank you for your business.

1.5% Interest will be charged monthly after 30 days.

Fax# 802-453-3388 acker6@gmavt.net

Total 518,841.12

00260
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* Jj-

INVOICEIS
iS D Ireland Concrete Construction Corporation

PO Box 2286 • '
South Burlington VT 05407-2286

IT

Invoice #:

Date:

Customer No:	 3611

57454

8/18/16

*

'Sold To: Delivered To:

.1t
n:

MtCHELS CORPORATION
PO BOX 128, 817 W. MAIN STREET
BROWNSVILLE. Wl 53006-0128

1 4 BALDWIN RD-

*

\ 30 Pay Terms Net 30 Total; 8,013.60
t

v
m t <• ' ** i i i i- JiU. --i* '-wrvdSH

!W

fo7cTicketJOB#/PO# / 61103

i COMM FLOWABLE FILL

Total:

UM Unit Price Material Total Tax Line Total

19121856 72 000 CV h 105 OOOOE 7,560 00 453.60 VT 8.01360

< 7,560.00 0.00 8,01160453.60

.1

Total Invoice:

PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT

7,560.00 0.00 453.60 8,013.60
I

K
t

?

i

3T. -V

• k 1 lri«ivVv v • * ' vt
rt±

:v^V/r.
"t* 1 * i\ L >

->
< r

\ \ .
VA,ir

.

, ^Lf

V u\w'.V

if

n'
(I

<1

|!

H

Payment Type: On Account

8,013.60Total;
30 Pay Terms Net 30

00261
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INVOICES D Ireland Concrete Construction Corporation
PO Box 2286
South Burlington VT 05407-2286 hT Invoice #:

Date:

Customer No:

57486

8/19/16 i

3611

Sold To: Delivered To:

MICHELS CORPORATION
PO BOX 128. 817 W MAIN STREET
BROWNSVILLE, Wl 53006-0128

ROTAXRD-

30 Pay Terms Net 30 Total: 5,008,50

Ticket UM Unit Price Material TotalJOBff/POff /aow

1 HR RETARDER/ HYDRATION STA0IU2ER 1 91 21 985

Tax Line Total

22 500 CY- OOOOOE

9000CY 105.00QGE

aoovr0.00 000

19121985COMM FLOWA0LE FILL 945 00 56.70 VT 1J0017D

1HR RETARDER/ HYDRATION STA0IL1ZER 19121958

19121958

100. 120 CY OOOOOE 0.00 VT0.00 0.00

36 GW CY 105.0000E 3,78000COMM FLOWABU; FILL 226.80 VT 4,006.80

Total: 4.725.00 0.00 5,008.50263.50

> /

Total Invoice:

PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT

4,725.00 0.00 283.50 5,006.50

-iuji UL-(-nY

Payment Type: On Account

5,008.50Total:
30 Pay Terms Net 30

00262
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INVOICES D Ireland Concrete Construction Corporation
PO Box 2286
South BurtingtOfl VT 05407-2286 Invoice #:

Date:

Customer No:

57638

6124/16

3611

Sold To: Delivered To;

MICHELS CORPORATION
PO BOX 126, B17 W MAIN STREET
BROWNSVILLE, W1 53006-0126

OLD STAGE RD-

30 Pay Terms Net 30 Total: 3,005.10

JOBfJPO# IUONXTON

COMM FL0WABLE FILL

UM Unit Price Materia1 Total Tax

27.000 CY 1Q5.000CE 1835.00 170 10 VT

55535

Line TotalTicket

19122312 3,005.10

*005.10Total: (LOO 17110

100Total Invoice:

PLEASE REMIT TO* PORTION OF INVOICE WITH PAYMENT

IKIM 11110 *00110

iJL-
X?

Payment Type: On Account

ricjlaOPavTtmw HetJO 3,009Total

00263
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NorthMiddleburySand&Gravel

1555BurpeeRoad

Bristol,Vermont05443

Alan802-349*7439

Invoice

DATEINVOICENO

H31/20167669C

BILLTO

MfcbdjPipelineCtxisfrwtiun

POBoxI2R

817ftestMainStreet

Hroumsiltc,W15300ft

TERMS

DATESLIPMYARDSDESCRIPTIONRATEAMOUNT

12219\A
9ft)532onr

95OUT

113OUT

26ft001

26ft001

79*our

12540

OH19

OH19

5ft3.4Pemittedgravel

1034crushedgia\el

14IIrtntthedGr^cl

2H1,4'crushedgrovel

28ScreenedSand

H4ScreenedSand

Salesfa\

950
V OH22

OH22

9JU

9511 12226
OH99J0

OH26950 201
600*.

J*frit**

CccfyVincrnt

LtlO

Payments/CreditsSimhj
TotalDueVT4

00264
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NoahMiddleburvSand&Gravel

1555BurpeeRoad

Bristol,Vermont05443

VanHII2-349-7431)

Invoice

DATEINVOICENO r

7G70N
ft3f2QI6

BILLTO

MichcliPipelineComtmciion

)Rti\I2X

*17WcitMain.Street

Hmutmllle.Wf53006

TERMS

DATESUP#YARDSDESCRIPTIONRATEAMOUNT

OS25

Nscreenedsand

Ntoputil

SjleiTit

•#00I26.00T
322,our

M36

i:.'n

23(H)

7IX*.

h
jutru

RmCo£fyV7nccnt

Payments/CreditsS0.00
TotalDuei

00265
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1607MalletisBayAve.
P.O.Box96
Colchester,VT05446
Phone:(802)655-3976
Fax:(802)655-1391

,«{>0NSEXCAVATING&LANDSCAPING,INC. .rf&ERINDUSTRIALPARK,LLC ^/RANGE^ASPHALT&CONCRETEPROC.,LLC QJChargePaidAmt$	!	

l&zlU

Soldto:j

/fttcskaf.IsDate

Yardman

TICKET#136318

r

Disposal-In

Qty

QtyMaterial-Out Asphaltperyd

rMinusCrushedConcreteperton

Concreteperyd

1-1/2"MinusCrushedConcreteperton 1"MinusCrushedAsphaltperton
1*PlantMix704.05Aperton	
1-1/2"PlantMix704.05Aperton

Concretew/meshperyd
[Concretew/rebarperyd

7Fill-Inperyd
Ledge/Rockperyd

WoodchuckDirtperton
Other:

Topsoiiperyd

CommonSandperton

MoundSandperton
BarkMulchperyd

Saltperton

Other:

Sf

SortingFee:
»jjj

OversizeFee: I
*At/materialmustbeseparatedL g|*MinimumDisposalCharge$20

TOTAL.

SUBTOTAL

VTSALESTAX,

TOTAL.

Job

Netdue10daysInterestatdierateof1-1/2%
permonth,thereafterAHcollectionchargeswill
bepaidbypurchaserincludingattorneysfees.

DriverName—

00266
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INVOICES D Ireland Concrete Construction Corporation
PO Box 2286
South Burlington VT 05407-2286 Invoice #:

Date:

Customer No;

57876

9/1/16

3611

Sold To: Delivered To:\

\
MICHELS CORPORATION
PO BOX 128, 817 W- MAIN STREET
BROWNSVILLE, W! 53006-0128

OLD STAGE RD-

30 Pay Terms Net 30
Total: 6,010.20

Ifa to
JOBfl/PO# /MONKTON

CCJMMFLOWABLEFILL

Ticket UM Unit Price Material Total Tax Line Total
19122925 54.000 CY 105 OQGQE 5.670.00 34020 VT 6,01020

TotaJ: 5,670.00 0.00 6,0102034020

JLIT
PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT

*

t

lyment Type: On Account

Total: 6,010.20Pay Terms Net 30 :

i

00267
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North Middleburv Sand & Gravel

J 555 Burpee Road
Bristol, Vermont 05443

Alan 802-349-7459

Invoice
DATE INVOICE NO

76841

BILL TO

Michel* Pipeline Construction
1*0 Box I2U
817 Vfcc* Main Street
Hnmtm-llc W1 53006

TERMS

DATE SUP # YARDS DESCRIPTION RATE AMOUNT

oA
09 121 14

\2M<S
mitS
\v*\S

I2347A.

30VM

14 I 1/2" Crushed Gravel
42 3 4* enuhed gravel
2* 1-4" crushed stone
28 1 1/2" Crushed Grasrl
28 A stone
14 A stone

14 A same

28 Screened Sand

Sales Ta\

9 30 133 OCT

399 00T

350 OOT

266 OOT

298 20T

149 10T

149 IDT
:66.00T

J 20.62

09 2
9 50

V
09"2

I2J0 \
0

w
09/6

9 50

106509/6
106509.7
1065097
950

6 00**

hoLl3l.62- Jo/ •fi)

Cody VIncc t

una

y«

'
Payments/Credits so 00

Total Due 52 1+1

00268
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invoiceGtsss Bagging Enterprises, Inc.

P.O.Box 120
DuncansvilJe, PA 16635

(814)693-6586

|GBE
JSL InuofcaB

jnnoii 37U6

BET To Ship To

Mkhcb PlpaUot Co.
P.O. Bex 131
BrowMvffl^WI 5)006

WIIIWOH.VT
Staged fca Sttrttfcwo

P.O. Hunger Teems Rep Ship Via F.o.a Project

No 30 wanoic RJ.Clttt

Quantity Item Coda Description Price Each Amount

i M,40toor
ll.tM.00T

30,400 PaEyPmpttc

. 173 Bulk Bags
Poty Prop 3and Soda

. Bulkbap 		 .

Out'oFstite ttk, exempt from silts tax

JJ7
37.00

6.00O.OOH

/

Cody Wtcr nt

Celt#

Total 5I32.55ZOO

00269
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INVOICES 0 tretend Concrete Construction Corporation
PO 0ax22Ba

South Burttogtort VT 05407-2286 Invoice #:

Date;

CuttomerNo;

58092

am/16

3611

Sold To: Delivered To:

MtCHELS CORPORATION
PO BOX 126, 617 W. MAIN STREET
BROWNSVILLE, W1 53006-0128

OLD STAGE RD -

30 Pay Terms Net 30 ToUl: 5,008.50

UM Unit Price Material Total Line TotalJ06r/P0# /M0NKT0N

C0MM FLOWABLE FILL

Ticket Tax

4,72500 S) VT19123467 45000 CY 1O50OOOE 500650

5001.50ToNI: 000 203.50

t 473500 * .	noon, . 2*3.50 . _ " 5004.10. * - TaMlwricili* . •" "1 ***
PLEASE REMITTOR PORTION OF INVOICE WITH PAYMENT

0?7li t>

/ ^ '

V *s . '*

\

I 4

-
V *"o -

v.
- .w ; > 4 \ '

\ >

; Is

Payment Type; On Account

5,00»JQ[Total:
W&YTM»..|tt3S.

00270
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INVOICES D Ireland Concrete Construction Corporation
PO Box 2206
South Burlington VT 05407-2266 Invoice #; 56349

on9/16Date:

Cuetomer No: 3611

Sold To: Delivered To;

MICHEL5 CORPORATION
PO BOX 126, 817 W MAIN STREET
BROWNSVILLE, Wl 53006-0126

QUARRY RO-

li

30 Pay Tamil Net 30 Totat: 2,003.40

TicketJOB if rot fMQNKTON

COWU FLOWASLE fill

UM Unit Price Material Total Tax

110Q0CY 10S.OOOCE 1,69000 1U40VT

1,140J®

Line Total

2003.4019124261

Tctt: too HOMO11140

/i
Total fcvolca;

PLEASE REMIT T£» PORTION OF INVOICE WITH PAYMENT

lot 11148 2,003.40

& J

Payment Type: On Account

*3TOM 2,00
30 Pev Terras Net 30

00271
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North Middlcbury Sand & Gravel

1555 Burpee Road

Bristol, Vermont 05443

Alan 802-3-19-7-139

Invoice

DATE INVOICE NO

7735N
9 30/2016

BILL TO

Michcli Pipeline Construction
\*Q Bo* 128

817 West Main SUrct

Brownsville, Wl 53006

TERMS

DATE RATE AMOUNTSUP# YARDS DESCRIPTION

09/22 IM2J 28 cos a material

56 tdpsotl
280.00T

1 J8S.OOT

10.00

23.00

09/23 23.00
7.00*.

IMK M topsoll
Sates Tax

322 00T

132JO

—

JoVSo

C 'y Mrmnt
u«c3

Payments/Credits SO 00 Total Due ST<i>2

00272
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IlWCM©! JosephP.Carrara&Sons,inc.
POrBox160
NorthClarendon,VT05759
P:802-775-2301
F:802-775-1046

Locations:

E.Middtebury.VT
N.Clarendon,VT

CrownPoint,NY

2£U
..

..

[..J
MASOKtfVaCO//STRt/C770.VPnODt#CT5

/re,\dY-flitxccwcssn?

WWWJPCARRARACOM

WWW.CARflARACONCRETECOW

SOLDTO:M1CHELSCORPORATION
POBOX128
BROWNSVILLEWl53006-0128

SERVICECHARGE15%
permonthonallamounts
pastdueAnnualrate18%

239058I61103 iom/ie

-^=mi.1:.^'r:^ 	triMmfc Lij^ LlL.

103.00 FLOWAEUERLL1J03000 10000 20615CY 1CW16

FLOWABLERU.101001,030.00
2061710.000 10W16CY

10100 FL0WASJEFILL1JD30JXJ iaooo 20616CY IQtt/16

ROWAaEFLL101001.03000 iaooo 104/16CY 20619

FIOSYABLERLLrnoo1,03000 CYtaooo 10/4/1620620

iaoooFLOWABLEFILL10100 CY 1014/1620621

Thmlyou

600*tflTo

6,18000

37180

tmrolciTotal
•it

SO

1

00273
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iNVuiU-,
i

c

Harrison Redi-Mix Corporation
P.O. Box 2098

Georgia, Vermont 05468
(802) 849-6688

V
PAGE*

1—36601
w

10/11/16"
H3

30485
B w

MICHELS CORPORATION
817 WEST MAIN STREET

PO BOX 128

BROWNSVILLE, WI 53006-0128

s s
o H
L I
D P

T T
O 0

x X XX XPURCHASE ORDER NO. ORDER NO,ORDER DATE DIVSION DATE SHIPPED TERMS

1 NET 30f 1*t :

. .J Jt

y

X XQUANTITY ITEM NUMBER DESCRPT10N UNIT PRICE EXTENDED PRICE

32.00 FLOWFILL FLOWABLE FILL

JOB #61103 /SODOM RD FLO- FILL
94.00 3, 008.00

s-

s.

i
3,008-00•jfi

00274
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MVOlUtsi i
Harrison Redi-Mix Corporation

| P.O. Box 2098
Georgia, Vermont 05468

(802) 849-6688

Q y ' 1
PAGE

36938
M

11/02/16
S3

30485

MICHELS CORPORATION
817 WEST

PO BOX 12

BROWNSVILLE, WI 53006-0128

JN STREET
s G
o H
t I)
D P

T T
O O

f PURCHASE ORDER NO. ^ OROEflOATEj "Y DATE SHIPPED Iis-NO DIVISION TERMSPER!

NET 30

r rr i iITEM NUMBERQUANTITY DESCRIPTION UNIT PRICE EXTENDED PRICE

250# FLOWABLE FILL
4000 PSI CONCRETE

WINTER CONCRETE
FIBER MESH

SMALL LOAD CHARGE

64.00

3.50

67.50

3.50

1.00

FLOWFILL
4000

WINTER

FIBER i i
minimum' I

94.00
124 .00

7.00

8.00

110.00

6,016.00
434 . 00

472 .50

28.00
110.00

I

7, 060.50•ifi

ll

00275
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INVOICE
S D Ireland Concrete Construction Corporation
PO Box 2286
South Burlington VT 05407-2286

Invoice #:

Date:

Customer No:

56696

7/22/16

3611

Delivered To:Sold To:

MICHELS CORPORATION
PO BOX 128, 817 W. MAIN STREET
BROWNSVILLE, Wl 53006-0128

BELDON FALLS RD -

Total: 2,893.8130 Pay Terms Net 30

UM Unit Price Material Total Tax Line TotalTicketJ0B#/PO# I920-539-03

1 HR RETARDER/ HYDRATION STABILIZER 1 91 20096 0.000CE 0.00 0.00 VT65010 CY. 0.00

2,730.00 163.81 VT19120096 26.000 CY 105.0000E 2,893.81COMM FLOWABLE FILL

0.002,730.00 2,893.81Total: 163.81

Total Invoice: 2,730.00 0.00 163.81 2,893.81

PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT

J*

r
(D

v

\)*
O

Payment Type: On Account

Total: 2,893.81
30 Pay Terms Nel 30

00276
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INVOICES D Ireland Concrete Construction Corporation

PO Box 2286
South Burlington VT 05407-2286 56745]

7/25/16'

3611 1

Invoice #:

Date:

Customer No:

Sold 7o: Delivered To:

MICHELS CORPORATION

PO BOX 128, 817 W. MAIN STREET
BROWNSVILLE, Wl 53006-0128

BELDON FALLS RD -

30 Pay Terms Net 30 Total: 2,893.81

UM Unit Price Material TotalTicket Tax Line TotalJOB # / P0 # / 920-539-03

1 HR RETARDER/ HYDRATION STABILIZER 1 91 20207 0.000CE 0.00 0.00 VT65.010 CY. 0.00

/19120207 2,730.00 16301 VT26.000 CY 105.0000ECOMM FLOWABLE FILL 2,893.81

2,730.00Total : 0.00 2,693.81163.81

/0.00Total Invoice:

PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT

2,730.00 163.81 2,893.81

*

t

t

Payment Type: On Account

Total: 2,893.81
30 Pay Terms Net 30

00277
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INVOICES D Ireland Concrete Construction Corporation
PO Box 2286
South Burlington VT 05407-2286 5676l"[

7/26/16.

36111

Invoice #:

Date:

Customer No:

Sold To: Delivered To:

MICHELS CORPORATION
PO BOX 128, 817 W. MAIN STREET
BROWNSVILLE, Wl 53006-0128

BREEZY VALLEY - ST.GEORGE -

30 Pay Terms Net 30 Total: 4,044.60

Ticket Line TotalUM Unit Price Material Total TaxJOB#/PO# / 61 103

COMM FLOWABLE FILL 19120239 36.000 CY 105.000DE 264.60 WVT3,780.00 4,044.60

4,044.603,780.00Total: 0.00 264.60

/ /
264.603,780,00 4,044.60Total Invoice: 0.00

PLEASE REMIT TOP PORTION OF INVOICE WITH PAYMENT

i

Payment Type: On Account

4,044.6tJTotal:
30 Pav Terms Net 30

00278
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Invoice
Ranger Asphalt & Concrete Proc., LLC
1607 Malletts Bay Avenue
P.O. Box 96
Colchester, VT 05446

Ptrarw 802-055-3976 Fax:602-699-1391

Invoice Number
TKTII33512

invoice Date;
Oct 15, 2015

Page:
I

Hletwl* Pipolino Construction
Attn; Roberta Harrington

2153 Park Avanuo Suite 105
Haehington, PA 15301

Customer PO Payment Tenna

Net 30 Days

Due Date

11/14/15

Description Quantity Unit Wee Total
Topsofl par yard 300.0012*00 25 00

i

300*00

21.00

321.00

Subtotal

Sales Tax

Total Invoice Amount

Payment/Credit Applied

TOTAL

Check/Credit Memo No:

Please pay from this invoice.
Thanks!

321*00

Sr OCT 1 ft 2015

00279
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1607 IMMs BayAml

P.O. Bra K

OtctmmVT 06446

Phot* (802) 665-3076

Fas (808) 665-1301

ALL SHOWS EXCAVAIW8 & LANDSCAPING, INC.

MH6ER INDUSTRIAL PARK, LLC

0 RANGER ASPHALT & CONCRETE FROC., US

g Charge Paid Ann $	

Sold to; Ma

v..*i iS, M

TICKET#

Qty Q«y

1'tanmChflftfldConcrttoptrton
Aajjlpyg

Canemapfyd V1/r*imiCnjtetedCBnato»py ten

1'Mtaua Quilted Aaphiftpytan
Omenta Wtaahpy yd

rWte<Mh7OL0BA pylon
Qpncntanrfnfeypyyd

1»1/T Pant MbtmOflApy ten
fiUnparyd

Waoritoudt Dirt py ton
tadpofftocfcpyyd

Tbptoflpyyd

Common Smdpy tan

Otter -7*

Mound Sand pylon

aukmoh par yd

flail py tan

Ohy:

! Soring For

Ovinia ft*

8 iM^s&ss^itsss^sL

t * Mialmam Dlspoai Cft«g» $20

TOTAL SUBTOTAL	

VT SALESTAX__

TOTAL	

NKtovdte.WMtni

-

111 •Job

IOrfvor Nam*

00280
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North Middleburv Sand & Gravel Invoice
1555 Burpee Road

Bristol. Vermont 05443 DATE INVOICE NO.

Alan 802-349-7439 10/31 2016 7796C

BILL TO

Michels Pipeline Construction

I los STPO Box 128

8 1 7 West Main Street

Brownsville. W1 53006

C -'y Vincent

iao3

TERMS

DESCRIPTION RATE AMOUNTYARDSDATE SLIP#

I33.00T

644.00T

133.00T

I33.00T

62.58

9.5014 Screened Sand10/5 2122

12771

e/
y

s 28 topsoil

1 4 3/4" crushed gravel

14 I 1/2" Crushed Gravel

23.0010/31
9.5010/27

10/27 9.50

6.00%Sales Tax

Total DuePayments/Credits 50.00
SI. 105.58

00281
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North Middleburv Sand & Gravel

1555 Burpee Road

Bristol. Vermont 05443

Alan 802-349-7439

Invoice

INVOICE NO.DATE

7806C11/30/2016

BILL TO

Michels Pipeline Construction

PO Box 128

8 1 7 West Main Street

Brownsville. WT 53006 2a73. /o

Cc . '/ Vincent

Lu<3
TERMS

AMOUNTRATEDESCRIPTIONYARDSDATE SLIP#

TFv^y
12711*7
ir: /
12730

12733

2051*/' .
12741

1281 2/

12825

12858

133.00T

532.00T

532.00T

128.I0T

266.00T

399.00T

532.00T

1 33.00T

64.05T

I40.00T

40.00T

173.95

9.5014 3/4" crushed gravel

56 3/4" crushed gravel
56 3/4" crushed gravel

14 5" stone

1 1/1

9.5011/2
9.5011/2

9.1511/5
9.5028 3/4" crushed gravel11/5
9.5011/7 42 Screened Sand

9.5056 3/4" crushed gravel

14 3/4" crushed gravel

1 1/8

9.50II 11

9.157 5" stone11/17

10.00

10.00

11/17

11/22

14 5" Rip Rap

4 5" Rip Rap

6.00%Sales Tax

Payments/Credits Total DueS0.00
S3.073 III
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V Lower-In/Padding/Backfill Daily Report
VwwuuICm

PROJECT NAME: Phase 7 Looping DATE: 11-2-2016

CONTRACTOR: MichelsPROJECT JOB#:

PROJECT LOCATION: 263+20 to 265+00

WEATHER CONDITIONS: 56 Sunny

LOWERED-IN: FROM STA. TOSTA. DAILY TOTAL

263+20 265+00 180'

PADDING: EACH FROM STA. TOSTA. DAILY TOTAL

15' 263+20 265+00 180'SANDBAG SUPPORT

BENTONITE

PADDING BERM

BACKFILL: FROM STA. TO STA. DAILY TOTAL

N/A

3

SAFETY: REMARKS:

YES NO [3ONE CALLS MADE

YES 13 NO_Q Hotlines/Pinch PointsSAFETY MTG CONDUCTED

YES [3 NO Fence and cones installed at end of dayTRAFFIC CONTROL BARRIERS & SIGN

YES 171 NOPPE USE COMPLIANCE

YES [3 NO dWORK SITE HOUSEKEEPING

YES \Z\ NO IJOB SITE SECURED

ENVIRONMENTAL CONCERNS:

COMMENTS:

All O.Q.'s verified prior to tasks being performed- Michel's employees lowered in Phase VI1 16" pipe and padded ditch from station

263+20 to 265+00. All work went smoothly and without incident. Road cut was backfilled with fiowable fill and we will complete
backfill and padding tomorrow.

3
INSPECTOR NAME: Scott Cadson ,

'JcrfINSPECTOR SIGNATURE:

CHIEF INSPECTOR REVIEW:
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Jl Lower-In/Padding/Backfill Daily Report

DATE: 11/2/16PROJECT NAME: Phase 7 Looping

CONTRACTOR: MichelsPROJECT JOB ff:

PROJECT LOCATION: Sandy Birch

WEATHER CONDITIONS: cl®ar

LOWERED-IN: FROM STA. TOSTA. DAILY TOTAL

Yes 418+50 141ft419+91

PADDING: EACH FROM STA. TOSTA. DAILY TOTAL

15ft 418+50 419+91 141ftSANDBAG SUPPORT

BENTONITE

PADDING BERM

BACKFILL: FROM STA. TOSTA. DAILY TOTAL

No N/A N/A N/A

SAFETY: REMARKS:

YES I71 NO [ONE CALLS MADE

E3 no nSAFETY MTG CONDUCTED YES

YES El NOTRAFFIC CONTROL BARRIERS & SIGN

YES [71 NOPPE USE COMPLIANCE

YES El NO DWORKSITE HOUSEKEEPING

NO EHI*5 ElJOB SITE SECURED

ENVIRONMENTAL CONCERNS:

N/A

COMMENTS:

From 41 8+50 to 418+75 ML valve was Installed.

v
INSPECTOR NAME: 08 Reeves

INSPECTOR SIGNATURE: Bo Reeves

CHIEF INSPECTOR REVIEW:
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MtecmcntGas

Lower-In/Padding/Backfill Daily Report

project NAME: Addison Natural Gas Project Phase 1 DATE: 11-02-16

PROJECT JOB#: 28757 CONTRACTOR: Michels

PROJECT LOCATION: Rotax rd station number 1309+61

WEATHER CONDITIONS: Partly cloudy highs in the mid 50's

LOWERED-IN: FROM STA. TO STA. DAILY TOTAL

PADDING: EACH FROM STA. TO STA. DAILY TOTAL

SANDBAG SUPPORT

BENTON ITE

PADDING BERM

BACKFILL: FROM STA. TO STA. DAILY TOTAL

1309+42 1309+86 44 feet

SAFETY: REMARKS:

YES [ NO [ONE CALLS MADE

YES NO nSAFETY MTG CONDUCTED

yesD NO CTRAFFIC CONTROL BARRIERS & SIGN

YES NO [PPE USE COMPLIANCE

YES NOWORKSITE HOUSEKEEPING

YES I I NO IJOB SITE SECURED

ENVIRONMENTAL CONCERNS:

COMMENTS:

Station 1309+61 contractor backfilled the main line valve and fabrication.

)

INSPECTOR NAME: Bill Jackson / ,

	INSPECTOR SIGNATURE:

cz.CHIEF INSPECTOR REVIEW;
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Lower-ln/Padding/Backfill Daily Report
A.

DATE: 6/1116PROJECT NAME: Addison Natural Gas Project Phase 1

PROJECT JOB #: 28757 CONTRACTOR: Michels

PROJECT LOCATION:

WEATHER CONDITIONS: Drizzle/rain 50's

LOWERED-IN: FROM STA. TO STA. DAILY TOTAL

line pipe 885+20 887+00 180

PADDING: EACH FROM STA. TO STA. DAILY TOTAL

885+20 887+00SANDBAG SUPPORT

BENTON ITE

PADDING BERM

BACKFILL: FROM STA. TO STA. DAILY TOTAL

885+40 886+60 120

)

SAFETY: REMARKS:

YES \Z\ NO [ONE CALLS MADE

YES H NO nSAFETY MTG CONDUCTED

YES NO [TRAFFIC CONTROL BARRIERS & SIGN

YES [71 NOPPE USE COMPLIANCE

YES [Z1 NOWORK SITE HOUSEKEEPING

YES f71 NOJOB SITE SECURED

ENVIRONMENTAL CONCERNS:

COMMENTS:

INSPECTOR NAME: Stephen Taylor

INSPECTOR SIGNATURE: Stephen L Taylor

CHIEF INSPECTOR REVIEW:
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Steel Pipelines Crossing  
Railroads and Highways

API RECOMMENDED PRACTICE 1102 
SEVENTH EDITION, DECEMBER 2007

ERRATA, NOVEMBER 2008
ERRATA 2, MAY 2010
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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 API 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.

API publications are published to facilitate the broad availability of proven, sound engineering and operating 
practices. These publications are not intended to obviate the need for applying sound engineering judgment 
regarding when and where these publications should be utilized. The formulation and publication of API publications 
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard 
is solely responsible for complying with all the applicable requirements of that standard. API does not represent, 
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or transmitted by any means, electronic, 
mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the Publisher, API 

Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 2007 American Petroleum Institute
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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 (API) 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 Iowa 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 API 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 lbs 
(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 Iowa 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

2.1 Symbols

Ap Contact area for application of wheel load, in in.2 or m2.

Bd Bored diameter of crossing, in in. or mm.

Be 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 API RECOMMENDED PRACTICE 1102

Ee Excavation factor for circumferential stress from earth load.

Er Resilient modulus of soil, in kips/in.2 or MPa.

Es Young’s modulus of steel, in psi or kPa.

F Design factor chosen in accordance with standard practice or code requirement.

Fi Impact factor.

GHh Geometry factor for cyclic circumferential stress from highway vehicular load.

GHr Geometry factor for cyclic circumferential stress from rail load.

GLh Geometry factor for cyclic longitudinal stress from highway vehicular load.

GLr Geometry factor for cyclic longitudinal stress from rail load.

H Depth to top of pipe, in ft or m.

HVL Highly volatile liquid.

KHe Stiffness factor for circumferential stress from earth load.

KHh Stiffness factor for cyclic circumferential stress from highway vehicular load.

KHr Stiffness factor for cyclic circumferential stress from rail load.

KLh Stiffness factor for cyclic longitudinal stress from highway vehicular load.

KLr 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.

NH Double track factor for cyclic circumferential stress.

NL Double track factor for cyclic longitudinal stress.

Nt Number of tracks at railroad crossing

P Wheel load. in lb or kN.

Ps Single axle wheel load, in lb or kN.

Pt Tandem axle wheel load, in lb or kN.

p Internal pipe pressure, in psi or kPa.
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 3

R Highway pavement type factor.

RF Longitudinal stress reduction factor for fatigue.

Seff Total effective stress, in psi or kPa.

SFG Fatigue resistance of girth weld, in psi or kPa.

SFL Fatigue resistance of longitudinal weld in psi or kPa.

SHe Circumferential stress from earth load, in psi or kPa.

SHi Circumferential stress from internal pressure calculated using the average diameter, in psi or kPa.

SHi (Barlow) Circumferential stress from internal pressure calculated using the Barlow formula, in psi or kPa.

S1, S2, S3 Principal stresses in pipe, in psi or kPa: S1 = maximum circumferential stress; S2 = maximum longitudinal 
stress; S3 = maximum radial stress.

SMYS Specified minimum yield strength, in psi or kPa.

T Temperature derating factor.

T1, T2 Temperatures (°F or °C).

tw Pipe wall thickness, in in. or mm.

w Applied design surface pressure, in psi or kPa.

αT Coefficient of thermal expansion, per °F or per °C.

γ Unit weight of soil, in lb/in.3 or kN/m3.

ΔSH Cyclic circumferential stress, in psi or kPa.

ΔSHh Cyclic circumferential stress from highway vehicular load, in psi or kPa.

ΔSHr Cyclic circumferential stress from rail load in psi or kPa.

ΔSL Cyclic longitudinal stress, in psi or kPa.

ΔSLh Cyclic longitudinal stress from highway vehicular load, in psi or kPa.

ΔSLr Cyclic longitudinal stress from rail load, in psi or kPa.

νs 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 No.

Earth Load:

(1)

Live Load:

       (2)

       (3)

       (4)

       (5)

       (6)

Internal Load:

(7)

Natural gas:

(8a)

Liquids:

(8b)

Limits of Calculated Stresses:

Circumferential:

                    (9)

Longitudinal:

(10)

Radial:

 (11)

 (12)

              (13)

                    (14)

SHe KHeBeEeγD=

w P AP⁄=

ΔSHr KHrGHrNHFiw=

ΔSLr KLrGLrNLFiw=

ΔSHh KHhGHhRLFiw=

ΔSLh KLhGLhRLFiw=

SHi p D tw–( ) 2tw⁄=

SHi Barlow( ) pD 2tw⁄=[ ] F E T SMYS×××≤

SHi Barlow( ) pD 2tw⁄=[ ] F E T SMYS×××≤

S1 SHe ΔSH SHi+ +=

S2 ΔSL EsαT T2 T1–( )– νs SHe SHi+( )+=

S3 p– MAOP or MOP––= =

Seff
1
2
--- S1 S2–( )2 S2 S3–( )2 S3 S1–( )2+ +[ ]=

Seff SMYS F×≤

ΔSL SFG F×≤
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 5

              (15)

              (16)

                    (17)

                    (18)

              (19)

                    (20)

2.3 Definitions

The following definitions of terms apply to this practice:

2.3.1  
carrier pipe 
A steel pipe for transporting gas or liquids.

2.3.2  
cased pipeline or cased pipe 
A carrier pipe inside a casing that crosses beneath a railroad or highway.

2.3.3  
casing 
A conduit through which the carrier pipe may be placed.

2.3.4  
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.

2.3.5  
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.

ΔSLr NL⁄ SFG F×≤

RFΔSLr NL SFG F×≤⁄

ΔSLh SFG F×≤

ΔSH SFL F×≤

ΔSHr NH SFL F×≤⁄

ΔSHh SFL F×≤
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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.

2.3.11  
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.

2.3.15  
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

3.1 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 
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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.

4.4 Cover

4.4.1 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

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. 3 ft (0.9 m)

c) For pipelines transporting HVL, from the bottom of ditches. 4 ft (1.2 m)

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 (1.2 m)

b) Under all other surfaces within the right-of-way. 3 ft (0.9 m)

c) For pipelines transporting HVL, from the bottom of ditches. 4 ft (1.2 m)

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.

Figure 1—Examples of Uncased Crossing Installations

Railroad
Drainage ditchMinimum depth

below ditch

Minimum depth below ground Uncased carrier pipe

Minimum depth
below bottom of rail

 RAILROAD CROSSING

Minimum depth
below ditch

Drainage ditch

Uncased carrier pipe Minimum depth below
surface of pavement

Highway

HIGHWAY CROSSING

CL CL

CL CL
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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, SHi (Barlow). Check 
SHi (Barlow) against the maximum allowable value.

c) Calculate the circumferential stress due to earth load, SHe.

d) Calculate the external live load, w, and determine the appropriate impact factor, Fi.

e) Calculate the cyclic circumferential stress, ΔSH, and the cyclic longitudinal stress, ΔSL due to live load.

f) Calculate the circumferential stress due to internal pressure, SHi.

g) Check effective stress, Seff as follows:

1) Calculate the principal stresses, S1 in the circumferential direction, S2 in the longitudinal direction, and S3, in the 
radial direction.

2) Calculate the effective stress, Seff.

3) Check by comparing Seff against the allowable stress, SMYS × F. 

h) Check welds for fatigue as follows:

1) Check with weld fatigue by comparing ΔSL against the girth weld fatigue limit, SFG × F.

2) Check longitudinal weld fatigue by comparing, ΔSH against the longitudinal weld fatigue limit, SFL × F.

i) If any check fails, modify the design conditions in Item a appropriately and repeat the steps in Items b through h.

Recommended methods for performing the steps in Items 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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10 API RECOMMENDED PRACTICE 1102

Figure 2—Flow Diagram of Design Procedure for Uncased Crossings of Railroads and Highways

Internal loadExternal load

Begin

Calculate w: Section 4.7.2.2.1;
and calculate Fi : Figure 7

Calculate the circumferential
stress due to internal pressure
using the Barlow formula,
SHi (Barlow): Equation 8a or 8b

Calculate cyclic circumferential
stress due to live load, ∆SH:
Equation 3 or 5; Figures 8, 9, and 
10; or Figures 14 and 15

Calculate cyclic longitudinal
stress due to live load, ∆SL:
Equation 4 or 6; Figures 11, 12, 
and 13; or Figures 16 and 17 

Calculate circumferential
stress due to earth load,
SHe: Equation 1, and
Figures 3, 4, and 5

SHi (Barlow) ≤ allowable

Calculate the circumferential
stress due to internal pressure,
SHi: Equation 7

Calculate the principal stresses,
S1, S2, S3: Equations 9, 10, 11

Satisfactory design

Optimal design?

Design complete

Earth load

Fails fatigue check

Fails Seff check

No

Live load

Fails

Pipe, operational,
installation, and
site characteristics

Calculate effective stress,
Seff: Equation 12

Check for allowable Seff:
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,
or Equation 20
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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

4.7.1 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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12 API RECOMMENDED PRACTICE 1102

4.7.2.1 Stresses Due to Earth Load

The circumferential stress at the pipeline invert caused by earth load. SHe (psi or kPa), is determined as follows:

(1)

where

KHe is the stiffness factor for circumferential stress from earth load.

Be is the burial factor for earth load.

Ee is the excavation factor for earth load.

γ is the soil unit weight, in lb/in.3 or kN/m3.

D is the pipe outside diameter, in in. or m.

It is recommended that γ be taken as 120 lb/ft3 (18.9 kN/m3) (equivalent to 0.069 lb/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, KHe, accounts for the interaction between the soil and pipe and depends on the pipe 
wall thickness to diameter ratio, tw/D, and modulus of soil reaction, E'. Figure 3 shows KHe plotted for various E', as a 
function of tw/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, Be, is presented as a function of the ratio of pipe depth to bored diameter, H/Bd for various soil 
conditions in Figure 4. If the bored diameter is unknown or uncertain at the time of design, it is recommended that Bd
be taken as D + 2 in. (51 mm). For trenched construction and new structures constructed over existing pipelines, 
Bd = 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, Ee, is presented as a function of the ratio of bored diameter to pipe diameter, Bd/D in Figure 5. 
If the bored diameter is unknown or uncertain at the time of design, Ee should be assumed equal to 1.0. For trenched 
construction and new structures constructed over existing pipelines, Ee 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, Ps, or the maximum wheel load from a truck’s tandem axle set, Pt. Figure 6 
shows the methods by which axle loads are converted into equivalent single wheel loads Ps and Pt. For example, a 
truck with a single axle load of 24 kips (106.8 kN) would have a design single wheel load of Ps = 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 Pt = 10 kips 
(44.5 kN). The maximum single axle wheel load recommended for design is Ps = 12 kips (53.4 kN). The maximum 
tandem axle wheel load recommended for design is Pt = 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, H; and whether the 
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 13

NOTE   See Table A-1 for soil descriptions.

Figure 3—Stiffness Factor for Earth Load Circumferential Stress, KHe

Figure 4—Burial Factor for Earth Load Circumferential Stress, Be
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14 API RECOMMENDED PRACTICE 1102

road surface has a flexible pavement, has no pavement, or has a rigid pavement. For the recommended design loads 
of Ps = 12 kips (53.4 kN) and Pt = 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 (lb/in.2 or kN), then is determined as follows:

(2)

where

P is the either the design single wheel load, Ps, or the design tandem wheel load, Pt, in lbs (kN).

Ap is the contact area over which the wheel load is applied; Ap is taken as 144 in.2 (0.093 m2).

For the recommended design loads of Ps = 12 kips = 12,000 lbs (53.4 kN) and Pt = 10 kips = 10,000 lbs (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.

Figure 5—Excavation Factor for Earth Load Circumferential Stress, Ee
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 15

4.7.2.2.2 Impact Factor

It is recommended that the live load be increased by an impact factor, Fi, which is a function of the depth of burial, H, 
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.

Figure 6—Single and Tandem Wheel Loads, Ps and Pt

Table 1—Critical Axle Configurations for Design Wheel Loads of Ps = 12 Kips (53.4 kN) 

and Pt = 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

Single axle load Tandem axle load

Direction of travel

Ps =
Single axle load

2
Tandem axle load

4
Pt =

Actual tire contact
area

Equivalent load
application area
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16 API RECOMMENDED PRACTICE 1102

4.7.2.2.3 Railroad Cyclic Stresses

4.7.2.2.3.1 The cyclic circumferential stress due to rail load, ΔSHr, (psi or kPa), may be calculated as follows:

(3)

where

KHr is the railroad stiffness factor for cyclic circumferential stress.

GHr is the railroad geometry factor for cyclic circumferential stress.

NH is the railroad single or double track factor for cyclic circumferential stress.

Fi is the impact factor.

w is the applied design surface pressure, in psi or kPa.

The railroad stiffness factor, KHr, is presented as a function of the pipe wall thickness to diameter ratio, tw/D, and soil 
resilient modulus, Er, in Figure 8. Table A-2 in Annex A gives typical values for Er.

Figure 7—Recommended Impact Factor Versus Depth
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 17

The railroad geometry factor, GHr, 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, NH = 1.00. The NH factor for double track is shown in 
Figure 10.

4.7.2.2.3.2 The cyclic longitudinal stress due to rail load, ΔSLr (psi or kPa) may be calculated as follows:

(4)

where

KLr is the railroad stiffness factor for cyclic longitudinal stress.

GLr is the railroad geometry factor for cyclic longitudinal stress.

NL is the railroad single or double track factor for cyclic longitudinal stress. 

Fi is the impact factor.

w is the applied design surface pressure, in psi or kPa.

The railroad stiffness factor, KLr, is presented as a function of tw/D and Er in Figure 11. 

The railroad geometry factor, GLr, is presented as a function of D and H in Figure 12.

The single track factor for cyclic longitudinal stress is NL = 1.00. The NL factor for double track is shown in Figure 13.

Figure 8—Railroad Stiffness Factor for Cyclic Circumferential Stress, KHr
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18 API RECOMMENDED PRACTICE 1102

4.7.2.2.4 Highway Cyclic Stresses

4.7.2.2.4.1 The cyclic circumferential stress due to highway vehicular load, ΔSHh (psi or kPa), may be calculated 
from the following

(5)

where

KHh is the highway stiffness factor for cyclic circumferential stress.

GHh is the highway geometry factor for cyclic circumferential stress.

R is the highway Pavement type factor.

L is the highway axle configuration factor.

Fi is the impact factor.

w is the applied design surface pressure, in psi or kPa.

Figure 9—Railroad Geometry Factor for Cyclic Circumferential Stress, GHr
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 19

Figure 10—Railroad Double Track Factor for Cyclic Circumferential Stress, NH

Figure 11—Railroad Stiffness Factor for Cyclic Longitudinal Stress, KLr
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20 API RECOMMENDED PRACTICE 1102

Figure 12—Railroad Geometry Factor for Cyclic Longitudinal Stress, GLr

Figure 13—Railroad Double Track Factor for Cyclic Longitudinal Stress, NL
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 21

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, KHh is presented as a function of tw/D and Er in Figure 14.

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, ΔSLh (psi or kPa), may be calculated from 
the following:

(6)

where

KLh is the highway stiffness factor for cyclic longitudinal stress.

GLh is the highway geometry factor for cyclic longitudinal stress.

R is the highway pavement type factor.

L is the highway axle configuration factor.

Fi 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.

Figure 14—Highway Stiffness Factor for Cyclic Circumferential Stress, KHh
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22 API RECOMMENDED PRACTICE 1102

The highway stiffness factor, KLh, is presented as a function of tw/D and Er in Figure 16.

The highway geometry factor, GLh, 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, SHi (psi or kPa), may be calculated from the following:

 (7)

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.

tw is the wall thickness, in in. or mm.  

4.8 Limits of Calculated Stresses

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.

Figure 15—Highway Geometry Factor for Cyclic Circumferential Stress, GHh
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Figure 16—Highway Stiffness Factor for Cyclic Longitudinal Stress, KLh

Figure 17—Highway Geometry Factor for Cyclic Longitudinal Stress, GLh
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24 API RECOMMENDED PRACTICE 1102

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, SHi (Barlow) (psi or kPa), must be less than the factored specified minimum yield strength. This check is 
given by the following:

 

for natural gas, and (8a)

 

for liquids and other products (8b)

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.

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.

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

SHi Barlow( ) pD 2tw⁄=[ ] F E T SMYS×××≤

SHi Barlow( ) pD 2tw⁄=[ ] F E T SMYS×××≤
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4.8.1.2 The second check for the allowable stress is accomplished by comparing the total effective stress, Seff (psi or 
kPa), against the specified minimum yield strength multiplied by a design factor, F. Principal stresses, S1, S2, and S3, 
(psi or kPa), are used to calculate Seff. The principal stresses are calculated from the following:

(9)

where

S1 is the maximum circumferential stress.

ΔSH is ΔSHr, in psi or kPa, for railroads, and

 is ΔSHh, in psi or kPa for highways.

 (10)

where

S2 is the maximum longitudinal stress.

ΔSL is ΔSLr in psi or kPa, for railroads, and

is ΔSLh in psi or kPa, for highways.

Es is Young’s modulus of steel, in psi or kPa.

αT is the coefficient of thermal expansion of steel, per °F or per °C.

T1 is the temperature at time of installation, in °F or °C.

T2 is the maximum or minimum operating temperature, in °F or °C.

vs is Poisson’s ratio of steel.

NOTE   Table A-3, in Annex A gives typical values for Es, vs and αT.

(11)

where

S3 is the maximum radial stress.

NOTE   The Poisson effects from SHe and SHi are reflected in S2 as vs (SHe + SHi). The Poisson effect of ΔSL on S1 is not directly 
represented in the equation for S1. The values of ΔSH and ΔSL 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, Seff (psi or kPa), may be calculated from the following:

(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:

 (13)

S1 SHe ΔSH SHi+ +=

S2 ΔSL EsαT T2 T1–( )– νs SHe SHi+( )+=

S3 p– MAOP or MOP––= =

Seff
1
2
--- S1 S2–( )2 S2 S3–( )2 S3 S1–( )2+ +[ ]=

Seff SMYS F×≤
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26 API RECOMMENDED PRACTICE 1102

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].

4.8.2.1 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..

The general form of the design check against girth weld fatigue is given by the following:

 (14)

where

ΔSL is ΔSLr, in psi or kPa, for railroads, and

 is ΔSLh in psi or kPa, for highways.

Table 3—Fatigue Endurance Limits, SFG, and SFL, for Various Steel Grades

Steel Grade
SMYS
(psi)

Minimum 
Ultimate Tensile 

Strength
(psi)

SFG (psi) SFL (psi)

All welds
Seamless 
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).

ΔSL SFG F×≤
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STEEL PIPELINES CROSSING RAILROADS AND HIGHWAYS 27

SFG 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 ΔSL = ΔSLr 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:

 (15)

where

ΔSLr is the cyclic longitudinal stress determined from Equation 4, in psi or kPa.

NL is the single or double track factor used in Equation 4 (see note).

SFG is the fatigue endurance limit of girth weld = 12,000 psi (82,740 kPa).

F is the design factor.

NOTE   NL = 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:

 (16)

where

RF is the longitudinal stress reduction factor for fatigue.

RF 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:

(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.

ΔSLr NL⁄ SFG F×≤

RFΔSLr NL SFG F×≤⁄

ΔSLh SFG F×≤
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28 API RECOMMENDED PRACTICE 1102

Figure 18-A—Longitudinal Stress Reduction Factors, RF, for LG Greater Than 

or Equal to 5 ft (1.5 m) but Less Than 10 ft (3 m)

Figure 18-B—Longitudinal Stress Reduction Factors, RF, for LG Greater Than or Equal to 10 ft (3 m)
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The fatigue endurance limit of longitudinal welds, SFL, 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:

(18)

where

ΔSH is ΔSHr, in psi or kPa, for railroads, and

is ΔSHh, in psi or kPa, for highways.

SFL 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:

 (19)

where

ΔSHr is the cyclic circumferential stress determined from Equation 3, in psi or kPa.

NH is the single or double track factor used in Equation 3 (see note).

SFL is the fatigue endurance limit of longitudinal weld obtained from Table 3, in psi or kPa.

F is the design factor.

NOTE   NH = 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:

(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.

ΔSH SFL F×≤

ΔSHr NH SFL F×≤⁄

ΔSHh SFL F×≤

-
-
`
,
,
`
,
,
,
,
`
`
`
`
,
,
,
,
`
,
,
`
,
,
,
,
`
`
,
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

00321
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



30 API RECOMMENDED PRACTICE 1102

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, ΔSH. 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, LG, 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.

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.

Figure 19—Examples of Cased Crossing Installations

Railroad

Minimum depth
below ground

Minimum depth
below ditch

Minimum depth
below bottom of rail

Vent

End seal Casing

Drainage ditch

Carrier pipe

Minimum depth
below ditch

End seal

Drainage ditch

Carrier pipe

Vent

Highway

RAILROAD CROSSING

HIGHWAY CROSSING

CL CL

CL CL

Minimum depth below
surface of pavement

Casing

NOTE      For simplicity, drawing does not include insulators/spacers (5.8 and 5.11) or test stations (6.3.6)
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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. 5.5 ft (1.7 m)

b) Under track structure proper for secondary and industry tracks. 4.5 ft (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 ft (1.2 m)

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. 4 ft (1.2 m)

b) Under all other surfaces within the right-of-way. 3 ft (0.9 m)

c) For pipelines transporting HVL, from the bottom of ditches. 4 ft (1.2 m)

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, Bd, 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, Bd, 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, Bd = 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 API 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

7.2.1 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  

A.2 Critical Highway Axle Configurations

For design wheel loads different from the recommended maximums of Ps = 12 kips (53.4 kN) and Pt = 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 Ps and Pt
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 Ps and Pt 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 Ps = 12 kips (53.4 kN) and Pt = 10 kips (44.5 kN), with the 
resulting critical axle configurations as given in Table 1 in the main body of this recommended practice.

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 
plasticities; loose sands and gravels

0.5 (3.4)

Stiff to very stiff clays and silts;  
medium dense sands and gravels

1.0 (6.9)

Dense to very dense sands and gravels 2.0 (13.8)

Table A-2—Typical Values for Resilient Modulus, Er

Soil Description Er, ksi (MPa)

Soft to medium clays and silts 5 (34)
Stiff to very stiff clays and silts;  
loose to medium dense sands and gravels

10 (69)

Dense to very dense sands and gravels 20 (138)

Table A-3—Typical Steel Properties

Property Typical Range

Young’s modulus, Es, psi (kPa) 28 – 30 ×106

(1.9 – 2.1 × 108)
Poisson’s ratio, vs 0.25 – 0.30
Coefficient of thermal expansion, αT, per °F (per °C) 6 – 7 × 10–6

(1.6 – 1.9 × 10–5)
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Figure A-1—Critical Case Decision Basis for Whether Single or 

Tandem Axle Configuration Will Govern Design
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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 API 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 = 12.75 in.
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, T1 = N/A
Maximum or minimum operating temperature, T2 = N/A
Temperature derating factor, T = N/A
Wall thickness, tw = 0.250 in.

Installation and site characteristics:
Depth, H = 6.0 ft
Bored diameter, Bd = 14.8 in.
Soil type = Loose sand
Modulus of soil reaction, E´ = 0.5 ksi
Resilient modulus, Er = 10 ksi
Unit weight, γ = 120 lb/ft3 = 0.069 lb/in.3
Type of longitudinal weld = ERW
Design wheel load from single axle, Ps = 12 kips
Design wheel load from tandem axles, Pt = 10 kips
Pavement type = Flexible

Other pipe steel properties:
Young’s modulus, Es = 30,000 ksi
Poisson’s ratio, vs = 0.30
Coefficient of thermal expansion, αT = 6.5 × 10–6 per °F

Step b—Check Allowable Barlow Stress

Equation 8b with: p = 1,000 psi SHi (Barlow) = 25,500 psi 
D = 12.75 in. 
tw = 0.250 in. 
F = 0.72 F × E × T × SMYS = N/A 
E´ = 1.00 F × E × SMYS = 30,240 psi 
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T = N/A 
SMYS = 42,000 psi 

SHi (Barlow) ≤ Allowable? Yes

Step c—Circumferential Stress Due to Earth Load

c.1 Figure 3 with: tw/D = 0.020 KHe = 3,024 
E´= 0.5 ksi

c.2 Figure 4 with: H/Bd = 4.9 Bc = 1.09 
Soil type = Loose sand = A

c.3 Figure 5 with: Bd/D = 1.16 Ee = 1.11

c.4 Equation 1 with: D = 12.75 in. SHe = 3,219 psi 
γ = 120 lb/ft3 = 0.069 lb/in.3

Step d—impact Factor, Fi,and Applied Design Surface Pressure, w

d.l Figure 7 for highways with: H = 6 ft Fi = 1.47

d.2 Applied design surface pressure, w  
Section 4.7.2.2.1: Flexible pavement Pt = 10 kips 
Critical case: tandem axles w = 69.4 psi

Step e—Cyclic Stresses, ΔSHh and ΔSLh

e.1 Cyclic circumferential stress. ΔSHh

e.1.1 Figure 14 with: tw/D = 0.020 KHh = 14.3 
Er = 10 ksi

e.1.2 Figure 15 with: D = 12.75 in. GHh = 0.99 
H = 6 ft

c.1.3 Table 2 with: R = 1.00 
Flexible pavement H = 6 ft L = 1.00 
Tandem axles D = 12.75 in.

e.1.4 Equation 5: ΔSHh = 1,444 psi

e.2 Cyclic longitudinal stress, ΔSLh

e.2.1 Figure 16 with: tw/D = 0.020 KLh = 9.9 
Er = 10 ksi

e.2.2 Figure 17 with: D = 12.75 in. GLh = 1.01 
H = 6 ft

e.2.3 Table 2 with: R = 1.00 
Flexible pavement H = 6 ft L = 1.00 
Tandem axles D = 12.75 in.

e. 2.4 Equation 6: ΔSLh = 1,020 psi
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Step f—Circumferential Stress Due to Internal Pressurization, SHi

Equation 7 with: p = 1,000 psi SHi = 25,000 psi 
D = 12.75 in. 
tw = 0.250 in.

Step g—Principal Stresses, S1, S2, S3

Es = 30 × 106 psi 
αT = 6.5 × 10–6 per °F 
T1 = N/A 
T2 = N/A 
vs = 0.30

g.1 Equation 9 with: SHe = 3,219 psi S1 = 29,663 psi 
ΔSHh = 1,444 psi 
SHi = 25,000 psi

g.2 Equation 10 with: ΔSLh = 1,020 psi S2 = 9,486 psi 
SHe = 3,219 psi 
SHi = 25,000 psi

g.3 Equation 11 with: p = 1,000 psi S3 = –1,000 psi

g.4 Effective stress, Seff 
Equation 12 with: S1 = 29,663 psi Seff = 26,994 psi 

S2 = 9,486 psi 
S3 = –1,000 psi

g.5 Check allowable effective stress 
F = 0.72 
SMYS = 42,000 psi 

Equation 13 with: Seff = 26,994 psi 
SMYS × F = 30,240 psi 

Seff < SMYS × F? Yes

Step h—Check Fatigue

h.1 Girth welds 
F = 0.72 

Table 3 SFG = 12,000 psi 
Equation 17 with: ΔSLh = 1,020 psi ΔSLh ≤ SFG × F? Yes 

SFG × F = 8,640 psi

h.2 Longitudinal welds 
F = 0.72 

Table 3 SFL = 21,000 psi (ERW) 
Equation 20 with: ΔSHh = 1,444 psi ΔSHh ≤ SFL × F? Yes 

SFL × F = 15,120 psi
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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 API 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 = 12.75 in.
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, T1 = N/A
Maximum or minimum operating temperature, T2 = N/A
Temperature derating factor, T = N/A
Wall thickness, tw = 0.250 in.

Installation and site characteristics:
Depth, H = 6.0 ft
Bored diameter, Bd = 14.8 in.
Soil type = Loose sand
Modulus of soil reaction, E´ = 0.5 ksi
Resilient modulus, Er = 10 ksi
Unit weight, γ = 120 lb/ft3 = 0.069 lb/in.3
Type of longitudinal weld = ERW
Distance of girth weld from track centerline, LG = 0 ft
Number of tracks (1 or 2) = 2
Rail loading = E-80

Other pipe steel properties:
Young’s modulus, Es = 30,000 ksi
Poisson’s ratio, vs = 0.30
Coefficient of thermal expansion, αT = 6.5 × 10–6 per °F

Step b—Check Allowable Barlow Stress

Equation 8b with: p = 1,000 psi SHi (Barlow) = 25,500 psi 
D = 12.75 in. 
tw = 0.250 in. 
F = 0.72 F × E × T × SMYS = N/A 
E = 1.00 F × E × SMYS = 30,240 psi 
T = N/A 
SMYS = 42,000 psi 

SHi (Barlow) ≤ Allowable? Yes
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44 API RECOMMENDED PRACTICE 1102

Step c—Circumferential Stress Due to Earth Load

c.1 Figure 3 with: tw/D = 0.020 KHe = 3,024 
E´ = 0.5 ksi

c.2 Figure 4 with: H/Bd = 4.9 Be = 1.09 
Soil type = Loose sand = A

c.3 Figure 5 with: Bd/D = 1.16 Ee = 1.11

c.4 Equation 1 with: D = 12.75 in. SHe = 3,219 psi 
γ = 120 lb/ft3 = 0.069 lb/in.3

Step d—Impact Factor, Fi, and Applied Design Surface Pressure, w

d.1 Figure 7 for railroads with: H = 6 ft Fi = 1.72

d.2 Applied design surface pressure, w 
Section 4.7.2.2.1: Rail loading = E-80 w = 13.9 psi

Step e—Cyclic Stresses, ΔSHr and ΔSLr

e.1 Cyclic circumferential stress. ΔSHr

e.1.1 Figure 8 with: tw/D = 0.020 KHr = 332 
Er = 10 ksi

e.1.2 Figure 9 with: D = 12.75 in. GHr = 0.98 
H = 6 ft

e.1.3 Section 4.7.2.2.3 and 
Figure 10 with: Nt = 2 NH=1.11

e.1.4 Equation 3: ΔSHr = 8,634 psi

e.2 Cyclic longitudinal stress, ΔSLr

e.2.1 Figure 11 with: tw/D = 0.020 KLr = 317 
Er = 10 ksi

e.2.2 Figure 12 with: D = 12.75 in. GLr = 0.98 
H = 6 ft

e.1.3 Section 4.7.2.2.3 and 
Figure 13 with: Nt = 2 NL = 1.00

e.2.4 Equation 4: ΔSLr = 7,427 psi

Step f—Circumferential Stress Due to Internal Pressurization, SHi

Equation 7 with: p = 1,000 psi SHi = 25,000 psi 
D = 12.75 in. 
tw = 0.250 in.
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Step g—Principal Stresses, S1, S2, S3

Es = 30 × 106 psi 
αT = 6.5 × 10–6 per °F 
T1 = N/A 
T2 = N/A 
vs = 0.30

g.1 Equation 9 with: SHe = 3,219 psi S1 = 36,853 psi 
ΔSHr = 8,634 psi 
SHi = 25,000 psi

g.2 Equation 10 with: ΔSLr = 7,427 psi S2 = 15,893 psi 
SHe = 3,219 psi 
SHi = 25,000 psi

g.3 Equation 11 with: p = 1,000 psi S3 = –1,000 psi

g.4 Effective stress, Seff 
Equation 12 with: S1 = 36,853 psi Seff = 32,845 psi 

S2 = 15,893 psi 
S3 = –1,000 psi

g,5 Check allowable effective stress 
F = 0.72 
SMYS = 42,000 psi 

Equation 13 with: Seff = 32,845 psi 
SMYS × F = 30,240 psi 

Seff ≤ SMYS × F? No

B.2.2 Railroad Example Problem (Revised Wall Thickness)

Step a—Revised Design Information

Pipe and operational characteristics:
Outside diameter, D = 12.75 in.
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, T1 = N/A
Maximum or minimum operating temperature, T2 = N/A
Temperature degrating factor, T = N/A
Wall thickness, tw = 0.281 in.

Installation and site characteristics:
Depth, H = 6.0 ft
Bored diameter, Bd = 14.8 in.
Soil type = Loose sand
Modulus of soil reaction, E´ = 0.5 ksi
Resilient modulus, Er = 10 ksi
Unit weight, γ = 120 lb/ft3 = 0.069 lb/in.3
Type of longitudinal weld = ERW
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46 API RECOMMENDED PRACTICE 1102

Distance of girth weld from track centerline, LG = 0 ft
Number of tracks (1 or 2) = 2
Rail loading = E-80

Other pipe steel properties:
Young’s modulus, Es = 30,000 ksi
Poisson’s ratio, vs = 0.30
Coefficient of thermal expansion, αT = 6.5 × 10–6 per °F

Step b—Check Allowable Barlow Stress

Equation 8a with: p = 1.000 psi SHi (Barlow) = 22,687 psi 
D = 12.75 in. 
tw = 0.281 in. 
F = 0.72 F × E × T × SMYS = N/A 
E = 1.00 F × E × SMYS = 30,240 psi 
T= N/A 
SMYS = 42,000 psi 

SHi (Barlow) ≤ Allowable? Yes

Step c—Circumferential Stress Due to Earth Load

c.1 Figure 3 with: tw/D = 0.022 KHe = 2,500 
E´= 0.5 ksi

c.2 Figure 4 with: H/Bd = 4.9 Be = 1.09 
Soil type = Loose sand = A

c.3 Figure 5 with: Bd/D = 1.16 Ee = 1.11

c.4 Equation 1 with: D = 12.75 in SHe = 2,661 psi 
γ = 120 lb/ft3 = 0.069 lb/in.3

Step d—Impact Factor, Fi, and Applied Design Surface Pressure, w

d.1 Figure 7 for railroads with: H = 6 ft Fi = 1.72

d.2 Applied design surface pressure, w 
Section 4.7.2.2.1: Rail loading = E-80 w = 13.9 psi

Step e—Cyclic Stresses, ΔSHr and ΔSLr

e.1 Cyclic circumferential stress, ΔSHr

e.1.1 Figure 8 with: tw/D = 0.022 KHr = 320 
Er = 10 ksi

e.1.2 Figure 9 with: D = 12.75 in. GHr = 0.98 
H = 6 ft

e.1.3 Section 4.7.2.2.3 and 
Figure 10 with: Nt = 2 NH = 1.11

e.1.4 Equation 3: ΔSHr = 8,322 psi -
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e.2 Cyclic longitudinal stress, ΔSLr

e.2.1 Figure 11 with: tw/D = 0.022 KLr = 305 
Er = 10 ksi

e.2.2 Figure 12 with: D = 12.75 in. GLr = 0.98 
H = 6 ft

e.2.3 Section 4.7.2.2.3 and 
Figure 13 with: Nt = 2 NL = 1.00

e.2.4 Equation 4: ΔSLr = 7,146 psi

Step f—Circumferential Stress Due to Internal Pressurization, SHi

Equation 7 with: p = 1,000 psi SHi = 22,187 psi 
D = 12.75 in. 
tw = 0.281 in.

Step g—Principal Stresses, S1, S2, S3

Es = 30 × 106 psi 
αT = 6.5 × 10–6 per °F 
T1 = N/A 
T2 = N/A 
vs = 0.30

g.1 Equation 9 with: SHe = 2,661 psi S1 = 33,170 psi 
ΔSHr = 8,322 psi 
SHi = 22,187 psi

g.2 Equation 10 with: ΔSLr = 7,146 psi S2 = 14,600 psi 
SHe = 2,661 psi 
SHi = 22,187 psi

g.3 Equation 11 with: p = 1,000 psi S3 = -1,000 psi

g.4 Effective stress, Seff 
Equation 12 with: S1 = 33,170 psi Seff = 29,629 psi 

S2 = 14,600 psi 
S3 = –1,000 psi

g.5 Check allowable effective stress 
F = 0.72 
SMYS = 42,000 psi 

Equation 13 with: Seff = 29,629 psi 
SMYS × F = 30,240 psi 

Seff ≤ SMYS × F? Yes

Step h—Check Fatigue

h.1 Girth welds 
F = 0.72 

Table 3 SFG = 12,000 psi
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h.1.1 If LG < 5 ft (1.5 m) use: 
Equation 15 with: ΔSLr = 7,146 psi ΔSL/NL ≤ SFG × F? Yes 

NL = 1.00 
ΔSLr/NL = 7,146 psi 
SFG × F = 8,640 psi

h.1.2 If LG > 5 ft (1.5 m) use: 
Figure 18 with: LG = RF = 
Equation 16 with: ΔSLr = RF ΔSLr/NL ≤ SFG × F? 

NL = 
RF ΔSLr/NL = 
SFG × F =

h.2 Longitudinal welds 
F = 0.72 

Table 3 SFL = 21,000 psi (ERW) 
Equation 19 with: ΔSHr = 8,322 psi ΔSHr/NH ≤ SFL × F? Yes 

NH = 1.11 
ΔSHr/NH = 7,498 psi 
SFL × F = 15,120 psi
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Annex C

Casing Wall Thicknesses

Table C-1—Minimum Nominal Wall Thickness for Flexible Casing in Bored Crossings

Nominal Pipe 
Diameter (in.)

Minimum Nominal Wall Thickness (in.)

Railroads

HighwaysWhen Coated or 
Cathodically 

Protected 

When Not Coated 
or Cathodically 

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) 25.4
pounds (lb) kilograms (kg) 0.4536
kips (k) pounds (lb) 1000

kilonewtons (kN) 4.448
pounds per square inch (psi) kilopascals (kPa) 6.895

kilonewtons per square meter (kN/m2) 6.895
kips per square inch (ksi) pounds per square inch (psi) 1000

megapascals (MPa) 6.895
meganewtons per square meter (MN/m2) 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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cm-
November 7, 2014

Vermont Gas Systems

Attn: Charlie Pughe, Project Manager

85 Swift Street

South Burlington, VT 05403

RE: Addison Natural Gas Project (ANGP) - Review of Pipe Loading within VELCO 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 ofway (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 ofsafety 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 1 102) 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 192.3 1 9 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 material."

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 backfill

shall be compacted to avoid settling."

4. Technical Specification 3 12333

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 192.1 1 1 . The pipe to be used

within the ROW is carbon steel with 12.75 inch outer diameter, 0.3 12 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 Chents with

Dedicated People Committed to Total Quality"

38 Eastwood Drive, Suite 105, Burlington, VT 0S403

T 802.735.0372 • F 802.735. 976fi • www.chacompanies.com
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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 of4 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 (lbs.) (18,400 lbs. wheel load) on an unpaved surface.

The live load capacity of the pipe was calculated in general accordance with API Recommended Practice

1 102 using the computer program GasCalc 5.0 version 007 developed by Bradley B. Bean, PE. Figure 1 ,

attached, is a summary 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 toads on the pipe are within acceptable factors ofsafety for wall crushing, wall buckling

and ring deflection.

Based on the API Recommended Practice 1 102 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,
DigiUftysigntdbyBrtndan Ktatiw
ON: cr»Bwd*n faarm. a ou.

)£&»*&	cmtiUblmmiVduconipanfeijCG

DllK2014.FJ.07 15:43M*8SW

Brendan Keams
Engineer IT

Attachment (1)

cc: Peter Lind, VELCO Senior Project Manager
V\ProjctH\ANY\XJ\28757\CoiTCiVcTificiiion of Live loads VELCO 1 1-7-14 Rev I
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FIGURE 1 : GASCalc Calculation Sheet

Crossing I External Loadin Calculation: ANGP Live Load Verification

Project Identification: 24381
Prepared By: Brendan Keams
Reviewed By Tyler Billingsley

Calculation Data/Results...

Filename: c:\vt gas\velco gas calc.ext

Calculation Method: API Recommended Practice 1102

Pipe Data...

Outside Diameter. 12.750 Inches
Pipe Wall Thickness- .312 Inches
Pipe Specification: API 5L - Electric Resistance Welded
Pipe Grade: X65 - ERW
Maximum Pressure: 1440 Pst

Specified Minimum 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

Hoop Stress - Due To Internal Pressure
Effective (Combined) Stress
Fatigue Stress - Girth Weld
Fatigue Stress - Longitudinal Weld

Value, Psi Limit Value, Psi
29423 32500 - OK

46800 - OK29314

2364 6000 - OK

11500 -OK2542

Calculation Notes...

The Combined Stress value was calculated.

Comments:

These calculations are only valid for circular pipe and within the bounds and 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.

GASCalc 5.0 Revision: 007 - December 19, 2012 Pa e No 1, Date: 9/5/2014
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5/25/2016Project Name: Vermont Gas Systems

Location: Burlington, VT Rev. 1

Prepared for: Vermont Gas Systems

Prepared bv: 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 API 1102, using various combinations of soil type and depth of cover to confirm

that 90% compaction will not be necessary.

Knowns:

• Class 3 Location, Design Factor of O.S

• 12.75 inch OD

• 0.312 inch WT

• API-5L Electric Resistance Welded

• Grade X-65

• MAOP of 1440 psi

• 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.

API 1102 STRESS CALCULATION RESULTS

Calculated Effective Stress (psi)

3' Cover 4' Cover 5' CoverSoil type

Soft to medium clays and silts with high plasticities 31,239 31,437 31,234

Soft to medium clays and silts with low/medium plasticities 31,180 31,370 31,159

Loose sands and gravels 30,360 30,550 30,427

Stiff to very stiff clays and silts 30,216 30,366 30,193

Medium dense sands and gravels 30,278 30,453 30,318

Dense to very dense sands and gravels 29,422 29,554 29,437

ALLOWABLE EFFECTIVE STRESS (psi) 32,500

Note:

1. Calculated girth weld and longitudinal weld stress values were less than the allowable (Girth:

6,000 psi & Long. Welds: 11,500 psi).

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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Mot! MacDonald
Calculation cover sheet

XreRMttJT Project No:Project Title:

No. of Sheets:File No:

Subject:Section:

Calc No:

Designer |Project Manager

Design Phase: A - Concept or preliminary C - Design verification

D'- OtherB - Analysis and detailed design

Computer Applications Used:

Title: Version Date:

2M3.

Scopes for Checking Manual and Computer Generated Calculations:	

>T5<tf(C cWY- wt>W ilv^frru-VioA

Calculations by: Checked By:Sheets

Checked: * Name: . Signature: . .

V| *5 ILL
Date: Name:

m
Date:ure:

SZH zjzsn<;¥ -ttlBBg

'If art Excel spreadsheet or othercomputer file has been checked and has nd bean attached, enter the name, dale and full file path or

RMS location of the file that was checked. (PiMS nickname or shod Unk from Properties - General coukS also tie useful !	

a) Basic Design Information or Source and Reference:

* Xftfa. ttfr Mike* IZ*a.^+/\'S di$,Lu.£$'tor\$ uJi+K <A\ur\t
> APiniw- -f°y "fM-ftrs ^ pYtuAttye,

b) Identify documents/technical records where output will be used:

> GaAgiaU+ioaS su.mriv^ j>n>vf<k^ -b c]itr\t>

T

Approved by Project Manager: Signature:	

Print name: ( J
Date:

sfir/^ratpU
Distribution: Original to project tile

CfStepPage 1 of 1
MMF019 Version 2
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Project

Vermont Gas Systems

Location Date

Burlington, VT 5/24/2016

API 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

Temperature Derating Factor 1,000

Pipe Class: API 5L Electric Resistance Welded

Young's Mod ulus for Steel [ksi] 30, 000

0.30

Coefficient of Thermal Expansion [per°F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Soft to medium clays and silts with high
plasticities

E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft3]

Pipe Depth [ft]

Bored Diameter [in]

ln5tallationTemperature [°F]

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

1440

3
0.2

60.0
5.0

12.75
120.00

0.312
3

12.75

60.0

0.50

1.0

Poisson's Ratio for Steel

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 34,305

32,500 Maximum Longitudinal Stress [psi] 12,239

2, 1 96 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.83 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

1,331

-1,440

31,239

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 16.60

Highway Geometry Factor for Cyclic Circumferential 1 .22 [Girth Welds

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 1 3.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Calculated Allowable PASS/FAIL1.50 Stress [psi]

Hoop 29,423 32,500 PASS

Effective 31,239 32,500 PASS

3,229 6,000 PASS

PASS"4,271 Long. Welds 4,271 11,500

3,229

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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00354
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location Date

Burlington, VT 5/24/2016

API 1 102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Soft to medium clays and silts with high
plasticities

E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft5]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

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

1440

3 0.2

60.0 5.0

12.75 120.00

0.312
4

12.75

60.0

0,50

1.0

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 34,529

32,500 Maximum Longitudinal Stress [psi] 12,306

2,1 96 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.97 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

1,555

1.50 |Stress [psi] |Calculated|Allowable|PASS/FAIL

16.60

-1,440

31,437

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential

Highway Geometry Factor for Cyclic Circumferential 1 .22 [Girth Welds

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 1 3.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

PASSHoop 29,423 32,500

Effective 31,437 32,500 PASS

PASS3,229 6,000

Long. Welds 4,271 PASS4,271 11,500

3,229

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments

00354



00355
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location Date

Burlington, VT 5/24/2016

API 1102- Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Soft to medium clays and silts with high

E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft®]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

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

1440

3
0.2

60.0 5.0

12,75
120.00

0.312
5

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: API1 1 02 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 34,285

32,500 Maximum Longitudinal Stress [psi] 12,136

2, 1 96 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 1 .08 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

1,732

1.50 |Stress [psi] |Calculated|Allowabte|PASS/FAIL

16.60

-1,440

31,234

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential

Highway Geometry Factor for Cyclic Circumferential 1,10 |Girth Welds

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 1 3.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1 .08

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using H5-20 loading + 15%

32,500 PASSHoop 29,423

Effective PASS31,234 32,500

PASS3,006 6,000

PASS3,850 Long. Welds 3,850 11,500

3,006

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments

00355



00356
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location

Burlington, VT

Date

5/24/2016

AP1 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°FJ

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Soft to medium clays and silts with
low/medium plasticities

E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft9]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

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

1440

3
0.5

60.0
5.0

12.75
120.00

0.312
3

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 34,239

32,500 Maximum Longitudinal Stress [psi] 12,219

2,088 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.83 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

1,265

1.50 | Stress [psi] (Calculated Allowable PASS/FAIL

16.60

-1,440

31,180

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential

Highway Geometry Factor for Cyclic Circumferential 1 .22

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 1 3.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

32,500 PASSHoop 29,423

Effective 1 3 1 , 1 80

Girth Welds :I229~
Long. Welds 4,271

32,500 PASS

6,000 PASS

4,271 PASS11,500

3,229

Reference: API RP 1 102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments

00356



00357
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location

Burlington, VT

Date

5/24/2016

API 1 102 - Gas Pipeline Crossing Highway

SITE AND INSTALLATION DATA:

Soil Type: Soft to medium clays and silts with
low/medium plasticities

E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft3]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

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

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

1440

3 0.5

60.0 5.0

12.75 120.00

0.312
4

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 102 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 34,453

32,500 Maximum Longitudinal Stress [psi] 12,284

2,086 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.97 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 16.60

Highway Geometry Factor for Cyclic Circumferential 1 .22

Cyclic Circumferential Stress [psi]

-1,440

31,370

32,500

1,479

Stress [psi] Calculated Allowable PASS/FAIL1.50

PASSHoop 29,423 32,500

31,370Effective

Girth Welds

PASS32,500

3,229 6,000 PASS

Long. Welds 4,271 PASS4,271 11,500

Highway Stiffness Factor for Cyclic Longitudinal Stress 1 3.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

3,229Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments

00357



00358
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location

Burlington, VT

ate

5/24/2016

API 1102 - Gas Pipeline Crossing Highway

SITE AND INSTALLATION DATA:

Soil Type: Soft to medium clays and silts with
low/medium plasticities

E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft1]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

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

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

1440

3 0.5

60.0 5.0

12.75 120.00

0.312 5

12,75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

29,423 Maximum Circumferential Stress [psi] 34,200

32,500 Maximum Longitudinal Stress [psi] 12,1 1 1

2,088 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 1 .08 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 16.60

Highway Geometry Factor for Cyclic Circumferential 1.10 |Girth Welds |3,006	[6000

Cyclic Circumferential Stress [psi]

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress -1,440

31,159

32,500

1,647

Stress [psi] Calculated Allowable PASS/FAIL1.50

Hoop PASS29,423 32,500

31,159 32,500 PASSEffective

PASS

PASS3,850 Long. Welds 3,850 11,500

Highway Stiffness Factor for Cyclic Longitudinal Stress 1 3.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1.08

3,006Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Approved By Revision: 13.0.1Prepared By Kelsey Kibbe

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments

00358



00359
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location

Burlington, VT

Pate

5/24/2016

AP1 1102 - Gas Pipeline Crossing Highway

SITE AND INSTALLATION DATA;

Soil Type: Loose sands and gravels

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

Temperature Derating Factor

Pipe Class: API 5L Electric Resistance Welded

Young's Modulus for Steel [ksi] 30,000

0.30

Coefficient of Thermal Expansion [per°F] 0.0000065

1440

3 E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft9]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

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

05

60.0 100

12.75 120.00

0.312
3

12,75

60.0

0.50

1.0

1.000

Poisson's Ratio for Steel

Safety Factor Applied: AP1 1 102 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 33,209

32,500 Maximum Longitudinal Stress [psi] 1 1,265

2,068 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.83 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 12.60

Highway Geometry Factor for Cyclic Circumferential 1 .22 iGirth Wcldc |2,275	 [6000

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

-1,440

30,360

32,500

1,265

Stress [psi] Calculated Allowable PASS/FAIL1.50

29,423 PASSHoop 32,500

Effective 30,360 32,500 PASS

PASS

Long. Welds 3,241 PASS3,241 11,500

2,275

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Approved By Revision: 13.0.1Prepared By Kelsey Kibbe

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments

00359



00360
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location Date

Burlington, VT 5/24/2016

AP1 1 1 02 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

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 [lb/ft3]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

Design Wheel Load from Single Axle [kips] 1 8.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None

Impact Factor Method: ASCE - Highway

1440

3
0.5

60.0
10.0

12.75
120.00

0.312
4

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 33,423

32,500 Maximum Longitudinal Stress [psi] 11,330

2,088 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.97 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

-1,440

30,550

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 12.60

Highway Geometry Factor for Cyclic Circumferential 1 .22

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

1,479

Calculated Allowable PASS/FAIL1.50 Stress [psi]

Hoop 29,423 32,500 PASS

Effective

Girth Welds

30,550 32,500 PASS

2,275 6,000 PASS

3,241 Long. Welds 3,241 11,500 PASS

2,275

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments

00360



00361
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

DateLocation

Burlington, VT 5/24/2016

API 1102 - Gas Pipeline Crossing Highway

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 [Ib/fP]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

Design Wheel Load from Single Axle [kips] 1 B.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None

Impact Factor Method: ASCE - Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

1440

3 0.5

60.0 10.0

12.75
120.00

0.312 5

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

29,423 Maximum Circumferential Stress [psi] 33,273

32,500 Maximum Longitudinal Stress [psi] 1 1 ,223

2,088 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 1 .08 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 1 2.60

Highway Geometry Factor for Cyclic Circumferential 1.10 |Girth Welds |2,1 18	 16 000

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1.08

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress -1,440

30,427

32,500

1,647

Stress [psi] Calculated Allowable PASS/FAIL1.50

PASSHoop 29,423 32,500

PASSEffective 30,427 32,500

PASS

PASS2,923 Long. Welds 2,923 11,500

2,118

Reference: API RP 1 102 "Steel Pipelines Crossing Railroads and Highways" if

Revision: 13.0.1Prepared By Kelsey Kibbe Approved By

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments

00361



00362
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

ateLocation

Burlington, VT 5/24/2016

AP1 1 102 - Gas Pipeline Crossing Highway

SITE AND INSTALLATION DATA:

Soil Type: Stiff to very stiff clays and silts

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [SF]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factqr

Longitudinal Joint Factor

Temperature Derating Factor

Pipe Class: API 5L Electric Resistance Welded

Young's Modulus for Steel [ksi] 30,000

Poisson's Ratio for Steel

Coefficient of Thermal Expansion [per°F] 0.0000065

1440

3 E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft3]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

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

1.0

60.0 10.0

12.75 120.00

0.312 3

12,75

60.0

0.50

1.0

1.000

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

29,423 Maximum Circumferential Stress [psi] 33,046

32,500 Maximum Longitudinal Stress [psi] 11,216

1 ,934 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.78 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 12.60

Highway Geometry Factor for Cyclic Circumferential 1 .22 |Girth Welds |2,275	 16 000

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress -1,440

30,216

32,500

1,102

Stress [psi] Calculated Allowable PASS/FAIL1.50

Hoop 29,423 32,500 PASS

PASSEffective 30,216 32,500

PA§S
PASS3,241 Long. Welds 3,241 11,500

2,275

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: API RP 1 102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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00363
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location

Burlington, VT

Date

5/24/2016

AP1 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Stiff to very stiff clays and silts

E - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft1]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

Design Wheel Load from Single Axle [kips] 1 8.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None

Impact Factor Method: ASCE - Highway

1440

3
1.0

60.0
10.0

12.75
120.00

0.312
4

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 33,21 5

32,500 Maximum Longitudinal Stress [psi] 11,267

1,934 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.90 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

-1,440

30,366

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 12.60

Highway Geometry Factor for Cyclic Circumferential 1 .22 iQirth Welds

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

1,271

1.50 Stress [psi] Calculated Allowable PASS/FAIL

32,500Hoop PASS29,423

Effective 30,366 32,500 PASS

6,000 PASS2,275

3,241 Long. Welds 3,241 PASS11,500

2,275

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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00364
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location

Burlington, VT

Date

5/24/2016

AP1 1 102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psQ

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

Temperature Derating Factor

Pipe Class: API 5L Electric Resistance Welded

Young's Modulus for Steel [ksi] 30,000

Poisson's Ratio for Steel

Coefficient of Thermal Expansion [per°F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Stiff to very stiff clays and silts

E' - Modulus of Soil Reaction [ksi]

Er- Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft1]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

Design Wheel Load from Single Axle [kips] 1 8.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None

Impact Factor Method: ASCE - Highway

1440

3
1.0

60.0
10.0

12.75
120.00

0.312
5

1275

60.0

0.50

1.0

1.000

0.30

Safety Factor Applied: AP1 1 102 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 33,010

32,500 Maximum Longitudinal Stress [psi] 1 1,144

1,934 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.98 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

-1,440

30,193

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 12.60

Highway Geometry Factor for Cyclic Circumferential 1.10 iGirth Welds

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1 .08

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

1,384

Calculated|Allowable|PASS/FAIL1.50 Stress [psi]

PASSHoop 29,423 32,500

Effective 32,50030,193 PASS

2,118 6,000 PASS

PASS2,923 Long. Welds 2,923 11,500

2,118

Reference: API RP 1 102 "Steel Pipelines Crossing Railroads and Highways"v i

prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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00365
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location Date

Burlington, VT 5/24/2016

AP1 1 102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Medium dense sands and gravels

E' - Modulus of Soil Reaction [ksi]

Er- Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft*]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

Design Wheel Load from Single Axle [kips] 1 8.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None

Impact Factor Method: ASCE - Highway

1440

3
1.0

60.0
10.0

12.75
120 00

0,312
3

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

29,423 Maximum Circumferential Stress [psi] 33,116

32,500 Maximum Longitudinal Stress [psi] 11,238

1 ,934 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.83 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

-1,440

30,278

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 1 2.60

Highway Geometry Factor for Cyclic Circumferential 1 .22

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

1,172

Calculated|A!towable|PASS/FAILStress [psi]1.50

Hoop 29,423 PASS32,500

Effective

Girth Welds

PASS30,278 32,500

PASS2,275 6.000

3,241 Long. Welds 3,241 PASS11,500

2,275

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Approved ByPrepared By Kelsey Kibbe Revision: 13.0.1

Case No. 17-3550-INV Interveners' Motion to Broaden Scope - Attachments
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00366
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location Date

Burlington, VT 5/24/2016

API 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F)

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per" F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Medium dense sands and gravels

E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft9]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

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

1440

3
1.0

60.0
10.0

12.75 120.00

0.312
4

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 102 Procedure

RESULTS

29,423 Maximum Circumferential Stress [psi] 33,314

32,500 Maximum Longitudinal Stress [psi] 11,297

1 ,934 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.97 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 1 2.60

Highway Geometry Factor for Cyclic Circumferential 1 .22 iGirth Welds I2.275	 [6 000

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress -1,440

30,453

32,500

1,370

1.50 Stress [psi] Calculated Allowable PASS/FAIL

Hoop 29,423 32,500 PASS

Effective PASS30,453 32,500

PASS

PASS3,241 Long. Welds 3,241 11,500

2,275

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: API RP 1 102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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00367
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

Location Date

5/24/2016Burlington, VT

API 1 102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Medium dense sands and gravels1440

3 E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft3]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

Design Wheel Load from Single Axle [kips] 1 8.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None

Impact Factor Method: ASCE - Highway

10

60.0 100

12.75 120.00

0.312 5

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 102 Procedure

RESULTS

29,423 Maximum Circumferential Stress [psi] 33,151

32,500 Maximum Longitudinal Stress [psi] 11,186

1 ,934 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 1 .08 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

1,525

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress -1,440

30,318

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 12.60

Highway Geometry Factor for Cyclic Circumferential 1.10

Cyclic Circumferential Stress [psi]

Calculated Allowable PASS/FAIL1.50 Stress [psi]

29,423 32,500 PASSHoop

Effective PASS30,318 32,500

6,000 PASSGirth Welds 2,118

PASS2,923 Long. Welds 2,923 11,500

Highway Stiffness Factor for Cyclic Longitudinal Stress 9.30

Highway Geometry Factor for Cyclic Longitudinal Stress 1 .08

2,118Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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00368
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

DateLocation

Burlington, VT 5/24/2016

API 1102 - Gas Pipeline Crossing Highway

SITE AND INSTALLATION DATA:

Soil Type: Dense to very dense sands and gravels

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

1440

3 E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [lb/ft1]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

Design Wheel Load from Single Axle [kips] 1 8.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None

Impact Factor Method: ASCE - Highway

2.0

60.0 20.0

12.75
120.00

0.312 3

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

29,423 Maximum Circumferential Stress [psi] 32,060

32,500 Maximum Longitudinal Stress [psi] 10,417

1,693 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.78 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential

Highway Geometry Factor for Cyclic Circumferential 1.22 Iniirth Welds 1 517 6 000

Cyclic Circumferential Stress [psi]

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress -1,440

29,422

32,500

964

Calculated Allowable PASS/FAIL1.50 Stress [psi]

PASS29,423 32,500Hoop
9.30

PASSEffective 29,422 32,500

PASS

PASS2,393 Long. Welds 2,393 11,500

Highway Stiffness Factor for Cyclic Longitudinal Stress 6.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1.16

1,517Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Prepared By Kelsey Kibbe Approved By Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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00369
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

DateLocation

Burlington, VT 5/24/2016

AP1 1102 - Gas Pipeline Crossing Highway

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

SITE AND INSTALLATION DATA:

Soil Type: Dense to very dense sands and gravels

E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [Ib/ff]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [CF]

Design Wheel Load from Single Axle [kips] 1B.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None

Impact Factor Method: ASCE - Highway

1440

3 20

60.0
20.0

12.75
120.00

0.312
4

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 1 02 Procedure

RESULTS

29,423 Maximum Circumferential Stress [psi] 32,209

32,500 Maximum Longitudinal Stress [psi] 10,462

1 ,693 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.90 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 9.30

Highway Geometry Factor for Cyclic Circumferential 1 .22 |Girth Welds 1 1,517	 [6000

Cyclic Circumferential Stress [psi]

Highway Stiffness Factor for Cyclic Longitudinal Stress 6.20

H ighway Geometry Factor for Cyclic Longitudinal Stress 1.16

Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress -1,440

29,554

32,500

1,113

Calculated Allowable PASS/FAIL1.50 Stress [psi]

Hoop 32,500 PASS29,423

Effective 29,554 32,500 PASS

PASS

PASS2,393 Long. Welds 2,393 11,500

1,517

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Approved ByPrepared By Kelsey Kibbe Revision: 13.0.1

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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00370
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments

Project

Vermont Gas Systems

DateLocation

5/24/2016Burlington, VT

API 1102 - Gas Pipeline Crossing Highway

SITE AND INSTALLATION DATA:

Soil Type: Dense to very dense sands and gravels

PIPE AND OPERATIONAL DATA:

Operating Pressure [psi]

Location Class:

Operating Temperature [°F]

Pipe Outside Diameter [in]

Pipe Wall Thickness [in]

Pipe Grade: X65

Specified Minimum Yield Stress 65,000

Design Factor

Longitudinal Joint Factor

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

Coefficient of Thermal Expansion [per°F] 0.0000065

1440

3 E' - Modulus of Soil Reaction [ksi]

Er - Resilient Modulus [ksi]

Average Unit Weight of Soil [Ib/fP]

Pipe Depth [ft]

Bored Diameter [in]

InstallationTemperature [°F]

Design Wheel Load firom Single Axle [kips] 18.4

Design Wheel Load from Tandem Axles [kips] 18.4

Pavement Type: None

Impact Factor Method: ASCE - Highway

2.0

60.0 20.0

12.75 120.00

0.312 5

12.75

60.0

0.50

1.0

0.30

Safety Factor Applied: AP1 1 102 Procedure

RESULTS

29,423 Maximum Circumferential Stress [psi] 32,071

32,500 Maximum Longitudinal Stress [psi]

1,693 Maximum Radial Stress [psi]

Burial Factor for Earth Load Circumferential Stress 0.98 Total Effective Stress [psi]

Excavation Factor for Earth Load Circumferential Stress 0.83 Allowable Effective Stress [psi]

1,211

Hoop Stress [psi]

Allowable Hoop Stress [psi]

Stiffness Factor for Earth Load Circumferential Stress

10,386

-1,440

29,437

32,500

Circumferential Stress from Earth Load [psi]

Impact Factor

Highway Stiffness Factor for Cyclic Circumferential 9.30

Highway Geometry Factor for Cyclic Circumferential 1.10

Cyclic Circumferential Stress [psi]

Stress [psi] Calculated Allowable PASS/FAIL1.50

PASSHoop 29,423 32,500

32,500 PASSEffective 29,437

PASS

PA§S
Girth Welds 1,412 6,000

11,5002,157 Long. Welds 2,157

Highway Stiffness Factor for Cyclic Longitudinal Stress 6.20

Highway Geometry Factor for Cyclic Longitudinal Stress 1.08

1,412Cyclic Longitudinal Stress [psi]

Notes: Open cut construction, calculations run using HS-20 loading + 15%I

Reference: API RP 1102 "Steel Pipelines Crossing Railroads and Highways"

Approved By Revision: 13.0.1Prepared By Kelsey Kibbe

Case No. 17-3550-INV Inter s' Motion to Broaden Scope - Attachments
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U.S. Department
of Transportation

Pipeline Safety Stakeholder 
Communications

Pipeline Safety 
Connects Us All

Pipeline & Hazardous Materials
Safety Administration

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:

• The transmission pipeline's horizontal and vertical orientation must 
be considered, including any offset distance required by the 
transmission pipeline operator.

• 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.

• 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

• Common Ground Alliance Best Practices
• American Petroleum Institute (API) Recommended Practice (RP) 

1102, "Steel Pipelines Crossing Railroads And Highways" , 7th 
edition, 2007, API Product Number: D11021

• 49 CFR 192.467
• American Petroleum Institute (API) Recommended Practice (RP) 

1162, Public Awareness Programs for Pipeline Operators

00371
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Navigate to Other Practices: 
• Baseline (BL) Recommended Practices: BL01 BL02 BL03 BL04

BL05 BL06 BL07 BL08 BL09 BL10 BL11 BL12 BL13 BL14 BL15 BL16
BL17 BL18

• New Development (ND) Recommended Practices: ND01 ND02
ND03 ND04 ND05 ND06 ND07 ND08 ND09 ND10 ND11 ND12 ND13
ND14 ND15 ND16 ND17 ND18 ND19 ND20 ND21 ND22 ND23 ND24
ND25 ND26 ND27 ND28

• Table of Recommended Practices
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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)
Gentlemen:

United States Department of Transportation (http://www.transportation.gov)

INTERPRETATIONS 
BROWSER

View All

Hazmat

Pipelines

PHMSA ( /) Pipeline and Hazardous Materials 
Safety Administration 
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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.   API RP 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 I location.

INTERPRETATIONS 
BROWSER

View All

Hazmat

Pipelines
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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 §192.103, §192.105, and 
§192.111(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

Section Subject 

INTERPRETATIONS 
BROWSER

View All

Hazmat

Pipelines
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Section Subject 

§ 192.103 General 

INTERPRETATIONS 
BROWSER

View All

Hazmat

Pipelines
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Section Subject

§ 192.103 General

INTERPRETATIONS

BROWSER

View All

Hazmat
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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-

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 Iowa 

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 “Iowa 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 “Iowa 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 API 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 

𝑝live =
3𝑃surf

2𝜋𝐻2 [1 + (
𝑧
𝐻

)
2

]

5
2

𝐹impact 
(1) 

where 𝑝live is the pressure on the pipe due to the live surface 

load, 𝑃surf 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 𝐹impact is the 

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, 𝐹impact , 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  

𝜎H_live =
3𝐾b𝑝live (

𝐷
𝑡

)
2

1 + 3𝐾z
𝑝i

𝐸
(

𝐷
𝑡

)
3

+ 0.0915
𝐸′

𝐸
(

𝐷
𝑡

)
3 (2) 

where 𝐾b is the bending moment parameter, 𝐷 and 𝑡 are the 

pipe outside diameter (OD) and wall thickness (WT) 

respectively, 𝐾z is the deflection parameter, 𝑝i is the internal 

pressure of the pipe, 𝐸′ is the modulus of soil reaction, and 𝐸 

is the elastic modulus of steel.  The parameters 𝐾b and 𝐾z 

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, 𝜎L_live_lb, 

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 
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𝜎L_live_lb =
0.153

1.56
√12(1 − 𝜈2)𝜎H_live (3) 

where 𝝂 is the Poisson’s ratio of steel. 

Table 1. Values of Parameters 𝑲𝐛 and 𝑲𝐳 

Bedding 

Angle (deg) 

Moment 

Parameter, 𝑲𝐛 

Deflection 

Parameter, 𝑲𝐳 

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 

Table 2. Typical Values of the Modulus of Soil 
Reaction, 𝑬’ (in psi). 

Type of Soil 
DoC*

(ft) 

Standard AASHTO
#
 Relative 

Compaction 

85% 90% 95% 100% 

Fine-grained 

soils with less 

than 25% sand 

content (CL, 

ML, CL-ML) 

0-5 

5-10 

10-15 

15-20 

500 

600 

700 

800 

700 

1,000 

1,200 

1,300 

1,000 

1,400 

1,600 

1,800 

1,500 

2,000 

2,300 

2,600 

Coarse-grained 

soils with fines 

(SM, SC) 

0-5 

5-10 

10-15 

15-20 

600 

900 

1,000 

1,100 

1,000 

1,400 

1,500 

1,600 

1,200 

1,800 

2,100 

2,400 

1,900 

2,700 

3,200 

3,700 

Coarse-grained 

soils with little 

or no fines (SP, 

SW, GP, GW) 

0-5 

5-10 

10-15 

15-20 

700 

1,000 

1,050 

1,100 

1,000 

1,500 

1,600 

1,700 

1,600 

2,200 

2,400 

2,500 

2,500 

3,300 

3,600 

3,800 

* DoC: Depth of cover 

# AASHTO: the American Association of State Highway 

Transportation Officials 

 

The second component, 𝜎L_live_gb , is due to the global 

bending of the pipe segment under the live load as 

𝜎L_live_gb =
𝑀𝐷

2𝐼
 (4) 

where 𝑀  is the bending moment and 𝐼  is the moment of 

inertia of the pipe cross section calculated as  

𝐼 =
𝜋

4
[(

𝐷

2
)

4

− (
𝐷

2
− 𝑡)

4

] (5) 

The bending moment 𝑀 can be determined by the solution of 

beam on elastic foundation [18] considering that the pipe 

experiences a uniform distributed load, 𝑊𝑖, on a segment with 

a length of 𝑙𝑖 as shown in Figure 1.  The distance from a 

measurement point on the pipe to the two ends of the segment 

with the distributed load is 𝑎𝑖  and 𝑏𝑖 , respectively.  The 

bending moment, 𝑀𝑖, at the measurement point on the pipe due 

to load 𝑊𝑖 is 

𝑀𝑖 =
𝑊𝑖

4𝜆2 
𝐹(𝑎𝑖 , 𝑏𝑖) (6) 

If the measurement point is inside the segment with the 

distributed load as shown in Figure 1 (a), the 𝐹(𝑎𝑖 , 𝑏𝑖) is 

𝐹(𝑎𝑖 , 𝑏𝑖) = 𝑒−𝜆𝑎𝑖 sin(𝜆𝑎𝑖) + 𝑒−𝜆𝑏𝑖 sin(𝜆𝑏𝑖) (7) 

If the measurement point is outside the segment with the 

distributed load as shown in Figure 1 (b), the 𝐹(𝑎𝑖 , 𝑏𝑖) is 

𝐹(𝑎𝑖 , 𝑏𝑖) = 𝑒−𝜆𝑏𝑖 sin(𝜆𝑏𝑖) − 𝑒−𝜆𝑎𝑖 sin(𝜆𝑎𝑖) (8) 

In equation (8), it is assumed that 𝑎𝑖 > 𝑏𝑖.  The coefficient 𝜆 

in equations (6) to (8) is 

𝜆 = √
𝑘

4𝐸𝐼

4

 (9) 

where 𝑘 is the spring coefficient of the soil providing the 

resistance to the deflection of the pipe.  It can be determined 

as 𝑘 = 𝑘0𝐷 sin(Ω/2), where Ω is bedding angle and 𝑘0, in 

the unit of pressure/length, is the elastic spring constant (also 

known as modulus of the foundation) which is based on soil 

type as listed in Table 3 [18].  

Table 3. Values of Modulus of the Foundation, 𝒌𝟎 

Soil Type 
Range in lb/in

3
 Range in N/mm

3
 

Min Max Min Max 

Loose Sand 18.42 58.94 0.005 0.016 

Medium Sand 36.84 294.71 0.010 0.080 

Dense Sand 232.08 471.53 0.063 0.128 

Clayed Sand(Medium) 114.20 294.71 0.031 0.080 

Silty Sand (Medium) 88.41 176.82 0.024 0.048 

Clay, qu
*<0.2 N/mm2 44.21 88.41 0.012 0.024 

Clay, 0.2<qu<0.4 N/mm2 88.41 176.82 0.024 0.048 

Clay, qu > 0.4 N/mm2 176.82  0.048  

* qu: unconfined compressive strength 

 
(a) 

 
(b) 

Figure 1. Illustration of Pipe under a Distributed Load 

𝑾𝒊 over a Segment with Length 𝒍𝒊.  

ai bi

Wi

li

ai

bi
Wi

li
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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 𝑀𝑖 in equation 

(6) at every small segment along the pipe as  

𝑀 = ∑ 𝑀𝑖

𝑖

 (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 = 𝛾𝐻 (11) 

where 𝛾 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, 𝜎H_soil, can then be 

determined via equation (2) by replacing 𝑝live with 𝑝soil 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 

𝜎L_soil = 𝜈𝜎H_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 API 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. 

 

Figure 2. Transverse Section through Simulated 
Crossing with Three-Tie Track Segment 
(Battelle and AARRC) (from Figure 2 in 
Reference [20]) 

00380
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 5 Copyright © 2016 by ASME 

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, Iowa.  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
i
 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
ii
 as follows.  In the 

Spangler experiments conducted at Thorsby, Alabama, the three 

casing pipes were buried at the shallowest depth of 7 feet but 

                                                           
i  The pipe dimensions and buried depths have been listed in Table 4 and Table 

5 and are not repeated in Table 6. 
ii  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 

OD (in) 

Pipe 

WT 

(in) 

DoC 

(in) 
Installation 

Soil 

Type 

Internal 

Pressure 

(psig) 

Battelle- 

AARRC 

8.625 0.219 27.375 Open  

trench 

Silty 

sand 

0 

24 0.25 25, 50 0, 550 

Spangler 

30
#
 0.25 

84 
Auger 

boring 
N/A 0 

36
#
 0.312 

42
#
 0.375 

34
!
 0.406 101 

30
$
 0.344 161 

Cornell-

TTC 

12.75 0.25 69 Auger 

boring 

Dense 

sand 
0

*
 

36 0.606 69 

# At Thorsby, Alabama 

! At Gallup, New Mexico 

$ At Garden City, Iowa 

* 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  

(in) 
Loading Method 

Load Amplitude 

(kips) 

Battelle-

AARRC 

8.625 
Steel plate 10, 15 

Three-tie track segment 18, 36, 54, 72, 95 

24 

Concrete slab 25 

Steel plate 25 

Three-tie track segment 95 

Spangler 30 to 42 
Single train passing the 

tracks on top of pipe 
N/A 

Cornell-

TTC 
12.75, 36 

Single train parking on 

tracks on top of pipe 
N/A 

Table 6. Input Parameters for Kiefner Approach 

 
Pipe OD 

(in) 
E’ (psi) 

Bedding 

Angle (deg) 
𝑭𝐢𝐦𝐩𝐚𝐜𝐭 

Battelle-

AARRC 

8.625 1200, 1900 
30 1.0 

24 1200 

Spangler 

30 

3300 

120 1.5 

36 

42 

34 2700 

30 2000 

Cornell-

TTC 

12.75 
1800* 120 1.0* 

36 

* Following the value provided in reference [8] 
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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 

𝐾b and 𝐾z 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, 𝐹impact, 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, 𝛾, friction angle, 𝜙, and cohesion, 𝑐.  No 

detailed soil properties other than soil type were recorded 

during the experiments.  For Battelle-AARRC experiments, 𝛾 

= 120 lb/ft
3
, 𝜙 = 30° and 𝑐 = 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, 𝛾 = 

120 lb/ft
3
, 𝜙 = 40° and 𝑐 = 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
iii

. 

Analysis with Current API 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
iv
 for the analysis with the API RP 

1102 approach are listed in Table 7. 

API RP 1102 requires soil resilient modulus, 𝐸r, to predict 

the stresses resulting from a live load.  API RP 1102 provides 

suggested values for 𝐸r for various soil types
v
.  Following 

the soil types discussed in the previous section of “Analysis 

with Kiefner Approach”, the estimated 𝐸r values are listed in 

Table 7. 

API RP 1102 also has its own recommendation for impact 

factor, 𝐹i , based on road type and buried depth
vi

.  In 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 API RP 1102 Approach 

 Pipe OD (in) Er (ksi) 𝑭𝐢 

Battelle-

AARRC 

8.625 
10 1.0 

24 

Spangler 

30 

20 

From API RP 1102 

36 

42 

34 10 

30 5 

Cornell-

TTC 

12.75 
20* 1.0* 

36 

* Following the value provided in reference [8] 

                                                           
iii  This is a typical design train load known as Cooper E-80.  Please see 

reference [9] for details. 
iv  The pipe dimensions and buried depths have been listed in Table 4 and Table 

5 and are not repeated in Table 7. 
v  Table A-2 in reference [9]. 
vi  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 API RP 1102 Approach 

 
Loading 

Method 

API RP 1102 

Formulae 

Pressure on the 

Ground, 𝒘 (psi) 

Battelle-

AARRC 

Concrete slab 

Highway formulae 

with rigid pavement 

and single axle 

86.8 

Steel plate 

Highway formulae 

with no pavement and 

single axle 

56.6 – 141.5 

Three-tie 

track segment 
Railroad formulae 2.94 - 15.5 

Spangler 

Single train 

passing over 

the pipe 

Railroad formulae 13.9 

Cornell-

TTC 

Single train 

parking over 

the pipe 

Railroad formulae 13.9 

 

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
vii

.  The ground 

pressure, 𝑤 = 25,000/(2×144) = 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 

= 1.20 and 𝐿 = 0.80 for the 8.625-inch pipe and 𝑅 = 1.10 and 

𝐿 = 0.65 for the 24-inch pipe
viii

.  The ground pressure is 

calculated as 𝑤 = 𝐹/𝜋(𝑑0/2)2 , where 𝐹 is the applied force 

and 𝑑0 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
ix

.  For the maximum load of 95 kips applied via 

                                                           
vii Following Table 2 in reference [9] for rigid pavement with a single axle load. 
viii Following Table 2 in reference [9] for no pavement with a single axle load. 
ix  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 (=3×20). 

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
x
.  The predictions were 

conservative for all other cases including those out of the 

application range.  However, a closer observation showed that 

the predictions did not follow the same trend as the measured 

stresses.  The four red dots at the right side of the figure 

showed decreased predicted stresses with increased measured 

stresses, even though they were within the application range of 

the API RP 1102 approach.  The predictions from the Kiefner 

approach were conservative for all cases and overall followed 

the same trend with the measured stresses.  Figure 6 shows the 

comparison of longitudinal stress for the Cornell-TTC 

experiments (no longitudinal stress was reported for the 

Spangler experiments).  The Kiefner approach predicted a 

higher longitudinal stress than the API RP 1102 approach for 

one case and was almost identical with the API RP 1102 

approach for the other case.  The predictions from both 

approaches were conservative.  The inconsistent trend 

between the API RP 1102 predictions and the measured hoop 

stress may be due to the inaccurate assumption of soil types at 

the sites in the Spangler experiments.  However, the Kiefner 

approach provided the same trend as the experimental results 

using the same assumed soil types.  

 

Figure 3. Comparison of Hoop Stress with All 
Collected Experimental Data  

 

Figure 4. Comparison of Longitudinal Stress with All 
Collected Experimental Data  

                                                           
x  This case was Cornell-TTC experiment on 36-inch pipe.  In Table 9 of 

reference [8], the reported measured hoop stress and predicted hoop stress 
were 2410 psi and 2030 psi, respectively. 

 

Figure 5. Comparison of Hoop Stress with 
Experimental Data from Spangler and 
Cornell-TTC 

 

Figure 6. Comparison of Longitudinal Stress with 
Experimental Data from Cornell-TTC 

The comparison with the Battelle experiments was further 

investigated in Figure 7 and Figure 8 for hoop stress and 

longitudinal stress, respectively.  The steel plate and concrete 

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 

Figure 8, the Kiefner approach only slightly underestimated the 

longitudinal stress at a single case.  The API RP 1102 

approach underestimated the stresses for both the road crossing 

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 

the two pipes.  The 24-inch pipe with 50-inch DoC was within 

the application range of API RP 1102.  The nonconservative 

stresses were predicted for concrete loads and three-tie track 

loads on this pipe with zero internal pressure and for steel plate 

loads on this pipe with both zero internal pressure and 550 psig 
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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. 

 

Figure 7. Comparison of Hoop Stress with 
Experimental Data from Battelle-AARRC 

 

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
xi

 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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xi These stress including operational stresses generated by internal pressure and 

temperature variation in the pipe, as well as stresses generated by external 
loads other than surface loads. 
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ANNEX A 

DETERMINE THE COEFFICIENT OF FROM PIPE SOIL 
INTERACTION MODEL 

The spring coefficient of soil resisting pipe deflection, 𝑘, 

used in equation (9) can be determined by soil properties via 

the pipe soil interaction model.  A soil spring model [14] was 

developed to describe the interaction force between the soil and 

the pipe.  In the soil spring model, the maximum soil force 

resisting the downward deflection of a buried pipe with a unit 

length is known as the bearing soil force, 𝑄𝑑 , which is 

determined as  

𝑄d = 𝑁c𝑐𝐷 + 𝑁q�̅� (𝐻 +
𝐷

2
) 𝐷 + 𝑁𝛾𝛾

𝐷2

2
 (A-1) 

where 𝑁c, 𝑁q, 𝑁𝛾 are bearing capacity factors, 𝑐 is the soil 

cohesion, 𝐷 is the pipe outside diameter, 𝛾 is the weight of 

the soil per unit volume, �̅� is the effective weight of soil, 

which equals 𝛾 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, 𝜙, in degrees, as 

𝑁c = cot �̃� [𝑒𝜋∙tan �̃� tan2 (45 +
�̃�

2
) − 1 ]  (A-2) 
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𝑁q = 𝑒𝜋∙tan 𝜙 tan2 (45 +
𝜙

2
) (A-3) 

and 

𝑁γ = 𝑒(0.18𝜙−2.5) (A-4) 

In equation (A-2), �̃� = 𝜙 + 0.001.  When the amplitude of 

soil force just reaches 𝑄d, the critical relative displacement 

between soil and buried pipe is Δqd.  For granular soils,  

Δqd = 0.1𝐷 (A-5) 

and for cohesive soils,  

Δqd = 0.2𝐷 (A-6) 

Finally, the spring coefficient is determined as 

𝑘 =
𝑄d

Δqd

 (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 INTRooUCTION

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 variefy of techniques to

evaluate and mitigate surface loading effects on their buried pipelines. One widely used practice,

embodied in API ll02 (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 identif, 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.

I
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1.1 Summary
Presented herein is a report detailing the development and implernentation of a simplified

screening process to assess the effects ofsurface 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

easy 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 perrnanent 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 LTTNRITURE SEARCH Suvrvr¡.Ry

2.1 Introduction
A limited literature survey has been performed to identi$ 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:

. When the techniques were developed and by whom;

. Where they are used;

¡ The technical nature of the calculations performed;

o A comparative assessment of each method, identifuing their strengths and limitations;

¡ Recommendations as to which method(s) may be suitable for adoption as standard

practice;

2
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. Knowledge gaps and areas that might require further study;

o 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 fo 35%o 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 protcct thc pipclinc providcd thc pipclinc 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 carlboat dealer's parking lot. The resulting fìre 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.

J
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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 effects 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:

Spangler, 1941. Spangler, M. G.,o'The Structural Design of Flexible Pipe Culverts",

Bulletin 153, Iowa Engineering Experiment Station, Ames, Iow4 l94l .

Spangler, 1946. Spangler, M.G. and Hennessy, R.L., "A Method of Computing Live

Loads Transmitted to Underground Conduils", Proceedings Highway Research Board,

26:179,1946.

Spangler, 1954. Spangler, M.G., "Secondary Stresses in Buried High Pressure Pipe

Lines",The Petroleum Engineer, November, 1954.

Spangler, 1964. Spangler, M.G., "Pipeline Crossings Under Railroads and Highways",

Journal of the AWWA, August, 1964.

Watkins and Spangler, 1968. Watkins, R.K., and Spangler, M.G.,'oSome Characteristics

of the Modulns of Passit e Resistance of Soil - A Sndy in Similinde", Highway Research

Board Proceedings,Yol. 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 "Iowa 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 veftical load as follows:

a

a

a

- _ 6. K h.W,rn,rnt. E. t. r
- ---------;------

E.t' +24.K-.P.r' (2.1)

where L/',,",¡¡,o¡is the vertical load due to fill and surface loads including an impact factor (lb/in),

E is the pipe modulus of elasticity (psi), t is the pipe wallthickness (inches), r is the mean pipe

4
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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 Kr and lÇ

180
150

120
90

60
30

0
Bedding Angle (deg)

0.125
0.128

0.1 38
0.157
0.1 89

0.235

0.294
Moment Parameter Kn

0.083
0.085
0.089
0.096
0.1 03

0.1 08

0.1 l0
Deflection Parameter K,

Note that the denominator of this expression includes a pipe stiffness term (ð'l) and a pressure

terrn (24'K.'P'rr¡ which is sometimes referred to as a "pressure stiffening" term since the pipe

intemal 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
30o 1i.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:

API RP 1102. American Petroleum Institute,"Steel Pipelines Crossing Railroads and

Highways", API Recommentled Practice 1 102, Sixth Edition, April 1993 (reaflirmetl July 2002).

GPTC, 199812000. GPTC Guide for Gas Transmission and Distribution Systems - 1995-1998

and 1998-2000, Guide Material Appendix G-192-15,'oDesign of Uncased Pipeline Crossings of
Highways and Railroads", American Gas Associations, Arlington, VA.

CSAZ662, While not specifically referenced in CSA 2662the 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

bacffilled without any particular.effort to compact the soil at the sides and to bored in place pipe

at an early stage beþre soil has moved into ffictive 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.

5
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2,3.1.2 The Iowa Formula

The Iowa Formula computes an estimate of the pipe ovality due to vertical load as follows:

^ v K. .\D,. .Wr"rur,,f .ft
'' - EJ+on6l.E\r3 e.2)

where the terms that have not been previously defined in Section 2.3.1 .l are; lX the maximum

deflection of the pipe (inches), D¡. is the "deflection lag factor", 1 is the moment of inertia of the

cross section of the pipe wall per unit length (I:f /12, in3) and E'is the modulus of soil reaction

(psi). Note that the denominator of this expression iniludes a pipe stiffness ferm (E'I) and a soil

resistance term (0.061 'E ''r3¡ 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 30o(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 30Yo 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

M1 1) refer to D¡- values in the range from 1.0 to L5. 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 soilreaction, ð'which defines the soil's resistance to ovalling is an extremely

important parameter in the Iowa 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 Journalof Transportation Engineering, Vol. I13, No. 5, September,7987.

Masada, 2000. Masada, T., *Modified lowa Formula þr Vertical Deflection of Bttried
Flexible Pipe", ASCE Journal of Transportation Engineering, September/October, 2000.

Table2-2 (after Moser, 1990) provides published average values of the modulus of soilreaction

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 E' 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 E'can be taken as equalto the

6

00399



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:

AWrWA M I l, 1999. American Water Works Association , "Steel Pipe - A Guide for
Design and Installation", AWWA Manual Ml1,3'd Edition, 1999.

ALA, 2001. American Lifelines Alliance, "Guidelines þr the Design of Buried Steel

Pipe", Published by the ASCE American Lifelines Alliance,

www.americanl ifelinesalliance.ors, July 200 I .

a

a
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!2
1000

200

100

60

Dumped

r2
8000

1æ0

400

200

Stight,
< 86%

pructor,
<lW

relative
den6ity

s0(x)

È1

2000

r000

400

Moderat¡,
8%46%
proctor,

&%-70%
¡elativp
denrity

Table 2-2. Design Values of E', psi (From Moser, 1990)

raELE 3.¿l Avotrgc Velu.r ol todulur ot Soll Ræ{on, t (For ln¡üal Fl.¡dblo Plp.

E' for degree of conpaction of bedding, lb/id
Hisb,
>96%

proctor,
>7W

relative
denaity

Fine'grained soils (LL > õ0)t
Soils with medium to higb plastie

ity CH, MH, CH-MH
No rl¡ta available; co¡sult a competent soilg
engineer; Otherwige us€ E' = 0

Flnegra.ined eoils (LL < 60)
Soil¡ with medÍum to no plastisity

CL, ML, ML-CL, with less tùar 2õ%
coatte.grained particlea

Fine-grained eoila (I,L < õ0)
Soils with mediun to no plasticity

CL, ML, ML-CL, with more than
26% coarse-grained pardcle¡

Coareegrained soil¡ with frnes
GM, e'C, SM, SC contain¡ mo¡e

than 12% ñnes

Soil type-pipe bedding material
(Uniñed Cla¡sifi cation System')

1(X)0

2m0

Coaroegrained eoils with liùtle or no
fine
GïV, GP, SlV, SFt contain¡ lers

tha¡ 129t 6ne¡ 80(X)

Cru¡hed ro<!k 3000

Accüary in têrms of percentage
defleçtion$

i 0.6

tASTIll Dcignadon Ds48?, U8BR Dorignotion E{
ìLL = liquid Limit
tOr my bo¡derline æil begimiag with one of theae eymbola (i.e,, GMGC, CIC€C)
$For t 1% accumry md prdieted deflætion of 3%, dstual def,ection sould be beùwæn 2%

a¡d 49b,
xon: Yalues appltcable only fo¡ ñll¡ leoq than 60 ft (lõ m). Tablc ilu not includc ary

safety factor. For uæ io pr€dicti¡g initid delletlon¡ onty, appropriatê deúlætion lag factor
must be applied for long-tem def,ections. Ifbeddbgfalls on the borderline betçee¡ two com-
paction câtogþdos, leloct loçsr t' value or slr€rage thç tço valueç, Percentago prroç'tor baeed
on labontory na-inrn dry deosity fron tst *aàrtardr udry about f 2,600 ft'lb/ftr (698,m0
J/nr) (ASI'I\{ D898, âASHO T-90, USIBR Deoignation E-ll). I luin¡ - 6.9 k}'I/n'.

sourcç Amãts lL Howard,'ßoil Reaction fc Buried Flexible Pipe," U.S. Burou of Ræla-
nation, Dmvo, Colo. Repríntnd witå Pomi¡¡ion from Amuim Socieþz of Civtl Engi¡€€rs
J. Gdæh. Eng. Diu., Jnuæy 19?7, pp. 88-d3.
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Coarse-grained soils with little or no
fines (SP, SW, GP, GW)

Coarse-grained soils with fines (SM,
SC)

Fine-grained soils with less than 25
percent sand content (CL, ML, CL-ML)

Type of Soil

0-5
5-l 0
l0- 15

t5-20

0-5
5-t0
10-15
15-20

0-5
5-10
l0-15
t5-20

Depth of
Cover (ft)

700
1,000
1,050
I,100

600
900

1,000
1,100

500
600
700
800

85 "/"

Standard AASHTO Relative
Compaction

1,000
1,500
1,600
l,700

1,000
1,400
1,500
1.600

700
1,000
1,200
1,300

9O o/"

1,600
2,200
2,400
2,500

1,200
1,800
2,100
2.400

,000
,400
,600
.800

95 0^

2,500
3,300
3,600
3.800

1,900
2,700
3,200
3,700

I,500
2,000
2,300
2,600

100 o/o

Table 2-3. Design Values of E', psi (from Hartley and Duncan, 1987)

*Note: AASHTO is the American Association of State Highway Transportation Officials.
Table reproduced from Hartley and Duncan, 1987

2.3.1.3 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, V[/vart¡cut 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, l9l3) as follows:

7l ¡rt = Cu .T - Btu (2.3)

where C¿is a fill coefficient, y is the soil density and B,¡ 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 Ë1to the effective trench width B¿) and soil

type in several references (e.g., the GPTC Guide, Spangler and Hennessy, 1946, etc.).

9



Pipe Load Due to Surface Wheel Load

Spangler computed the load transmitted to the pipe due to surface wheel load using Boussinesq

theory for a surface point load based on numerical integration performed by Hall (see Spangler

and Hennessy, 1946) as follows:

W,,h""t = 4.C , .+ e.4),L

where C¡ is a wheel load coefficient, l4t is the wheel load (including an impact factor) and Z is the

effective length of pipe (most references to this equation use an effective length Z:3 feet).

Values of the wheel load coefficient Ç are tabulated for different trench geometries (i.e., based

on the ntios of D/2H and L/2Il) in several references (e.g., Spangler and Hennessy, 1946,

Spangler, 1954, etc.).

Pipe Load Due to Surface Rectansular Footprint Load

Spangler computed the load transmitted to the pipe due to surface load with a rectangular

footprint using Boussinesq theory based on numerical integration performed by Newmark (see

Newmark, 1935) as follows:

Wrrruurg,lo, - 4'C, Y+ Q'5)
A

where Ç is a rectangular load coefficient, W the total load on a rectangular footprint (including

an impact factor), D is the pipe diameter, and I is the area of the rectangular footprint. Values of
the rectangular load coefficient Ç are tabulated for different trench geometries and rectangular

footprints in several references (e.g., AWWA M I 1, Spangler 1964, etc.).

Given the computed loading on the buried pipe from either fill or traffic loads (i.e., ll¡itb Wwhcet,

or Wtacr(msrt(,/or ¿ìs a more general vertical load term Vl,,"rt¡rut), the Spangler stress and lowa

formulas can be used directly.

2.3.2 A Proposed Modification to the Spangler Stress Equation

Based on our experience with the available methods to evaluate fill and surface loading effects

on buried pipelines, we favor the use of industry accepted Boussinesq-type expressions that

relate the fraction of surface load transferred to the pipe at the depth of soil cover combined with

"Spangler type" calculations to compute pipe stresses due to fill and/or surface loads (as

discussed in Sections 2.3.1 and2.3.2) over the step-by-step evaluation procedure provided in the

1993 version of API RP I 102, especially for the purposes of initial screening evaluations.
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The Spangler stress formula can be extended to include the beneficial effects of lateral soil

restraint based on Watkins work (see Watkins and Spangler, 1968). This first-principles

approach can be applied to a variety of equipment loads and are not limited to particular ranges

of physical variables. It also provides a means of removing some of the conservatism inherent in

the original Spangler stress equation by including lateral soil restraint even if only for the

purpose of performing "what iÎ'analyses. In order to modifu the Spangler circumferential stress

formula to include a soil resistance term that is consistent with the one used in the Iowa Formula,

it is necessary to manipulate the stress and ovality Equations (2. I ) and (2.2). This is

accomplished using a relationship between ovality and circumferential stress. Based on

information provided in Spangler, 1964, it can be shown that the maximum through-wall

circumferential bending stress due to ovality AX is:

Kh

2.K,
LX .E.t

)r-
(2.6)

where all of the variables are as previously defined. Solving Equation (2.6) for AX and

substituting the circumferential stress o from Equation (2.1) leads to the following expression of
the Spangler stress formula in terms of ovality:

* _ 12._K,.ï1 ,.",.,,,.o, 
.13 

_

E.t3 +24.K,.P'r3 Q'7)

Recall that the 0.108 (K,) coefficient in the Iowa formula corresponds to a 30o bedding angle.

Setting K,:0.108 in Equation (2.7), then aligning the resulting expression next to the lowa

formula yields the following:

Spangler Stress Expression Iowa Formula

*_ 1.2?6.1í/,",,,,., .rt _ *_0.108.L1/,1",,*, 
.r3_ 

(2.S)
E.t'+2.592.P.r3 E.I+0.061.8'.rl

Recognizing thal. E'f is equal fo I2'E'I,the numerator and denominator of the Spangler stress

expression for ÂX (on the left) can be multipliedby ll12 in order to cast the denominator of both

expressions in terms of the pipe wall bending stiffness (E'l):

*_ 0.l0g.Il*r,",,.r3_ *_ 0.l0g.vl/,i",,no, .rt- 
Q.g\E.l +0.216.P.r' E.I +0.061.8'.r'

Note that the only difference between the numerators of these two expressions is that the one

based on the lowa formula (on the right) includes a load teÍm 7[/,1",.,,,o, which is equal to W,",t¡,nt

multiplied by the deflection lag factor. By scaling the deflection lag factor as a ratio of the two

denominators (discussed later), the soil term from the lowa formula can be added directly to the

1l
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denominator of the Spangler stress expression for ovality to obtain a combined ovality

expression (dropping the 
* 

on the vertical load term):

^ 
v 0. 1 08 . 1/' ,,,,,,u, . rt

E. I +0.216. P' r' +0.061. E'.r3

0.135' v[/,",,,,n, .13
^v -

E' I +0.216. P' 13 +0.061. E.r3

(2.10)

It is worth noting here that Rodabaugh (Rodabaugh, 1968) suggested a very similar expression to

qualitatively combine pressure stiffening and soil restraint effects:

(2.r r)

where the coefficient of 0. 13 5 in the numerator corresponds to a bedding angle of 30o with an

effective deflection lag factor of I .25 (i.e., 0.135=0.108'l .25).

Multiplying both the numerator and denominator of the combined ovality expression (2.10) by

l2 gives:

AX
E' t' + 2.592. P . 13 +0.732. E'.r3 (2.13)

Then converting back to stress using Equation (2.6) results in the following combined expression

for circumferential pipe stress:

(2.14)

NOTE: The above equation has both (K"& K¡) "hardwired" based on a bedding angle of 30o (i.e.,
K¡0.108, K¡=0.235) which is consideæd conservative. The equation in ifs full form ¡s as
follows:

6.K,.W,"n¡,ot .E.t-r
o = (2.15)

Notice that if the term E'in the denominator is set equal to zero, Equation (2.14) reduces to the

original Spangler stress formula. If the P term in the denominator is set equal to zero, this

expression reduces to a stress that is consistent with the lowa formula (when the load term

Wvertical includes the deflection lag factor).

As previously noted, 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

instead of traffic loads which act on the pipe for short periods of time (i.e., during the vehicle

passage). Recall that the lag factor is used to account for Spangler's observations that ovality

due to earth fill can increase by up to 30olo over long time periods. Spangler recommended a

l2

I .41 'lrV,"r,,,.ot ' E .t 'r
-.- 

E .t3 + 2.592. P .13 + 0.732. E'.r3
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value of 1.5 as a conservative design procedure. Moser, 1990 and AWWA M I l, 1999 refer to a

rangefrom 1.0to l.5,andRodabaugh(Rodabaugh, 1968)suggestedavalueof 1.25. Ifthe
modified Spangler stress formula is used, we recommend a deflection lag factor for fill loads

equal to the lesser of 1.30 or the ratio of the denominator in the modifìed Spangler stress formula

to the denominator in the original Spangler stress formula. Since surface traffic loads act on the

pipe for short time periods (i.e., during the vehicle passage) a deflection lag factor of 1.0 is

recommended for short-term vehicle loading.

2.3.3 Review of Recent Pipeline Industry Research

Pipeline industry research on the subject ofloads on buried pipes has continued from the

Spangler era to the present day. Without undertaking a totally comprehensive review of this

work, we have elected to highlight some of the more important modern references on this

subject, some of which contain their own literature reviews.

In a multi-year project sponsored by the Gas Research Institute, researchers at Cornell

University:

r performed a review of current practices for pipeline crossings at highways and railways,

. reviewed existing analytical models to estimate buried pipe stresses,

o undertook detailed finite element analysis (FEA) of buried pipe configurations subject to

fill and surface loads, and

. performed experimental evaluations of augerbored pipelines at rail road crossings.

Thc primary rcports from this research are:

GRI, 1987. Gas Research Institute, "Analytical Sndy of Stresses in Transmission and

Distribtúion Pipelines Beneath Railroads", Topical Report of Task 2, June 1985-

February 1987, Deparlment of Structural Engineering, Cornell University, September 15,

1987.

GRI, 1988. Gas Research Institute, "State-of-the-Art Review: Practicesþr Pipelines

Crossings at Highways", Topical Report, June 1987-June 1988, School of Civil and

Environmental Engineering, Cornell University, September, 1988.

. GRI, 1991. Ingraffea, A. R., O'Rourke, T. D., and Stewart, H.E., "Technical Summary

and Databose for Guidelines for Pipelines Crossing Railroads and Highways", Cornell

University School of Civil and Environmental Engineering Final Report to Gas Research

Institute, GRI-91/0285, Dec. 1991.

Each of these references is focused on pipes installed via bored-in-place construction which is

common for highway and railway crossings. This research provides a very useful summary of

l3
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the important factors affecting buried pipe response to fill and surface loads as well as a review

of the existing analysis methods (i.e., the Spangler stress formula and the Iowa formula) for

evaluating the pipe response to fill and surface loads. The main findings from the review of the

existing methods were:

o The Boussinesq theory used to estimate the surface load experienced by the pipe assumes

that the loaded soil mass is homogeneous and neglects the presence of the pipe within the

soil.

. The Spangler stress formula and the Iowa formulas have an inconsistent treatment for

pressure stiffening and soil resistance effects.

Reference (GRI, 1987) provides modified expressions for the loads due to fill (analogous to

Equation 2.3) and the loads due to surface loads (analogous to Equations 2.4 and 2.5) foi pipe

installed via bored-in-place construction. This reference also proposes a modified version of the

Spangler stress formula (analogous to Equation 2.14) for pipe installed via bored-in-place

construction with three resistance terms in the denominator (one for pipe stiffness, one for

pressure stiffening, and one for soil resistance). A significant contribution of the Cornell/GRl

research is that in addition to providing equations to compute pipe circumferential stresses on

buried pipes due to fill and surface loads, it also highlights:

o the possible development of longitudinal stresses due to bending of the pipe under

surface loads,

o the evaluation of combined or bi-axial (e.g., von Mises) stress conditions with respect to

appmpriate stress limits, antl

o the evaluation of cyclic stresses with respect to a fatigue endurance stress limit.

The Cornell/GRl work led to the development of guidelines for the design and evaluation of
uncased pipelines that cross railroads and highways, which have been implemented into a

personal computer program called PC-PISCES. The results of the Cornell/GRl work are also

embodied in the following pipeline industry recommended practice document:

¡ API RP I102, 1993. American Petroleum Institute,"Steel Pipelines Crossing Railroads

and Highways", API Recommended Practice I102, Sixth Edition, April 1993 (reaffirmed

2003).

The CornelI/GRI/API guidelines consist of a set of equations for the circumferential and

longitudinal pipe stresses that are created by surface live load, earth dead load, and internal

pressure. The equations for the live load stresses are nonlinear, with functions/curves that were

fit to the results of a series of FEA simulations. The FEA results were validated through

comparisons with experimental data from tests on two full-scale auger bored pipeline crossings.

t4
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Various combinations of the computed pipe stresses are checked to guard against fatigue damage

of longitudinal and girth welds and to guard against excessive yielding.

While these guidelines were developed from tests and analyses of uncased pipelines that are

installed with auger boring beneath railroads and highways, they are often employed by pipeline

engineers for the more common case of pipelines installed via trenched construction. The

procedure is also restricted 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 these guidelines, namely that the approach cannot be 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 50 psig. Further, it determines

pipeline stresses in a non-traditional manner. These issues may create a barrier to uniform

adoption by pipeline companies.

Several ongoing research programs have been undertaken by the Pipeline Research Council

International, Inc. (PRCI) and SoCalGas with an emphasis on the determination of stresses

developed in pipes with shallow cover and subject to extreme loading situations. The first

project is Project Number PR- I 5-9521 (Phase 1) and PRCI- I 5-991 I (Phase 2): Effects of Non-

Typical Loading Conditions on Buried Pipelines being performed by Southwest Research

Institute (SwRI). This work includes full-scale tests of shallow covered pipes buried in sand and

clay with diameters ranging from 16 to 36 inches and subjected to fill, concentrated, and

distributed surface loads. A related follow-on project, Project Number GRI-8442: "Centrifuge

and Full-Scale Modeling Comparisonfor Pipeline S/ress Due To Heavy Equipment

Encroachment," is currently being undertaken by C-CORE. This project includes full-scale tests

of l6-inch diameter, shallow pipe subject to concentrated surface loads and complementary

centrifuge modeling. Results of this study will be used to determine if small-scale testing

performed in a centrifuge is a reliable means for expanding the data set developed by SwRI for

surface model/guidelines development. Another approach to database development is being

studied in a project titled"Buried Pipelines Subjected to Surcharge Loads: Finite-Element

Simulations." This study is being undertaken by the University of Texas-Austin, and invotves

the development and validation of a finite element analysis procedure for simulating shallow

covered pipelines subjected to rectangular footprint surface loadings based on the SwRI

distributed load tests. The most recent follow-on project, led by C-FER Technologies, is Project

Number PR-244-03158: "Effects of Static and Cyclic Surface Loadings on the Performance of
Welds in Pre-1970 Pipelines." It is intended to apply the SwRI shallow cover test database and

all other related databases in the development of analysis tools with special emphasis on the

evatuation of welds in pre-1970's pipelines. Unfortunately, none of these ongoing projects have

l5

00408



been completed or documented at the time of this study. We recommend that this work be

reviewed as the reports become available.

2.3.4 Review of CSA Standard 2183 Working Group on Crossings Position Paper

The paper CSA Standard 2183 Working Group on Crossings, " Position Paper on Recommended

Technical Specifications þr Pipeline Crossings of Railways, " provides a useful overview of
issues surrounding oil and gas pipeline crossings at railroads as well as other crossings in

Canada. This document provides a review of applicable standards and regulations in other

countries, compiles a list of references that an engineer could use for a site-specific crossing

analysis, and develops a summary recommendation for a conservative design for common

crossings that could be incorporated into a standard or regulation. It also provides useful

commentary and background on the procedures for the analysis of buried pipe loads and stresses,

design approaches (including the Spangler stress and lowa formulas), and the selection of design

variables. Several key points from this reference are summarized as follows:

For computing pipe stresses, the CSA 2183 Working Group advocated the use of both

the Spangler stress formula and the lowa formula to superimpose the results such that the

Iowa formula would be used to establish the maximum bending stress of the pipe. The

Spangler pressured formula would be utilized if the resultant stress was less than the

result of the lowa formula. Recommended values of various design parameters (e.g., soil

density, soil type, impact factor, load coefficient, etc.) are providcd.

The Working Group points out that the computed pipe stress should be compared to

allowable pipe stresses, including an appropriate safety factor, and the potential for
fatigue damage due to the cyclic loading on the longitudinal or spiral pipe seam should be

addressed.

The Working Group paper also provided discussion on the fatigue capacity of pipes. The

fatigue endurance limit ultimately adopted in CSA 2662 was 69 MPa (10 ksi).

The Working Group provides a recommended limit on the D/t ratio for railroad crossings

to a maximum of 85.

The Working Group recommended the following stress limits with respect to railroad

crossings: a maximum hoop stress due to internal pressure of 50Vo specifìed minimum

yield stress (SMYS), a maximum combined circumferential stress (due to pressure, fill
and traffic) of 72%o SMYS, and a maximum combined equivalent stress of 900% SMYS.

a

a

a

a
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2.4 Summary of Principle Methods for Evaluating Vertical Loading
Effects on Buried Pipelines
Section 2.3 of this report provided a review of what we believe are the principle methods for

evaluating the effects of fill and surface loads on buried pipes. Any method for evaluating these

loading effects must consider the following:

o The pipe properties including diameter D, wall thickness /, and modulus of elasticity E
o The internal pressure P

. The depth of soil cover H,the effective trench width.B¿ and the soil type

o The effective length of the pipe Z

o The construction method and the pipe bedding angle

o The modulus of soil resistance.E'

o The magnitude of the surface load W

. The footprint of the load (e.g., point load or rectangular load)

¡ The impact factor corresponding to a given surface load

o The effective number of cycles corresponding to a given surface load

Given these parameters, it is possible to develop estimates of the pipe stresses and ovalling
deflections that result from fill and surface loads. With the stress and deflection estimates, the

engineer must make decisions regarding the safety of the buried pipe which requires additional

infornration including:

o The specified minimum yield stress (SMYS) of the pipe

o The type of longitudinal weld

o The quality of the girth welds

. The possible presence of corrosion or other anomalies

o Stresses due to other loads including:

o internal pressure

o temperaturedifferential

o longitudinal bending or roping of the pipe

The results of the evaluation should be checked for various pipe stress demand-capacity

measures, including the total circumferential stress due to internal pressure, fill and surface

loads. The results should also be checked for biaxial stress combinations of the circumferential

and the longitudinal stress due to temperature differential and Poisson's effect and bending.

There should also be cyclic stress range demand-capacity checks to guard against fatigue

damage. The following process flow diagram entitled "Pipeline Surface Loading Acceptability"
(Figure 2-1) has been developed to illustrate the recommended process to be followed in

determining the acceptability of surface loading. The following sections address the
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development of a simplified screening process that embodies the process identified in the

diagram.

Pioeline Surface Loadinq Acceptability
Process Flow Diagram

No

Yes

No

Yes

No

Rev¡s¡on Date:
June 17 2005

SME = Subject Matter Experl
TP = Test Pressure
LF ERW = Low Frequency ERW
lLl = lnline lnspecl¡on
TPD = Third Party Damage

Figure 2-1. Pipeline Surface Loading Acceptability Process Flow Diagram

lmplement Surface
Loading M¡tigation

lmplemenl Surface
Load¡ng Mit¡gation

Env¡ronmental Atlr¡butes
Cover, Soil Dens¡ty, Soil
Modulus (E')

Pioe Attributes
WT, OD, Grade, MOP
Weld type, E, Poss¡on

Start

Criteria Satisfied
Fatigue

Long Term
or I ligh Cyclc

lmplementâl¡on

Static Stress
Criteria Satasf¡ed?

Cvclic Stress Demand -
Caoac¡tv Check

oFaligue = 12 ksi Girth Weld
6 ksi LF ERW

Calculate Stress Demand Measures

oL = Longitudinal Stress

oH = Hoop Stress

Ocso¡l = Static Load Circumferenlial Stress

oClive = Live Load Circumferent¡al Stress

octolal = Total C¡rumferential Stress

oE = Equivalent Hoop Stress Secondary Loads
Overburden
Veh¡clê l¡ve loads

Functional Loads
MOP, 

^ 
Temp,

Operating Pressure

Stat¡c Stress Demand - Caoacity Check

oC = SMYS x 1.00 x CF x JF

CF = 0.95
- TP > 1.1 MOP
- metal loss condition unknown, CP

records OK
- No known other threats

CF = 1.00
- TP > 1.25 MOP
- No sign¡ficant metâl loss (i.e. < 10 yrs,

lLl, Visual, or other conf¡rmation)
- No LF ERW Flash Butt, Joint Factor =1
- No sign¡f¡cant other threats (¡.e., SCC

TPD, deformat¡ons, etc.)

Condition Factor

CF = 0.75 - 0.90 SME to determine
. TP < 1.I MOP
- LF ERW Flash Butt, or Joint Faclor <1

- Potent¡al for otherthreats
- Acetylene girth welds
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2.5 Proposed Development of Screening Process

Once all of the information described in this section is gathered, an engineer can perform the

necessary calculations required to make an evaluation of the buried pipe situation at hand. In

addition, by having an understanding of the theory behind and the limitations of the calculations

used to develop the estimated stresses, the engineer must utilize judgment and experience to

make decisions regarding the pipeline integrity and safety.

Despite all of the information required to make an assessment of a buried pipe subject to fill and

surface loads, it is feasible to develop a relatively simple buried pipe screening procedure based

on parametric analyses of various combinations of the input information. The idea is to use the

developed theory to develop a series ofcharts that can evaluate a range ofpractical buried pipe

and loading configurations on a simple "pass/no pass" basis. Situations which 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. The development of this screening

procedure will obviously have to rely on the existing methods for evaluating vertical load effects

on buried pipe. Ideally the calculations will be reasonably conservative. Table 2-4, which was

developed as a starting point to selecting the appropriate calculation method, provides a

comparative assessment of the principle methods.

The second task of the proposed work for this project (see Section 3) is the development of a

simple screening method which will allow a pipeline operator to determine whether or not a

given crossing application requires added protection or whether a more detailed calculation is

appropriate. The goal of the screening method is to implement a relatively simple procedure

based on easily obtainable attributes such as wheel or axle load, ground surface contact area

and/or surface loading pressure, depth of cover, maximum allowable operating pressure and

design factor.
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Modified Spangler
Stress Equation with
Soil Restraint

API RP 1102,1993

lowa Formula

Spangler Stress
Formula

Method

o Easy to program
o Includes pressure

stiffening
o Includes lateral soil

restraint

. Provides detailed flow
chart

o Computes multiple
stress components

o Performs stress
demand-capacity
checks

. Includes check for
fatigue

o Easy to program
¡ Includes lateral soil

restraint

o Easy to program
¡ Includes pressure

stiffening
. Applies for full range

of bedding angles

Strensth

o Need to select soil
parameter E'

¡ Need to select lag
factor

. Limited to auger bore
construction

o Limited to cover
depths > 3 feet

o Hardwired to
AASHTO H20 truck
loads with tire
pressures typically in-
excess of 550 kPa (80
psie).

o Computes deflection,
not stress

rNeglects pressure
stiffening

e Need to select soil
parameter E'

. Need to select lag
factor

o Hardwired to 30
degree bedding angle

e Neglects soil restraint

Limitation

o Requires
coefficients from
Boussinesq theory to
estimate load at top
of pipe.

. Inclusion of soil
restraint term
removes some
conservatism

¡ Difficult to manually
perform calculations

. Requires PC-
PISCES or technical
toolbox

o Requires coefficients
from Boussinesq
theory to estimate
load at top of pipe

o Requires
coefficients from
Boussinesq theory to
estimate load at top
of pipe

. Considered to be
conservative

Comments

Table 2-4. Comparison of Principle Methods for Evaluating Vertical Loading Effects on
Buried Pipelines
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3.0 Pnoposnn AppRoACH ron ScnEENING BuRtrn Ptpnr,rNns
Sus¡ncrnD To Sunr'¡,cn TRapprc

3.1 Introduction
Section 2 provided a Literature Search Summary which documented the available methods for

evaluating the effects of fill and surface loads on buried pipelines. Using this information as a

starting point, the second work task was to develop a simple screening method. This method will
allow a pipeline operator to determine whether or not a given crossing application requires added

protection or if a more detailed calculation is appropriate. The goal of the screening method is to

use relatively simple and easily obtainable attributes (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). The screening calculations are summarized in the next section.

3.2 Overview of Screening Approach
A modified version of the Spangler stress formula was presented in Section 2. The modified

formula is:

6. Ko.W,"n¡,.,r . E.t.r6= 
E.t\24.K-.Pr\0.732.8\r3 (i'l)

where V[/vcrt¡cutis the vertical load due to fill and surface loads including an impact factor (lb/in),

E is the pipe rnodulus of elasticity (psi), r is the pipe wall thickness (inches), r is the mearr pipe

radius (inches), P is the internal pressure (psi), and ð' is the modulus of soil reaction (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. The right hand

side of Equation (3.1) has been manipulated into the following form by dividing both the

numerator and the denominatorby E't3 and substituTingD/2 for r, where D equals the outside

diameter of the pipe.

J

(3.2)

Wr"rt¡"nl
Kb

D
t )'Dõ

t+3 K" i (?' + 0.091s .4
E t

3

D

The stress relationship from Equation (3 .2) is plotted at different levels of internal pressure as a

function of D/t ratio in Figure 3-1 below. The fixed parameters are shown in the figure box.
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Figure 3-1. PIot of Circumferentiâl Bending Stress vs. D/t Ratio

3.3 Review of Loading Terms

The stress formula described above (Equation 3.2) requires a load per unit length of pipe, tV,",ti,nt

resulting from either fill and/or surface loads. Section 2.3.1.3 provides an overview of how

Spangler computed these load terms.

The load transmitted to the pipe in a ditch due to earth (fill) load can be computed based on

Marston's load theory as follows:

v[l¡rt = Ca 'r' B; (3.3)

cd = 
F;::t"'1ei) 

(3'4)
2K tt'

where C¿ is a fill coefficient, I is the soil density, B.¡ is the effective trench width, K is the ratio of
active lateral unit pressure to vertical unit pressure, p' is the coefficient of friction between the

fill material and sides of the ditch and H is the height of fill over the pipe. Kp' can vary between

0.1I I and 0.165 depending on the soil conditions. Equation 3.4 is for ditch loading on the pipe.

It is recommended that the reader refer to Spangler and Handy's book Soil Engineering to ensure

that they fully understand how to use Equations 3.3 and 3.4. An alternative method for
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determining the fill load is to use the prism equation recommended by Moser in Buried Pipe

Design. The prism formula is:

W¡n=Y'H'D (3.s)

No deflection lag factor is required if the prism formula is used.

Note that in Equation (3.2), the pipe diameter (to the extent possible) has been rearranged into

the non-dimensional form D/t. The only place that the pipe diameter appears in Equation (3.2) is

as a normalizingfactor for the load term llvcrticar (i.e., V[/urrt¡"o/D). Hence, other than in the

W,s,¡¡ça¡/D term, Equation (3.2) is independent of the pipe diameter.

The fill loads from Equation (3.3) have been plotted in Figure 3-2 for llll¡/O as a function of
diameter so that a representative value of l\¡íD can be selected that is independent of diameter.

A B¿ value ofD + l0 cm (4 inches) has been selected to represent the long term consolidation of
soil around the pipe. The dashed lines represent the value W¡n/D selected to be constant for all

pipe diameters.

4.5 ps¡

w/D versus Diameter for So¡l Load¡nqs

Bd = OD + 4" to represent long term consol¡dalion

4.0 psi = 120 lbs/fl^3, Ku = 0 130

H=3

3.5 ps¡

3.0 ps¡

2.5 psi

o
È

2.0 ps¡

1.5 ps¡

'1.0 psi

0.5 ps¡

0.0 psi

0in 10 in 20 in 30 ¡n 40 in 50 ¡n 60 ¡n 70 ¡n

D¡ameter

Figure 3-2. W/D versus Diameter for Soil Loadings
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The load transmitted to the pipe due to surface wheel load is developed using a numerical

integration of the Boussinesq theory for a surface point load:

(3.6)

where C¡ is a wheel load coefficient, W is the wheel load (including an impact factor) and Z is the

effective length of pipe (most references to this equation use an effective length I:3 feet).

Values of the wheel load coefficient Cr are tabulated for different trench geometries (i.e., based

on the ratios of D/2H and L/2II) in several references. A formula to compute the coefficient C,

as a function of D/2H and L/2H has been developed as follows:

=O.r,TW,h""t

sin-r H )'.(t)'.o'
Dt L

2

(L
I

Iz

D
2

Dt
c:o.zr--L'2n m )'*

g.*.9.''+H'

(3.7)

As stated previously, the D/t value as defined by Equation (3.2) has been made non-dimensional

with respect to pipe diameter. Therefore, if a representative value of the lil *n""/D term can b-e

selected to cover a full range of diameters, then Equation (3.2) would be fully independent of the

pipe diameter.

The wheel loads from Equation (3.6) have been plotted in Figure 3-3 for 7ï/nn""t/D as a function

of diometer so that a representative value of lï,,nr"t/D can be selected that represents a full range

of diameters independent of pipe diameter. The dashed lines represent the value Wnn""t/D

selected to be constant for all pipe diameters.
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Figure 3-3. W/D versus Diameter for Wheel Traffic Loads

The load transmitted to the pipe due to surface load with a rectangular footprint based on

numerical integration of the Boussinesq theory is:

(3.8)

where Ç is a rectangular load coefficient, W the total load on a rectangular footprint (including

an impact factor), D is the pipe diameter and A is the area of the rectangular footprint. Ç is a

function of the length and width of the rectangular footprint (L,".1 and 8.""¡) and the depth of
cover H. Although equations 3.8 and 3.6 are the solutions for different loading scenarios,

Spangler points out (Spangler and Handy,1973) that C, in Equation 3.8 can be determined from

Equation 3.7 by replacing L/2withL,eü/2andDl2 with 8,..,/2.

Note that because Equation (3.8) for V[/rccttmgukr has a pipe diameter D term in the numerator,

normalizing by D directly removes the diameter dependence in the normalized load expression.

-4'C, yf
Wo",orgrlo,

W

A
(3.e)

The computed normalized loading on the buried pipe from either fill or traffic loads (i.e., W.t¡t/D,

W.n""t/D, oÍ l[/rrr¡r,nr,,¡r,r/D) can be expressed as a more general vertical load term V[/r",.¡¡rr,¡/D for
use in Equation (3.2).
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Note: A point load can be conservatively estimated by utilizing a rectangular footprint with a
surface contact pressure of 550 kPa (80 psi).

3.4 Sensitivity of Surface Contact Pressure

Fixed loads spread over larger rectangular areas generally have significantly less impact on a

buried pipeline. The magnitude of change is related to depth of cover with shallow cover

exhibiting the larger effects. Figure 3-4 shows the effects of varying surface contact pressures.

Surface Load Multiplier VeEus Allowable Po¡nt Load for Var¡ous Contact Pressures

Soil height = 0.60 m, Vehicle impaclfactor = 1.5
6.0

z
/
/

fâ

/
I

l
-70kPe-

t1

I

I

Footprint Aspect Rat¡o (y/x) = 1.00

140 kPa

2lOkPe-

/
/

I

-2

0 kg 2,000 kg 4,000 kg 6,000 kg 8,000 kg 10,000 kg 12.000 kg 14,000 kg

Allowable Po¡nt Load

5.0

. 4.0
e
4

E
E
I a.o
oJ
o

tØ 2.o

1.0

0.0

Figure 3-4. Surface Load Multiplier versus Allowable Point Load for Various Contact
Pressures

Appendix C contains a full series of plots addressing contact pressures.

3.5 Multiple Wheel Factor
A key consideration in determining live load pressure on the pipe is the location of vehicle

wheels relative to the pipe. A higher pressure may occur below a point between the axles or

between two adjacent axles rather than directly under a single vehicle wheel. This depends on

the depth of cover and the spacing of the wheels.
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When depths are not greater than one meter (3 feet), a single wheel directly over the pipe

generally produces the largest load. At depths greater than one meter the maximum load may

shift.

The multiple wheel factor is utilized in the screening tool to account for this shift and varies with

depth. The wheel factor uses the worst case scenario of a load applied by two axles of 6-foot

width and a4-foot space between the axles. The stress at pipeline depth at different locations is

calculated using Boussinesq's equation. Figure 3-5 illustrates the analysis locations. The

calculation considers the load at pipe level from these axles at the point directly under each

wheel (l), at the center of the axle (2), between the front and rear wheels (3), and at the centroid

of the four wheels (4).

6.0 ft

Centroid O

Figure 3-5. Four Locations Analyzed to Determine Worst-Case Loading for Various
Depths

Note: thls
axle

conflguratlon ls conservâtlve ln cases where the actuel axle length is greater and the
spacinq ¡s lonqer.

3.6 Application of the Proposed Approach
The stress calculation approach explained above is described in the following steps

1. Determine the pipe steel grade, the design factor (0.72,0.80), the maximum allowable
circumferential stress (the authors recommend that a value of L00 SMYS is a reasonable
maximum combined circumferential stress at pipeline vehicular crossings, see Appendix
C "Design Loading Criteria"), D/tru*: 125, and the other pertinent analysis parameters
(E', cover depth, etc.).

2. For a selected internal pressure, compute the D/t ratio corresponding to D/t : 2'or'DF/P.
Then compute the circumferential stress due to combined internal pressure using
Barlow's formula and fill load. The fill load is calculated from Equation (3.2) with
Wycrticutset equal to lfi¡u in Equation (3.3).

3. Compute the difference between the circumferential stress due to combined internal
pressure and fill loads and the allowable circumferential stress. This is the "available
circumferential stress capacity" for surface load.

4. Check to see if the available circumferential stress capacity is greater than the established
fatigue limits. If so, determine if the loads are frequent and adjust appropriately.

29

1

4.0 ft

00422



5. Set the right hand side (the stress) of Equation (3.2) equalto the "available
circumferential stress capacity" for surface load computed in Step 3 above and solve for
the correspo nding Vl," r¡ ¡ rn¡

6. If the surface loading is a point (wheel) load, set Wu,nceteeuàlTo V[/y¿¡¡¡ça¡and use Equation
(3.6) to solve for the allowable point load ll. If the surface loading is a rectangular
footprint load, set LVr"rtnnsuk,r€gualto Wu",.,¡r.¿/ and use Equation (3.8) to solve for the
allowable load on the rectangular footprint ll.

7. Repeat steps 2 through 6 for a range ofpressures.

Application of this approach for a wheel loading example was used to develop the plot shown in

Figure 3-6. The figure shows allowable wheel load versus internal pressure for cover of 0.9

meters (3 ft) and for Grades of pipe ranging from207 MPa to 483 MPa (Grade A to X70).

Plot of Allowable Wheel Load versus lntemal Pressure
Grcund Surface Load 552 kPa w¡th Rat¡o ='1.00
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Figure 3-6. Plot of Allowable Wheel Load versus Internal Pressure

This same approach has been utilized for 1.2 meters (4 ft) of cover as shown in Figure 3-7.
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GÉde 317 Rectangular
Ground Surface
Loading @ 552
kPa with aspect
Ratio (y/x) : 1.00
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Figure 3-7. Plot of Allowable Wheel Load versus Internal Pressure

The graphs shown in Figures 3-6 and 3-7 represent an initial screening tool that can be utilized

by a pipeline operator to determine whether or not a given crossing application requires added

protection, or whether a more detailed calculation is appropriate. Appendix C contains a series

of plots addressing a full range of conditions.

3.7 Sample Calculation
The following is a sample of how the screening tool can be utilized.

A Pipeline Company operates a pipeline in northern Canada. A gravel haul contractor has

requested a temporary road crossing over the pipeline to transport bank run gravel over the

pipeline. They report that the truck will have an effective wheel load of 7 ,250 kg ( 16,000 lbs).

Pipe Attributes:

. OD:610 mm (24-inch)

. WT: 8.14 mm (0.321-inch)

o Grade:359 MPa, (X-52)
¡ DF :0.72

¡ MOP : 6,895 kPa (ga) (l,000 psig)

0
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o Depth of cover 0.9 meters (2.95 ft)

The initial screening requires the following minimum information

Grade, MOP, DF < 0.72, deptlr of cover, competent soil (i.e., non-saturated clay), and knowledge

of pipeline condition (i.e., should not utilize screen tool for pipelines with other known threats

such as may be associated with LF ERW or poor corrosion condition, etc.)

Note: The pipeline OD and WT are not required. This
approach can be used as a quick screening tool for
nontechnical persons but it is very conservative.
The user should refer to the procedure outlined
above to develop a less conservative approach.

From Figure 3-6 it has been determined that the stress imposed on the pipeline as a result of this

wheel loading is acceptable for grades equal to or greater than290 MPa (42,000 psi). Therefore,

the crossing is acceptable. For grades below 290 MPa (42,000 psi), the initial screening tool

identified that this loading condition has the potential to exceed the allowable limits. If the grade

is lower Than290 the following options are available:

o Perform a more detailed calculation;

. Find a location with additional cover and/or place additional cover over the pipeline.

Figure 3-7 indicates that 4 feet of cover will be adequate for pipeline grades equalto or

greater than24l MPa (35,000 psi);

o Provide supplemental protection (concrete slab, etc.).

4.0 AssnssvrrNT oF Mrrrc¡.uoN OprroNS FoR BuRrnn
Prpnr,ruEs SUBJECTED To SURFACE TRAFFIC

4.1 Introduction
The first task of th¡s project for CEPA was a"Literature Search Summary" which documented

the available methods for evaluating the effects of fill and surface loads on buried pipelines as

summarized in Section 2. Using Section 2 as a starting point, the second work task developed a

simple screening method which allows a pipeline operator to determine if a given crossing

application requires added protection or if a more detailed calculation is appropriate. The goal of
the screening method is to use relatively simple and easily obtainable attributes (e.g., wheel or

axle load, ground surface contact areaandlor surface loading pressure, depth of cover, maximum

allowable operating pressure and design factor). The screening calculations are summarized in

the Section 3.
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Building on these two previous work tasks, the third work task is to evaluate various ternporary

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 will be

investigated with the goal of ranking the methods based on their capabilities for reducing adverse

effects on the pipeline and ease of installation. This task will also define minimum requirements

such as slab or mat stiffness, thickness, and length necessary in order to provide the desired

protection and identify situations where a given technique may be ineffective.

4.2 Overview of Mitigation Measures

Pipeline engineers have a number of options available to reduce the stresses on buried pipelines

subjected to fill and surface traffic loading. Table 4-l provides a listing of different mitigation

measures that we have seen utilized along with their relative advantages and disadvantages. The

following sections provide a more detailed discussion of these mitigation methods.

4.3 Reduction of Pipe Internal Pressure during Vehicle Passage

Mitigation scenarios which reduce the pipe internal pressure to reduce hoop stress due to

pressure are worthy ofconsideration even though reducing the internal pressure tends to increase

the circumferential stresses due to fill and traffic loads. Fill and surface traffic stress analyses of
the total circumferential stress (i.e., hoop stress plus fill and traffic stress) over a range of pipe

intemal pressures will show an optimum pressure that results in the minimum total

circumferential stress. At the "trough point" of a plot of the total circumferential stress versus

internal pressure, the increases in fill and traffic load induced stresses due to reduced internal

pressure are offset by the reduction in hoop stress. hr addition to the total circumferential stress,

this approach should also be evaluated by comparing the traffic component of the circumferential

stress to a fatigue endurance limit. Reducing the pipe internal pressure is attractive as a short-

term solution (e.g., for mitigating a limited number passages of a crane over a buried line near a

construction site). However, because a reduction of line pressure can have a direct impact on

pipeline throughput, it is not attractive as a long-term or permanent solution.

4.4 Surface Protection via Limiting Surface Vehicle Footprint
Pressure

Several of the mitigation methods listed in Table 4-l (i.e., steel plates, timber mats, concrete

slab) can be classified as "Surface Protection" methods. These methods deploy a flat surface

structure (e.g., plate, mat or slab) on the ground surface as a means of dispersing the surface

vehicle load over a wider area. The idea behind these methods is that they distribute the surface

loads over a larger "footprint" area than that provided by the surface vehicle alone. The effective

footprint area of the vehicle load would be distributed uniformly over the entire footprint of the

surface structure for a rigid flat surface structure centered under a vehicle load. In cases where
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the vehicle load is applied eccentrically on the flat surface structure, for very large surface

vehicle loads and/or relatively flexible flat surface structures, the actualdistribution of pressure

on the ground surface may be far from uniform. In fact, portions of the flat surface structure can

actually lift offof the ground surface. The behavior of flat surface structure mitigation methods

can be investigated using beam on elastic foundation analysis methods. The analysis considers

the distribution of the vehicle load on top of the flat surface structure, the bending flexibility of
the flat surface structure, and the stiffness of the soil below the flat surface structure. Given this

information, it is possible to estimate an effective footprint for the loading situation, which may

be significantly less than the full footprint of the pad, mat, or plate.

Under ideal circumstances, a heavy vehicle crossing a buried pipeline would be arranged such

that the heavy vehicle's path of travel crosses the pipeline at a90o angle. For a beam on elastic

foundation analysis, the essential structural characteristic ofthe flat surface structure (i.e., the
oobeam") are the modulus of elasticity and the moment of inertia (E and I). The moment of
inertia is usually based on a unit width of the flat surface structure in the direction perpendicular

to the pipeline. The foundation component of the model can be developed based on the soil

spring computation procedures used for strip foundation analysis and design. For previous

applications, we have modeled the "bearing" spring stiffness values using the procedures

described in [ALA]. The required input properties include the soil density, soil friction angle,

and soil cohesion. The resulting "spring" properties include the ultimate resistance of the "strip"
foundation (in force per unit length, e.g., klf), the "yield" displacement (usually taken as some

fraction of the strip foundation width, e.g., inches), and the corresponding elastic stiffness (in

force per rrnit length per unil clisplacement, €.9., klf per inch). The loacling on the moclel inclucles

a uniform self-weight of the surface structure plus the vehicle load (e.g., a point load or short

uniform load) that acts on top of the unit width of the surface structure.

The results of this type of analysis include the deflection profile of the flat surface structure and

the distribution of bearing force along the length of the flat surface structure and along the

pipeline. In general, the results show a distribution of bearing force and downward deflection of
the surface structure that is largest directly under the center of the vehicle load and diminishes

with distance away from the center of the vehicle load. Depending on the relative stiffnesses of
the flat surface structure and the soil foundation, it is possible for portions (e.g., the ends) of the

flat surface structure to deflect upward, creating a gap between the bottom of the flat surface

structure and the top of the soil surface which reduces the length that is in contact with the

ground surface. Based on this information, the engineer can perform additional surface traffic
stress calculations using a range of rectangulai load footprint assumptions to approximate the

bearing pressure distribution. The bounding assumptions are to apply the entire vehicle load

over the portion of the surface structure that remains in contact with the ground surface (e.g., use
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an effective along-the pipe length) or apply a load that generates an equivalent maximum bearing

pressure over a shorter along-the pipe length (e.g., use an effective bearing pressure).

We have adopted the following formula to determine the revised footprint of the dispersed load

This formula is referred to as the radius of stiffness and is commonly utilized to determine the

pressure intensity on rigid pavements.

E.h3---------------=-
12.(1-v.)..8s'

(4.1)

where:
L: radius of stiffness of slab/plate
E: modulus of elasticity of slab/plate
h : thickness of slab/plate
v: Poisson's ratio of slab/plate
E.' : Elastic modulus of soil in contact with the slab

A review of the formula shows that the thickness of the slab plays the most significant role in

spreading the surface load. Figures 4-l through 4-4 show the effects of placing slabs on the

ground surface as a means to spread the surface load over a larger area for steel and concrete

slabs. Based on a review of these figures, a7.6 cm (3-inch) thick steel slab provides the same

surface load spread as does a 15.2 cm (6-inch) thick concrete slab. Since steel is significantly

more costly to use than concrete this comparison suggests that concrete may be more cost

effective to utilize. We have also performed a similar review of timber mats. The results

indicate thaf a 20 cm (8-inch) thick timber mat results in a similar load spread to the 1 5 .2 (6-

inch) concrete slab. Based on this information, a timber mat may be more cost effective to use

than either steel or concrete. Figures 4.5 and 4.6 show the effects of placing timber mats on the

on the ground surface as a means of spreading the surface load over a larger area. It is important

to note that the individual timbers within the mat must be tied in a manner that provides for a

uniformly transfer of load between timbers making up the mat.

Equation 4.1 can be used to determine the minimum size of the surface protection mat. At a

minimum the protection must extend a distance of Ll2 beyond the wheel/track in all directions.

To ensure the proper load transfer we recommend 1.5 times this value.

L
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Lower pipeline

Relocate the pipeline

Construct a short bridge crossing
over the pipeline

Construct a concrete slab with steel

reinflorcement over the crossing area

Deploy timber mats over the
crossing area

Deploy steel plates over the crossing

Provide additional soil fill over the
pipeline in the vicinity of the
crossing

Consider the beneficial effect of
lateral soil restraint on
circumferential stress

Limit surface pressures under
vehicles (e.g.. using floatation tires
or catemillar tracks)

Reduce the operating pressure ofthe
pipeline.

Method

Reduces circumferential stresses

due to traffic loads.

Removes pipeline from loaded
area.

Completely uncouples the traffic
loading from the buried pipeline.

Provides large loading footprint.
Slab can provide high bending
stiffness

Provides large loading footprint.
Relatively easy to deploy.

Easy to install.

Reduces circumferential stresses

due to traffic loads.

Has effect similar to pressure
stiffening

Spreads the surface load over a

larger area and reduces the overall
load to the oioe.

Provides a direct reduction of the
hoop stress due to internal
pressure. This reduction allows
for additional circumferential
stress due to equipment loads

Advantases

Expensive to perform.
Usually considered only as a last
resort.

Expensive to construct.
Usually considered only as a last
resort.

Requires construction of foundation
structures.
Expensive to construct.
Usually reserved for permanent
crossings.
Bridge structure may limit access to
pipeline for inspections and repairs.

Relatively expensive.
Usually reserved for permanent
crossings.
Slab li¡rrits acccss [o pipelinc lur
inspections and repairs.

Flexibility of timber mats can result in
bending of the mats with a

corresponding reduction in loaded
footprint.

Flexibility of steel plates can result in
bending olthe plate with a

corresponding reduction in loaded
footprint. Need to consider required
thickness.

Increases circumferential stresses due
to fill loads.

Requires estimates of soil stiffness
parameter, E'

Depends on equipment. May not be

possible or too costly to implement

Reduces the beneficial effect of
internal pressure on the pipe
circumferential bending stresses due to
fill and traffic loads.
Could reduce the overall capacity of
the pipeline and therefore should not
be considered as a long term fix.

Disadvantases

Table 4-1. Surface Loading Mitigation Measures
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Comoarison of Radius of Stiffness Versus Slab Thickness for Various Soil Modulus
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4.5 Consideration of Ovalling Restraint Provided By Soil
Sections 2 and 3 give equations that show the effect of ovalling restraint resulting from the soil

around the pipe as a function of the modulus of soil restraint, E'. When E' is set equalto zero,

the equations decompose to those which neglect soil restraint while non-zero values of E' allow

the beneficial effect of soil restraint to be considered. Cases that barely exceed the allowable

stress check(s) when soil restraint is neglected or set as a lower bound may be able to pass the

allowable stress check(s) when modest levels of soil stiffness are considered. Therefore, the

ability to include or exclude the effects of soilrestraint in the screening calculations provides the

engineer with the ability to easily perform "what if'analyses of a given configuration as a basis

for assessing a given crossing scheme.

4.6 Provide Additional Fill over Pipeline at Crossing
A relatively popular procedure that has been utilized for mitigating pipe stresses due to surface

vehicle loading is to provide additional soil fill over the pipeline at the crossing. This mitigation

method increases the total depth of cover used in the pipe stress calculations for fill and traffic

loads. This has a direct positive effect of reducing the circumferential stresses due to vehicle

loads. It also has a direct negative effect of increasing the circumfereritial stresses due to fill
loads. For many applications (e.g., situations with high impact factors and/or high traffic stress

but with relative low stresses due to fill), the beneficial effect of the reduction in traffic stress can

far exceed the negative effect of increased fill stress. This tradeoff can easily be investigated by

performing pipe stress calculations for a range of cover depths. One can compare the effect of fill
and traffic load on the total circumfèrential stress against appropriate total stress limits and

compare the traffic stress range against appropriate fatigue stress limits.

4.7 Combination of Mitigation Methods
Additional mitigation can be provided by using combinations of the various measures described

above to reduce the overall stress level on the pipeline.

4.8 References

[ALA] ASCE American Lifelines Alliance "Guidelinesþr the Design of Buried Steel Pipe",
Published by the ASCE American Lifelines Alliance, www.americanlifelinesalliance.org, July
2001.
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AppnNorx A:

A-1 Design Loading Criteria
The governing code for Canadian pipelines is CSA 2662-03

1. Design Pressure to be Calculated using:

CSA 2662-03 Section 4.3.3.1 specifies:

P : (2(SMYSX/D) x F x J x L x T
where:

o F: Design Factor
o J:JointFactor
o L=LocationFactor
¡ T:TemperatureFactor
o t: pipe wall thickness
o D: Pipe diameter
o P: Pressure

The design factor is specified as 0.8

The joint factor is I .0 unless continuous welded pipe is used

The location factor is 1.0 for class I locations for both non-sour gas and HVP and LVP. The
temperature factor is I .0 unless design temperature exceeds 120 deg. C.

2. Combined Hoop and Longitudinal Stress

CSA 2662-03 Section 4.6.2.1

Unless special design measures are implemented to ensure the stability of the pipeline, the
hoop stress due to design pressure combined with the net longitudinal stress due to the pipe

temperature changes and internal fluid pressure shall be limited in accordance with the
following formula.

Sr'-Sr<0.90SxT
Note: This formula does not apply if S¡ is positive (i.e., tension)

where

S¡' : hoop stress due to design pressure, units

S¡ : longitudinal compression stress, MPa, as determine using the following formula:

S¡:vSn-E.4.(T2-T1)
Where

v : Poisson's ratio
E": modulus of elasticity of steel, MPa
c, : linear coefücient of thermal expansion, units
T2 : maximum operating temperature, oC

T1 : ambient temperature at time of restraint, oC

S: SMYS
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Poisson's Ratio (u):
Thermal Expansion Coef, (a):
Younps Moduhs (E) =

Pipe Attnbutes

x-207
x-241
x-290
x-317
x-359
x-386
x-414
x-448
x-483

Grade

x-30
x-35
x-42
x-46
x-52
x-56
x-60
x-65
x-70

28.3 C

33.1 C

39.7 C

43.4 C

49.1C
52.9 C

56.7 C

61.4 C

66.1C

Allowable T2-T1 o¡:0.80
SMYS

0.3

12.0 x l0ó rn/rnlc 6.67 x106 hr/hÆ

206.8 GPa 30,000 ksi

51. F

59.5 F

71.4 F

78.2 F

88.4 F

95.2 F

102. F

110.5 F

l19.F

33. C

38.5 C

46.2 C

s0.6 c
57.2 C

6r.6 C

66. C

71.5 C

77, C

Allowable T 2-T 1 o ¡=0.72
SMYS

59.4 F

69.3 F

83.2 F

9l.l F

103. F

I10.9 F

I 18.8 F

128.7 F

138.6 F

T: Temperature Factor

Allowable T _T

Note: The provisions of Clause 4.6.2.1 places restrictions on the combination of hoop stress based on

Barlow's equation and longitudinal stress based on the Poisson effect of Barlow's equation and

temperature differential. You will note that additional loads such as external circumferential stresses

have not specifically been included in this restriction. As a result, the provisions of Clause 4.6.2.1 are

independent ofthe additional circumferential stresses as a result ofoverburden loads and trafüc loads.

3. Other Loadings and Dynamic Effects
CSA 2662-03 Section 4.2.4.1 states:

The stress design reqttirements in this Standard are specifically limited to design

conditions for operating pressure, thermal expansion ranges, temperature dffirential,
and sustainedforce and wind loadings. Additional loadings other than the specified

operating loads are not specffically addressed in this Stctndard; however, the designer

shall determine whether supplemental design criteria are necessary for such loadings

and whether additional strength or protection against damage modes, or both, should be

provided. Examples of such loadings include:...

hl Excessive overburden loads and cyclical trffic loads

Circumferential stresses as a result of traffic loads are considered additional loads in CSA, and

therefore the designer shall determine whether additional design criteria are necessary. The

follow sections address the additional design criteria.
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4. Maximum Combined Effective Stress

CSA 2662-03 Section 4.2.4.1 specifies that all relevant loads need to be assessed using good

engineering practices. CSA does not directly provide a limit to the maximum combined

effective stress allowed for onshore pipelines however Section ll.2.4.2.2.5 allows for a

combined effective stress of up to the SMYS for offshore pipelines. Further guidance for the

allowable limit for the combined effective stress can be found in the ASME Boiler and Pressure

Vessel Code Sections VIII Division 2 (BPVC). The BPVC differentiates between membrane and

bending stresses. In the case of a pipeline, the membrane stress is the stress resulting from the

internal pressure in the pipe. This stress is limited in CSA 2662-03 to the design factor of 0.8

SMYS. The additional stress that results from overburden and surface loading are bending

stresses. An object can obtain yield at the outer surface in bending and still have a large amount

of residual load carrying capacity as a result of the bending stress distribution. For example, the

moment on a beam in bending at the outer fiber yield is 2/3 of the collapse moment. There is

also additional load carrying capacity resulting from the strain hardening of the steel. For this

reason, the BPVC allows the combination of membrane and bending stresses to go as high as the

yield strength of the material.

Based on the above argument the screening tool has adopted the following as the limit for the

combined effective stress:

S"o < l.00SxT
where

Seq : the combined effective stress.

5. Maximum Allowable Sum of Circumferential Stress
CSé.2662-03 does not specifically have a clause that places a limit on maximum allowable sum

of circumferential stresses. If the longitudinal stress is greater than zero the circumferential

stress can exceed the yield stress of the material and the combined effective stress still remain

below the yield stress of the material. If the longitudinalstress is reduced there could be yielding

beyond the surface of the pipe. In order to insure that there is no gross yielding in the pipe wall,

the sum of the circumferential stress should also be limited to the SMYS of the pipe.

Based on the above the screening tool has adopted the following:

S¡*5ç6<l.00SxT
where

S¡ : hoop stress due to design pressure,

5"6 : circumferential through-wall bending stress caused by surface vehicle loads or other

local loads.

6. Fatigue Strength of Line Pipe
The fatigue strength of line pipe depends on whether the pipe is seamless, has an electric-

resistance weld (ERW) seam, or has a double submerged arc weld (DSAW) seam in either the
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longitudinal or spiral direction. Data on line pipe from the German Standard DIN 2413 showed

that the limiting variable stress was about 138 MPa (20 ksi) for ERW or seamless line pipe and

83 MPa (12 ksi) for DSAW line pipe. This data compares favorably with information from the

International Institute of Welding, the American Institute of Steel Construction, and the AREA

Manual for Railway Engineering. The version of CSA 662-2003 Section 4.8.3.2 Uncased

Railway Crossings has established a fluctuating stress limitation of 69 MPa (10 ksi) based on 2

million cycles. This value is conservative as it applies to new facilities; however, it may be more

appropriate with regard to older facilities. Certain pipe seam types such as LF ERW and EFW

may be subject to seam susceptibility. The operator should consider these factors if heavy

equipment cross the pipeline at high frequencies.
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AppnNorx B:

Sensitivity Analysis of Factors Utilized in Screening Model with Regards
to Equipment with Low Surface Contact Pressures

This section provides for a sensitivity analysis of factors utilized in the Screening Model, which

when applied to equipment with low surface contact pressures, have the potential to provide for

additional conservatism.

B-1 Impact Factor \

We recommend using a reduced impact factor of 1.25 for slow moving equipment with low

pressure tires. This value meets the AASHTO specification for cover depths greater than 0.3 m.

An impact factor of 1.5 has been used in the model to address the dynamic nature of traffic loads

on flexible surfaces. This value is based on a recommendation by the ASME committee on

Pipeline Crossings of Railways and Highway. The specification called for an impact factor of
1.5 to be applied to traffic live loads for roads with flexible pavements. No impact factor is

required for roads with rigid pavements.

It is important to note that AASHTO recommends impact factors in its specifications. Impact

factorsof 1.3, l.2,l.1,and l.0areappliedatdepthsof 0,0.1 to I ft, 1.1to2.0 ftand2.l to3.0ft,
respectively. It is noted that the concrete design manual utilized by many in the industry also

uses the same factors.

The variables that govem the magnitude of impact factor ale as follows:

o Impact factors increase with increasing vehicle speed,

o Impact factors increase with increased tire pressure

. Impact factors increase with increased roughness of the ground.

With respect to the above factors, equipment with low surface contact pressures will produce less

of an impact than that of a truck for the following reasons:

The equipment are specifically design to have low ground surface pressure to reduce

compacting of the soil strata;

Equiprnent of this design normally utilize low pressure pneumatic tires with contact

pressure << 200 kPa(ga) (30 psig);

This type of equipment typically operates at lower velocities < l5 kph (10 mph).

Figures B-l through 8-6 show the effects of reducing the impact factor from 1.5 to I .25 for

equipment with low surface contact pressures. It is noted that the effects are constant based on

the ratio of 1.5/l .25 or 1.2 for the results shown.

a

a

a
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B-2 Bedding Angle of Support
The terms K6 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 B-1.

Table B-1. Spangler Stress Formula Parameters IÇ and lÇ

180

150

120
90

60
30
0

Beddine Anele (des)

0.125
0.1 28
0.1 38
0.1 57

0.1 89
0.235
0.294

Moment Parameter K¡

0.083
0.085
0.089
0.096
0.1 03

0.1 08

0.1 10

Deflection Parameter K,

Bedding angles of0, 30 and 90 degrees are taken as corresponding to consolidated rock, open

trench, and bored trench conditions respectively. A 30 degree angle is typically utilized and is

representative of open trench construction with relatively unconsolidated backfill such that fully
bearing support of the pipe is not achieved. While this is an acceptable and generally

conservative value to utilize for a newly constructed pipeline, one could argue that as the soil re-

consolidates around the pipeline over time the actual bearing support will be much greater.

Figures B- 1 through 8-6 show the effects of increasing the bedding support angles from 30 to 60

degrees as well as from 30 to 90 degrees. The effects ofchanging the bedding support angle are

significant and range from 1 .28 to 1.75 for a change from 30 to 60 degrees and from I .47 to 2.37

for a change from 30 to 90 degrees.

B-3 Modulus of Soil Reaction E (or Z)
The modulus of soil reaction, E' (or Z) defines the soil's resistance to pipeline ovalling as a

result of dead and live loads acting on the pipeline. A value of 250 psi has been utilized as a

conservative number and represents fine grained soils of medium compaction. Values in the

range of 1,000 psi are not uncommon. A value of 500 psi would be acceptable in soil conditions

where additional soil consolidation around the pipe has occurred.

Figures B-l through 8-6 shows the effects of increasing the modulus of soil reaction from 250

psi to 500 psi. A multiplier of approximately I .l was observed as a result of doubling the

modulus of soil reaction from 250 to 500 psi. This multiplier decreases with increased pressure.
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Surface Load Multiolier Versus Various Variable Chanoes
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Surface Load Multiolier Versus Various Variable Chanoes
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AppnNorx C:

Proposed Guideline - Infrequent Crossings of Existing Pipelines at Non-
Road Locations
Where practical, crossings of pipelines shall occur at designated locations along the right-of-way

preferably at purpose-built locations such as roads designed for such use. In situations where

existing pipelines are to be crossed at locations not specifically designed as a crossing location, it
shall be permissible to cross the pipeline by equipment imposing surface loads provided that the

following requirements are met:

a. The crossing of the pipeline is infrequent and temporary.

b. The pipeline is suitable for continued service at the established operating pressure.

The pipeline operator shall consider service history and anticipated service conditions

in this evaluation.

c. The piping is not subjected to significant secondary stresses, other than those directly

imposed by the crossing of the pipeline.

d. The anticipated surface loading given below are used in Figure C-l(a) through C-l(h)
and modified by Figures C-2,C-3, or C-4.

As an alternative to Clauses a thru d, an engineering assessment of site-specific conditions is

acceptable. This detailed engineering analysis shall consider the resulting combined stresses on

the pipeline as a result of all loads expected to be imposed during its usage as a crossing location.

Figures C-f (a) thru C-l(h)
Figure C- I (a) through C- I (h) present the maximum live surface "point" load in kilograms for

cover depths of 60 cm, 90 cm, 120 cm, and 1 50 cm and design operating pressures of 72Yo

SMYS and 80% SMYS.

Nnfes cnnlicqhle tn Fiorrrec C-l lq - h\'

(l) For intermediate operating pressure or grades, it shall be permissible to determine the
surface load by interpolation.

(2) Design conditions used to develop the table are as follows:
o Depth of cover, as indicated.

o Maximum hoop stress of 720% or 80% percent SMYS, as indicated.

o Maximum combined circumferential stress of 100 percent SMYS.

. Surface loading based on a contact pressure of550 kPa (80 psi) applied over a

rectangular area with aspect ratio (y/x) : l. This contact pressure is designated as the

'opoint" load case.

¡ Fluctuating stress limitation of 82.7 MPa (12 ksi) based upon 2,000,000 cycles.
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o Maximum D/t ratio of 125.

. Soil Modulus E : 7,724 kPa (250 psi) at pipe.

. Soil Density : 1,922 kd-'(120 lbs/ft3).

. Loading criteria includes an impact factor of 1.5.

r Maximum combined effective stress of up to 100 percent SMYS.

o A temperature differential of AT: 50'C or the maximum temperature limitation as per

CSA Clause 4.6.2.1(section 2 above) whichever is the lower is included in the calculated

the longitudinal stress.

o Multiple wheel influence factor (if applicable).

5l

00444



Plot of Allowable Wheel Load veßus lntemal Pressure
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Surface Load Multiplier for Rectangular Footprint and Various Contact
Pressure Figures C-z(a) through C-2(d)
Figures C-2(a) through C-z(d) present the Load Multiplier that can be applied to the previous

determined allowable live surface "point" load for surface loads applied over a square footprint

with contact pressures ranging from 35 kPa through 420 kPa (5 psi through 60 psi). The figures

apply for cover depths of 60 cm, 90 cm, 720 cm, and I 50 cm (zft,3ft,4ft, 5ft).
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Surface Load Multiplier for Track Loads Figures C-3(a) through C-3(d)
Figures C-3(a) through C-3(d) present the Load Multiplier that can be applied to the previously

determined allowable live surface oopoint" load for Track Loads. Track loads have been

represented as surface loads applied over a rectangular footprint with an aspect ratio

(Lengtlt/Width) of 4. The figures apply for cover depths of 60 cm,90 cm,l20 cm, and 150 cm

(zft,3ft,4ft,5ft).
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Surface Load Mult¡p¡¡er Ve6us Allowable Point Load for Various Corfact Pressures
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Surface Load Multiplier for Concrete Slab Figures C-4(a) through C-
4(d)
Figures C-a@) through C-4(d) present the effects of placing a concrete slab on the surface as a

mitigative measure to increase the allowable surface "point" load. The figures apply for cover

depths of 60 cm, 90 cm, 120 cm, and 150 cm (2ft,3ft,4ft, and 5ft).

62

00455



3.0

1.0

2_A

9 zo
t
2ro
o
I

îõ 2.2

Ë¡
t 20
eê
f ao

E
oJ 1.6

t
ã 1.4

12

E
Ø
c
o
Þ
ø
Ê
Ì
.9
.s

=!
oJ

t
g)

Surface Load Mult¡plier (w¡th Slab on Surface) versus Acceptable Point Load

Soil height = 0.60 m w¡th 15.2 cm Concrete Protect¡ve Slab

2,000 kg 4,000 kg 6,000 kg 8,000 kg 10,000 kg 12,000 kg 14,000 kg

Acceptable Surface Point Load (w¡thout Slab)

Figure C-a@) - Soil Height: 0.6 meters

Soil height = 0.90 m w¡th 15.2 cm Condete Protective Slab

0 kS 2,000 kg 4,000 kg 6,000 kg 8,000 kg 10,000 kg 12,000 kg 14,000 kg

Acceptable Surface Point Load (w¡thout Slab)

Figure C-4(b) - Soil Height = 0.9 meters

okq

2.O

1.9

1.8

't.7

t.o

'1.4

1.3

1.2

1.'l

1.0

Veh¡cle ìr

Ê= 27.6G

rpact factor v

ta, v = 0.15

thout Slab = 1.50, Veh¡clr

= 3.500 kPa

E'= 1,750 kPa

impact facta with Slab = .25

= 5,250

= 7,000

Veh¡cle ir

E= 27.6 G

rpact faclor v

>a, v = 0.15

thout Slab =

I

-l
E' = 3,500 kPa.

\l
E = 1,750 kPa

l-

1.50, Vehiclr impacl faclc

= 5,250

= 7,000

with Slab = .25

63

00456



Veh¡cle i

E=27.6G

tpact factor!

)4, v = 0.15

ithout Slab = 1.50, Vehicl

= 3,500 kPa

-E = 't.750 kPa-

¡mpaci fa(fc w¡th Slab = .25

E'= 5,250

= 7,000

2.O

1.9

Surface Load lúu¡tiplier (w¡th Slab on Surfacê) ve6us Acceptable Point Load

Soil height = 1.20 m w¡th 15.2 m Concrete Protective Slab

0 kg 2,000 kg

6

.4

oo
f
J
Ø

o
o
ø
Ët
.g
è
a

=!
oJ

f
an

¡t

10

1.1

Figure C-a(c) - Soil Height: 1.2 meters

4,000 kg 6,000 kg 8,000 kq 10,000 kg 12,000 kg 14,000 kg

Acceptable Surface Po¡nt Load (w¡thout Slab)

4,000 kg 6,000 kg 8,000 kg 10,000 kg 12,000 kg 14,000 kg

Acceptable Surface Po¡nt Load (without Slab)

Figure C-4(d) - Soil Height: 1.5 meters

't.5

'1.5

1.4

1.4

1.3

1.2

1.2

t
Ø

o¡
d
Ø

Ëì
.9
ê
E
=E
o
J

6t
r^

Surface Load Mult¡ol¡er lw¡th Slåb on Surfacel versus Acceptable Po¡nt Load

Soil he¡ght = 1.50 m w¡th 15.2 cm Concrête Prctect¡ve Slab

0 k9 2,000 kg

Vehicle ir

E=27.6 C

rpac{ fador !

'a. v = 0.15

thout Slâb =

-J,=.,uoo*"".

-E'= 
I 7so kPa. _

1.50, Vehicl impact factc

E'= 5,250

= 7,000 kPa-

with Slab =

1.0

&

o0457



Surface Load Multiplier for Timber Mats Figures C-5(a) through C-s(d)
Figures C-5(a) through C-5(d) present the effects of placing a20 cm (8-inch) thick timber mat on

the surface as a mitigative measure to increase the allowable surface "point" load. The figures

apply for cover depths of 60 cm, 90 cm, 120 cm, and 150 cm (2 ft,3 ft, 4 ft, 5 ft).

Note: It is important to note that the individual timbers within the mat must be tied in a
manner that provides for a uniformly transfer of load between timbers making up the
mat.
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Figure C-5(a) - Soil Height: 0.6 meters
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Appnurrx D:

Proposed Guideline - Equipment with Low Surface Contact Pressure
Crossing of Existing Pipelines

Where practical, crossings of pipelines shall occur at designated locations along the right-of-way

preferably at purpose-built locations such as roads designed for such use. In situations where

existing pipelines are to be crossed at locations not specifically designed as a crossing location, it
shall be permissible to cross the pipeline by equipment imposing low surface contact loads

provided that the following requirements are met:

a. The crossing of the pipeline is infrequent.

b. The pipeline is suitable for continued servièe at the established operating pressure.

The pipeline operator shall consider service history and anticipated service conditions

in this evaluation.

c. The piping is not subjected to significant secondary stresses, other than those directly

imposed by the crossing of the pipeline.

d. The anticipated surface loading is below that provided in Figure D-l(a) through D-

l(Ð.

As an alternative to the above requirements, an engineering assessment of site-specific

conditions is acceptable. This detailed engineering analysis shall consider the resulting

combined stresses on the pipeline as a result of all loads expected to be imposed during its usage

as a crossing location.

Note: Figures D-l(a) thru D-l(f) utilize a 60 degree bedding angle. A 30 degree angle is
typically utilized and is representative of open trench construction with relatively
unconsolidated backfill such that the full bearing support of the pipe is not achieved.
While this is an acceptable and generally conservative value to utilize for a newly
constructed pipeline, a 60 degree bedding angle has been utilized to reflect a mature
pipeline where soil has re-consolidated around the pipeline providing additional support.

Note: Figures D-l(a) thru D-l(Q utilize an Impact Factor of 1.25 versus 1.50 to take into
account that equipment with low surface contact pressures are:

Typically designed not to compact the soil strata.

Designed to utilize low pressure pneumatic tires with contact pressure < 200 kPa(ga) (30
psig

Designed to operate at lower velocities < l5 kph. ( l0 mph)
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Figures D-1(a) through D-1(Ð
Figure D-l(a) through D-l(Ð present the maximum live surface "point" load in kilograms for

cover depths of 60cm, 90 cm, 120 cm & I 50 cm and design operating pressures of 72%o SMYS

and 80% SMYS.

Notes aonlicable to Fisures D-l la) throush ffl:

I ) For intermediate operating pressure or grades, it shall be permissible to determine the surface
load by interpolation.

2) Design conditions used to develop the table are as follows:
o Depth of cover as indicated

o Maximum hoop stress of 72Vo or 80% percent SMYS as indicated

. Maximum combined circumferential stress of 100 percent SMYS

o Surface loading based on a contact pressure of207 kPa (30 psi) applied over a

rectangular area with aspect ratio (y/x) : I

o Fluctuating stress limitation of 82.7 MPa (12 ksi) based upon 2,000,000 cycles

. Maximum D/t ratio of 125.

. Soil Modulus E' : 1,724 kPa at pipe.

. Soil Density :1,922 kg/.'
o Loading criteria includes an impact factor of 1.25.

o Ma,rimum combined effective stress of up to 100 percent SMYS.

o A temperature differential of ÂT: 50'C or the maximum temperature limitation as per

CSA Clause 4.6.2.1(section 2 above) whichever is the lower is included in the calculated

the longitudinal stress.

o A 60 degree bedding angle has been utilized reflecting a mature pipeline where the soil

has re-consolidated around the pipeline providing additional support.

o Multiple wheel influence factor (if applicable)
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Plotof Allowable Wheel Load versus lnternal Pressure
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Surface Load Multiplier for Rectangular Footprint and Various Contact
Pressure Figures D-2(a) through D-2(d)
Figure D-2(a) through D-2(d) present the Load Multiplier that can be applied to the previous

determined allowable live surface load for surface loads applied over a square footprint with

contact pressures ranging from 35 kPathrough 420kPa (5 psi through 60 psi). The figures apply

for cover depths of 60 cm,90 cm, 120 cm, and 150 cm (2ft,3ft,4ft, 5ft).
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y
Vermont Gas

ARNGP PROJECT DIRECTIVE

Date: 8/31/2015

Subject: General Backfill Materials

Directive Number. 2015 007

In 2. 1 (B) Materials of Section 3 1 2333 - 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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From: John Stamatov (US - Advisory) <john.r.stamatov@pwc.com>
Sent: Tuesday, May 24, 2016 1:11 PM
To: John St.Hilaire
Subject: Compaction Test Results - Rocky Ridge
Attachments: 15303 Compaction.pdf

John,

See attached. Line items 10-12 are for Rocky Ridge (all above 90%).

VELCO (Peter Lind) has received all compaction test results to date.

--
John R. Stamatov
PwC Capital Projects & Infrastructure
774-262-9290

The information transmitted, including any attachments, is intended only for the person or entity to which it is
addressed and may contain confidential and/or privileged material. Any review, retransmission, dissemination
or other use of, or taking of any action in reliance upon, this information by persons or entities other than the
intended recipient is prohibited, and all liability arising therefrom is disclaimed. If you received this in error,
please contact the sender and delete the material from any computer. PricewaterhouseCoopers LLP is a
Delaware limited liability partnership. This communication may come from PricewaterhouseCoopers LLP or
one of its subsidiaries.

Attachment INTERVENORS.VGS.1-100.5
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KNIGHT CONSULTING ENGINEERS, INC.

51 KNIGHT LANE

WILLISTON, VT 05495

FIELD COMPACTION REPORT

For Vermont Gas Systems Project Vermont Gas Testing KCE # 15303

MaximumIn-Place

Optimum

Moisture

Moisture

Content

Percent

Compaction

Dry Dry
Test Date Density Density
No. LocationTested Elevation Soil Description % %(%) (pcf) Intl(pcf)

Compaction Fill
Over Gas Line -

Finish Grade1 09-18-15 Site Material - Thru
Shaker Bucket (1 A"
Minus Silty Gravel)

7.0 7.1 83.7114.1 136.4 pr

±

STA. 158+60

2 09-18-15 Compaction Fill
Over Gas Line -

18"± Below
Finish Grade

Site Material - Thru
Shaker Bucket (LA"
Minus Silty Gravel)

113.8 136.4 7.15.7 83.4 pr

STA. 158+65

3 10-15-15 VELCO - 6" Below
Finish Grade

Site Material - Thru
Shaker Bucket (1 A"
Minus Silty Gravel)

134.4 4.6 136.4 7.1 96.9 bjl
Entrance Gate

Center of
Overhead Lines

2' Below
Finish Grade

4 10-15-15 Site Material - Thru 138.1 138.1 136.4 7.1 bjl100+
Shaker Bucket (1 A"
Minus Silty Gravel)

Left Hand Edge
VELCO Row

2' Below
Finish Grade

5 10-15-15 Site Material — Thru
Shaker Bucket (1 A"
Minus Silty Gravel)

136.0 136.0 136.4 7.1 99.7 bjl

®©83.5VELCO Redmond
Road -STA.
456+20

6 10-19-15 1 '± Below
Top of Soil

Redmond Road Native 106.1 127.1 9.722.7 kp
Backfill

©©82.61 '± Below
Top of Soil

Redmond Road Native10-19-15 VELCO Redmond
Road - STA.
456+60

7 105.0 9.718.0 127.1 kp
Backfill

©©86.38 10-19-15 VELCO Redmond
Road - STA.
456+97

1 '± Below
Top of Soil

Redmond Road Native 109.7 19.6 127.1 9.7 kp
Backfill

©84.4Finish Gravel Crushed Run Gravel04-15-16 Fill Over Gas Line 115.59 7.3 136.9 9.3 pr

,75' South of
Power Line

Crushed Run GravelFinish Gravel 124.704-15-16 Retest of #9 9.310 6.0 136.9 91.1 pr

Finish Gravel Crushed Run Gravel 124.9Under Power Line bjl11 04-18-16 3.2 136.9 9.3 91.2

Crushed Run GravelFinish Gravel 127.604-18-16 75' North of 9.3 bjl12 4.0 136.9 93.2
Power Line

Distribution List: Vermont Gas - Lesli Nichols; Wilson Consulting Engineers - Joey Wilson; Pricewaterhousecoopers - John Stamatov & Effain
Mazariegos	

Remarks: ©90% Minimum compaction effort required.

©Contractor to further compact areas for retesting.

©Contractor further compacted area with larger plate compactor. Two trips to site due to retesting.

Submitted by:

Brian J, iaster/m
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From: Reagan, Michael J <Michael.Reagan@mottmac.com>
Sent: Wednesday, June 29, 2016 7:51 PM
To: John St.Hilaire
Cc: john.r.stamatov@pwc.com; Chris LeForce
Subject: Re: GC Issue Compaction

I did to we went thru it hope CHA did it. I though this was all set . We look into it tomorrow morning

Get Outlook for Android

On Wed, Jun 29, 2016 at 7:49 PM -0400, "John St.Hilaire" <jsthilaire@vermontgas.com> wrote:

I thought we took that out?

Sent from my iPhone

On Jun 29, 2016, at 7:49 PM, Reagan, Michael J <Michael.Reagan@mottmac.com> wrote:

Compaction the orginal spec.

Get Outlook for Android

On Wed, Jun 29, 2016 at 7:47 PM -0400, "John St.Hilaire" <jsthilaire@vermontgas.com> wrote:

Compaction or placing pipe on bottom of trench?

Sent from my iPhone

On Jun 29, 2016, at 7:45 PM, Reagan, Michael J <Michael.Reagan@mottmac.com> wrote:

Gentleman

GC is back on the issue if compaction on the VELCO easement . Just a heads up,
he talked to some operators today. So except a call tomorrow. I was just notified
by the VELCO inspector

Mike

Get Outlook for Android

__________________________________________________________________
____ Attention: This e-mail and any files transmitted with it from Mott
MacDonald are confidential and intended solely for use of the individual or entity

Attachment INTERVENORS.VGS.1-100.8
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to whom they are addressed. If you have received this e-mail in error please
immediately notify the sender.
__________________________________________________________________
____

______________________________________________________________________
Attention: This e-mail and any files transmitted with it from Mott MacDonald are confidential
and intended solely for use of the individual or entity to whom they are addressed. If you have
received this e-mail in error please immediately notify the sender.
______________________________________________________________________

______________________________________________________________________ Attention: This e-mail
and any files transmitted with it from Mott MacDonald are confidential and intended solely for use of the
individual or entity to whom they are addressed. If you have received this e-mail in error please immediately
notify the sender. ______________________________________________________________________
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AC I NTERFERENCE ANALYSIS

&
M ITIGATION SYSTEM DESIG N

Prepared for:

Vermont Gas System

12" Addison Natural Gas Project

Chittendon & Addison Counties, Vermont

Prepared By

Report lssued: May 20,20L6

ARK Engineering & Technical Services, lnc.
639 Granite Street, Suite 200

Braintree, MA 02184
Phone: 781-849-3800

Fax: 781-849-3810

For information, please contact:
Mr. James Smith

Report N um ber: R-!2L44- AC

ISSUED FOR CONSTRUCTION
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Vermont Nøturol Gas - Addison Notural Gas Project - AC lnterference Analysis Report

EXECUTIVE SUMMARY

This report summarizes the results of an AC interference analys¡s for Vermont Gas

System on the proposed Vermont Gas 12" pipeline. This proposed pipeline will be

subject to AC electrical interference effects from the following electric transmission
circuits which will parallel and cross the proposed pipeline:

e Ten (10) Vermont Electric Power (VELCO) electric transmission circuits
e One (L) Green Mountain Power (GMP) electric transmission circuit

The proposed pipeline length under study is approximately 41.2 miles

This final report presents the predicted AC interference pipeline potentials during future
emergency peak load conditions on the VELCO circuits, as provided by VELCO. Fault
conditions on these circuits were also simulated to determine AC inductive and

conductive coupling effects to the proposed pipeline.

Green Mountain Power did not provide electric circuit data, therefore, based upon
previous experience, ARK Engineering assumed peak emergency load currents and fault
current values to predict worst-case scenarios caused by inductive and conductive AC

electrical interference effects by the GMP transmission circuit to this proposed pipeline

The results of this study indícate that AC steady state interference voltage levels are
calculated above the design limít of thirty (30) Volts at non-exposed pipeline locations
and fifteen (15) Volts at exposed pipelíne locations at several locations along this
proposed pipelíne route.

For the proposed pipeline under study, a maximum computed induced AC pipeline
potential of approximately one hundred and thirty-nine (139) Volts, with respect to
remote earth, occurs at pipelíne statíon number 2087+16. At this location, the
proposed pipeline leaves the shared right-of-way with two (2) VELCO electric
transmission circuits.

During simulated single phase-to-ground fault conditions on the electric transmission
circuits, the maxímum total pipeline coating stress voltage level was computed. This is

the sum of the inductive and conductive AC interference effects on the proposed
pipeline. The maximum pipeline coating stress voltage was calculated at four thousand
six hundred and fourteen (4,614) Volts at pipeline station number 1547+70. At this
location, the proposed 12" pipeline will parallel the VELCO 115 kV 'K43' electric
transmission circuit.

This coating stress voltage level is below the design limit of five thousand (5,000)Volts

Page 2
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The following six (6) aboveground pipeline appurtenances were analyzed for touch and
step hazards due to their proximity to the electric transmission circuits:

o Williston M&R:
o MLV-2:
o MLV-3:
o MLV-4:
¡ MLV-S/ Plank Rd. M&R:
o MLV-6:

MP 10.43

MP 14.30

MP 19.81

MP 24.80

MP 32.54

MP 35.00

The computed touch and step voltages were above the IEEE Standard 80 design limít at
each location. AdditionalAC mitigation is recommended at each site.

AC current density calculations associated with AC corrosion mechanisms were
conducted for this proposed pipeline.

The AC mitigation system designs proposed by ARK Engineering in this report reduce the
pipeline AC electrical interference effects to acceptable levels during steady state and
fault conditions on the electric transmission circuits, for personnel safety and pipeline
integrity.

ARK Engineering & Technicol Services, lnc. Poge 3
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1. INTRODUCTION

1.0 lntroduction

ARK Engineering & Technical Services, lnc. was contracted to investigate AC electrical
interference effects on the proposed Vermónt Gas 12" pipeline. AC electrical
interference effects may occur on this proposed pipeline due to the proximity of ten
(10) VELCO electric transmission circuits and one (1) GMP electric transmission circuit
The proposed pipeline under study is approximately 41,.2 miles in total length, and is

located in Chittenden and Addison Counties, Vermont.

This report presents the computed steady state induced AC pipeline potentials for this
pipeline. Simulated fault conditions on the electric transmission circuits were also
modeled to determine pipeline coating stress voltages for this pipeline.

Emergency peak load and fault current values, provided by VELCO or conservatively
estimated by ARK Engineering, based on industry experience, were used to predict
worst-case scenarios caused by inductive and conductive AC electrical interference
effects to this pipeline.

This report summarizes this analysis and outlines ARK Engineering's recommendations
for mitigation of AC electrical interference effects on this proposed pipeline. The
proposed mit¡gat¡on system design, as outlined in this report, will reduce the AC

electrical interference effects on the pipeline to acceptable limits.

The conclusions in this report are based upon field data, pipeline data provided by
Vermont Gas System, and power line data provided by VELCO or assumed by ARK

Engineering for the GMP círcuit. Calculations and analysis were performed using state-
of-the-art modeling software.

1.1 Joint Facility Corridor Overview

The proposed 12" pipeline will travel through Chittenden and Addison Counties,
Vermont. This proposed pipeline is approximately 41.2 miles in length. All station
numbers outlined in this report are based on the pipeline alignment plans - Vermont
Gas.Proposed 12" Pipeline Addison Natural Gas Project - EPSC Plan issued 4/L6/2AL3

The areas of concern where the proposed pipeline will parallel or cross the electric
transmission círcuits, are outlined below:

At pipeline stat¡on number 69+50, the pipeline will cross the VELCO 115 kV K22

electric transmission circuit.

a

ARK Engineering & Technicol Services, lnc. Page 6
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At pipeline station number 159+00, the pipeline will cross the VELCO 115 kV
'K21' electríc transmission circuit.

From pipeline station number 328+00 to 333+50, the pipeline will parallel and
cross the 'GMP' electric transmission circuit.

At pipeline station number 456+50, the pipeline will cross the VELCO 1,15 kV
'K24' electric transmission circuit.

From pipeline station number 535+00 to 606+50, the pipeline will parallel the
VELCO 1-15 kV 'K23' electric transmission circuit.

At pipeline station number 606+50, the pipeline will pass in front of the VELCO

Taft's Corner' electric substation.

From pipeline station number 606+50 to7L7+OO, the pipeline will paralleland
cross the VELCO 115 kV 'K27' electric transmission circuit.

At pipeline station number 606+50, the pipeline will pass in front of the VELCO

'Williston' electric substation.

At pipeline station number 717+50, the pipeline will pass the VELCO 115 kV'K33'
electric transmission circuit which ties into the VELCO 'Williston' electric
substation.

From pipeline station number 718+50 to 1854+50, the pipeline will parallel and
cross the VELCO 115 kV'K43' electric transmission circuit.

From pipeline station number 1813+50 to 1854+50, the pipeline will parallel and
cross the VELCO 115 kV'K64' electric transmission circuit.

At pipeline station number 1857+00, the pipeline will pass in front of the VELCO

'New Haven' electric substation.

From pipeline station number 1859+00 to 2O87+75, the pipeline will parallel and
cross the VELCO 115 kV 'K63' electric transmíssion circuit.

From pipeline station number 1859+50 to 2087+75, the pipeline will parallel and
cross the VELCO 115 kV 'K370' electric transmission circuit.

When metallic pipelínes are located in shared rights-of-way with high voltage electric
transmission circuits, the pipelines can incur high induced voltages and currents due to

a

a

a

a

a

a

a

a

a

a
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AC interference effects. This situation can cause a number of safety issues if not
mitigated effectively. The possible effects of this AC interference can include: personnel
subject to electric shock up to a lethal level, accelerated corrosion, arcing through
pipeline coating, arcing across insulators, disbondment or degradation of coating, or
possibly perforation of the pipeline.

AC interference simulation programs were used as part of this project to model the
right-of-way (ROW) and estimate the levels of induced and conductive AC voltage on the
proposed pipeline. These programs can also be used to evaluate the effectiveness of
any proposed mitigation system design.

I.2 Objectives & Project Tasks

The primary objectives of this study were as follows:

!.2.7 Determine the AC electrical interference effects to the proposed pipeline
during steady state and fault conditions on the eleven (L1) electric
transmission circuits.

7.2.2 lf required, recommend AC mitigation methods to reduce the induced
steady state AC pipeline potentials and touch voltages to less than 30
Volts at all buried locations on the pipeline.

I.2.3 lf required, recommend AC mitigation methods to reduce the induced
steady state AC pipeline potentials and step and touch voltages to less

than 15 Volts at all above ground appurtenances.

L.2.4 lf required, recommend mitigation methods to reduce fault-induced
coating-stress voltages on the pipeline to less than 5,000 Volts, for
protection of the pipeline coating.

1.2.5 lf required, recommend mitigation methods for aboveground pipeline
locations, such ai; valve sites and meter stations.

L2.6 Assess the induced AC density on the pipeline for the potential threat of
AC corrosion effects.

7.2.7 Perform calculations to determine the likelihood of AC corrosion effects
to this proposed pipeline, based upon the installation of an AC

interference mitigation system.

Poge IARK Engineering & Technicol Services, lnc.
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7.2.8 lf AC corrosion effects are likely, based upon these calculat¡ons,
determine if additional mitigation is required to reduce or eliminate the
likelihood of AC corrosion effects.

The project tasks associated wíth this portion of the AC interference analysis and

mitigation study consist of the following:

1..2.9 Soil Resistivitv Analvsis - Soil Resistivity measurements were taken along
the proposed pipeline. An equivalent multi-layer soil model was

obtained from these measurements using the modeling software. This
model was then applied to subsequent simulation steps. This task is

described in Chapter 2, and detailed results are presented in Appendix A

L.2.t0 lnductive lnterference Analvsis - Circuit models for the proposed pipeline
and electric circuits were developed and used to determine magnetically
induced pipeline potentials during steady state and fault conditions on

the electric transmission circuits. This task is described in Chapter 3, and

detailed results are presented ín Appendix B.

L.2.IL Conductive lnterference Analvsis - The effects of single line-to-ground
faults of nearby electric transmission circuits on the proposed pipeline in

proximity was studied. These results were used to calculate coating-
stress voltages along the pípeline. This task is described in Chapter 3, and

detailed results are presented in Appendix B.

1.3 A BRIEF PERSPECTIVE ON ELECTROMAGNETIC INTERFERENCE

MECHANISMS

The flow of energy transmitted by electric power is not totally confined within the
power conductors. However, the spatial density of energy in the environment
surrounding these circuits decreases sharply with an increase in distance from the
conductors. Metallic conductors such as pipelines that are located near electric
transmíssion circuits may capture a portion of the energy encompassed by the
conductors' paths, particularly under unfavorable circumstances such as long parallel

exposures and fault conditions. ln such cases, high currents and voltages may develop
along the conductors' lengths. Energy may also flow directly from power installations to
pipeline installations vía conductive paths common to both.

The electromagnetic interference mechanisms at low frequencies have been
traditionally divided into three (3) categories: capacitive, inductive and conductive
coupling. These categories and their possible effects are illustrated in Figure 1-1.

Poge 9ARK Engineering & Technicol Services, lnc.
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Figure 1-1: lnterference Mechanisms and Effects on Pipeline

1.3.1 CapacitiveCoupling

Mechanism:

Electrostatic or capacitive coupl¡ng results from the electric field gradient established
between energized transmission line conductors and the earth. When the transmission
line voltage is very high, a significant electric field gradient exists in the neighborhood of
the transmission line. Large conductors, which are near and parallel to the transmission
line and insulated from the earth, are liable to accumulate a significant electric charge,
which represents a very real danger for personnel. Typically, such conductors include:
equipment isolated from the earth, vehicles with rubber tires, aboveground pipelines, or
pipelines under construction in dry areas when no precautions have been taken to
establish adequate grounding for the pipeline lengths not yet installed in the ground.
Hazards range from slight nuisance shocks to ignition of nearby volatile liquids with the
accompanying risk of explosion, or electrocution of personnel.
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Mitigation Measures

Buried pipelines are relatively immune to interference due to capacitive coupling
because, despite even an excellent coating, the length of exposure to the surrounding
soil makes for an adequate ground to dissipate any significant charge that might
otherwise accumulate. Aboveground pipelines, including pipelines under construction
(which may or may not be buried in part) do not naturally have this protection. One
means of protection is periodic grounding to earth, via ground rods, or other ground
conductors judiciously placed so as to be unaffected by ground currents emanating from
nearby towers during a fault.

1.3.2 lnductive Coupling

Mechanism

Electromagnetic or inductive interference in a passive conductor (pipeline) results from
an alternating current in another energized conductor (power line), which is more or
less parallel to the first. This level of interference increases with decreasing separation
and angle between the conductors, as well as with increasing current magnitude and
frequency in the energized conductor. The combination of a high soil resistivity and
passive conductors with good electrical characteristics (good coating, high conductivity
and low permeability) also result in high-induced currents.

Peak potential values occur at discontinuities in either the energized or the passive
conductor. When a transmission line and a pipeline are interacting, such discontinuities
take the form of rapid changes in separation between the pipeline and transmission
line, termination of the pipeline or an insulating junction in the pipeline (which amounts
to the same thing), sudden changes in pipeline coating characteristics, a junction
between two (2) or more pipelines or transposition of transmission line phases. Note
that the induction effects on pipelines during normal power line operating conditions
are small compared to the induction effects experienced by a pipeline during a power
line fault. The most severe kind of fault is a single-phase-to-ground fault during which
high currents circulate in one of the power line phases and are not attenuated by any
similar currents in other phases. Hence, mitigation methods, which suffice for single-
phase fault conditions, are often adequate for other conditions. lt must be noted
however, that the longer duration of the resulting potentials in the pipeline during
steady state conditions makes the problem important to investigate from a perspective
of human safety.

Unlike conductive interference, which tends to be a rather local phenomenon, inductive
interference acts upon the entire length of the pipeline that is near to the power lines.
Note, however, that conductive interference can involve long sections of a pipeline if
several towers adjacent to the faulted tower discharge a significant portion of the fault
current, or if a ground conductor connected to the pipeline (anode) and located near a

faulted tower, picks up current from the soil.

Page 17ARK Engineering & Technicol Serv¡ces, lnc.
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The large potentials induced onto a pipeline during a fault can destroy insulated
junctions, pierce holes in lengths of coating, and puncture pipeline walls. Equipment
electrically connected to the pipeline, such as cathodic protection devices,
communications equipment, and monitoring equipment can be damaged, and
personnel exposed to metallic surfaces, which are continuous with the pipeline, can
experience electrical shocks. Accelerated corrosion is another possible result.
lmplementing appropriate mitigative measures, as discussed below, can prevent this
situation.

Although a pipeline equipped with mitigative measures appropriate to deal with phase-
to-ground faults does not usually present a great safety hazard during normal
conditions, several problems can still exist due to low magnitude induced alternating
currents. Accelerated corrosion of steel can result if not offset by increased cathodic
protection. This máy mean a shortened life for sacrificial and impressed current anode
beds. Small amounts of AC can also render impractical the use of a pipeline as a

communication channel for data such as pressure and temperature readings to pumping
and compressor stations.

Mitigation Measures:

Pipeline Coating Resistance - The coating resistance of the pipeline should be chosen as
low as corrosion considerations permit. Pipeline coating resistance plays an important
role in determining pipeline potentials during a fault condition. During a fault condition,
on an electric transmission circuit, the pipeline coating conducts significant amounts of
current and should be regarded more as a poor grounding system than an insulator.
When this perspective is assumed, it is seen that lowering pipeline coating resistance
and bonding grounded conductors to the pípeline steel are two (2) applications of the
same principle.

Pipeline Section Length - ln theory, the potential induced electromagnetically in a
pipeline section insulated at both ends is roughly proportional to the length of the
exposed region. When this relationship no longer holds, the pipeline is said to have
exceeded its characteristic length. The maximum potentialvalue in a sectíon (with
respect to remote ground) occurs at each extremity with roughly the same magnitude
and opposite phase. This means that each insulating junction is subjected to a stress
voltage that is double the peak value in the section. lf insulating junctions are inserted
frequently enough along a pipeline, then the section size is kept to a minimum, and
consequently, so are the peak voltages in the pipeline. This constitutes one possible
mitigation method. However, this thorough segmentation can result in very high
construction and pipeline cathodic protection costs.

Grounding - Grounding of a pipeline, as a protection against the significant voltages that
appear during an electrical fault condition, is one of the most effective mitigation
measures available. A pipeline should be grounded at appropriate locations throughout
its length. Typicalgroundíng locations include: alltermination points, both extremities
of a segment which is grounded at both ends by an insulating junction, just before and
just after a pipeline crosses a power line at a shallow angle, and any other important
point of discontinuity likely to result in high induced voltages during a fault condition.
Such points include locations where the passive conductor:

ARK Engineering & Technicol Services, lnc. Poge 12
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. Suddenly veers away from the power line.

. Suddenly changes coat¡ng characteristics.
o Emerges from the earth, or returns to the earth

Other locations where high-induced voltages are likely include points where power line
phases are transposed and points where two (2) or more pipelines meet.

ln order not to load cathodic protection installations significantly, grounds should be
made of an adequate sacrificial material such as zinc or should be made via solid-state-
isolator or polarization cells. These DC decoupling devices (DCD) should be properly
sized, spaced and physícally secured to withstand the current resulting during a power
line fault. Caution should be taken to locate grounds far enough away from any nearby
power line structure, so that the soil potential near the ground does not rise to
undesirable values during a power line fault condition. Soil potentials drop off rather
quickly around a faulted structure injecting currents into the earth, so this is not an
extremely difficu lt proposition.

Buried Mitigation Systems - A highly effective means of mitigating excessive AC pipeline
potentials is the installation of gradient control wires or matting. These methods reduce
both inductive and conductive interference. These gradient control wires consist of one
or more bare conductors which are buried parallel and near to the pipeline and which
are regularly connected to the pipeline. These wires provide grounding for the pipeline
and thus lower the absolute value of the pipeline potential (i.e., the potential with
respect to remote earth). They also raise earth potentials in the vicinity of the pipeline
such that the difference in potential between the pipeline and local earth is reduced. As
a result, touch voltages are significantly reduced.

1.3.3 Conductive Coupling

Mechanism:

When a single-phase-to-ground fault occurs at a power line structure, the structure
injects a large magnitude current into the earth raising soil potentials in the vicínity of
the structure. lf a pipeline is located near such a faulted structure, then the earth
around the pipeline will be at a relatively high potentialwith respect to the pipeline
potential. The pipeline potential will typically remain relatively low, especially if the
pipeline coating has a high resistance. The difference in potential between the pipeline
metal and the earth surface above the pipeline is the touch voltage to which a person
would be subjected when standing near the pipeline and touching an exposed metallic
appurtenance of the pipeline.

lf the pipeline is perpendicular to the power line, then no induction will occur and the
conductive component described above will constitute the entirety of the touch
voltages and coating stress voltages appearing on the pipeline. lf the pipeline is not
perpendicular to the power line, then an induced potential peak will appear in the
pipeline near the fault location. Based on previous interference studies, the induced
potential peak in the pipeline is typically on the order of one hundred and fifty-five
degrees (155") out of phase with the potential of the faulted structure and therefore

ARK Engineering & Technicol Services, lnc. Page 73
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with the potentials of the soil energized by the structure. Thus, the pipeline steel
potential due to induction is essentially opposite in sign to the soil potentials due to
conduction. Therefore, inductive and conductive effects reinforce each other in terms
of coating stress voltages and touch voltages.

Mitigation Measures:

The magnitude of the conductive interference is primarily a function of the following
factors:

í) GPR of Transmission Line Structure. Soil potentials and touch voltages due to
conductive coupling are directly proportional to the ground potential rise (GPR) of
the transmission line structure. This GPR value is a property of the entire
transmission line system.

ii) Separation D Although soil potentials and therefore touch voltages
obviously decrease with increasing distance away from the faulted structure, the
rate of decrease varies considerably from site to site, depending upon the soil
structure, as described below.

iii) Size of Structure Grounding Svstem. Soil potentials decrease much more sharply
with increasing distance away from a small grounding system than that from a large
grounding system. Conductive interference can be minimized by limiting the use of
counterpoise conductors and ground rods, by the power company, at sites where
pipelines are in close proximity to the electric transmission system structures.

iv) Soil Structure. When the soil in which the structure grounding system is buried has
a significantly higher resistivity than the deeper soil layers (particularly if the lower
resistivity layers are not far below the structure grounding system), earth surface
potentials decay relatively sharply with increasing dístance away from the
structure. When the inverse is true, i.e., when the structure grounding system is in
low resistivity soil, which is under laid by higher resistivity layers, earth surface
potentials may decay very slowly.

v) Pipeline Coatine Resistan When a pipeline has a low ground resistance (e.g., due
to coating deterioration over time), the pipeline collects a significant amount of
current from the surrounding soil and rises in potential. At the same time, earth
surface potentials in the vicinity of the pipeline decrease due to the influence of the
pipeline. As a result, the potential difference between the pipeline and the earth
surface can be significantly reduced.

When a conductive interference problem is present, touch voltages can be reduced by:
either reducing earth surface potentials in the vicinity of the pipeline, raising the
pipeline potentials near the faulted structure, or a combination of these two (2) actions.
The most effective mitigation systems perform both of these actions.

Poge 14ARK Engineering & Technicol Services, lnc.

00487



Vermont Naturol Gas - Addison Naturol Gos Project - AC lnterference Analysis Report

L.4 A BRIEF PERSPECTIVE ON AC CORROSION MECHANISMS

1.4.1 AC Corrosion Mechanism

AC corrosion is the metal loss that occurs from AC current leaving a metall¡c pipeline at a

coating holiday. The mechanism of AC corrosion occurs when AC current leaves the
pipeline through a small holiday in low resistance soíl conditions.

1.4.2 Mitigation of AC Corrosion

The main factors that influence the AC corrosion phenomena are:

lnduced AC pipeline voltage
DC polarization of the pipeline
Size of coating faults (holidays)

Local soil resistivity at pipe depth

The induced AC pipeline voltage is considered the most important parameter when
evaluatíng the likelihood of AC corrosion on a buried pipeline section.

The likelihood of AC corrosion can be reduced through mitigation of the induced AC
pipeline voltage. The European Standard CEN¡-S 15280:2006 "Evaluation of AC

Corrosion Líkelihood of Buried Pipelines - Application to Cathodically Protected
Pipelines" recommends that AC pipelirre voltages should not exceed the following:

Ten (10) Volts where the local soil resistivity is greater than 25 ohm-meters.
Four (4) Volts where the local soil resistivity is less than 25 ohm-meters.

These AC pipeline voltage limits are derived in part by calculating AC density at pipeline
coating holidays. Since the AC current is mainly discharged to earth through the
exposed steel at pipeline coating holidays, the AC corrosion rate can vary
proportionately with increasing AC density at a coating holiday.

European Standard CENÆS 15280, offers the following guídelines:
The pipeline is considered protected from AC corrosion if the root mean square (RMS)

AC density is lower than 30 A/m2. ln practice, the evaluation of AC corrosion likelihood
is done on a broader basis:

o Current density lower than 30 A/m2: no or low likelihood of AC Corrosion effects
o Current density between 30 and 100 A/m2: medium likelihood of AC Corrosion
o Current density higher than 100 A/m2: very high likelihood of AC Corrosion

ARK Engineering & Technicol Services, lnc. Page 15
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lf the soil res¡stivity and the pipeline AC voltage are known, the risk of AC corrosion can

be determined using the following formula in Equation 1to calculate the current density
at a holiday location.

l=(8*Yac)/(p*n*d) (Equation 1)

Where:
i = Current Density (A/m2)
V,. = Pipe-to-SoilVoltage (Volts)

p = Soil Resistivity (ohm-meters)
d = Holiday diameter (meters)

1.4.3 Determining Steady State Pipeline AC Voltage Limits

The primary factor in calculating AC density at coating holidays is induced AC voltage on

the pipeline at these coatíng holidays. Since the local soil does not significantly change,
lowering the induced AC pipeline voltage (by adding mitigation) also lowers the local AC

density.

To analyze the possible AC corrosion effects on this pipeline section, calculations were
completed to determine the AC current density exiting the pipeline, assuming a one (1)

cm2 circular coating holiday at each soil resistivity location.

1.5 Def initions

AC Corrosion: The corrosion reaction associated with an AC electric current leaving the
metal pipeline surface, due to an induced AC voltage on the pipeline.

AC Electrical lnterference (Electromagnetic Interference): A coupling of energy from an
electrical source (such as an electrical power line) to a metallic conductor (such as a
pipeline) which at low frequencies (in the range of power system frequencies) occurs in
the form of three different mechanisms; capacitive, conductive and inductive coupling.
Electrical interference can produce induced voltages and currents in the metallic
conductors that may result in safety hazards and/or damage to equipment.

Coating Stress Voltage: This is the potential difference between the outer surface of a
conductor (e.g., pipelines, cables, etc.) coating and the metalsurface of the conductor,
and results from inductive and conductive potentials.
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Capacitive Coupling: Capacitive coupling occurs as a result of an energized electrical
source (e.g., power line) that produces a power line voltage between a conductor (such
as a pipeline) and earth where the conductor is electrically insulated from the earth. An
electric field gradient from the electrical source induces a voltage onto the conductor
insulated from earth, which varies primarily according to the distance between the
source and the conductor, the voltage of the source and the length of parallelism.

Conductive Coupling: When a fault current flows from the power line conductor to
ground, a potential rise is produced in the soilwith regard to remote earth. A
conductor, which is located in the influence area of the ground for the power line
structure, is subject to a potentíal difference between the local earth and the conductor
potential. Conductive coupling is a localized phenomenon that acts upon the earth in
the vicinity of the flow of current to ground.

Conductive Earth Potential: This is the potential that is induced onto a conductor due
to the energization of the surrounding earth by the current leaking from the power line
structure.

Dielectric Breakdown: The potential gradient at which electric failure or breakdown
occurs. lnthiscase,itispertinenttothecoatingofthepipelineandthepotentialat
which damage to the coating will occur.

Earth Surface Potential: When a single-phase-to-ground fault occurs at a power line
structure, the structure injects a large magnitude current into the earth and therefore
raises soil potentials in the vicinity of the structure. These potentials are referred to as
earth surface potentials.

Fault Condition: A fault condition is a physical condition that causes a device, a

component, or an element to fail to perform such as a short circuit or a broken wire. As
a result, an abnormally high current flows from one conductor to ground or to another
conductor.

lnductive Coupling: lnductive coupling is an association of two (2) or more circuits with
one another by means of inductance mutualto the circuits. The coupling results from
alternating current in an energized conductor (e.g., power line) which is more or less
parallel with a passive (non-energized) conductor. lnductive coupling acts upon the
entire length of a conductor.

lnductive Pipeline Potential: The potential induced onto a pipeline during steady state
or fault conditions that results from the mutual coupling between the energized
conductor (power line) and the pipeline.

Load Condition: A load condition for a circuit is the amount of rated operating electrical
power that is transmitted in that circuit under normal operating conditíons for a specific
period of time.
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Local Earth: Local earth is the earth in the vicinity of a conductor, which is raised to a
potential, typically, as a result of the flow of fault current to ground. ln the case of a
pipeline, which has a good coating and does not have grounding conductors connected
to the pipeline where the earth potential rise occurs, the "local" earth will be the same
as the "remote" earth.

Permeability: Permeability is a term used to express various relationships between
magnetic induction and magnetizing force.

Potential Difference: The relative voltage at a point in an electric circuit or field with
respect to a reference point in the same circuit or field.

Remote Earth: Remote earth ¡s a location of the earth away from where the origin of
the earth potential rise occurs that represents a potentialof zero Volts.

Steady State Condition: A steady state condition for a power system is a normal
operating condition where there is negligible change in the electrical power transmitted
in a circuit over a long period of time.

Step Voltage: The difference in surface potential experienced by a person bridging a
distance of L meter w¡th his feet without contacting any other grounded cohducting
object.

Touch Voltage: The potential difference between the Ground Potential Rise and the
surface potential at a point where a person is standing with his hand in contact with a
grounded structure.

1.6 AC Mitigation System Design Objectives

An AC mitigation system designed to protect a pipeline subject to AC interference
effects must achieve the following four (4) objectives:

During worst-case steady state load conditions for each electric transmission
circuit, reduce AC pipeline potentials with respect to local earth to acceptable
levels for the safety of operating personnel and the public.

ii) During fault conditions on the electric transmission circuits, ensure that pipeline
coating stress voltages remain within acceptable limits in order to prevent
damage to the coating or even to the pipeline steel.

Damage to the coating can result in accelerated corrosion of the pipeline itself.
Coating damage can occur at voltages on the order of one thousand (1,000) to
two thousand (2,000) Volts for bitumen coated pipelines, whereas damage to
polyethylene or fusion bonded epoxy coated pipelines occurs at higher voltages,
i.e., greater than five thousand (5,000) Volts.

i)
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During fault conditions on the electric transmission circuits, ensure the safety of
the public and of operat¡ng personnel at exposed pipeline appurtenances.
ANSI/IEEE Standard 80 specifies safety criteria for determining maximum
acceptable touch and step voltages during fault conditions. Special precautions
must be taken by maintenance personnel when excavating inaccessible portions
of the pipeline to ensure safety in case of a fault condition.

iv) During worst-case steady state load conditions for each electric transmission
circuit, reduce AC current densities through coatíng holidays to prevent possible
AC corrosion mechanisms on the pipeline.

Table 1-1 depicts the proposed 12" pipelíne design criteria

Table 1-1: Design Criteria for Personnel Safety, and Protection
Against Damage to the Pipeline Coating

l With respect to "Local Earth"

Coating Stress Voltage

AC Current Density Through 1 cm2

Coatine Holidav

Buried Pipeline Touch Voltage

Exposed Pipeline Appurtenance
Step Voltage

Exposed Pipeline Appurtenance
Touch Voltage

100 A/m2 (Current)

30

15

15

5,000
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2. PHYSICAL LAYOUT

2.O Physical Layout

The proposed L2" pipeline under study is approximately 4I.2 miles in length. Eleven
(11) electric transmission circuits will parallel or cross the proposed pipeline as

described below:

At pipeline station number 69+50, the pipeline will cross the VELCO tts kV 'K22'
electric transmission circuit.

At pipeline station number 159+00, the pipeline will cross the VELCO 115 kV
'K2L' electric transmíssion circuit.

From pipeline station number 328+00 to 333+50, the pipeline will parallel and
cross the 'GMP' electric transmission circuit.

At pipeline station number 456+50, the pipeline will cross the VELCO 115 kV
'K24' electric transmissíon circuit.

From pipeline station number 535+00 to 606+50, the pipeline will parallel the
VELCO 115 kV 'K23' electric transmíssion circuit.

At pipeline station number 606+50, the pipeline will pass in front of the VELCO

'Taft's Corner' electric substation.

From pipeline station number 606+50 to71-7+00, the pipeline will parallel and
cross the VELCO L15 kV'K27' electric transmission circuit.

At pipeline station number 606+50, the pipeline will pass in front of the VELCO

'Williston' electric substation.

At pipeline station number 717+50, the pipeline will pass the VELCO 115 kV'K33'
electric transmission circuit which ties into the VELCO 'Williston' electric
substation.

From pipeline station number 718+50 to 1854+50, the pipeline will parallel and
cross the VELCO 115 kV 'K43' electric transmission circuit.

From pipeline station number 1813+50 to 1854+50, the pipeline will parallel and
cross the VELCO 115 kV'K64' electric transmission circuit.

a

a

a

a

a

a

a

a

a

a

a
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At pipeline station number 1857+00, the pipeline wíll pass in front of the VELCO

'New Haven' electric substation.

From pipeline station number 1859+00 to 2087+75, the pipeline will parallel and
cross the VELCO 115 kV'K63' electríc transmission circuit.

From pipeline station number 1859+50 To 2087+75, the pipeline will parallel and
cross the VELCO 115 kV 'R370' electric transmission circuit.

The eleven (11) electric transmission circuits and the approximate pipelíne station
numbers are listed in Table 2-1.

Table 2-1: of lnfluence Electric Circuits on the

Note: All referenced pipeline station numbers are based on the pipeline alignment plans - Vermont
Gas Proposed 12" Pipeline Addison Natural Gas Project - EPSC Plan issued 4/1612013.

a

a

o

K370

K63

K64

K43

K33

K27

K23

K24

GMP

K21

K22

VELCO

VELCO

VELCO

VELCO

VELCO

VELCO

VELCO

VELCO

GMP

VELCO

VELCO

345

115

115

115

115

115

115

115

115

115

Parallel from 1859+50 Io2087+75

Parallel from 1859+00 fo2087+75

Parallel from 1813+50to 1854+50

Parallel from 718+50 to 1854+50

Passes at 717+50

Parallel from 606+50 to 717+00

Parallel from 535+00 to 606+50

Crosses at 456+50

Parallel from 328+00 to 333+50

Crosses at 159+00

Crosses at 69+50
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2.t Pipeline Data

The effective coat¡ng resistance of a pipeline is a conservative value obtained from
previous research on coating resistances for new coated pipelines.

1) Coating Resistance of L2" pipeline 1,000,000 ohm-ft2

The characteristics used for the proposed 12" pipeline, provided by Vermont Gas
System, will be as follows:

o Relativeresistivity:
o Relativepermeability:
¡ Pipeline diameter:
o Pipeline depth:

10 (with respect to annealed copper)
300 (with respect to free space)

12.75" OD

Minimum 3' Cover (top of pipe to natural
grade)

0.31_2"

Pritec 10/40 or Warrior 100

a

a

Pipeline wall thickness:
Coatings:

2.2 Soil Resistivity Measurements

This AC electrical interference analysis was based on soil resistivity measurements
recorded at locations along the proposed pipeline route, using equipment and
procedures developed especially for this type of irrter[erence study. ARK Engineering
personnel conducted these soil resistivity measurements on May 1-6, 2013. Soil
resistivity measurements for this analysis were recorded at forty (40) sites. This
measurement data is outlined in Appendix A.

Soil resistivity measurements are used to calculate the ground resistance of electric
transmíssion line structures, assess the gradient control performance of AC mitigation
systems and gradient control mats, as well as to determine the conductive coupling of
the pípeline through the earth from nearby faulted electric transmission circuit
structures. The conductive coupling has an important effect on touch and step voltages
at proximate valve sites and on pipeline coating-stress voltages.

Past experience has shown the need for a special measurement methodology for
environments that are subject to electrical noise due to the presence of nearby high
voltage electric transmission circuits. When conventional methods are used, the
instrumentation can píck up noise from the nearby electric power circuits and indicate
resistívity values much higher than reality at large electrode spacing, suggesting that
deeper soil layers offer poorer grounding than they actually may. Resistance readings
can be inflated by a factor of four (4) or more. This error can result in conservative .
mitigation designs.
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2.2.1 Soil Resistivity Measurement Methodology

Measurements conducted by ARK Engineering personnel were based upon the
industry recognized Wenner four-pin method, in accordance with IEEE Standard
81, "IEEE Guide for Measuring Earth Resistivity, Ground lmpedance, and Earth

Surface Potentials of a Ground System", using the Miller 400D Digital Resistance
Meter.

The electrode spacing varied from point one-five (0.15) meters to twenty-five
(25) meters. Apparent resistivity values that correspond to the measured
resistance values can be calculated using the expression:

P = 2naR

Where
p = Apparent soil resistivity, in ohm-meters (O-m)

a = Electrode separation, in meters (m)

R = Measured resistance, in ohms (f))

ln practice, four rods are placed in a straight line at intervals "a", driven to a

depth that does not exceed one-tenth of "a" (0.1-*a).

This results in the approximate average resistance of the soíl to a depth of "a"
meters.

2.2.2 Soil Resistivity Data

Soil resistivity measurements were used to derive an equivalent soil structure
model. This multilayer soil model is representative of the changing soil
characteristics as a function of depth. The ínductive coupling interference
modeling uses the bottom-most soil resistivity layer from the multilayer model.
The complete multi-layer soil characteristics are used to calculate the conductive
and total AC interference effects. Touch voltage, coating stress voltage, and
touch & step safety limits all use the complete multilayer soil model.

The bottom layer soil resistivity values were used for calculating electric
transmission circuit parameters and inductive interference effects on the
proposed pipeline.

ARK Engineering & Technical Servìces, lnc Poge 23

00496



Vermont Notural Gas - Addison Noturol 6os Project - AC lnterference Analys¡s Report

Table 2-2: Bottom Layer Soil Resistivity Values

33

32

31

30

29

28

27

26

25

24

23

22

2t

20

L9

18

77

16

15

t4

13

12

77

10

9

8

7

6

5

4

3

2

1

1769+00

1731+00

1651+00

1587+50

1548+00

7492+50

1425+00

1397+00

1343+25

7264+OO

1202+50

1157+00

1111+00

1046+00

999+25

961+50

893+75

817+50

757+OO

703+50

657+00

600+50

458+00

505+50

433+00

396+25

315+00

267+OO

207+50

162+00

105+50

33+00

20+50

375.09

2,846.73

884.52

583.50

2,340.75

885.79

764.72

997.16

1,322.32

32!.77

80.8s

231.01

500.30

456.23

481.45

387.73

243.58

249.55

768.9L

4,484.1,O

299.76

t22.O9

248.55

438.88

258.45

266.40

197.30

73s.56

735.49

7L3.74

246.46

584.54

67.36
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Note: All referenced pipeline station numbers are based on the pipeline alignment
plans - Vermont Gas Proposed 12" Pipeline Addison Natural Gas Project - EPSC Plan
issued 4h6/201-3.

40

39

38

37

36

35

34

2179+88

2754+25

2103+50

2027+50

1955+00

1893+00

1841+50

r,182.73

486.78

1,606.38

1,013.96

620.99

465.28

995.52

, ri. l. t,tf"i

':r.-ì l-l' rìl
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3. STEADY STATE CONDITIONS

3.0 Steady State Conditions

The emergency peak AC load currents, provided by VELCO or assumed by ARK

Engineering, were used to compute the maximum steady state inductive AC

interference effects on the proposed 1-2" pipeline.

Although these circuits may not be loaded to this level, the data provided by VELCO or
assumed by ARK Engineering constitutes a realistic scenario if other critical circuits are
out of service and the load must be redirected through these circuits. Therefore, under
normal conditions, the steady state AC interference levels should be significantly less

than those reported in this study.

Table 3-1 indicates the load currents for this interference analysis

Table 3-1: Transmission Circuit Peak Emergency Current Ratings

Note: GMP Circuit loading was assumed by ARK Engineering, based on industry experience.

GMP

VELCO

VELCO

VELCO

VELCO

VELCO

VELCO

VELCO

VELCO

VELCO

VELCO

Power Company

GMP

K370

K64

K63

K43

K33

K27

K23

R24

K22

K21

Circuit Name

345

115

115

115

115

115

115

115

115

115

Line Size (kV|

1,000*

1,350

1,500

L,250

1,250

1,250

1,500

1,500

1,100

1,250

1,250

Emergency
Peak Load

Current (A!
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3.1 Fault Conditions

To determine the maximum AC interference effects of a faulted circuit on the proposed
12" pipeline under study, the model included assumed single phase-to-ground fault
branch currents on the VELCO and GMP electric transmission circuits.

Fault conditions were simulated on the electric transmission circuits in the areas of
parallelism. Single phase-to-ground branch currents, provided byVELCO or assumed by
ARK Engineering based on past industry experience, were used to calculate fault
currents on grounded tower structures along each electric transmission circuit.

Reference Appendix C for all fault data used ín this analysis

3.2 Safety Criteria

The safety críteria established as part of this analysis is based upon the ANSI/IEEE

Standard 80, "IEEE Guide for Safety in AC Substation Grounding" and the following
assumptions:

A surface layer of six inches (6") of gravel at all aboveground pipeline
locations (1,000 Ohm-meter gravel unless otherwise noted)

A 50 kg (1L0 lbs.) person having a body resistance (R¡) of 1,000 O

A worst case breaker failure fault clearing times, provided by VELCO were
used for all fault condition scenarios.

Reference Appendix C for worst case breaker failure fault clearing times, provided by
VELCO.

3.3 Modeled lnterference Levels

ARK Engineering performed this AC interference analysis usíng state of the art modeling
software. The output file plots for the steady state and simulated fault conditions on
the eleven (11) electric transmission circuits are included in Appendix B.

3.3.1 Steady State Conditions
The induced AC pipeline potentials on the proposed pipeline were computed
with the electric transmission círcuits operating at emergency peak load
conditions. The results are summarized in Appendix B.

a

a

a
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The computed induced AC pipeline potentials were above the maximum
allowable design limit of thirty (30) Volts at various locations along the proposed
pipeline.

For the proposed pipeline, induced AC pipeline potentials reached a maximum of
approximately one hundred and thirty-nine (139) Volts, with respect to remote
earth. This peak occurs at pipeline station number 2087+76. At this location,
the proposed pipeline leaves the shared right-of-way with two (2) VELCO electríc
transmission circuits.

Table 3-2 outlines the computed maximum induced AC pipeline potential at
emergency peak load conditions on the electric transmission circuits.

Table 3-2: Maximum lnduced Potentials on the Proposed 12" Pipeline at Emergency
Peak Load Conditions

All pipeline locations were reduced to less than the design limit.

Reference Appendix B for plots of the computed induced AC pípeline potentials
on the proposed 12" pipeline.

3.3.2 Fault Conditions

As outlined in Chapter 1of this report, when an electric transmission circuit fault
occurs at a grounded structure (transmission tower) in proximity to a pipeline in

a joint corridor, the induced AC pipeline potential is essentially out of phase with
the earth potentials developed by conduction near the faulted structure.
Therefore, inductive and conductive interference effects reinforce each other in
terms of coating stress voltages and touch voltages.

3.3.2.llnductive lnterference - lnductive interference effects to the
proposed pipeline were computed and analyzed during simulated
fault conditions on each of the eleven (11) electric transmission
circuits. This was undertaken to determine the maximum induced
AC pipeline potentials at all points along the proposed pipeline.

12" Pipeline

With AC Mit¡gation

Without AC

Mitigation

1951+53

2087+76

25.78

139

30

30
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t.3.2.2Conductive lnterference - The configuration of the electríc
transmission circuit towers and their grounding systems was used

to determine earth surface potentials in proximity to the
structures and the pipeline during a simulated single phase-to-
ground fault condition.

3.3.2.3 Total Fault Current lnterference - The maximum total pipeline
coating stress voltage was computed for each point along the
pipeline. This is the sum of the inductive and conductive AC

interference effects at each joint facílity corrídor area. The
maximum pipeline coating stress voltage was calculated at four
thousand six hundred and fourteen (4,6l41volts. This value was

calculated at pipelíne station number I547+tO. This occurred as a

result of a simulated síngle phase-to-ground fault on the VELCO

115 kV 'K43' electric transmission circuit that will parallel the
proposed pipeline from station numbers 1859+50 to 1854+50.

The maximum total coating stress voltage value is outlined below
in Table 3-3.

Table 3-3: Maximum Coating Stress Voltage on the Pipeline under Fault Conditions

Appendix B includes plots of the coating stress voltage on the pipeline during
simulated fault conditions on the electric transmission circuit structures.

3.3.3 AC Touch and Step Voltage

Six (6) aboveground pipeline appurtenances are proposed to be on or near the
shared power line rights-of-way with this proposed pipeline. These sites were
modeled with a simulated fault at the closest tower to determine the worst-case
scenario for touch and step potentials. The following sites were modeled and
analyzed:

o Willíston M&R: MP 10.43
o MLV-2: MP 14.30
o MLV-3: MP 19.81
o MLV-4: MP 24.80
r MLV-S/ Plank Rd. M&R: MP 32.54
¡ MLV-6: MP 35.00

12" Proposed
Pipeline

VELCO K43 1547+I0 4,614
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Reference Appendix B for plots of the AC Touch and Step Voltage at these
locations.

Williston M&R - Mile Post Number 10.43

Single phase-to-ground fault conditions were simulated at the towers nearest to
the site on the electric transmission circuits. Touch and step voltages were
calculated around the site and the boundary fence. Table 3-4 outlines these
resu lts.

Table 34: Williston M&R - Maximum Touch and Step Voltage Results

Without an AC mitigation system installed, the computed AC touch voltage
exceeds the IEEE Standard 80 design limit of L87.30 Volts.

With the recommended AC mitigation system installed at this station, the
conr¡ruted AC touch voltage is below the IEEE Standard 80 design limit.

MLV-2 - Mile Post Number 14.30

Single phase-to-ground fault conditions were simulated at the towers nearest to
the site on the electric transmission circuits. Touch and step voltages were
calculated around the site and the boundary fence. Table 3-5 outlines these
results.

Table 3-5: MLV-2 - Maximum Touch and Step Voltage Results

Without an AC mitigation system installed, the computed AC touch voltage
exceeds the IEEE Standard 80 design limit of 228.20 Volts.

With the recommended AC mitigation system installed at this station, the
computed AC touch voltage is below the IEEE Standard 80 design limit.

Step Voltage (Volts

Ac)

Touch Voltage
(Volts AC)

1.48 V

347.46 V

tt.19 v

58,98 V

498.10 V

187.30 V

Step Voltage (Volts
AC)

Touch Voltage
(Volts ACI

9.30 V

1.,870.85 V

69.07 V

148.34 V

606.10 V

228.20V
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MLV-3 - Mile Post Number 19.81

Single phase-to-ground fault conditions were simulated at the towers nearest to
the site on the electric transmissíon circuits. Touch and step voltages were
calculated around the site and the boundary fence. Table 3-6 outlines these
results.

Table 3-6: MLV-3 - Maximum Touch and Step Voltage Results

Without an AC mitigation system installed, the computed AC touch voltage
exceeds the IEEE Standard 80 design limit of 227.60 Volts.

With the recommended AC mitigation system installed at this station, the
computed AC touch voltage is below the IEEE Standard 80 design limit.

MLV-4 - Mile Post Number 24.80

Single phase-to-ground fault conditions were simulated at the towers nearest to
the site on the electric transmission circuits. Touch and step voltages were
calculated around the site and the boundary fence. Table 3-7 outlines these
results.

Table 3-7: MtV-4 - Maximum Touch and Step Voltage Results

Without an AC mitigation system installed, the computed AC touch voltage
exceeds the IEEE Standard 80 design limit of 432.80 Volts.

With the recommended AC mitigation system installed at this station, the
computed AC touch voltage is below the IEEE Standard 80 design limit.

Step Voltage (Volts
Ac)

Touch Voltage
(Volts AC)

11.43 V

1,855.42 V

71.39 V

186.70 V

603.4 V

227.60V

L . rl ,, i r.',,. t i,',,

r', i r. ., r I

rii. ' i i,,' ,'

r'.,! t'..: i I'

i r¡r i.r

.Ìr'\" lt

step voltage {Volts ACI

Touch Voltage (Volts AC)

59.51V

1,290.L2V

\02.23V

252.64V

1171.30 V

432.80 V
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MLV-S/Plank Rd. M&R - Mile Post Number 32.54

Single phase-to-ground fault conditions were simulated at the towers nearest to
the site on the electric transmission circuits. Touch and step voltages were
calculated around the site and the boundary fence. Table 3-8 outlines these
results.

Table 3-8: Mtv-S/Plank Rd. M&R - Maximum Touch and Step Voltage Results

Without an AC mitigation system installed, the computed AC touch voltage
exceeds the IEEE Standard 80 design limit of 287.80 Volts.

With the recommended AC mitigation system installed at this station, the
computed AC touch voltage is below the IEEE Standard 80 design limit.

MtV-6 - Mile Post Number 35.00

Single phase-to-ground fault conditions were simulated at the towers nearest to
the síte on the electric transmission circuits. Touch and step voltages were
calculated around the site and the boundary fence. Table 3-9 outlines these
results.

Table 3-9: MLV-6 - Maximum Touch and Step Voltage Results

Without an AC mitigation system installed, the computed AC touch voltage
exceeds the IEEE Standard 80 design limit of 298.80 Volts.

With the recommended AC mitigation system installed at this station, the
computed AC touch voltage is below the IEEE Standard 80 design limít.

Step Voltage (Volts
Ac)

Touch Voltage
(VoltsAC)

80.62 V

1,466 V

101.19 V

273.62V

787.70V

287.80 V

Step Voltage (Volts ACI

Touch Voltage (Volts
Ac)

8.19 V

797.65V

238.26V

27r.9V

825.70 V

298.80 V
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3.4 AC Mitigation System

The AC mitigation system designed and recommended by ARK Engineering for the
proposed L2" pipeline reduces the AC interference effects to acceptable levels during
emergency peak steady state and fault conditions on the eleven (11-) electric
transmission circuits that will parallel or cross the pipeline route.

The proposed AC mitigation system design includes the installation of gradient control
wires (zinc ribbon anode or equivalent) in the areas of computed high pipeline AC
potentials. This AC mitigation system will reduce the induced steady state AC voltage
and AC current density on the pipeline system.

Also included in the AC mitigation system design are2/O bare copper ground loop
systems at the following aboveground pipeline locations:

o Williston M&R:
. MLV-2:
¡ MLV-3:
o MLV- :

o MLV-S/ Plank Rd. M&R:
o MLV-6:

MP L0.43

MP 14.30

MP 19.81
MP 24.80

MP 32.54
MP 35.00

This portion of the AC mitigation system will reduce AC touch potentials at these
locations to acceptable levels.

3.5 AC Corrosion Analysis Results

To analyze the possible AC corrosion effects to this proposed pipeline, calculations were
completed to determine the AC density based upon induced AC pipeline voltages,
assuming a one (1) cm2 circular coating holiday, along the proposed pipeline.

The computed induced pipeline voltages are shown in Appendix B

For the proposed pipeline, a maximum computed AC density of one thousand thirty-one
(1,031) A/m2 may occur at pipeline station number 2t79+88. At this location, the
proposed pipeline willterminate at the Middlebury M&R valve statíon.
With the recommended AC mitigation system installed and connected to the proposed
pípeline, the maximum computed AC density was reduced to two hundred and four
(204) Almz.

Table 3-10 outlines the computed maximum AC density at emergency load conditions
on the VELCO and GMP electric transmission circuits.
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Table 3-10: Maximum Coating Holiday AC Current Density

Since the loading used on these electric transmission circuíts are conservative resulting
in AC density values above the design limit, ARK Engineering recommends installing
coupon test stations and remote monitoring equipment at locations above 100 A/m2 to
monitor these locations.

Reference Appendix B for plots of the computed AC density on the proposed pipeline.

12" Proposed
Pipeline

W¡th AC Mitigation

Without AC

Mitigation

1577+9L

2L79+88

204.93

1,031.15

100

100

Poge 34ARK Engineering & Technical Services, lnc
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4. CONCLUSTONS

4.0 Conclusions

The proposed 12" pipeline and the eleven (11) electric transmission circuits have been
modeled and analyzed as described in this report.

Computer modeling and analysis, using emergency peak load currents on the electric
transmission circuits, indicate the following:

Steady state induced AC pipeline voltages will exceed the design limit of fifteen
(15) Volts for aboveground sections at several locations along the proposed
pipeline under these load conditions on the electric circuits.

Steady state induced AC pipeline voltages will exceed the design limit of thirty
(30) Volts for below ground sections at several locations along the proposed
pipeline under these load conditions on the electric circuits.

a

Pipeline coating stress voltages will not exceed the five thousand (5,000) Volt
design limit for a single phase-to-ground fault on the electric circuits.

Touch voltages at six (6) aboveground pipeline locations will exceed the IEEE

Standard 80 design limits during single phase-to-ground símulations under
breaker failure conditions.

AC density across a 1cm2 coating holiday will exceed the 100 A/m2 design limit at
several locations along the proposed pipeline.

AC mitigation systems were designed to effectively reduce the induced AC interference
effects on the pipeline to less than the design limits. For locations where AC density is

above the 100 A/m2 design limit for maximum load conditions, ARK Engineering
recommends the installation of coupon test stations and remote monitoríng at these
locations to monitor actual field conditions.

This analysis results in interference levels that are conservative. Under normal
operating conditions, the AC interference levels on the pipeline should be less than
reported in this study.

a

a

a

Page 35ARK Engineering & Technical Services, lnc.
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4.t Assumptions

During the modeling and analysis of the AC interference effects on the proposed
pipeline, various assumptions were required. These assumptions are outlined below in
no particular order:

a. Low voltage distribution taps were not included in this analysis

b. A coating resistance value of L,000,000 O-ft2 was used for the proposed
pipeline. This is a conservative value used for new pipelines.

c. GMP did not provide power data, upon request, therefore GMP power
data was assumed by ARK Engineering using conservative values based
on past industry experience.

d. Simulated fault scenarios for GMP were computed using assumed fault
data estimated by ARK Engineering.

e. A six (6) inch layer of crushed rock was assumed to be installed at all
above ground pipeline appurtenances.

f. Ground grids for VELCO substations were not provided

g. A coating holiday size of L cm2 was used in the calculation of AC current
density.

ARK Engineering & Technical Services, lnc Page 36
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5. RECOMMENDATIONS

5.0 Recommendations

As outlined in the previous chapter, induced AC pipeline potentials were calculated at
values greater than the design limits detailed in Table 7-1.,for the proposed pipeline,
during conservative emergency peak steady state load conditions on the eleven (11)
electric transmission circuits.

Pipeline AC voltage mitigation is accomplished by installation of gradient control wire
(zinc ribbon anode or equivalent) along the pipeline in the areas of computed high AC
pipeline potentials and AC current density values. This method also reduces AC coating
stress voltages during fault conditions on the high voltage electric circuits. This gradient

- control wire will be connected to the pipeline at various locations through a Solid-State
decoupling (SSD) device.

DC isolation is recommended between the pipeline and the grounding conductors
through the use of SSD. These devices allow AC current to flow from the pipeline to the
grounding system while blocking any DC cathodic protection current from flowing off
the pipeline to the ground conductors.

5.1 Proposed Safety and Mitigation System Requirements

Having performed the modeling and analysis of the AC interference effects on the
proposed 12" pipeline, ARK Engineering has designed an AC mitigation system to reduce
the pipeline AC interference effects to safe levels for pipeline integrity and personnel
safety.

ARK Engineering recommends that gradient control wire (zinc ribbon anode or
equivalent) be installed in the following areas:

Table 5-1: 12" Pipeline AC Mitigation System

9B

9A

8A

8

7

6

5

4

5

SECTION NO.

1048+70
1040+90
893+75

888+00

847+85

801+10
700+68
612+60

451+25

STATION NO. START

1063+10

1046+50

906+82

892+75

863+75

819+83

778+87

623+60

457+05

STATION NO. END

1,440
560

7,425
475

1,590

1,860

L,790
1,100

580

TOTAL LENGTH OF

zrNc RTBBoN (FT)

ARK Engineering & Technicol Services, lnc. Poge 37
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Total

26

25

24

23

224
22

27

20

19

18

T7

15

74

L3

12

1L

10

sEcfloN NO.

2129+05

2080+10
7976+29

19 18+11

1882+75

7873+25

1798+60

U1"8+59

L71,2+80

1641+60

1580+00

1517+95

t477+40

I424+50
1379+00

1308+00

1258+00

STATION NO. START

2132+9O

2726+90
1985+59

t939+29
1888+85

1881+00

1846+00

1724+OI
1718+00

1656+70

1588+00

1551+35

L490+-13

L437+0O

1390+10

I32O+40
7267+25

STATION NO. END

37,113 Feet

385

4,690
930

2,LT8
610

77s
4,740
580

520

1,510

800

3,340

770

r,250
1,1 10

7,240

925

TOTAT TENGTH OF

zrNc RTBBoN (FT)

Note: All referenced pipeline station numbers are based on the pipeline alignment plans -

Vermont Gas Proposed 12" Pipeline Addison Natural Gas Project - EPSC Plan ¡ssued 4/16/13

Reference - ARK Engineering des¡gn drawing package number: L2'J-44-100, in Appendix D

for zinc ribbon installation details.

12144-IOO
Rev. C

Vermont Gas 12" Pipeline Project
AC M¡tigation System Design
Zinc Ribbon lnstallation Drawings

Williston M&R - Mile Post Number 10.43

ARK Engineering recommends the installation of a 2/O copper ground loop system at the
Williston M&R. This 2/O copper ground loop system is to be electrically connected to
the perimeter fence and the pipeline through a Solid State Decoupler (SSD).

MLV-2 - Mile Post Number 14.30

ARK Engineering recommends the installation of a 2/O copper ground loop system with
3f 4" x 1O'copper ground rods at each corner of the MLV-2 site. This2/0 copper ground
loop system is to be electrically connected to the perimeter fence and the pipeline
through a Solid State Decoupler (SSD).

Page j8ARK Engineering & Technicol Services, lnc.
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MLV-3 - Mile Post Number 19.81

Due to a pipeline reroute, the distance between MLV-3 and the vElco l-l-skv 'K43'
electric transmission circuit increased and therefore ARK Engineering recommends the
installation of a 2/o copper ground loop system at the MLV-4 site. rhis2/o copper
ground loop system is to be electrically connected to the perimeter fence and the
pipeline through a solid State Decoupler (SSD). The use of copper ground rods and
additional 2/0 copper cable connections is not necessary.

MtV-4 - Mile Post Number 24.8O

ARK Engineering recommends the installation of a2/O copper ground loop system at the
MLV-4 site. This 2/O copper ground loop system is to be electrically connected to the
perimeter fence and the pipeline through a Solid State Decoupler (SSD).

MtV-S/Plank Rd. M&R - Mile Post Number32.54

ARK Engineering recommends the installation of a2/O copper ground loop system with
3f 4" x L0'copper ground rods, spaced 15'along the outer ground loop at the MLV-
S/Plank Rd. M&R site. Three (3) additional 2/0 copper cables are connected to this loop
for additionalAC mitigation. This 2/O copper ground loop system is to be electrically
connected to the perimeter fence and the pipeline through a Solid State Decoupler
(ssD).

MLV-6 - Mile Post Number 35.00

ARK Engineering recommends the installation of a 2/O copper ground loop system at the
MLV-6 site. This 2/O copper ground loop system is to be electrically connected to the
proposed AC mitigation system and the perimeter fence and the pipeline through a

Solid State Decoupler (SSD).

Reference - ARK Engineering design drawing package number: t2r44-rol, in Appendix D

for copper ground loop installation details.

121,44-t01,

Rev. B
Vermont Gas 12" Pipeline Project
Valves Sites:

Williston M&R
MLV-2

MLV-3

MLV-4
MLV-5/Plank Rd. M&R,
MLV-6
Colchester Launcher
Middlebury M&R

Poge 39ARK Engineering & Technicol Services, lnc.
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AC Mitigation System Design
Valve Site Grounding lnstallation Drawings

Please call the author if you have questions or require additional information regarding
this report.

Poge 4OARK Engineering & Technical Services, lnc
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APPENDIX A -
SOIL RESISTIVITY DATA & GPS DATA
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SOIL RESISTIVIW DATA

Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

Vermont Gas Project
12-144-01
5t3t2013
Rd sd off Severance Rd
44 31.4488N 73 9.3344W

.-.1

57 Method
E¡¡er¡:¡rnr¡¡c &
T¡u'rtrcai Sen,.rrcrs, lNc

Biddle Meter DEI 512

61F/Clear
Hard packed clay/Sand

164 00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (¿)

m

0.320
0.470
0.530
1.380
2.170
4.480
8.920

28.500
86.900

2s9.000
598.000

R
ohms

314
157
94
47
32
19
14
10
5

2
1

Spacing
Factor

100.5
73.8
49.7
64.8
686
85.8
128.1
272.9
416.1
496.0
572.6

Resistivity
ohm.m

4 Pin Wenner Data

7æ.0

6{þ.0

åÐ0
,1m.0

3þ.0
ãx).0

100.0

0-0
oo
Nodñdçd

AVERAGE RESISTIVITY

E
E

!

o
É

3. I 2500
2.12766
1.88679
0.72464
0.46083
0.22321
o 11211
0.03509
0.01 151

0.00386
0.00167

1/R
mhos

0.99734
o.24087
1.16215
0.26381
0.23762
o.11111
0.07702
0.02358
0.00765
0.00219

nla

^ 
l/R

mhos

Barnes

1.003
4.152
0.860
3.791
4.208
9.000
12.984
42 408
130.779
456.879

nla

1( l/R)
ohms

'l

nla

157
63
47
15
12
5

5
5

Spac¡ng
Factor

25.0 - 49.99
14.94 - 25.0
7.47 - 14.94
5.O3 - 7.47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

LAYER RESISTIVITY

E

E

':

@l

o

s
fr
æ
fr
t@

t ðe
!o
5¿;R

Pg
å;

not correlate se of soil characteristic variations withI
157
262
40
5B

52
43
62
203
376
437
573

ohm.m

{

-tf
É.
OJoco
o
OJ

P

0051 7



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-02
5t3t2013
Open F¡eld off Access Rd East of Severance Rd
4431 .4187N.73 9.0318N

Biddle Meter DET 5/2
63F/Clear
Hard packed clay/Sand

Severance Rd

o

E
É.

CJII
;fol*_L

E!Gri¡EE¡l'r¡G &
T¡c¡r¡¡rc¡.r Sen,¡crs. l^-c

18

uls(x).0

4{m 0
3to0.0
em.o
2500.0

zm.o
tmo
10@.0
5(x).0

oo
NOóòõ

öoö-dodñdçd

AVERAGE RESISTIVITY

not correlate variations with

164 00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
5.03
3.05
2.29
152
0.76
0.30
0.15

Depth (d)

m

1.750
3.930
7 300

30.600
65.900
172.000
276.000
368.000
546.000
736.000
831.000

R
ohms

314
157
94
47
32
19
14
10

Ã

2

1

Spacing
Factor

549.6
617.2
685.0
1435 8

2082 4
3294.O
3964.3
3523.8
2614.1
1409.5
795.7

Resistivity
ohm.m

o.57143
0.25445
0.1 3699
0.03268
0.0151 7
0 00581
0.00362
o.oo272
0.00183
0.00136
0.00120

1/R
mhos

Barnes Laver Analvsis

6.m

4.009

¿@
o

8ì c

sq
3g
:d

@¡

LAYER RESISTIVITY

E
E

0.31698
o.11747
0.1 0431
0.01751
0.00936
0.00219
0.00091
0.00089
0.00047
0.00016

nla
^ 

l/R
mhos

3.1 55
8.513
9.587
57.126
106.831
456.462

1104 000
1 128.809
2115.O32
6438.063

nla

l( l/R)
ohms

157
63
47
15
12
5

5

5

3

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0 15

Layer (m)

495
538
450
875

1.330
2.185
5,286
5,404
6.076
6.1 65
796

ohm.m

005



Project Name

Date:
Location:

Testers:
Methodology:
lnstru mentation:
Weather:
Soil Description

,#*

SOIL RESISTIVIW DATA

Vermont Gas Proiect
12-144-03
5t3t2013
Rd Sd off Landfill Ln
44 31 .1464N,73 7 .4733W
KJ, LM
p = 2ndR, perASTM G 57 & Barnes Method
Biddle Meter DET 512

5SFiClear
Loose dry rocky soil

E¡lcr¡t¡t¡lr¡¡c &
TFc¡iNrcai SenrrcÊs, lrc

c
J

=
Ec
o

J

FI
P

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14 94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

0.960
1.070
1.440
2.110
2.970
3.540
4.1 00
6.270

31.700
125.300
179.000

R
ohms

314
157
94
47
32
19
14
10
5

2
1

Spacing
Factor

* Laver Resistivitv mav not correlate with Averaqe Res
301.5
168.0
1 35.1
99.0
93.9
67.8
58.9
60.0
151.8
240.O
171.4

Resistivity
ohm.m

4 Pin Wenner Data

1.Q4167
0.93458
0.69444
0.47393
0.33670
o.28249
0 24390
0.1 5949
0.03155
0 00798
0.00559

1/R
mhos

0.10709
o.24013
o.22051
0.13723
o.o542'l
0.03858
0.08441
0j2794
0.02356
0.00239

nla

^ 
l/R

mhos

9.338
4.164
4 535
7.287
18.445
25.918
11.847
7.816

42.436
417.667

nla

1(^ l/R)
ohms

157
63
47
15
12
5

5
5
3
1

nla

Spacing
Factor

0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver lm)

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7 .47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29

9t0.0

æ0.0

250.0

200.0

150.0

t00.0

50.o

oo

AVERAGE RESISTIVITY LAYER RESISTIVITY

E

E
0

o
É

f ,-a

E
Ë

't
'ü

r.o

m

o

@i
d

ô¡
al

NOOç
döö;dddÈddd

ts
:d

ÊR

1.466
263
213
112
230
124
57
37
122
400
171

ohm.m
Layer Resistivitv*

Barnes Layer Analvsis
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Projêct Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

.,1 '--'-:',

'.ÍIi,Ft<.

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-04
5t3t2013
Rd Sd off SR 289
44 30.866N 736.228W

p = 2rdR, perASTM G 57 & Barnes Method
Biddle Meter DE'l 512

55F/Clear
Dry rocky soil and veqetat¡on

H

E¡lcr¡lrrHr¡ic &
TEcrirurc¡r SEF,/tc:s. l¡ic

N

rI
o)
oo
N
É.

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
305
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

3.240
3.940
5.380
9.600
12.040
16.r90
18.020
18.360
20 200
29.1 00
46.200

R

ohms

314
157
94
47
32
19

't4
't0
5
2
1

Spacing
Factor

1017.6
618.7
504.9
450.4
380.5
3'10.1

258.8
175.8
96.7
55.7
44.2

Res¡st¡vity
ohm.m

4 Pin Wenner Data

AVERAGE RESISTIVITY
1æO.O

1(þO.0

IXtr.O

dÐ.o

,læ.0

200.0

00
oNfóõõ

oô;ñddñ{{d F(t

r-<'
,>-4

E

o

'5

'6

ú,

0.30864
0.25381
0 18587
o.10417
0.08306
0.06177
0.05549
0.05447
0.04950
0.03436
0.02165

1/R
mhos

0.05483
0.06793
0.08171
o.o2111
o.02129
0.00627
0.00103
0.00496
0 01514
o.o1272

nla
^ 

l/R
mhos

18.237
14.720
12.239
47.370
46.971

159.423
973.080
201.561
86.047
78 621

nla

1( l/R)
ohms

because of sowith Res VA ns
157
63
47
15
12
5
5

5
3
1

nla

Spacing
Factor

2.29 - 3.O5

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.O3 - 7.47
3.05 - 5.3

1.52 - 2.29
o.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver tmì
Res

E
Ë

LAYER RESISTIVITY

o

@i
3d

d

c¡

c

4.@
3.m
2m
t.E

2.864
930
574
726
585
763

4.659
965
190
75
44

ohm.m

Barnes Layer Analysis
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Project Name

Date:
Location:

Testers:
Methodology:
lnstrumentat¡on
Weather:
Soil Description

,$nrc.
E¡¡sriretn'ric &

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-05
5t3t2013
Open Lot offSR 289
44 30.5592N 73 5.3331W
KJ, LM

Biddle Meter DE'f 512

Hard soil

TFau¡rrc¡r SrnyrcÊs, l^:c

{

7æ.0

600 0

500-O

¡OO.0

300.0

æ0.0

f (x).o

0.0
oo NOóõõ
ddö;dddF+çd çñ

AVERAGE RESISTIVITY

E
o

É

not corre Res of soil characteristic variations wilh
164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
5.03
3.05
2.29
152
0.76
0.30
0.15

Depth (d)

m

1.430
2.010
2.520
3.450
4.120
8.600
14.800
25.400
38.400
196.000
634.000

R

ohms

314
157
94
47
32
19
14
10
5
2

1

Spacing
Factor

449.1
315.6
236.5
161 .9

130.2
164 7
212.6
243.2
183.9
375.4
607 1

Resistivity
ohm.m

o.49751
0.39683
0.28986
o 24272
0.11628
o.06757
0.03937
0.02604
0.00510
0.00158

1/R
mhos

LAYER RESISTIVITY

H

@

0
æ

0

o

d

q

t¡"ptnGlì
i

0.20179
0.1 0069
0.1 0697
0.04714
0.12644
0.04871
0.02820
0.01333
0.02094
0.00352

nla
^ 

l/R
mhos

4.956
9.932
9.348
21.215
7.909
20.529
35.464
75.028
47.756
283.708

nla

1( 1/R)
ohms

157
63
47
15
12
5

5

5

3

'l

nla

Spacing
Factor

25.0 - 49.99
14.94 - 25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0 3
0 - 0.15

Laver (ml
Res

778
628
439
325
98
98
170
359
137
272
607

ohm.m

sR 289

00521



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

',,[**

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-06
5t2t2013
Rd Sd off SR 289
44 30.0397N, 73 4.2916W

Biddle Meter DET 5/2
81F/Clear
Dark moist soil

-f-L
Ol
æ
N
É.

E:,¡ctliÊc,r¡c &
Trcrr¡,rrcÂi S¡nyrc¡s. lrc

120.00
82.00
49.00
24.50
16.50
10.00
750
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
503
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

0.980
1.100
1 150
1.560
2.350
3.850
4.990
6.670
11.880
38.400
57.500

R
ohms

314
157
94
47
32
19
14
10
5
2
1

Spacing
Factor

307.8
172.7
107.9
73.2
743
73.7
71.7
63.9
56.9
73.5
55.1

ResistiviÇ
ohm.m

4 Pin Wenner Data

350.0

3n.o
250 0

2flÌ O

't50.0

tæ.0

50.0

o.o
60 doóõó
död;ñd6Èdid ?d?

E

o

Ë

'õ
o
É

t

AVERAGE RESISTIVITY

1.02041
0.90909
0.86957
0.64103
0.42553
o 25974
0.20040
0.14993
0.08418
0.02604
0.01739

1/R
mhos

o.11',t32
0.03953
0.22854
0.21549
0.1 6579
0.05934
0.05048
0.06575
0.05813
0.00865

nla

^ 
l/R

mhos

8 983
25.300
4.376
4.641
6.032
16.852
19.81 1

15.209
1t.202

1 15.602
nla

l/( 1/R)
ohms

157
63
47
l5
12
5

5
5

3

I
nla

Spac¡ng
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1 52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

LAYER RESISTIVITY

Io"pttr trl I

I,S
t.t
s

o

tgl
:d

EP
?o
o¿

ci

Rc
sq

Resistiv not corre with
1,411
1,599
205
71

75
81

95
73
49
111
55

ohm.m

Barnes Laver Analvsis

0



Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentat¡on:
Weather:
Soil Description

ftrc
E:¡G¡lrta;rr"¡c &
TFalirl,c¡,, StR,¡lces, I":l

SOIL RESISTIVITY DATA

Vermont Gas

5t2t2013
Rd Sd off SR 289

KJ, LM

Biddle Meter DEI 512

81F/Clear
Moist dark soil and vegetation

'I

82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth 1o¡

ft

0.00
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

0.950
1.O20
2.320
3.080
5.210
8.370
15.440
32.500

't 15.300
269.000

R
ohms

0
157
94
47
32
19
14
10

q
2
1

Spac¡ng
Factor

o)
co
N
É

149.2
95.7
108 9
97.3
99.8
120.2
147.8
155.6
220.8
257.6

Resistivity
ohm.m

4 Pin Wenner Data

#Dtv/0!
1.05263
0.98039
0.43103
o.32468
0.1 91 94
0.11947
0.06477
0.03077
0 00867
o.oo372

1/R
mhos

#Dtv/o!
0.07224
0.54936
0.1 0636
0.13274
o.07246
o.05471
0.03400
o.02210
0.00496

nla
^ 

l/R
mhos

#Dtvio!
13.843
1.820
9.402
7.534
13.800
18.279
29.414
45.257

201.794
nla

l(^ 1/R)
ohms

-157
63
47
15
12
5

5
5

3

1

nla

Spac¡ng
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

HïI

AVERAGE RESISTIVITY

Depth (m)

-\
----_._

E

€

u

LAYER RESISTIVITY

n with Resi use characte

o

m
@
o
æ

ñ
o@ oÒróöõõd-dd6ñadd

Pp
ó; Rq

8q

#Dtv/0!
875
85
144
94
66
88
141
130
193
258

ohm.m
r

Barnes Layer Analysis

P
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SOIL RESISTIVITY DATA

Project Name

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

Vermont Gas Project
12-144-08
512t2013
Rd Sd off Dump Access Rd
44 28.6848N 73 4.5661W A;p*

TM G 57 & Barnes Method
E¡¡3¡¡¡¡¡nrri: &
T¡is*rc¡.1. SiR,rtc:s, llc

Biddle Meter
80F/Clear
Dry sand and rock

_t-
pl

-o
É,

oo

q
E
3ê

82.00
49 00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

0.00
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

1 .610
3.1 60
5.250
10.300
17.900
23.600
50.600
181.000
543.000
680 000

R
ohms

0
157
94
47
32
19
14
10

5
2

1

Spac¡ng
Factor

252 8
296.5
246.3
325.5
342.8
339.0
484 5
866.6
1039.9
651 .1

Resistivity
ohm.m

4 Pin Wenner Data

1æ0.0

1(m.0

€(x,-o

6(x'.0

,100.0

zÞ.0

0.0
oN6ô

õö;ñódÈidd

E

4o

'5

'õ

É.

Iavenece nesrsnvrrvl

#Dtvio!
0.62112
0.31646
0.1 9048
0.09709
0.05587
0.04237
0 01976
0.00552
0.00184
0.00147

1/R
mhos

#Dtv/0!
0.30466
0.1 2598
0.09339
Q.04122
0.01349
0.02261
0.01424
0.00368
0.00037

nla
^ 

l/R
mhos

#Dtv/o!
3.282
7 938
10.708
24.259
74.112
44.228
70.235
271.500
2695.182

nla

l/( l/R)
ohms

-157
63
47
15
12
5
5

5

2
1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.O3 - 7 .47
3.05 - 5.3

2.29 -3.05
1.52 - 2.29
0.76 - 1 52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver (m)

E
E

LAYER RESISTIVITY

@i

o

¿Ð
2,6
r.Ð
t.@
s

ó

d

.i
I

3g
:d

Ave Res because of soil characteristic variations withI
#Dtv/0!

207
372
164
302
355
212
336
780

2,581
651

ohm.m
Layer Resistivitv*

00524



Project Name:

Date:
Location

Testers:
Methodology:
lnstru mentation:
Weather:
Soil Description

,-- a - -,-

',Aì,F*

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-09
5t2t201
Rd Sd off Redmond Rd
4428.277N,73 5.082W

o = 2ndR, perASTM G 57 & Barnes Method
Biddle Meter DE-l 512

80F/Clear
Moist dark sodded

Er¡si¡rÉËcrn¡G &
TEcuNrc¡.1 SrRvrcas, l¡¿i

164.00
82.00
49.00
24.50

'16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth 1o¡

ft

49.99
24.99
14.94
7.47
5.03
305
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

0.840
0.960
1.840
2.120
2.420
2.680
2.760
3.300
8.970

51.000
90 600

R
ohms

314
157
94
47
32
19

't4
10

G

2

1

Spacing
Factor

263 8
150.8
172.7
99.5
76.5
51.3
396
J t_o

42.9
97.7
86.8

Res¡st¡v¡ty
ohm.m

4 Pin Wenner Data

Hii
ooö;dodÈdid _ñ

AVERAGE RESISTIVITY

1 .1 9048
1 04167
0.54348
0.47170
0.41322
0.37313
o.36232
0.30303
0.11148
0 01961
0.01 104

1/R
mhos

0.14881
0 49819
o.o7178
0.05847
0.04009
0.01082
0.05929
0 19155
0.09187
0.00857

nla
^ 

l/R
mhos

6.720
2.007
13.931
17.101
24.945
92.460
16.867
5 221
10.884

1 16.682
nla

1( 1/R)
ohms

12

5

5
3

1

nla

Spac¡ng
Factor

157
63
47
15

5

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.O3 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

E

E

õ

LAYER RESISTIVITY

l.@û
o
0
m

o

@t
ie
:oi

5éñR

9p
9ó

d

Rq

sê

because of soil characteristic variations with
1,055
127
654
262
311
443
81

25
31

112
87

ohm.m

Barnes Laver Analvsis

(,,
t-

{

N
-õ
ú
E'c
o
E-tl
lU
É.

P



Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

A)nrc\- -.'

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-10
5t2t2013
Overqrown lot off Brennan Woods Dr
44 27 .286N,73 5.568W

Biddle Meter DEI 512

TSFlClea¡
Wet dark soil

E^lcrl:ttft'¡ic &

TEcHNicar S¡Rvrcts. llc

I Test I

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14 94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

0.860
0.970
1.130
1.350

't.580
2.340
3.450
6 850

21 900
60.300
83.500

R

ohms

314
157
94
47
32
19
14
10
5
2

1

Spacing
Factor

* Laver Resistivitv mav not correlate with Avera
270.1
152.3
106.0
63.3
49.9
44.8
49.6
65.6
104.9
115 5
80.0

Resistivity
ohm.m

4 Pin Wenner Data

1.16279
1.03093
0.88496
0.74074
0.63291
o.42735
0.28986
0. I 4599
0.04566
0 0't658
0.0't 198

'tlR
mhos

0.13166
0.14597
0.14422
0.1 0783
0.20556
0.1 3750
0.14387
0.1 0032
0.02908
0.00461

nla
^ 

l/R
mhos

7.584
6.851
6.934
9.274
4.865
7.273
6.951
9.968

34.390
217.O28

nla

l/( l/R)
ohms

Ba

157
63
47
15
12
5
5

5

3

1

nla

Spac¡ng
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.O3 - 7 .47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

300.0

250.0

ãn0
15{'.o

1(n.0

5().o

0.0

AVERAGE RESISTIVITY LAYER RESISTIVITY

H

fõ"pttr t,"l t

o

t.@
!@
mð
æ

<i

õdó;d
60

6F+ad

üs
:oi
çê

1.191
433
325
142
61

35
33
48
99
208
80

ohm.m
Laver Resistivitv*

N

00526



Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

..' ' l-ì..'Anrc
'---

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-11
5t2t2013
Rd Sd off Williston Rd
44 26.6096N 73 5.7963W

R, per 57 & Barnes Method
Biddle Meter DEI 512

t4rtçÊat
Sandy, Rocky soil

E¡tsr¡r[Ênr¡iG E

ItcH¡¡rc¡.i- S¡n'.¡tces, ll¡c

N

'u
d
c
o
.9

=

;rol

1
P

164.00
82.00
49.00
24.50
16 50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
305
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

o.470
0.590
0.680
0.780
0.880
1.030
1.210
1.590
4.300
15.950
42.700

R
ohms

314
157
94
47
32
19
14
10

Ã
2

1

Spacing
Factor

147.6
927
63.8
36.6
27.8
19.7
174
15.2
20.6
30.5
40.9

Res¡stivity
ohm.m

4 Pin Wenner Data

Hil
ÈoNoóo

ööd-do6Èidd

AVERAGE RESISTIVITY

2.12766
1.69492
1.47059
1.28205
1.1 3636
0.97087
0.82645
0 62893
o.23256
0.06270
0.02342

1/R
mhos

0.43274
0.22433
0.1 8854
0.1 4569
0.1 6549
0.14443
0.19752
0.39637
0.'16986
0.03928

nla
^ 

l/R
mhos

2.311
4.458
5.304
6.864
6.043
6.924
5.063
2.523
5.887

25.460
nla

1( 1/R)
ohms

q
Ã
5

2
1

nla

Spac¡ng
Factor

157
63
47
15
12

25.0 - 49.99
14.94 -25.0
7.47 - 14 94
5.O3 - 7.47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

LAYER RESISTIVITY

Ð
m
ræ

o

@l
3g
:d

5¿ñR

9p
å;

o

Rc
8€

because of soil characteristic variations with
363
282
249
105
75
33
24
12

17
24
41

ohm.m

00527



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

1<-- - >

',AFt<.
\-:-l'

SOIL RESISTIV¡TY DATA

Vermont Gas Proiect
12-144-',t2
5t2t2013
Rd Sd off ta

KJ, LM

Biddle Meter DEf 512

T3Flcleat
Wet, dark, and rocky soil

H

H

N
c¡r
ooI
o
CL

Eo
É,

E¡¡Gr:t¡Êqrr"¡ &
Trcs¡r'c¡.i S!n,rrcEs, l¡;c

oF

164.00
82.00
49.00
24.50
16.50

't 0.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

Substation

0.460
0.850
1 .180
2.010
2.730
4.080
4.720
5.690
8.930
15.51 0
16.720

R
ohms

314
157
94
47
32
19
14
10

Ã
2

1

Spacing
Factor

144.5
133.5
110 7
94.3
86.3
78.1
67.8
54.5

29.7
16.0

Resistivity
ohm.m

4 Pin Wenner Data

q
E
o

E

É

oo
ddo;ddiid

160.0

1,().0
1æ.0

100.0

80.0

d).o
¡rc.O

m.o
0.o

AVERAGE RESISTIVITY

'i

)r/

2.17391
1.17647
0.84746
o 49751
0.36630
0.24510
0.21'186
o 17575
011198
o.06447
0.05981

1/R
mhos

0.03323

0.99744
0.32901
0.34995
0.13121
o.12120

0.03612
0.06376
0.04751
0.00467

nla
^ 

l/R
mhos

1.003
3.039
2.858
7.621
8.251

30.090
27.687
15.683
21 .049

214 320
nla

1( l/R)
ohms

not correlate with becauseI e VA ns
157
OJ

47
15
12
5

5
5

3

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7 .47
3.05-53

2.29 - 3.O5
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0-0.15

Laver (ml

e
E

.t

LAYER RESISTIVITY

m
t50

f@

I
0

@i N

d
d

d
a

I

157
192
134
'117
103
144
133
75
60
205
16

ohm.m

Barnes Layer Analvsis

00528



SOIL RESISTIVITY DATA

Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

Vermont Gas Project
12-144-13
5t2t2013
Rd Sd off Old Creamery Rd
44 25.6578N 73 7.205W A;p*

57 Method
Biddle Meter DET 512

64F/Clear
Wet, dark, and rockv soil

E¡rsr¡:Erg¡lc &
TrlsH,c¡r Srnvtc:s. l^-c

P

N_f
ol*l

P

H

164.00
82.00
49.00
24.50
16 50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

0.730
1.800
3.490
3.640
4.O20
4.340
4.350
5.010
9.980

34.500
55.600

R
ohms

314
157
94
47
32
19
14
10

Ã

2

1

Spac¡ng
Factor

229.3
282.7
327.5
170.8
127.0
83.1
62.5
48.0
47.8
66.1
53.2

Res¡stiv¡ty
ohm.m

4 Pin Wenner Data

E
o

oÉ

ÈoNool
ödd;dn ñe

350.O

3(x).0

250.0

ãx).0

150.0

roo.0

$.0
0.0

AVERAGE RESISTIVITY

t
)

-õ
É.

lu
Ê
ß
{u

U
'o
o

1.36986
0.55556
0.28653
0.27473
0.24876
0.23041
o.22989
0.1 9960
0.1 0020
0.02899
0.01799

1/R
mhos

0 81431
o.26902
0.01181
0.02597
0.01834
0 00053
0 03028
0.09940
o.o7121
0.01 100

nla
^ 

l/R
mhos

1 228
3.717

84.691
38.507
54.521

1887.900
33 020
10.060
14.O42
90.910

nla

r( l/R)
ohms

157
63
47
15
12
5
5
5
3
1

nla

Spac¡ng
Factor

0 - 0.15
Laver fmì

25.0 - 49 99
14.94 -25.O
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3

LAYER RESISTIVITY

a.@
ó.m
4,m
¿@

0

D"pn6il

t
Þ

qP
å;

d

R"l

frq

of soil characteristic variationsn

193
235

3.974
590
679

9,039
158
48
40
87
53

ohm.m

Barnes Laver Analvsis

00529



Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

',AFt<'
\--:----'

SOIL RESIST¡VITY DATA

Vermont Gas Project
12-144-14
5t2t2013
Rd Sd off Charles Rd
44 25.1789N,738.0221W

Biddle Meter DEI 512

64FlClear
Dark. moist. and rockv soil

P

E¡¡Gr¡ltEtìr"¡G &
TÊcr¡Hrc¡.r Sça'.rrcrs. l¡lc

N

l-ølot

'l

H

164.00
82.00
49 00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

3.750
4.1 50
4.690
6 600

1 1 .100
15.990
18.050
27.400
55.900
167.600
359.000

R
ohms

314
157
94
47
32
19
14
10

c
2

,|

Spacing
Factor

-o
ú.
o
6

!
(J

1177.8
651.7
440.1
309.7
350.8
306.2
259.3
262.4
267.6
321.O
343.8

Resistivity
ohm.m

4 P¡n Wenner Data

o.26667
0.24096
0.21322
0.15152
0.09009
0.06254
0.05540
0.03650
0.01789
0.00597
0.00279

1/R
mhos

o.02570
0.02774
0.06170
0.06143
o.o2755
o.oo714
0.01891
0.01861
0.01 192
0.00318

nla
^ 

l/R
mhos

rnes

314.359
nla

1(^ l/R)
ohms

38.906
36.044
r 6.206
16 280
36.296
140.107
52.895
53.742
83 875

157
63
47
15
12
5

5

5

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 -'t4.94
5.O3 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.1s

Layer (m)

AVERAGE RESISTIVITY

fi '.ooo

l;l rH;

l¡l *;
/

LAYER RESISTIVITY

s

@i
3ö

d

ñ

o{oo
ddd-do{+õ

6.@

4@

¿@

o

6,1 10
2,278
760
249
452
671
253
257
241
301
344

ohm.m

Su bstation
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Project Name

Date:
Location:

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-15
5t2t2013
Rd Sd off Butternut Rd
44 24.1525N,73 7.5014W

Biddle Meter DET 512

61F/Clear
Moist, dark, and rocky soil

'Aì,Ft<
.<,-,

{

E¡tGlitEEo't¡,"t g
Ttcg¡rrc¡.1 S¡nyrces, I¡'¡c

N

H

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24 99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

1.960
2.500
2.830
3.270
3 750
4.330
4.850
5.410
7.650
16.570
25.400

R
ohms

314
157
94
47
32
19
14
10
5

2
1

Spacing
Factor

615.6
392.6
265.6
153.4
118.5
829
69.7
51.8
36.6
31.7
24.3

Resistivity
ohm.m

4 Pin Wenner Data

AVERAGE RESISTIVITY
7m.o

600.o

5ü).0

400.0

300.0

ãn.0
1@.0

0.0

^,---a

ó dd{d rN

0.51020
0.40000
0.35336
0.3058r
0.26667
0 23095
0.20619
o.18484
0.13072
0.06035
0.03937

1/R
mhos

-õ
É.

:c
o
J

co

o.11020
0.04664
0.04755
0.03914
0.03572
o.02476
o.02134
o.Q5412
0.07037
0.02098

nla
^ 

l/R
mhos

9.O74
21 .439
21 .032
25.547
27 996
40.386
46.854
18.476
14.211
47.665

nla

l/( 1/R)
ohms

not corre soil chabecause
157
63
47
15
12

Ã

Ã
5
3

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29
0.76 - 1.52
0.3 0.76
0.15 - 0.3
0 - 0.15

Laver (ml

E
Ë

'ô

LAYER RESISTIVITY

@i
d

d

d

d

r,m

Ð
o

't.425
1.355
987
391
348
193
224
88
41

46
24

ohm.m
Laver Resistivitv*

Barnes Layer Analvsis

P
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SOIL RESISTIVITY DATA

Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentat¡on
Weather:
Soil Description

Vermont Gas Projecl
12-144-16
5t2t2013
Rd Sd off Beliveau Rd
44 23.2839N 73 7.5540W

Biddle Meter DET 512

62FlClear
Dry, rocky soil

'l

''., 
X"

Eucr¡lrecr¡¡c &
TEcrrNrc¡r. S¡nvrces. I¡rc.

N

P

H

not correlate with variations
164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (o)

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
503
3.05
2.29
1.52
076
0.30
0.15

Depth (d)

m

1.060
1.270
2.720
5.610
7.180
8.700
10.570
13.510
30.500
72.400
72.800

R
ohms

314
157
94
47
32
19
14
10
5

2
1

Spacing
Factor

332.9
199.4
255.2
263.2
226.9
166 6
151.8
129.4
146.0
138.7
697

Resistivity
ohm.m

0.94340
o.78740
0 36765
0.17825
0.1 3928
o 11494
0.09461
o.o7402
0.03275
0.01381
o 01374

1/R
mhos

Barnes Layer Analysis

0.1 5599
o.41975
0.1 8939
0.03898
0.02433
o 02034
0.02059
o.04123
0.01897
0.00008

nla
^ 

l/R
mhos

6.410
2.382
5.280

25.656
41.096
49 176
48.572
24.253
52.702

13176.800
nla

l( l/R)
ohms

157
63
47
15
12
5

5

5

3

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7 .47
3.05 - 5.3

2.29 - 3.O5

't.52 - 2.29
0.76 - 1.52
0.3 0.76
0.15 - 0.3
0 - 0.15

Laver tm)

Layer Resistivitv.

1.007
151
248
393
512
235
233
116
151

12,618
70

ohm.m

AVERAGE RESISTIVITY

^ ,--¿
/-

F

Ë

È

'õ

ú,

350.0

3@.0

250.0

200 0

t50.0

100.0

50.o

o0

-.iddFndoi FN

E
É.
f
Go
.ì
o

co

LAYER RESISTIVITY

r0.m

t@

o

H

@l
q

q

Rq
SB

00532



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

'SB*.
E¡¡enrLeer¡lc &
TrcHr,,:rcni. SEnvrces. lrvc

SOIL RESISTIVIW DATA

Vermont Gas Project
12-144-17
5t1t2013
Rd Sd North of CR11
44 22.1536N, 73 7 .67 51W
Kttf\¡
p = 2¡dR, perASTM G 57 & Barnes Method
Biddle Meter DET 512

T6FlClear
Dark, moist, sodded

_r
ot-I

N

H

164.00
82.00

10.00
7.50

00

0.50
ft

49.99
24.99
14
747

3.05
2.29
1.52

76

0.15
m

(d)

0.570
0.650
0.730

1.840
2.930
7

R
ohms

(m)

157
94
47

14
10
J

2

Spacing
Factor

not corre

102 1

68.5
40.8
31 3

.4

28.1
34.5

1

Resistivity
ohm.m

4 n n

(o

d
É.
U

óô
ddNddñddd

ãD.0
180.0
160.0
l,lo 0
r20.0
f00.0
800
60_0

10.0
ã!.0
0.0

q
E
€
Ê

.2
o
É

AVERAGE RESISTIVITY

1.53846
1.36986
1.14943
1

0.1 3BB9
0.03185

1/R
mhos

0.1

0.22044
0.1 3932

1

0.10704
0.02371

^ 
l/R

mhos

4.536
7.178
3.218
6 418

9.342
42.176

nla

r/(^ 1/R)
ohms

3
1

Spacing
Factor

47
15
12

Ã

7.47 - 14.
5.03 - 7 .47
3.05 - 5.3
229 -

0.3 - 0.76
0.15 - 0.3

5

E
E

LAYER RESISTIVITY

Dèpth (m)

t
s
æ

ð

È

ËSå¿

racleristic
727

110
40
31

24

40
118

Barnes ts

P

00533



Project Name

Date:
Location:

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

SOIL RESISTIVIW DATA

Vermont Gas Proiect
12-144-18
511t2013
Mowed pasture West of CR1'16
44 21.010N, 73 7.096W
KJ, LM
p = 2ndR, per ASTM G 57 & Barnes Method
Biddle Meter DEï 512

TSFlClear
Wet, dark soil

û

E¡rer¡tttnr¡,¡c &
Tecs¡¿rc¡i SeRvrces, l¡¡c

N

f-r*l
cR 116

P

aþ.0

250.0

zþ.0

150.0

100.0

50.0

0.0

t.m
Ð
m
&
æ

o

d ó

<i

q tg
:o;

ìéÈ8
ÈoNoo!

döö-dddtsçad

@

AVERAGE RESISTIVITY LAYER RESISTIVITY

E

o

.:

o
É

./ -a
E
E

* Laver Resislivity mav not correlate with Averaqe
164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

49.99
24.99
'14 94
7.47
5.03
3.05
2.29
1.52
o.76
0.30
0.15

Depth (d)

m

0.800
1.130
1.300
1 420
1.450
1.710
1.940
2.410
3.650
6.740
16.540

R
ohms

314
157
94
47
32
19
14
10
5
2
1

Spac¡ng
Factor

251 .3

177.5
122.0
bb.b
45.8
32.7
27.9
23.1

'17.5
12.9
15.8

Resistivity
ohm.m

1.25000
0.88496
0.76923
0.70423
0.68966
0.58480
0 51546
0.41494
0.27397
o.14837
0.06046

1/R
mhos

0 36504
0.11572
0.0650'l
0.01457
0.1 0486
0.06933
0 10053
0.14097
0. r 2560
0.08791

nla
^ 

l/R
mhos

2.739
8.641
15.383
68.633
9.537
14.423
9.948
7.094
7.961
11.375

nla

1/( l/R)
ohms

157
63
47
15
12
5

5

5

a
1

nla

Spac¡ng
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5 03 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver lm)

Laver Res¡st¡vitv*

430
546
722

1,052
119
69
48
34
23
11

16
ohm.m

H

00534



Project Name

Date:
Location:

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

,:t rc"

SOIL RESISTIVIW DATA

Vermont Gas Project
't2-144-19

5t1t2013
Mowed field off Shelburne Falls Rd
44 20.454N 73 7.615W

Biddle Meter DET 512

T5FlClear
Dark and mo¡st

I Test I
H

E¡Jcri¡EÊnr¡¡G &
Trcrirlrc¡i Srn,;rcrs, l¡lc

soil characteristic variations with depth
164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
503
3.05
2.29
1.52
0.76
0.30
0.15

Depth (o)

m

0.380
0.410
0.520
0.940
1.500
2.920
4.440
8.370

21.500
59.400
109.800

R
ohms

314
157
94
47
32
19
14
10

Ã
2

1

Spacing
Factor

1 19.3
64.4
48.8
44.1
47.4
559
63.8
80.1
102.9
1 13.8
1 05.1

Resistivity
ohm.m

2.63158
2.43902
1.92308
1.06383
0.66667
o 34247
o.22523
o.11947
0.04651
0.01684
0 0091 1

1/R
mhos

Barnes Laver Analvsis

0.19255
0.51595
0.85925
0.39716
0.32420
o 11724
0.10575
o.07296
0.02968
o.00773

nla
^ 

l/R
mhos

5.1 93
1.938
1.164
2.518
3.08s
8 529
9.456
13.706
33.697
129.407

nla

1(^ l/R)
ohms

157
63
47
15
12
5
5

5

3

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver lmì
r

816
122
55
39
38
41

45
66
97
124
105

ohm.m

AVERAGE RESISTIVITY
Ê

E

:
.9

É.

l,a0.o

1m.o

1@.0

800

60.0

¡10.O

z)0
oo

só
-dd6Èdñg

-----c<-----al

LAYER RESISTIVITY

&
ffi
fl
æ

o

ó
d

ñó
d

Depth

Shelburne Falls Rd

00535



Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-20
511t2013
Mowed field off Charlotte Rd
44 19.6814N 73 7.9244W
KJ LM
p = 2ndR, perASTM G 57 & Barnes Method
Biddle Meter DEf 512

T3Flclear
Moist, Dark

H

Ellcr¡:renr¡.¡c &
TEcu¡,¡rc,ri StRvlces, l¡ic

N

{

-õ
É,
qJ

o
oÍ
U

P

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24 99
't4.94
7.47
5.03
3.05
229
1.52
0.76
0.30
0.15

Depth (d)

m

0.540
0.570
0.580
0.730
0.890
1.290
r.690
2 540
4.670
8.330
14.710

R
ohms

314
157
94
47
32
19
14
10
5
2

1

Spac¡ng
Factor

'169.6
89.s
544
34.3
28.1
24.7
24.3
24.3
22.4
16.0
14.1

Resistivity
ohm.m

4 Pin Wenner Data

l=l rmo

lålräi
lÉl i:

m-o

ôo
ddd-Nddid

Fd

AVERAGE RESISTIVITY

1 .85185
1.75439
1 72414
1.36986
1.12360
0.77519
o 59172
0.39370
o.21413

0.06798

1/R
mhos

0.09747
0.03025
o 35427
o.24627
0.34840
0 18348
0.1 9802
0.17957
0.09408
o.05207

nla
^ 

l/R
mhos

rnes

2.870
5 450
5.050
5.569
10.629
19.206

nla

l(^ l/R)
ohms

10.260
33.060
2.823
4.061

157
63
47
15
12

Ã

Ã
5

2
1

nla

Spac¡ng
Factor

25.0 - 49.99
14.94 -25.O
7.47 - 14.94
5.O3 - 7.47
3.05 - 5.3
229-305
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - O.3

0 - 0.15
Layer {m)

LAYER RESISTIVITY

2m
I,S
t.@
s

0

@¡

q tg
:d

tcÈR

9p
å¿

62
36
26
24
27
31

18
14

ohm.m

* Layer Resistivity may not correlate with Averaqe Resistivitv because of soil characterislic variations with depth
1,61 1

2,089
132

00536



Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

z4' ', :' ,

'AEt<.
\-r--"

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-21
5t1t2013
Rd Sd off Burritt Rd
44 18.7647N,73 8.1066W
KJ, LM

Biddle Meter DE'l 512

66F/Clear
Dry sand and rock

E¡tcr¡:t¡nr¡¡c &
TrcHNrc¡i Srn';rces, lrr¡c

N

-o
É.

f
ffl

rI

H

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
503
3.05
2.29
1.52
0.76
0.30
0.15

Depth 1o¡

m

1.890
2j30
2.940
4.600
5.740
7.350
8.450
11.220
21.100
49.500
93.300

R
ohms

314
157
94
47
32
19
14
10
5

2
1

Spacing
Factor

593.6
334.5
275.9
215.8
181 .4

140.8
121 4
107.4
101 .0

94.8
89.3

Res¡st¡vity
ohm.m

4 Pin Wenner Data

AVERAGE RESISTIVITY
7æ.0

600.0

uio.0

400.0

æo.o

200.o

1@.0

o0
aoNo oNoo
oö-dddÈndd

,.4

E
E
o

5
'õ
oÉ

0.52910
0 46948
0.34014
o.21739
0.17422
0.13605
0.11834
0.08913
0.04739
0.02020
o 01072

1/R
mhos

0.05962
0.12935
o.12274
0.04318
0 03816
0.01771
0.02922
o 04173
o.o2719
0.00948

nla
^ 

l/R
mhos

rnes

16.774
7.731
8.147

23.161
26.204
56.461
34.227
23.962
36.776
105.442

nla

l( 1/R)
ohms

157
bJ
47
15
12
5

5

5

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.O3 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

LAYER RESISTIVITY

eil
?ñl
r.Û
t,@
s

o

lõ"pth (r") I

ðe
:d

sé

9o

d

&q
äq

because of soil characteristic variations with d

2.634
489
382
355
326
270
164
11s
106
101

89
ohm.m

Baldwin Rd

00537



Project Name

Date:
Location:

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

.Z . -' :..

',ÃHK.

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-22
5t6t2013
Rd Sd off Meade Farm Rd

LM
p = 2rdR, per ASTM G 57 & Barnes Method
Biddle Meter DEI 512

TOFlcleat
Dark, moist and vegetation

P

E¡rsriltEcr¡¡c 6.

T¡cpr,,¡rc¡r. S¡RyrcÊs, lur;

rI
N

T'
É.

E
ou
o

!oo

AVERAGE RESISTIVITY
ld).0
l,lo.0
1ã).O
'too.0

60.0

dÌo
,40 0
ã.0
0.0

oo sóõ
od;dddÈú r(

E
È
o

È
Ê
'õ

ú,

with because of soil va
164.00
82.00
49.00
24.50

't6.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth 1u¡

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

Short Test
0.850
1.030
1.440
1.820
2.990
4.240
7.740
18.430
64.900
112.000

R
ohms

314
157
94
47
32
19
14
10
5

2
1

Spacing
Factor

#VALUE!
133.5
96.7
67.6
57.5
57.3
60.9
74 1

88.2
124.3
107.2

Res¡st¡vity
ohm.m

It##tf##
1.17647
0 97087
o.69444
0.54945
0.33445
0.23585
012920
0.05426
0.01541
0.00893

1/R
mhos

Barnes Layer Analysis

3
m
l@

o

ó

d

N 3g
:d

5é
@i

E

E

LAYER RESISTIVITY

#VALUE!
0.20560
0.27643
0.14499
0.21500
0.09860
0.1 0665
o.o7494
0.03885
0.00648

nla
^ 

l/R
mhos

#VALUE!
4.864
3.618
6.897
4.651
10.142
9.376
13.344
25.739
154.327

nla

l(^ 1/R)
ohms

157
63
47
15
12

5

5
5

J

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 -7.47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver tm}

Res

#VALUE!
307
170
106
58
49
45
64
74
148
107

ohm.m

00538



SOIL RESISTIVITY DATA

Project Name

Date:
Location:

Testers:
Methodology:
lnstrumentat¡on:
Weather:
Soil Description

Vermont Gas Project
12-144-23
5t6t2013
Rd Sd off Deer Run Ln
44 17.238N, 73 7 .823W
KJ LM

P = 2¡dR, PET ASTM
Biddle Meter DEI 512

60FiClear
Dark, moist, and vegetation

Baldwin Rd

& Barnes

û

E¡ror¡leEnr¡rc &
TEcrrNrc¡i. S¡R,rcÊs, llc

rI
c

J

c
=É.

ooô

800.o

700.0

6æ.0

500.o
,1m.0

æo.0
2@.0

100.o

oo
\cÌc!qq!aq :ñ

AVERAGE RESISTIVITY

E

€
È

'õ
ú,

* Laver Resistivitv mav not correlate with Averaqe Res
164.00
82 00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

Short Test
0.700
o 740
1.900
3.530
4 870
5 350

32.300
95.000

294.000
747.000

R

ohms

314
157
94
47
32
19
14
10

t
2
1

Spacing
Factor

#VALUE!
109.9
69.4
89.1
111.5
93.3
76.8

309.3
454 8
563.0
715.3

Resistivity
ohm.m

ltlfillftttflt
1.42857
1.35135
o.52632
o.24329
0.20534
0.1 8692
0.03096
0 01053
0.00340
0.00134

1/R
mhos

m
ru
&
N

o

ip
é¿

q ðE
:o;

Ì¿ÈR@t

LAYER RESISTIVITY

E

E

#VALUEI
0.07722
0.82504
o 24303
0.07795
0.01842
0.1 5596
0.02043
o oo712
0.00206

nla
^ 

l/R
mhos

#VALUE!
12.950
1.212
4 115
12.829
54.280
6.412

48.939
140.352
484.808

nla

1(^ 1/R)
ohms

157
63
47
15
12

q
5

Â

a
1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
503-7 47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver (m)
Layer Resist¡vitv'

#VALUE!
818
57
63
160
260
3',|

234
403
464
715

ohm.m

N

00539



Project Name

Date:
Location:

Testers:
Methodology:
lnstrumentat¡on:
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-24
5t3t2013
Rd Sd off Access Rd West of Baldwin Rd
44 16.205N 73LO74W

57 Method
Biddle Meter DET 512

68F/Clear
Dry sand and rock

H

t

E¡¡enrEEnrruo &
Trcnrurc¡i Sen,¡rcrs. l¡rc

.E'
É.

oIo {

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

1 .010
1.400
1.900
2.780
3.300
4.O70
4.450
6.430
13.080
30.500
47.400

R
ohms

314
157
94
47
32
l9
14
10
5

2
1

Spacing
Factor

317.2
219.9
178.3
130.4
104.3
77.9
63.9
61.6
62.6
58.4
45.4

Res¡st¡v¡ty
ohm.m

4 Pin Wenner Data

E

É.

öö;dddÈiçd Èdf

360.O

3(þ.0

250.0

ãn0
150.0

r@.0

50.0

o0

AVERAGE RESISTIVITY

,.J
,!a

0.99010
o.71429
o.52632
0.35971
0.30303
0.24570
o.22472
0.15552
0.07645
0.03279
0.02110

1/R
mhos

o 27581
o.18797
0.1 6660
0.05668
0.05733
0.02098
0 06920
0.07907
0.04367
0.01169

nla
^ 

l/R
mhos

3 626
5.320
6.002
17.642
17.443
47.662
14 451
12.647
22.901
85.544

nla

1/( l/R)
ohms

Ã

5
5
3
1

nla
Factor

Spac¡ng

157
63
47
15
12

14.94 -25.O
25.0 - 49.99

7.47 - 14.94
5.03 - 7 .47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
o.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

LAYER RESISTIVITY

E

E

Fo"ptrrft"ll

0

sã
il
æ
1@

ö
d

q
õB
:d

5éÈR

of soil variations with
569
336
282
270
217
228
69
61

66
82
45

ohm.m

Barnes Laver Analvsis

Baldwin Rd

00540



SOIL RESISTIVITY DATA

Project Name:

Date:
Location

ïesters:
Methodology:
lnstrumentat¡on
Weather:
Soil Description

Vermont Gas Project
12-144-25
5t3t2013
Rd Sd off Pond Rd
44 15.096N,73 8.382W

69F/Clear
Dry sand and rock

',[F*
LMKJ

rnes
E¡rer¡ltenr¡¡c &
Trcs¡¡rcai SeRvrcis, l,r¡c

r Test 
I

N

H

P

1

16.50
10.00
7

0.50
ft

(d)

49.99
24.99

4.94
7.47

3.05
2.29
1.52

0.1 5

m

(d)

2.930
3.280

10

6.550
7.490
9.250

301.000

R

ohms

314
157
94
47

14
10

Spacing
Factor

not correlateRes

515.1
338.8
215.8

107.6
88.6
99.1

1

Resistivity
ohm.m

ÈoNoôo
öôd-dorid

1(m.0
9(þ0
800.0
?00.0
6æ.0
500.o
,l00.0
3{X}.0

æ0
100.0

oo

E

o

'õ
o
É,

AVERAGE RESISTIVITY

0.30488
0.27701
0.21739

0.108'11
0.04831
0.01 140

1/R
mhos

0.02787
0.05962
0.02977

0.05980
0.03691

^ 
l/R

mhos

35.88r
16.774
33.586

b

16.723
27.095
12 759

1/( 1/R)
ohms

63
47
15
12
5

t
3
1

Spacing
Factor

14.94 - 25
7.47 - 14.94
5.03 -7.47
305-5

0.76 - 1

0.3 0.76
1 3

4

LAYER RESISTIVITY

a.m
1@
¿@
t.m

0

FI

@¡
3

q

<;

d

Re
sq

1

515
356
250

78
119
2

.m

Barnes

P

P

00541



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-26
514t2013
Rd Sd off Hollow Rd
44 14.318N, 73 9.036W
KJ, LM

Biddle Meter DEI 512

55F/Clear
Moist dark soil

t

H

E¡ler¡l¡¡Rr¡¡c &
Tecxrurcai SrR,¡rces, l¡'¡c

r Test r

N

T'eì
_9
o-

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.1 5

Depth (d)

m

1.950
2.860
3.060
3.700
3.880
4.170
4.320
5.360
8.690

20.500
48.300

R
ohms

314
157
94
47
JZ
19

'14
l0
5

2
1

Spacing
Factor

612.5
449.1
287.2
173 6
122.6
79.9
62.0
51.3
41 .6

39.3
46.3

Resistivity
ohm.m

4 Pin Wenner Data

tål *;

Þl -l

AVERAGE RESISTIVITY

t

öôd
oo oo
d6ñdúö fdt

0.51282
0.34965
0.32680
0.27027
0.25773
0.23981
0.23148
0.1 8657
0.1 1 507
0.04878
o.02070

1/R
mhos

0.16317
0.02285
0.05653
o.01254
0.01792
0.00833
0.04491
0 07149
0.06629
0.02808

nla
^ 

l/R
mhos

a

6.129
43.758
17 691
79.756
55.792

120.096
22.265
r 3.988
15.084
35.617

nla

1( 1/R)
ohms

Resistiv not with because of soil characteristic variations
157
63
47
15
12
5
5
5

J

1

nla

Spac¡ng
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7 .47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29
0.76 - 't.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver (ml

LAYER RESISTIVITY

2m
2tfr
t,û
r,m
s

o

@t
tg
:d

ÈR

Ë*3ri

962
2.765
830

1,222
695
575
1Q7

67
43
34
46

ohm.m

00542



SOIL RESISTIVITY DATA

Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

Vermont Gas Project
12-144-27
5t6t2013
Rd Sd off Post Rd
44 13.8614N 73 9.1396W
KJ

Biddle Meter DE-l 512

56F/Clear
Sand and rock

\

BK,
rnes

E¡lcr¡rticr¡¡o &
Trcrrr.lrc¡i Srn'ylcrs. lr:c

N

oF
-o
É,

oÀ

82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

24.99
14.94
747
5.03
3.05
2.29
1.52
o.76
0.30
0.15

Depth (d)

m

0.930
1.820
3.500
4.200
6.420
8 990
10.240
13.220
57.200
188.000

R

ohms

0
157
94
47
32
19
14
10
5
2

1

Spacing
Factor

0.0
146.0
170.8
164.2
132.7
123.O

129.1
98.1
63.3
109.5
180 0

Resistivity
ohm.m

4 Pin Wenner Data

æ0.0
180 0
t60.0
140 0
120 0
r(x'.0
800
60.0
¡O0
n.o
00

AVERAGE RESISTIVITY

E

3o

'5

'6
o
É

ö ó6Èdi
FN

#Dtv/0!
1.07527
0.54945
0.28571
0.23810
0 15576
o.11123
0.09766
0.07564
0.01748
0 00532

1/R
mhos

#Dtv/0!
o.52582
o.26374
0.04762
0.08233
0.04453
0.01358
o.02201
0.05816
0.01216

nla
^ 

l/R
mhos

#Dtv/ot
1.902
3.792

21.000
12.146
22.458
73.646
45.427
17.194
82.214

nla

1/( l/R)
ohms

-157
bJ
47
15
12
5

5
5

3

1

nla

Spac¡ng
Factor

14.94 - 25 0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3

Layer (m)

25.0 - 49.99

0 - 0.15

Depth (m)

o

ó d a

r Res not corre ite
#Dtv/0!

120
178
322
151

108
353
217
49
79
180

ohm.m

Barnes Laver Analvsis

H

00543



SO¡L RESISTIVITY DATA

Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

Vermont Gas Project
12-144-28
5t3t2013
Rd Sd off Monkton Rd
44 12.9201N 73 9.5695W

57 Barnes Method
E¡¡cr¡tIlnr:¡G &
Trc¡l¡lcnr. S¡nvrces, l¡¡c

Biddle Meter DEf 512

59F/Clear
Moist, dark soil and vegetation

H

N

'ct
É.
c

C
o

'L

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
030
0.1 5

Depth (d)

m

o.770
0.820
0.890
0.900
1 .010
1.270
1.380
2.370
6.460
54.800
87.300

R
ohms

314
157
94
47
32
19
14
10
5

2
1

Spacing
Factor

241.8
128.8
83.5
42.2
31.9
24.3
19.8
22.7
30.9
104.9
83.6

Res¡st¡vity
ohm.m

4 Pin Wenner Data

300.0

250.0

æ0.o

tt) 0

1(x).0

fÌ0
o0

qqqrqqo¡
NO

AVERAGE RESISTIVITY
F

Ë¡o
!-

'õ
o
É.

/a

1 29870
1.21951
1.12360
1 .11111
0.99010
0.78740
o 72464
o.42194
0.1 5480
0.01825
0.01 145

1/R
mhos

0.07919
0 09592
o.01248
0.12101
0.20270
0.06276
0.30270
o.26714
0.1 3655
0.00679

nla
^ 

l/R
mhos

12.628
'10.426
80.1 00
8.264
4.933
15.933
3.304
3.743
7.323

147.201
nla

1( 1/R)
ohms

157
bJ
47
15
12
5

5

5

a
1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.O3 - 7 47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

LAYER RESISTIVITY

lõ"ptn6jl

4@

z@
r.6

0

tg
:d

ÈéÈR

not correlate because of soil characteristic variations withI
1.983
659

3,758
127
61

76
16
18
21

141
84

ohm.m
Res

00544



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-29
5t4t2013
Access Rd off Monkton Rd
44 11.9620N 73 10.1339W
KttfM

Biddle Meter DET 512

þuil,-tear
Dry, rocky soil

'1

o

EllonlÉ¡nr¡lc &
ïrcu¡¡rc¿r Senvrcps. l¡,¡c

-o
É.

o,Io

N

P

H

82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

4 Pin

7.400
11.710
15.340
15.350
16.690
17j20
18.700
22.900

243.000
800.000

R
ohms

157
94
47
32
19
14
10
5

2

1

Spacing
Factor

1162.1
r 098.9
719.8
485.1
319.6
245.9
179.1
109.6
465.4
766.0

Resistivity
ohm.m

0.1 3514
0.08540
0.06519
0 0651 5
0.05992
0.05841
0.05348
0.04367
0.00412
0.00125

1/R
mhos

0.04974
0.02021
0.00004
0.00523
0.00150
0.00494
0.00981
0.03955
0.00287

nla
^ 

l/R
mhos

20.1 05
49.485

23546.900
191.188
664 495
202.623
101 .960
25.283

349.013
nla

l(^ l/R)
ohms

63
47
15
12
5
5
5
J

1

nla

Spacing
Factor

14.94 -25.Q
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver tmt

Depth (m)

AVERAGE RESISTIVITY LAYER RESISTIVITY

E

o

o
É

49.99

25æ.0

zxxÌ.0

l5(þ.0

r(m 0

5m0

oo

soil characteristic va

æ0,@

æ,@o

r@,m

0

use

H

1

not
6.

Depth (m)

d
c¡

r!

q
t

r Res
164.00

dñd*ddddd

1.271
2.322

360,760
2,380
3,181
970
488
73

334
766

ohm.m

Barnes Laver Analysis

Monkton Rd

00545



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-30
51412013
Rd Sd off Parks Hubert Rd
44 11.3774N 73 10.1006W

p = 2¡dR, perASTM G 57 & Barnes Method
Biddle Meter DEI 512

63F/Clear
Dry sand and rock

;tot-t

E¡¡er¡trERr¡¡c &
Trcstrc¡i. SER'¡rces. l¡rc

N

P

H

82.00
49.00
24.50
16.50
10.00
750
5.00
2.50
1.00
0.50

Depth (d)

ft

24.99
14.94
7.47
5.03
3.05
2.29
1.52
o.76
0.30
0.1 5

Depth (d)

m

0.970
1.080
1.200
1.330
1.750
2.110
3.350
13.870

100.600
257.000

R

ohms

157
94
47
32
19
14
l0
5

2
1

Spacing
Factor

152.3
101.3
56.3
42.O
33.5
30.3
32.1
66.4
192.7
246.1

Resistivity
ohm.m

4 Pin Wenner Data

-õ
É,

o
-o
f

I

Gè

1.03093
0.92593
0.83333
0 751 88
o.57143
0.47393
0.29851
0.07210
0.00994
0.00389

l/R
mhos

0.1 0500
0.09259

0.1 8045
0.08145

0.09749
o.17543
o.22641
0.06216
0.00605

nla
^ 

l/R
mhos

9.524
10.800
12.277
5.542
10.257
5.700
4.417
16.088

165.308
nla

1(^ l/R)
ohms

63
47
15
12
5
5

5

3

1

nla

Spacing
Factor

14.94 -25.O
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver lmt

Depth (m)

AVERAGE RESISTIVITY LAYER RESISTIVITY

E

o

't
'6
o
É,

E
E

r Res
49.99

æ0.0

N.O

æo.o

15{)_0

1ü) 0

50.0

o.o

soil characteristic
1

use
57

o

Lm
m
d
0
m

1 191

õ 3

È

d

not corre
0.860

NOóò
doö;dd6ñidd

Rq

8q

602
507
188
69
49
27
21

46
158
246

ohm.m

Barnes Layer Analysis

00546



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

SOIL RESISTIVIW DATA

Vermont Gas Project
12-144-31
5t4t2013
Rd Sd off NorthSt
44 10.3319N,73 9.1138W

Biddle Meter DEf 512

64FlClear

/-

E¡¡crltEEnrr¡G &
TEcuNrc¡i SEn'/rcEs. INC

Moist and rocky

164.00
82.00
49.00
24 50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

1.940
2.100
2.860
5.430
7.000
12.540
13.830
26.300
58.600
74.800

16'1 .000

R
ohms

314
157
94
47
32
19
14

't0
5

2
1

Spacing
Factor

609.3
329.8
268.4
254.8
221 .2
240.2
198.6
251.8
280 6
143.3
154.2

Res¡st¡vity
ohm.m

4 Pin Wenner Data

lãl x:
l¡¡lgl 5oo.o

l¡l o-o
lil *o
lBl *oEJ ,*o

oo;ñddñ{{d ÈNl

AVERAGE RESISTIVITY

-z---<
-t

0 51546
o.47619
0.34965
0.1 841 6
0.14286
0.07974
o 07231
0.03802
0.01706
0.01337
0.00621

1/R
mhos

0.03927
oj2654
0.1 6549
0.04130
0.06311
0.00744
0.03428
0.02096
0.00370
0.00716

nla

^ 
l/R

mhos

25.462
7 903
6.043

24.210
15.845

134.440
29.1 68
47 715
270.573
139.708

nla

l/( l/R)
ohms

Barnes ts

157
63
47
15
12
5
5

Ã

3
1

nla

Spac¡ng
Factor

25.0 - 49.99
14.94 -25.O
7.47 - 14.94
5.O3 - 7.47
3.05 - 5.3

2.29 -3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

LAYER RESISTIVITY

3.m

z@
r.0ü

o

Esrs¡

ðe
:d

çó
Rc
sq

se of soil characteristic variations with denot
3,999
499
284
371
197
644
140
228
777
134
154

ohm.m

_fI
E
o
z.

N
H

00547



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

Anrc\._ _,

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-32

44 9.

R ASTM G 57 & Barnes Method
Biddle Meter
64Flclear

soil

North St

H

E¡rcr¡l¡rcr¡rc &
Trc¡¡irc¡i. S¿nvrces, I¡,¡c

N;f*l

P

AVERAGE RESISTIVITY
7q).0

600 0

500.0

¡1O0.0

3æ.0

200 0

t(n.0

0.0

n because of soil characte

164.00
82.00
49.00
24.50
16.50
10.00
7.50
500
2.50

'1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
503
3.05
2.29
1.52
0.76
0.30
0.15

Depth 1u¡

m

1.960
2.060
2.360
6.500
9.410
15.680
17.480
23.700
49.200
134.400
297.OOO

R
ohms

314
157
94
47
32
19
14
10
5

2
I

Spac¡ng
Factor

615.6
323.5
221 .5
305.0
297.4
300.3
251 .1

2269
235.6
257.4
284.4

Res¡st¡v¡ty
ohm.m

0.51020
0.48544
o.42373
0.1 5385
o.10627
0.06378
0.05721
0.04219
0.02033
o.oo744
0.00337

1/R
mhos

rnes

6.@

a.m

¿@

o

d
ri 3 q

@i

E
E

e

LAYER RESISTIVITY

0.02477
0.06171
0.26988
0.04758
o.04249
0.00657
0.01501
0.02187
0.01288
0.00407

nla

^ 
l/R

mhos

40.376
16.205
3.705

21.019
23.533
152.270
66.604
45.727
77.611

245.491
nla

1(^ l/R)
ohms

157
bJ
47
15
12
5

5

Ã
3
1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29
0.76 - 1.52
0.3 0.76
0.15 - 0.3
0 - 0.15

Laver (m)

6,341
1.O24
174
322
293
729
319
219

ana
235
284

ohm.m

00548



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-33
5t4t2013
Rd

KJ LM
p = 2ndR, perASTM G 57 & Barnes
Biddle Meter DET 512
62FlClear
Dry sand, rock and vegetation

H

E¡lcr¡:tenr'¡c &
TrcH¡lrc¡i StR'ylces. l¡,¡c

N;l-L
-o
É.

6
f
d

P

't64.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
250
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
076
0.30
0.15

Depth 1o¡

m

1.270
1 680
2.240
3.230
4.970
7.440
8.740
12.700
30.300

1 16.600
229.000

R
ohms

314
157
94
47
32
19
14
10
5
2

1

Spacing
Factor

398.9
263 8
210 2

151 .6

157.O
142.5
125.5
121.6
145.1
223.3
219 3

Resistivity
ohm.m

4 Pin Wenner Data

AVERAGE RESISTIVITY
4f}0
¡lOO.0

350.0

rþ.o
2s0 0
200.0
't5().o

1(x).0
f).0
0.0

60 NOóOò
dod;dodtsddd

'==-..-
J

0.78740
0.59524
0.44643
0 30960
0.20121
0.13441
0.11442
0.07874
0.03300
0.00858
0.00437

1/R
mhos

0.19216
0.1 4881
0.1 3683
0.1 0839
0.06680
0.01999
0.03568
0.04574
0.02443
o.oo421

nla
^ 

l/R
mhos

5.204
6.720
7.308
9.226
14.970
50.020
28.030
21.864
40.938
237.557

nla

1(^ l/R)
ohms

not conelate with Resistiv
157
63
47
15
12

q
5
5
J

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver tmt

LAYER RESISTIVITY

m
@
0
N

o

H

@t
t

dt

ö d

817
425
343
141
186
239
134
105
118
227
219

ohm.m

Barnes Laver Analvsis

00549



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermonl Gas Project
12-144-34
5t4t2013
Rd Sd off Main St
44 7 .4123N 73 9.8050W

, per 57 Method
Biddle Meter DET 512

T2FlClear
Dry sand, rock and vegetation

t

E¡¡errrtnrrue &
Trcutrc¡i S¡R',¡lces, l¡rc

164.00 49.99 0.53763 2 28.472 157 25.0 - 49.99
not with soil characteristic variations with

AVER/\GE RESISTIVITY

tãl #'

þl x: H

a.m
t.@
¿@
1.60

0

dðd d6ñddd

9o

ó¿ Rq
$q

tg
:d

ÈR
lõõtnr'il

\

,/\
LAYER RESISTIVITY

82.00
49 00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

24.99
14.94
747
5.03
3.05
2.29
1.52
0.76
0.30
0.15

Depth (d)

m

1.990
2.340
2.890
3.340
4.330
4.900
24.200

't 19.300
332.000
418.000

R
ohms

157
94
47
32
19
14
10
5
2
1

Spacing
Factor

312.5
219.6
135.6
105.5
82.9
70.4

231.7
571.2
635.8
400.3

Resistivity
ohm.m

0.5025'l
o.42735
0.34602
0.29940
0.23095
0.20408
o.o4132
0.00838
0.00301
0.00239

1/R
mhos

Barnes

0.07516
0.08133
0.04662
0.06845
0.02687
o.16276
o.03294
0.00537
0.00062

nla

^ 
1/R

mhos

13.305
12.296
21.450
14.608
37.223
6.144
30.358
186.21 3

1613.674
nla

1/( l/R)
ohms

bJ
47
15
12

Ã

Ã
5
3
1

nla

Spac¡ng
Factor

14.94 -25.0
7.47 - 14.94
5.O3 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)
Res

841
577
329
182
178
29
145
535

1,545
400

ohm.m

I

H

P

, Test r

P P

Main St

00550



Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

"$Ft<"

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-'t44-35
5t5t2013
Rd Sd offTown H¡ll Rd
44 73 10.0670W

Biddle Meter DET
56F
Hard dry and vegetation

H

Er¡en¡recr¡¡c &
T¡cg¡,¡rc¡i. S¡Ryrcas, lr¡c

N

H
H

P

Town Hill Rd

, Test r

:þ0.o

250.0

ãn-0

lmo

100.0

50.0

0.0

&
û
&
Ð

o

d &c
sq

ie
:o;

@N Noq!óQõ
ddó+dd6ñ:ñg

fõ"ilh ('") I

AVERAGE RESISTIVITY LAYER RESISTIVITY
E

o

't
'õ
oÉ

E
E

r not correlate with e ¡t with

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
250
'1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
5.03
3.05
229
1.52
076
0.30
0.15

Depth (d)

m

0.760
0.880
0.940
1.180
1.470
2.080
2.530
3.410
8.1 00

35.1 00
97.700

R
ohms

314
157
94
47
32
19
14
10
5

2
1

Spacing
Factor

238.7
138.2
88.2
55.4
46.5
39.8
36.3
32.7
38.8
672
93.6

Resistivity
ohm.m

1 .31579
1.1 3636
1.06383
o.84746
0.68027
o.48077
0.39526
0.29326
0.12346
0.02849
o.o1024

1/R
mhos

Barnes Layer Analysis

o.17943
o.07253
0.21637
0.16719
0.1 9950
0.08551
0.1 0200
0.16980
0.09497
0.01825

nla
^ 

l/R
mhos

5.573
13.787
4.622
5.981
5.012
11.694
9.804
5.889
10.530
54.781

nla

1( l/R)
ohms

157
63
47
15

't2
Ã

5
5
3
1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.O3 - 7.47
3.05 - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

875
871
217
92
62
56
47
28
30
52
94

ohm.m

Substation

00551



SOIL RESISTIVITY DATA

Project Name:

Date:
Locat¡on

Testers:
Methodology:
lnstrumentat¡on
Weather:
Soil Description

Vermont Gas Proiect
12-144-36
5t5t2013
Rd Sd off Ethan Allen Hwy

Hard dry and vegetation

'$*
44 5.5455N, 73 10.4509W

p = 2¡dR, perASTM G 57 & Barnes Method
Biddle Meter DEI 512

Er¡eri:reqrt¡c &
lrcs¡¿rcar Senvrces, lrc.

m not correlate se with

500.o
¡15O.0
¡100.0

360.0
ïþ.0
250.0
200.0
t$.o
'tcn.0
s0-0
o,0

zú
t.$
r.m
s

o

@N
NOO*óõó

ödd-Nddñddd {

9p
é;

o

Rc
fiq

{e
:oi

ËR
tõ"pth ("r) I

AVERAGE RESISTIVITY LAYER RESISTIVITY
E

o

d

E

E

164.00
82.OO

49.00
24.50
16.50
10.00
7.50
5.00
250
1.00
0.50

Depth 1o¡

ft

4 Pin Wenner Data

49.99
24 99
14,94
7.47
5.03
305
2.29
1.52
0.76
0.30
0.1s

Depth (d)

m

1.420
1.570
1.640
2.O20
2.340
2.790
3.060
3.420
4.700
17.270
31.500

R
ohms

314
157
94
47
32
19
14
10
5
2
1

Spacing
Factor

446.O
246.6
153.9
94.8
73.9
53.4
44.0
32.7
22.5
33.1
30.2

Resistivity
ohm.m

o.70423
0.63694
0.60976
0.49505
0.42735
o.35842
0.32680
o.29240
0.21277
0.05790
0.03175

1/R
mhos

Barnes Layer Analysis

o.06728
o.o2719
0.11471
0.06770
0.06893
0.03163
0.03440
0.07963
0.15486
0.02616

nla
^ 

l/R
mhos

14.863
36.783
8.718
14.771
14.508
31.620
29.O70
12.558
6.457
38.229

nla

l( 1/R)
ohms

157
63
47
15
12
5

5

5

3
1

nla

Spac¡ng
Factor

25.0 - 49.99
14.94 - 25.0
7.47 - 14.94
5.O3 - 7.47
3.0s - 5.3

2.29 - 3.05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

2.334
2,325
409
226
181

151

139
60
19
37
30

ohm.m

oF

|'\
lP



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentat¡on
Weather:
Soil Description

BK,

SOIL RESISTIVITY DATA

Vermont Gas Proiect
12-144-37
51s12013
Rd Sd off Hunt Rd
44 4.5951N 73 9.5652W
KJ, LM

Biddle Meter DET 5/2
STFlClear
Hard packed dark soil

EriGr¡::ÈnrrlG 6,

T¡cri¡r cai S¡Rytces, l¡¡c

H

HPot-

É.

c
f-

N

164.00
82.00
49.00
24.50
16.50
10 00
7.50
5.00
250
1.00
0.50

Depth (d)

ft

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
0.76
0.30
0.1 5

Depth (d)

m

Short Test
2.590
3.120
3.360
3.800
4.960
6.420
9.990
23.700
121.400
324.000

R
ohms

314
157
94
47
32
19
14
10
5

2
1

Spacing
Factor

#VALUE!
406.7
292.8
157.7
120 1

95.0
92.2
95.7
113.5
232.5
3'10.2

Resistivity
ohm.m

4 Pin Wenner Data

/t50.O

¡l0O 0
3{t0.0

rþ.0
250 0
2ð0
15().o
10oo
50.0
o0

@N
NOõçóõ

ddd-do6ñad

E
o

Í
\

AVERAGE RESISTIVITY

tffiít#
0.38610
0.32051
0.29762
0.26316
0 20161
0.1 5576
0.1 001 0
0.04219
0.00824
0.00309

1/R
mhos

#VALUE!
0.06559
0.02289
0.03446
0.06154
0.04585
0.05566
0.05791
0.03396
0.00515

nla
^ 

l/R
mhos

#VALUEI
15.247
43.680
29.0r 8
16.248
21.810
17.965
17.269
29.449
194.144

nla

1/( 1/R)
ohms

157
63
47
15
12

4
5
5
3

1

nla

Spac¡ng
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.O3 - 7.47
3.05 - 5.3

2.29 -3.O5
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer (m)

LAYER RESISTIVITY

¿@
t,Ð
r.m
s

o

l¡õt'Gri

4e
:oi

9p
9d
oá

d

Re

s€

not correlate s with
#VALUE!

964
2,049
445
202
104
86
83
85
186
310

ohm.m

Barnes Layer Analysis



Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

'A,Ft<.

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-38
5t5t2013
Open Field off River Rd
44 3.5072N, 73 9.5358W

p = 2rdR, perASTM G 57 & Barnes Method
Biddle Meter DEI 512

59F/Clear
Hard packed dark soil

El¡c¡¡¡¡tq''i': &
Trc¡¡i;c¡i S:nyrces, l¡¡c

N

o
f-E

ú.
o
ú

H

H

AVERAGE RESISTIVITY
7(x).0

600 0

5@.0

,l(x'.0

300.0

ãxr.0

100.o

0.0
oNoo{ó6ò
;dd6ñidd

I

not because of soil characteristic
164.00
82.00
49.00
24 50
16.50
10.00
7.50
5.00
250
1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
076
0.30
0.15

Depth (d)

m

1.960
2.030
2.290
2.420
2.680
2 900
3.380
4.520
14 780
37.600
70.000

R
ohms

314
157
94
47
32
19
14
10

5

2

1

Spacing
Factor

615.6
318 8
214.9
113.5
84.7
55.5
48.5
433
70.8
72.0
67.0

Resistivity
ohm.m

0.51020
0.49261
0.43668
o.41322
0.37313
0.34483
0.29586
o 22124
0.06766
0.02660
0.01429

r/R
mhos

LAYER RESISTIVITY

H

a.@
em
4@
¿@

o

R"r
sq

tg
:d

lõ"pth (*) I

0.01759
0.05593
o.02346
0.04009
0.02831
0.04897
0.07462
0.1 5358
0.04106
o.01231

nla
^ 

l/R
mhos

56.840
17.880
42.629
24 945
35.327
20.421
13.401
6.511
24.353
81.235

nla

1(^ 1/R)
ohms

157
63
47
15
12
5

5
5

3

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3.O5
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Layer lm)
Layer Resistivitv*

8.926
1 .130
2,000
382
440
98
64
31

70
78
67

ohm.m

00554



Project Name:

Date:
Location:

Testers:
Methodology:
lnstrumentation:
Weather:
Soil Description

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-39
5t5t2013
Rd Sd off US 7
44 2.9550N, 73 9.8744W

Biddle Meter DEf 512

59FiClear

.AH*.
EltGrltEÉnr¡¡G &
T¡isr.t,c¡r SiRyrc:s l\¡ì

AVERAGE RESISTIVITY
700.0

600.0

5(x).0

¡tm.0

$o.0
2@.0

1(x).o

0.0

NOO{ó@õ
dddÈird s

E

¡o
!-

'õ

ú

not because of soil VA

164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft

4 Pin Wenner Data

49.99
24.99
14.94
7.47
5.03
3.05
2.29
1.52
076
030
0.15

Depth (d)

m

1.290
r.980
2.190
2.670
3.940
4.270
4.500
4.540

115 700
346.000
593.000

R
ohms

314
157
94
47
32
19
14

10
5
2
1

Spacing
Factor

405.2
310.9
205.5
125.3
124.5
81.8
64.6
43.5
553.9
662.6
567.8

Res¡st¡v¡ty
ohm.m

0.77519
0.50505
o.45662
o.37453
0.25381
0.23419
0.22222
0.22026
0.00864
0.00289
0.00169

1/R
mhos

H

2@
t.@
1.m
m

o

d 3
ai'sq 

H

@i

LAYER RESISTIVITY

0.27014
0.04843
0.08209
o.12072
0.01962
0.01197
0.00196
0.21162
0.00575
0.00120

nla

^ 
l/R

mhos

3.702
20.649
12.182
8.283

50.981
83.543

5 10.750
4.725

173.826
830.680

nla

1(^ l/R)
ohms

157
63
47
15
12
5

5
5
J

1

nla

Spacing
Factor

25.0 - 49.99
14.94 -25.0
7.47 - 14.94
5.03 - 7.47
3.05 - 5.3

2.29 - 3 05
1.52 - 2.29
0.76 - 1.52
0.3 - 0.76
0.15 - 0.3
0 - 0.15

Laver tm)

I

581
1.305
572
127
635
400

2,445
23

499
795
568

ohm.m

oF
NP

F\

f

00555



Project Name:

Date:
Location

Testers:
Methodology:
lnstrumentation
Weather:
Soil Description

fit<.

SOIL RESISTIVITY DATA

Vermont Gas Project
12-144-40

Rd Sd off US 7
44 2.3630N 73 9.7127W

ASTM G 57 & Barnes Method
Biddle Meter
61F/Clear
Hard packed, rocky and veqetation

o
F-

Er¡et::¡Êq,tiG &
ïÉasNrc¡.1 SEtr'/rcEs, l"irl

¡..

f

AVERAGE RESISTIVITY
4{D.0

350.0

300 0

ã.0
ãx).0

150.0

loo.0

$.0
o0

ño6õõ
ö;ñddñddd

E

o

t
'õ

É

I because of soil characteristic va
164.00
82.00
49.00
24.50
16.50
10.00
7.50
5.00
2.50
1.00
0.50

Depth (d)

ft
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APPENDIX B -
PIPELINE STEADY STATE, AC CURRENT DENSITY & FAULT PLOTS
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Coler & Colantonio - Vermont Gas Pipeline Project: 12" Proposed
Pipeline Modeled AC Touch Voltage
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Coler & Colantonio - Vermont Gas Pipeline Project: 12rr Proposed Pipeline
Modeled AC Touch Voltage

With Mitigation
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CURRENT DENSITY
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Coler & Colantonio - Vermont Gas Pipetine Project: 12" Proposed Pipeline
AC Current Density
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Coler & Colantonio - Vermont Gas Pipeline Project: 12" Proposed Pipeline
AC Current Density

With Mitigation
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FAULT _ COATING STRESS VOLTAGE
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Goler & Golantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Goating Stress Voltage

During Fault on ll5 kV K22Line
With Mitigation
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Goler & Golantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Coating Stress Voltage

During Fault on ll5 kV K2l Line
With Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Goating Stress Voltage

During Fault on 34.5 kV Green Mountain Power Line
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Coler & Golantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Coating Stress Voltage

During Fault on 115 kV K24 Line
With Mitigation
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Goler & Colantonio - Vermont Gas Pipeline Project:
l2" Proposed Pipeline Goating Stress Voltage

During Fault on ll5 kV K23 Line
With Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Coating Stress Voltage

During Fault on 115 kV K27 Line
With Mitigation
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Coler & Golantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Coating Stress Voltage

During Fault on ll5 kV K33 Line
With Mitigation
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Goler & Colantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Goating Stress Voltage

During Fault on 115 kV K43 Line
W¡th Mitigation

1 065+80 1265+80 1465+80
0

665+80 865+80 1665+80

- 
Pipeline Voltage

-linç 
Mitigation

I û

/ Lll,

I il\
\l \t 'J

lv r" I
/

I h

t I IJ V
,il

v t.'ll, I :JU IAI u l.j

Station Number (Ft.)
Anrc.

00573



o
U'

õ
o
çDt!
õ
u,oo

an
ct)c
(!
oo
o
.E
o
çL
iÍ

1

2500

0

2000

500

000

500

Goler & Colantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Coating Stress Voltage

During Fault on 115 kV K64 Line
With Mitigation
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Goler & Colantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Coating Stress Voltage

During Fault on ll5 kV K63 Line
With Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project:
12" Proposed Pipeline Coating Stress Voltage

During Fault on 345 kV K370 Line
With Mitigation
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FAULT _ TOUCH & STEP VOLTAGES
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
\ililliston M&R @MP 10.43

Faulted at Velco 115 kV K23 Tower
Touch Voltages - Safety Limit 187.3 Volts.
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
Williston M&R @ MP f 0.43

Faulted at Velco 115 kV K23 Tower
Step Voltages - Safety Limit 498.1 Volts.
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
Williston M&R @ MP 10.43

Faulted at Velco 115 kV K23 Tower
Touch Voltages - Safety Limit 187.3 Volts.

\ryith Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipetine
Williston M&R @MP 10.43

Faulted at Velco 115 kV K23 Tower
Step Voltages - Safefy Limit 498.1 Volts.

\ryith Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-2 @MP 14.3

Faulted at Velco 115 kV K43 Tower
Touch Voltages - Safety Limit 228.2 Volts.
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-2 @MP 14.3

Faulted at Velco 115 kV K43 Tower
Step Voltages - Safety Limit 606.1 Volts.
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-2 @MP r4.3

Faulted at Velco 115 kV K43 Tower
Touch Voltages - Safety Limit 228.2 Volts.

\ryith Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-2 @ MP 14.3

Faulted at Velco 115 kV K43 Tower
Step Voltages - Safety Limit 606.1 Volts.

With Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-3 @ MP 19.81

Faulted at Velco 115 kV K43 Tow-er
Touch Voltages - Safety Limit 227.6 Volts.
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-3 @ MP 19.81

Faulted at Velco 115 kV K43 Tower
Step Voltages - Safety Limit 603.4 Volts.
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Coler & Colantonio - Vermont Gas PipelineProject - 12" Proposed Pipeline
MLV-3 @ MP 19.81

Faulted at Velco 115 kV K43 Tower
Touch Voltages - Safety Limit 227.6 Volts.

\ryith Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-3 @ MP 19.81

Faulted at Velco 115 kV K43 Tower
Step Voltages - Safety Limit 603.5 Volts.

\ryith Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-4 @MP 24.8

Faulted at Velco 115 kV K43 Tower
Touch Voltages - Safefy Limit 432.8 Volts.
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Coler & Colantonio - vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-4 @MP 24.8

Faulted at Velco 115 kV K43 Tower
Step Voltages - Safety Limit ll7l.3 Volts.
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Coler & Colantonio - Vermont Gas Pipeline Project - 12,, Proposed Pipeline
MLV4 @MP 24.8

Faulted at Velco 115 kV K43 Torver
Touch Voltages - Safety Limit 432.8 Volts.

lvith Mitigation
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Coler & Colantonio - vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV4 @MP 24.8

Faulted at Velco 115 kV K43 Tower
Step Voltages - Safety Limit ll7l.3 Volts.

With Mitigation
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-s/Plank Rd. M&R @ MP 32.54
Faulted at Velco 115 kV K43 Tower

Touch Voltages - Safety Limit 287.8 Volts.
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed pipeline
MLV-s/Plank Rd. M&R @ MP 32.54
Faulted at Velco 115 kV K43 Tower

Step Voltages - Safety Limit 781.7 Volts.
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-s/Plank Rd. M&R @ MP 32.54
Faulted at Velco 115 kV K43 Tower

Touch Voltages - Safety Limit 287.8 Volts.
With Mitigation
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lvfaxrmum Value . 273.621
[4inimum Threshold : 287.800
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17'120 171140
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipetine
MLV-s/Plank Rd. M&R @MP 32.54
Faulted at Velco 115 kV K43 Tower

Step Voltages - Safety Limit 781.7 Volts.
\ilith Mitigatiqn

,*ts(rúi4v&hLt¡rùl/lvrr qrrr,¡[L_ frr !oteÐt
LEGEND

Maimum Vdue 101.190
Minimum Thßshold . 781.7O0
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171060 171080 171100 171120

X AXIS (FEET)

Step Voltage-Worst Magnltude (Volts)
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Coler & Colantonio - vermont Gas Pipetine Project - 12" Proposed Pipeline
MLV-6 @ MP 3s

Faulted at Velco 115 kV K43 Tower
Touch Voltages - Safety Limit 298.8 Volts.

s.br &û5'ToúhV.l@õrWrEdlD @r{@*l

184093 184103 184113

X AXIS (FEET)

Touch Voltage Magn. (Volts) [Wors]

Mãimum Valæ r 797.652
M¡nimumThreshold 298.800

\ /Y/.bb

< 747.77

i( 697.E8

< €48.00

.< 598.11

< 548.23

< 498.34

i( 448.46

t -. .tt.ut
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-6 @ MP 3s

Faulted at Velco 115 kV K43 Tower
Step Voltages - Safety Limit 825.7 Volts.

f-
ul
uJ
tL

(t,

=

útudÙaruFt$úd@w[0 t0r{mrut

-1

-21

184093 184103 1U113 1U123

X AXIS (FEÊT)

Step Voltage-Worst Magnitude (Volts)

LEGEND

Msimum V8lß; 8.197
Min¡mumThreshold: 825.700
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-6 @ MP 3s

Faulted at Velco 115 kV K43 Tower
Touch Voltages - Safety Limit 298.8 Volts.

With Mitigation

s tubdÍodhvù!.¡eßrhrdfo er€,(@ e I

LEGEND

Mâxrmum Value : 238.265
Minimum Threshold : 298.800I
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t-
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=
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xAxts (FEET)

Touch Voltage Magn. (Volts) [Wors]
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Coler & Colantonio - Vermont Gas Pipeline Project - 12" Proposed Pipeline
MLV-6 @ MP 3s

Faulted at Veleo 115 kV K43 Tower
Step Voltages - Safefy Limit 825.1Volts.

With Mitigation

t-
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t¡J
I

s)

=
a

whfdsp@1wdruúùsd[! ord@El

-1

-1

a1
184095 184105 184115

X AXIS (FEET)

Step Voltage-Worst Magn¡tude (Volts)

LEGEND

Maximum Va¡-¡e : 78.970
Min¡mum Threshold : 825-700
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APPENDIX C -
POWER & PIPELINE COMPANY DATA

ARK Engineering & Technicol Services, lnc.
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115-6.1
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INDEX TO DRAWINGS

115 KV CONSTRUCTION

VERMONT ELECTRIO POIVER COM tNc

Types A, B' B-2 & ECrossarm Detail
Tlzpe DA-T, Pole ToP. Details
Type DA-T Structure -SÈraight Line Deadend

Type E, PoIe ToP Details
TyPe E Structure - Dead'end

Type DA, Pole ToP Details
Type DA Structure - Angles over 50o

Tyþe D, Pole ToP Details

& Railroad CrossingsType D Structure - HighwaY

Type C, Pole ToP Details
Type C Structure, Angles 27o 500

lype B-2, Pole ToP Details
Type B-2 Structures, .Angles 10" 27"

Type B, Pole ToP Details
Type B Structure - Angles 0o 100

Type A- 4 e D-4, SPecial Framing

Type A-3 & D-3, SPeciaI Framing

Type A-2, PoIe ToP Details
Type A-2, Tangent Structure - Special SPans

Type A, Pole ToP Details
Type A' Tangent Structure
Index to Drawings

Index to Drawings
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DWÊ # 115-0.:
,^7t 6 /11

INDEX TO DRÀWINGS

115 KV CONSTRUCTION

VERMONT ELECTRIO POTVER Itic.

Type F Structure - Pole ToP Details
Type F Structure - Transposition - Two Phase

Type F Structure - Transposition - Three Phase

Clearing for 150 I Right of flaY

Bog Shoe Detail - TYPe B e C

Guy Grounding - TYPes D & E

Bog Shoe Detail - TYPe A

Guy Grognding - TYPes B, B-2' c & DA

Guying - TYPe DA-T

Guying - TYPe DA

Guyinq - TYPes B, B-2, C & F

Ground Rod Detail

Guying-TYPesA,D&E

Rock Anchor & SI¡ramP Anchor Detail

Anchor Rods, Anchor Logs & Guy Wire Connections

Type A, Shield Wire Deadend Detail

Bayonet Detail-

P]ate & Channel Detail

PLaLe & Channel Detail

Pole Boring, Gaining û Pole Roof

Types C, D, DA, DA-T & f'Crossarm Detail
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67

6/.

63

60

57

56

55
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53
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/r9

46
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26
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t9

11
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5
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1

l4ark

3

75

2
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5

3

{

2

2
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¿
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2
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2

3

2
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8.uant

Ball eye - long

feu¡ Lead 3/8tr galv. 3-strd. (conmon grade)

Staples - 3/8u x l-7ftn" (dor.n leads )

Plates, rei¡forcement for xarlns'

llashers, 3x x 3u * 3/t6,, w/tt/l6u hole -curve<

hlashers, /+n x 4n * I/lr, u/t3/t6, hole -curved.

Washers, 2n x 2n x t/8u u/g/t6, hole - square

hlashers, coil spring A/2,,

l,lashers, coil sprÌng 5/8,

l^iashers, coil sprine 3//0,

Clamps, crossarm

Cl-amFs: suspension - conductor w/ soeket ftg.

Clamps, suspensíon-static r¿ire

Clamps, grould rod

Rods, grouna 3/4n x 8¡

Crossarn-I)rpe A

Clevis - d.eadend for cross tie

Preforned ilLn taps for guy to statj.c

Prefonned guy grips DE - for cross tie

Srace - Llood xarm 6Ot'

Bo1ts, rnachine 3/lnt, x 16rr for crossar¡tr

Bo1ts, x-arn clamps 3/4t * gn

Bo1ts, 5/8, x L?tt for crossarn brace

Bo1ts, brace l/ztt x lOtl

3o1ts, 5/8, x 10rr for bayonet (12rr)

Bayonets, complete w/pJ-ate, filLer uasher,
w/ bolLs, nuts and r,¡ashers
zu x 5/8, and zlrr x 5/Bu

Description

Lapp
.--BTC-

Joslyn

Joslyn

Lapp
MTF

Lapp
MTF

Joslyn

Joslyn

Bethea

Lapp
lethea

LM

Joslyn

Haley

Joslyn

il

Prefon¡

Hughes

Joslyn

Joslyn

Joslyn

Joslyn

Joslyn

IM

l,fanuf

6422
1^'l Á

J T73

J /+0/+7

30 407 Ip14i

PL4 4

3U4U8¿
J TO73

J 1820

s-114-1

\195750
FS-4 6

DN 1/+G1

J 5338

/r56

LC-rtß-5963

t GDE-1107

2000cc

r 89L6

J 8908

J 8812

J 8710

J
.T

8810
88a2

tM-DN-382

Cat. No.

ï:ffiMONT EIECTRIC POI¡IER COl"fPAU-f, INC
MAMRTAI Í'OR TÏPE A SIRUCTUAE

115 Ifl¡

r
C

l-

(( )
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Rev. 2/77
Rev.2/74
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vmMONT EIECmIC PoI^IER CoMPAM, fNC.

}4ATERTAL FOR TYPE A S1RUCTURE
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57

55

53
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79
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73
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76
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Mark
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¿

L35l

2

¿

2

/,

2

/,

2

2

2

4

a

)
sets

1

2L

2

ut

Suant

Ïlashers, rou¡d 9A6u

Pole Eye Plate

Cable, 3/8" EI{S ga1v. steel

Guard Guy- netal

l,lashers , lr" x /+t' x L//nt' "/ 
'1 / B u hole -f1at

llashers, /r' x /*u x l/ln" uh3ft6t' hole-

Washers, coil sPrinC L/zu

l,lashers, coil spri:rE 3//r'
Iegs, screr.l x
Rock anchors

Rods, anchor 3//rrr Y gr'

Anchor logs /ur

Ttrinble Clevis

Preforqed DE guY gríPs

Bolts, machine 3/4u x 16rr (po1e eye plate)

Side Guys - ldhen Requir ed

Pole Roof, non metalic (used if pole cut
off irr fíeId)

Ar:nor Rod.s

150# Weishts

X-brace u/ nounting hardr.rare

When Reqqired

fnsulators, suspension 9rr ùisc (7 per string,

Sheave Hheel for cross tie (ro1ler eye)

Cab1e, 3/8tt galv, for cross tie

Descri

À,f T T¡

LapP

0liver

Joslyn
MTF
Lapp

Joslyn

Chance

Joslyn

Koppers

À4TEA,

Lapp

Preformed

Joslyn

Jos1yn

Bethea

Hughes

Lapp
GE

Joslyn

IlanuJ

304 0 21
DW AQ

808

J 1082

304082
P1A4

875/+ P

R36O R 384
Ri72 R 396

J 7328

304056
D 11 11'l

GDE 1107

J 89L6

J 2LO8

ASlr 389-150
t4-H

LO/+2X

9000-'10
L55-40e-

J 6288

Comrnon Gradr

Cat. \to.

(
Fì
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ñ
Rev. I a
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Rev . 2/7 A
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TANGENT STRUCTURE
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VERM()NT ILTCTRIC P()WER COMPANY, INC.

POLE TOP DETAILS

TYPE "d, STRUCTURES
IISKV CONSTRUCTION
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55
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/16

/tl*

l+L

33

28

26

23
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Quant

I^lashers, 2tr x ztt x r/8Í w/9/t6' norc

Washers, coil sprinc \/zu

Washers, coil sprinc 5/Bn

l,lashers, coil spring 3ft*'

Clarnps, susPension - conductor uy'socket ftg.
Clamps, susPension - static .uj¡e

Clamps, ground rod

Rods, gror:nd 3//n" * 8'

Crossar"ns lYPe D

CJevis - ball

Preforrned rrlrr taps for top g]ly to static

Clevis - deadend for cross tíe'

Preforned. guy griP deadend -cross tie

Char¡nel & Plate

Bra ce wood - Ïa::n 6Ou

Bolts, 5/Üt x A)tt for plate & charurel

Bo1ts, eye - forged shoul-d'er u/r'rasher nut,
I'fF loch:ut & Cotter Pín

Bolts, nachi¡e 3ftu" x (24n)(2$n) (2s"1

Bolts, 5/8tt x Lztl for crossarm

Bolts, brace l/2tt x 10tr

Bolts, 5/8" x 19rr (12tt). for bayonets

Bayonets, conplete u/p7ale, filIer uasher,
I uholrts, nuts & r'lashers'

Description

Joslyn

Bethea

Lapp
LM

Josl¡rn

OB
PP

Joslyn

eformed

TM

Hughes

LM

Joslyn

Joslyn

Joslyn

Joslyn

Joslyn

LM

l4anuf

J IO73

s 11/--19
255

r{95750
DNI4G1

J 5338

1 0689

J /*56

5963

GDE LLOT

2343

2A00cc

DF 3B1o

J 2180

J 8928
8921+'

J 88A2

J STAO

DN-382

J 8810
J 88L2

Cat. No.

VERMONT EtEClsIC Pol,rER CoMPqlL-!ry!..--VITENTNL 
FOR TYPE A_2. STRUCruNE

115 Kv
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Rev. L/18
Rev ?./11
Rev.2/74
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82
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69
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64
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¿
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J
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2L

2

L/',1

L20l

75

4

þant

l,lashers, round g/16'
Guy Guards - netal

l^/ashers, 4u x lr, x I/l*, w/ 7/B,t hole - flat

Washers , lrtt x /+r x I/4n w/t3/l:6, hole-curved

Washers, coil spring I/2u

l,trashers, c,)i1 spring 3//*u

Iags, screv \/zn a 4t

Rock anchors

Rods, anchor 3/lrt, x 8,

.Anchor logs {r

Thirobl-e Clevis

keformed deadend guy grips

Bo1ts, rnachine 3/4u x 16t' (po1e eye plate)

Side Guvs - l,ihen Reouired

Pole roof, non metalic(used if pole cut off
j¡ the field)

.Annor rod.s

15Q# I.ieights

'---

X-brace w/nowfting harduare

l.Il¡en Required

Irsul-ators, suspension 9tr dísc (?/süring)

Sheave uheel (ro11er eye) cross tie

Cable, i/8r galv. for cross tie

Down Lead 3/8 , galv. 3-strd. (coramon erade)

Staples 3/8rt x 7-3ftr, (down leads)

Plates, rei¡forcement for xarlns

Description

01iver

JosL:rn
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Koppers

MT Í'
Lapp
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Joslyn
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Hughes
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.r I1e 2
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GDE 1107
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ASA-70
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Conunon Gradr

T I73

J /+O/ç7

Cat. llo.

IrERM0NT ELECm,IC Pol,lER COMPÂNy, INC.
MATERIAL FOR TTPE A_2 SIRUCTI]NE
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Quant

Pole eye plate

Cable, 3/8n EHs ga1v. steel

Description
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TANGENT STRUCTURE
SPECIAL SPANS

I15 KV CONSTRUCTION
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VERMoNT ELECTRTC POWER COMPANY, rNo.

POLE TOP DETAILS
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2'-6' ¿'o

sE€ ÞRW'ortrslg'-o 'ú'r-¡.p3
REO(IIRto

6ò ¿.¿*',¡ - r¿ú x-*
v Ft¡-f wâât¡E ¡

FIAT 5IDE OF AT.¡6LÉ
TOWARD CRos3.êRM

,Ë RU õOLT w *lEq'I sJ

le
AßM ÈRÁc¿ ¿Ó'

@

fj* rritou:r@

liz) eoue- e,vc.
fa) 

.rrlvteue-

tá3ncr-ronr.aeo cuv
USE. C'O'TTE.È PI
Dor.¡ÈLt- Nur ÉLôcr¿,

N OR.
D ÀS R.E-Q.

C¡IANNEL PLÀfE
¡t5 n4.o.EE

@
GUV ONLY AS SPECIFIED,

5/s" BOLT

@9PR¡NG lÀ/AÉ HEq
tdsve Eout ^¡z¿"or¡vr,r¡nt?

Pr.NstoN CLrl4e @

TYPE A.U DOUBLE ARM STRUCTURE
IN5I'LATOR AS5EMBLY

B
tô' èÀ

Ë

._-r )

-)



7O¡¡t¡ CV rt¡

\ l)

)

oAtl

/y't,

tarlÍo¡t
cf.l tt
.)¿

NONE
FALI

,r^ta ,, ,.lvl

¡ttFtlr ¡t
ÊIIC¡ID ¡'

nHÊ t r5-3o
ut4/17/72

VERMONT ELECTRfC POWER COMPANI INC

TYPE A-3 A D€
SPECIAL FRAMING

I15 KV CONSTRUCTION

I

U'o(t

I

(z)cazronueo'l' r¡ t
PFIEFORMEÞ D¿

EE oRw'çnls-ls.o

o
- t.(¡)

íee DRW'q'ttí-tz.o

oRw
'u5-l.

rc'-o'

ÞR\v'6
t16- t7.o

NOTE:FOR DETAILS NOT INDIOATED ON

THIS DRW.G SEE TYPE A

DRW'G lt5-1,0 a l15-8.0
MATERIAL SAME AS ÏYPE A

z-o"

",.:}

0061 7



¡OlÌH cV tr¡

l¡t I

4,/t,

t¡rtrtott
ct.¡ rl

.)+

¡Ê¡r t
NoNE

lttroT¡o tl owÊ #¡rs-4.o
"^,,4/17/72

STATIC WIRÉ sUPPOR.I. WITH
Þ.E, c'Lêvl5 ( aouuan

srAT¡c wrRE-nè - l/e' eeuv. AÉRIAL çROUND SÙ'PENSION
cttmp Eoutl To Fs-+L-s

:
o
\0

see oæwq'u5-t2.ô

|-
ï

9ÉE OEV'C
.u.5- t

SIAPLE 45 P¿R
DæwÇ te-tz.o

:i
ùt
Òlql
a.l

$l

t

sec- onw'ç
t5- t7.Ò

Nor;E, FoR pETAtLs Nor tNDtcATED oN
THts DPW'ç srr TYPE e. ( rter ø
DRW'ç t15-LO f tts- A.O EESPE?T.|&Y,

YPE -4 i D-4
Sezct.et Fae¡ttxq

I I K
ELECTRIC POWER CO''IPANY INC,

\ IU -4

.L. TAP,s

å

5,)

0061 I



UERMoNT EI,ECTRIC Pol,lEn coMPAt'If, ÏNC.

I.4ATERIAL FOR TYPT B STRUCTURE

1r5 KV

{ t

53

5I

lr9

/r7

/-5

u
/r2

ltJ

/roA

/+O

31,

32

at

26

23

))
T9

t6

12

10

9

7

6

Ã

/,

f.fark

8

3

3

2

1

2

I
2

)

1

1

1

/-

6

cto

1

1

t

6

)

5

z!.rp,

t

3

Quant

Bo1ts, brace L/2í x )'on

Description

Clev-is - clevi-s

Clevis - deadend

Preforrned rrlrr taps top guy to static

heformed DE euY griPs

Brace, uood xarln 60tt

Bands, pole - snall

Bolts, rnachine 3/lru x 1.8' crossarm

Bolt, nachine 3/4-" x +2'

Bo1t, machine 3//ntt x lOrr Pole toP

Bo1ts, :carn clamPs 3ft*u x 8'

Bolts, cone head

Bolts, machine 5/8t' x l2rt for crossartn brace

Clanps, ground rod

Lags, screw L/ztt x /*u

Rods, ground 3/4.u x 8'

Rock A¡chors

Rods, anchor 3/4t' x 8t

Crossarn Tþe B

.A¡chor Iog 8t

Washers, coil spring 3/tr"

Clamps, crossarm

Clanps, suspension for cond.uctor r'r/socket
fittings

Clarnps, suspension for static ui;.e w/ socket
fittings

C1anp, guy ground

Joslyn

Joslyn

Joslyn

Joslyn

ì4anu-f

Preforne

Preforme

tlughes

Joslyn

Josl¡m

Joslyn

Joslyn

Chance

Joslyn

Koppers

Ohanr':e
Lapp
Joslyn

Joslyn

Bethea

Lapp
Bethea

Josl¡m

LM

Joslyn

Joslyn

J BTIO

Cat. No.

J 8918

J 89]-2

J 8910

J 89OB

J 6277

J 88]-,z

9L597
qô4-ol 54

J /*56

. LC vrs 5963

. GDE 110?

2000cc

J 6280

105o

DN t4Gf

875t.P

J 5338

R
R

360
372

R38/,
R 39t

J 7328

J t_820

ACFS fl4-r9
255

N95750-S
FS46S

)(

t
¡

Rev 6/'77
F.ev 2/77
Rev. 2174

etfof

0061 I



]/ERMONT ELECTRIC PoWER COMP.ANy, TNC.
MATERIAL FOR TYPE B SM.UCfiTAE

115 xv

( I

I

79

7l-

73

20

82

78

77

76

70

72

69

68

66

63

6z

61

6o

59

58

57

56

55

5/,

l4ark

?

sets

)

¿

Ur

1

1

5

3

¿

351

23Ot

201

,1

2

3

3

I

2

/,

T3

J

Suant

Pole roof, non netalic (used if pole cut in
field )

Rods, ar:nor

1J0l l,Jeights

X-brace r,r/rnounting hardr.¡are

When Reouired

fnsulators, susp, 9tr disc (8 per string )

Guy attachment double sheave

Pole eye plate

Sheave whee]

0va1 eye ball extensi.on link

Ball eye, long

Cable, cross tie J/81' EHs

Cable, guylng 3/8tt E HS galv. steel

Cable, bnried grdr'3/8u galv. 3-strd

Reinforcenent plates for xar:ns

Strandvise for span guys

Guy Guards - rnetal

I,Jashers, curved. 3u x 3u x 3/t6" tI/I6n nol.e

Washers, round 9/16"

l,Iashers, square 4u x 4., x 7/lr, t / e n hoLe

trlashers, cnrwed 4u x /*" x 1//n, t3/t6, no1e

liashers, square 2r x 2n x I/8n 9/t6n norc

i,Iashers, coil sprinl l/2,

Washers, coil spring 5/8u

Description

Joslyn

Bethea

Hughes

Lapp
GE

Josl¡m

MIF

Joslyn
DñA

Lapp

Lapp
1ì Tt'

(comnon g

Joslyn

Reliable

0liver

Lapp
¡4T F

Jcs lyn
MT T1

LAPP

Joslyn

ì4anuf

J 2tO8

ASM 389-l5o
M-H

LO/+2X

ASA_ 7 O

r55-409-
9OUU_ /U

J627/+

PX88

J 6288

3000 24
?NN¿ LT.n

?ô14
6 422

ade )

J /+Q/+7

5r52

808

P14 3

Jr.J4U /õ

J ICB2

304082
D1 t1 ll

J IO73

Cat. No.

I(

¡

Rev. )"/78
Rev 2/11

Trpe Sheet 2 of 2

Rev . 2/7 4
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of,

"/,/r,

u/tAt

RcÉ\LE.

EXTËNDTÂILI ATTACH fO
af^lréwrRÊwtrH'u TAPS

C.¡,8 ¡f

.àr

I

I

I

.--- -. P.AA.

I

*t4-14-72
VERMONT ELECTRIC POWER COMPANT INC.

TYPE.B. STRUCTURE FOR
ANGLES TO IOO

II5 KV. CONSTRUCT¡ON

6 l4 l4

6 2'- 6 / 6'- z' 6

r4

! çuY

,l
\D

2
I
n

,)

)

-o

28

.NOTE3.
l. FoR Li o'-t.cpNsroER TYPE Ã-. (see oçsl6x tìmlÏArlolt3}

GUYU\E ÞRW'6r¡15- fê.o.

2, pOLe BANOS To BÊ TI6HT ( u4ce eo wrrn
Z LAat r RouND V/ASHEVSPRIN< WASttÉR-s,

3. co¡r¡e- HE AÞ Èôrjrg ¡Jgf' uNÞE.F. -TÉNsloN
-TC' Ê,E ÊÉ<.i.¡PJFÞ \vrrÉ LoC.K,NU-r.

l4'-o

t4¡ owu oil5-so
NONE

00621



)

6/,,/tt

o¡t¡

4y'r,

lry[¡or]

c'a ¡ It
.àp

:øtf tÊ
PR

NONE
tc¡Lt
¡r¡Íi ¡l

"^/ At?tov¡0 ¡r
c!¡c¡t0 It

0l{8 tl5-S.l
"^,,3/9/72

VERM(]I{T ELTCTRIC P(¡WER CÍ)MPANY, IIIC.

POLE TOP DETAILS
TYPE ,,8,' STRUCTURES

I15 KV CONSTRUCTION

^"''"""1S@

S¡{ÈryF @@
o.e. cL.vt { 6ulwt oeau

@ l
.N?r,'u aeu

o@
ùoLf

Þq&troB¡,ltÞ ôuY Q^Þ¡ 6¡tÊ v6 vJHeEL @noruc¡ | Þ.8 cuvt¡
?'L'TAÉ

@.o"o *".
@

POLE- BA.ND

üfA AERIAL 6ROUf,9
5U3Ê:N5pX ccgpuyw.rÍ É-'rr'

tfuNÞvlSfs*to @ @-t(ô @

Jc!
cLfvtr-c!gYl ,@

ol.
I

@
ÞdèLl

TYPE'S @

ry^.e-ÊourO ^
åþ¡¿rr¡q r¡¿rgug.Ê€9

G
tr

cFotc Â¡¡M

NÉ HÉ-AÞ AC'-f@ @
W. ÉYE.ÊALL ÉJ('T. ì-TNV.

R,E.Il,r lr)

7T'PL-À-rE-

R_VT.D \/ASHÉET.
orscs@

7i'eour @
PRINq I¡/AS*.R@

èYÈ

€-+aNqrr: @

*re.O a^al,sHee.@

s/ei 6ovr

I

i
I

¡¡¡q.w^sxen@

ì

)

b.tôñ Eln. Drlnl cô -lOO-A-5r-ß¡r I I

00622



/.5

/rl-

/rz

/r7

40A

/-O

3/'

32

¿t

¿o

25

23

22

2L_L

19

1"6

v

u

73

10

9

6

5

/,

2

'{ark

1

a

()

2

2

I

I

lr

a

6

I

6
sets

5pr

L2

o

3

I

I

6

2

l0

Quant

Clamp, guy gror:nd

Clamps, ground rod

Lags, screu 1/2t x 4n

Cror¡nd rod 3/4., x It

Rock anchors

-Anchor rod 3//rtt x l.9t

Crossarrn Type B

.Anchor 1og 8t

Clevis - clevis

Clevis - deadend

Clevis - ball- extension Link

Preforrned rrl': taps

Preformed guy grips deadend

Plate and channeL 2L" long

¡ Tarm brace r¿ood 60t'

Pole band.s, sma11

Bo1ts, 5/8' x l'ou for plate and charrnel

Bol.ts, eye - forged shoulder r,i,/washer nut
MF loclmut and cotter pin

Bolts, thrv 3//*" " @) tzê\ rzd\

Bolt, thru 3//r,' x l-2"

Bo1t, thr"î. 3/l*" x l'A"

Bo1ts, cone head.

Bolts, 5/8u x 12!r for crossara brace

Bolts, t/Zn x 10" - brace

Suinging angle brecket, u/washer' bolt,
and loclalut, r,rasher nut

Description

Preformet

Preformet

Hughes

Joslyn

LM

Joslyn

Joslyn

Joslyn

Joslyn

Joslyn

Joslyn

Joslyn

Hughes

I4anuf

Joslyn

LM

Joslyn

Joslyn

Chance

JosÌyn

Haley

Koppers

Lapp
Chance

Joslyn

Lapp
BTC

904-0I54
9 L5',i t

/',56

LC MS 5963

GDE 1107

2000cc

J6280

DF 3B1O

J 2180

J 89'2/+,8926
r 8928

J 89L2

J 8910

J 6277

J 8812

r 87LO

282I.IA

Cat. No

J 1050

DM4Gl

875/+P

r fi38

3Bt,
396

R360R
n 372R

J 7328

902584
309 4-2

vER],loNT ELECTRTC POWER CoMPANy, TNC.

MATERIAL FOR TTPE B-2 STRUCTI]RE

115 Kv

,l

t

P.ev I/78
Rev 6/7'
rev 2/17

Rev . 2/7 4

(

(

,J

Type B-2 Str. Sheet I of 2

00623



79

7/+

73

20

82

78

77

76

72

63

o¿

6J,

69

68

66

59

58

)t

56

55

5/,

53

50

/+7

l'{ark

J
sets

?

2

2/+

I

I

q

z

351

230t

201

6

¿

3

I
3

I

10

l8

v
5

3

2

Quant Description

Insulators susp. 9rr disc (8 per string )

Guy attaclunent double sheave

Pole eye plate

Sheave wheel (roller)

Ball eye, long

Cable, 3/8tt gal.v 3-strd for cross tie EHS

Cable, guyinC a/8u EHS ga1v. steel

Cable, )/8il gaLv. 3-strd (common grade)

Reinforcernent plate

Strandvise

Guy Guard.s netal-

I^lashers, ïound 9/16" nole

Washers, flat,, lçtt x lrtt x L//r" "l /B I hoLe

l,lasher, crrrved 4.u x 4u * L/lru l3ft6" noLe

llashers, square ztt x ztt x t/8" 9/t6" noLe

I,fashers, coil spring L/Zu

l'Iashers, coil spr:ng J/1rr

Washers, coil sprinC 3//*"

Clarnps, suspension w/socket fittings (for cnn,

Clanps, suspension u,/socket fittings (for S.W

Pole roof, non metalj-c (used if pole cut in
fleld)

Rods, arrnor

150# weights

Xbraces - r,r/rnounting hardr.rare

llhen Required

Jos lyn

LaPP
MTF

Joslyn

t)Bethea

Lapp
Bethea

ì4anuf

Joslyn

MTEA

LaPP

Joslyn

Lapp
BTC

Joslyn

Reliable

Oliver

Joslyn

Bethea

Hughes

Lapp
Gtl

808

J ).0?,2

304082
Pl4 4

rL073

LCF ILtt-26-
3 0-s

N95750-S
FS 465

Cat. IIo

ASM 389-¿5C
M_H

L0l+zx

ASA- 7 O

9000-70
r 55-409-

J627/+

304021
PX 88

r6288

6 422
3ôl4

J lrolr7

5l-52

J 2108

VERMoNT Er,ECm,lC POWm CoMP.ANr, rNC.

MAIERTAI FOR TYPE B-2 STA,UCTÜRE

IL5 Kv

(

v. I/78 i.r.ì
a

J

( )

v 2/1

Rev. 2174

Sheet 2 of

00624



r'- 6" 6tt

)
L

r 4'- o" l4'- o"

I z t L' ]-APs

-0"

r)

J/-
\ ì-:--

--@.-F

--H

(

I

o¡t¡

4r-,
Tt/r,
"/,/r,

PROFILE

\

.EXTEN
STATIC

0 TAIL
WIRE

I
w

7'-o"

¡ttt¡toÈt

C'H'¡ IY

fa*Ti
.)r,

ç6!78
oo

I

I

uw

NONE
'C¡ 

If ltttovlo lt

owGf rs-12.o

TF REO.
BRACE (ù

I

D}r0 #il5-6.0
.^,3/21/72

'/ERMONT 
ETECTRIC POWER C(]MPAI{Y, INC.

TYPE,,B-2'' STRUCTU RE FOR

ANGLES IOO -27"
II5 i(V CONSTRUCTION

l4'-o"l4 -o"

28'-O"

I. POLE BANOS TO 8E TIGHT A LAGGED WITH
2 LAGS, ROUND WASHERS A SPRING WASHERS.

2. CONE HEAD BOLTS q UNDER TENSION ÏO BE

SECUREO WITH LOCKNUTS.

NOTE;

)

00625



)L

rt-of,-8

X-ARM ERACE@

@t/c" EYE BoLT

N
a

NFORCEMENT PLATE@

sPRtNc WASHER@

tNc wAsHER @

WASH
OLE EYE PLATE

l'- 6" gt'

@

Ê oil5-6.r

SPRING
WASHER@

w/

DOUELE
SHEAVE
GUY ATTACH.

,)

g"

l/z"BILT

3/4"BoLT

s,¡g"goLT

PRING
wAs

\9
I

ú
BALL

LINK

5C^lt

@

{t I

I F

o¡11

l"/"^

4.yt,
r,/",
çl/,,

c'ff t ¡l

I Kîta
L¡cAlrôN

J"

æ''T¿
PR

h

"^rt3'15-72

I/ERMO¡¡T EI-ECTRIC P()WER C(]MPANY, IHC.

POLE TOP DETAILS
TYPE "B-2,, STRUCTURES

II5 KV CONSTRUCTION

Iotscs

st
o

@

P

SWING'NG
RACKET

WASHER 8OLT,
WASHER NUT A
LOCK }.¡UT.

POLE BAND

NUT IF

-ot'

@

--j t-o

3"

@

WH

@

@
c

@ A
SU s

ERIAL
P

GROU
LAMP

@srnnruovrs

PREFORMED
GUY GR IP

@lorue enll

Øvz"eott
@so. wasne

@s/q"
2 'L' TAPS

@o.e

o

.)

t¡Yl¡lo¡t NONE
¡tt¡oYlt ll

0lry

00626



vrnMoNT ELECÍAJC POïmR Cor{P.ANy, rNC.

MATERTAL FOR TYPE C STRUCTURT

115 KV

55

53

52

50

/*7

/r5

/r/r

43a

/+3

/r2

lol

/ooA.

/+O

35

)1

31

29

26

23

22

l_8

I7

ß

11

9

6

I'fark

L2

2

)

aI

¿

¿

4

I

T2

¿.

5

I

I

a

)

/,

6

L2

)

.t)

n

3

t
12

Quant

llashers, coil sprj-ne I/2,
llashers, coil sprinC 3//*"

Chain Llnks

Clamps, suspension cond.uctor- urlsocket eye

Clamps, suspension-static r+ire r^r/socket ftg

Clamp, guy g:ound

C1.amps, ground rod connector

Insulators, flberglass strain

fnsulators, fiberglass strain

Lags, screw l/zri ¡ ¿rrr

Rods, grou.nd J/4rt * gr

Rock anchors

Rods, anchor 3/l*' x B,

Crossarm þpe C

Anchor log 8t

.Anchor logs 4l

Twist clips for d.own guys

Clevis - deadend

Preformed rrltr taps (for top guy to static )

Prefo::ned deadend. guy Crips

Bands, pole extension

Bands, pole - large

Bands, pole - small

Bolts, 3/lru x l.6u crossarm

Bo1t, 3/ltu x Io' pole top

Bo1ts, Cone head

Description

E'nn

Bethea

Lapp
Be th e¿

Joslyn

LM

Andersol

Joslyn

Joslyn

Chance

Joslyn

Koppers

Koppers

Joslyn

Josl¡m

bef orrned

)reformed

Joslyn

Josl¡m

Joslyn

Joslyn

Joslyn

Joslyn

ì4anuf

i08 2

ACFS 11/+-
26_305

csr 3-78-

l\y) /5u
PS- 4 6_S

J IO5O

DNr/+G1

Anders
I

o1 GSr 3-54-

8754P

r 5338

38,
39(

360R R

RR 372

J 7)28

J 6282A

J L:56

LC-MS_5963

GDE IIOT

J 6272

J 6270

J 6280

J 89L6

J 89IO

J 6277

Cat. itlo ( I

I(

P

P

Rev 6/77
Rev 2/77

I

Rev. 2/74
et of2
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VERMONT ELfiCTT,IC POWER COMpAr[r, fNC.
MATIRIAL FOR TYPE C STRUIJTURE

rt5 ifl/

( I

79

7/-

?3

82

78

'16

72

70

69

68

66

63

6z

6L

59

58

57

Mark

3
sets

?

27

1

7

2

3

351

3oot

201

3

z

5

12

4

3

Juant

Pole roof, non-metalic (used if pole cut
off in field)

A¡mor rods

l-50# Ueishts

hlhen Required

fnsulators, suspension 9t' disc (9 pe" string

Guy attachnent double sheave

Roller eye

Ball eye - long

Oval eye ball erbensj.on links

Cable, cross tj-e i/9tr gatv. 3-strd. EHS

Cab1e, cuyrng 3/8tt EHs ga1v. steel

Cable, burled grd. 3/8n Calv. 3-strd

Reinforcement plates

Strandvise for span guys

Guy guards - metal

I^Iashers, rowñ l/2tl

llashers, square 4.u x 4.u x t/l-' I / a hoLe

l,/ashers, cr:rved 4u x 4-u * I/l*u I3/L6u ]no].e

Description

Joslyn

Bethea

Lapp
nTr

Joslyn

Joslyn

RTE
Lapp
R.ftc
Lapp

,corunon gr

Joslyn

Reliab,le

0liver

Lapp
MIF

ì4anuf

Jos.'l-vn

J 2108

asÌ,f 389-150
M-H

ASA- 7O

9000-'/0
I qc-¿nq-

[ 627/Þ

J 6288

6 422
10'ì 4

30ô4H.r
300024

ade )

/*o/*7

5L52

808

J IO82

804082
P 11/t

Cat. No

l(

I

Rev L/18
Rev 2/77

Rev. 2/74

Tvpe C Str. Slreet 2 of 2
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Y

t+io'

z1: o

za'- o"

z't Teps

t+'-o"t4

) ¡r'OTE:
Lpoue BANDS 'ro gE- T\G.HT ANÞ L,\GGED
vrrt{ 2 LÀ66, RôuND usHec.s dsPRtIK wAsuERa.

2.C,OX¡ç. T{8./\O gôL:TS ÑOf UNDE.P. TENÉ'ON.TÞ
BÉ. SE.C,IJRÉD \) T'TH Lê¿K'{U'T.

34LÊ

il5-7.O

'ì

I

fir

ù:(È
/,/z'
7,A.,

-..j.4t+frþfir
{"rrr¡ro rA,rj arrAcH To

srArtcwt*t wrrH 'c rne3-

¡)> o

PR

""^--^..- Jl{

/
f 

seÉ oRw'ç't,s- tZ.t

_.I1

l4|o"

I

o

s
g\5c

5

^

"--.4/7/72

VERMoNT ELECTRTC POWER COMPANI ING

TYPE-C STRUCTURE
ANGLES 27" TO 5OO
II5 KV CONSTRUCTION

)

NONE
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ìrERMONT ELECTR]C PoI,IER COMP.ANY, ÏNC.
MATERIAT, FOR TYPE D STRUCTURE

115 KV

I,{ark

I

)

.ì()

t+8

/+6

u
/+L

39t

36

30

28

26

22

22

,'1

20

L9

L5

I/+

13

5

lr

55

5/,

53

ö

T2

2

)

2

6

¿

6

6

a

4

¿

3

I

/* pt

6

?

t

2

I
l-

2

Quant

Bolts, machine 5/8tt x 19tt (12tt) for bayonet

Bayonets, complete u/pl.:ate, fil-ler l¡asher,
r,¡/bolts' nuts, washers
(2, x 5/6n and. e4dt x 5/8il)

Descri

Xbrace ur/rnorrnting hardl¡are

Brace wood xarms

BolLs, 5/8u x l-Orr for plate & channel

Bolts, eye 3//nt' x lOrr -forged shoulder v/
cotter pin or dbl. nut and Lock l¡asher

Bolts, machine 3/lr" * 24tt (261t ) (zSt'¡

Bolts, nachine 5f$ x 12rr for cross brace

Bo1ts, brace Tfzn x l:On

Clevis - deadend

Prefor"ned rrl,lr taps

Prefozued guy grips - d.ead.end

Channel & Plate

Washers, coil sprring 1/2tr

llashers, coil spring 5/8'

Washers, eoLL spring 3f lrtl

Clamps, suspension /clevis for cond.

Clamps, suspension for s,/r"r

Clamps , ground. rod 3/ /n"

Rods, ground 3/l*u x 8'

Socket clevis

Crossarns Type D

Pl-ates - yoke 18"

Clevis - balL

LM

Manuf

Joslyn

Joslyn

Joslyn

Joslyn

Joslyn

IM

Hughes

Hughes

t,M

Lapp
Bethe¿

T,M

Joslyn

IJAPP

BTC

Chance

LAPP
OB

Joslyn

Preforsred

Preformed

Bethea

J 8710

J88t0,8812

DN 382

Cat- No.

DF 3B1O

J 2780

T8g2/+,8926
J8928

J 8812

J aso

LC-MS-5963

GDE 110?

66æon¿r
DP23A3

l-:OTAX

2000cc

N95750
FS-46

DN 14C1

J 5338

30 40
o¿¿o

cao4-0329

1 0689
ô¿¿ I

tcFs 114-19
_25ç

(

.¡
I

Rev 2/77

Rev . 2/7 4

Str Sheet L of 3

00631



VEBMONT ELECTRIC POI¡IER COMPA}IY, INC., 
MATMT.AI FOR TYPE D STRUCTURE

115 Kti

( å

LO

58

53

/r5

/*0n

3I

2l-

22

10A

10

79

7¿þ

73

82

76

75

69

67

6l'

63

56

l"fark

lr

/,

lr

/-

Li

L+

ó
Õ

2

2

3 sei

3

/+8

2

3

L/r'

l20t

ÕÉt)

/,

I

Quant

Rods, anchor 3/lr, * It

l^Iashers , /rt x /*tt x L/Lu "/ I / A t' hole Flat

lJashers, eoLl- sprírtg 3/t*t'

Clanp, ground guy

Rock anchors

Anchor logs i+ ft.

Thi-nble Clevis

Preforned Guy grips - deadend

Bolts, i.;irlr,¿. 3//+tt x L4'

Bolts, thru 3/lr" x tZu

Line Guys - I.lhen Required

non-metal-ic(used if pole cut
in fíelcl)

Pole Roof,

s Arrnor rods

150# weíghts

When Required

Insulators, Discs 9u (8 per string)

Sheave l¡heel- (roller eye)

Shackle - anchor

Static wire'3/8u galv. cross tie

Dov¡n lead 3/8tt ga:rv, 3-strd - conmon grade

staples 3fgn x L-3//.t'

Reinforcenent plate for Xarms

l,lashers , 2tt x Zn x I/8u - 9/t6r, hole square

Description

Joslyn

Jos iyn

Joslyn

Chance

Koppers

IÍTF

Lapp

Preformed

Joslyn

Joslyn

Joslyn

Lapp
GR

Bethea

Joslyn

BTC

Joslyn

Joslyn

Joslyn

l"fanuf .

J 7328

Jl"a82

J 1050

R360, 372
R38t+ 396

304056
T)^ all

GDE 1107

J 89r.z

J 2108

AS¡,r 389-150
M-H

ASA-70

9 000-70
t 55-409-

J 6288

302?

lnmman AreÃc

J I73

J LOt+1

J LO73

Cat. No.

J æIÅ,

J

{}
I

Rev L/78

Rev 2/77
F.ev. 2/74

D Sheet 2 of 3

00632



VER.MONT ELECTRIC POt^tER COMP.ANy, INC.
MATNRIAI, FOR ÎÏPE D STRUCTURE

115 KII

77

68

66

6r

Mark

4

2751

2301

/,

Quant

Side Guys - Hhen Required

Refer to Side Guy ì4aterials for T¡rye ttnn

Pole eye plate

Cable, Cuy:-nC a/tn nws Galv. Steel

Cable, )/8t' galv. 3-strd..(cornmon grade)

Guy guards - metal

Description

Lapp
MIF

0liver

ì4anuf .

3rJ 40 2I
PX 88

808

Cat. No. ( i

I(

v 2/17
I

4/72
Type D tr Sheet of

00633
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TYPE - D
HWY 8 RAILROAD X-¡NGS

I I5 KV CONSTRUCTION

RÈvrS¡oN6 NONE
Þrù/qt

00634



2'-6"

wASHER@

t/2" BoLr Ø

SPRING ER

@

POLE EYE PLATE

THIMBLE CLEVIS

PREFORMED GUY GRIP

SIDE GUY

. (WHEN R

CHANNEL 8

ETNFoRCEMENT PLATE@

M BRACE@

LINE GUYS
(WHEN

PRI

WASHER @

tl
62

u

" eoLr@
PRING WASHER @

J"
t

5,/8" BO
PRING

su+" soLr(3ì
PRING WASHE

r-rO
wasuen @)

R(Ð

l
3L6"

GUY ONLY AS SPECIFIED

eour(0, /
NG \ÀASHER(:9) / Y.Þ

scnew(€l ^'ü'énÈnrS; a sPRTNG wnsnen@

eoLr@

.)

STRAIN

CLEVIS

vo¡6n@

aar-r-@

I ¡CAL¡ 0}r8 #ll5_g.l

1

P
wAs

RI

:{+
N

_t
'0
cl
o

úl
5l
õ
o{nt:

rB"

n-

o¡t t

3l 
uzt

c'Í ¡ It

q. ,¡, ¡t

VTRM(]NT ELECTRIC POWER COMPANY, II{C.
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II5 KV CONSTRUCTION
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VERMoNT ELICTRIC POWER C0MPANy, INC.
MATERIAT FOR TYPE DA STRUCTURE

115 lff

/*7

lr5

Ä1,

1.3

/+2

&

lr1A

/+O

39

?q

37

32

3T

)o

26

2l+

23

22

20

18

L7

L6

lt
9

7

L

l,4ark

l

3

,7

18

a

7

6

2

l_

L

6

l0

/-

?

I

22

¿

6

6

j

3

I
3

18

Quant

Clemp, suspension r.t,/socket for SoW.

Clamp, guy ground

Clamp, ground rod 3//ot,

Fiberglass strain insulators

Rod.s, ground 3/Lu x 8,

Lags, screlr l/ztt y 4u

Rock ancho¡s

Rods, anchor )//nrt * gr

'AdjustabJ-e Conpression DE- conductor

Adjustable Compression DE-static v¡ire

Crossarm-Type DA

Anchor logs -B ft.

A¡chor logs -{ f't.

Clips- tr,¡ist type for guys

Clevis - deadend

Thi:¡ble cl-evis

Preforned trlrr taps

Preforned Guy grips-deadend

Xbrace r.r/nounting hardware

Bands, ertensions pole

Bands¡ pofe - large

Bands, pofe - snall

Bolts, úru 3/4u x l-6r'

BoIt, i,hlrrr 3//rtt x fO!'

Botts, Xarn clamp 3//ru

Bolts, cone head

Description

Bethea

Josllm

LM

Anderson

Joslyn

Chance

JosLyn

A-l-coa

A-l-coa

Koppers

Koppers

Josì-¡m

Joslyn

MT T¡

Lapp

Preformed

Preformed

Hughes

Joslyn

Joslyn

Joslyn

Joslyn

Joslyn

Jos1ya

Joslyn

Manuf.

FS 46-5

J 1050

:sr-3-s4-1

DN 1/+G1

875/*-P

J5338

R36O1372
R?8/+,396

J 7328

5I3l+-LzzIrll
i8¡?Ê19,n,

/+620-r2

J6282A

J /156

304056
ÞÀ 2-7 1

LC þrS 5963

GDE I1O7

roLzx

J 6272

J 6270

J 6280

J 89T6

J B91O

J 8908

J 62n

Cat. No. (t

J(

r
Rev 6/17
Rev 2/77

Rev 2/74

Sheet ) of 2
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V.O;IITIUN,L .E;I,¡;UT}tIU PUI.,-UH UUIVIP.ANY, INC.
MATERTAI FOR TYPE DA STRUCTUBE

115 Iff

(

58

3L

40

79

ö¿

'76

73

72

7I

'10

69

68

66

63

62

6\

59

58

57

55

53

52

5L

49

I'dark

2

¿

2

78

11

/,

6

6

351

550'

100r

)

2

7

18

7

)

18

7

¿

3

Juant

t,lashers 4" x 4" x L/4" 13/16" flat
Logs , allchor 4'

S . ll . DE guys under 50 o

Rods, anchor 3/4 " x B'

Pole roof, non-metalic (used if pole cut
in field)

llhen Required

fnsulators Discs 9rr I strings of I (Id]er)
6 strings of 9

Sheave vheel

15d !¡eigtrts

Ball eye - long

Socke! eye erbension link

0va1 eye ball extension link

Static r+ire - cross tie 3/8tt galv. EHS

Cable, Suying 3/6tr EHS galv. steel

Cable, 3/8tt gal:.-. 3-strd. (co'*on grade)

Reínforcement plate for xarms

Strand-vise for span guys

Guards r guy- netal

Washers, round 9/lO"

Washers , /rt, x 4" x t/¿ru I /g tt îLaL

llashers , 4tt x /r, x I//*r l3/l6n curved

ÌIashers, eoil spríng l/Ztt

Washers, coil spríng 3/t*tr

Chain Link

Clalnp, crossarn

Clemp, suspension w/sockeb for conductor

Description

tlughes
Koppe r s

JosLyn

Joslyn

GE

Lapp

Joslyn

Bethea

Lapp
BTC

La1:p
BTC

Lapp
RTT-

Joslyn

Reliable

0liver

Jos Iyn
t1Ttr'

Lapp

BTC

Joslvn

Bethea

I'lanuf .

svi-4-70

J7 328

J 2108

5
À

409 -
70

9000-70

15
AS

J 6288

ASM 389-15C
Ì.{-H

6 422
30 14

9 31618
43I48

300024
30 0 4-HT

/*o/*7

5152

808

J LOBZ

304082
Þ 144

io82

J 1820

aL;r''s-114-
Íq-:Ðqc

Cat. No.

(

I
Rev. l"/1e

Rev 2/77
Rev. 2/74

Sheet 2 oi 2
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NONE
DW il5-

VERMONT ELECTR¡C POWER COMPANY, ¡NC.

TYPE DA STRUCTURE
FOR ANGLES OVËR 5OO

¡t5 KV. CONSTRUCTTON

7: o"6 5-o 7-O 7 o 7-O

./soå,r--

/.+'-o" t4 o

B
NOTE:
I.POLE BANDS TO BE TIGHT A LAGGED
wtTH 2 LAGS, ROUND WASHERS I
SPRIN6 WASHERS.

z.CONE HEAD BOLTS NOT UNDER TENSION
TO BE SECURED WITH LOCKNUTS.

3.FOR ANGLES LESS THAN 5OO SEE
DRAWTNG #ils-t8.2

)
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VERMONT ELECTRIC POWER COhIPN.¡Y, INC.

POLE TOP DETAILS
TYPE. "DA,, STR,UCTURËS

II5 KV. CONSTR,UCTION

I
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VERMONT ELECTRTC POI/IER COMPANy, ïNC.
MATERTÁ], FOR TYPE E STRUCTUNX

1T5 KV

5

I

lark

lr

9

l-0

10A

r3

\9

20

aa

23

2l+

26

3r

33

38

39

/r0A

/+O

Ð

ltlr

l-5

5I

I

L6

6

lr

l-

L

/*

6

/,

a

/-

6

lr

20

I
l

/*pr

2

/,

t,

¿

3

2

ð
c)

Quant

,l
llashers, coil spriryS 3//r"

Clanp, crossafln

Clamp r'o'guy ground

Clanp, ground rod l/l-u

Rods, ground. 3/t*" x 8'

Rods, anchor 3/luu x 8,

Rock anchors

Adjustable Compression DE-conductor

Adjustable Compression DE-static t¡ire

Crossarrns - Type A

Ânchor logs d ft.

Clevis - cì.earlenrl

Thimb]e cl-evis

Prefor:ned rrltr taps

Preforned Guy grips - deadend.

X-brace vr/nounting hardr,¡are

Brace r¡ood xarn 60rt

Bolts, thr,u 3/tr,' x 24u (26u) (rS"¡

Bolts, thru 3/lru x tlr"

Bol-ts, thru 3/lru x tzu

Bolts, thru 3/l*, x to'

Bol-ts, DA 3//r" x 2/*t' (2Stt) (2$tt)

Boltsr n4qhine 5/8u v Tztr

Bol-ts, brace Lfzx x LOI

Description

Joslyn

Joslyn

LM

Jos1yn

Joslyn

Chance

Alcoa

Afcoa

Koppers

Joslyn

Lapp
MT TI

Preformer

Preforuer

Hughes

Hughes

Joslyn

Josl¡m

Joslyn

Joslyn

Joslyn

Joslyn

Joslyn

Manuf.

J 889/+,8896
J 889t

J 8812

J 8?10

Cat. No.

J 1820

J 1050

DN 14Cr

J 5338

J 7328

372
396t

R360
R38/+

AC 9300

753/+-r22TlV
5r3l+-r221il1

/*620-r2

J L56

304056
pÀ ?71

Lc w-5963

GDE I1O7

ro4zx

2000cc

J8g2t+,8926
J8928

J 89L/+

J 89L2

J 8910

t

Rev 2/71 \

Rev . 217 4

53

Sheet I of 2
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VERMoNT ETECTRIC poÏ¡m. CoMplNy, INC.
MATERIAI FOR TTPE E STRIJCTURE

115 KV

79

82

7'-|

'71

70

69

68

67

66

6+

63

bI

58

56

55

5I+

4ark

t\ l.

I
6

6

I/*'

2751

r20l

2301

75

/r

lr

/*

I
I
2

Quant

Side Guys - llhen Required

Refer to Side Guy I'faterial for Î¡rpe ttnrt

Pole roof, non-netalic (used if pol-e cut
in field)

Llren Reouired

Insulators, di.scs 9t' (9 per string)

Pole eye plate

Socket eye exbensj.on link

Oval eye bal-l ertension link

Static wire - cross tie 3/8tt ga}v.

Cable, CìryinC a/8rr EHS. Galv. Steel-

Dor"¡n lead 3/8tt gaIv. 3 strd. (cononon grade)

Cable, 3/8tt galv. 3-strd (cornmon grad.e)

staples, 3/8,' x r-J/¿*u

Reinforcement plate for xarms

Guards - guy netal

Washers t |tt x Lx x L//rt, "/ l/ g rr hol-e flat

Washers , 2,, x ztt x L/8ï v/g/lAu hole square

Washers, coil spring 1/2rr

Washers, coiJ. sptíng J/8

Description

Joslyn

/-F
Lapp
MTTl
Lapp

Lapp
BTC

Lapp
BTC

Joslyn

Joslyn

01iver

JosIyn

Josl.yn

I'fanuf .

J 2108

ASA_70

9000-70
I trC.-/rìO-

30402Ipx 88

9 3t6IB
4 3148

300024
3004HT

Common Grade

J L73

J lrolrl

808

J LDE2

J LO73

Cat. No. (

I
r/7I

Rev 2/77

Rev . 2/7 4

Type E Str. Slreet 2 ol 2

00641
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SCALE

NONE
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SOCKET EYE
EXTENSION LINK

@

BO @

ADJUSTABLE COMPRESSION D.E. WITH EOLTED
JUMPER PAD FOR CoNDUCTOR @

@
CROSS ARM

o

)
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3/4"BoL:.

CLAMP

uerur nlarr@

nu enace@

clrvrs @
@

OVAL EYE BALL
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,/seane wasHen@)
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POLE EYE PLATE

@

SEE DETAIL
ABOVE

SIDE GUY
(WHEN REO,
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o
PRING WASHER @

ADJUSTABLE COMPRESSION O.E. FOR
STATIC WIRE

@

¡/q"eoLr@
SPRING WAS @

Q.WASHIR

(tJ

l/z',
SPRING

r-s*'
WASHER @

5'-o"

¡,/+"eour(róD
SPRING /^-l
WASHER\7
CURVED 6I
WASHERV/

tc^t t 0116 t ts_to I

F+

:1

o¡¡t

4t/tt

c ¡ ¡ tt

ù or^*" ", ,lyl q "^,,3/2/72

VERMONT ELECTRIC POWER C(]MPANY, INC

POLE TOP DETAILS

TYPE ',8.'sTRUCTURES
II5 KV CONSTRUCTIONL

.@/
,t/

l ay¡!rott NONE
^r?tot¡D 

¡t

00643



VERMONT EI,ECTRTC POWER COMPANY, INC
MATERIALS FOR TYPE DA-T

115 Kv

( I

61

58

57

56A

53A

53

52

51

49

47

44

43

4I

40A

40

39

37

3t

28A

23

22A

20

14A

13A

1I

7

6

6

3

2

I

6

6

3

3

2

2

I2

2

6

6

6

I

6

6

4

L2

2

2

6

3

3

Guy Gu¿¡¿g

Washer, curved 4" x 4" x L/4" w/I3/I6" h<

flat 4" x 4" x L/4" w/7 /I " hoLe
for anchor

Washer,

Washers, coil spríng 7/8"

Washer, curved 4" x 4" x L/4" w/L5/I6"ho-

V{ashers , coil spríng 3/ 4"

Chain link

Clamp, crossarm

Clamp, suspension w,/socket for conductor

Clamp, suspension w,/clevis for s w

Ground rod clamps

Fiberglass Strain Tnsulators

Rods. qround 3/4" x 8l

Rock Anchors

Rods, anchor 3/4" x 8r

Adjustable Compression DE -conductor

Crossarm Type DA-T

Anchor logs 4'

'Yr Ctevis bal] extension link

Preformed rL' tap

Preformed guy grips deadend 1,/2"

Xbrace w/mounting hardware

Static wire support

Bolts, tÌ;rru 7/8" x 16" 14" i-2"

Bolts, xarm cLamp 3/ 4"

Bol-ts , th,ru 3/4" x 16"

O1i-ver

Jos 11,2¡

Ie MIF

e MIF

Eaton

Eaton

BTC

JosIyn

Bethea

Bethea

Anderso

L¡4

Jos Iyn

Chance

Joslyn

Al-coa

Koppers

BTC

Preform

Preform

Hughes

Hughes

Joslyn

Joslyn

Joslyn

808

J. L082

PL44

P l4 4-B

3082

JI82 O

ACFS- 10 8-
19-255

FS- 4 6C

DN 14G1

r GSI-3-54-11

J 5338

R360,372
R384,396

J 7328

AC-9 300
7534-r22HV
5134-122HV

309 1

:d LC-MS:-S 9 6.

:d BG 2-:-.L5

L042X

2854

J 9064

J 8916

J 6277

(

Rev I/7

Type DA-T
o

00644



VERMONT ELECTRIC POWER COMPA¡{Y, INC.
MÀTERIAIS FOR TYPE DA-Î

115 KV

( I

79

82

77A

76

75

73

72

7L

6BA

67

63

Item

78

6

6

6

3

3

3

400'

120 |

3

Quanl

rute Kuur - ttull-IneEaJ_1c
(used if pole cut in field)

When Reguired

Insulator disc 9"
(3 strings of I
(6 strings of 9)

-idIer)

Deadend Tee

Sheave wheel

Ànchor shackle

Ì'feights - l-50#

Ball eye-long

Cable, 3/8" galv. 3-strd (common grade)

Cable, guying I/2" EHS galv steel

Socket eye extension link

Reinforcernent plate for Xarm

os lyn

GE

MIF

Joslyn

BTC

Bethea

BTC

BTC

Jos lyn

Manuf.

J 2108

155-409
ASå,- 7 O

PX 4I

J 6288

3023

ASM 389_
150-E-H

3 014

4 3148

40 47

Cat. No.

(

{

Sheet 2 of 2Type DA-T

00645



I

,

o¡t¡

o
I

rrt

o

\

¡¡rl¡lo¡ I
c'r'¡ ¡Y

NONE
tc^t¡

^rtfoY¿o 
It

o
I

,..-

ll
(,

'rlõ
SEE DWG,
I ll5 - 9.t

ctto ll

o

s'-ott

l--o

lr.

DOWN LEAD

r4'- o" l4t- o"

SEE l4' o
¡

.il6-l7.o

DrvÊ #ll5_lto
"^r.3 /l /77

VERMOI{T ELECTRIC POWTR COMPANY, INC

TYPE DA-T STRUCTURE
STRAIGHT LINE DEADEND

CONSTR U CTI ONIIsKV

7'- ot' 7 o 'r o" 7t - ott

SEE DWG.
ril5-12.1

I
,)

00646



)

@orao e¡lo

@cHarn lrrux

N L
BA LL

NK

¡3À

SEE NOTE

PREFORMED GUY GRIP

STRA
F

neaue wneeu@

@o'@

IEERGLASS
IN INSULATORS

o¡Ìt

¡lYttloit

c ¡'t It

NON E

tc¡Ll
o.^"r ¡r V

¡rtrotto ¡t
c{lclaD It

olrÊt rs-n.r
,^r,3/l /77

VERMOI{T ETECTRIC PÍ)IYER C(lMPAIIY. II{C.

POLE TOP DETAIL
TYPE DA-T STRUCTURE

IÍ5KV CONSTRU CTION

NOTE:
THIS DETAIL SHOIVN TURNEO 9OO TO
LOOK DOWN LINE,

@
{corl sentnc

WASH ER

r'- o"

@srnrrc wrRE suPPoRT

jcunveo wAsHER

@
S,/W SUSPENSION CLAMP

z- PREFoRMED 'f T¡p5 

-
2'- ot'

@
COIL SPRING
WASHE R

@¡'no.t

REINFORCEMENT PLATE RVED WASHER

4t- gtt

FOR DETA
DWG.

tLs
t'"o

@
EE @ COIL SPRING

YVASHERl15-9.t

@or.Hor 
'HA.KLE

-; 
)

^)

BosIoo Bh. P¡trt Co.-100-8-6?-8lx ¡l

o0647



)

I,ERM(]NT ELECTRIC POWER COMPANY, INC.

NONE
0y/Ê 5

o¡tl c"! t It

I fYtrto¡t
rc¡t¡

^tttovl0 
¡t

lxaC¡¿u tt

DETAIL OF
CROSSARMS

A8B

4 - g/t6"DtA. H0LE

__L-Ðlç
nT

29'-o"

__L-Dl+

l.-- S' - O'+ 5'-O "-{- 4 -s'--{- 4'- 6 "-*l- 5'- O L-+- S'- O"---l
s-lt" ott. HaLEs

7'-O 7'-olr 7_s1__f_ 7'_sâ___15þ

TYPE A ieaE srRUoruRE)
@

34'-o'

*l''-t¡n¡-- l3'- 3 t3'-3"

----i'g'rDIA. HOLES

{r
Fr'-o'¡-- 5'-e"-{-

HOLESli'or'--+- s-o"--þ- s'- 0"-------{ . c'-- 0" l.-
t_

hlt

b'-O"--|.-- S'- q"---þ-. - C -O'-*þ- s'-o" - l cLo"-{sll
TYPE B

@
(BaB-2.STRUCTURE)

3,/8" CHAMP
TOP EOGES

' EAsEo
EOTTOM EDGES

)

)

00648



)o
_t'rlr

r)

T
i_

'nlq

2g'- o"
-fr'ott. uotzs

l4'-o' lc_o'_____*--1+-

)

4-s/td'DrA. HOLES\
29'-O"

-Lìol s

i
eþ c'*s"--1- 5'- 4

TYPE C tceF srnuorung)
@

TYPE D þ/srnucrunr )

@ \2.ò u ç-a'-

34'-o"

3-il,/t6" DrA. HOLESl

a'-6' --t- s-0"--f- + -e"-lo þ

z'-6t'---l

t¡

o¡tt
"/th,

I fYtt¡o¡t

çi¡It

ù¿

NONE
tc^tt

,^,|

^t?tovlo 
lf

ç¡¡c¡co !Y

olvÊ t t5_t2.t

o^rr4/ 18/7?
I,ERM()NT ELECTRIC P()WER C(]MPANY, INC.

DETAIL OF
CROSSARMS

C, D, DA

5r-9"---i.- 7L9"-----{- 7l-0" 'l' ZLO'----*1dþ

@TYPE DA toeao END ANcLE sTRUoruRE) I
TYPE DA-TIoe¡o END srRAlcHT LINE srRUcruRE)

"l+¡.-
T f' ou. IJzLE

3,/8'.cHAMPFER
TOP EDGES

_)
EASEO
TOX EDOES

l/8"
BOT

00649
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ii.-l

ô^t¡

F¡Yttro¡t

c'fl'¡ ! l

Der¿.¡us oF
êoR.tru4 s gltNtt'tf f

Poue- ftooF

4/.ne
9C¡LÉ

o.^"^ ,rfaQ
^rr¡ovtD 

tf
cftcxfD ll

DYvc #¡15-13.0
Þrt¡,/L-Ci- 72

VERMoNT ELECTRIC POWER COMPANY, lN0.

ilolgz tF PoLf- ':,òPPt,96 té RÉ.qot REo -fê LÊtÉL
PèLE Top êJTì1Á cul 6vRt 44 ¡nuar æ. 7ÈAilÞ
vrÍ./ Os¡íoa- PLA<AI¿ i Ë ?ou¿ Ro¿r'
FAé7^EÞ €EaP¿.L-I,

I

ti
È

JL tt.Lêt
,t1 12o

,¡ 7s

fü

{ çu,,

loaloN ILUE PFINT CO. ll.C. aOO - r.t3

00650



)

)

o¡t ¡
.lfvltlot¡

c ¡'r II

|.tos¡e
tc^tt
o¡¡rr ¡r ù/

rttroyro tv
cä¡c¡to lY

0lr8 +¡¡5-¡4.6
"^r,3-l'7/

VERMf}IIT ELECTRIC POWER COMPAIIY, IIIC.

PLATE d CI{ANNE.L
DETA.IL

ils Kv coNSTRUcTroN

18t/2"
¡)4d¡ds,-o- 17¿'orn.rç¡¿

-+
N

l-,, G 6r; ,'r;f,
I

_L

'T
PLAT'e ¡svlx4 x6/¡i

lBt/z"

"4år¿" ÞIA,HOLE

t

t ,;:)

tul
l-

G?O, 6T z

_L
ry
T

t+-J-l
;\s I4 - z.zso ct-lA¡qNEL te'/à'tq

- NOTE-
PLATE-# CHANNÉL

I{6T DIP qÀLVA'NI:4.E.D

l_ _t___

)

Bo¡lon Bluâ Prlnt Co.-¡(xt-8-5?-8¡¡ I I

00651



TOltM CV rt.

o
2t

rt/¡3'rd suoT 17¡'DtA.HoLE

3" 7

PLATE 2¡" *4 xs/tà

2

tt/to'rË r¡l¿'o!q, HoLÉ

T 
tlz 7lz

+' - 7,2-5 
* Ct+At'¡t¡EL 2l'Lq.

I
$

,;',;' jtl

)J

3

3

_t
É_T

- NOTE.
PL-a-TÉ. 4 c-t'tsN¡¡e-u

Ho-r o¡p GÀJ-VANIZE-Þ
)

BtIE #f tr.-ta I

_L

utt CI.I 
't

àarll ¡l P'g'A ct¡ctlD tt sttr'.-25'74
VERMONT ELECTRIC POWER COMPANT INC.

PLATE E CÍ.{ANNEL
DETAIL

I15 KV. CONSTRUCTION

E¡ LI
^,¡orlD 

It
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totltl CY rt.

FILLER WAsHER

zYa' Yi' BoLT wrrH NUT {
sPRING WASHER

¿f .7C eour wrrH NUT {CøTTÉR PIN

FORMED D,E

@

åí'"@

-.]'.'';

)
uq i:g

J -l2lr'-
-lrl@

Þ.Ê, c¡-¿vts

cil oe- l2 ÈouTs
ÊJÉâerê-gÐ

-\Nffì

lt)

'o

ôt

3o*rht¿ 4
'à
u¿

Lo* Prsr 5

o¡A
HOLÊS

N

_l

wtrrr uur {
6leøntxa wÀsHÉR

PLATE DETAIL
! RÊQ.D

o

t-.$¡

BAVONET DETAIL
2 REQ,o I RIGHT t LEFT

ír

sr{oRT PLArE CLsvls -ÊYÉ-
Csuspe.nslôN cLA¡'\P

l.þTr'- Áuu ru*r¡¡vARe 4ÉwANlzÈÐ

6)å*'
-ts

I

\
k)

N

:'sl
¡-

¡¡$

ò.

o

)

?,1 t2

ttf." on,
HSg 7,1

l-
i__

_T

I

tr'ltiLER U/ASHER

(!,)
T-

xt¡
lt/r,

a¡l¡¡¡o¡a
Êt'l ll

.)¿

NONE
.C¡I¡
Dr¡ñ tt PDA

^rÞtlt 
¡l

Ê¡l¿tlÞ It

DrrÊ #¡15-r5.o
stt 4-7'72

VERMONT ELECTRIG POWER COMPANT INC.

BAYONET D TA¡L

II5 KV. CONSTRUCTION

LÓNG PLATE è SUSPCHSION CLAMP
ASgEMBLY

00653



5'7

56

55

54

534

53

5l

49

44

43

404

40

3B

33

31

23

22

l9

l3A

I1

7

5

4

Mark

4

4

6

4

5

3

3

2

4

4

4

I

4

L2

ö

2 prs

4

2

3

2

4

Ouant.

2

XarmBrace wood - 60

Bolts, thru 7/8" x l-2" 14"
345 Kv material

16"

Bolts, machine 3/4" 16 " (Xarm)x

Bolts. Xarm ClamPs 3/4" x B"

Bolts , 5/8" x 12" (xarm brace)

Bolts, brace L/2" x L0"

Description

Rods, anchor 3/4" x 8t

Adjustable Compression DE for
Static ?'tire

Crossarm TYPe A

Anchor logs 4'

Preformed'Ltr taPS

Preformed guy griPs DE

Washer, coil sPring 5/8"

Inlasher, coil spríng 7/8"

Vlasher, coil spring 3/4"

Clamps, crossarm

CJ-amps, suspension conductor
w,/socket fitting

Clarnps, ground rod

Fiberglass Strain Insulators

Rock anchors

washer 4" x 4" x L/4" w/3/L6" hole
curved

Vùashers, coil sPríng L/2"

Washer 2" x
square

2" x L/8" r,t/9/16" hole

Joslyn

Manuf.

Pre formed

Hughes

Joslyn

Joslyn

Joslyn

Jos lyn

Jos lyn

AIcoa

HaIey

Kopper

Pre formed

Eaton

Eaton

Jos lyn

Bethea

LM

Anderson

Chance

Lapp
MIF

Joslyn

Eaton

Eaton

JB9O8

J8 812

LC-MS 5963

GDE IIOT

2000cc

J8916

4620-L2

JI820

ÀcFS r14-19
25S

DNl 4 GI

GSI 3_54-lP

JIO73

VERMONT ELECTRIC POWER COI,IPANY, INC.
Material for Special Type A Str:ucture

w/Shield Wire Deadended

Cat. No.

J8710

J7 328

R360,
R372,

R384
R396

,

304082
PL44

Shæt L of 2
Special Type A Structure

00654



VERÌ4ONT ELECTRIC pOItER COMPANY, rNC.
Material- for Special Type A Structure

w/ShieId Wire Deadended

82

4T

76

77A

72

73

20

68

67

64

63

61

60

5B

Mark

3

I

2T

2

4

4

3

27 51

I20'.

75

2

4

2

4

Quant.

non-metalic (used if
cut in f'

p
I
ole
d)

Pole Roof '

l50f Weights

Xbrace w/mounting hardware

iredl{hen Re

Insulators 9 " drsc

Rods, ground 3/4" x I'
Sheave wheel

Deadend Tee - (345Kv material)

Ball eye long

Cab1e, guying 3,/8" EHS galv steel

Plate, reinforcement for Xarms

StapLes 3,/8" x L-3/4" (down lead)

Down Lead 3/8" gal-v. 3-strd-common

Guy guards, rnetal-

Descr iption

Washers, 3t' x 3tt x
curved

3/16" w/LL/16 "hole LaPp
I{IF

Washers, 4" x
square

4" x L/4" w/ 7./ g " hole
"os 

J-yn

Jos1yn

Bethea

Hughes

Lapp
GE

Jos lyn

Joslyn

MIF

BTC
Lapp

Jos 1yn

Jos Iy¡

Oliver

It{anuf .

J 2IO8

ÀsM 389-150
M-H

I042X

9 0 00-70
l_5s4 0 9-
ASA-70

J5338

J6288

PX4 1

3 014
6422

Jt73

J4047

808

304078
P14 3

J IOO2

Cat- No-

(

79

Sheet 2 of 2

6
REV 1rrt,

Special Type À Structure

00655



l

I

D^tt

¡ fvlrroll

c x'¡ ¡t

o

NONE
!c^ ll
".^-, " Ã.71

ârtrovtD It
cxlctaò ¡l

Dw8 t r5-r5.r
"^,r3 / I /77

VTRMOilT ELECTRIC P(}WER G(}MPANY, IHC.

POLE TOP DETAIL II5 KV
TYPE ,,4' STRUCTURE

JVITH SHIELD WIRE DEAD END

@oraoeruo ree

FIBERGLASS N INSULATOR

neaue wneeu@

¡'-6t'

@
PREFORM

GUY GR

@;-'cou sPRtNG wASHER

CURVED WASHE
i'eor-r@

INFORCEMENT PLATE

NOTE:
SrANDARD'a' srnucrunE wrrH x-ARM LowEnED z'-2"
AND SHIELD WIRE OEADENDED.
NO CROSS TtE.

EFoRMEo 'L' TAPs
tLo
o(r uJ<Jôo
¡¡ o-
f-
fo

PREFORMED
'L'TAPs

r'-o"

@å'b
ácorL WASH

ADJUSÎABLE COMPRESSION DEAD END @

,')

,l
,)

Bolaon Bluc Prl¡l Co.-100-8-57-81¡ lt

00656



4 (u¡-co.@

Qttl ¿ÀF,Þu¡sb CLAIÂP@
PFI.E FÔÀ¡ÀÊ.Õ qa\ âÃ?.@

3/4 otr, ANcHoR RoÞ
@

,J

¡,\tÈ 4'
t'^ )( ¿t-

)

or
NexT- 6,¿y

r?otl é¡kO. Pèa LoaÚ¡ÒN
a* æîr-tL -f.vJq.+)t5_t7.o

2!o'

qF¿OUND RÞD CI.\MP@

@@

Þzg,'x B'-ci 4AV. /rRouÀlo Roo

@%-oer-vrxrzro \À/ao 9
Añ¿,1ôLoç

2-o'

gio' * b" g'
L OGÊ

i¡.t'6+Wrsx-t3//ru. ,+o\É.

@

2.o

,f
J_

+:d:.*¿i'r s'
ì/ ooo ¿HOR-

NOTE.:
l. ser À¡¡cHoR Loq F TRMLy aqa-¡Nsl. uNÞE-È
.-cuT'.so¡L À.NÞ CôMPA<.T tN B. L|FT.S TO9oz EL¡RF.oU¡*¡Þ|NG g¡¡:rH.

2.ly-l-t=¡ ^qçKF¡L'¡Nq A.NclJoR. Hor-És, roôo L!!.
-. TFt!!lg!¡ sr{a,LL BÊ MAIN-Êil.¡r,Þ o¡.r',-trlç,; Àxr<.t{oÍL R.oÞ or¡fl.t}lq 'yHtÍ- bA¿KFlLLt'.¡qoFtlRàf toN.
3. .¡¿x.e.c-¿r¿c-n- pô SS\BLE, TH E qR ê !¡N Þ \./t Ê.É,3l{¡.LL E'E- twtA.ÞE- cor\¡-rrñuoq¡s; iÈR'q roiñts.

Â- Nl

: .'i.

7j ox

o^tf

t¡vrlr0Èl

c'f'¡ lt

r{ana
sc¡tt
o"trx ,, *.4 cxtcilo !Y

To
4uY

Dvto #¡lb-l6.Q
ouc Q-/-/2

VERMONT ELECTRIO POWER COMPANY, INC.

DETAIL OF
GU Y GROUNDIN G

AND ANCHORS

o-Í

ÞottoH BLU; ÞRIHT gO. !l4C - 2OO- t.!!
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OAf E

REVTS rO t3
cr'x !Y

J

o"^r, ,, alvl oHECXI¡ lY

NONE 15-16. I

o^r, 4/ 8/72
VERMONT ELECTRIC POWER COMPAMT, INC

DETAIL OF
ROCK AND

SWAMP ANCHOR

WHEN 6ROUNÞ ROD5
ARÉ REAUIRE'D SE.E'
DRwGs.'ll5,-tr--o

@$'ear-varv

þ

EXPANDING GROUT
DDED IN LIFTS TO
EVENT VOIDS

\^/ ANCHoR

7
:
o

_t
lo

z" PlPz

,l_

ROCK ANCHOR

Swnvp Ar.¡cHon
S\^/AMP ANCHORg TO BE IN5TALLED
Bv HAND 4 u.øpo FoR srRucruRE
STAB¡LIZATION ONLY.

$'onuv GUY

ouv cuano@

r-rno @

GUY GRoUND cuave@

4"
6" RTH

MIN.
MAX.

PREFoRMED euv ente@

DrA. ROGK aruCHOn@

+

:)
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STAPLE. TO BACKOR INSIDE.
EDGE Otr POLE. AS SPTCIFIED
ÔN STRUCTURÈ ÞR,AWINçS

-C¡

Îv1 N @q*o
UNÞ

TYPI(.ÀL

ì

il[

DATE

FEVTSTON3

cÉx oY

9CALE lt oßE

on^r¡ ¡, .lvl

@a'-o" qRouNÞ

M

cxEcxEo ¡Y

o*n oil5 -na
^r, 4/8/72

VERMoNT ELECTRIC POWER CoMPANT lNC.

GROUND ROD DETAIL
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íorve
!c¡ll
o"^r, t {1.Q

Àrr¡ot!o lÌ
ctfcx¡D !Y

0tv0 #¡15-lB.O
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VERMONT ELECTRIC POWER COMPANY, lNC.

METHODS OF

POL E GUYING

F_2o
rìl
ql

6UY wtt€N
.SPECtf tED

?__20 '___4

s I
I i*

TY PE A STR U CTURE

+'â.

b
$i

zo20
.trlr

.\tr- - - -
$l

I
I'i

- --f \,t\
I

io
\

'fl.L.

TYPE D STRUCTURE

N o<a:
q,uY LEÀÞs
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West Rutland-New Haven

Burns & ilcDonnell Prolect No. 40240

345KV STRUCTURE DRAWING INDEX
DRAMNG NO.

345-0.0

345-1.0

345-1.1

345-1.2

345-1.3

J45-t.4

345-J.0

345-3.1

345-3.2

t45-4.0

J45-4.1

345-4.2

J45-5.0

345-5.1

345-5.2

fIILE

345KV CONSTRUCNON
INOEX TO DRAWINGS

fANCENT SUSPENSION
STRUCTURE
TYPE'A'

TANGTNT SUSPENSION
POLE TOP DTTA]LS
TYPE 'A,

IANCENT SUSPENSION
BILL OF MATERIALS
TYPT'A'
SHIELD WIRE DEAD END

AI'IACHMEN'T
ÍYPI .A'STRUCTURE

OPTICAL W]RE DEAD ENO

ATÏACHMEN'T
IYPE 

,A, 
STRUCTURE

SUSPENSION ANGLE
STRUCTURE
IYPE 'sA2' (12' 10 22')
SUSPENS]ON ANGLT
POLE TOP DTTAILS
TYPE 'sA2' (12' ro 22')
SUSPENSION ANGLE
EILL OF MATTRIALS
TYPE 'SA2' (12'f0 22')

SUSPTNSION ANCLT
STRUCIURT
ÏYPE 'SA3' (22' T0 is)
SUSPINSION ANCLE
POIE TOP DETA1LS
ÌYPE 'SA3' (22' T0 J5)
SUSPENS]ON ANGLE

BiLL OF MATERIALS
fYPt 'sAJ' (22' T0 J5)
SÌRAICHT L]NE DTAD ENO

S'IRUCTURE
TYPE.DTl'

S'IRAIGHÍ LINE DEAD IND
SHIELD WIRI DEAO IND
ÍYPE 'OE1'

SIRAIGHT LINE DEAD TND
OPTICAL W]RE DTAD END

TYPE'DE1.

ORAWING NO.

345-5.J

I]TLE

STRAIGHT t]NT DEAD END

POLT TOP OEIAILS_TIMBER CONNECIIONS
TYPI 

,OE]'

STRÁICHT L]NE DEAD END

POIE lOP DEIAILS-COND. & GUY ATÍACH.
IYPE 'DE1,

STRAÌGHT L]NE DEAO ENO

BILL OF MAÍERIALS
TYPE 

,DE],

ANCLI DTAD END

STRUCTURE
IYPE 'DE2' (i5' T0 55)
ANGLE DEAD ÉND

POLE TOP DEÍAILS
TYPE 'DE2' (J5'10 55)
ANGLE DEAD END

POLI fOP DEÍAILS_CONO. & GUY ATÍACH.
TYPE '0E2' (35' T0 55)
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OTTAILS
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POLE TOP DETAILS_COND, & GUY A'ITACH.
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AI]CLT DTAD END

BILL OF MATERIALS
TYPE 'DE3' (55' T0 75)

DRAWING NO. TITLE

CROSSARM OETAI[S
CROSSARM DEIAITS
ANCHOR AND
GUY GROUNDING DETÀILS

ROCK ANCHOR DETAILS

METHOD OF POLE GUYING

2_POLE GROUNDING DETAILS
ÍYPTA,B&C
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AND GUY GROUNDING
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BOG SHOE PLATFORM
FOR J POLE STRUCIURT
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345-DG
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VERMONI ELÊCTRIC POWER CO., INC.
RUTLAND, VERMONIvE!€e

WEST RUTßND _ NEW HAVEN 345 KV

TANGENT SUSPENSION
STRUCTURE

TYPE 'A'

SCALE: NoNE DRAWN 8Y: BMCD

DAT€: 1 1,/05 CHECKEo BYr KAw

APPROVED BY:

DA'TE
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DETAIL 
,F,

13'-0'

DEÍAIL 'B'

DEIAIL 'C'

DEIAIL 
,8,

13'-0"

\-

3'-0'

o
I

13'-0"

'D1
DEIAII,D'

sEE DWC #145-SIGN
(NEARSIDE AND FARSIDE) 3/8" EHS-7 SrR.

SHIELDWIRE

KNEE BRACE

DETAIL 'A.

)
( I

SPGW ASSEMBLY

S:t NOTE 5

SEE NO]E 1

TO X_ARM

DÊTÄIt'D,
SIOT CUYS ONLY
WHEN SPICIFIID sEcTI0N'D1'-'01'

DOUBLE OPTICAL WIRE

SUSPENSION ÁSSEMBLY

(sEE Norr 6)

NOTES:

GRID GAIN
1. DIMENSION INCREASTO IO 1O'_O'' ON APPROXIMATTLY HÄLF OF

STRUCTURES INSTALLTD IO ALLO\I UST OF LARGER STAI]C WIRE

RUNNÌNG BLOCK.1"r3" BOLÌ

7/8' BOLT
2, BRACKET ÌNSTALLED HORIZONTALLY ON APPROXIMA'IELY HALF OF

SIRUCÌURES INSTAILED; HORIZONTAL INSTALLAfl0N WAS

APPROVEO BY HUCHES.
"irl
-1_T

SECTION,El'_'E1, DEADEND 
-TEE J. AN ADDITIONAL PARALLIL CROOVE CONNECTOR AND GROUND W1RE

WAS TXTENDTD O CONNECT TO GROUND LUG ON MARK 9] IN
ARTAS OF HIGH SOIL RESISTANCE.

1 1'-0"
TO X.ARM BOLT I -l 4. F0UR StCnON PLAIIS WERE USED lN P00R SOILS: Ì',10 SECTION

PLATTS'¡,€RÉ TYPICALLY INSIALLED.

STAPLE EVERY ],-6,
O POLE TOP 'E1 'E1 5. PENETROX GREASE REOUIRED A-T CONNICNON OF MARK J3A AND

46C.GRID GAIN

SECOND X-BRACE
WHIN REQUIRED

DEAOTND IEI 6. USE DOUBLE 0PT¡CAL MRE SUSPENSÌON ASSEMBLY ',!HEN
IIRTICAL ANGLT TXCEEDS 30 DEGRTES,z

I
STAPLE EVERY 6,,
FIRST 8'SEE NOTE 3

DETAIL 'E,

EURIED COUNTTRPl)ISE

ÏO GROUND CONNECÏION

LOCATTD AS F]ELD

CONDITIONS PTRMI'ITLEVATION

FoR ANCHoR AND CUY GRoUNDING DETAILS, StE DWG, #345-10.0 & #345-10.1
FoR PotE GUvtNG DEIAILS, SEt DWC. #345-10.2
FoR GRoUNDÌNG DEÍAIIS, SEE DWG. #J45-11.0
FOR FOUNDA]ION DEÍAILS, SET DII/G. #J45_FDN_1 THRU FDN-4

il-

ÐsÐ I ñ
-l

lhe rev¡s¡on dâted 01.01.08 supercedes
all revisions w¡th an eârl¡or revlsion date

CONFORMED TO
CONSTRUCTION RECORDS

PROPRIETARY
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OETAIL 'F,
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DETAIL'A' OETAIL 'C'

sEcTtoN '81 '-'81'

6-1/2"

1

DESCRIPTION

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡s¡on dated 01.01.08 supercedes
all rsv¡s¡ons with an aarl¡er revis¡on date

VERMONT ELECTRIC POWER CO., INC.
RUÍLAND, !€RMONf

WEST RU'TLAND - NEW HAVEN 345 KV

PROPRIETARY
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TANGENT SUSPENSION
POLE TOP DETALS

TYPE'A'
NONE DRAWN

DATE: 1 1 CHECKEo 8Yr KAw DATE

REV Ë

SECTION,Al'-,A1' sEcTl0N'cr'-'cl'

DRAWING NUMBERI
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BILL OF I/AÏERIALS

MÂRK s'tocK N0. DESCRIPIION MANUFACIURE CATALOG NUMEIR
¡0t t. woot)

2 0u0056u 1 JIIOSSAI,IM, ASSLMELY, IILA IHLI.ItNG SÌLLL, J4bKV
32" INCLUDES CROSSARM, 2 KNEÊ ERACES & 2
VET BRACES WEATNER]NG S EEL, AND ALL

\,IOUNIING HARD"VARE EXCTPÍ TURNBUCKLTS.'IIIRU

]OLTS FOR ARM, HARDWARE FOR UPPTR END OF
tpÂaFq

Id6lMEYER DWG #745J

1 tIÂ INDING WIRF 4? COPPFR SôIID IFTI
]JB JE iRouND uitRE, / N0. 6 coPPtRwtLD (FT) DIAD

ìôFT ÁNNFÀI FN

14 2 JLATL,PoLL LYL,//E Bot r,ô UOLr sPCG,SGL tYt, MACLLAN LPR- / tS- I

16 ,) THIMRIF CIFWS ?OK

19 TASHFR. SO CIIRVFD 414 FOR 7/8- B0lT .tost YN P1448

RW2-70

,i 07001 10

75 .tos¡ YN ,tq5xx
tsEXX

i, 0,l13860 IY CRIP DFÁNFNN CNV 1/'" RIIIF ]W HFI ICÂI

33A 2 ]ONNECTOR, GROUND CLAMP, BRONZE FOR

)PfICAL MRT SUSPINSION CLAMP,
ANDERSON GTCL-25A

l5Å -1^P 1/)- GÂtV T0 r? S0tfD CU ltFt lcÂt
J6 IRAC[-X, ASSEMBLT 345KV, 5-1/6 x 7-1/2 ,

¿6' POLT SP, LAMINATTD, INCLUDES OEADTND

IEES, CURVED WASHERS, NUTS, 7/8" x XX"MTG

IOI TS GRIN GAINS AND CFNTFR CI AMP

HUGHES 2093K-26-0-CPT

1) ntRNRtict{t F ct FVIs-ct FVis 1 /A t1t- ],5K HIICHFS as?545-C
43 07045.10 HII CHFS ?121 A

0202tt60 2 -:LlP, GR0UN¡] WIRL BONUING, GALV, #2 CU t0
:t ÅT çl tRF 1 /r" Rôr f ñr tT ÅNn r ôct( NI if

HUGHLS GWB-5r -rl2

46 0100050 1 ]LAMP, SHIELD '¡/IRE, SUSP., J/8"EHS_7 SÌRAND
'?0- ¿6) w/o FITTINC

MACLEAN FS-46-N

46C l JLAMP. OPIIT]AL WIRL. SUSP.. SX-48/IIl52{) ALCOA suML 500,.52/

4ð urur ö5u b JLAMP, ÇONU. IORMULA, sU5PLNSIUN, ].2 MAX

)IA, 15,'1, 2¡K, 'IIl90' Y-CLEVIS EYE FITTING F/
Is4MCM 45I7ACSR CORONA FRFF

MAULLAN AUI 5_IZU-I 5_ZJ-H ÏUL

50 5l .NSULAIoR, SUSP, JoK ME¿, 5-J/4 ¡10 , tsALL
I qô.(FT NPÂY

LAPP 59604-,i {.1

5l J
ilT

t, YOKt", tRl, tð SPUG, t5ltb HULL5, 4UK

5/8'fHICK
A5M-bll9-J

54 020r600 J ]VAL-TYE
\-)\ l\i'

8ALL, GALV, FORGLD SIILL, JOK,
I ôNn

ANt]LRSON 8L-J{J

5b OZUbUIU J )FiAUKLL,
U CÔT'TFR

ANCHUT(, UNK, J¡K, W/ J/4 BUL| NUr
KFY

ANULK5UN A5_JJ_ãNK

51 0207E60 J ;ocKEI, CLEVIs, 4-1/2' L, 13/16'W,2'D, s/E-P
t0K

MACLEAN SCL-55ts

b58 2 JUUPLING, GKUUNU HOIJ, J/4 UUPPLK ULAU

ìOMPRFCSIÔN
L& ULMAKK GRC-344

664 THFRMIC WFII). *2 SOIID CI] TO .]/4 CU R ERICO /CADWELD

668 2 :XOIHIRMIC VJLL0, / N0. E COPPLRWLLD l0
¡/¿" ail Pôn

LtiLc0/cAuwLLu

b/A il0 )IAPLL, GXOUND WIKL, UOPPLKULAU,
t-1 /1"!3/A" Ralt r FD PoINT

CHANCE 9167

EO 020J760 4 ]RID GAIN, CURvtD, 6-Jl4 x4-1/E, FOR //E
]OLT CTR HOLE. F/CROSSARM

JOSLYN PX261

BILL OF MATERIALS

MARK sTocK N0. DESCRIPTION MANUFACTURE CA'TALOG NUMBER

91 2 qNUHUT{, PoLL, 4-510[0N, W/ //ö , XX
THREADED ROO W/4 NUIS, 4 LOC(NUTS & LAG
ìcRFWS

t1u0HL5 ArE95-J-XX

{llT çôilÂRF ?/Â" HI INHFç NRN

HUGHLS MFSO

MATER]AL REQUIRTD FOR DOUBLI OPTICAL WIRE SUSPINSION
46E 1 ]LAMP ASSEMBLT OPTICAL MRE, D8L, SUSP,

il//2 oLEVIS EyE, 1 yoKt PLATE, 1 Y-CIEVIS
ILEVIS. SX-48/33/520

05P554

SIDE GUY MATERIAL ONLY
1? 11 IY S'IRAND 1/2-FHS_7 STRAND IFT]
l4 2 ,LAIL,POLL EYE,//E BOLI,6'BOLI SPCC,SCL EYE,

7 /Â'ÞIñ
MACLEAN tPR-77S-7

19 4 IIASHFR S0 CURVFD 4 I4-FOR 7/8" BOI I
RNt) ti toR l ANCHOR ROD JOSI YN P85A-1

SLW2-E{J

-\7 JY GRIP. DEADEND. CALV. 1 /2" ELUE 7Tl HFI ICAI HC?1?-1 /2
-ìAP. ]/2 GALV. IO ü2 SOIID CU H}I ICAI

44 2 jLAMP, ELTNDjNG, GUY-GIiOUN|, roti #2 CU r0
/r"-7 çTPÂNn

CHANCL 6484

ÀNCHOR I OG 8v8v8
t2 qNCHOR ROD I rl0 lONG HD GAIV THMBI FYF CHANCF 5.140

/5 020595{J 2 jUY MAfIKLR, IULL RND, YEL, 64 x 1.5
t/1Â-1 /r' w/ÞrnlÂt pnr wilY FñF

CHANCE E4¡RPM_YEL

IVATERIAL USED AS RTQUIRTD

UIUZ)f,U frlGHr, HULU UUWN,ISU#, W/ HAKUWAKL, tUK
:ôRMritÂ ctÁuP q54McM ÁcçR 45/7

MAULLAN AsM-Jð9- I 50

0 ISSUEO FOR CONSTRUCTION

REV DATE DR CK DESCRIPTION

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡s¡on daled 01.01.08 supercedes
all revis¡ons with an earlier rev¡s¡on date

VERMONT ELECTRIC POWER CO., INC.
RUTLAND, VERMONT

WEST RUÍUND - NEW HÂVEN 345 KV

PROPRIETARY
rhlr docuññl ¡. ùo ÞóæÛol

V.rrc.l Ebdnc P*.rCoñÞ..y. hc.
and conb hs pr@delary ¿nd 6ñßen&l lnfomlb.
whb ou6l nol b dlpllél€d. uæd o.dM€d obor

lh¡. â. 6rpb.!ly ållhoú.d by
Vemñl Ebdù PowerComünv, lnc.

TANGENT SUSPENSION
BILI OF MATERIALS

TYPE 'A,

SCALE: NONE DRAWN BY: BMCD

DATEj 1 CHECKED BY: KAW OATE

REV. tr
DRAWING NUMBER:
PLÕl: 1 =1 345-1.2

00675



BILL OF [/ATERIALS

MARK STOCK NO. ?UANIIÌI DESCRIPTION MANUFACTURER CAIALOG NUMBER

I\¡ATERIALS REQUIRED TO DOUBLT DEADEND 1 SHIELD WIRE ON TYPT 
,'4,, 

STRUCTURT
tl 02014 /l) 2 PLATL, PoLL LYL, UBL EYE, GALV,15/16- H0LE5,

A" Rôt r eÞan 7/Â" Rôt rç r ÞfN
MACLEAN EPR6_77_07

WASHFR CNII DôIIRIF qPRINN FNP 7/Â" ROIT sl ll/7-80
BOI T MACHINF 7/R t YY" w/NllT
t-lÂP 3/8" GÄtV lô 3/8" CÅtV HFt taÂt

344 HLLITJAL

41 070?544 1 lilPNPilakt F aIFVIç-alFVlç lll"v 9" 2AK 452þ45-A
E] ut 0i 4lu 2 DEADEND, ALUM, COMÞ, VEYI, SHIELD WIRE,

l,/R" FHS-7 STR STI

L1¡ t1. I Z

MATERIALS REQUIRED FOR IN_LINE GUYING
1t 1î6 GIIY çIRÂND 1 /'" FHç-7 CMÄNN TFf\

BONI]ING WIRE. f2 COPPER. SOLID {FT]
1A ô?015?n IHIMtsLL CLLVÌS.2OK MACI FAN cl-88H
?1 Pö54-]
J2 UZUJðbU + GIJY GRIP I)FADFND GAI V 1 /?' BI IIF 7W

L_IAP.1/2 GALV. IO J/8- GALV HFI ICAI
+4 2 ULAMP, 80NUjNG, GUY-GR0UNL, r-0R #2 CU r0

r /?'-? smÂNn
cHANCt Ò4ð4

664 2 EXoTHER||IIC WELD, #2 SoLID CU WrRE r0 J/4"
CII RÔT)

LKIÇU/ÇAUWLLI)

72 ANLNUK KUU, I XIU_U
THIMELE EYE

UñANLL 5J4L)

U¿UJVCU z uul MAXKLT(, ruLL RNIJ, lLL, ð4 x 1.5
i/16'-1 /?" W/PtCTAt POr YF'rHY FNF

UHANUL ð4IKtsM_ ILL

SECTION,D2,.,D2, 3/8" EHS-7 SrR,

SHIELD WIRE

{-
D2

I
D2

NOTES:

1) THESE IIEMS W]LL BE CALLTO FOR BY THE LINT OISICNTR, AS NTEDTD

2) IF DEAD ENDS ARE USEO FOR UPL]F'T, GUYS MAY BT TLIM]NA ED.

J/8" EHS-7 STR.

SHIELD WIRE

I

JAH COMFORMED TO CONSTRUCIION RECORDS

0 CSM ISSUED FOR CONSTRUCTION

REV DATE DR CK DESCRIPfION
9'-6"

TO X_ARM

BOII

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡sion dated 01.01.08 supercedes
all rev¡s¡ons with an earlier revision date

VERMONT ELECTRIC POWER CO., INC.
RU'TLAND, VERMONT

WEST RUTLAND _ NEW HAVEN 345 KV

PROPRIETARY

rh¿¡ :s.xp6srt ålrhoùådry
vâúDñl Éþclú PowerCoûìùnr. h..

SHIELD WIRE DEAD END
ATTACHMENT

TYPE 'A, SÍRUCTURE

SCALE: N0NE DRAWN BYr BMco APPROVED BY:

oAlE: 1 CHECKED BY: KAW OAfE

REV,

stc-rr0N'01'-'01'

DRAWING NUMEER:
PLOT: l=l 345- 1.3
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T
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=*

00676



BILL OF MATERIALS

MARK slocK N0. ¡UANTITì DTSCRIPT]ON MANUFÁCIURER CATALOG NUMBTR

I\¡ATERIALS RTQUIRED TO DOUBLT DEADEND 1 OP-IICAL WIRE ON TYPE "A'' STRUCTURI
BoNUING Wlt(1. *2 C0PPLR. S{JLIU {t t)

15 4201474 2 PLAIL, POLL LYL, IJtsL LYL, GALV, ]5/]6- TOLES,
n" Rot r sPen 7/Â' Rnt Tç , ÞrN

MACLEAN EPRE-77-07

WASHFR CÔII DOIIRIF SPRINN FnR 7/Â" Rôr f
B0lT MÂCHIñF 7/R-v YY w /ñilT HI INHFq

ANI]IRSON G TCI _7]A
36 l -TÁp {, qnt ln nÍ Tô 1, çôt ID ail

) 'lt tRNRt taKt F flFVIç_¡IFÚç \/4"" q" 9RK

BOI ]TD DFÂDFND OPTICAi MRF Sv-48/33/5?0 Ât coÂ
ÂqÀ LINK. LXTLNSION. OPIICAL WIRE. 5' C-C At COA ODFI POs
898 t5 GUIUL ULAIVP. WOOU POLL IOIi OPIIUAL WlI(1,

w/ì Åc scRFw sv-¿A/ß/srn
ALCOA 0Gw4b9/561

MATIRIALS REQUIRED TOR IN_LINE GUYING
,oô CIJY STRAND 1 /'' FHs,-1 STRÅNN TFf)

BUNUING ITIRL. *2 COPPLR. SOLID {II)
MÀCt FAN CT_88H

21 Pð¡A-'ì
UZOJðbU 4 GUY GRIP DFADFNO GAI V 1 /?" BI I.IF 7W

L-IAP. 1/2- GAt V. lO {? SOt III CU HFI ICAI

44 I ULAMP, B0NUING, GUY-GRoUNU, t0R #2 CU I0
1 /?"-7 STPÁNn

OHANOL b+ð4

664 2 EXoTHERMTC \{EID, #2 S0LI0 CU wiRE l0 i/4"
cu Rôn

Lrilcu/0ADlvLLu

/2 2 AILñUK KUU, I X|U-U LUNG, ñUt UtH bALV,
THIMBLE EYE

UHANUL 5J4U

73 020s9s0 2 GUY IVAI(KLX, IULL HND, YLL, ü4 T 'ì,Þ

3hF,,-1/', W/PIC'TAII POI YF'IHYI FNF
TJHANCL ð+IKHM_ ILL

+1

NO'IES;

1) IHTSE I-TÉMS W]tt BE CALLED FOR BY THE LINE DESIGNER, AS NETÐED

2) IF DIAD INDS ARE USED FOR UPL]FT. GUYS MAY BE ELIMINATEO.

o
I_Þ

JAH COMFORMED TO CONSIRUCÍION RÉCORDS

0 FOR

REV DATE DR CK DESCRIPIION

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡sion dated 01.01.08 supefcedes
all revis¡ons with an earlier rev¡sion dale

VERMONT ELECTRIC POWER CO., INC.
RUTLANO, VERMONT

WEST RU-TßND _ NEW HAVEN 345 KV

9'-6"
fO X_ARM PROPRIETARY

OPTICAL WIRE DEAD END
ATTACHMENT

TYPE .A'STRUCTURE

SCALE: NONE oRAWN BY: gMcD APPROVED BY:

DÂTE:1 CHECKÉD AY: KAW DATE

345-1.+
REV Ë

I sËcfl0N'D1'-'01'

ORAWINC NUMBER:
PLOT: l=1

å
a
!
Ë
É

u
tÍ

00677



IDE A]L'C,'

-t

I

I

29'-0" 2ç'-C"

Dt'rAtL "A"-\ DT'IAIL "8"

I

k)

Ø

o

(ffion
€9Q'

I

9'-3" T0 10P
POLE BAND BOLT

_t

DETAIL "0" -:., DTIAIL 
,A"

ù7
..i/"*o\ b,/o'v

lG)6òonXX
@x9

REFER TO
OFFSÉT

SIRUCÍURE 
¡ 9,-J,,TO TOP

POLE BAND BOLT
tIST PROF]LT

s Dt fAlL "8"
TRANSMISSION

UNE

TLTVATION

REV DESCRIPTION

CONFORMED TO
CONSTRUCTION RECORDS
The revis¡on dated 01.0 1.08 supercedes
all revisions with an earlier revlsion date

VERMONT ELECTRIC POWER CO., INC.
RU'TLANO. VERMONT

WEST RUTLANO . NEW HAVEN 345 KV

PROPRIETARY
lh6 docutuñl rs lhð Þmæryol

Vemnl Eþdic Pow.rComp¡ny, lic.
ud conbi¡s propñ0lrry ff d contuanbl Infombn

sh¡ch ñ!úlôÒthdùpÌøled,ls€dordffiiodothor
hân åß o¡pf 0ßßt aurñod€d ry

v.rtu.l Êbán¿ Þô!.rCômôå.v lñ¿

SUSPENSION ANGLE
STRUCTURE

TYPE 'SA2' (T 'rO 22')

FoR ANCHoR AND GUY GRoUNDÌNC DETAILS, StE DWG. #345-10.0 & #J45-10.1
FoR PoLt GUYING 0ETAILS. SEE DWG. #345-10.2
FoR GR0UN0ING DEÌAILS, SEE oWG. #345-11.0
FOR FOUNDATION DE'TÀ]LS, SEE DWG, #J45-FDN-1 THRU FDN-4

SCALE: NoNE DRAWN 8Y:8McD APPRoVED BYI

DATE:1 CHECKEo 8Y: KAW DATE

REV E
ORAWING NUMBER:
PLOT:1=1 345-3.0

00678



16

J _L'

4'-9" 0R 9'-3"
TO BOTTOM

BOLI ON POLE

IYE PLAIE

7/E"x E" SlUo BoLl

1/4"X 4" BAND StCTloN
4'-9' 'r0 foP

POLT BANO BOtf

_t SHEAR BLOCK

2 GUYS

DETAIL "C,' 1 1/4" ùIA.
BOLÏ

U_PLAÏE
1/4' oiA. BoLr

1 1/4" 0tA. Botl BONOING CLIP

"t sEcTl0N "0"-'0'
o

,C'
s\

\s
DI-AIL,,D"

TYP. _ J PLACES

3/4'
BOLT

XJ
NUT KEY

2 CONSTRUCTION

1"x4'
8OLT, NUT, KTY

0

REV DAfE OR DESCRIPIION

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡sion dated 01 .01.08 supercedes
all rev¡s¡ons with an earlier revision date

VERMONT ELECTRIC POWER CO., INC.
RUTLAND, VERMONÏ

WESÌ RUTLAND _ NEW HAVEN 345 KV

SUSPENSION ANGLE

PROPRIETARY
Ihi6 óocumnr ßrho ÞnFryof

v.rtunt Ëbdnc Pw..CoñFny. lnc.
and coñl.lns propdel¿ry.nd conft en&l lñlomúlb.
whb úu¡l not h dupllÉlod usd ordMsod olhor

lhåñ ¡..f Þßi¡ry å016óùed by
Vå.nþnl Ebclnc Pow.rCom$nt, l.c.

POLE TOP DETAILS
TYPE 'SA2' ( 12''ÍO 22')

NONE APPROVED BY;

DATE:1 CHECKED BY: KAW DATE

a^E 7 a

REV tr

sEcït0N c-c

ORAWINC NUMEER:
PLOT:1=l

00679



BILL OF l\IATTRIALS

MARK slocK N0. ]UANfITY OESCRIPTION MANUFAC'IURIR CATATOG NUMBER

IJY STRÂND 1/?"FH\.1 STRAND IFTI
NDING WRF {' COPPFR SOI ID {F-Iì

l4 5 ,LAIL,POLL EYL, //E BOLI,IJ' BOLI SPCG,SGL EYE,
7 /Â" prN

MACLTAN EPR_77S-7

0r01 5?0
11 020J470 1 'LATE, GUY, DBL, ASSEMBLY, INCL:2 LINKS

13157); 2 RoLLERS (#28083); 1 BoLI 3/4"x3"
ìNK 1 RôlT 1"v¿" ÊN(

HU6HES

ilASHFR SO CllRVFn 4t4 FOR 1/A- AôlI
0204650 À/ASHFR ROIINO 7' FOR I/4- BOIT HIIGHFS RW? --Irt

SHLR RND IJ I-OR ] ANCHOR ROD JOSLYN P85A-1

01001 10

T DBI ARM FìT BOIT W/? Nlils 3/4YXX .tost YN ,lq6vv
4 L MACHIN|. //8 xXX . W/ NUI HI.JGHFS BSXX

JJA LUNNLUIUK. UKUUNU ULAMF

OPTICAL WIRE SUSP. CLAMP

õKUN¿L.
sx-48,/33

rux
/52A

ANULK5UN u i {jL-2JA

-TAP. .l/8 GAÌV. lO {7 SO|D CU HFI ICAI
_IAP. 1/2 GALV. IO {2 SOLID CU HLLICAL

44 I CLAMP,

1 /)" -7
BONDING, GUY_GROUND, FOR #2 CU IO
STRANf)

UHANUL b4ð4

46 0100050 OLAI\IP, SHIILD
l.2o-.46) '¡vlo

WIRL, SUSP., J/E-EHS_/ STRAND

FI'IIING
MACLEAN FS-46-N

4bu CLAIVP, OPIIOAL WIRL, sGL. sUsPLN5ION W/
Y-Ct FVtS FYF Sv-48/13,/520

ALCOA U5P5P4

49 0101650 6 CLAMP, COND, FORlilULA, SUSPENSION, 1,2-MAX

DIA, 19,1, JOK, VgO'Y_CLEVIS EYE FITÍING F7
qqÁMaM ¿ql7Äaqa aôaôñÄ FaFF

MACLEAN ACFS-120-19-J0-RYCE

tu 54 INsULATOX, 5U5P, J{JK M&L, )-Jl4 xÌU , UALL
& salckFf GRAY

)9buÁ-/u

51 J PLAÌE, YOt([, TRI, 1E- sPCG, 15/16- H0LES, 40K
uL'r. 5/8" 'tHtcK

MACLIAN ASM_6229_J

5b 0z0bul0 sHAL;KLL, ANUHUR, BNK, J5K, W// J/4 EULI NU]
¡, COTTFR KFY

ANULK50N A5_J5_UNK

T CIFV]S HOT IINF IsK 10' I MACI FAN SCHI _554
I Y-(lFVIS. HOI I tNF. .i5K. t0-t/¡ì- I MA(]I F AN YCBHI _654

ti2 02fJJ9J[) J tsRACKLl, 5WINGING ANGLL, 2rJ, 55K w/1-1/4
tôtTllôakN|T

HUGHLS I /gb-c

65Â lNn RoD CoPPFR alAD .1/4 r 10 FI ACKBIIRN 7510

674 40 SIAPLE, GROUND WIRE, COPPTRCLAD,
1-1 /2"a71R" Pnr r Fñ PôINT

CHANCE 916/

t2 ð ANCH0R ROD, 1 xlO-0 LONG, HOT OlP GALV,
'I].]IMRI F FYF

CHANCE 5540

IJ 0205950 E GUY MARKER. FULL RND. YtL. E4 x 1.5
\/1^-1 /r" WlÞtîrÃ| Þnt wTHV FNF

CHANCL. E4IRPM_YLL

tð b POLL, BANU, FILAVI IJUIY, AssLMULI. INULUULs:
1 ROND¡NC Ct tpltrTlÂ 55)

HUOHLS Jtu/.x-t /9b

NNFCTING I INKS GIIYING l/8 rl t12 PAIR HUGHFS Jt57
s1 J ANCH0R, PoLE, 4-SECII0N, w/]/A x xx

THREADED R00S w/4 NUIS, 4 LoCKNU'rS & tAG
qaPFwq

HUGHL5 A] Eg5_J_XX

BILL OF [/ATTRIALS

MÁRK sïocK N0. DESCR]PTION MANUFAC'IURER CATALOC NUMBER

I/ATERIAL USED AS RIQUIRED

OSMOSF 70-1 1 0-070-01 6

2 BH CONFORMED fO CONSTRUCTION RECORDS

1 ADDED MARK No. 178, REVISED BOLÍ SIZE lN

l

DESCRIPTION

CONFORMED TO
CONSTRUCTION RECOROS
The revision dated 01 .0'1.08 supercedes
âll rev¡s¡ons with an earlier revision date

VERMONT ELECTRIC POWER CO., INC.
RUILAND, VERMONÌ

WÊSf RUTLAND - NEW HAVEN 345 KV

SUSPENSION ANGLE
BILI OF MATERIALS

TYPE 'SA2' (12'ro 22')
SCALE: NONE oRAIVN BY: gMcD APPROVED BYi

rha. âs€rpb.lt åurhoùâd ry
Vemnl Ebddc Powe¡CoñFny, l.c.

DATE: 1 1 CHECKED BY: KAW OATE

REV. tr
DRAWINC NUMBER:
PLOT: l=l 345-3 2

€ã
¿
Fë
Ë

g

,

00680



29'-6' 29'-6"
OOUBLÉ OP-T]CAL WIRE

SUSPÊNSION ASSEMBLY

(sEENoÌESl&2)OÊTAIL 
,A,'

I

N
SEE 1&2

STAPLE ON

2'-0" cENIERSI

r

\-/- oETAIL 'C'

DETAIL "A"

SEENOIESl&2

REFER TO

SIRUCIURT
L]ST PROFILE

t
DETAIT 

,,8''

TRANSMISSiON
LINE

ELEVATION

0 ISSUED FOR CONSTRUCÍION

REV DATE DR CK DESCRIPTION

mì
lEl

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡s¡on dâted 0'1.01.08 supercedes
all rev¡s¡ons with an earl¡er revision date

VERMONT ELECTRIC POWER CO., INC.
RUILAND, VERMONI

WEST

NOTT:

1. FOR LINE ANGLES LESS THAN 30 DEGRTTS USE SINGLE

OPTICAL MRE SUSPENSION ASSEMBLY, ITE{ #460,
2. FOR L¡NE ANGLES GREATER TNAN JO DEGF'EES OR vlHEN

VERIICAL ANGLE EXCEEDS 30 OEGREES, USE COUBLE

PROPRIETARY
thi6 do.umnt Ir ho Nærtd

V.mñl Êhdñc F*.r ComFôy. lñc.
and ctrþhs p.Adêþry ånd æñft êôbl lnlomlb¡

ehlú ñu6l nol b dupþled, !&d ordMsod ohr
bån âr.¡Þ6.dyåutñdd by

vernú¡l Ebdto PMrComFny, hc

SUSPENSION ANGLE
SfRUCTURE

TYPE 'SA5' (22'TO 3T)

FoR ANCHoR AND GUY CRoUNDING DEIAILS, SEE ÐWG. #J45-10.0 & #J45-10.1
FoR PoLE GUYTNG 0ETAILS, SEE DWG. #345-10.2
FoR GRoUNDÌNG DETAILS, SEt DWG. #345-11.0
FoR FoUN0ATÌoN DETAILS, SEE DWG. #345-F0N-1 THRU F0N-4

NONE APPROVED BY:

oATE: 1 CHECKEÐ BY: KAW OATE

Rry.

DETAIL 
.'8"

I
'D'

d

OPTICAL MRE SUSPENSION ASSEMBLY IÏEI,l
DRÁWINC NIJMBER:
PLOT:1=1 345-4.O

00681



12'-J" & 7'-9'
T0 ï0P 0F Port

271 8.55
BONDING CLIP

J/4'xJ" BOLI, NUI, KtY

1"x4" BOLT, NUI, KEY

2 GUYS

DETAiL ''O' sEcnoN c-c \

^¡\

o DElAtt "c"

s-
\$

1/4" THREA0ED RoD

LINKS ON INSIDE

1'x3" BoLT
& LOCKNUT

2

Fi/a' x 3-1/2" BALÌ 1 ADDED EXT, LINK, REVISED POLE EAND ASSEMBLY

AND RE-ISSUED FOR CONSTRUC-TION

0 ISSUED FOR CONSTRUCIION

BOL
REV DATE DR CK DESCRIPIION

STUD 8OL

& LOCKNUT

1/4"x4" BAND SECTIoN

CONFORMED TO
CONSTRUCTION RECORDS
The revis¡on dated 01.01.08 supercedes
all ravisions with an earl¡er rev¡s¡on dat€

VERMONT ELECTRIC POWER CO., INC.
RUTLANO. VERMONT

WESI RUTLAND _ NEW HAVEN 345 KV

CONEHTAÐ BOLÏ SUSPENSION ANGLE
POIE TOP DETALS

TYPE 'SA3' (2t fO 35')PROPRIETARY
l¡6 docurenl rB ho rcæryd

Vemñl Ebddc PowerComp¡.y, l.c.
¿nd.o.hl.s øopdèl¿ry ¡¡d conft onbllnfoñElbn

whlch ñusl nol h dupllélod, uBd ordMsod olhor
hañ åñ orpßs.tâurñoé.d by

V.mÞ¡l Ebdnc PeerCoñmnv. lñc.

NONE ÐRAWN 8Y:

DATE: 1 CHECKED BY: KAW OATE

2 ü
ËREV,

SECTiON D-D

DRAWINO NUMEER:
PLOT: I =l 345- 4.1

3
ã
È
Ë
f
J

=r

00682



BILL OF l\/ATIRIALS
MARI( s'tocK N0. DESCRIPIION MANUFACTURER CATALOG NUMBER

)0t F wooD
71 Y STRAND 1/'"FHS_7 SIRAND IFT]

IVIRL. d2 COPPLR- SOIID {FI)
14 f ,LATL,POLL LYL,//ð BoLr,ö BOLr SPCG,SGL LYt.,

7/8" ptñ
MACLTAN EPR_775_7

0201520 THIMBIF CIFVIS ?OK ti t-ðEH
02054 

^)
l 'LAIE, GUY, DBL, ASSEMBLY, INCL:2 UNKS'/t31s7): 2 ROLLERS (l2E08J); t BoLT J/4"x3"

INK: 1 B0[T 1"r4" BNK

HUGHES

ANIJLRSON ctil -09.1-06 5

19
)^

I/ASHER, SQ, CURVED,4"¡4'.FOR 7/8" BOLÍ
ffi

JO5LYN

t{tcitFs
P1 448

PW'_7N
IVASHER RND 6'' FOR 1'' ANCHOR ROf] .tost YN PRSA-1

), sHLR, COIL, IJOUtsLL SPRING. IOR///E EOLT HUGHFS st w7-80
)3 02001 10 sLw2- /

I DBI ARM F\F BOIT W/? NIJTS l/¿"vYY
L MACHINF. 7/8 rXX W/NtlT HIJGHFS

JY GtÌJP. DLADLNIJ. GALV, ],/2 ELUE 7W HFI ICAI HCtlz-1 /
J3A CONNECIOR, GROUND CLAMP, BRONZE FOR

OPTICAL WIRE SUSPTNSION CLAMP,
çY-án /11 /(rô

ANDERSON

-rAP 3/A- GAIV tO {? SOilD Ctl HFI ICÂI
_IAP. J/2 GALV. TO {2 SOLID CU HFI ICAI

36

44 I CLAMP,

1 b"-1
BONDING. GUY_GROUNO, FOR #2 CU TO

S'IRAN I)
UilANUt.

4b U]UOU5{J ;LAMP, SHILLU WIRL, SUSP
?ô- ¿Âl w/al ÉrllNc

J/E'LHS-/ SIRAND MACLEAN

460 :LÁMP, OPTICAL WIRE, SGL. SUSPTNSION W/
Y_CI FVIq FYF CY_¿R /1I /5'N

49 uì 01 ö50 6 ULAMP, CONO, IORMULA, SUSPTNSION, 1.2'MAX
ltA, r9"1, J0K, rvl90' y-cLEvls EYE FI'flNG F7
q5¿MCM ¿5l7ÂCqR CôRÔNA FRFF

MACLEAN

50 54 LNsULAIUK, 5U5H, JUK Mft, ¡_J/4 IIU , HALL
& SOCKFT CRAY

LAPP

5l J TLAIL, YoKL, ÌRl, ]E' SPCG, t5l16- HoLES, 40K
rT q/a" rurc(

MACLEAN

sHAUKLL, ANL;HUH, UNK, J5K, W/J/4 UULI NUI
¡/ aôf'IFR

ANULI(5ON

58 T CtFVÌS HOT ltNF :15K 10" I MACI FAN scHt -55a
ALL Y_CLLVIS. HOI LINL. J0K. t0-1/8 L. MACI FAN YCBHI _654

/510
564
6/A {o STAPLE, GROUND WIRE, COPPTRCLAD,

1-1 /2"x3/8' ROI I FD PotN-t
UHANUL 9lb/

ANCHOR. LOG. Ex6xE
t2 ð ANOI1UI( ROIJ, ] XIU-O LONG, HOI IJIP OALV,

IHIMRI F FYF
CHANCL 5J4U

IJ 0205950 E oul MAKKLK, iULL KNU, TLL, ð4 x LJ ,

i/16-1 /2" W/PIclA| Pot \FlHYl FNF
UHANUL ö4rt(Ptv- ïLL

19-1 l 'OLT BAND, EXÍRÁ HEAVY DU'IY (SPICIAL NO.

3J4O POLE BAND), ASSEMBLY INCLUDTS: 1

30N0rNG CLIP (#2727,8) W/LOCK NUr, 2 TWTSTET

_tNKS (#81784.1A), 2 TMSTED LINKS (#334r.rA),
)0u8LE YoKE PLATE (#iJ41.18), 1 YoKE PLATE

:#3J¿1.ic),1 ooUBLE yoKE PLA'E (8r784.18)
/Þ^ir nl^ 1t" 17"\

HUGHES 81784-A.6

YI J ANUäUX, rULL,4-)LUilUN, Wl t/óXXX
THREADED RODS W/4 NUTS, 4 LOCKNUTS & LAG

SCRFWS

HU UHL5 AI öY)-J_ÃX

BILL OF IVATER]ALS

MARK sTocK N0. ]UANÏIT\ DESCRIPTION MANUFACTURER CATALOG NUMBER

I/ATIRIAL REQU]RED FOR DOUBLE OPTICAL WIRE SUSPTNSION
46E 1 CLAMP ASSEMBLY, OP'IICAL WIRE, DBL. SUSP.

rv/2 cLEVtS EYE, 1 YoKt PLArt, 1 y-CtEVlS
lltvÌs. sx-48,/33/520

ALCOA 05PSS4

IúATERIAL USED AS REQUIRTD
68 AR )o1 F ROôF NôN MFÍÂI I IC /0-t I 0-070-01 5

GTCL.23A

1

1 CSM ADDED MARK #]78, REVISED BOLT SIZE IN MARK

# ]7, REMOVED MARK #.S 74 AND E5, RE_ISSUED

FOR CONSTRUCfION

REV DR CK DESCRIPTION

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡slon daled 01.01,08 supercedes
all revis¡ons with an earlier rev¡sion date

VERMONT ELECTRIC POWER CO., INC.
RUTLAND, VERMONT

WEST RUÎLAND - NEW HÂVEN 345 W

PROPRIETARY
lhßdôc!môl ßlho ÞóÞryd

v.@ñi Ehdñc Pow.rCoñæ¡r, l.c,
¿d snbins øopddôry rnd coôftjrnbl lnfonfbñ

whlch muil.ot & duollølod, !s6d ordM6od othor
håñ 3r exÞr€r¡taulhoÉ.d by

V.r¡þ.| Eþdnc PoasrCoftÞ¡ny, l¡c.

TYPE TO

SCALE: NONE oRAWN BY: BMCD APPROVED BY:

DATE: ] CHECKED BY: KAw DATE

RÈV

DRAWINC NUMBER:
PLOT:1=1 345-+.2

å

00683



SHITLD WIRE OR OPÍICAL
WIRE DEADEND ON 1ST OR

3RD POLE ONLY

18 DISCS
TYP-

SECIION A_A

29'-0" 29'-0" F--"7
18 otsc

DE'IAIL DETAIL 
,'C''

OEÎAIL "8" 2 GUYS O 45'

I
SIDES OF POLE

I

o

STT TLEVATION

& DtÌAtL "C"

DE'IAIL "T"

.IYP.

S]DI ELEVATION

IYPICAL
STAPLT EVERY 1,_6,'
TO POLE TOP

z

I

DEÏAIL H

1 REVISED POLE EAND MTERIALS ANO

RE_ISSUED FOR CONSTRUCTIONb SÍAPLT EVTRY 6,,
FIRSÌ 6' 0

REV DATE DR CK OESCRIP'TION

PROPRIETARY
lhißdocùño¡r 6 rho ÞÞñry ol

V.rm¡l €bdnc Po*e.ComF.y, lñc.
ùnd coñûn¡ proeælory ¡.d coñlb¡ñblinloroþñ

wh¡ch nì!úr ñor & d!oli@t6d, li€d ordøÈd orhor
ûân ¡s orpr.66t ¡ùthoÈod by

V.¡m¡IEbdd. Pô*.rCoñdnv lnc-

VERMONT ELECTRIC POWER CO., INC.
RUTLANO, VERMONT

EURIED COUNTERP(IJST

TO GROUND CONNECNON

LOCAÍED AS FIELC
coNolltoNs PERl,iit

WESI RUILANO _ NEW HAVEN 345 KV
AT 1ST &

STMIGHT LINE DEAD END
STRUCTURE
TYPE'OE1'

POLT ONLY.

FoR ANCHoR AND GUy GRoUNDING DETAILS, Stt DWC. #345-10.0 & #J45-10.1
FoR P0Lt GUYING 0ETAILS, SEt DW6, #345-10,2
FOR GROUNOING DETAILS, SEE DWG, #J45-11.0
FoR FoUNDÂTIoN DETAILS, SEt DWG. #345-FDN-1 

'rHRU F0N-4

CONFORMED TO
CONSTRUCTION RECORDS
The revis¡on dâted 01.01.08 supercedes
all revisions w¡th an earlièr revis¡on date

SCALE: NoNE DRAWN BYr BMCD APPROVED BY:

oÂfEi I l CHECKED BY: XAW DATE

DETAIL,,D,,

I

i\

,'D'' 
ARM

17 DISCS
TYP.

I

I

1J'-0"

À

DETAIL 
,,G"

,E'' 
ARM

2 GUYS NEAR & FARSIDT
AT EACH POLE.

SEE SIDE ELEVATION.

ELEVATION

DRAWINC NUMBER:
PLOT: l=1 J45-5.0

00684



rI
19

I
-t

4

12

(trEMs A'r sH0w! oNLY)

DETAIt,,B,,

J/8" Er-S-7 STR.

SHIELD WIRE
DTIAIL'A"

(TYPTCAL 1ST & JRo PoLt)

3/8" EHS-7 STR.

SHIELD WiRE

JUMPER-BACK SIDE

1

0 ISSUÊD FOR CONSIRUCTION

OATE DR CK DESCRIPTION

sEcTI0N 'A1 '-'Ä1'
(srDr rLrv.)

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡s¡on dated 01.01.08 supercedes
all rov¡sions with an earlier revis¡on date

E€E
VERMONT ELECTRIC POWER CO., INC.

RUTLAND, VERMONT

(TYPICAL 1SI & JRD POLT) WESI RUIúND _ NEW HAVEN 345 KV

PROPRIETARY
rh¡sdæùmonr ßlho p@Fryol

v.tunl Ebddc Poa.rCohp.¡y, l¡c.
and co.hi.s Þropiol¡ry md conlbenbllnlombn

whlch musl ñot h dulll@led, ls€d ordM)þd orìo'
lha¡ ô6 orÞo8aly âulhoùod ry

V.rmñl ÊÈd.c Po*6r Cofr oå.v. lñc.

STRAIGHT LINE DEAD END
SHIELD WIRE DEADEND

TYPE 
,DE1,

SCÂLE: NONE DRAWN BYr BMCD APPROVEO BY:

DATE: 1 1 CHÉCKÉO BY: KAW DATE

REV.
DRAWING NUMBER: 345-5.1

00685



SECTION 'A1 '_'AI,

0 tssuEo FoR coNslRucltoñ
REV DAIE DR CK DESCRIPTION

CONFORMED TO
CONSTRUCTION RECORDS
Thê rev¡s¡on dâted 01.01 -08 suporcêdos
all rev¡s¡ons w¡th an earl¡er rev¡sion date

VERMONT ELECTRIC POWER CO., INC.
RUTLAND. VERMONT

WEST RUTUND - NEW HAVEN 345 KV

PROPRIETARY
Ihh docutunt b 60 ææryot

Vorrc¡l Ebdnc P(þrCôÐÉñy. lñê
¡d øbb. pqdl¡ry rnd 6dd.nhl lnlomtþ¡
rhb nwl notÞ dupblsd, usd orddssd ftr

lhañ âs €¡pMst å!lbù.d by
Vemnl Ehd& PomrComænr. lic

STRAIGHT LINE DEAD END
OPTICAL WIRE DEADEND

TYPE ,DEl'

SCALE: NoNE DRAWN BY:

DATE: I CHECKED BY; KAw DAfE

REV.
DRAWNG NUMEER:
PLOÍ:1=l 345-5.2

00686



/o1 /u1 BLH

/12/oto JSSIIFD FOR CONSTRIICTION

ã
à
-
Þ

a
5
g

R€V DR CK DESCRIPTION

VERMONT ELECTRIC POWER CO., INC.
RUILAND, VERMONIVEE€E

WESÍ RUfLANO _ NEW HAVEN 345 KV

STRAIGHT LINE OEAD END
POLE TOP DETAILS - TIMBER CONNECTIONS

TYPE ,DE1'

SC,qLE: NoNE DRAWN BY: BMCD

DAlÊ: 1 1,/05 CHEC(Eo 8Y: KAW

APPROVED BY:

OATE

1AÁE E ?
J+J-J.JDRAWINC NLJMBERì

PLOT: l=1 REV. tr

TYP.

fYP

ÏYP

GRID GAIN

7/8" MACHINE BoLT

/8" WASHERHÊAD 7/8'WASHERHtA0
BOLT 2 PLCS, rEtBOLT 2 PLCS.

DTfAIt J_J

C]jR\TO WASHTR

sEcf. B-B SECT, T_E J{- l.r
5/8' ITASHERHEAo

14"
DETAIL,,E,,

(TYPICAL 1ST & JRD POLE)

BOLf

7/8,' WASHERHEAD

5-1 /8"
BOL

H,

1/2" Rû,
NUT & LOCI: NUT l7 UNITS 5-3/4"x10"

BALL & SOCKE-Í IYPEX_BRACE CTNTTR

CLAMP (VERnCÂL
OR HORIZONTAL
PLACTMTNT r1/4" x 1-il4' SIRAP

tN FITLD (4 PLCS,)
H'

I J
DEIAIL ''D''

SIOI ELEV.

IYPICAL J PLACES
SECIION H'-H' SECIION J-J

DEIAIL H

{- I
G

G,

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡sion dãted 01.01.08 supercedes
all revis¡ons with an earl¡er revis¡on date

G,
PROPRIEIARY

rhl6documonr i6rh€ pro@ol
Vðñnl Ebddc PowôrCoñpa¡r, l.c,

and conbhs propdeþry ¿.d conlþonbllnlorulþn
whlch musl nol & duÞllålsd, ls€d ord!fud olhs¡

lhañ ¡¡ o¡p.€rß¡y aulñoù€d by
Vsrrcnl Ebdto PowerComÐny, lðc.

I tl

il

ill|t
tl L _1.1.l

J1

DETAIL "G,

(2)

00687



tJ o-

7 /E'x8'
SÎUD BOIT

OF

Cond. Cond.

r-1l4" THREADED RoD

W/ 2 NUTS & LOCK NUTS

BONDINC CLIP
Cond.

1-114" THREÂDEo RoD

V2NUTS&LOCKNUTS
DISCS 1, CONEHEAD BOL'T 1"x3" BOLÍ H/a"x 3-1/2"

BOLT

,; stcTtoN c-c
(t'rEMS AT CoNDUCÍoR LIVEL SHovrr! oNLy)

TYPICAL - 3 POLIS a
7/8\ 8" S'IUD BoLT

SECTION C,_C,
BONDING CtIP

1'¡ J' BOLT

BONDING

It
I

3' BoLÍS

/4'x 3-1/2' Bq-r

JRW RÊVISED POLE BAND MAÎERIALS AND

RW DESCRIPTION

VERMONT ELECTRIC POWER CO., INC.
RUÎLAND, VERMONÎ

WEST RUTLAND _ NEW HAVEN J45 KV

OETAIL 
,C,

SIDI ELEVATION

PROPRÍETARY
Thl6ò@mnl6lho pDæry d

v.@ñr Eknc PoorCoñFny, lnc,
ad ønbhs popftlory and conlb€nblhfomb.
whlô m!61iol b dupll@bd, !¡od o¡dh&d olho¡

rhañ¿ie¡Þþr.t¡uthtud ry
V.mnl Ebddc Pow.rCômÞny. lic.

STRAIGHT LINE DFAD END
POLE TOP DTÍALS-COND. & GUY ATTACH.

TYPE 
,DE1'

NONE

DA'rE: 1 1 CHECKEo BY: KAw OA'IE

2
trREV.

EE
E!

The revlslon dated 01.0'1.08 superædes
all revisions with an earlier rÊv¡sion date

CONFORMED TO
CONSTRUCTION RECORDS

TYP. 3 PLACES

ORAWING NUMEER:
PLOT: 1=1 345-5.4

00688



BILL OF MATERIALS

MARK sTocK N0. DESCRIP'TION MANUFACIURER CATATOC NUMBER

,oLF. 
'¡/O0D

4 I .JHOSSARMs, WOOU, J45KV, LAM, ASSLMBLY
)000530 2 5-1l8"r9'xa2'-a"(IYPE D)
m004qn ? 5-1/n',Q'vtQ'-¿"i/mF F\

HUGHES

I u20J4t0 I iPACtR FllllNG 5-1l8"r9 DBL CRoSSARM 14"
ìEPERATION. ADJUSTABLE

HUGHL5 J41 4. rUWV-t 4{J

11 4 /LAjL, PULL, ARM I /5-1/6 xg DtsL X-ARM, l4
ìFPFRÁTION W/? 7/N' WÁShFRHÉÅN ROITS

HUGHES 4217J-A

JY SIRAND 1 /?"FHS_7 qTRAÑÐ IFT}
11Å NG WIRI. J7 COPPFR SOIII) IFTì
138 /o GIIOUNIJ WII.IL, / NO. E COPPTRWILD, DEAD SOFI

ÂNNFÂI FD IFII
14 5 PLATE,POLI EYE,7/8"BOLT,6"BOLÌ SPCG,SCL EYE,

7 /Â" Þtñ
¡MACLEAN EPR-77S-7

1t)ñ1arñ 1A THIMRI F 
'I 

FVIC ,nk
IVASHFR S0 C{IRVFD 4 t4-FOR 7/8" ROIT .nst w PlLIR
WAsHLR, ROUND, 2 IOR J/4 tsOLI HUGHLS RW?-10

204
I¡/ASHFR. RND. 5' FOR 1' ANCHOR ROI)

R. COIL. DOUBLL SPRING. IOR //E tsOLì HUGHFS st l¡/7-80

?5 I I)Fl ARM FYF BOI T W/7 NIITS 3/4-vYY
L MACHINL. //E.rXX. W/NUI HIJGHFS BSXX

At 956.1
t? 0r0386t) 1A 3I1Y CRIP DFANFNN CAIV 1/?" NIIIF 7W

JJA ') JONNLOIOR, GROUNIJ CLAMP, tsRONII IOR
]PIICAL WIRE SUSPENS]ON CLAMP.
\t-4A/i\/511t

ÂNOERSON GTCL_2JA

J4

--tAP. J/ð GALV. t0 J2 SOLIU CU HLLICAL
IU #I 5ULID LU HLLILìAL

J9 2 tÍALÈ-^ A)JLMÞLÌ J+C^V C-tlo X t-t/¿ . ¿V
)OLE SP LAMINÂTEO, INCLUDES TETS AND MTG

ìôl fS W/ 7,/8"xXX" 801-rS

zuvJÁ-lY-u-ur I

41

4J 02045J0 :LIP- GRND WIRE BOND]NG. J2 CU TO 7/8- BOI T

44 l2 JLAMP, BONIJING, GUY.GROUNIJ, IOR #2 CU IO
I /r"-? çlRaNn

CHANCL tt464

4E {J1{J1E50 6 ]LAMP, COND, IORMULA, SUSPLNSION, 1,2' MAX

)lA, 15't, 2JK, v90'Y-CLEVIS EYE FTTTING F/
Is4MCM 45l7 ACSR CORONÂ FRFF

ALI)_ IIU_ IC_ZJ_KILè

50 26t IN5ULAÌ0R, SUSP, JoK Mdé., 5-J/4 x10, BALL
K SOCKE , CRAY

¡l J ,LArL, lOKt, Rl, rð 5PUU, r)/rb HULL5. 4UK
l-r 5/Â'THIaK

MAULLAN ASM-b22C-l

52 02041 30 -LAtÈ, tuÁ!, uvbÞuNL, tÞ
4OK ULT, 5/8,' 'INICK, 

GALV

,lOUNflNG HOLES

)ruu, rolr
w/c0R0NA

O NULL),
RIN6

c4 UZUI þUU J
\-23

_LIL
/32'

EALL, UALV, TUKULU ¡ITLL, JUÁI
LONG

ANULK)UN öL_JU

55 12 >HAUKLL, ANCHOH, BNK, ö{JK, t-ìlz W, w/ì
ìÔITNIJT&'ôTfFR

MACLLAN ASH- /ö-tsC

f,o UIUþUIU J )ñALÁLL, ANLñUK, öNÁ, J)Á, tr/ J/+ öULr NUr

T COTTER

ANULK)UN A5-J)-öNK

7l uz0löb0 J >0uKL L ULLVI5, 4-l lZ L. \J/1h W. Z U, 5/ð P. JUr MAULLAN 5L;L_55U

YCBHI _554
654 ¿ ;ROUNI] ROI]. COPPLR CLAI]. J/4 X ]O BLACKtsURN /510

BILL OF [¡AÏTRIALS
MARK srocK N0. DESCRIPÌÌON MANUFACTI,JRER CAÌALOG NUMBER

fttits 2 :xUIHLKMIU wLLlJ, / N0. E COPPLRWLLU l0 J/4-
ìU RôI)

LXIÇU/CAUviLLU

b0
IOLLED POINI

CHANCE clb/

tÐ 0202550 6 TEICHT, HOLD DOWI\,I50#,
:ORMI]I A CI AMP q54MCM

IY HARDWARE. FOR

acsR 45/7
MACLLAN ASM_JEg_1 50

LOG. 818t8
/2 l¿ \NLFUK XUU, I XIU-U LUNU, HUI UIH UALV,

IHIMELT EYE

{.HANUL 5J4U

J UIUJYJU )2 JUY MAHKLK, IULL KNU, YLL, ü4 X I.5
\ /16-1 /?" W /Plú At POr YÊfHYr FNF

TJHANOL E4I-RPM_YEL

2 J POLE BAND, EXTRA HEAVY DU.IY: ASSEMBLY

INCLUOES: 4 'llvlSTED LINKS (#81764.14), 4
TWTSTED LINKS (#3341.1A), 2 StlS DoUBLE yoKE

?rÁTts (#81784.18), 2 SEÌS ooUBLE yoKE
TLATES.1J3341.18). 2 YOKF ptATFS 14.1341.1C1

ñU þNL) öt /õ+-K+.b

AL{"OA L45t 4.1

EE 12 COMPRESSION DEADEND

FITTING S54MCM 45/7
VADJUSIABLE

ACSR
CLIVIS c4Jb46

ALOOA ouL 4//J45
894 INK FXIFNSION OPIICAI WIRF 5" C_C

0lut95u b iPÄCLR. C0NIIUCTOR. l8- BIJNDIF 1 141 to 1.196'

9l J ANCHoR, PoLL, 4-5ECI10N, W 7/E xXX- IHRE,AOED
?nDs w/4 ñllTc 4 tôaKN|ls & tÂn saRFws

HUGHES Al ö95-J-XX

6 .ôR']NÂ PINÂ

NUI. SOUARL. //8' HI]CHFS

UUKNUI, sAUARL, //ð HUGHLS

[¡ATERIAL USID AS REQUÌRED

2 BLH

RryISED POLE BAND MATERIALS AND

DESCRIPIION

CONFORMED TO
CONSTRUCTION RECORDS
The r€v¡sion datod 0'1.0'1.08 supercsdes
all revlslons wlth an earller rêvlslon dâte

VERMONT ELECTRIC POWER CO., INC.
RUTLAND. VERMONT

WEST RUTúNO _ NEW HAVEN 345 KV

PROPRIETARY
lnudocùnÉ¡l ls lho ÞroFryof

vâmñl Ebdnc PoùorcoñÉñy, rñc,

!¡d conbn¡ p'opmråry and @ñfb€nrblbtomb¡
whlchmùslnolbodupllc¿lod usêdordbcbsodolher

lhâñ âs e¡Þro¡3tâulhoù€d hy
Vo¡nb¡l Ebchc PoùårCômúÊv lñc

STRAIGHT LINE DEAO END
BILL OF MATERIALS

TYPE '0E1,

NONE DRAWN 8Y: BMCD

oATEI 1 CHECKED 8Y: KAw DATE

REV.

DRAWING NUMEER:
PLoT: 1 =l

7AF tr Â

=d

g

00689



SHIELD WIRE ON

1ST AÑD JRD POLI ONLY

18 otscs
ÌYP.

SECTION A-A f3--"€
29'-0" 29'-0"

DEÍAIL "8"
OETAIL 

.C,,

o
I

I
'o '0,, ARM

OETAIL 
.G,

"E'ARM GUYS

17 DISCS
TYP,

STAPLE EVERY 1,_6,
TO POLE TOP

TYP, TYP.

18 DTSCS

IYP-

SIDE ELEVATION

fYP

ISSUED FOR CONSTRUCTION

REV DATE DR CK DESCRIPTION
PROPRIETARY

lhh6cúmñl b lhè pDFdy ol
Vdrmnl Eþd& Posr ComF.y, lnc

¡d ønbh6 pþptury â¡d 6úonbl¡úombn
wh¡ch ñû.1ñotù dùþlioþd, or.d ord@d t.r

bôn as srF st aulh@ by
V€¡m.t EM# Po6r ConFñy, lnc

VERMONT ELECTRIC POWER CO., INC.
RUTLAND, VERMONI

WEST RUTLAN HAVEN
I

I

I

ANGLE DEAD END
STRUCTURE

TYPE 'DE2' (7 TO 55')

FoR AñCHoR ANo GUy GRoUNDINC oErÁtLS, SEE DWG. #J45-10.0 & #J45-10.1
FoR PoLE GUYING oETAILS, SEE DWG. #345-10,2
FoR GRoUNDTNG DETAILS, SEE oWG. #J45-il.0
FOR FOUNDATION DETAILS, SEE DWG. #345-MN-1 ]HRU FON-4

SCALE: NoNE oRAIVN BY: EMCD

DATE: 1 1 CHECKÊo BY: KAW OATE

REV. tr

T

OETAIL ''0"

r3'-0"

f'
-t

16'-0"

_ri

ThB revision datêd 0'1.01.08 supercêdes
all rev¡sions w¡lh an earl¡er rev¡sion date

CONFORMED TO
CONSTRUCTION RECORDS

ELTVATION

DRAWNG NUMBER:
PLOT: 1=1 345- 6.0

00690



. c9\
aw

SECIION L-L
DEIAIL J-J

5/8"

J\t 14

DETAIL 'A" OETAIL 
,8'

DETAIL 
,C,

OOUBLE OPTICAL MRE
SUSPENSION ASSEMBLY

J/4" x 3" BNK

7/8,' WASHERHEAD

BOLI
1" x 4" 8NK

.IYP

lYP ROLLER (2\ 17 UNI-IS 5-Jl4
BALL & SOCKEI

xlu
TYPE"0. ARM "E'' ARM

,'D" 
ARM ''I" ARM ALTERNATE SHIELD WIRE

GUYINC OETAIL

r
I

J,

7/8'' WASHERHEAD 7/8" TVASHERHEAD
BOLT 2 PLCS.

BOLT 2 PLCS

SECTION J.J DETÂIL ''0,'

SIDE ELEV,

TYPICAL 3 PLACES

SECÍION G_G
DRILL IN FIELO (4 PLCS,) sEcf. B-B

2 8LH CONFORMÊD TO CONSIRUCTION RECORDS
stc-r. E-t

ADDED CLEVIS EYÉ EXIENSION LINK AND-l
G

c'

DESCRIPTION.,0" 
ARM

,,E,' 
ARM CONFORMED TO

CONSTRUCTION RECORDS
fhe revision dated 01.01.08 supercedes
âll rêv¡s¡ons w¡th an eârlier rev¡s¡oo datê

VERMONT ELECTRIC POWER CO., INC.
RUTLAND, VERMONT

WESI RUTLAND - NEW HAVEN 345 KV

G,

PROPRIETARY
lh¡ß6cúnDôi ¡¡ lho DÐæry of

Vormnl Ebdnc Po*or CoñF¡y, hc
õnd cøhhs ÞoÞd€l¡ry ond conlùcnüd lnfomlb.

ehiú muûl ¡ol b dùptróbd, usad o.d$md olhor
rñån ¡Ê ôrÞ.oFdy ¡urhõÉod Þy

V.mñl Ebdd. ÞôùórCôñúñv lñ.

ANGLE DEAD ENO
POLE TOP DETALS

TYPE 'DE2' (7 TO ss')
SCALE: NoNE DRAWN BY: BMCD APPROVED BYI

DATE: 1 CHECKED BY: KAw DATE

Rry Ë

11

|TT-TÏ
i| |l
tLL I lt

(2)
sEcT. c'-G' oRAWINC NUMBER|

PLOf: l =1
J45-6.1

;l
â
a
È
I
a

00691



[-

or@

sEcTIoN C1-C1

oR@

2

JRW REVISED SECTION Cl-C1 ANO

JRW ISSUED FOR

REV DAÏE CK DESCRIPTION

ruM
CONFORMED TO

CONSTRUCTION RECORDS
The revlslon dated 01.01.08 supercedes
all revisions with an earlisr rav¡s¡on dats

VERMONT ELECTRIC POWER CO., INC.
RUTLAND. VERMONI

WEST RUTLAND - NEW HAVEN 3+5 KV

ANGLE DEAD END

PROPRIETARY
lhl!&um.nll.lh€ pEÉdyd

V.mnr Ektu Pow.rCoftFny, lnc.
¡d uhin¡ proptury and conlb6nbllnb@bn
rhld musl ñol b d!Þþlpd, !6od ord¡&d oh{

lñeñ ¿..rÞÞr.ly åuùd.d ry
V.¡m¡t EM& PMrCom4ñy, hc.

POLE TOP DETALS-COND. & GUY ATTACH.
TYPE'DE2' (Z TO ss')

NONE APPROVED BY:

DAÍE: 1 1 CHECKEo EY: KAW OAIE

DRAWING NUMBER:
PLôl: O 3+5-6.2

00692



BILL OF ¡/ATERIALS LL OF MATERIALS

MARK sIocK N0. DESCR]PTION MANUFACTURER CAIALOG NUMBER MARK STOCK NO. DESCRIPÏON MANUFÁC'TURER CA'IALOG NUMBER

14 ANCHOR ROD. LONG, HOT OIP GALV, CHANCE 5J40

2 5-

11 4 X_

12

14 EYE, 7 T T SP,SGI EYE,7 MACLIAN EPR-77S-7

IúAÏER]AL REQUiRED FOR ALTTRNATE SHlTLD WIRI CUY]NG

2 ROLLERS 1 BOLI
GROUND BRONZE 1

[/ATTRIAL USED AS RTQUIRTD
7 STRAND

] YOKT PLATE, 1 Y-CLEVIS

23K, Y_CLTV¡S TYE FITIING F/
CORONA FREÊ

I

54 GALV FORGED ANDERSON BE_30

1 ADDED MARK I78, REVISEO OEAOENO ASSBLY MAÍS

56 0206010 4 BOLI NUI ANDERSON ÂS_J5_BNK
0 ISSUEO FOR

DATE OR CK DESCRIPIION

VERMONT ELECTRIC POWER CO., INC.
RUÌúNO, VERMON'T

WEST RUTI.¡NO - NEW HAVEN 345 KV

674

ANGLE DEAD END
BILL OF MATERIALS

TYPE 'DE2' (7'TO 55.)
SCALE: DRAWN 8Y:8McD

0ATÉ:1 CHECkED BY: KAw DAfE

REV,

tffitlffiLl
l@l

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡sion dated 01.0'1.08 superc€des
all revlslons wlth an earller revlslon date

PROPRIETARY
rhlßdocunûol 16 lho pruÞryof

V.mnl Ebdnc Po*.¡CoñFny, r¡c,
ånd conl¡n¡ propùlûry ô.d coñlh€nbliñlomúh

whlch ñ!$l nol & duplicålod u!€d ordþcþsoolh€¡

11 0205180 14 LOG,
ORAWING NUMEÉR:
PLoT:1=1 J45-6.J

ã
à
Ë
p

g

e
=

E,
s

00693



SHIELD WIRE ON

]ST AND JRD POLE ONLY

18 DISCS
ÎlP.

STCÍION A-A

L--47
JJ'-0' 33'-0"

DEIAIL "8,,
DETAIL "C,,

I "F,. ARM

DTTÀIL 'G,

,G, 
ARM

GUYS

17 DISCS
TYP.

STAPLE EVERY 1,-6,,
TO POIE ÏOP

18

ilP. TYP TYP.

SIDE ELEVA'IION

TO CONSNUCTION RECORDS

DR CK DESCRIPIION

PROPRIElARY

ù¡ñ.re¡pß.¡tåulbtud Ð
Vemñl Éþddc PoúerComFny, lnc.

æe VERMONT ELECTRIC POWER CO., INC.
RUTLAND. VERMONT

WESI RUÌLANO _ NEW HAVEN 345 KV

ANGLE DFTAD END
STRUCTURE

TYPE 'DE5' (55. T0

FoR ANCHoR AND GUY GRoUNDINC DEIAILS, SEt DlrG. #J45-10.0 & #J45-10.1
FoR PoLE GUytNG DETÀILS, SEE oWG. #345-10.2
FoR GRoUNDiNG oETAILS, StE oWG. #J45-11.0
FoR FoUNDÄTIoN oETAILS, StE DWG. #345-F0N-1 IHRU F0N-4

SCALET NONE DRAWN BY: BMCD APPROVED 8Y:

DATE| 1 1 CHECKED BY: KAW DATE

REV. Ë

\fI

13'-0"

"D'

c

{-

I\
)

DETAIt

16'-0"

o
I

c--+

91

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡s¡on dated 01.01.08 supercedes
all revis¡ons wlth an earller rev¡slon date

ELEVATION

ORAW¡NG NUMBER:
PLO-I: 1=1 345-7.0

00694



14

16

36

14

36

J6

14
41

89

/01 /0Á .ôNFôÊMFD IÔ CôÑSTPII'TIÔN RF'ôRDq2

AÐDEO MARK # 178 ANO RE_ISSUEO FOR CONSTR.

112/0t0 ISSUED FOR CONSTRUCIION

REV DÀÌE DR CK DESCRIPTION

VERMONT ELECTRIC POWER CO., INC.
RUTUND, VERMONTvE,+-Ø

WEST RUILAND _ NEW HAVEN J45 XV

ANGLE DEAD END
POLE TOP DETATS

TYPE 'DE3' (55. r0 75.)
DRAWN BY:8McD 6 /06SCALE: NoNE

OATE: 1 l/05 CHECKED 8Y: KAw

APPROVÊD BY:

DATE

2

REV

=-

345-7.1DRAWING NUMBER:
PLOT: I =1

."\
q\"

J/4" x J" 8NK

SECTION L-L
1" x 4' BNK

RoLLTR (2)

OR
ARRAN6EMENT

FOR OEADENDING

OPTICAL WIRE

ON INSIDE POLT

(wHrN RrourRED)

DTTAIT J_J

ARRANGTMTN-I
FOR OTAOINDING
OPTICAL WIRE

0N outstoÊ Pott
(WHEN REQUIRED)

WASHERHEAD

{ 14'

DEIAIL ''B''

4 PLCS,

7/8" WASHERHEAD

BOLI

DE'TAIL,,A,, DETAIL,C,'
4 PICS.

DOUBLE SHIELD WRE
SUSPTNSION ASSEMBLY TYP,

TYP,'F,, 
ARM 'G" ARM 'F,' ARM "G" ARM

17 UNITS 5-Jl4
BALL & SOCKTI

"¡10"
IYPE

J,

7/8,' WASHERHÊAD

BOLT 2 PLCS.
7/8,, WASHERHEAD

BOLI 2 PLCS

J,

SECTION J..J' DETAIL ''0,

SIDE ELEV,

ÍYPICAL J PLACTSSECTION G-G
DRILL IN FIELD (4 PLCS.)-l ccaf c,r

G,'F,, 
ARM ''G' ARM

G, CONFORMED TO
CONSTRUCTION RECORDS
The revision dated 01.01.08 supercedês
âll revisions with an earlier revision date

G'

thàñ ¡¡ èrÞr..dy rùlhdðd by
vormnl Ebcldc PoworComæny, lnc,

rl

tl
I

Il|t
u l- _l..lJ

11
(2)

00695



--1

18 olscs rYP

1'' CONIHEAD

BOLT

1, CONEHEAD BOLT

EONDING CLIP

16'-0'Ì0
CENTTR OF X-ARM

SECTION F_F
(stDE ELEV.) TYP. 3 PLACÉS

,{r. BOÑDING CLIP

--çlr

stc'rroN c-c (RoTArEp)

1"x J' BOLTS

1 r/4'' iHRtAoEo Roo

V NUT & LOCK NUT

EACH END

1-1/4"x 3-1/2" Bolr
VARIES

(SPACE BETWEIN BANDS
IO AVO]D CONFLICT

LrNKS)

1 REVISED POLE BAND MATERIALS AND

sEc,r'I0N F'-F'
(SIDE_ELEV.) TYP. 3 PLACES BONOING CLIP 0 ISSUED FOR CONSTRUCTION

DATE DR CK DESCRIPTION

CONFORUIED TO
CONSTRUCTION RECORDS
The revlslon dated 01.01 .08 supercedes
all rev¡sions w¡th an earlier rev¡sion date

VERMONT ELECTRIC POWER CO., INC.
RUIIAND, VERMONT

WÊSf RUILAND - NEW HAVEN 3+5 KV

PROPRIETARY

lhån æ or@¡.tôuhô&d br
V.tmñl Ebdnc Põm.Cóñúñv. ln¿

ANGLE DEAD
POLE TOP DETALS-COND.

llPE'DEs' (55.

END
Et ATTACH.

TO

SCALE: NONE oRAWN BY: 8Mc0 APPROVEO BY;

DATEI 1 I CHECKED BY: KAw

tr

7

ORAWING NUMBER:
PLOT| 1 =1 345-7.2

DATE



B]LL OF MATERIALS

MARK sfocK N0. )UANTI II DESCRIPTION MANUFACTURT CATALOG NUMBER

rol E wooil
5 0000480 JROSSARM, WOOD, J4bKV, LAM, ASSLMBLY

2 5-1/8'x9'r46' -4"(TYPE F)

-¿"/TYpF cl

HUGHES

I 020J410
'PACER 

FI-ITiNG 5-118 19 DBL CRoSSARM, 14"
ìFPFRATION. ADJIJSTABI F

HUGHES J414.10W-140

il + rLAlL, PoLL, AliM l/5-llU xg DtsL X-ARM, 14
ìFpFRÂIInN W/? 7/R,' WÄSHFPHFÂn RôIfç

HUGHLS A2l tJ-A

1' ]Y qTPÀNN 1 /?"FHq_7 qTPÂNN TFT\

13Â 41t\ IONNINC WRF X? CôPPFR qOI ID IFTI
14 I )LATE,POLE EYT,7/8"BOL ,6"BOLI SP,SGL EYE,7/8"

rtN
MACLEAN EPR_77S.7

1Â

10 üÂçHFR Sô CÍRVFn 4'vd FfìR 7/Â" Fôl T .tôqt YN Þ1¿¿R

\SHFR- ROIJNI). 7- FOR 3/4- BOIT HIIGHFS RWr-70
HUGHES RW.t-80

11

I/ASHFR 
'OII 

I]ÔIJRIF qPRINC FOR/7/8" RôJ'T

02001 t0 i/ASHFR COII DOI]8IF SPRING FOR/]/4- BOIT HIICHFS

I. DBL ARM. E\E BOlf. W/? NIJTS. .l/4 rXX .JOSI YN .i96XX

HUGHLS tsEXX

1

0703860 3) ìIY NRIP NFADFNN êÁIV 1/?" RIIIF 7W HFI ICÂI

JJA 2 )ONNECIOR, GROUND CLAMP, BRONZE FOR OPIICAL
ütRF S{]SPFNSIoN Cr AMP SX-48/33/5?0

ANDTRSON GTCL-2JA

2 IURNtsUCKLL. CLLVIS-CLLVIS. J/4 \ 9 . 28K HUGHES 4s2545-A
IP. GRNU WIRL 8I]NI]ING. {2 CU t0 //E 80Lt HUGHES 21?1 A

4+ t4 i.;LArvP, BoNUINU, UUY-URoUNU, r-0R #2 CU rU
1 /'"-7 STRAND

UHANCL ti4E4

464 2 .LAMts,5HILLU WlñL, >U5H. W/ LLLVI: LrL
3/8''FHS_7 STRAND

h 5-4b-u

4ð 0lutð5u b OLAMP, CONU, I-ORMULA, SUSPLNSION, 'I,2 MAX

)IA, 15"1, 2JK, W/90'Y-CLEVIS EYE FITIING F/
qs¿M'M 45/7À'CR 

'OPNNÂ 
FRFF

MACLEAN \cFS- 1 20-1 5- 2J- RYCE

50 tõt LN5ULATUK, 5U5P, JUK M&L, 5-J/4 xtU , BALL
& SOCKFI GRAY

JVbUA- /U

5l 5 rtAÌ1, YOKL, tRt, 1E- SPCG, t5l16- HoLLS, 40K
JL'I,5/8,,THICK

MACLEAN ASM-6229-J

02041J0 b JLAtL, ïUKL, UUGUONL, tö 5PUU, l5/ì
[oktr 5/A" uricK catv w/coRoña

b HOLL5,
RINIì

MAULLAN MbbLlb-44

54 0r01600 .1

VOUNIING HOLES

CVAI -FYF BAI I. GAI V. FCJRCFI} STFFI. 3OK. ANDFRSON BF-.10

1,
J-2JlJ2 LoNG
qsÂcktÊ ÂNchôR RNk ßnk 1-1l?" w w/] MÄ'I FÀN ÁçH-7â-na

55 0206010 5
3OLT NUÏ & COITTR
SHACKIF ANCHOR BNK 35K W/ 3/4,' BOIT NI]T ANDFRSON AS-35-BNK

57 0207860 3
& COIIER KEY
socKEf. cLEVts. 4-1/2' t. 13/16'W. 2'D. 5/8'P. MACLÉAN scL-558

f atFVIq Hôf |INF ]5k 10 1 MÂCI FÁN saHt -55Â
] Y_CIFMq HÔT IfNF 15k 1ô-1 /8 1 MACI FÂN YCFHT -65Â

654 ) ÎRôIIND ROD COPPFR CIÂD 1/4'\ 10' RI ÀCKRIIRN 7510

664
A7À

2
60

:XOIHERMIC llELD, #2 SOLID CU TO J/4- CU ROD
CTÁPIF ÂPôIINN WFF 

'NÞÞFP'I 
ÅN

ERICO/CADWELD
.HÂÑ'F q1Â7

1-1/2 \5/ð, tloLLLlJ PolN I

WFICCT CNIN NNWNl{N} W/ HÀPNWÀPF FôP MÂ'I FÄN Ä(v -1na- 1 Ân

FôPMI| Â at ÀMP as¿rcM ÁCSP ¿5l7
/1

7)
020518u 14

14

ANoHoR, LoG, ts xU rE
ÂNaHnR RôD 1"v1ô'-0" lôNrì HôT nlp nÄlV cH aN cF 5 140

THIMRI F FYF

BILL OF MATERIALS

|lARK sTocK N0. )UANTI'I\ OESCRiPIION MANUFAC IURE CATALOG NUMBER

13 0205950 14 3UY MARKER, FULL RND, YEL, 84 r 1.5 ,
\/1Â-1 /7" wlÞrar^r Þôr vrrpv FNF

CHANCT 84FRPM-YEt

79-1 AR )OLE BAND, ÉXTRA HEAVY DUTY (SPECIAL NO,

]340 POLE BAND), ASSEMBLY INCLUOIS: 1

3oNDING CLIP (#2727.8\ W/LOCK NUr, 2 TWISTED

_rNKS (#81784.1A), 2 TWiSrtD LINKS (#JJ41.1A), 1

)0u8LE YoKE PLATE (#lJ¿l.18), 1 yoKt PLArE

:#3J41.rc),1 DoUB-E yoKE PLATE (Br7B4.rB)
'pall F ntÅ 1t"-17"\

t-tuGt-iL5 il /64-4.6

/94-j AR ,OLT BAND, EXIRA HTAVY DUIY (SPECIAI NO.

3340 POLE BAND), ASSEMBTY INCLUDES: 1

loNDrNG CftP (#2727.8) vt/L}CK NUt, 2 TWTSTED

_rNKS (#81784.1A), 2 'nUSftD LTNKS (#JJ41.1A), r

)0uBLt voKt PLA'E (#3J41.r8), r YOKE PLATE

:#JJ41.1C), 1 DoUBLE Yo(E PLATE (81/84.18)
'ÞôF nfÀ 17"-11'\

HUGHES 81 784-À.7

88 12 COMPRESSION DEAOEND VADJUSTABLE CTEVIS
rtTnNn a5¿MeM¿5 /7Âaqp

ALCOA c4J64E

RôIfFN DFÂN FND NPN'ÀI WIEF Â aôÁ
nDn Þôc

on n1nl 0Ân cÞ¡aFÞ lQi ÞttÀtñt I L¿1 +^ 1 1o4"

91 J ANCHoR PoLf, 4-SECTfor\, W/ 7/8"xxx" THREADED
Þôns w/ ¿ NilTç ¿ tnalNilTq r , Ân caPFK

HUGHES A1895-J_XX

)RONA RING MAIJLLAN ASM - 5l ii- 5
a1 t YCC-10-q0
1ôO ñr rT sôr r¡ÞF f /R"
1n1 Â ôakN[T qfltÄpF 7/R" HI ICHËç

¡/ATIRIAL REQUIRTD FOR ATIIRNATE SHTELD WIRI GUYING
11 020J470 TLAIE. GUY, DBL, ASSEMBLY. INCLUDES:2 LINKS

(#3157); 2 ROLLERS (#28083); I BoLr
1/¿""1" Þñr( i eôr r 1',/" ÞÀr?

nFFr -nql-06 q

l\/ATER]AL UStD AS RIQUIRID

ADDED MARK ]78, REVISED Qft FOR MARK 19,

REVISED MATERIAL FOR MARK 2OA, UPDATED

BAND FOR CONSTR.

ISSUED FOR CONSTRUCTION

REV DAIE OR CK DESCRIPTION

W CONFORMED TO
CONSTRUCTION RECORDS
The revis¡on dated 01.01.08 supercedes
all revis¡ons with an êarlier rev¡sion date

VERMONT ELECTRIC POWER CO., INC.
RUTLANO, VERMONT

WÊSI RUTLAND _ NEW HÂVEN J45 KV

PROPRIETARY
lhisôcúñoôl 15 lho Prôæry of

V€rmd Êþqnc Pow..ComÉñy, hc-
ond conhlns proÞdel¡ry ond €onf tsenft I ¡nlorulþ.
whid n!¡l ñol h dlplløled. uD6d o¡dM$ed ólhor

lh¿n ¡i orpBsdly ¡ùthoEod by
Vðrmñl Eþdñc Pôû.rCóñôåñv l¡.

ANGLE
BILL OF

TYPE 'DE3' TO

SCALE: NONE DRAWN BY: EMCD APPRoVE0 BYI

DATE: 1 1 CHECKED BY: KAw DAIE

REV.
DRAWING NUMBER:
PLOT:1=1

a 
^c - a

J+J_ / ,J

00697



lo1 lot

o ISSUED FOR CONSTRUCTION

R* NATF ÞR CK DESCRIPIION

VERMONT ELECTRIC POWER CO., INC.
RUÍLAND, VERMONfVEE€E

WEST RUTLAND - NEW HAVEN 345 KV

CROSSARM DETALS

SCALE: NoNE DRAWN BYr BMco

DATE: 1 1 /05 CHECKED BYr KAW

APPROVED BY:

DATE

345- 9.0DRAWINC NUMBER:
PLOT:1=1 REV,

26'-0" 26'-0"

5x6.7

13'-0" 1J'-0" 1 3'-0" 1J'-0'

cRossARr¡ lyPE 'A' (A588 WEATHERTNG SIEEL)

FoR SIRUCTURE TYPE'A' (DWG. #345-1.0)

40'-6" POLE

(4) r1l16", HoLES

.IYPT '8,

2) 11l16''o HoLES

9'
DTTAIL

15/16'ø DETA]L C (5) rslr6"ø

3'-0" 18'-1" 7'-11

1'- 1"

TYPE 
.'C,, 

ARM

CROSSARM ÍYPE 'C, & 
,B'

FoR STRUCTJRE TYPE 'SA1' (Dwc. #345-2.0)

15/16" ø HoLES
.IYPI '8,, ARM

3' 3" t-J þ
e

POLË

CONFORMED TO
CONSTRUCTION RECORDS
The revision dâted 01.01.08 supercedes
all revisions w¡th an eârlier revis¡on dâle

1'-9'

PROPRIETARY
ÌùÉ docuruds ùo ÞÞæryd

V.mnt Ebdnc Pow.rCômÐny. h.-
and co¡hl¡s p¡opdeþry ¿nd conßenbl lnlomalbi

,hlch r¡!61ñol h duDll€led, u$od ofdbÓ6od olhef
lh¡ñ â..rÞD3.ly åulhod.d by

Verm.l Eþd¡c PowerComF¡y, ln..

29'-440'-4

ó-tt'-9" 18'-4" ,1'-9", I -J

18'-10" 8'-4"

DETAIL A
11l16"ø HoLES

DEIA1L C

€t
a
E
È
ë
J

5

a
E

=

=*
t
t

00698



GROUNDING SAME AS
WOOD tOG ANCHOR
DETAIL

ÀNCHOR

NOIE 1

PIPE

GROUNOING SAME AS
WOOO LOC ANCHOR
OTTAIL

z

I

¿

-
I

ô
F

z
z

MIN 4 FOR BACKFILL

sEENoïES2&4

TO POLI OR

NEXT CUY SWAI!1P ANCHOR
SVIAM] ANCHORS 'IO BI INSTALLED BY HAND

& USED FOR STRUCTURE STABITIZAIION ONLY

I

¿/

POWER SCREW ANCHOR

NOTES:

WOOD LOG ANCHOR

1. RTCOMMTNDED MINIMUM PROJECTION AF'IER PRELOAD]NG IS 8 INCHES.
PROJECTION MAY BE INCREASED fO AVOID OVERTOROUINC OF THE SHAFT
FINAL PROJEC'NON SHALT BE APPROIEO BY THE TNGINEER.

2. CONTRAC'TOR SHALL INSTALL SCREW ANCHORS
MANUFACTURER'S RECOMMENDATIONS.

IN ACCORDANCE WiTH

E'-0"

JAI.I JRW CONFORMED IO CONSTRUCTION RECORDS

REV DATE DR CK OESCRIPTION

8'x8"x8'-0"
CONFORMED TO

CONSTRUGTION RECORDS
The rev¡sion dated 01.01 .08 supercedes
all revisions with an earlier revision date

VERMONT ELECTRIC POWER CO,, INC.
RUTLAND, VERMONI

WEST RUTúND - NEW HAVEN 345

NOTES:

1. FOR INDIVlDUAL STRUCTURE GUYING AND GROUNDING DETAILS, STI DRAWINGS #J45-10,2 AND #J45-11.0
2. SIT ANCHOR LOG FIRMTY AGAINSÎ UNOERCUÍ SOIL ANO COMPAC'I IN 8,, LIFTS TO 9OZ OF SURROUNDING EARÌH.

ANCHOR AND
GUY GROUNDING DETALS

PROPRIETARY

Eþddc

lhån * orprG6ly auhüd !y
vêrmod Elâdilc tuwârcomDañv. lm,

SCALE: NoNE DRAWN BY: BMGD APPROVÊD BY:J. WHEN BACKFILLING ANCHOR HOLES, A lOOO LB TENS]ON SHATL BE MAINTAINTO ON ANCHOR ROD DURING BACKFILLINC OPERAT]ON.

4. BACKFILL IN AREAS OF SOFT EARIH SHALL BE FRAC'IUREO ROCK 6. OR OVER.

5. WHEREVER POSSIBLE, THE GROUND WIRI SHALL BE MADE CONNNUOUS IHRU JOINTS,

DATE:1 CHECKE0 BYr KA',ï DATE

1

REV.

4'-0" 4'-0''

]" DIA

DRAWING NTJMBER:
PLO-I: I=1 345- 1 0.0

Ë

ä
+a

Ë
e
e

¡

00699



o*@
b

GROUNDING SAME AS
WOOD LOG ANCHOR
DETAIL

6" MIN

8' MAX
EARTH

GROUNDING SAME AS
WOOO LOG ANCHOR
OElAIL

o*@
SURFACT

GROUT

f lfi

EXPANDING ROCK ANCHOR
NO'IES:

1. ROCK ANCHORS ÏO BE INSTALLTD BY TWO MEN &
A 4' BAR MINIMUM,

2. ALt GROUT'TO BE FRESHLY MIXED APPROIED

EXPANDING CROUT.

3. ALL GROU'I INSTATLATION TO 8E THOROUGHLY

RODDED TO PRTVENT VOIDS.

GROUTED ROCK ANCHOR
NOIES:

1. ANCHOR CAPACIÏY FOR ROCK ANCHORS WITH #6 RTBAR AND #8 REBAR ARE 20 AND
40 KIPS RESPECTI!ELY.

2. DRILL HOLE DIAMETER TO BT DETERMINED BY CONÍRACIOR. MINIMUM BONO AREA FOR

#6 RTBAR AND #E REBAR SHALL BE 10 SOUARE FEET ANO 20 SQUARE FETT RESPECNVELY,

J. ALL-ÏHREAD ROOS AND GROUT SHALL BI iNSTALLED PER MANUFACTURES RECOMMENDATION.
4. WILLIAA¡S FORM CONTAC'T INFO,

WILLIAJIS FORM ENGINETRING CORP,

280 ANN S'IREET

GRAND RAPIOS, MI 49504
PHONE : (616) J65-9220

0 FOR CONSTRUCTION

REV OESCRIPTION

ffillEl

CONFORMED TO
CONSTRUCTION RECORDS
The revis¡on dated 0'1.01,08 supercedes
all rev¡s¡ons w¡th an earl¡er revis¡on date

VERMONT ELECTRIC POWER CO., INC.
RUILAND, VERMONI

WES-T RUTLAND - NEW HAVEN 345KV

ROCK ANCHOR DTTALS
PROPRIETARY

Ihlê&curcñl13be øaFrVd
Vêrmonl Elecli¿ Porer Compâny, læ.

and côñblnß pmpdêlâry and.oddoñiâl lddroüm
whlch musl nol bdupllebd, u6êdordbdcedolho¡

hôn âô org6ôdy âlMlrd by
V6rmñl Ebddc tuwêr Côñpåôy, lft .

SCALE: NONE oRAWN 8Y: BMcÐ

oAfE: 1 CHECKED BY: KAw DATE

REV.

DRAWING NUMBER:
PLOT:1=1 345- 1 0.1

e
Ë
é
¿

00700



ANCHOR LOG

TYP.

c
r ãÈ

10'-0" MIN.

TYP

ã

r0'-0" MlN.

ANCHOR LOGS

(14 PLCS)

TYPE 'A' STRUC'IURE (ÍANGENT)
trfr DUO-EID $Iru frRE

5'-0" MtN.
TYP.

lvDr 'ñrr' /1Â. aÂ'\
rvDE 'ñrr' /ÃÃ. ?8.\

TYPE 'pE4' (7s' - s0)

10'-0'MtN
5'-0" MIN.
TYP.

IYP

TYPE 'SA1. STRUCTURE (2 1/2' - ]2I
ANCHOR LOGS

(4 PLcs)

2'-0"
MIN. IYP

5'-0' MIN.
TVp. ANCHOR LOGS

(12 Prcs)
5'-0" MtN.
TYP,

2'
MIN. TYP

ANCHOR LOGS TYPE 'DE]' STRUCIURE (DEADEND)

TYPE 
,SÂ2, 

STRUCTURE ( 12' - 22I
(8 PLcs)

2'-0'
MIN, TYP MIN.-IYP

-TI

-ï t

5'-0" r,[N
TYP,

5'-0" MIN
TYP.

JRW ISSUED FOR CONSTRUCÍION

REV OA-TE OR CK DESCRIPTION

CONFORMED TO
CONSTRUCTION RECORDS
The rev¡s¡on dated 01.01.08 supercedes
âll revisions w¡th an earlier revis¡on date

VERMONT ELECTRIC POWER CO., INC.
RUTLAND, VERMONT

ANCHOR LOGS WEST RUTLANO _ NEW HAVEN 345 KV
(8 PLcs)

ÏYPE 'SA3' STRUCTURE (22' - 35'l PROPRIETARY METHOD OF POLE GUYING

NOTES:

1. FoR ANCHoR DETAILS, StE DWG. #345-10.0 & #J45-r0.1
2. FoR METHoD 0F GUY GRoUNDING, SEE DWG, #345-11.0

SCALE: NoNE DRAWN BY: BMCD APPROVED 8Y:

DA'rEr 1 1/05 CHÉCKED BY: KAW DATE

REV Ë
DRAWING NUMBERI
PLoT:1=1 3+5- 14.2

00701



38'-0"MIN, MIN

NOIE 1

IAR'IN

-t
zo
=z

SIE NOTE 4

6'-0" 26'-0" b -u

M]N.

TYPE A

GROUND RODS

NOIE 1

EARTH NOTI 2

I =Ò>z
SEE NOTE 4

2'-0"

NOTES:

1. BONOING MRE QUANTIIY FOR SIRUCIURE SHALL BE AS iNDICATED ON SÌRUC'IURE DRAWING.

b -u 26'-0"
MIN. 2. COUNTERPOISE GROUND WIRE SHALL BE lOO FOOÏ IN LENG'IH AND SHALL BI BURiED A

MINIMTIM OF ]'_6" BELOW GRADE PARALLEL TO THE RIGH _OF_WAY,

3. ÌNCREASE DEPTH T0 J'-0' ]N AREAS |I/HERE FARMING/PLoWING CoULD oCCUR.

MIN,
4. EXTTN) CROU\O IV]RE TO BASE OF POLE AND ATTACH TO ANCHOR PLA'IE GROUND LUC.

.TYPE 
B

COUNTTRPOIST

NorE 1

IARTH

1

I
za
=z

COUNTERPOISE

STE NOTE 2
DATE DESCRIPfION

CONFORMED TO
CONSTRUCTION RECORDS
The revislon dated 01.01.08 supercedes
all rev¡sions w¡th an earl¡êr rêv¡sion dâtê

æe VERMONT ELECTRIC POWER CO., INC.
RUTLAND, VERMONT

WEST RUTLÂND _ NEW HAVEN 345 KV

6'-0' 26'-0"
MIN. z-POLE GROUNDING DETALS

TYPEA,B&C

MIN.

PROPRIETARY
T¡b øcu¡rcnl i5 lhe pEærly ol

vormnl Ébcldc Poúor CÒñprny. ltu,
and conlåni Þfôpdâlåry å¡d øñlb.ñtbliñlorulbñ

which m!í ¡ol & dupliceled, urcd o¡dbcbsd olher
lhån ff o¡Þ.€sdy authoùod by

Vormnl Ehcl&Po*orCompãny lñq

NONE DRAWN BY: BMCD APPRoVE0 BYi

DA'IE: 1 1 CHÉCKÉo BY: KAw DATE

J45- 1 1 .0
REV.

BILL OF I/ATERIALS

MARK slocK N0. DÊSCRiPTION MANUFACTURE CATALOG NUMBER

TYPE A

)ING WIHL. T2 COPPLR. SOLID {FI)
138

654 4 IND ROD CôPPFR CIAD 3/4' r l0 /5lu
IPIFR. GROIJNI) ROI] BRONTF 3/4-

02u2J+t) I i )RlvL HLAD. Gti0UNu R0D. J/4
ffi

DH-J4

668 2 :XUIHLXMIU WLLU, / NU. ð UOPPLI(WLLU lU J/4
ì| RotJ

LXrCU/UAUWLLU

TYPE B

138 1 OIIND WRF 7 NO 8 COPPFRWFI D IFTI
66D 2 :XOIHERMIC WELD, #2 SOLID CU TO 7 NO, 8

]OPPERWFI D

LKlLU/UAUWLLU

bbL :xOIHLRMIC WLLU, / N0. ð COPPTRWLLU l0
7 Nô Â CÔPPFRWFI N

LRlOO/UAIJWLLL)

TYPI C

; WIRL. 12 COPPLR. SOLII] IFI]

65À /5lu
o?023t0
o2a2 -t40 VF HFAI) GROIJNI] ROI) I/4- F&.J IIFMARK uH-34

XOIHLRMIC WLLIJ. {2 SOLIU CU I{} J/4 CU ROt

bb8 2 :x0|HLRMIU wLLlJ, / N0. ð C0PPLIIWLLU lU J/4
ìll Rôn

Ltilu0/t;AIJwLLU

66t :XOÌHERMIC WELD, 7 NO. 8 COPPERI{ELD TO

¡ NO. 8 COPPERWFLI)

ERtC0/CADmLD

MIN. 38'-0' MIN.

50

MIN. 3E'-0' MiN.

.IYPE 
C

GROUND RODS & COUNIERPOISE

b -u

DRAWING NUMBER:
PLOT: 1 =1

a
È

€
è
a

Ë
e
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-
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TYP

NO'IIS:
1. ---DENOIES CONTINUOUS CROUNDII]G WIRE

BURIEO 1,_6,, MÌN. EELOW GRAOE

2. GROUND ROOS IO BI ORIVEN IN TIND:STURBIO

EARTH AT A MIN. OISTANCT OF 6'-0'' FROM POLES

AND ANCHORS,

3. FOR GROUNDING DETAILS, IIEM DESCRIPTION & QUANTITI
sEE owc. #J45-10.0 & SPECIflC STRUCTURE 8/M,

4. LOCANON OF BURIEO COUNTERPOISE fO SÌRUCTURT
GROUND CONNIC'IION IO BT AS REOUIRED BY F]ELD

CONOITIONS,

PLCS.

MIN.
TYP

6'-0" MtN.

TYP.
È TYP.

2 PLCS.

CONTINUATION OF

POLE DOWN LEAD
stE Nort #1 (2 PLACES)

sEt stRucl. olvc. sEE NorE #l

TYPE 'A' S RUCTURE

flß ÉAD-TND S¡ED flRE
6'-0" MIN.
fYP.

TYPE 
,DT2,. ,0T3,, 

& 'DT4' SIRUCIURES

lllY
sEE Nolt #l

L 5'-0"1 LsEE NofE #1--[

@IYPE 'SA1' S'TRUCTURE

I
I

\

2 PLCS. -O' MIN
.TYP. ÏYP.

I
I

2 PLCS.

\
\

CON-IINUA-IION OF

POLE DOW! LEAD

(2 PLACES)

SEE SIRUCT DWG.TPE 
,SA2' 

STRUCÌURE
TYPE 

,DEl' 
SIRUCIURE

TYP.

2 PLCS.

1

ISSUED FOR CONSÍRUCIION

tG^ilrtmfl
CONFORMED TO

CONSTRUCTION RECORDS
The revision dâted 0'1.01.08 supercedes
all revisions with an earl¡er revision date

REV DATE DR CK DESCRIPTION

T
VERMONT ELECTRIC POWER CO., INC.

RUILAND, VERMONT

@
sEE NolE #1

WESI RUTUND _ NEW HAVÊN f,45 KV

TYP.
METHOD OF POLE

AND GUY GROUNDING
PROPRIETARY

lh¡sdócuñûñl iù lho Þ'Òæû ol
v.mñl Eþdnc Po*.r CoñFñy, hc

¡nd cøblnc prqdcl¡ry 8nd co¡,ßenbl iilomlþi
whid ñ!$l ñol b duplølod, u6sd o.d&ssd olher

rha¡ asoxpþ66t aurhoùodry
V.mñl eþddc Pow.rCoñÐny, lnc,

SCALE: NONE DRAWN BY: BMCD

DATE:1 CHECKÉD BY: KAw OAfE

1

REV.

TYPI 
,SA3' 

STRUCIURT

DRAWINC NUMBER:
PLOf:1=1 345- 1 1 .1

3
E
I
È
È
I

=r
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44'-0"

2'x10''x4'-0"
IO BUÏT

LÁG SECTION B_B

sEE NorE #1 & 2 1' GALV. EOLT WI'IH

4" WASHERS & NUTS

CROSSARM CRID GAIN

PLAN VIEW
25 PTANKS - 2' x 10' x 4'-0'
WIIH 8, SPACE BE WEIN

5-1/8" x 7-1/2" x 44'-0" D.A

FLAT IVASHER

CRUSHED STONE

NolE #1 & 2
SIT FOUNDATION

SCHËDULE D.A. B0r'r

5-1/8' x 7-1/2'
DOUELT CROSS ARM

STCT. A_A

BACKFILT ÀS

EILL OF MA-IERIALS

T,IARK MNF MNF # OTSCRIPTION

HUGHE! 2 CRoSSARM, LAMINAIEo. 5-1/8'\ 7-1/2'x 44'-0"

B HUCHES 27 PLANK, \t000,2"¡ 10'x 4'TREAIED

c HUCIIES TRloXX-F 2 BoLT, DBL. ARMINC, 1'¡ n' w/ 2 NUTS

D IUGHES sw4-1 00 4 IVASHÊR, FLAi, SQ, 4" ¡ 1/4" F/1" 80LT

E HUCHI! 4 Gfllo cArN, 6-t+'x 4'x 9/16" '/ 1-1116' HoLÉ

F JOSLYN ¿872J 216 LAC SCREll, 1/4"¡ J', GIlllLEr PolNl

SPECIFiED ON

FOUNDATION SCHTDULE
SET FOUNOATION SCHEDULT

FOR EMBEDMENI DEPIHS,

EXCAVATION, AND DIMENSIONS

TLIVATION VIEW

REV OA'TE DR CK DESCRIPTIONffi CONFORMED TO
CONSTRUCTION RECORDS
The rev¡sion dated 01.01.08 supercedes
all revis¡ons with an eadler revision date

VERMONT ELECTRIC POWER CO., INC.
RUTLAND, VERMONT

NOTES:

1. SIT BOG SHOE ON TOP OF GROUNO ON CRUSHEO STONI MA'I.

2, S'IONE SURFACE TO EXÍTNO BTYOND PLANKS,

J. CROSS MEMBERS T0 8E 5-1/8" \ 7-1/2" I DOUBLE CROSS ARM.

4. BOG SHOE MAY BI INSTALLED AT OR JUST BELOW GRADE IN AREAS

V'/HERE MOMNG OCCURS OR AI LAND OW\ER REOUEST

RUTIINO - NEW HAVEN 345 KV

PROPRIETARY
lhr.docuñânrI Ih. Þúp.û of

Vormñl Eþdrc Powor@ñpôry. lñc
¡nd conlâlnr popdålary and Ò¡lbeilb¡ infomlbn

wh¡ch nust ¡ot h duÞliålod, u36d ordbcbd othor
lh¡n år.¡Þr.ríy ¡ùhodd by

ver¡ìonl Ebd&Po*erøñpôñy lnc

FOUNDATIONS AND
BOG SHOE PLATFORM

FOR 2 POLE STRUC'TURE

SCALE: NoNE DRAVIN

DATE:1 CHÊCKEO BY: KAW OATE

REV.

9'-0" 26'-0' 9'-0"

1J'-0" 13'-0"

Q[) r¿(ili)11

ORAWINO NUMBER:
PLol:1=1 f,45- 1 3.0

€ð
ã
2
ë

00704



10'-6' 29'-0" 29'-0' 11'-0'
(10'-0")

4'-0' (1 o'-6")
b -u

(s'-6)
4,' MIN

SEE FOUNDATION

SCHEDULE FOR STONE

MAÏ SPECIFICATIONS

2 5-1/8"x 7-1/2"x 26'-6"
Lt AS

2 5-1/8"x 7-1/2"x $'-A"SPECIFIIO ON

FOUNDAfION SCHEDULE

POLE FOR AODED LOAD

DUE O GUY. STE

FOUNDAT¡ON SCHEDULE,

SEE FOUNDATION SCHEDULE

FOR EMBEOMENT OEPTHS,

ÊXCAVATION, AND DIMENSIONS NOTIS:

1. STI BOG SHOE ON OP OF GROUNO ON CRUSHEO SÌONE MAI.

2. STONE SURFACE 
'IO EXIEND BEYONO PLANKS.

J. CROSSÁRM MEMBERS l0 BE 5-1/8" x 7-1/2" x SPÊCIFIED LENCTHS.

4, ALL WOOD MEMBERS TO 8E DRILLED IN F¡ÊLO.

5. 5-1l8 x 7-1l2" CRoSSARMS f0 Bt goLIED ToGETHER lvlTH 3/4"
BOLTS ON 4,-6'CENIERS, EXCEPT AS II\]DICAITD,

6. OIMENSIONS iN PAREN HTSIS ART FOR A 29'-6,' POLE SPACING.

7, BOG SHOE MAY BE INSTALLTD A-I OR JUS'I BELOW CRADE IN AREAS
WIIRE MOWING OCCURS OR AT LAND OWNER REQUES'I

ELEVAIION VIIW

lo RECORDS

0 ISSUED FOR CONSTRUCTION

CONFORMED TO
CONSTRUCTION RECORDS
Thê revision dâtêd 0 1.01.08 supercedes
âll rêvisions with an ead¡er revis¡on date

REV OATE DR CK DESCRIPTION

VERMONT ELECTRIC POWER CO., INC.
RUÍLANO, VERMONT

WEST RUIúND _ Ntr HAVEN 345 W

BOG SHOE PLATFORM

PROPRIETARY
lhitdocuñånll.lh. ÞEp.ryd

VorñoñtEkddc ÞowarCompony lnc
ãnd conl¿lns pÞpdol¿ry ¡nd øõlbonlhllilorulþi

ehrch ñu¡t not b dlpþbd, uaod ordhè* ôhår
lh¡n ôr.xÞÉr¡ly ¡orhoùd by

verrìonl Eþddc Po*e¡Co.ìpûny, lrc

5 STRUCTURE

NONE DRAWN BY: BMCD

DATE: 1 1 CHECKÊD BY: KAW DATE

REV,

G

) (1 6'-6")

CRUSHTD SIONE
SEINOTESl&2

(2e'-6)
r 6'-0" 9'-0"

.i -0l.-t
2 5-1/8"x 7-1/2"x

w/NUr & LocK NU

MACH BOLT 3/a" x 18" (29'-6")

(e'-6")

c M

M'---Ææ: ËF " -I -^{K {ËHgl/\

B ,ì
rv

P c

2 5-1/6"x 7-1/2'x 15'-0"

BILL OF IVATTRIALS

MARK sTocK N0. OTSCRIP'IION MANUFACTURER CAIALOG NUMBER

') ìRôSSÂRM Wôôn I ÀM 5-1 /Â r7-1 /?"v15 -o'
ARM WOôn I 

^V, 
5-1 /A'\7-1 /2-\tÊ -Ê'

4 ARM. 
'r/OOIl. 

I AM. 5-1 /8 r7-1 /7 r53 -0 HIJCHFS

.ANK. W00lJ. IRLAILD. 2 x l0 x 5-0
F

10 JLAIL, 5TLIUL & UHU55AKM AIIACHMLNI IU
)01E, CHANNEL, SltEL, MC 18" x4' x42.7
-oNG, rvtTH I J/4" HoLES AND 2 15/16"
)FR Wtaô DWn 1t¿ç-1¿1

J'-0"
HOLES,

H

T MACHINF GAIV l/4 Y18

48 W. lAC.5/8- x5- FFTIFR DRM RFG. POINT JOSI YN ,i8755
IREXX-F

L J¿ flA5HLK, 5UUAKL, ILAI, J XJ XIl+, S/HULL
:/5/A. RôI T

tiuurlL5 5WJ-bU

t2 lìiASHER
: /3/4"

SQUARE, FLAI, J xJ ¡1l4 , W/H0LE
EOLT

HUGHES 5'¡liJ-70

{l
Ul I AG 1 /4 13- GIMI FT POIN I .tost Yñ ,ta1? i

DRAWNG
PLOT: I =

NUMEER:
1

J45- 1 4.0

00705



ISSUED FOR CONSTRUCTION

0

t
ø
Ê

DATE DR CK DESCRIPTION

VERMONT ELECTRIC POWER CO., INC.
RUfLÂND, VERMONT

WEST RUÍLAND - NEW HAVEN 345 KV

-0'& 29'-6"

BOG SHOE PLAÏFORM
FOR 3 POLE STRUCTURE

SCALE; NoNE oRAWN 8Yr BMcD

CHECKEO EY: KAW

APPROVED BY:

DATE

345- 1 4.1ORAWING NUMBER:
PLôf: 1=1 REV. tr

79'-6''

(ro'-6')

6'-0"

G

LAG 2'x10"x4' PLANK
IO END OF ARMS WIIH
4 LAGS EACH ARM

SPACING BETWEEN) SPACING

PLAN VItW

LAG 2"x10"r4' PLANK
IO ÊND OF ARMS WIIH

4 IAGS EACH ARM

MC 18" x 4" x 42.7 r 36" LONGC I 5/8"ø LAG SCRETI/S
1 IA. SIDE 2'-0' 2'-0"

7-1 | -Þ

3,/4'ø !tRt. 80LtS
vrlrH (2) 3" sa
VrASHTRS EA. SIDE

J/4", BOLTS GALV,

SPACED 2' ADJACENT
TO POLES

7/8" x42"
THR,D, ROD

SEE DET. "0,,

SEE DET, D

FOR DRIILING
I PLC.

MC 18" x 4' x 42.7 x J6" LONG

(rYP.)

5-1/8"
DOJBLE

v 7-
2 7 /8"x42'
IRH,D ROD

STCI. D_D DIT. B SICT. C-C

t-Þ

2 15/16"ø HoLES FoR

7/8"ø BoLTS

1'-6"

5/8" r 8" f|lR'D. BOL-I

W/LooKNUT MtH 3' SQ.

FLAT WASHERS 8 RTQ,D.

SPLICT AND CROSSARI,I

f IO POLE CHANNEL:

STE DE'TÂIL D
MC 18" x4' x42.7 J6" LoNG

PER SPLICE CONFORMED TO
CONSTRUCTION RECORDS
The rev¡sion dated 01.01.08 supercedes
all revisions wilh ân eârl¡êr rev¡siôn date

PROPRIETARY

Ih¿n år.¡ÞÞ¡!ly ¡llho@d by
vc¡ñonl Ehcldc PóBorCoñÞ¡ñv lnc

OU SIOE POLT

11'-0"29'-0" 29'-0''10'-6"

F(.r'-6')

(2s'-6')
DTT. B

(2s'-6)

f

(5'-6')

| -b

j -J

b 6" 4"

t N

SECI. E_T I 3/4' H)LES F /5/8'
LA6 SCRtwS DTT. D

=T

00706



1

0 JRIV ¡SSUED FOR CONSTRUCIION

REV DESCRIPIION

RUTLANO, VERMONT
VERMONT ELECTRIC POWER CO., INC,

WEST RUILANO - NEW HAVEN

345KV STRUCTURE
POLE DRILLING GUIDE

TYPE "A,'

SCALE:

DAfE: CHECKED BY: DAfE

345 - DGoRAWINC NUMBERì
PLOT:1=1 REV

U
tr

- --t
A

NOIES:
1, POLES AND TREATMENT SHALL CONFORI¡ TO RUS SPECIFICATIONS

ON WOOD POLES.

2. ALL POLES TREATED FULL LENCTH MUST BE,.BORED (EXCEPT WHERE
OTHERWISE SPECIF]ED) AND ROOFED BEFORE TREATùENT.

3.PROVIDE SLOPED ROOFS AT AN ANGTE OF 15'.

" lRb.tillo,?il9f,;gëlucruRE SHALL BE MATCHED rN srzÊ, STRENGTH

5. ÏHRU BOLT HOLES MUST BE PARALLEL AND IN THE SAME PLANE.

A

13/16" DrA.
NOÏE 5

I ANUFACTURES MARK AND DATE OF TREAIMENT.
IED, BRAND 

,,IW'')IF INSURED WARRAN

WITH SPECIES, PRESERVATIVE CODE AND RETENTION

q6/1r+ WIÌH PROPER LENGIH AND CLASS.-l
B

15/16" DlA.
DETAIL A

o
I

r --f
A

DETAIL B

1sl16'' DIA.
NOTE 5

BONOM OF BRANO OR
CENTER OF MITAL DISI(

#
o

¡

15/1
(e0'

6" DIA.
OF EACH OTHER)

CONFORMED TO
CONSTRUCTION RECORDS
The revision dated 01 .01.08 supercedes
all rgv¡s¡ons w¡th an oârliêr rêv¡s¡on date

PROPRIETARY
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BILL OF MATTRIALS

MARK STOCK NO. DESCRIPfION MANUFACIURER CATALOG NUMBER

AERIAL PAIROL SIGN
2 URACKLI, 5IGN MOUNTING, J 6' CHARACIERS,

VERTICAL
ILUH PKUIJUUI5 AHLõOJVP

B b cHArÌAcrLR, NUMBIR, 6-, BLACK W/ YELLoW
BACKGROI]NT)

ILUI-I PKOUUC I5 LL6KYxxx

U 4 LAG SCRElv, 1/4' x 2 W/ NEoPRENE BACKED
SIFFI WÂSHFR

,JO5LYN J26466.1

STRUCIURT NUlr/BtR SIGNS
1 iOLULI(, IAG, ALUIlI1NUM, J Z CHAtiAgIT.HS,

VER-TICAL

ItOH PRODUCIS AH2OJVP

B 3 -HAI(AUILI(, NUMHLH, 2 qLAUK W/ TLLLOW
3ACKGROUND

ILCH PRODUCTS EL2KYxxx

c ÂR IL. ALUIVINUM. SPIRAL SHANK NÂI SP15
D iULULI(, IAG, ALUI\4INUM, Z 2 CHARACILRS,

VERIICAL
ìtCH PRODUCIS AH2O2VP

E JHAKAotLä, LLilLR, 2 BLACK W/ YLLLoW
]ACKGROUND

IECH PRODUCTS EL2KYx

/01/ú JAH JRW CONFORMED'ÍO CONSIRUCTION RECOROS

¿d

ã
-!
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o csM ISSUED FOR CONSTRUCIION

REV DATE OR CK DESCRIPTION

VERMONT ELECTRIC POWER CO,, INC.
RUTLANO, VERMONTvEg€e

WEST RUTLAND _ NEW HAVEN 345KV

ã
e

=
AER!qL PATROL &

STRUCTURE NUMBER SIGNS

SCALE: N0NE DRAWN BY:8ùlcD

DATE: 1,/06 CHECKED BY: JRW

APPROVED BY:

DATE

1J45-SIGNDRAWING NUMBER:
PLOT:1=1 RÉV, Ë

CRIMP FLANGE

(2 PLAoES)

sN #1

CRIMP FLANGE

(2 PLACES)

CRIMP FLANGE

(2 PLACTS) CONFORMED TO
CONSTRUCTION RECORDS
The revis¡on dated 01.01.08 supercedes
all rev¡sions with an earlier revision datesN #2

SÏRUCTURI NUMBTR S]GNS
PROPR¡ETARY

Ihls dooùrcñlls lh Þropcû ol
Ve¡mnt Elcddc Power Compony, |rc.
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lh!ñ or cxprcssly €uhon¿ad by
Ve¡mnt Elecldc tuwér Coñoônv. lr.
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OEsCRIPIþN oAlÊ

ISSUED FOR CONSTRUCTION. ECO 2014.025 6t27t14 JM

B REVISED PER ECO 2015.017 411t15 RFA

c CLIENT REVISIONS 5t16t16 RFA

NEWYORK

CANADA

MASSACHUSEÍS

N

A

CHITTENDON &
ADDISON COUNTIES

VERMONT

NEW
HAMPSHIRE

PROJECT DRAWNG LISÎING

DRAWNG NO. SHEETS RÊV TITLE

12144-lOO 1 COVER SHEET

12'14+200 1 c SINGLE SlRAND ZINC RIBBON INSTALLATION SECTION VIEW

1214+201 1 c SINGLÊ STRAND ZINC RIBBON AND SSD WRING DETAILS

c ZINC RIBBON CROSSING PIPELINE DETAILS12144-202 1

12't4ç203 2 c ZINC RIBBON INSTALLATION LOCATIONS ISSUED FOR CONSTRUCTION

Gl-il--
VERMONT GAS SYSTEMS, INC.

ADDISON NATURAL GAS PROJECT
ZINC RIBBON INSTALLATION DRAWINGS

CHITTENDON & ADDISON COUNTIES, VERMONT

12't44-204 1 SSD AND COUPON TEST STATION LOCATIONS

1214¡.300 1 c CABLE TO PIPELINÉ CONNECTION DETAILS

12144-301 1 c CABLE SPLICE INSTALLATION DETAILS

12'14+302 1 c SOLID STATE DECOUPLÉR (SSD) INSTALLATION DETAILS
@r.

ARK ENGINEERIÑG &

TECH. SERVtCES, lNC.
639 GRANITE STREET

SUITÊ 2æ
BRAINTREE MA

02184 U.S.A.

COVER SHEET

IIILÊ

1214+303 1 COUPON TEST STATION WRING DETAILS

CIENf

Gln-
stfE

VERMONT GAS SYSTEMS, INC.
AODISON NATURAT GAS PROJEC']

JRW
DATE

6t'tgt13 B 't2144-100 c'1214+304 1 c CATTLE GUARD INSTALLATION DETAIL

12144-400 c MAÏERIALS LIST
PROJECI NO,

12-E-144-AC, RFA
OAIE

5/16/16
4"n,, 

NTS
cAoFILENAME 

1214¡t-1oo-1-Rc "'- 10F 1

2
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ISSUED FOR CONSTRUCTION. ECO 2014-025 6t27t14 Jlvl

B REVISED PER ECO 2015.017 4t1t15 RFA

c CLIENT REVISIONS 5t'16t16 RFA

ISSUED FOR CONSTRUCTION

&*'Ti,sff SINGLE STRAND ZINC RIBBON
INSTALLATION SECTION VIEW

TIILÊCLIEÑÌ

GhS-
SITE

VERI\¡ONT GAS SYSTEI\4S, INC.
ADDISON NATUFAL GAS PROJECT

JRW
DATÊ

6t18t13
stzE

B
Drc. NO.

't2'144-200
REV

c
12-E-144-AC RFA

OAIE

5t16t16 "*" NTS
cAo F.LE NAME 

12144-2oo-1-Rc
t"ttt 1 oF 1

SAFETY NOTES:

THE PIPELINE AND APPURTENANCES AT OR NÉAR
THESE LOCATIONS CAN POSSESS POTENTIALLY
LETHAL ETECTRICAL SHOCK HAZARDS UNTIL ALL
GROUNDING IS INSTALLED.

2. PROCEDURES FOR CONSTRUCTING GROUNDING
SYSTEMS SHALL BE REVIEWÊD WITH A QUALIFIED
SAFETY ENGINEER PRIOR TO AND DURING
CONSTRUCTION ACTIVITIES.

TYPICAL
TRANSMISSION TOWER

INSTALLATION NOTES:

HORIZONTAL DISTANCE FROM PIPELINE TO ZINC
RIBBON CAN VARY BETWEEN 1'AND 25' FOR
SAME TRENCH INSTALLATION.

3. ZINC RIBBON DEPTH AND SPACING ARE MINIMUM
REQUIREMENTS. ADDITIONAL DEPTH OF ZINC RIBBON
AND ADDITIONAL SPACING FROM THE PIPELINES ARE
ACCEPTABLE.

2, ZINC RIBBON CAN BE INSTALLED BETWEEN
'12:00 O'CLOCK AND 3:00 O'CLOCK AT A MINIMUM
OF 1' SEPARATION FROM THE PIPELINE.

SEE NOTE 2

GRADE

PIPELINE

1',(MrN)
(SÊE INSTALLATION ZINC RIBBON CABLE

NOTE 1)

CROSS SECTION'B'
ZINC RIBBON CABLE INSTALLATION

SINGLE STRAND

IN SAME TRENCH

CAUTION:

ZINC RIBBON MUST NOT TOUCH PIPE.

z
E
õo

D

cc

B

A
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0EscñtPltoN oalÈ

ISSUED FOR CONSTRUCTION . ECO 2014.025 6t27t14 Jrvl

B REVISED PER ECO 2015-O'17 4t1t15 RFA

c CLIENT REVISIONS 5t16t16 RFA

ISSUED FOR CONSTRUCTION

TECH, SERVICES, INC.&^" sutTE 200
BRA¡NTREE. MA

02194 U.S.A.

SINGLE STRAND ZINC RIBBON
AND SSD WIRING DETAILS

IIILECLIENf

GllA--

sfE
VERMONT GAS SYSTEI\¡S. INC.
ADOISON NATURAL GAS PROJECI

JRW
OAIE

6t18t13
stzE

B 't2144-201
REV

c
12-=144-AC RFA

DAIE
5/16/16

s"oLE 
NTS

cAD F,LE NAME 
i2i44-2o1-1-Rc

z
I
ts
ts
@

SSD

vu
6
=z

PIPELINE

1" MIN
PRIMARY ZINC RIBBON

TYPICAL
-T

e TRANSMISSTON
l l TOWER

ZINC RIBBON INSTALLATION PLAN VIEWZn-14
SINGLE STRAND WRING DETAIL

zÉOu
=@KE
Øz

ssD PIPELINE

PRIMARY RI
1" MIN

TYPICAL
1'TO 3' I

e TRANSMTSSTON
l l TOWER

ZINC RIBBON INSTALLATION PLAN VIEW Zn-l B
SINGLE STRAND WRING DETAIL

zo
tr
F
Ø

SSD

É
Uo
=lz

PIPELINE

{

,1" MIN

T-
TYPICAL

Ñ7 
.TRANSMISSION

l2sl rowER

ZINC RIBBON INSTALLATION PLAN VIEWZn-1C
SINGLE STRAND WIRING DETAIL

SOUD STATE DECOUPLER (SSD) WIRING AND LABEUNG SCHEDULE

CONNECTIONS TO
CABLE SIZE

& INSULATION
ssD

TERMINAL LOCATION TAPE
COLOR

PRIMARY
DOWNSTREAIU
ZINC RIBBON

#2 AWG
HI\IWPÊ

POSITIVE
BETWEEN

TRANSIVIISSION
TOWER & PIPE

RÊD

PRII\¡ARY
UPSTREAIVI

ZINC RIBBON

#2 AWG
Hl\ilwPE

POSITIVE
BETWEEN

TRANSI\¡ISSION
TOWER & PIPE

GREEN

PIPE
#6 AWG
HMWPE

NEGATIVE TOP NONE

PIPE
#6 AWG
HMWPE

NEGATIVE TOP NONË

LUG

NOTES: I\¡ARK EACH
CABLE WTH

1. INSTALL SSD'S A1 SÏAÍION NUMBERS INDICATEÐ IN TABLE ON DRAWNG 12144.204. INDICATED

2. INSTALL ZINS RIBBON CABLE WTH ENDS AT STATION NUMBERS INDICATED IN
TABLE ON DRAWNG 12144-203. REFERENCE DRAWINGS 12144-3OO & 301 FOR
WELD DETAILS

3. INSTALL PRIMARY ZINC RIBBON CABLE BETWEEN PIPELINE AND TRANSMISSION
TOWER.

4. LABEL #2 AVJG CABLE WTH TAPE COLOR SHOWN IN TABLE. WRAP TAPE
WTHIN 6" OF LUG. CABLE TAPE DETAIL

5. REFERENCE DRAWING 12144-202 FOR ALL FOREIGN PIPELINE AND FOREIGN
UTILITY CROSSINGS.

CAUTION:

ZINC RIBBON MUST NOT TOUCH PIPE.

"nttt 1 oF 'l
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DATE

ISSUED FOR CONSTRUCTION. ECO 201+025 6t27t14 Jl\¡

B REVISED PER ECO 2015.017 4t'v15 RFA

c CLIENÏ RÉVISIONS 5/16/16 RFA

ISSUED FOR CONSTRUCTION

T.CH!r.ÀL SErvr.S, rñC.

ARK ENGINEERING &
TECH. SERVICES, INC.
639 GRANITE STREET

SUITE 2æ
BRAINIRÊÊ. MA

02184 U.S.A_

&" ZINC RIBBON CROSSING
PIPELINE DETAILS

Itr tECLIENI

G}IA-
stfE

VERMONT GAS SYSTEMS, INC.
ADDISON ÑATURAL GAS PROJECf

JRW 6t1At13
ôAIE SIZE

B
0Æ, No.

12144-202
RÊV

c
12-E-144-AC RFA 5/16/16

."^,, 
NTS

cAo F.LE NAME p14+202,1,-Rc

FINISHED GRADE

z

7
ã
¡t

z¡Nc
RIABON zlNc

RIBBON

ZINC RIBBON CROSSING ABOVE 5'MIN 5'MIN

FOREIGN PIPELINE OR FOREIGN UTILITY

(SEE DETAIL'A' FOR SECTION VIEW
FORÊIGN PIPELINE OR FOREIGN UTILITY

DETAIL'A'

FINISHED

FOREIGN PIPELINE OR FOREIGN UTILITY

5'MIN 5'MIN

zlNc
RIBBON z

õo

zlNc
RIABON

ZINC RIBBON CROSSING BELOW
FOREIGN PIPELINE OR FOREIGN UTILITY

NOTES:
(SEE DETAIL'B' FOR SECTION VIEW

DETAIL'B'

WHERE ZINC RIBBON CROSSES A FOREIGN PIPELINE OR FOREIGN UTILITY
INSTALL ZINC RIBBON IN 2'PVC CONDUIT FOR A I\¡INIIVUM OF 5'ON BOTH
SIDES OF THE CROSSING.

CAUTION:

ZINC RIBBOTJ MUST NOT TOUCH PIPE.

2. AT ALL FOREIGN PIPELINE AND FOREIGN UTILITY CROSSINGS, MAINTAIN
A I\iIINII\¡UI\¡ OF 3.SEPARATION BETWEEN ZINC RIBBON AND UTILIIY, AND
A IVIINII\¡UI\¡ OF 3' BETWEEN ZINC RIBBON AND FINISHED GRADE
WHERE NECESSARY, INSTALL ZINC RIBBON BELOW UTILITY TO I\¡AINTAIN
CLEARANCES,

3, PRIMARY ZINC RIBBON SHOULD BE INSTALLED BETWEEN TRANSMISSION
TOWER AND PIPELINE.

4. ZINC RIBBON TO REMAIN CONTINUOUS THROUGH PVC PIPING,
ttuu' 1 oF 1
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OESCRIPIþN

ISSUED FOR CONSTRUCTION - ECO 2014-025 6t27t14 JM

B REVISED PER ECO 2015.017 4J1t15 RFA

c CLIENT REVISIONS 5t16t16 RFA

ISSUED FOR CONSTRUCTION

ARK ENGINEÉRING &
TECH. SERVICES, INC.

639 GRANITE STREEI
sutfE 200

ERAINTREE MA
021a4 U.S.A.

&*" ZINC RIBBON INSTALLATION
LOCATIONS

Gln-
SIT€

VERMONT GAS SYSTEMS, INC.
ADDISON NAIUFAL GAS PROJECT

ORAWN BY

JRW
OATE

6t18t13
SIZE

B
Drc. NO.

12144-203
RÉV

c
PROJECf ÑO,

12-E-144-AC RFA
OAIE

5/16/16 "*" NTs
cAo F¡LE N^ME 814+zog-1-Rc ""ttt 1 oF 2

ZNC RIBBON INSTALLATþN LOCATION AND REC UIRED MATERIALS

oz
=o
troEø

Ft
Þ
Ø
oz
zo
F
ts
Ø

ozu
o2
zo
tr
ts
Ø

=F&oL2qU
9P<ts
ô*
ôF

Ø

Øoz
ú
tsø
Eo
É
Uo-:
2

[ôE
tszoozû
ul@
JE<oEz
HÑ

lto
Øa
Eo
É
U6
2
Ðz

c-Êu9[

ãäË

Ecuud
*doo
oF
'^ôl8<u
*6

o

3
U

iËe
dñclEir
sxz
Í+E*=

u
e

o
Ju¡

-9¿'Ê6
2fr=o
HEFo9üÉã=
YEO
ñHo

Àoo

øJ
Føuou
d
oøø

3 451 +25 45/+Uã 5AU 'I 560 2 50 200 4 2 2
4 612+60 623+6{) 1.1U0 1 1. too 2 o 200 4 2
5 700+68 718+87 I.790 1 1.tg) 2 50 200 4 2 2
6 801 +10 819+83 1,860 1 1,ð6U 2 5{J 200 2
7 647+E5 863+75 1.590 1 1,590 2 5U zuu 4 2 2
a 888+OO 475 1 475 2 50 200 4 z z

EA 493+75 906+42 1,425 1 1.425 50 200 4 2
9A 1040+90 1 t]46+50 560 560 50 200 4 2 2
9B 1 044+ /O 1 0tt3+1 0 1.44rd 1 1,440 50 200 4 2
'to 12S+OO 126t+25 925 I 925 50 200 4
11 ]:JUðiUU 1 JZU+4U 1.24D 1 '1.24t) 2 50 zotj 4 z 2

12 1 379+00 1390+1 0 1.1 1U 1 '1.110 z 50 2UU 4 2 2
13 1424+50 1437+00 1.250 'l 1.250 2 50 200 4 2 z
't4 't477+40 1490+73 770 1 770 50 200 4 2 2

15 1517+95 1551+35 3,340 'l 3.340 '100 300 6 4
800 800 50 200 4 2 2

1a 1 641 +60 1656+70 1 .510 1 't 510 200 4

ZINC RIBBON CABLE BASED ON 2,OOO FOOT REEL. REFERENCE DRAWNG 12'144.301 DETAIL B

FOR ZINC RIBBON TO ZINC RIBBON EXOTHERMIC WELD WHERE ZINC RIBBON MUST BE SPLICEÐ.

NOTES:
1. NOTE EQUATION CHANGE:715 71BK 716 00AHD FOR SECTION 5.
2. NOTE EQUATION CHANGE: 812 83BK 812 96AHD FORSECTION6.
3. NOTE EQUATION CHANGE: 896 87BK 896 97AHD FOR SECTION 84.
4. NOTE EQUATION CHANGE: 903.068K 901 77AHD FOR SECTION 84.
5. NOTE ÊQUATION CHANGE: 't478 87BK 1484 60AHD FOR SECTION 14.
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B REVTSÊD PER ECO 2015-017 4t1t15 RFA

CLIENT REVISIONS 5/16/16 RFA

ISSUED FOR CONSTRUCTION

SEE

B
Drc, NO.

12144-203
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c
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&" t"ott 
NTS

cAD F'LE NNE 
n144-203-2-Rc

ZNC RIBBON INSTALLATION LOCATION AI{D REQUIRED MATERIALS
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U
cù

o
Jú
È
o

9Eø
2fr="
tÉFE9úÉã=
YEô
ñHo

Èoo

I
Éøú
o
U
À
oq
Ø

19 1 I 12+EO 1 /14+00 52lJ 1 52t) 2 50 2r'll'] 4 2 2
20 1 /1 E+59 1 tz4+o1 5gu 1 5AU 2 50 2f'Jt) 4 z
21 1 /9ð+60 1 ð46+UU 1 4.t4t) 4 15U 4UU ö 6 4
22 1873+25 188'1+00 775 1 775 200 4 2 2

224 1882+75 1888+85 610 1 6't0 2 50 200 4 2 2
191 8+1 I 1939+29 2,11 2 114 3 100 300 6 4 3

24 1976+29 1945+59 93{) 1 930 2 50 200 4 2 2

2080+10 2126+90 ,| 4.ti90 4 150 400 a 6 4
26 2129+05 2132+90 385 1 345 2 zr'Jt) 4 2 z

TOIAL 37,1 13 58 '1,600 5.E00 116 64 5E

ZINC RIBBON CABLE BASED ON 2,OOO FOOT REEL. REFERENCE DRAWNG 12144.301 DETAIL B

FOR ZINC RIBBON TO ZINC RIBBON EXOTHERMIC WELD WHERE ZINC RIBBON MUST BE SPLICED.

NOTES:

6. NOTE EQUATION CHANGE: 1713 29BK

7. NOTE EQUATION CHANGE: 1719 72BK

8. NOTE EOUATION CHANGE: 1830 30BK

9. NOTE EQUATION CHANGÊ'.1877 11BK
10. NOTE EQUATION CHANGE:2087 93BK

1713 00AHD FOR SECTION 19.

17,19 34AHD FOR SECTION 20.

1830 44AHD FOR SECTION 21.

1877 27AHD FOR SÉCTION 22.

2088 03AHD FOR SECTTON 25.
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DESCRIPIION OAfE

ISSUED FOR CONSTRUCTION. ECO 2014.025 6t27t14 JIV

B RÊVISED PER ECO 2015-017 4t1t14 RFA

CLIENT REVISIONS 5t16t't6 RFA

ISSUED FOR CONSTRUCTION

ffir"
ARK EN6INEERING T
TECB. SERVICES, INC.
63S GRANITE STREEI

SUITE 2OO

ARAIÑTREE MA
021S4 U.S.A.

SSD LOCATIONS

IIILECL¡ÊNI

Gl*-
sIE
VERI\¡ONT GAS SYSTEI\¡S, INC.
ADOISON NATURAL GAS PROJECT

JRW
OAIE

6t18t13
si¿E

B
orc. No,

12144-204
REV

c
12-E-144-AC RFA

OAIE

5¡6/16 ttott 
NTs

cAo F,LE NAsÊ P'r4+204-1-Rc tnutt 1 oF 1

JAÏTLE GUARD REQUIRED AT THIS LOCATION

SSD LOCATIONS
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ffir AR( ENGINEERING d
TECH. SERVICES, INC,
639 GRANITE SIREET

sutTE 200
BRAINTREE, MA

02184 U.S.A.

CABLE TO PIPELINE
CONNECTION DETAILS

TITLECLIENI

Gt-*-
slrE
VERMONT GAS SYSTEMS, INC.
AODISON NAIURAL GAS PROJECT

JRW
OAfE

6t18113
stzE

B 't2144-300
REV

c

EXOTHERMIC INSTRUCTIONS:

1. FIRST DETERMINE IF THE PIPELINE IS SUITABLE FOR ÉXOTHERIUIC
WELDING BY CONDUCTING THE FOLLOWNG TESTS:

A) DETERMINÊ THAT THE PIPELINE SMYS (SPECIFIED MINIIVIUM

YTELD STRÊNGTH) tS 80,000 PSt.

B) DETERMINE THAT PIPELINE WALL THIcKNESS IS %" (0.125.)
OR GRE,A.TER.

C) PERFORM ULTRASONIC TESTING TO PIPELINE TO DETERMINÊ
THAT NO SURFACE OR INTERNAL DEFECTS EXIST.

EXOTHERI\¡IC WELD CONNE:TIONS.
PLACE ON TOP OF PIPE A l\¡ Nlfilulu
OF 9'AND A l\ilAXlMU¡¡ OF 18" APART
(sÊE tNSTRUCT|ONS)

EXOTHERMIC WELD CONNECTION.
FOR #6 AWG USE IVIOLD #l\il-102
OR ËQUAL, WITH #,IsCP WELD METAL.
FOR #12 AWG USE I\¡OLD #M-102
OR EQUAL AND 3E.O2OO.OO ADAPTER
SLEEVE WTH #15CP WELD I\¡ETAL.

RÊPAIR COATING AFTER ATTACHING
CABLES PER PROJECT COATING
SPECIFICATION

f6 AWG OR
#12 AWG

2. FOR EACH CABLE TO PIPELINE CONNECTION (EXOTHERMIC WELD),
REMoVE A 3"X3" MAX AREA OF PIPELINE COATING AT THE 12:00
O'CLOCK POSITION ON THE PIPELINE AND BRUSH UNTIL SHINY.
ANY ADJACENT CABLE CONNECTIONS SHALL BE NO CLOSER THAN
9" AND NO FURTHER THAN 18".

(SEE INSTRUCTIONS)
REPAIR COATING
(SEE INSTRUCTIONS)

OR
TAPE

I
TAPE

PIPE COA

3. PREPARE PIPELINE SURFACE AS SPECIFIED BY PIPELINE
COATING MANUFACTURËR.

4, DETAIL'A'SHOWS POSSIBLE I\¡ETHOD OF CABLE STRAIN RELIEF FOR
NEW PIPE INSTALLATIONS. THIS I\¡ETHOD IS NOTA REOUIRÊMENT.
OTHER MEANS OF STRAIN RELIEF I\¡AY BE USED.

(2)#6 AWG OR
(2)#12 AWG

PIPE PIPÊ
COATING

5. STRIP BACK ANY CABLE INSULATION 1L2'AND TAPE CABLE TO PIPE.
PIPÊLINE OR DETAIL'B'

EXOTHERMIC WELD CONNÊCTION
6. ENSURÊ THAT THE PIPELINE WELD AREA AND CABLE ARE CLEAN

AND DRY PRIOR TO WELDING.

7. USE SPECIFIC WELD MOLD AND WELD IVIETAL AS INDICATED IN
DRAWNG IVIATERIALS LIST.

DETAIL'A' EXOTHERMIC WELD
CONNECTION.
(SEE DETAIL B)

TWO PART
EPOXY COATING

CABLE TO PIPEL¡NE ATTACHIlIENT DETAIL

8, IF INDICATED, USE COPPER HEAT SLÊEVE ON CABLE END TO
8E WELDED.

I5. WHEN WELD HAS SET. REIVIOVE WELD MOLD AND TÉ3T CONNECTION
BY RAPPING SHARPLY WTH A SLAG HAMIUER, IF THERE IS ANY
INDICATION THAT A COMPLETE WELD HAS NOT BEEN ACHIEVED,
REMOVE THE WELD AND RE-APPLY.

#6 AWG OR

PIPE #12 AWG
9. USÊ ONLY A 15 GRAM MELDING CHARGE. DO NOT EXCEED. COATING

10. PL,ACE THE METAL RETAINER DISK IN THE SPECIFIED WELD MOLD
AND DUMP (DO NOT POUR) WELD I\¡ETAL POWDER ONTO THE DISK.
MAKE SURE THAT ALL OF THE FINE STARTING POWDER IS IN THE
MOLD. IF ANY POWDER REMAINS IN THE CARTRIDGE BOTTOI\¡,
SQUEEZE OUT INTO MOLD AND BREAK UP.

16. IF WELD IS GOOD, REMOVE ANY SLAG WIÍH HAMMER AND CLEAN
USING A WIRE BRUSH.

1.I. CLOSÉ MOLD LID.

17. AFTER COMPLETING THE EXOTIERM¡C WÊLD CONNECTION TO THE
PIPELINE, ALL COATING DAI\¡AGE IS TO BE CLEANED AND COATÊD
WTH 20 MILS MINIMUM OF TWC PÂRT EPOXY COATING OR VERMONT GAS
APPROVED EOUAL.

DETAIL'C'
12. REPLACE CAP ON EIVIPTY WELD METAL CARTRIDGE AND PLACE

BACK INTO CARTRIDGE PACK BOX UPSIDE DOWN TO KEEP THE
REMAINING CARTRIDGES UPRIGHT.

18. REFER TO VERMONT GAS REP¡.IR SPECIFICATIONS AND PRODUCT
DATA SHEET TO DÊTERMINE IF REPAIR IS ACCEPTABLE,

CORROSION PROTECTION SEAL

13. LAY THE CABLE END ON THE PREPARED PIPE SURFACE USING
A SPRING LOADED CHAIN CLAMP TO HOLD CRUCIBLE TIGHT TO
PIPELINE-

14. USING EYE AND HAND PROTECTION. STAND ON THÊ OPPOSITE SIDE
OF THE CRUCIBLE FROM THE TOUCH HOLE AND IGNITE POWDER

WTH SPARK FROM FLINT GUN. CAUTION: POWDER WLL FTASH
WHEN IGNITED

PIPELINE

12-E-144-AC RFA
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ARK ENGINEERING E

TÊCH, SERVICÊS, INC.
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CABLE SPLICE
INSTALLATION DETAILS

fIILECLIEÑI

GF*-
sIE
VERI\¡ONT GAS SYSTEI\¡S, INC.
ADOISON NATUFAL GAS PROJECT

JRW
OAIE

6t18t13
stzE

B
orc. No,

12't44-30'l
RT

c

DUCT TAPE
(TYP.)

Ot'*.
#2 AWG

EXOTHERMIC WELD
CONNECTION NON.METATLIC

SPLINT

STEEL CORE EXOTHERI\¡IC WELD
CONNECTION ZINC RIBBON

STEEL CORE

EXOTHERMIC WELD
CONNECTION

ZINC RIBBON

ZINC RIBBON
ZINC RIBBON
OR
#2 AWG

DETAIL'A'
ZINC RIBBON CABLE TO #2 AWG STRANDED COPPER CABLE

EXOTHÊRIVIIC WÊLD INSTALLATION

DETAIL'B'
ZINC RIBBON CABLE -O ZINC RIBBON CA6LE

IN.LINE EXOTHERMIC WELD INSTALLATION

DETAIL'C'
NON-METALLIC SPLINT INSTALLATION

DETAIL MOLD WELD METAL

M-1 1638 32CP

M-7233 15CP

NOTES:

1. ALL EXOTHERI\¡IC WELD CONNECTIONS ARE TO BE SEALED WTH ROYSTON
,SPLICE RIGHT'SPLICE KIT (ITEM #'14). OR VERMONT GAS APPROVED ALTERNATIVE,

2. FOR ALL ZINC RIBBON EXOTHÊRMIC WELD CONNECTIONS, USÊ A
NON-I\¡ETALLIC SPLINT TO REINFORCE WELD. WRAP DUCÏ TAPE
AROUND SPLINT AND ZINC RIBBON FOR ADDED SUPPORT. (SEE DETAIL C)

3. INSTALL ZINC RIBBON FROM STATION NO. START 10 STATION NO. END.
REFERENCE DRAWNGS 12144.201 FOR SSD WIRING AND TAPING DETAILS.

4. ZINC RIBBON BASED ON 2,OOO FOOT REEL. REFERENCE DETAIL B FOR ZINC RIBBON
TO ZINC RIBBON EXOTHERMIC WELD WHERE ZINC RIBBON MUST BE SPLICED.
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ffir"
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su[E 20ô
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SOLID STATE DECOUPLER (SSD)
INSTALLATION DETAILS

IIILECLIEÑf

Gtn-
sIE
VERMONT GAS SYSTEIVIS, INC.
ADDISON NAÍURAL GAS PROJECT

JRW
DATE

6t1Al13
stzE

B 12144-302
REV

c
12-E-144-AC RFA 5/16/ t6 ,ao,a 

NTS
cAo F.LE NAME 'r2144-3o2-1-Rc

SSD POLARITY:
NEG: PIPELINE

POS: ZINC RIBBON

PEDEST SSD

LOCK

#2 AWG HI\¡WPE
STRANDED
COPPER CABLE

5/16" STAINLESS
srEEL BOL'r (ryP.)

EXOTHERI\¡IC WELD
#2 AWG fO ZI NC RIBBON

REFERENCE DRAWNG
12144-301

(2)#6 AWG
HI\¡WPE STRANDED
COPPER CABLES

3/8" LUG FOR #6 AWG @
@

3t8" (TYP. OF 2)

FOR #2 AWG

ZINC RIBBON REFERENCE DRAWNG
12144-300 FOR TYPTCAL
CABLE TO PIPELINE
E):OTHERMIC WELD
CONNECTION

5/16" STAINLESS STEEL
WASHER (TYP.)

ZINC RIBBON

#2 AWG CABLE
TO ZINC RIBBON
CABLE

5/16'SÏAINLESS
STEEL NUT (TYP.)

(2) #ô AWG CABLES
FROM PIPELINE

PIPELI DETAIL A DETAIL B
FRONTVIEW SIDE VIEW CABLE TO SSD TERMINAL

CONNECTION DETAILSSD INSTALLATION DETAILS

NOTESI

1, SSD IS TO BE MOUNTED INSIDE THE FIBERGLASS
PEDESTAL. ALL COPPÉR CABLES ARE TO PASS THROUGH
EOTTOM OF PEDESTAL.

2. INSTALL PEDESTAL AS CLOSE AS POSSIBLE TO PIPING
CO^'INECTIONS TO R:DUCE LEAD LENGTHS.

3. WIRING ON THIS SHEET DEPICTS Zn-1 C CONFIGURATION.
REFERÊNCÉ DRAWI']G 12144-201 FOR SPECIFIC WIRING DETAILS.

ro zrNc RTBBoN ( ) TO PTPELTNÊ (-)

FRONT VIEW SIDE VIEW

SOLID STATE DECOUPLING DEVICE (SSD)

t"t" 1 oF 1

A

2
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ffi,::-î'li:fËilr
COUPON TEST STATION

WIRING DETAILS

fITIECLIENf

Gt-h-
sllE
VERMONT GAS SYSTEMS, INC.
ADDISON NATUFAL GAS PROJECT

JRW 6t18t',t3
SEE

B 12144-303 c
PNOJECI NO,

12-Ê.-14+AC RFA
OAfE

5/'16¡6
ttott 

NTS
cAo FrLÊ ñAMÊ 

P14+go3-1-Rc "rar, 1 oF 1

\/
PIPELINE

I

@
SWITCH

o
PROTECTED

COUPON 
^oQ)
REF

c

o
ELECTROOE

C J

o
PIPELINE

2

¡Ãv
NAfIVE

COUPON

COUPON
TERMINAL BOARD
(SEE DETAIL)

TEST NOTÊS:

1. TEST STATION TO BE INSTALLED DIRECTLY ABOVE BURIED
PIPE. COUPON TO BE 12'FROM TOP OF PIPE.

4'MIN.
2. COUPON TEST STATION INCLUDES TERI\iIINAL BOARD, COVER.

TELESCOPING BODY, TWO COUPONS AND INTERNAL WRING.
(|TEM 15)

3. INSTALL CU/CUSO4 PERMANENT REI\¡OTE REFERENCE
ELECTRODE HORIZONTALLY A MINIMUM OF 1 FOOT AND A
MAXII\¡UM OF 5 FEET FROM THE PIPE AT THE 9 O'CLOCK POSITION.

4, COUPONS TO HAVÊ 1.44 SQUARE INCH SURFACE AREA.

5. REFERENCE DRAWING 12144-204 FOR TEST STATION LOCATIONS.

FINISH GRADE 6. SOIL PLACED AROUND ANÞ BENEATH COUPON SHOULD BE
NATIVE AND FREE OF FOREIGN MATERIAL ANO ROCKS.

7. REFERENCE CP SYSTEM DESIGN DRAWNGS FOR COUPON
TEST STATION LOCATIONS.

.6" OD TELESCOPING COUPON TEST STATION

CONNECTIONS:
qUANTTY CABLE/III'IRE

stzE COLORTEST
STANON

PIPE/DEVICE

PIPELINE '1 PIPELINE 1 BLACK

PIPELINE 2 PIPELINE 1 BLACK

NATIVE
COUPON

NATIVE
COUPON 1 ORANGÊ

PROTECTED
COUPON CP COUPON 1 #12 BLUE

REFERENCE
ELECTRODE

PEIiMANENT
REFERENCE
ÊLECTRODE

1 #14 YELLOW

COUPON CONDUIT TERMINAL BOARD

OD
TELESCOPE

(cP)
(SEE

STEEL COUPON
NOTE 6)

NATIVE STEEL
COUPON
(SEE NOTE 6)

(2) #12 AWG TH/ÍHW
COPPER WIRE

(cP) sTEEL
COUPON

12"
NATVE STEEL
cot-PoN

#14 AWG HMWPE
INSULATÊD STRANDED
COPPER WIRE

ÊXOTHÊRMIC WÉLD CONNECTION
DETAILS. REFERENCE DRAWNG
1214+3OO USE ADAPTER SLEEVE
38-0200-00 AC COUPON DETAIL

cu/cus04
REMOTE PIPELINE

REFERENCE CÊLL

COUPON TEST STATION
INSTALLATION DETAIL

1'MIN
5'MAX

D
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CATTLE GUARD
INSTALLATION DETAIL

fEcH{rcÁL SEPvrc.É, lñc.

ARK EÑGINEERING &

TECH. SERVICES, INC.
639 GRANIfE STREET

sutTE 200
BRAIÑTREE MA

02144 U.S.A.

&*"
CLIENT

Gr*-
sIE
VERMONT GAS SYSTEI\¡S. INC.
ADDISON NAÎURAL GAS PROJECI

JRW
ÐAIE

6t't8l'13
srzE

B
orc. No.

12144-304
REV

c
12-E-144-AC RFA

DAIE

5t16/16 1214¡l-304-1-RCNTS

resr srnrron @
4',

SSD IN PÊDESTAL

HSS 1 l/2x 11l2x1l8OR
1¡12" SCH, 40 STEEL PIPE
ITYPI 

^,(9

HSSI'1/2x11l2x1l8OR
1-'I12" SCH.40 STEEL PIPE z

5
o(TYP)

@

b FINISH GRADE

:ÈN>
-F

ôs
oÊ

FOOTTNG (TYP)

6" DIA
(TYP) 25'#2 AWG HM\ATPE COPPER CABLE

TO SSD POSITIVE T:RMINAL

ZINC RIBBON

ztNc

SECTION'A'
ELINE

CATTLE GUARD INSTALLATION
PIPELINE

FRONT VIEW

NOTES:

1. REFERENCE DRAWNG 12144-201 & 303 FOR WRING DETAILS.

2. VERMONT GAS TO DETERMINE SSD AND COUPON TEST STATION
LOCATIONS REOUIRING CATTLÊ GUARD. CAÏTLE GUARD TO PROTECT
SSD AND COUPON TEST STATION.

'*"t 1 oF l
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ARK ENGINEERING E
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sutrE 200
ERAINTREE, MA
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MATERIALS LIST

IITLEcLlÊNl

GFIA-

stfE

VERMONT GAS SYSTEI\¡S, INC.
ADDISON NATURAL GAS PROJECI

JRW 6/18/1 3
OAIE SPE

B
Drc, NO.

12144-400
RT

c
PROJECI ÑO,

12-E-14çAC RFA
DAIE
5t16t16

scotE 
NTS

caD ÉlLE NsE 
12144-40G1-Rc

tnutt 1 oF 1

ITEII.I QIJANT¡TY DESCRPTIOIi

37.200'
Zll.lo RlEBO.l Al'lOoE HGH GRADE ÈECIROLYTIC ZlÌ.¡C, 9€.9€% AJRE COI.¡FORÍ'¡S bl COÀ/POSITION TOASTM 841&73 TYFE lli 5/8" X 7/8' CROSS
SECÎIONW.IHO135'DAIVEIERGALVANIZEDS]EE-CORECABLEI.IOî\¡IÌ,,¡AL\AÆIGHTOFl2FOUN6FERFOOT.ñ-ATf BROS Wz1.1O17P

2 5.000' #6 A\ ê l'fvlv\lFE INSULATEÐ STRANDEÐ COPPER CABLÊ SOFI-oRA!\N, COû¡I\ÆRCIALLY PURECOFFER, ASIùI 88, CLASS B STRANDNG.

3 1,€00' Ë2 A\46 I-IVIWFE INSULATEÐ S.TRANDCÐ COFFER CABLE SOFT.DRA\AN. COí\¡I¡EPCTALLY PURE COFFER. AS.TM 88, CLASS B STRANCING,

4 58
SSD (SOLID STAEDECORB), -3V/+1V ALOCKII{G VOLTAGE 5M FAULICUERE}ff ilIÏ\lc (30 CYCIB) AT50/60I.Z, IOOKA LGHTNING SURGE

CURRÊNT RAT|NG (4 X 10 WAVEFORf\4). DAIRYLAND AECIRICAL lNCtlSlRlES, F}! SSO3/I-5 G100.

5 58
SSD FEÐESTAL, FIBERGLASS CASE 6'' X 6" X42' HIGH, WÌ}I STAINLESS S]EE- SAO(-Ê-A16 FOR I\¡OUNTING THE SOLID STATE OECOUFLI¡/G

OEr'EE OAIRILAND S-ECTRICAL INOUSIRIES, BN FÉÐESTAL - 42",

I 1
E(OTHERMC V!E-O ilf,LD, IHERÀ,þVIE-D PN rì/t7233. MNDLE CLAI\4PAND FLINT G|¡ITOR ARE INCLUDEÐ. USEÐ FOR Z¡Ì.lC RlEgON TO Zlrlc RIBBON

IN.LINESFLCE CONNEC'T]O¡S. I.JSE*1sCP VIAD METAL

7 3
ãOTHERMC \ /€-0li¡OLD, ]HÊR|\4O^E-D PN M102. |-IANDLE CLAi'iFAND FLINT GNrÌOR ARE II1CLUDED USEÐ FOR Ð(OlHEFfr,rC \ ÃDCONNSflON
OF 16 & #1 2 A\ ,G STRA NæD CA BLE TO HFE USES 1 sCP \ /E-D l!ËlA L.

I 7 BOXES
ãQftHMKi ED WAL. üERIVOffiD PN #15CP BONæ *6 AND #12 AU,G CAELEIO PFE-INE ALSC IISEÐ FOR ZII\C RIBBON TO ZII]C RIBBON.

20 SI.IOTS FER BOX.

I 2
E(OIHERMICV!E-DtvþLD,TllERl\4O\ E-DFvN[,]11638 l{ANDLECIAMPAN0FLINTIGNITORARÉlllCLUOEElUSEDFORIf}LINESFLICEOFZII.IC
RlBBOl.lfO#2 A!1¡G CÀBLÉ LJSE#32CP\tuBDMEIAL.

10 7 BOXES EXOTHEFMIC v!E-D |\4EIAL. lHERi,lO\ iE-D BN *32CP USED FOR #2 AwG CABLETOZII€ RIBBON CONNæI]ONS 10 SI-IOTS FER BOX.

1t '116
BURNDY YAZ6GÌC38 COMRBSION LLJG. ffBE LUGS WLL CONNECT ÊE fl6 {\ Æ COFFER CA BLE TO IHE SOLID STÀTE IFcoUFLll.lG OB/CES.
T\ ,O LLjGS FER SSD

12 u BURNDY YAZ2OTC38 COi/FRESSION LLG. THESE LI,GS \4411 COI'INECT THE #2 {\^G COFFER CA BLE 10 1}iE SOLID STAru mWLtiG oEì/CES
ONE OR TVI¡O LLJGS FER SSO.

13 58 TUBES
T\¡f,PARIEPOXY SFEC¡{LTYPOLYtvtRCOA'nÌ{GS, lNCSF2888(ORAPFROVEÐEOLIAL). USEDFORREPAIRII.¡GñFECOATI¡IGAT#64\G
CONNæI1ONS TO PFE AFFLY 20 I\4|LS ÍH¡CK lMlN. 50ML T\TBEWLL REPAIR T\ C16 Þ(OlllÊR¡il€ u/E-æ TO FFE

14 85 KftS ROYSTONSPLTCÊRTGHTKTT(ORAFFRO\r'EDEOUAL). I.¡SULAÍTONKTTFORÐ(OTHEFMTC\E-ÞSPLCECCòINECTIONS.

4 (MN.)
CATTLEGLTARD. 5' X 4' X 3' lVlN. AEOVE GRADE CONSIRLCTED OF I'OLLOW SÍEE- SæTION (l-SS) 1 1n \ 1 1n x 118Tt4tO< OR 1.s" DTAMEIER SCH.

40 STEE- FPE ANCI-IOREÐATALL FOTJR CORNERS 30" OEEPX 6" OIAIMEIER CONCRETÉ FOO]]I.¡GS, CÁTTLEGI.ARD TO BE CO¡A]EÐ WÌH 8 ML OF
Y ÈLOW FOU/DER COAT FER MANLIAFÀCIURÉR SFECIFCAÎON

1A I TESTSTAIþN,D(IALCO{JFON(SIEELFMON'IE-ESCOHIIGT'YE-LO/VCONDUIT. Bll,JGl-AMANDTAYLCRPNCTSl.4. COUPONSURFACEARA

OF 1.44 SQ(JARE INCHES.

17 4@
æffiqtsLtsI]ZAreSIMNUU ËUUKryUINUBIÐ, IYÊ IWIM.4UV üIÐ, SUIIAÞLEtsqrcI UHURY LG IPN, IWMrcts
25'CTO75"C ASlMB.1,&3&&8COÀ4H.IANTFORCOFFERCONDIJCIORS. RCHSCOÀ¡FLIANT. USEÐFORCOI.¡NESÍIOÍ.]SFROM]ESTSTA'NONS
TO HFÊ

18 I
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CANADA
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NEW
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PROJECT DRAWING LISTING

DRAWNG NO. SHEETS REV TITLE

12144-101 1 B COVER SHEET

12144-205 '| GROUNDING PLAN. WILLISTON M A R

12144-206 I GROUNOING PLAN. MLV.2

12144-207 1 B GROUNDING PLAN. MLV.3

12144-208 1 GROUNDING PLAN. MLV.4

GROUNDING PLAN - MLV.s/PLANK ROAD I\iI & R12144-209 1
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ADDISON NATURAL GAS PROJECT
VALVES: WILLISTONM&R

MLV-2, MLV-3, MLV-4,
MLV-s/ PLANK ROAD M & R, MLV.6,

COLCHESTER LAUNCHER,
MIDDLEBURY M & R
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12144-212 1 GROUNDING PLAN. MIDDTEBURY M & R

12144-305 1 GROUND LOOP SPLICE CONNECTION DETAILS
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12't44-307 1 SOLID STATÊ DECOUPLER (SSD) INSTALLATION DETAILS

ARK ENGINEERING &
TECH. SERV|CES. tNC.

639 GRANITE STREET
SUIE ru

BRAINIREE MA
02184 U.S.A.

& COVER SHEET

tlftE

12144404 1 FENCE & GATE CLA¡¡P CONNECTION DETAILS

cLlÊNl

GHA-

sfE
VERMONT GAS SYSTÊI\¡S, INC.
AOOISON NATURAL GAS PROJECT

JRW 6t18t13
st¿E

B 12144-10'l
REV

B12't44-309 1 GROUND ROD INSTALLATION DËTAILS - DRILL PROCEDURE
PROJECI NO.
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arrrt 1 OF 112144401 2 B IVIATERIALS LIST

cc

B

AA

234

00726



34 2

D

REV ÞÊscRtPl¡oN OA¡Ê

ISSUED FOR CONSTRUCTION. ECO 20I4-025 6t27t14 JM

ARK ENGINEERING &
TECH. SÊRV|CÊS. lNC.
639 GRANITE SIREET

sutTE 200
BRAINlREÊ, MA

02184 U.S.A.

&* GROUNDING PLAN -
WILLISTON M & R

IIfLECLIENT

GFS-
9[E
VERMONT GAS SYSTEMS, INC.
ADDISON NATURÅL GAS PROJECT

JRW 6/18¡3
OAIE sIE

B 12144-205
Drc. NO. Rfl

A

12-E-'4+AC JM 9/30/'13 ""ntt NTS
cAÞ FrLÉ NAME ei4+zosj,-R|

.C I

¡t 7- NOTES:

il

1. INSTALL 6' LAYER OF CRUSHED ROCK
EXTENDING 4' OUTSIDE OF PERIMETER
FENCE AND GATE SWING AREAS.

;\A
#2 AWG HVIWPE
INSULATED STRANDED
COPPER CAELE (TYP)

2. ALL PIPING LOCATIONS AND DIMENSIONS
ARE APPROXIIVIATE. FIELD VERIFY BEFORE
ORDERING MATERIALS.

?o
É.
Àc

ê
@

3. ALL FENCE GATES ARE TO BE
ELECTRICALLY BONDED TO FENCE POST
REFERENCE DRAWING 12144-308 FOR
DETAILS.

4. REFERENCE DRAWNG 12144-305 FOR
ÊXOTHER¡jIIC WELDS TO COPPER CABLE
GROUND LOOP.

(2) #6 AWG HMWPË INSULATED
STRANDÊD COPPER CABLE

FENCE GATE JUMPER (TYP)
REFERENCE DRAWING
12144-308 (SEE NOTE 3)

5. 2/O BARE COPPER GROUND LOOP TO BE
INSTALLED 3' OUTSIDE PERIMETER FENCE
A I\4INIMUM OF 1B' DEEP BELOW NATURAL
GRADE.

#2

EXOTHERI\¡IC WELD TO
PIPELINE REFERENCE
DRAWING 12144-306

@

ï'-r,o o*n ,o*.
:¡;(:ræ:-,É

:"
ii
W ili

(Ë¿{*$ -

STRANDED COPPER
CABLE

SSD
& PEDESTAL

@@

=È
REFERENCE DRAWING 12144-305
FOR GROUND LOOP CONNECTIONS
(TYP)

9r'(APPROX)

ttttt 1 oF 1

cc

D

A

BB

A
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&t
rEcHNrc¡r sÉ{vrcEs, rNc,

ARK ENGINEERING &
TECH, SERVICES, INC.
639 GRANITE STREET

sutTE 200
BRAINTREE, MA

02184 U.S.A.

GROUNDING PLAN - MLV-2

IITLECLIENI

GfS-
slrE

VERMONÍ GAS SYSTEMS, INC.
ADDISON NAIURAL GAS PROJECT

JRW
0Aft
6/18t13

SEE

B
orc, No,

12144-206
Rfl

A
PRdECI NO.

12-E-'14+AC JM
OAIE

9/30/13
,"o,4 

NTS
cAoFTLENAME 1214ç2o6¡,RA

SSD

T---

+t ¡
-J o

J

,f-l-

þi

SSD & PED

I

I
I
I

I

ï

I

F

o

--
FENCE GATE JUMPER (TYP)
REFERENCE DRAWNG 12144-308

21'.

(sEENorE3) 
@

N

I

\

NOTES:

#2 AWG HMWPE
Il'JSULATED STRANDED
COPPER CABLE (ryP)

INSTALL 6' LAYER OF CRUSHED ROCK
EXTEND¡NG 4' OUTSIOE OF PERIMETER
FENCE AND GATE SWING AREAS.

@
2. ALL PIPING LOCATIONS AND DIMENSIONS

ARE APPROXIMATE. FIELD VERIFY BËFORE
ORDERING MATERIALS-

\
I

I

2/O AWG BARE STRANDED
COPPER CABLE

3, ALL FENCE GATES ARE TO BE
ELECTRICALLY BONDED TO FENCE POST
REFERÊNCE DRAWNG 12144-308 FOR
DETAILS.

X
Écc

õô

@ 4, REFERENCE DRAWING 1 2144-305 FOR
EXOTHERMIC WELDS TO COPPER CABLE
GROUND LOOP.

ÊXOTHERMIC WELD TO
PIPELINE REFERENCE DRAWING
12144-306

5. 2/O BARE COPPER GROUND LOOP TO BÊ
INSTALLED 3' OUTSIDE PERIMETER FENCE
A MINUIVIUM OF 18" BELOW NATURAL GRADE.

6. IF GROUND RODS REQUIRE DRILLING,
REFERENCE DWG. 12144-309 FOR ORILLING
PROCEDURE.

I

I

(2) #6 AWG HI¡WPE
INSULATEDSTRANDED
COPPER CABLE

7. GROUNO RODS TO BE INSTALLED AT EACH
CORNER OF GROUND LOOP.

3/4" DIA x '10'LONG

COPPÉR GROUND ROD
(4 PLACES)

@

LEGEND

o GROUND ROD

tntut I oF 't

234

DD

c c

A

4 3 2

B

o0728



DescRtPltoN oAtÊ

ISSUED FOR CONSTRUCTION - ECO 2014-025 6t27t14 Jtvt

B REVISED PER ECO 2015-017 4t3t15 RFA

GROUNDING PLAN - MLV-3

TIIIE

&^*'TÈïffGl-S-
sltÊ

VERMONT GAS SYSTEMS, INC.
ADDISON NATURAL GAS PROJECI

JRW
DATE

6t18t't3
s¿E

B 12144-207
orc, No, Rry

B

12-E-'14+AC JM
OAIE

9/30/13
scotE 

NTS
cAo F'LE NAME 'r2i4+zo7i-R} t"t" 1 oF 1

SSD

À
È
õt

21'(APPROX)

FENCE GATE JUMPER (TYP)
REFERENC E DRAWING 121 44.308
(sEENorE3) 

@

N

NOTES:

AWG HI\,IWPE
1. INSTALL 6' LAYER OF CRUSHED ROCK

EXTENDING 4'OUTSIDE OF PÊRIMETER
FENCE AND GATE SWNG AREAS.

INSULATÊD STRANDED
COPPER CABTE (TYP)

2. ALL PIPING LOCAT¡ONS AND DII\4ENSIONS
ARE APPROXI¡JlATE, FIELD VERIFY BEFORE
OROERING MATERIALS.

\ 2/O AWG BARE STRANDED
COPPER CABLE

3, ALL FENCE GATES ARE TO BE
ELECTRICALLY BONDED TO FENCE POST
REFERENCE DRAWING 12144.308 FOR
DETAILS.

tl
Ll

-di
1T

J1---- I

I
I

Xo
É
À
À

*-+-
L__ o

4. REFERENCE DRAWNG 12144.305 FOR
EXOTHERI\¡IC WELDS TO COPPER CABLE
GROUND LOOP.

EXOTHÊRMIC WELD TO
PIPELINÊ REFERENCE DRAWING
12144-306

5. 2/O BARE COPPER GROUND LOOP TO BE
INSTALLED 3' OUTSIDE PERIMETER FENCE
A MINUMUM OF 1 8' BELOW NATURAL GRADE.

#2 AWG
SSD & PEDESTAL

@@@ (2) #6 AWG HMWPE
INSULATEDSTRANDED
COPPER CABLE

2
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@r.
ARK ENGINEERING A
TECH. SERVICES INC.

639 GRAÑITE STREEf
SUITE 2æ

BRAINTREE, MA
02184 U.S.A.

GROUNDING PLAN - MLV-4

lrtECLIENI

GFn-
sFÊ

VERMONT GAS SYSTEI\¡S, INC.
ADDISOÑ NATUR,AL GAS PROJECT

JRW
OATE

6/18/13
stzE

B 't2144-208
orc. No. Rry

A

12-E:44-AC Jtvl 9t30t13
raoÆ 

NTS
cAoFrr€NAME 

12144-2oa-1.RA

SSD
#2 AWG

@
SSD & PEDESTAL

-ll--
L-/

+-
L Jo

tl

@@

Ll-/i
1T

À

È
o

I-

21',(APPROX)

(sEÊ NOTÊ 3)

FENCE GATÊ JUMPER (TYP)
REFERENCE DRAWING 12,I44.308

N

AWG HI\¡WPE
NOTES:

INSULATED STRANDED
COPPER CABLE (TYP)

INSTALL 6' LAYÉR OF CRUSHED ROCK
EXTENDING 4' OUTSIDE OF PERII\¡ETER
FENCE AND GATE SWING AREAS.

s..-_
{
I
I

2, ALL PIPING LOCATIONS AND DIMENSIONS
ARE APPROXIMATÊ. FIELD VERIFY BEFORE
ORDERING MATERIALS,

2/O AWG BARE STRANDED
COPPER CABLE 3. ALL FENCE GATES ARE TO BE

ELECTRICALLY BONDED TO FENCE POST.
REFERENCE ORAWING 12144-308 FOR
DETAILS.

@
X
Écù

õo

4. REFERENCE DRAWING 12144-305 FOR
EXOTHERMIC WELDS TO COPPER CABLE
GROUND LOOP.

EXOTHERMIC WELD TO
PIPELINE REFERENCE DRAWING
12144-306

5. 2/O BARE COPPER GROUND LOOP TO BE
INSTALLED 3' OUTSIDE PERIMETER FENCE
A I¡INUMUI\¡ OF 18' BELOW NATURAL GRADE.

(2) #6 AWG HMWPE
INSULATEDSTRANDED

CABLE

.rr.t 1 OF 1

D
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ARK ENGINEERING A
TECH. SËRVICÊS. lNC.
639 GRANIÍÊ SIREÊT

sutTE 200
BRAINTREE, MA

02184 U.S.A.

GROUNDING PLAN -
MLV-s/PLANKROADM&R

IIILE

GHA-
S¡TE

VERI\¡ONT GAS SYSTEMS, INC,
ADOISON NATUR,ê.1 GAS PROJECT

JRW
DATE

6t18t13
s¿€

B
orc. No.

12144-209
RS
A

EXOTH WELD

2,,BLOWDOWN

4 FlITER

PIPÊLINE (TYP)
R EFER ENCE'12'l 44-'106

ssD

ssD

3/ 4"
LINE.

FIT

z-
I

f

ùô
f

x

FUELCAS
FIELD ROUTT
BY GAS

Xo
É.ù
L

:

a

O

I

a
I

I 4
N
+

g
h

L-

@

I

f- {
I

I

VALVE BOX

4,,8YPASS
BALI VALVE
IN VALVE BOX

FU-IURT
HEAIER #2

2/O AWG BARE
STRANDED COPPER
CABLE (TYP)

DAC BUILDINC
8'X8'

MTTER & REGUTATOR
SUILDINô
12'-0" X 32'-10"
(ROOF NOT SHOWN
FoR CLARfY)

2" 
lRÊssuRE 

RELTEF

¿ -lE-lN

TALVE IN

30'(APPROX) 20'(APPROX)

91',(APPROX)

o- e- Le-

N

\

\

FENCE GATE JUI\iIPER (TYP)
REFERENCE DRAWING

12144-308 (SEE NOTE 3)

(2) #6 AWG
HIVWPE INSULATED
STRANDED NOTES:

@
COPPER CABLÊ (TYP) ñ 1. INSTALL 6' LAYER OF CRUSHED ROCK

EXTENDING 4' OUTSIDE OF PERIMETER FENCE
AND GATE SWING AREAS.o- e-- e-- e

SSD
& PEDESTAL
(3 PLACES)

2. ALL PIPING LOCATIONS AND DIMENSIONS ARE
APPROXIMATE. FIELD VERIFY BEFORE
ORDERING MATERIALS.

3. ALL FENCE GATES ARË TO BE ELECTRICALLY
BONDED TO FENCE POST. REFERENCE DRAWING
12144-30A FOR DETAILS.

O
I

#2 AWG
(TYP)

4. REFERENCE DRAWING 12144.305 FOR
EXOTHERMIC WELDS TO COPPER CABLE
GROUND LOOP.

5. 2/O BARE COPPER GROUND LOOP TO BE
INSTALLED 3' OUTSIDE PERIMETER FENCE
A MINIMUM OF 18' DEEP BELOW NATURAL
GRAOE.

6. IF GROUNO RODS REQUIRE DRILLING,
RÊFERENCE ÐRAWNG 12144-309 FOR DRILLING
PROCEDURE-

7. GROUND RODS IO BE INSTALLED EVERY
15'ON OUTER GROUND LOOP.

TRANSl.rION
STEEL

fO HDPE

6"
PiPELINE

TO
2/O AWG BARE
STRANDED COPPER

DISfRIBU'TION

@SYSIEM

CABLE

3/4,. DIA X 10, LONG COPPER
GROUND ROD
(wP)

@

REFERENCE DRAWING 12144-305
FOR GROUND LOOP CONNECTIONS
(r-YP)

LEGEND

o GROUND ROD

12-E-14+AC JM 9/30/13
,40,, 

NTS
cAo FILE NAME n14+2og-1-R| t"t" 1 oF t

D

c

B

AA

234
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@r.
ARK ENGINEERING &
IECH. SERVICES, INC.

639 GRANITE STREET
sutTE 200

BRAINTREE, MA
02184 U.S.A.

GROUNDING PLAN. MLV-6

ftflE

VERMONT GAS SYSTEMS, INC.
ADOISON ÑAÎURAL GAS PROJECI

cLlÈNf

cln-
slrE

JRW
OAIE

6t18t13
slzE

B 12144-210 Â

12-E-144-AC JM
OAIE

9/30/13
t"ntt 

NTS
cAD F¡LE NME n14+21ù1-RA

N

I

I
NOTES

#2 AWG HMWPÊ
INSULATED STRANDED
COPPER CABLE (TYP)

1. INSTALL 6' LAYER OF CRUSHED ROCK
EXTENOING 4' OUTSIDE OF PERIIVIETER
FENCE AND GATE SWNG AREAS.

2. ALL PIPING LOCATIONS AND DIIVIENSIONS
ARE APPROXIIMATE. FIÉLD VERIFY BEFORE
ORDERING MATERIALS.

s-,,0
AWG BARE STRANDED
PPER CABLÊ

@

3. ALL FENCE GATES ARE TO BE
ELECTRICALLY BONDED TO FENCE POST
REFERENCE DRAWING 12144-308 FOR
DETAILS.

I
I

I

co

xo
É
Èù

õo

4. REFERENCE ORAWING 12144.305 FOR
EXOTHERI\¡IC WELDS TO COPPER CABLE
GROUND LOOP.

EXOTHERI¡IC WELD TO
PIPELINE REFERENCE DRAWING
12144-306

5.2/O BARE COPPER GROUND LOOP TO BE
INSTALLED 3' OUTSIÞE PERIMETER FENCE
A MINUIVIUM OF 18' BELOW NATURAL GRADE.

(2)#6 AWG Hl\ilwPE
INSULATEDSTRANDED
coP CABLE

SSD
#2 AWG

@

r------l ---_l

SSD & PEDESTAL

@@

L-l Tt--
o

--El-----

--1f -
I

---f

--1
t

c
È
¿.)

FENCE GATE JUMPÊR (TYP)
REFERENCE DRAWING'12144308
(sEENorE3) 

@
21',(APPROX)

t"utt 1 oF 1

c
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ISSUED FOR CONSTRUCTION. ECO 2014.025 6t27t 14 JM

rEcHNrcÁr stþvrc€s, lnc,

ARK EN6INEERING T
TECH. SERVICES INC.

639 GRANIfE SfRÊET
sutrE 200

ARAINTREÊ MA
02184 U.S.A.

&"" GROUNDING PLAN -
COLCHESTER LAUNCHER

fIILEcllENl

GFß-
slrÊ

VERMONT GAS SYSTEMS, INC.
ADDISON NATUP,qL GAS PROJECT

JRW
OAIE

6/18/13
SEE

B 12't44-211
REV

12-E-14+AC JM
OAfE
9/30/13

ta^r, 
NTS

cAoFTTENAME 
1214+2'r1-1-RA,

z NOTES:

INSTALL 6'LAYER OF CRUSHËD ROCK
EXTENDING 4' OUTSIDE OF PERIMETER FENCE
AND GATE SWING AREAS.

2, ALL PIPING LOCATIONS AND DIMENSIONS ARE
APPROXII\4ATE. FIELD VERIFY BEFORE
ORDÉRING MATERIALS.

91',(APPROX)
3. ALL FENCE GATES ARE TO BE ELECTRICALLY

BoNDED To FENcE posr. nepenÈtcE DRAWTNG
't21 44-308 FOR DETA|LS.FENCE GATE JUMPER (TYP)

REFERENCE DRAWING
12144-308 (SEE NOTE 3) 4. REFERENCE DRAWING 12144-305 FOR

EXOTHERMIC WELDS TO COPPÉR CABLE
GROUND LOOP.

U()
=-2U
ñr<Êts9z

U

5. 2/O BARE COPPER GROUND LOOP TO BE
INSTALLED 3' OUTSIDÊ PERIMETER FENCE
A MINIMUM OF 18'DEEP BELOW NATURAL
GRADÊ.

Io
E
À
Ès
io

AWG BARÊ
STRANDED COPPER
CABLE

EFERENCÊ DRAWING 121 44-305

#2 AWG Hi/I\^/PE
INSULATED STFANDED

COPPER CABLE (TYP)
FOR GROUND LOOP CONNECTIONS
(ïYP)

@1?'

SSD
& PEDESTAL

I,AUNCHTR PAD

(2) #6 AWG HMWPE INSULATED
STRANDED COPPER CABLE

EXOTHERIVIIC WELD TO
PIPELINE REFERENCE
DRAWTNG 12144-306

INSULÀIING SfT AND

cP ltst sTÀltoN

ÉtNct oI

,nrrt 1 OF 1

00733
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& ARK ENGINEERING ¡
TECH, SERVICES. INC,
639 GRANITE STREET

SUITE ?æ
BRAINTREE. M

02184 U.S_A.

GROUNDING PLAN -
MIDDLEBURY M & R

IIIL€c!tENl

GF*-
9¡TE

VERMONT GAS SYSTEI\¡S, INC.
ADDISON NATURAL GAS PROJECT

JRW 6t1At13
DATE st¿E

B 12',144-212 A
PROJECf NO,

12-E-14+AC JM
DAIE
9/30/1 3 "toLE NTS

cAo FrLÊ NAME 
n14+212-1-RA

tntt' 1 oF 1

Xo
É.o
È

i-

mz
inq!>Lmz-o

m

91',(APPROX)

GATE JUMPER (TYP) @
¡t :+--- NorES:

REFERENCE DRA\¡VING
12144-308 (SEE NOTE 3)

1. INSTALL 6' LAYER OF CRUSHED ROCK
EXTÉNDING 4' OUTSIDE OF PERIMETER FENCÊ
AND GATE SWING AREAS.-:-

-x-x- 2. ALt PIPING LOCATIONS AND DI¡¡ENSIONS ARE
APPROXIMATE. FIELD VERIFY BEFORE
ORDERING MATERIALS.

3. ALL FENCÊ GATES ARE TO BE ELECTRICALLY
BONDED TO FENCE POST. REFERENCÊ DRAWING
12144.308 FOR DETAILS-

4. REFERENCE DRAWING 12144-305 FOR
EXOTHERMIC WELDS TO COPPER CABLE
GROUND LOOP.

T- _J 5. 2/O BARE COPPER GROUND LOOP TO BE
INSTALLED 3. OUTSIDE PERIIiIETER FENCE
A MINII\¡U¡iI OF 18' DEEP BELOW NATURAL
GRADÊ.

(2) #6 AWG HMWPE INSULATED
STRANDED COPPER CABLE

WELD TO
PIPÊLINE REFERENCE
DRAWTNG 12144-306

I

Irl
o oô o

o

\Ãt-x-x

#2 ss0
& PEDESTAL \;; #2 AWG HVWPE

INSULATEO STRANDED
COPPER CABLE (TYP)

BARÉ

@@
STRANDED COPPER
CABLE

REFERENCE DRAWING .121 44.305
FOR GROUND LOOP CONNECTIONS
(wP)

2J4

DD

cc

B

A

J4 2

A

00734



234

DD

c

MIE

ISSUED FOR CONSTRUCTION - ECO 2014.025 6t27t14 JM

&r<
TECH. SERVICÊS INC.

639 GRANITE STREET
SUITÊ æ

ERAINIRÉE MA
02184 U.S.A.

GROUND LOOP SPLICE
CONNECTION DETAILS

IIT!ECL¡ENI

G}IA-
sllE
VERMONT GAS SYSTEMS, INC.
ADOISON NAIUML GAS PROJECT

JRW
OAlE

6t18t13
stzE

B
orc, N0,

12144-305
REV

A
12-Ê-1 44-A.C .tM

OATE

s/30/1 3 sqLE NTs 121&305-1-R^ ôF1

AWG

@ *znars EXOTHERI\¡IC WELD
CONNECTION

EXISTING PERIMETER FENCE

@@
EXOTHERI\¡IC
WELD (TYP)
(SEE DETAIL'B)

NOTES:

DETAIL'A'
e¡ne zo ¡wG sr-ñÃñõEõõõppeR CABLE TO

EXISTING GRADE

1. ALL EXOTHERMIC WELD CONNECTIONS ARE TO
BE SEALED WTH ROYSTON'SPLICÊ RIGHT'
SPLICE KIT, OR VERIVIONT GAS APPROVED
ALTERNATIVE.#2 AWG STRANDED COPPER CABLE

EXOTHERMIC WELO INSTALLATION 18"

2. REFERENCE DRAWNG 12144.206, -207 & -209 FOR
LOCATIONS AND QUANTITIES OF GROUND RODS.

2/0 A\¡Æ 3. IF GROUND RODS REQUIRÊ DRILLING, REFERENCE
DRAWNG 12144.309 FOR ORILLING PROCEDURE.EXOTHÉRMIC WELD

CONNECTION @
@roo*o @@ NOTES - 2/O AWG COPPER CABLE TO COPPER

GROUND ROD EXOTHERIvIIC VvELD:

,roo*o 6à
'10'

1. SEAL BOTTOI\4 OF EXOTHERMIC WELD MOLD
WITH WELD PUTÏY PRIOR TO EXOTHERMIC
WÉLD PROCESS TO PREVENT LEAKAGE.

@ 3/4" D¡A x 10'LONG 2. IF GROUND ROD END IS MUSHROOMED DURING
INSTALLATION AND CANNOT ACCEPT THÊ
EXOTHERIVIIC MOLD, THE END MAY REQUIRE
REMOVAL PRIOR TO EXOTHERMIC WELD
PROCESS-

COPPER GROUND ROD

COPPER
GROUND
ROD

@

DETAIL'B' GROUND ROD
CONNECTIONS DETAIL

SIDE VIÊW

3. GROUND RODS MUST BE CLEAN, SHINY AND
DRY TO HELP ENSURE A GOOD WÊLD.BARE 2/O AWG STRANDED COPPER CABLE TO

COPPER GROUND ROD
EXOTHERMIC WELD INSTALLATION 4, INSTALL ROYSTON SPLICE RIGHT KIT ON

2/O AWG COPPER CABLE TO GROUND ROD
EXOTIiERMIC CONNECTION.

EXOTHERI\¡IC WELD
CONNECTION

DETAIL I\¡OLD WELD l\ilETAL

TYPE CC-6 tVI-8306 (2) #45

,B' ryPE CR"2 tV2005 (2) *45

'c' TYPECC-2M-232 #90

@r,oo*o

6à,'oo*n

@@

,,oo*o (à

DETAIL'C'
BARE 2/O AWG STRANDED COPPER CABLE RUN

WTH BARE 2/O AWG STRANDED COPPER CABLE TAP
EXOTHERIVIC WELD INSTALLATION

B

4 23
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DESCR¡PIION OATE

ISSUÊD FOR CONSTRUCTION - ECO 201+025 6t27t14 JM

@r
ARK ENGINEERING I

TECH SERVICES IÑC,

639 GRANITE STREET
sulTÉ 200

ARAIÑTREE MA
02184 U.S.A.recHnrc^L 5Eivrc.B, lNc

CABLE TO PIPELINE
CONNECTION DETAILS

IIILE

OAIE

6t18113

CLIENI

G}IA-
sIE
VERMONT GAS SYSTEMS, INC.
ADDISON NATUPAL GAS PROJECT

JRW
stzE

B 1z',t44-306
RE!

JM
DATE

9/30¡ 3
**tt 

NTS
cAÞ FILE NAME 

12144-306-1-RA
t"ttt 1 oF 112-È-14+AC

EXOTHERMIC WELD INSTRUCTIONS

EXOTHERMIC WELD CONNECTIONS.
PLACE ON TOP OF PIPE A MINIMUM

OF 9'AND A IVìAXIMUM OF 18'APART.
(sEE TNSTRUCTIONS)

EXOTHERI¡IC WELD CONNECTION,
USÊ MOLD #I\¡-102 OR EQUAL,

WITH #15CP WELD METAL.1. FIRST DETERMINE IF THE PIPELINE IS SUITABLE FOR EXOTHERMIC
WELDING BY CONDUCTING fHE FOLLOWNG TESTS: (SEE I

#6 AWG
INSULATED

COPPER CABLE

A) DETERMINE THAT THE PIPELINE SYMS (SPECIFIED MINIMUM
YTELD STRENGTH) tS 8o,ooo PSt.

B) OeTERM|N€ THAÍ PtPEL|NE WALL THTCKNESS tS.y¡',(0.12s')
OR GREATER.

C) PERFORM ULTRASONIC TÉSTING TO PIPÉLINE TO OEIERMINE
THAT NO SURFACE OR INTERNAL DEFECTS EXISÍ.

REPAIR COATING AFTER ATTACHING
CABLÊS PER PROJECT COATING

SPECIFICATION

REPAIR COATING
INSTRUCTIONS) CANUSA

WRAP
TAPE

TAPE

PIPE
2. FOR EACH CABLE TO PIPELINE CONNECTION (EXOIHERMIC WELD)

REMoVE A 3'X3" MAX AREA OF PIPELINÊ COATING AT THÊ 12100

O'CLOCK POSITION ON THE PIPELINE AND BRUSH UNTIL SHINY.
ANY ADJACÉNT CABLE CONNECTIONS SHALL BE NO CLOSER THAN
9'AND NO FURTHÊR THAN 18".

PIPE COATING FILL WITH ¡¡ASTIC FILLER
F124 PRIOR TO INSTALLING
CANUSA WRAP

PIPE PIPE
COATING

3. USING A FILE, PREPARE A CROSSHATCH PATTERN IN THE AREA
WHERE THE WELD CONNECTION WLL SIT.

4. PROVIDE CABLE STRAIN RELIEF BY WRAPPING CABLE ONCE
AROUND THE PIPE AS SHOWN IN CABLE CONNECTION DETAIL.
(SEE AEOVÊ)

INSULATED
COPPER CABLE.
#6 LEAD WIRES

EXOTHERMIC WELD CONNECTION

CANUSA WRAP

5. SIRIP EACK ANY CABLE INSULATION 1'!2" AND TAPE CABLE
TO PIPE,

5. ENSURE THAT THE PIPELINÊ WELD AREA AND CABLÊ ARÊ CLEAN
AND DRY PRIOR TO WELOING.

CABLE TO PIPELINE ATTACHMENT DETAIL CANUSA WRAP

7, USE SPECIFIC WELD MOLD AND WELO MEÍAL AS INDICAÍED IN
DRAWNG MATERIAL LIST.

EXOTHERMIC WELD
CONNECTION-

{SEE DETAIL ABOVE)
#6 AWG INSULATED
COPPER CABLE

8. IF IÑDICATED. USE COPPER HEAT SLEEVE ON CABLE END TO
BE WELDEO.

,I5. WHEN WELD HAS SET, REMOVE WELD MOLC AÑD IEST CONNECTION
BY RAPPING SHARPLY WTH A SLAG IìAMMER. ¡F THERE IS ANY
INOICATION THAT A COMPLETE WELÞ HAS NOT BEEN ACHIEVED
REMOVE THE WELD AND RE.APPLY,

PIPE
COATING

9.USE OÑLY A 15 GRAM MELDING CHARGE, DO NOT EXCEED.

10. PLACE THE METAL RETAINER OISK IN THE SPÊCIFIED WELO
MOLD AND OUMP (DO NOT POUR) WELO METAL POWDER ONTO
THE OISK. MAKE SURE THAT ALL OF THE FINE STARTING POWDÊR
IS IN THE MOLO. IF ANY POWDER REMAINS IN THE CARTRIDGÉ
BOTTOM. SOUEEZE OUT INTO MOLO AND BREAK UP,

16. IF WELD IS GOOD, REMOVE ANY SLAG WITH HAMMER AND CLEAN
UAING A WRE BRUSH.

11. CLOSE MOLD Lto.

17. ONCE fHE WELD CONNECÍION AND AREq HÅVE BEEN CLEANED
REPAIR WIÍH FULL CIRCUMFERENCE CI..I.]USA WRAP
R€FER fO VERMONT GAS SPECIFICATIO',lS TO DËTÊRMINE lF
REPAIR IS ACCEPIABLE. FILL WITH MASTIC FILLER

F124 PRIOR TO INSTALLING
CANUSA WRAP

,I2. REPLACE CAP ON EMPTY [^/ELO METAL CARTRIOGE AND PLACE

EACK INTO CARTRIDGE PACK 8OX UPSIDE DOWN ÏO KEÊP TI.IE

REMAINING CARfRIDGES UPRIGHT.

CORROSION PROTECTION SEAL
13. LAY THE CABLE END ON THE CROSSHATCHED PIPE SURFACE USING

A SPRING LOADED CHAIN CLAMP TO HOLD CRUCIBLE TIGHT TO
PIPELINE.

14. USING EYE AND HAND PROTECTION. SfAND ON THE OPPOSITE SIDE

OF THE CRUCIELE FROM THÊ IOUCH HOLE AND IGNITE POWDER

wrH SPARK FRoM FLINr GUN. !ô!f!9!:89!lpEil!!!!l!ô9!.
T¡,/IIEN IGNITED
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ARK ENGINÊÉRING &

TECH, SERVICES, INC,
639 GRANITE STREET

SUITE M
BRAINTREE, M

02184 U.S.A.

SOLID STATE DECOUPLER (SSD)
INSTALLATION DETAILS

IIILECLIENI

CFIA-
stfÊ

VERMONT GAS SYSTEI\,4S, INC.
ADDISON NATURAL GAS PROJECf

JRW 6t18t13
stzE

B
orc, No,

12144-307
REV

A

12-Ê-144-AC JIU
DAIE

9t30/13
4"o,, 

NIS
cAD F.LE NAME 

Ê144-go7-1-RA
tt"t 1 oF 1

@
@ LOCK

@
#2 AWG HMWPE
STRANDED
COPPER CABLE

5/16'SÏAINLESS
STEEL BOLT (TYP)

EXOTHERMIC WELD
#2 AWG TO 2yO BARE COPPER

GROUND LOOP REFERENCÉ
DRAWTNG 12144-305

(2)#6 AWG
HI\¡WPE STRANDÊD
COPPER CABLÊS @

3/8" LUG

3/8' LUG FOR #6 AWG
(TYP OF 2)

FOR #2 AWG

@
2/O BARE
COPPER

oRAWNG 12144-306

5¡6'STAINLESS STEEL
WASHER (TYP)

GROUND LOOP @
2/O BARE
COPPER

FOR TYPICAL CABLE TO
PIPELINE EXOTHERMIC
\¡/ELD CONNECTTON #2 AWG CABLEGROUND LOOP

TO 2/O BARE COPPER
GROUND LOOP

5/16'STAINLESS
STEEL NUT (TYP)

(2) #6 AWG CABLES
FROM PIPELINE

PIPELI DETAIL A DETAIL B
SIDE VIEWFRONT VIEW CABLE TO SSD TERMINAL

SSD INSÏALLATION DETAILS CONNECTION DETAIL

NOTES;

1. SSD IS TO BE IVIOUNTED INSIDE THE FIBERGLASS
PEDESTAL. ALL COPPER CABLES ARE TO PASS THROUGH
BOTTOM OF PEDESTAL.

2. INSTALL PEDESTAL AS CLOSE AS POSSIBLE TO PIPING
CONNEClIONS TO REDUCE LEAD LENGTHS.

3. LOCATE SSD & PEDESTAL IN A SERVICEABLE LOCATION.
COORDINATEWTH VERMONTGAS PERSONNEL.

234
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IECH. SERVICES INC.&- SUITE M
BRAIÑTREE MA

02144 U.S.A.

FENCE AND GATE CLAMP
CONNECTION DETAILS

IIfLECL¡ENI

Glh-
sllE
VERMONT GAS SYSTEMS, INC.
ADDISON NATURAL GAS PROJECÎ

JRW 6t18t13
DATE stzE

B 12144-308
Drc- NO,

A
'12-E-14+AC JM 9/30¡3

,.0" 
NTS

cao FILE NAM€ 
1214¿r-3o8¡-RA

snttt 1 oF 1

GATE
FENCE FENCE FENCE

FENCE CLAMP
OR PIN BRAZE
TERMINAL

FINISHED GRAOE FINISHED GRADE

@ FENCE CLAMP
OR PIN BRAZE
TERMINAL

I #2 AWG TO
2/O AWG COPPÉR
CABLE

@ @ #2 AV\¡3 TO t_J
#2 A\A/G JUMPER
TO FENCÉ GATE

2/0 A\ ¡3 COPPER
CABLE

FENCE CLAMP
OR PIN BRAZE
TÊRMINAL

DETAIL'A'
FENCE TO GROUND LOOP

DETAIL'B'
FENCE AND GATE TO GROUND LOOP

J 4

B

AA

234
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REV OESRIPIþN OATE
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&" TECH. SERVTCÊS tNC_

639 GRANIÎÊ SIRÊÊf
SUITE M

ERAINÍREE, MA
02184 U.S.A.

GROUND ROD INSTALLATION DETAILS
DRILL PROCEDURE

IITLECLIENf

GfrIA-
sIE
VERMONT GAS SYSTEMS, INC,
ADDISON NATURAL GAS PROJECT

JRW 6t18t'13
stzE

B
Drc. NO.

12144-309
REV

12-E-14+AC JM
Mt€
9/30/13 NTS

NAMÉ 
1214lr309-1-RA ""t"t 1 oF 1

EXISTING PERIMETER FENCE EXOTHERMIC
WELD (TYP)

SEE DETAIL'B'
REFERENCE DRAWING
12144-305

NOTES. GROUND ROD:

EXISTING GRADE 1, IF GROUND RODS ARE POINTED AT ONE END AND MISSHAPEN,
CUT OFF 1/2" OF GROUND ROD, FILE SMOOTH TO PREVENT
CRACKING.

18',

2/O AWG
cnouruo looe ( 3)

2. DRILL HOLE NOT BE MORE THAN 11.5'DEEP TO PREVENT
GROUND ROD FROI\¡ SINKING AND STRAINING CONNECTION
TO GROUND LOOP.

ÁÀ 3/4'DtA x 10'LoNG
K9 coppen cnouND RoD

3, IF HOLE IS DRY, BACK FILL WITH DRY CONDUCRETE. TWO (2) 55 LB,
BAGS OF DM.1OO REOUIRED PER HOLE.

10'-0'
4. IF HOLE IS WET, CONDUCRETÊ MUST BE PUMPED INTO HOLE

WTH TREMIE PIPE. CONDUCRETE IS TO BE MIXED AT A RATIO
4.2 GALLONS PER 55 LB. BAG OF CONDUCRETE. TWO (2) ss LB.
BAGS OF DM-1OO REQUIRED PER HOLE.

(íì coruoucnere

5. CONDUCRETE OUANTITY TO BE DETERI/IINED BASED ON NUMBER
OF HOLES REQUIRING DRILLING.

lo'"o..1
' DIA

ALTERNATE GROUND ROD INSTALLATION -
DRILL PROCEDURE

SIDE VIEW
BARE 2/O A\A/3 STRANDED COPPÊR GROUND LOOP &

,IO'COPPER GROUND ROD CONNECTIONS
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TECH. SERVICES, INC.

639 GRANITE STREET
su[E m

ARAINTREE MA
02184 U.S.A.

&"" MATERIALS LIST

IIfLECLIENI

GFß-
sFE

VERMONT GAS SYSTEI\4S, INC.
ADDISON NATURAL GAS PROJECT

ORAM BY

JRW
OAlE
6t1At13

stzE

B
orc. No_

12144401
R€V

B

12-E-144-AC JM 9/30/l 3 t"0., 
NTS

cAoF,LEñAME 12'r4+4o1-'r-R}

ITEM
WLLISTON

M&R MLV-2 MLV.3 MLV4
MLV-5/

PLANK RD.
M&R

MLV€ COLCHESTER
LAUNCHER

MIDDLEBURY
M&R

TOTAL DESCRIPTION

1 50' 50' 50' 50' 150', 50' 50' 50' 500'
#6 AWG HMWPE INSULATED STRANDED COPPER CABLE. SOFT-DRA\^JN,
COMMERCIALLY PURE COPPER, ASTM 88, CLASS B STD.

2 t5 4 4 4 14 4 10 12 65
FENCE CLAMP. LINE POST TO #2 AWG STRANDED CABLE. CONTRACTOR TO
COORDINATE WTH FENCE CONTRACTOR ON POST SIZE. (TYPICALLY 2 1/2"
DIAMÊTER.)

3 6 1 1 1 5 4 24
FENCE CLAMP, DRIVÉ GATE POST TO #2 AWG STRANDED CABLE, CONTRACTOR TO
COORDINATE WTH FENCE CONTRACTOR ON POST SIZE. (TYPICALLY 4" DIAMETER.)

4 6 1 1 1 5 1 4 24
FENCE CLAMP, GATE SUPPORT POST TO #2 AWG CABLE JUMPER. CONTRACTOR TO
COORDINATE WTH FENCE CONTRACTOR ON POST SIZE. (TYPICALLY 2" DIAMETER.)

5 1
,| ,|

1 1 1 1

EXOTHERMIC WELD MOLD, THERMOWELD P/N TYPE CS.32, M.102 (OR EQUAL).
HANDLE CLAMP AND FLINT IGNITOR ARE INCLUDED. USED FOR EXOTHERMIC WELD
CONNÊCTION OF #6 AWG STRANDED COPPER CABLÊ TO PIPELINE. USE 1 sCP WELD
METAL.

6 1 BOX 1 BOX 1 BOX ,1 BOX 1 BOX 1 BOX 1 BOX 1 BOX
I

BOXES
EXOTHERMIC WELD METAL, THERMOWÊLD P/N .1sCP (OR EAUAL). BONDS #€ AWG
STRANDED COPPER CABLE TO PIPELINE. 20 SHOTS PER BOX.

7 A,/R A,/R A,/R A,/R A,/R AJR A,/R AJR 1 ROLL
PIPELINÊ COATING REPAIR: COVER EXOTHERMIC WELD WITH F124 MASTIC FILLER
PRIOR TO WRAPPING PIPE WITH CANUSA WRAP P/N CPS K6O OR APPROVED EOUAL
USEO FOR REPAIRING PIPE COATING AT #6 AWG CONNECTIONS TO PIPE.

I 15 6 6 6 40 6 12 13 108
ROYSTON SPLICERIGHT KIT (OR APPROVED EQUAL), INSULATION KIT FOR
EXOTHERMIC WELD SPLICE CONNECTIONS.

I 2 2 2 2 6 2 2 2 20
BURNDY YAZ6C-TC38 COMPRESSION LUG, THESE LUGS WLL CONNECT THE #6
AWG COPPER CABLE TO THE SOLID STATE DECOUPLING ÞEVICES. TWO LUGS PER
ssD.

10 1 1 1 10
BURNDY YAZ2C-TC38 COMPRESSION LUG. THESE LUGS WILL CONNECT THE #2
AWG COPPER CABLE TO THE SOLID STATE OECOUPLING DEVICES. ONE OR TWO
LUGS PER SSD.

tt I I 1 'l I
EXOTHERMIC WELD MOLD, THERMOWELD TYPE CC€, MOLD# M€306 (OR EQUAL).
HANDLE CLAMP AND FLINT IGNITOR ARE INCLUDÊD. USED FOR EXOTHERMIC WELD
CONNECTION OF 2JO AWG COPPER GROUND LOOP TO #2 AWG STRANDED COPPER
CABLÊ. USE TWO (2) #45 SHOTS

12 2 BOXES I BOX 1 BOX 1 BOX 4 BOXES 1 BOX 2 BOXES 2 BOXES
15

BOXES

EXOTHERMIC WELD METAL, THERMOWELD P/N 45 (OR EQUAL). BONDS 2/O AWG
COPPER GROUND LOOP TO #2 AWG STRANDED COPPER CABLE OR TO GROUND
RODS. 20 SHOTS PER BOX.

31s', 90' 90' 90' 475' 90' 300' 1.795',
2/O AWG BARE STRANDED COPPER CABLE. THE CABLE WILL BE BURIÊO IN A LOOP
AROUND THE BOUNDARY FENCE.

NOTE:

ARK ENGINEERING CAN PROVIDE ALL MATERIALS LISTED ABOVE
AND INSTALLATION SERVICES, PLEASE CALL,I-800.469.3436 FOR A
MATERIAL OR ¡NSTALLATION QUOTATION.

t"ttt i oF z
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B REVISED PER ECO 2015-OI7 4t3/15 RFA

stzE

B 12144401
Ril

Bry t"ott 
NTS

cAoFTLENAME 
12144-4D'i-2-RB

ITEM
WILLISTON

M&R
MLV.2 MLV.3 MLV.4

MLV.s/
PLANK RD.

M&R
MLV6 COLCHESTER

LAUNCHER
MIDDLEBURY

M&R
TOTAL DESCRIPTION

14 155' 45' 4s', 45' 175'. 45'. 100' 125' 735',

COPPER CABLE, #2 AWG HMWPE INSULATED, STRANDED, SOFT.DRAWN,
COMMERCIATLY PURE COPPER, ASTM 88. CLASS B STD. USED FOR CONNECTIONS
TO GROUND LOOP AND FENCE GATE JUMPERS.

1 1 1 1 1 10

SSD (SOLID STATE DECOUPLER), SYMETRICAL BLOCKING VOLTAGE, 2KA FAULT
CURRENT RATING (30 CYCLES) AT 50/60HZ, lOOKA LIGHTNING SURGE CURRENT
RATING (4 X 1O WAVEFORM). DAIRYLAND ELECTRICAL INDUSTRIÊS, P/N
ssD-2/2-2.0-1 00.

16 1 1 3 1 1 I 10
SSO PEDESTAL. FIBERGLASS CASÊ: 6" X 6" X 42" HlcH, WTH STAINLESS STEEL
BACK-PLATES FOR MOUNTING THE SOLID STATE DECOUPLING DEVICE. DAIRYLAND
ELECTRICAL INDUSTRIES, P/N PEDESTAL .42".

17 1 2
EXOTHERMIC WELD MOLD. THERMOWELD TYPE CC.2, MOLD# M.232 (OR EOUAL).
USED FOR 2/O AWG STRANDED COPPER CABLE TO 2/O AWG STRANDED COPPER
CABLÊ'T SPLICE.

18 1 BOX
2

BOXES

EXOTHERMIC WELD METAL, THERMOWELD P/N 90 (OR EQUAL). BONDS ?JO AWG 2iO
AWG STRANDEO COPPER CABLE TO 2/OAWG STRANDED COPPER CABLE. 1O SHOTS
PER BOX.

19 1 3
EXOTHERMIC WELD MOLD, THERMOWELD TYPE CR-2, MOLD# M.2OO5 (OR EQUAL).
USEO FOR 2/O AWG STRANDED COPPER CABLE TO 3/4'' DIAMETER COPPER GROUND
ROD. USE TWO (2) #45 SHOTS.

20 4 20 28
COPPER GROUND RODS - 3/4" DIAMETER x 10' LONG P/N 7510 (GALVIN INDUSTRIES).
ONE ROD WLL BE ATTACHED AND ORIVEN AT THE LOCATION SPECIFIED, THEY W|LL
EACH BE ATTACHED TO THE GROUND LOOP CABLE.

21 TBD TBD TBD
DMlOOCONDUCRETE-55 POUND BAGS. FOUR(4) BAGS PER DRILLED HOLE. TOTAL
QUANTITY TO BE DETERMINED BASED ON NUMBER OF GROUND RODS REQUIRING
DRILLING

""EËt 2 oF 2



 1 

                      STATE OF VERMONT 1 

                 PUBLIC UTILITY COMMISSION 

  -------------------------------- 2 

  Investigation Pursuant to 30   ) 

  V.S.A. §§ 30 and 209 regarding ) 3 

  the alleged failure of Vermont ) 

  Gas Systems, Inc., to comply   ) 4 

  with the certificate of public ) Docket No. 17-3550-INV 

  good in docket 7970 by burying ) 5 

  the pipeline at less than      ) 

  required depth in New Haven,   ) 6 

  Vermont                        ) 

  -------------------------------- 7 

   8 

   9 

                    30(b)(6) DEPOSITION 10 

                           - of - 

                    MICHELS CORPORATION, 11 

          BY AND THROUGH ITS CORPORATE DESIGNEE, 

                        CARL BUBOLZ 12 

   13 

   14 

       taken on behalf of the Intervenors on Tuesday, 15 

       December 19, 2017, at the offices of Vermont 

       Department of Public Service, 112 State Street, 16 

       Montpelier, Vermont, commencing at 10:04 AM. 

   17 

   18 

   19 

   20 

       COURT REPORTER:  JOHANNA MASSÉ, RMR, CRR 21 

   22 

   23 

   24 

  25 
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 2 

  APPEARANCES: 1 

  ON BEHALF OF THE INTERVENORS: 2 

       JAMES A. DUMONT, ESQUIRE 

       Law Office of James A. Dumont, P.C. 3 

       15 Main Street, P. O. Box 229 

       Bristol, Vermont 05443 4 

       (802) 453-7011 | jim@dumontlawvt.com 

   5 

  ON BEHALF OF VERMONT GAS SYSTEMS, INC.: 

       DEBRA L. BOUFFARD, ESQUIRE 6 

       Sheehey, Furlong & Behm, P.C. 

       30 Main Street, P. O. Box 66 7 

       Gateway Square 

       Burlington, Vermont 05402-0066 8 

       (802) 864-9891 | dbouffard@sheeheyvt.com 

   9 

  ON BEHALF OF VERMONT DEPARTMENT OF PUBLIC SERVICE: 

       JACOB CLARK, ESQUIRE 10 

       Vermont Department of Public Service 

       112 State Street, 2nd Floor 11 

       Montpelier, Vermont 05620-2601 

       (802) 828-3785 | jake.clark@vermont.gov 12 

   

  ON BEHALF OF THE WITNESS (VIA TELEPHONE): 13 

       ANDREW SIMON, ESQUIRE 14 

       Michels Corporation 15 

       817 Main Street, P. O. Box 128 

       Brownsville, Wisconsin 53006 16 

       (920) 583-1461 | asimon@michels.us 

   17 

  ALSO PRESENT:   

       LISA BARRETT 18 

       JANE PALMER 

       RACHEL SMOLKER 19 

       JOHN ST. HILAIRE 

   20 

   21 

   22 

   23 

   24 

  25 
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 3 

                         I N D E X 1 

   2 

  MICHELS CORPORATION, 3 

  BY AND THROUGH ITS CORPORATE DESIGNEE, 

  CARL BUBOLZ                                         PAGE 4 

     EXAMINATION BY MR. DUMONT                          5 

   5 

   6 

                      E X H I B I T S 7 

   8 

  NUMBER    DESCRIPTION                               PAGE 9 

     1      Subpoena                                   10 

   10 

     2      Michels Document Production, Michels       24 

            0003-0032 11 

   

            (The original exhibits were included 12 

            with the original transcript.) 

   13 

   14 

   15 

   16 

   17 

   18 

   19 

   20 

   21 

   22 

   23 

   24 

  25 
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 4 

                 TUESDAY, DECEMBER 19, 2017 1 

                          10:04 AM 2 

  ------------------------------------------------------- 3 

           (Deposition Exhibit No. 1 was marked 4 

           for identification prior to the 5 

           commencement of the proceedings.) 6 

           MR. DUMONT:  Why don't we go around and say 7 

  who's in the room.  At this end, myself, James Dumont, 8 

  present for intervenors in Docket No. 17-3550-INV. 9 

  With me are Lisa Barrett, Jane Palmer, and Rachel 10 

  Smolker. 11 

           And we'll turn to you next, Mr. Clark. 12 

           MR. CLARK:  This is Jacob Clark on behalf of 13 

  the Department of Public Service. 14 

           MS. BOUFFARD:  I'm Debra Bouffard for Vermont 15 

  Gas Systems, Incorporated, and here with me today is 16 

  John St. Hilaire. 17 

           MR. DUMONT:  And our court reporter is Johanna 18 

  Massé, M-A-S-S-E. 19 

           So who do you have in the room at that end? 20 

           MR. SIMON:  This is Andrew Simon, corporate 21 

  counsel for Michels Corporation. 22 

           And, Carl, do you want to introduce yourself? 23 

           THE WITNESS:  Carl Bubolz. 24 

           MR. DUMONT:  And do we have a notary present?25 
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 5 

           MR. SIMON:  Yes.  I'm a notary. 1 

           MR. DUMONT:  Okay.  Is there anybody else 2 

  present in the room? 3 

           MR. SIMON:  No, sir. 4 

           MR. DUMONT:  Okay. 5 

           MR. SIMON:  If anyone steps in, of course I'll 6 

  announce it, but right now no one's here.  We expect 7 

  perhaps Matt Westphal, one of our vice presidents, may 8 

  or may not stop. 9 

           MR. DUMONT:  So why don't we start by spelling 10 

  Mr. Bubolz's last name and placing him under oath. 11 

                    MICHELS CORPORATION, 12 

           by and through its corporate designee, 13 

                        CARL BUBOLZ, 14 

    appearing via telephone and having been first duly 15 

      sworn by Attorney Simon, testified as follows: 16 

           MR. SIMON:  Spell your last name. 17 

           THE WITNESS:  My last name is B-u-b-o-l-z. 18 

                        EXAMINATION 19 

  BY MR. DUMONT: 20 

      Q.   And how do you pronounce your last name? 21 

      A.   "Boo-boles." 22 

      Q.   Okay.  Thank you.  What's your position within 23 

  the Michels Corporation? 24 

      A.   I am a superintendent.25 
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      Q.   What are your duties?  What are your duties? 1 

      A.   Generally over -- over the project. 2 

      Q.   I'm sorry.  Could you speak a little slower? 3 

  Could you repeat that? 4 

      A.   My duties would be the overall -- over the 5 

  project I'm assigned to. 6 

      Q.   And how long have you been a superintendent at 7 

  the Michels Corporation? 8 

      A.   I believe 11 years. 9 

      Q.   Have you ever been in a deposition before? 10 

      A.   Yes. 11 

      Q.   How many times? 12 

      A.   One. 13 

      Q.   And what was that about? 14 

      A.   It was an incident with a crane. 15 

      Q.   What do you mean, "an incident with a crane"? 16 

      A.   We -- there was an incident with a crane 17 

  that -- that tipped on our project in 2007. 18 

      Q.   So why was your deposition taken? 19 

      A.   Because I was a superintendent on that 20 

  project. 21 

      Q.   And was there a workers' comp claim or a 22 

  personal injury claim or some other claim? 23 

      A.   It was a -- there was no injury.  It was more 24 

  of an other claim.25 
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      Q.   Who made the claim? 1 

      A.   The crane company. 2 

      Q.   And who were you testifying on behalf of? 3 

      A.   Michels. 4 

      Q.   And had someone -- had Michels brought suit or 5 

  had Michels been sued? 6 

      A.   I believe -- I don't know.  What does "brought 7 

  suit" mean? 8 

      Q.   So you're asking Mr. Simon a question.  So 9 

  that causes me to let you know that under the rules of 10 

  our depositions you are the only person under oath, Mr. 11 

  Bubolz.  It's not appropriate for you to communicate in 12 

  answering a question with anyone present in the room. 13 

  I'm here -- 14 

      A.   Understood. 15 

           MR. SIMON:  I think he was asking you a 16 

  question. 17 

      A.   I was.  What does -- what does "brought suit" 18 

  mean? 19 

      Q.   Your question is what does "brought suit" 20 

  mean? 21 

      A.   Yes. 22 

      Q.   Had Michels filed a lawsuit or had Michels had 23 

  a lawsuit filed against it? 24 

      A.   I believe they had a lawsuit against them.25 
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      Q.   Michels had a lawsuit against Michels? 1 

      A.   No.  The crane company had a lawsuit against 2 

  Michels. 3 

      Q.   Okay.  And that's -- you were a witness in the 4 

  lawsuit between the crane company and Michels? 5 

      A.   Yes. 6 

      Q.   All right.  Are you presently the sup- -- 7 

  supervisor or superintendent -- is your title 8 

  supervisor or superintendent? 9 

      A.   Superintendent. 10 

      Q.   Are you presently the superintendent of any 11 

  project? 12 

      A.   We are just finishing up a project, but every 13 

  project I go on, I'm superintendent. 14 

      Q.   What's the project you're superintendent of 15 

  now? 16 

      A.   We're working on a project for Enbridge. 17 

      Q.   Where? 18 

      A.   Superior, Wisconsin. 19 

      Q.   How long have you been a superintendent for 20 

  the Michels Corporation? 21 

      A.   Eleven years. 22 

      Q.   Okay.  You were superintendent the entire 23 

  time? 24 

      A.   In the beginning I believe my title would have25 

00749
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 9 

  been assistant superintendent on and off depending on 1 

  the workload. 2 

      Q.   So have you been with the Michels Corporation 3 

  more than 11 years? 4 

      A.   Yes. 5 

      Q.   So before 11 years ago, what was your 6 

  function?  What was your title? 7 

      A.   I've had several titles.  When I started, I 8 

  was a laborer. 9 

      Q.   And then what? 10 

      A.   Then I was an equipment operator.  Then I was 11 

  a foreman. 12 

      Q.   What year did you start work for Michels? 13 

      A.   1996. 14 

      Q.   What was your employment before that? 15 

      A.   I started right out of high school. 16 

      Q.   Where did you go to high school? 17 

      A.   Horace Mann High School. 18 

      Q.   Where is that? 19 

      A.   North Fond du Lac. 20 

      Q.   Can you spell that?  Can you spell that town, 21 

  please? 22 

      A.   North Fond du Lac? 23 

      Q.   Yes. 24 

      A.   N-o-r-t-h F-o-n-d d-u L-a-c.25 
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      Q.   Is that in Wisconsin? 1 

      A.   Yes. 2 

      Q.   Thank you.  Do you have any education beyond 3 

  high school? 4 

      A.   I started with Michels right out of high 5 

  school.  I did not take any further education. 6 

      Q.   Thank you.  Have you looked at the subpoena 7 

  that was served in this case? 8 

      A.   Yes. 9 

      Q.   Do you have a copy with you? 10 

      A.   Yes. 11 

      Q.   I'm treating the subpoena as Exhibit 1. 12 

           (Deposition Exhibit No. 1 was 13 

           marked for identification.) 14 

  BY MR. DUMONT: 15 

      Q.   The first part of the subpoena commands the 16 

  presence of designated representative knowledgeable 17 

  about (a) The identity and current telephone numbers, 18 

  work addresses, and home addresses of each person who 19 

  was present in or on September 19th, 2016, or September 20 

  20, 2016, on behalf of Michels Corporation as an 21 

  employee, officer, agent, or contractee to install, 22 

  construct, bury, supervise, or inspect the Vermont Gas 23 

  Systems pipeline -- gas pipeline in the wetland or 24 

  swamp area, or the wetland buffer area, in New Haven,25 
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  Vermont, nearby to the Monkton town line. 1 

           Does Michels keep records indicating -- 2 

  including the home addresses of its employees? 3 

      A.   I would be certain they did. 4 

      Q.   Okay.  Has that been provided to us? 5 

      A.   Yes. 6 

      Q.   In fact, I will represent -- have you seen the 7 

  documents that were provided to us Bates stamped 1 8 

  through 32? 9 

           MR. SIMON:  We have the documents printed. 10 

  They're in front of the witness. 11 

      Q.   For numerous employees on pages 1, 2, and 22, 12 

  have the home addresses been withheld? 13 

      A.   I see the last known addresses are listed. 14 

      Q.   Is your last known address "Please contact" -- 15 

  care of Mary Chevalier, 27554 390th Street? 16 

      A.   No.  That -- that says "Please contact through 17 

  Michels." 18 

      Q.   Is your home address 817 West Main Street, 19 

  Brownsville? 20 

      A.   No. 21 

      Q.   The next person listed is Jolene Bubolz. 22 

  What's her relation to you? 23 

      A.   Jolene is my wife. 24 

      Q.   Is her -- is her home address or -- last known25 
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  address or home address present on the discovery -- on 1 

  the subpoena response? 2 

      A.   The Michels last known address is on here, 3 

  yes. 4 

      Q.   Is that care of Mary Chevalier, 27554 390th 5 

  Street? 6 

      A.   Yes.  That's what's listed on the page. 7 

      Q.   Is that in fact her -- her home address, or is 8 

  that a Michels address? 9 

      A.   That was the last known Michels address.  That 10 

  is not her home address. 11 

      Q.   So that's an address for -- Mary Chevalier 12 

  works for Michels, correct? 13 

      A.   No. 14 

      Q.   Who is Mary Chevalier? 15 

      A.   That would be my mother-in-law.  That is where 16 

  Jolene was having her mail sent. 17 

      Q.   Okay.  Do you know who was actually present at 18 

  the site that's the subject of the subpoena on the 19th 19 

  and the 20th of September? 20 

      A.   I do from the time sheets listed. 21 

      Q.   Other than the time sheets, is there any way 22 

  to ascertain that? 23 

      A.   No. 24 

      Q.   Paragraph 1(b) of the subpoena states, "The25 
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  depth of the trench in which the Vermont Gas Systems 1 

  pipeline was buried in the wetland or swamp area, or 2 

  the wetland buffer area, of New Haven, Vermont, nearby 3 

  to the Monkton town line."  That's paragraph 1(b). 4 

           And paragraph 2 commands production of each of 5 

  the documents listed in paragraph 1 or which contain 6 

  evidence of the matters set forth in paragraphs 1(a) 7 

  through 1(j). 8 

           So what documents in 2016 -- in September of 9 

  2016 did the Michels Corporation possess or did the 10 

  Michels Corporation or its employees create with regard 11 

  to the depth of the trench in which the pipeline was 12 

  buried? 13 

      A.   We would have not created any documents in 14 

  regards to the depth of the trench. 15 

      Q.   Would you have possessed -- you or your 16 

  employees possessed any documents as to the depth of 17 

  the trench? 18 

      A.   Well, the time sheets have some notes about 19 

  depth, and that is all. 20 

      Q.   Were you present on the work site in New Haven 21 

  on September 19th or 20th, 2016? 22 

      A.   I visited the site frequently, but I -- I 23 

  could not tell you the exact dates. 24 

      Q.   Do you possess records or does the company25 
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  possess records that would tell us the exact date you 1 

  were present? 2 

      A.   No. 3 

      Q.   Does the company possess records which tell us 4 

  roughly the date you were present? 5 

      A.   No. 6 

      Q.   Does -- does -- 7 

      A.   I was on -- I was on-site all the time, but 8 

  there were many crews working that I was tending to. 9 

      Q.   How do you define "site" when you say you were 10 

  on-site all of the time? 11 

      A.   The project as a whole. 12 

      Q.   All 41 miles? 13 

      A.   Correct. 14 

      Q.   Are there any documents that would show you 15 

  were ever at the New Haven wetlands site? 16 

      A.   I don't think so. 17 

      Q.   What's your best recollection of the dates or 18 

  date you were present at the New Haven site? 19 

      A.   The recollection of the dates? 20 

      Q.   Yes. 21 

      A.   I could not tell you the exact dates I was 22 

  present. 23 

      Q.   Were you there in 2014? 24 

      A.   Are you saying the year 2014?25 
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      Q.   Yes. 1 

      A.   No. 2 

      Q.   Were you present in the year 2015? 3 

      A.   No. 4 

      Q.   Were you present in the year 2016? 5 

      A.   Yes. 6 

      Q.   Do you recall what month you were there? 7 

      A.   Are you referring to only the New Haven site 8 

  that we're talking about or the project as a whole? 9 

      Q.   The New Haven site. 10 

      A.   We were working at that site in September. 11 

      Q.   Do you have any recollection what month you 12 

  were present at the New Haven site in 2016? 13 

      A.   I was definitely there in September. 14 

      Q.   Would you have been there in October? 15 

      A.   I don't recall. 16 

      Q.   How many times were you present at the New 17 

  Haven site where there was a wetland near the Monkton 18 

  town line? 19 

      A.   Many. 20 

      Q.   And why were you there many times? 21 

      A.   Because I was overseeing the project. 22 

      Q.   What was it that you were overseeing at this 23 

  particular site? 24 

      A.   The work being performed.25 
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      Q.   What aspect of the work? 1 

      A.   All of it. 2 

      Q.   So you told me a few minutes ago that the 3 

  company possesses no records as to the depth of the 4 

  trench in which the pipeline was buried.  Was it part 5 

  of your duties to oversee the depth of the trench in 6 

  which the pipeline was buried? 7 

      A.   Yes. 8 

      Q.   How could you oversee that without creating 9 

  any records? 10 

      A.   It wasn't our responsibility to create records 11 

  for the depth. 12 

      Q.   Whose -- whose was it? 13 

      A.   There was an on-site survey crew. 14 

      Q.   Who was that? 15 

      A.   I don't recall their name. 16 

      Q.   Was that true for the entire 41-mile length of 17 

  the pipeline construction? 18 

      A.   Yes. 19 

      Q.   Do you recall the name of any person, 20 

  corporation, or entity that in your opinion had the 21 

  responsibility to determine the depth of the trench 22 

  along the entire pipeline? 23 

      A.   I do not recall any of the names of the 24 

  surveyor or their -- or the name of the company.25 
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      Q.   Okay.  You said you did not -- the company did 1 

  not possess any records, if I heard you correctly.  So 2 

  if I understand what you're saying, you're saying 3 

  another company had the responsibility to determine the 4 

  depth of the trench, number one; number two, you were 5 

  overseeing the depth of the trench, but you never saw 6 

  the records that the surveyors created?  Is that what 7 

  you're saying? 8 

      A.   Yes. 9 

      Q.   So how could you oversee the depth of the 10 

  trench if you didn't see the records that were being 11 

  created by the surveyors whose job it was to determine 12 

  the depth of the trench? 13 

      A.   We didn't have to see the records to know that 14 

  we had our coverage there because the surveyor was 15 

  on-site and he would tell us that it was either good or 16 

  not good. 17 

      Q.   Was this true along the entire length of the 18 

  pipeline that the Michels Corporation obtained no 19 

  documentation of the depth of the trench? 20 

           MR. SIMON:  Hold on.  Object.  That's beyond 21 

  the scope of the subpoena.  I'd encourage you to look 22 

  back at the subpoena.  We've already agreed to limit 23 

  the scope of the questioning today to the specific area 24 

  nearby the Monkton town line.  We've been flexible in25 
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  allowing some broader questions, but on this one we're 1 

  looking just at that area and encourage you to answer 2 

  with regard to that area. 3 

           MR. DUMONT:  Attorney Simon, you've chosen not 4 

  to retain Vermont counsel.  That's your choice. 5 

  Michels Corporation is not an indigent litigant who 6 

  doesn't have the ability to hire in-state counsel.  For 7 

  whatever reason you've chosen not to.  You are not 8 

  counsel of record for Michels in this proceeding. 9 

           Are you instructing the witness not to answer 10 

  the question? 11 

           MR. SIMON:  I'm instructing you to follow the 12 

  scope of the subpoena. 13 

           MR. DUMONT:  I've asked the question.  The 14 

  witness is under oath.  I want an answer. 15 

           MR. SIMON:  Can you repeat the question? 16 

           MR. DUMONT:  Sure.  I'm going to ask Ms. Massé 17 

  to read it back. 18 

           (The record was read as follows:  "Was 19 

      this true along the entire length of the 20 

      pipeline that the Michels Corporation obtained 21 

      no documentation of the depth of the trench?") 22 

  BY MR. DUMONT: 23 

      Q.   Please answer that. 24 

      A.   I've only been looking at records for the --25 
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  for the swamp area. 1 

      Q.   Is it your testimony you do not know whether 2 

  the Michels Corporation obtained records of the depth 3 

  of the trench along the entire length of the pipeline? 4 

           MS. BOUFFARD:  Objection. 5 

           MR. DUMONT:  Your objection's noted. 6 

      Q.   Please answer. 7 

      A.   That's correct. 8 

      Q.   Who would know that? 9 

      A.   There's none that I am aware of. 10 

      Q.   Were you the superintendent -- were you the 11 

  superintendent for the entire 41-mile-long project? 12 

      A.   Yes. 13 

      Q.   And there are none you're aware of? 14 

      A.   That is correct. 15 

      Q.   Paragraph 1(c) and 2 called for documents 16 

  evidencing "The presence or absence of backfill or 17 

  padding under the pipeline in the wetland or swamp 18 

  area, or the wetland buffer area, of New Haven, 19 

  Vermont, nearby to the Monkton town line." 20 

           So was the presence or absence of backfill 21 

  within the scope of your duties as the superintendent? 22 

      A.   Yes. 23 

      Q.   Are there any records that were created at 24 

  that time governing or pertaining to the presence or25 
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  absence of backfill or padding under the pipeline? 1 

           MS. BOUFFARD:  I'm going to object to the form 2 

  of the question just to make sure it's -- we're clear 3 

  here what you mean by "at that time." 4 

           MR. DUMONT:  In September of 2016. 5 

           MR. SIMON:  Do you need the question repeated? 6 

           THE WITNESS:  Yes. 7 

      A.   Please repeat the question. 8 

      Q.   Are there any records that were created in 9 

  September of 2016 pertaining to the presence or absence 10 

  of backfill or padding under the pipeline in the 11 

  wetland or swamp area, or the wetland buffer area, of 12 

  New Haven, Vermont, nearby to the Monkton town line? 13 

      A.   No. 14 

      Q.   You've been in this business a long time. 15 

  When you hear the word "backfill," what does that mean 16 

  to you? 17 

      A.   Material that was excavated that will return 18 

  to the trench. 19 

      Q.   And what does "padding" mean to you? 20 

      A.   Padding would be material free of rocks. 21 

      Q.   Free of -- I think I heard what you said, but 22 

  if you could repeat that, please. 23 

      A.   I said rocks. 24 

      Q.   Okay.  Free of rocks.  Okay.  I thought that's25 
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  what you said, but I want to make sure we have a clear 1 

  record. 2 

           In September of 2016, how did the Michels 3 

  Corporation determine whether there was proper backfill 4 

  or padding under the pipeline in the wetland or swamp 5 

  area, or the wetland buffer area, of New Haven nearby 6 

  to the Monkton town line? 7 

      A.   It was visual. 8 

      Q.   Visual by who? 9 

      A.   By the crew on-site -- 10 

      Q.   Okay. 11 

      A.   -- and the inspector on-site. 12 

      Q.   Who was the inspector on-site? 13 

      A.   I believe his name was Gordon. 14 

      Q.   Gordon what? 15 

      A.   He's got a last name I cannot pronounce. 16 

      Q.   Give it your best shot. 17 

      A.   Brushare [phonetic]. 18 

      Q.   Was he a Michels employee? 19 

      A.   No. 20 

      Q.   Who was -- who did he work for? 21 

      A.   He worked for the inspection company. 22 

      Q.   What was -- who was the -- what was the 23 

  inspection company? 24 

      A.   I believe it was Hatch Mott.25 
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      Q.   Can you spell that? 1 

      A.   No. 2 

      Q.   Hatch Mott?  Would it have been Mott 3 

  MacDonald? 4 

      A.   I could not answer that question.  I don't 5 

  know. 6 

      Q.   Did the -- did the inspector provide any 7 

  records to you? 8 

      A.   No. 9 

      Q.   So you said you were their superintendent for 10 

  the entire 41-mile distance of the pipeline.  As the 11 

  superintendent, how did you determine that standards 12 

  were satisfied as to the presence or absence of 13 

  backfill or padding under the pipeline in the wetland 14 

  or swamp area, or the wetland buffer area, of New Haven 15 

  nearby to the Monkton town line? 16 

      A.   Visual. 17 

      Q.   But were you there?  Did you -- did you do the 18 

  visual inspection yourself? 19 

      A.   I did look at the material.  I was there.  But 20 

  not full time. 21 

      Q.   So did you make any record when you were 22 

  there? 23 

      A.   No. 24 

      Q.   When you were not there, how did you as25 
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  superintendent determine that the standards were 1 

  satisfied? 2 

      A.   There was a third-party inspector on-site full 3 

  time that was there to make sure the standards were 4 

  satisfied. 5 

      Q.   I thought you said you were overseeing the 6 

  project on behalf of Michels. 7 

      A.   That's correct. 8 

      Q.   How did you -- how did you determine that the 9 

  standards were satisfied on behalf of your employer, 10 

  Michels? 11 

      A.   Visual. 12 

      Q.   How did you determine them when you were not 13 

  personally present? 14 

      A.   Visual.  It was a visual with the foreman 15 

  on-site and the inspector on-site. 16 

      Q.   Who was the foreman on-site? 17 

      A.   Her name was Jolene. 18 

      Q.   Your wife? 19 

      A.   That is correct. 20 

      Q.   How did she determine that the standards as to 21 

  presence or absence of backfill or padding were 22 

  satisfied? 23 

      A.   Visual. 24 

      Q.   Did she make any record that she provided to25 
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  you? 1 

      A.   Only what's on the foreman sheet that was 2 

  provided to you. 3 

      Q.   And that's -- that's a sheet -- why don't we 4 

  turn to that right now.  And tell us what sheet you're 5 

  referring to.  And these have been numbered, so I'm 6 

  treating this package that starts with Bates stamp 7 

  Michels 0003 and ending with Bates stamp Michels 0032 8 

  as our Exhibit 2.  We'll put a sticker on it later. 9 

           (Deposition Exhibit No. 2 was 10 

           marked for identification.) 11 

  BY MR. DUMONT: 12 

      Q.   Using the Michels Bates stamp number, what 13 

  page number are you looking at? 14 

      A.   00819 -- or 0819.  I apologize. 15 

      Q.   819.  Ours are not numbered in that way.  Ours 16 

  are -- 17 

           MR. SIMON:  Hold on.  I think he's looking at 18 

  0019. 19 

      A.   Okay.  0019. 20 

      Q.   0019.  And that is a page that in the 21 

  right-hand corner it says "Monday," and the date 22 

  appears -- is very small print, but I believe that is 23 

  the 19th.  Can you read that? 24 

      A.   Yes.25 
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      Q.   So if we're all on the same page, literally, 1 

  what on this page relates to presence or absence of 2 

  backfill or padding under the pipeline in the wetland 3 

  or swamp area, or the wetland buffer area, of New 4 

  Haven, Vermont, nearby to the Monkton town line? 5 

      A.   I see nothing. 6 

      Q.   Can you tell me, referring to the same 7 

  exhibit, whose handwriting is on the exhibit? 8 

      A.   The handwriting should be Jolene's. 9 

      Q.   Do you recognize your wife's handwriting? 10 

      A.   Yes. 11 

      Q.   Is that true all the way down to where it's 12 

  signed Jolene Bubolz, foreman? 13 

      A.   Yes. 14 

      Q.   Do you see a signature beneath that, it says 15 

  M. Reagan, R-e-a-g-e-n? 16 

      A.   Yes. 17 

      Q.   9/21/16.  Do you know who Mr. Reagan is? 18 

      A.   Yes. 19 

      Q.   Was he on the site in New Haven? 20 

      A.   I don't recall.  I could not tell you. 21 

      Q.   Isn't it true he stayed in Williston? 22 

      A.   I do not know where he stayed. 23 

      Q.   Did you ever see him on the work site? 24 

      A.   Yes.25 
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      Q.   Did you ever see him in New Haven? 1 

      A.   I do not recall. 2 

      Q.   So going back to the subpoena, paragraph 1(d) 3 

  and paragraph 2, the subpoena addressed "Whether the 4 

  materials under the pipeline in the wetland or swamp 5 

  area, or the wetland buffer area, of New Haven, 6 

  Vermont, nearby to the Monkton town line were inspected 7 

  for rocks or clods greater than 3 inches in greatest 8 

  dimension." 9 

           Did -- in September of 2016, did the Michels 10 

  Corporation generate or possess any records that would 11 

  provide evidence about this subject matter? 12 

      A.   None that I'm aware of. 13 

      Q.   In fact, were the materials under the pipeline 14 

  in the wetland or swamp area, or the wetland buffer 15 

  area, of New Haven, Vermont, nearby to the Monkton town 16 

  line inspected for rocks or clods greater than three 17 

  inches in greatest dimension? 18 

      A.   Yes. 19 

      Q.   How do you know that? 20 

      A.   I know that because if there -- I know that 21 

  they -- the on-site inspector was watching and the crew 22 

  was watching as we were digging and backfilling. 23 

      Q.   So when you say "watching," what do you mean 24 

  by that?25 
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      A.   There was an inspector watching the backfill 1 

  activities for rocks. 2 

      Q.   Was that Michels Corporation's obligation 3 

  under its contract with Vermont Gas to inspect this, or 4 

  was it somebody else's obligation? 5 

      A.   It was our obligation to ensure there was no 6 

  rocks.  It was the inspector's obligation to inspect 7 

  it. 8 

      Q.   What did the Michels Corporation do in 9 

  September of 2016 when working to install the pipeline 10 

  in the wetland or swamp area, or the wetland buffer 11 

  area, of New Haven nearby to the Monkton town line to 12 

  ensure that no rocks or clods greater than three inches 13 

  in greatest dimension were under the pipeline? 14 

      A.   We did a visual inspection. 15 

      Q.   Tell me how you did the visual inspection. 16 

      A.   We could see that there were no rocks in the 17 

  soil. 18 

      Q.   How do you see what's underneath a pipeline? 19 

      A.   We could see the bottom of the ditch. 20 

      Q.   Before the pipeline was placed on it; is that 21 

  what you're saying? 22 

      A.   Yes. 23 

      Q.   In fact, how was this pipeline installed in 24 

  the wetland or swamp area, or the wetland buffer area,25 
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  of New Haven, Vermont, in September of 2016?  Was a 1 

  trench dug and then the pipeline was laid down in the 2 

  trench?  Is that what you're testifying? 3 

      A.   Yes. 4 

      Q.   You were present, and that's your sworn 5 

  testimony? 6 

      A.   Yes.  I know the process. 7 

      Q.   I'm not asking for your general knowledge. 8 

  I'm asking whether in fact you know that's the process 9 

  that was used in the wetland or swamp area, or the 10 

  wetland buffer area, of New Haven, Vermont, nearby to 11 

  the Monkton town line. 12 

      A.   The trench was dug and the pipeline was put in 13 

  it.  Correct. 14 

      Q.   And it's your testimony that the standard 15 

  procedure for Michels would be to inspect the trench 16 

  before the pipeline is placed in it? 17 

      A.   Yes. 18 

      Q.   Was any other method of construction used at 19 

  this location other than the one you've just described? 20 

      A.   Yes. 21 

      Q.   Tell us what the other method was. 22 

      A.   We dug a shallow trench and then dug the 23 

  pipeline down as we went. 24 

      Q.   Please explain what you mean by "dug the25 
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  pipeline down as we went." 1 

      A.   We dug next to the pipe that was there to get 2 

  the pipeline where it ultimately had enough cover. 3 

      Q.   So in fact what you did was not to lay the 4 

  pipeline in an open trench; you dug on either side of 5 

  it and the weight of the pipeline between the two 6 

  trenches sank it down into the wetland, correct? 7 

      A.   First we dug the trench and put the pipeline 8 

  in it. 9 

      Q.   How deep was that trench? 10 

      A.   Roughly two to three feet. 11 

      Q.   How do you know that? 12 

      A.   Because that's what we did. 13 

      Q.   Were you there at all times? 14 

      A.   No, I was not there at all times. 15 

      Q.   On what did you base your testimony that the 16 

  trench that was dug was two to three feet? 17 

      A.   Because that's how we decided we were going to 18 

  install the pipe. 19 

      Q.   Okay.  How do you know that that's what was 20 

  done since you weren't there? 21 

      A.   I -- I visited the site frequently. 22 

      Q.   Okay.  How did you determine the depth of the 23 

  trench?  Did you measure it with a yardstick or did you 24 

  use the surveyor's data?  How did you know?25 
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      A.   I seen it.  When the pipeline was lowered 1 

  beneath the ground level, we dug a two- to three-foot 2 

  trench and placed the pipe in it first.  I guess two to 3 

  three feet would be an estimate.  I do not have an 4 

  exact depth of the first time we dug it. 5 

      Q.   Does Michels have any data showing the exact 6 

  depth of the trench that was dug? 7 

      A.   No. 8 

      Q.   Does anyone else, to your knowledge?  Does the 9 

  surveyor?  Does Vermont Gas?  Does the Department of 10 

  Public Service?  Does anybody know the exact depth of 11 

  the trench that was dug? 12 

      A.   No.  The initial trench that we dug was not 13 

  important at the time.  It was not our final product. 14 

      Q.   Okay.  So when I asked you just a few minutes 15 

  ago how you knew that there were no materials -- no 16 

  rocks or clods greater than three inches in greatest 17 

  dimension, you testified that you inspected the trench 18 

  before the pipe was placed in it, correct? 19 

      A.   That's correct. 20 

      Q.   Well, now you've just told me that that's not 21 

  how this pipe was actually installed, correct? 22 

      A.   We dug another trench next to the pipe.  We 23 

  could see that trench as well. 24 

      Q.   And what did you do -- what did you do to25 
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  inspect the soils, the ground between the two trenches; 1 

  in other words, the soil underneath the pipeline? 2 

      A.   We could see it.  It was visual. 3 

      Q.   Did someone get down into the trench that was 4 

  alongside it and look along the -- look sideways inside 5 

  that trench? 6 

      A.   No.  Nobody could go in the trench, but it was 7 

  very easy to see. 8 

      Q.   Wasn't the trench filled with water? 9 

      A.   No. 10 

      Q.   Wasn't the trench occupied by water to some 11 

  depth? 12 

      A.   There was presence of water, but it was not 13 

  full of water at all the time. 14 

      Q.   How deep was the water? 15 

      A.   I do not recall. 16 

      Q.   Did you measure how deep the water was? 17 

      A.   No. 18 

      Q.   Am I correct the water was present at all 19 

  times inside both of the two trenches on either side of 20 

  the pipeline? 21 

      A.   No. 22 

      Q.   Were you ever personally present when both 23 

  trenches were not filled with water? 24 

      A.   Yes.25 
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      Q.   Were you personally present when neither 1 

  trench had any water in it? 2 

      A.   Yes. 3 

      Q.   How many times would you think you were 4 

  present at this site in September? 5 

      A.   I couldn't even guess.  I was there 6 

  frequently. 7 

      Q.   Were you there on the 19th of September? 8 

      A.   I -- I did not keep records of every place I 9 

  visited and when.  I assume I was, but I could not tell 10 

  you that for a fact. 11 

      Q.   Well, if we look at page 19 of the exhibit, 12 

  does it not list every person present at the work site? 13 

      A.   19?  That list is a time sheet for the workers 14 

  present.  It does not list everybody present. 15 

      Q.   So tell me -- we're talking about a pipeline 16 

  in this area that's 2,500 feet -- approximately 2,500 17 

  feet long, correct? 18 

      A.   Correct. 19 

      Q.   Is it your testimony that Michels Corporation 20 

  inspected all 2500 feet visually to make sure there 21 

  were no rocks or clods greater than three inches in 22 

  dimension underneath the pipeline? 23 

      A.   Yes. 24 

      Q.   And they did so without creating any record of25 
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  doing so, correct? 1 

      A.   Correct. 2 

      Q.   Is that standard practice in -- for Michels at 3 

  all sites in the country?  Not to make any record is 4 

  what I'm asking.  Is it standard practice not to make 5 

  any record of inspections of the materials on which a 6 

  pipeline is being placed? 7 

      A.   Oftentimes, yeah, we do not keep record of 8 

  that, no. 9 

      Q.   Paragraph 1(e) and 2 pertain to "The depth of 10 

  burial of the pipeline in the wetland or swamp area, or 11 

  the wetland buffer area, of New Haven, Vermont, nearby 12 

  to the Monkton town line." 13 

           So we're not talking about the depth of the 14 

  trench.  We're talking about the depth of the pipeline. 15 

  Did the Michels Corporation possess or create any 16 

  records in September 2016 pertaining to the depth of 17 

  burial of the pipeline in the wetland or swamp area, or 18 

  the wetland buffer area, of New Haven, Vermont, nearby 19 

  to the Monkton town line? 20 

      A.   The only thing that Michels would have records 21 

  of is on the time sheets provided to you. 22 

      Q.   So if we turn to -- back to page 19, that's 23 

  the record you're referring to? 24 

      A.   That's -- that's correct.25 
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      Q.   That's the only document that exists that 1 

  Michel had -- that Michels possessed in September of 2 

  2016, correct, that relates to this subject? 3 

           MS. BOUFFARD:  Objection. 4 

           MR. DUMONT:  If I'm asking a poor question, 5 

  I'd be happy to amend it.  What would you like me to 6 

  clarify? 7 

           MS. BOUFFARD:  You -- you said this is the 8 

  only document, and his -- his response to you was that 9 

  there were time sheets. 10 

           MR. DUMONT:  I think this is a time sheet, but 11 

  let's clarify that. 12 

      Q.   Is this the time sheet that you're referring 13 

  to? 14 

      A.   What are you looking at again? 15 

      Q.   Page 19 of -- of this exhibit that says "Daily 16 

  Time Report" on the top. 17 

      A.   Yes. 18 

      Q.   This -- when you said "time sheet," you mean 19 

  this page, correct? 20 

      A.   Correct. 21 

      Q.   So I'm going to ask you to read all of the 22 

  narrative on the page.  I assume your copy is better 23 

  than my copy.  And also I assume you can read your 24 

  wife's handwriting better than I can.  So why don't we25 
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  start with -- it says "2 lab" on the left.  What does 1 

  that mean? 2 

      A.   Two laborers. 3 

      Q.   Okay.  "2 laborers went to," and then in 4 

  parentheses "Jeff Nighburg," N-i-g-h-b-u-r-g, end 5 

  parentheses.  What does that mean? 6 

      A.   That's another foreman. 7 

      Q.   What does that mean, "2 laborers went to (Jeff 8 

  Nighburg)"? 9 

      A.   It means two of her crew members went to a 10 

  different crew that day. 11 

      Q.   Not working on this site, in other words, on 12 

  this particular site? 13 

      A.   For that particular day. 14 

      Q.   For that day.  Okay.  So it says "2 laborers 15 

  went to (Jeff Nighburg) for the day and tomorrow but 16 

  will be back with me."  Did I read that correctly? 17 

      A.   Yes. 18 

      Q.   Okay.  What does that mean, "but will be back 19 

  with me"? 20 

      A.   I think it's pretty clear.  They'll be back. 21 

      Q.   On this -- "with me" means on this site in the 22 

  New Haven wetlands?  Is that what it means? 23 

      A.   I would assume so. 24 

      Q.   And we're talking about September 19th,25 
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  correct? 1 

      A.   Yes. 2 

      Q.   And the next day is September 20th, correct? 3 

      A.   Yes. 4 

      Q.   So she's saying two laborers went to Jeff 5 

  Nighburg for the day, the 19th, and tomorrow, the 20th, 6 

  but will be back with me after the 20th.  That's what 7 

  it means, correct? 8 

      A.   Yes. 9 

      Q.   Okay.  Next -- maybe if you could just read 10 

  it, because it's a little hard for me to read.  I see 11 

  "worked through lunch."  Why don't you read all of it. 12 

      A.   It says, "Worked through lunch because we are 13 

  in the clay planes swamp." 14 

      Q.   Then what does it say? 15 

      A.   "Very hard to get ditch and cover." 16 

      Q.   Then what does it say? 17 

      A.   "Worked in clay planes swamp from 1645+87 to 18 

  1649+75." 19 

      Q.   And then? 20 

      A.   It says, "We" -- I think that says located 9 21 

  welds starting with only three foot of cover.  By the 22 

  end of the day had 3.9.  And this says "Getting 23 

  Deeper." 24 

      Q.   I think you may have missed some words.  It25 
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  says, "Started with only 3 feet cover.  By end of day 1 

  number 9 weld had 3.9."  Correct? 2 

      A.   Okay. 3 

      Q.   There were nine welds.  One of them had 3.9 4 

  feet of cover.  Correct? 5 

      A.   Correct. 6 

      Q.   The other eight did not, correct? 7 

           MS. BOUFFARD:  Object to the form of the 8 

  question. 9 

      Q.   Am I correct? 10 

      A.   It does not say that the other eight does not. 11 

      Q.   Okay.  So it says, "Started with only 3 feet 12 

  of cover.  By end of day number 9 weld had 3.9" feet. 13 

  Correct? 14 

      A.   That's what it says, yes. 15 

      Q.   Is there any record other than this time sheet 16 

  of the depth of cover for the other eight welds? 17 

           MR. SIMON:  Can you clarify?  Which time 18 

  period are you talking about? 19 

      Q.   September -- September 19th, 2016. 20 

      A.   Not that I am in possession of. 21 

      Q.   Did any such record exist on September 19th, 22 

  2016? 23 

      A.   There was a survey crew on-site that would 24 

  have the records for the depths of the welds.25 
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      Q.   Did you have access -- did you actually see 1 

  those records on the 19th? 2 

      A.   No. 3 

      Q.   Do you know if Jolene saw that record on the 4 

  19th when she wrote this time sheet? 5 

      A.   No. 6 

      Q.   After the words 3.9 -- or the number 3.9, it 7 

  says "Getting Deeper," capital G, "Getting Deeper," 8 

  capital D, "Deeper," and then period.  Did I read that 9 

  correctly? 10 

      A.   Yes. 11 

      Q.   Do you know what that means? 12 

      A.   It means they were continuing to work on that 13 

  area. 14 

      Q.   Based on your years of experience in the field 15 

  and your knowledge of the site, how were they getting 16 

  the pipeline deeper? 17 

      A.   They were digging another trench along the 18 

  side of it. 19 

      Q.   Mr. Bubolz, as the superintendent of this 20 

  project, did you ever look at the specifications 21 

  provided by Clough Harbour & Associates, CHA, for how 22 

  to construct each portion of the project, including 23 

  this portion? 24 

      A.   I would be certain I did, but I don't really25 
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  recall. 1 

      Q.   Well, if Michels Corporation had those 2 

  specifications in 2016, would they have them now? 3 

      A.   The specifications? 4 

      Q.   Yes. 5 

      A.   I would believe so. 6 

      Q.   Okay.  So those specifications relate to the 7 

  depth of burial of the pipeline, correct?  They set 8 

  forth the depth of burial of the pipeline, correct? 9 

      A.   Correct. 10 

      Q.   And those specifications from Clough Harbour 11 

  set forth how the pipeline was to be constructed, how 12 

  the trenches were to be dug, correct? 13 

      A.   Correct. 14 

      Q.   And you were familiar with those?  You had 15 

  seen them, correct? 16 

      A.   As I said, I would be certain I did, but I do 17 

  not recall the details. 18 

           MR. DUMONT:  So for Mr. Simon, the 19 

  specifications for this portion of the pipeline clearly 20 

  fall within the subpoena and have not been produced, so 21 

  that's something we can work on after the deposition. 22 

           MR. SIMON:  I would encourage you to look at 23 

  the documents entitled -- numbered Michels 8 through 24 

  11.25 

00780
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 40 

           MR. DUMONT:  Well, I tried to, but they 1 

  weren't legible.  Too small.  Couldn't read them. 2 

           MR. SIMON:  I can clearly see them on my 3 

  computer, but I sent you a native version as well 4 

  shortly before this deposition, so feel free to take a 5 

  look at those, and if you'd like, we can -- 6 

           (Interruption by the reporter.) 7 

           MR. SIMON:  The documents that were produced, 8 

  Michels document number 8 through 11, in their original 9 

  format -- granted they were Bates stamped.  I sent the 10 

  non-Bates stamped version of the same document.  If 11 

  that's any clearer, great.  I don't have any problems 12 

  with -- with the clarity of the document that was 13 

  produced on my end, but of course I'm not seeing what 14 

  you're seeing, right?  So take a look at those, and if 15 

  you'd like to pause for a minute and look at them in 16 

  greater detail or you have specific questions, we're 17 

  glad to answer them.  I would suspect these documents 18 

  should already be in your records, right?  I assume 19 

  they've been produced, but of course I don't know what 20 

  you received. 21 

           MR. DUMONT:  Mr. Simon, we went through this 22 

  last week.  I needed the documents by the close of 23 

  business Friday so I could prepare for the deposition. 24 

  They weren't produced Friday.  They weren't produced25 
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  Saturday.  They weren't produced yesterday.  Apparently 1 

  they were produced while I was driving to Montpelier 2 

  today. 3 

           MR. SIMON:  They were produced last night. 4 

  You saw them.  Apparently you can't see -- for some 5 

  reason the version you have is blurry.  The version I 6 

  have is not.  Again, like I said, I'm not sitting on 7 

  your end, so I can't see what you see.  If they're 8 

  blurry, I believe you.  Now, I did send the original 9 

  native version un-Bates stamped, the exact same 10 

  document.  They look the same on my computer.  If it's 11 

  for some reason clearer on yours, great.  I have no 12 

  idea why it would be blurry on your end, right?  But 13 

  the document was originally produced in PDF.  It has 14 

  been produced to you.  I produced all the documents in 15 

  my possession last Friday.  I didn't have these 16 

  documents.  Meeting with Carl yesterday, we discovered 17 

  a few additional documents, not many.  There were I 18 

  believe 30 in total, and those were sent to you.  These 19 

  are four of those documents. 20 

           MR. DUMONT:  The ones that you sent us which 21 

  we're now discussing that are legible were received 22 

  6:30 PM Eastern time after I'd left work.  I went back 23 

  to my office last night to look at them, and they were 24 

  not legible on the computer.  I printed them.  They're25 
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  not legible printed.  I enlarged them on the computer, 1 

  and because of the nature of the PDF, you could not 2 

  read anything when they were enlarged because they were 3 

  blurry.  Now you said you sent me a legible copy 4 

  sometime this morning. 5 

           If we have time permitting, I will ask the 6 

  Department of Public Service to let me have access to 7 

  their Internet so I can read them.  I am not an 8 

  employee of the Department of Public Service.  I don't 9 

  have Internet access right now, and I can't interrupt 10 

  the deposition to find the documents and peruse them to 11 

  prepare for the deposition. 12 

           MR. SIMON:  I think I've made my position 13 

  clear.  Have you not received these documents before 14 

  previously in this proceeding? 15 

           MR. DUMONT:  So I will need to return to the 16 

  subject after I read a legible copy of those documents, 17 

  but let me return to Mr. Bubolz. 18 

  BY MR. DUMONT: 19 

      Q.   Mr. Bubolz, do you agree with me that the 20 

  method you've been describing for sinking the pipeline 21 

  down deeper than the trench that was dug is not set 22 

  forth in any of the Clough Harbour specifications that 23 

  the Michels Corporation was given?  Am I correct? 24 

      A.   I would believe so.25 
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      Q.   Thank you.  Do you recall any discussions on 1 

  September 19th with anyone from Clough Harbour, from 2 

  Vermont Gas, from the Department of Public Service, 3 

  from Mott MacDonald, with any employee or officer of 4 

  any other company, as to whether it was permissible to 5 

  use a pipeline construction method that wasn't set 6 

  forth in the Clough Harbour specifications? 7 

      A.   Not on September 19th, no. 8 

      Q.   How about same question at any other date? 9 

      A.   Yes. 10 

      Q.   Tell me about that conversation. 11 

      A.   The conversation?  We talked about how we were 12 

  going to install the pipe in this area, and we all 13 

  determined that this was the best method. 14 

      Q.   Who was part of that -- who was present for 15 

  that conversation? 16 

      A.   Myself, Danny Vincent, Mike Reagan, and Darrel 17 

  Crandall. 18 

      Q.   Who is Mr. Vincent? 19 

      A.   Danny Vincent was the -- our eastern division 20 

  manager.  Danny was my boss. 21 

      Q.   Okay.  You mentioned a second person, Mike 22 

  Reagan.  Tell us -- 23 

      A.   That's correct. 24 

      Q.   -- who Mike Reagan was.25 
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      A.   Mike Reagan was the construction manager for 1 

  Hatch Mott MacDonald. 2 

      Q.   Who is Danny Crandall? 3 

      A.   Darrel Crandall -- 4 

      Q.   Darrel Crandall.  Thank you. 5 

      A.   -- was the chief inspector. 6 

      Q.   Who did he work for? 7 

      A.   I do not know.  I believe it was Hatch Mott, 8 

  but I could not tell you for certain. 9 

      Q.   When did this conversation occur? 10 

      A.   This conversation occurred in the planning 11 

  stages for when -- before we started to work in this 12 

  swamp.  I do not know the date. 13 

      Q.   That was on September 12th, correct? 14 

      A.   No.  We talked about this before September 15 

  12th. 16 

      Q.   Okay.  How long before September 12th did you 17 

  talk about it? 18 

      A.   I do not know the dates. 19 

      Q.   If you return to Michels 0003, that's a 20 

  document that has a title "Job #61103 Vermont Gas." 21 

  And what was sent to us was a three-page -- four-page 22 

  document -- five-page document.  I'm sorry.  Five-page 23 

  document.  What is this document, five pages long, with 24 

  the caption "Job #61103 Vermont Gas"?25 
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      A.   Those are the notes I made for the project. 1 

      Q.   And how did you make these notes?  On a 2 

  hand-held device, a laptop?  Are they handwritten? 3 

      A.   This was on a laptop. 4 

      Q.   Can you read the entry for September 12th? 5 

      A.   Yes.  Talked with Joey, Darrel, and Mike 6 

  Reagan about clay plains.  Made it clear our two 7 

  options were to let the dirt fall off the right-of-way 8 

  or to sheet the entire thing.  The answer was to get it 9 

  done and make good later [sic]. 10 

      Q.   What does it mean to sheet the entire thing? 11 

      A.   Sheet piling would be a method of driving 12 

  steel plates in along both sides of our excavation 13 

  before we dig as a way of shoring and holding our 14 

  banks. 15 

      Q.   Okay.  What does it mean to let the dirt fall 16 

  off the right-of-way? 17 

      A.   The concern was the width of the right-of-way. 18 

      Q.   What does it mean -- 19 

      A.   And -- 20 

      Q.   Go ahead. 21 

      A.   The -- there would not be enough room for all 22 

  the spoils. 23 

      Q.   So when you state, Talked with Joey, Darrel, 24 

  and Mike Reagan about clay plains, what is it you25 
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  talked to them about?  Was there a problem you were 1 

  addressing? 2 

      A.   We suggested the use of sheet piling. 3 

      Q.   Why? 4 

      A.   Because of the conditions and of the room we 5 

  had. 6 

      Q.   What were the condition -- what were the 7 

  conditions? 8 

      A.   Well, it was a swamp. 9 

      Q.   There were numerous other swamps along the 10 

  pipeline's 41-mile length, correct? 11 

      A.   Yes. 12 

      Q.   Had you had similar discussions about the 13 

  other locations? 14 

      A.   We used sheet piling in one or two other 15 

  locations, yes. 16 

      Q.   Which locations? 17 

      A.   I -- I do not recall. 18 

      Q.   So reading still the entry for Monday, 19 

  September 12, you just read what's captioned "Daily 20 

  Activities," and then it says Issues/Comments [sic]. 21 

  As I read it -- it's tiny, but as I read it, it says -- 22 

  it says, Danny suggested leaving swamp pipe on ditch 23 

  line and digging it down as we went, space space, Great 24 

  idea, space space, Inspection thought so too.25 
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           Did I read that correctly? 1 

      A.   Yes. 2 

      Q.   Can you explain that? 3 

           MS. BOUFFARD:  I think it actually says, Danny 4 

  suggested laying the swamp pipe.  It's tiny, but I 5 

  think it's the word "laying," not "leaving." 6 

           MR. DUMONT:  Oh, I think you're right.  I 7 

  think it says "laying." 8 

      Q.   "Danny suggested laying swamp pipe on ditch 9 

  line and digging it down as we went."  What does that 10 

  mean? 11 

      A.   That means exactly what I told you before 12 

  about the method of installation we used. 13 

      Q.   Okay.  And then it says -- there's another 14 

  caption that says "don holly ROW."  What does "don 15 

  holly ROW" mean? 16 

      A.   Don Holly was a foreman of our right-of-way 17 

  crew.  That was one crew. 18 

      Q.   And he reported to you? 19 

      A.   That's correct. 20 

      Q.   Okay.  And what's the entry under Don Holly 21 

  right-of-way for September 12? 22 

      A.   It says, Met with Wayne from the Town of 23 

  Monkton. 24 

      Q.   Did you meet with Wayne from the Town of25 
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  Monkton? 1 

      A.   Yes. 2 

      Q.   Is that -- did that meeting have anything to 3 

  do with the clay plains problem? 4 

      A.   No.  I believe it was roads that I met with 5 

  him with. 6 

      Q.   So did someone discuss on September 12th 7 

  whether or not Michels or Hatch Mott MacDonald or 8 

  someone else needed to get permission from Vermont Gas 9 

  to depart from Clough Harbour's plans? 10 

      A.   That I do not know. 11 

      Q.   Who would know that if you don't? 12 

      A.   It would be either Mike Reagan or Darrel 13 

  Crandall. 14 

      Q.   As I recall, you said you actually discussed 15 

  this method of construction prior to September 12th. 16 

  Is that right? 17 

      A.   I don't know that.  The way I wrote it down 18 

  there, it looks like September 12th is the first time 19 

  it was discussed. 20 

      Q.   Under "Issues/Concerns" are the words "Great 21 

  idea" that -- I read those words earlier.  Who said 22 

  great idea or whose thought was it, great idea? 23 

      A.   Those are my notes that I thought it was a 24 

  great idea.25 
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      Q.   Are there any other notes in your -- your own 1 

  log that are marked Michels 3, 4, 5, 6, 7 that relate 2 

  to the clay plains swamp or the buffer area in New 3 

  Haven? 4 

      A.   I'm certain there is. 5 

      Q.   Okay. 6 

      A.   I would have to read through them all. 7 

      Q.   A question for you just about formatting. 8 

  Michels 003, looking at that and Michels 004, is 9 

  Michels 004 an extension to the right of Michels 003, 10 

  or is it a whole new page? 11 

      A.   Extension to the right. 12 

      Q.   Okay.  So to continue understanding the entry 13 

  for Monday, September 12th, we have to go on to the 14 

  next page? 15 

      A.   That is correct. 16 

      Q.   So on the next page it says "jolene Tie In." 17 

  What does "jolene Tie In" mean? 18 

      A.   Jolene's crew was a tie-in crew. 19 

      Q.   What is a tie-in crew? 20 

      A.   A crew that would come back and do the small 21 

  pieces and put the ends together after the line crews 22 

  went through. 23 

      Q.   So is the entry for Monday, September 12th, 24 

  "jolene Tie In," or is the entry "tied in off of the25 
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  little otter creek bore"? 1 

      A.   That September 12th is "tied in off of the 2 

  little otter creek bore." 3 

      Q.   Okay.  What does that mean? 4 

      A.   It means she made the tie-in off of the Little 5 

  Otter Creek bore. 6 

      Q.   And what is the Little Otter Creek bore? 7 

      A.   It was a bore under the Little Otter Creek. 8 

      Q.   So in English, when someone ties in off of the 9 

  Little Otter Creek bore, what does that mean? 10 

      A.   It means she put the pipe together after the 11 

  bore crew had left. 12 

      Q.   Was this aboveground, in the ditch, in the -- 13 

  in the wetland?  Where -- where does this happen? 14 

      A.   This was in the ditch. 15 

      Q.   Before the ditches were dug on either side to 16 

  get it deeper?  We're still on September 12th. 17 

      A.   Well, no.  This instance she was making a 18 

  tie-in off of a bore, so the method of construction was 19 

  not used.  And this -- and when they were making the 20 

  tie-in, they were not digging pipe down on either side. 21 

      Q.   So what does -- what does it mean to tie in? 22 

      A.   I would have to describe the process of 23 

  building a pipeline pretty much, but in essence you 24 

  would have a mainline ditch crew that would dig the25 
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  mainline ditch through larger stretches and put the 1 

  pipe in the ground, and then you would have a bore crew 2 

  that would bore places like the Little Otter Creek, and 3 

  then you have another tie-in crew that would put the 4 

  two ends together and make the pipeline whole. 5 

      Q.   Thank you.  So if we could continue across the 6 

  September 12th entry going from right -- left to right, 7 

  what's the next entry for that date? 8 

      A.   We're going left to right?  That would be 9 

  "brandon duffy." 10 

      Q.   What does that -- can you read what it says 11 

  under "brandon duffy" or as part of that entry, the 12 

  whole entry for the 9 -- for 9/12. 13 

      A.   Hit rock by power pole coming around hill. 14 

  Went back and set up six-inch pumps for dewatering and 15 

  New Haven River drill. 16 

      Q.   Now, is this -- does this pertain to work in 17 

  the clay plains swamp or other work? 18 

      A.   This is other locations.  Another foreman 19 

  working in a different area. 20 

      Q.   Next entry to the right, still for September 21 

  12th, I read finished stringing in the New Haven swamp. 22 

  Did I read that correctly? 23 

      A.   Yes. 24 

      Q.   What does it say above that?  What's the25 
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  caption?  I can't read that. 1 

      A.   It says Roy stringing. 2 

      Q.   Roy stringing.  Okay.  So Roy is a person's 3 

  name? 4 

      A.   Roy is a person's name, and stringing is 5 

  misspelled. 6 

      Q.   Okay.  What does "stringing" mean? 7 

      A.   Stringing is a crew that lays down the pipe 8 

  from the pipe yard to the right-of-way. 9 

      Q.   Is welding done as part of stringing? 10 

      A.   No. 11 

      Q.   It's done afterwards? 12 

      A.   That is correct. 13 

      Q.   All right.  So when it says finished stringing 14 

  in the New Haven swamp, what does that mean? 15 

      A.   It means he finished placing the pipe in the 16 

  New Haven swamp. 17 

      Q.   Was it placed in the trench that we discussed 18 

  earlier? 19 

      A.   No.  This was placed aboveground. 20 

      Q.   Was it placed on any kind of bedding? 21 

      A.   No.  This was placed on skids in preparation 22 

  for welding. 23 

      Q.   What is a skid? 24 

      A.   A piece of wood approximately four foot long25 
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  used as cribbing to elevate the pipe off the ground. 1 

      Q.   Thank you.  On the 12th, next entry to the 2 

  right, it says, Finished at Monkton Road.  Moved to 3 

  Plank Road.  Dug up bore end south of Plank.  Took down 4 

  fence.  Moved last two hoes and dozer at the end of the 5 

  day to Plank. 6 

           Did I read that correctly? 7 

      A.   Yes. 8 

      Q.   And the caption on the top of that column is 9 

  "Dave Hemphill/tie in."  So what does that -- the entry 10 

  that I read, what does it mean? 11 

      A.   It describes what Dave Hemphill tie-in crew 12 

  did for the day. 13 

      Q.   So when it says he finished at Monkton Road, 14 

  what does that mean?  What did he finish? 15 

      A.   He finished his tie-ins. 16 

      Q.   Okay.  And when it says moved to Plank Road, 17 

  that just means he moved his -- his equipment to Plank 18 

  Road? 19 

      A.   That's correct. 20 

      Q.   And then it says, Dug up bore end south of 21 

  Plank. 22 

           What does that mean? 23 

      A.   There's no other way to describe it besides he 24 

  dug up the bore end south of Plank.25 
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      Q.   Okay.  But I thought the pipeline was on 1 

  skids.  Right? 2 

      A.   What you're -- you're -- no.  The pipeline is 3 

  not on skids on this tie-in.  He dug up the end of a 4 

  bore and that bore is in the ground. 5 

      Q.   So different section.  Further south is 6 

  already in the ground? 7 

      A.   Correct. 8 

      Q.   So south of the clay plains swamp and north of 9 

  the clay plains swamp, the pipeline is in the ground as 10 

  of September 19th? 11 

      A.   There's pieces, yes. 12 

      Q.   Okay.  Continuing to Michels Bates stamp 0005, 13 

  is this still a continuation of the entry from 14 

  September 12th? 15 

      A.   Yes. 16 

      Q.   Okay.  Does any of the rest of the entry for 17 

  September 12th pertain to the clay plains swamp area 18 

  just south of the Monkton town line? 19 

      A.   No. 20 

      Q.   Same question about Michels 0006, the entry 21 

  for September 12th.  Does any of that pertain to the 22 

  area we've been discussing? 23 

      A.   Actually, yes, it does. 24 

      Q.   Okay.  Tell me about that.25 
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      A.   I see there's a coating crew that was working 1 

  at the clay plains swamp. 2 

      Q.   It says "Matt Wagner coating":  Worked on 3 

  jeeping and rock-shielding clay plains.  Then it's 4 

  either a period or a comma; it's hard to read.  Sent 5 

  half of crew to finish pre jeeping, j-e-e-p-i-n-g, Hunt 6 

  Road, 53 jeeps on last section. 7 

           What does that mean? 8 

      A.   A jeep would be a small void in the coating. 9 

      Q.   So when you're jeeping, you're checking for 10 

  voids? 11 

      A.   That's correct. 12 

      Q.   What is rock -- when it says "rock shielding 13 

  clay plains," what does that mean? 14 

      A.   Rock shield is something you would put over 15 

  pipe to protect it. 16 

      Q.   What distance of pipeline in the clay plain 17 

  was rock-shielded? 18 

      A.   I honestly do not remember. 19 

      Q.   Is there any document that would answer that? 20 

      A.   No. 21 

      Q.   How was the pipeline in the clay plains swamp 22 

  rock-shielded? 23 

      A.   I would assume it would only be the welds that 24 

  we would have put rock shield on because the rest of25 
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  the pipe in the clay plains had a concrete coating on 1 

  it already. 2 

      Q.   How did you rock-shield -- what's your 3 

  understanding of how the welds were rock-shielded? 4 

      A.   It would be the voids in between the concrete. 5 

      Q.   What -- how does one rock-shield the void 6 

  between the concrete? 7 

      A.   We would wrap the material in the void between 8 

  the concrete. 9 

      Q.   Wrap it with what? 10 

      A.   The rock shield. 11 

      Q.   And what does -- what does the rock shield 12 

  consist of? 13 

      A.   It would be like a plastic mesh. 14 

      Q.   Now, you've stated that the pipeline aside 15 

  from the welds -- welding areas already had a concrete 16 

  coating.  How do you know that? 17 

      A.   Because all of the pipe through that swamp had 18 

  a concrete coating on it. 19 

      Q.   You recall that from being on-site and seeing 20 

  it, correct? 21 

      A.   From memory, correct. 22 

      Q.   Was the concrete coating 1-1/2 inches thick? 23 

      A.   We did not do the concrete coating.  I believe 24 

  so.25 
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      Q.   Who did the concrete coating? 1 

      A.   The crew the previous year before we arrived. 2 

      Q.   So this is a 12.75 outer diameter steel 3 

  pipeline, correct? 4 

      A.   That is correct. 5 

      Q.   And you're adding three inches of concrete to 6 

  it, 1-1/2 inch -- it's a 1-1/2-inch coating, so the 7 

  overall diameter is now 15.75 inches, correct? 8 

      A.   That sounds logical. 9 

      Q.   If you could look further on the same page 006 10 

  under "Matt Wagner coating," there's a later entry.  It 11 

  looks like it might be the 17th? 12 

           MS. BARRETT:  21st. 13 

      Q.   Or the 16th. 14 

           MS. BARRETT:  21st, I think. 15 

      Q.   It's hard for me -- you have to go all the way 16 

  to the first page to get the date, but it says under 17 

  "Matt Wagner coating," Began coating in Maine 18 

  Drilling and Blasting -- began coating -- maybe you can 19 

  read that.  It has to do with coating. 20 

      A.   Began coating in Maine Drilling and Blasting 21 

  and stayed late to prejeep the last section for Jeff. 22 

      Q.   Then above that it says -- actually, starting 23 

  right below where we first read, Working on jeeping and 24 

  rock-shielding, the next entry says, Coated pipe on25 
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  Drinkwater today. 1 

           That's a different site.  That's not the clay 2 

  plains, correct? 3 

      A.   That is correct. 4 

      Q.   And then underneath that it says, Coated 5 

  concrete pipe at Rotax Road.  Finished jeeping Rotax. 6 

  Helped with removal of concrete barriers. 7 

           That's a different site, correct? 8 

      A.   Correct. 9 

      Q.   And then what we just read, Began coating in 10 

  Maine Drilling and Blasting, is that this site in the 11 

  clay plains swamp, or is that a different site? 12 

      A.   That's a different site. 13 

      Q.   Okay.  And then it says -- next entry below 14 

  that, "coating concrete," do you know where that 15 

  pertains to? 16 

      A.   I would believe it would pertain to the New 17 

  Haven swamp. 18 

      Q.   And what, if you -- 19 

      A.   A different site. 20 

      Q.   Different site of the New Haven swamp but 21 

  still the New Haven swamp? 22 

      A.   The New Haven swamp would be a different site 23 

  than the clay plains. 24 

      Q.   Okay.  What's -- in your mind what's the25 
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  difference? 1 

      A.   Excuse me? 2 

      Q.   What's the difference between the clay plains 3 

  swamp and the New Haven swamp? 4 

      A.   It's a different site. 5 

      Q.   Physically what -- or geographically what's 6 

  the difference? 7 

      A.   New Haven swamp was south of the clay plains 8 

  swamp. 9 

      Q.   Do you know the station numbers or the 10 

  distance south from the clay plains swamp? 11 

      A.   I -- I do not right offhand. 12 

      Q.   Has all your testimony up until now been just 13 

  about the clay plains swamp? 14 

      A.   Yes. 15 

      Q.   Okay.  So further on the same page, 0006, 16 

  below what we read, it now says "coating across swamp." 17 

  It doesn't say which swamp.  What -- do you have any 18 

  way of knowing which swamp that is? 19 

      A.   It would be the New Haven swamp.  I can tell 20 

  by the -- the first entry of Maine Drilling and 21 

  Blasting, that was the beginning of the New Haven swamp 22 

  there and our access to it. 23 

      Q.   Okay.  While we're on your entries from 0- -- 24 

  Mitchell's -- Michels 03 to 07, are there any other25 
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  entries that relate to the clay plains swamp area or 1 

  the New Haven swamp area -- well, let me -- let me 2 

  withdraw that. 3 

           So we're clear, was the method of construction 4 

  you discussed earlier where you dig a trench on either 5 

  side of the pipeline and then it sinks down between the 6 

  trenches, is it your understanding that was used only 7 

  in the clay plains swamp, or was it also used in the 8 

  New Haven swamp? 9 

      A.   I don't recall. 10 

      Q.   Are there any records that would answer that 11 

  question that Michels maintained in September of 2016? 12 

      A.   No. 13 

      Q.   Are there any records that you could turn to 14 

  now, whether they're created by Michels, by Clough 15 

  Harbour, by Hatch Mott MacDonald, anything you know of 16 

  as someone who's been working in this field for a long 17 

  time, that would answer that question? 18 

      A.   I could not tell you that.  I do not have 19 

  access to their records. 20 

      Q.   Okay.  Thank you.  So while we're on 03 21 

  through 007, so we don't have to come back to it, could 22 

  you just look at that and see if there are any other 23 

  entries that relate to how the pipeline was constructed 24 

  in the clay plains swamp or in what you call the New25 
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  Haven swamp? 1 

      A.   Can you repeat the question? 2 

      Q.   Yes.  And feel free to take a break to do 3 

  this, but we've been going through Michels 03 through 4 

  Michels 008 -- sorry, 007, and it's very difficult for 5 

  me to read because the print is so small, so while 6 

  we're on this, I'm asking Mr. Bubolz if there are any 7 

  other entries that relate to how the pipeline was 8 

  installed/constructed in the clay plains swamp or what 9 

  he calls the New Haven swamp.  It's obvious to me there 10 

  are many entries here that have nothing to do with 11 

  either area, which I'm not really interested in. 12 

      A.   Most of the clay plains swamp activity was 13 

  done by Jolene's tie-in crew, and they would be listed 14 

  under that column. 15 

      Q.   Okay.  So that's on Michels 0004. 16 

      A.   That's correct.  The first column. 17 

      Q.   Okay.  You want to read through that for us 18 

  and tell us what each entry means?  We start off with, 19 

  Tied in off of the Little Otter Creek bore. 20 

           What's the next entry below that, and what's 21 

  the date of the entry? 22 

      A.   On the 13th it says, Dug in and tied in last 23 

  mainline piece before swamp. 24 

      Q.   Okay.  Next?25 
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      A.   On the 14th it says, Prepping swamp.  Dug 1 

  two-foot ditch and set mats for dirt.  Lowered in pipe 2 

  to trench and began digging at 3.  700 foot by the end 3 

  of the day. 4 

           MR. SIMON:  Hold on one second. 5 

           MR. DUMONT:  Sure. 6 

           MR. SIMON:  All right.  Sorry about that. 7 

  There was someone at the door.  Continue. 8 

           MR. DUMONT:  Okay.  Thank you. 9 

      Q.   So next entry, give us the date and what it 10 

  says and what it means. 11 

      A.   The date would be the 15th.  It says, Hit 12 

  terrible spot in swamp.  Cleanup hoe slid off of mats 13 

  at the end of the day. 14 

      Q.   What does that mean?  In terrible spot in 15 

  swamp, and then what does it mean, cleanup -- cleanup 16 

  hoe slid off of mats at end of the day? 17 

      A.   On that particular day the material got poor, 18 

  and at the end of the day a machine slid off of the 19 

  matting underneath it and got stuck in the mud. 20 

      Q.   And this is the 15th? 21 

      A.   Yes. 22 

      Q.   Okay.  What does it mean to you when you 23 

  wrote -- well, let me back up. 24 

           You wrote these entries, correct?25 
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      A.   That's correct. 1 

      Q.   And it said "hit terrible spot in swamp." 2 

  What did you mean by that? 3 

      A.   It means the conditions were terrible. 4 

      Q.   You probably know what that means because 5 

  you've been in this business a long time, but how would 6 

  you explain that to a layperson? 7 

      A.   I would tell them that the -- the ground was 8 

  not stable, they were having a hard time holding their 9 

  excavation, and the mud was really bad. 10 

      Q.   Okay.  What's the next entry about the clay 11 

  plains swamp or the New Haven swamp? 12 

      A.   It says "digging" -- on the 16th it says, 13 

  Digging through bad spot in swamp.  Taking time. 14 

      Q.   Now, do you recall what the digging was that 15 

  was occurring on that day? 16 

      A.   Say that again. 17 

      Q.   Yes.  Do you recall what the digging was that 18 

  was occurring on that day?  Was this digging the 19 

  initial trench or digging the two trenches on either 20 

  side of the pipeline? 21 

      A.   This would be digging the trench on the side 22 

  of the pipeline. 23 

      Q.   So when did the process of digging the trench 24 

  on the side of the pipeline start?25 
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      A.   3 o'clock on the 14th. 1 

      Q.   And -- and that's what Jolene was referring to 2 

  as they got 700 feet done by the end of that day? 3 

      A.   That is correct. 4 

      Q.   Okay.  Thank you.  What's the next entry 5 

  relating to the clay plains swamp or the New Haven 6 

  swamp? 7 

      A.   It would be on the 19th.  It says, 400 more 8 

  foot through the swamp.  It got worse, then better. 9 

      Q.   Is this one trench to the side of the 10 

  pipeline, or is this trenches on both sides of the 11 

  pipeline? 12 

      A.   It's one trench on the side of the pipeline. 13 

      Q.   Okay.  What's the next entry? 14 

      A.   The 20th says, Out of bad area.  Got our five 15 

  foot of cover on Hurlburt property.  Made tie-in weld 16 

  on north side of the swamp. 17 

      Q.   And again, that is which day? 18 

      A.   I believe it's the 20th. 19 

      Q.   I am sorry if this is repetitive, but what is 20 

  a tie-in weld? 21 

      A.   A tie-in weld would be putting the swamp piece 22 

  that they dug in and connecting it to the mainline 23 

  piece that was on the other side of the swamp. 24 

      Q.   North of the swamp?25 
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      A.   North of the swamp. 1 

      Q.   Who did the welding? 2 

      A.   I would have to refer back to the time sheet 3 

  and see who the welder was. 4 

      Q.   All right.  Why don't you do that.  Are you 5 

  looking at page Michels 0021? 6 

      A.   Yes.  The welder was Brian Foster. 7 

      Q.   Okay.  Thank you.  Was other welding -- when 8 

  was the other welding performed on the -- in the clay 9 

  plains swamp, welding other than the tie-in to the 10 

  section to the north? 11 

      A.   Other than the tie-in? 12 

      Q.   Yes. 13 

      A.   I do not know.  I don't have it in front of 14 

  me. 15 

      Q.   Is there a record that would tell us when the 16 

  welds were done and who did them? 17 

      A.   Only in my notes. 18 

      Q.   So you told us that there's a -- a coating -- 19 

  rock coating that's done where the welds are because 20 

  where the welds are, there's no concrete coating around 21 

  the pipeline.  So can you -- from looking at your 22 

  notes, can you reconstruct when the welds were 23 

  performed that were later covered with rock shielding 24 

  within the clay plains swamp or the New Haven swamp?25 
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           MR. SIMON:  Give us a minute.  Carl's looking 1 

  through his notes right now. 2 

           MR. DUMONT:  Sure. 3 

           MR. SIMON:  He can't see. 4 

      A.   It would be August 29th and 30th. 5 

      Q.   And how did you figure that out? 6 

      A.   I looked at the rest of my notes. 7 

           MR. SIMON:  And we will certainly produce -- 8 

  there's one additional day.  We had originally produced 9 

  one day -- or one week on either side when we were in 10 

  the clay plains.  That's what we're looking through 11 

  right now in the record.  Looking at the notes in their 12 

  entirety, apparently this one particular crew had moved 13 

  in in August, and of course I'll produce those days. 14 

           MR. DUMONT:  Okay.  Thank you. 15 

           MR. SIMON:  Let me make a note quick so I 16 

  don't forget. 17 

      Q.   So, Mr. Bubolz, the notes you looked back on 18 

  were the ones from your laptop from earlier in the 19 

  year? 20 

      A.   That is correct. 21 

      Q.   Okay.  Is there a separate set of records that 22 

  just pertain to who did a weld or when it was done or 23 

  whether the weld was tested? 24 

      A.   Of who did the welds?25 
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      Q.   Who the welder was, when the weld was 1 

  performed, and whether the weld was tested.  Are there 2 

  records other than your laptop notes that we have in 3 

  front of us that would -- 4 

      A.   I do not possess them records at all. 5 

      Q.   Did Michels create or possess such records 6 

  back in August and September of 2016? 7 

      A.   I do not believe so.  I believe that was 8 

  tracked by the x-ray company. 9 

      Q.   The -- you said the x-ray company? 10 

      A.   That is correct. 11 

      Q.   What -- tell us what you mean by that. 12 

      A.   There's a crew that x-rays the welds for 13 

  defects after they're welded. 14 

      Q.   So that crew wouldn't know who the welder was, 15 

  would it? 16 

      A.   I could not tell you that. 17 

      Q.   Do you know who -- what company had performed 18 

  those x-ray checks? 19 

      A.   I do not remember that, either, offhand. 20 

      Q.   Were those x-ray checks provided to you as the 21 

  superintendent of the Michels -- for the Michels 22 

  Corporation? 23 

      A.   No. 24 

      Q.   Were the welders Michels employees?25 
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      A.   Yes. 1 

      Q.   Returning to Michels 004, you were reading 2 

  under "jolene Tie In."  I think when we stopped, it 3 

  said, Out of bad area.  Got our five feet of cover on 4 

  Hurlburt property.  Made tie-in weld on north side of 5 

  swamp. 6 

           The next entry below that says, Moved 7 

  equipment around swamp and began installing pipe out of 8 

  the other side of swamp section. 9 

           Did I read that correctly? 10 

      A.   Yes. 11 

      Q.   And what does that mean?  And also, sorry, 12 

  what date was that? 13 

      A.   It was the 21st. 14 

      Q.   Okay.  And what does that mean? 15 

      A.   And they moved their equipment around to the 16 

  south side of the swamp to tie the end in from the 17 

  swamp section to the mainline section. 18 

      Q.   So that's tying into the mainline section that 19 

  had already been constructed south of the swamp? 20 

      A.   Correct. 21 

      Q.   And when you're referring to south of the 22 

  swamp here, do you recall whether you're referring to 23 

  south of the clay plains swamp or today what you've 24 

  called the New Haven swamp?25 

00809
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 69 

      A.   This crew is working in the clay plains swamp. 1 

      Q.   Okay.  So it would be -- even further south 2 

  than where they tied in would be what you refer to as 3 

  the New Haven swamp? 4 

      A.   The New Haven swamp is a whole nother 5 

  location. 6 

      Q.   Okay.  Next entry below that one, could you 7 

  read that to us. 8 

      A.   Next three-joint section in off of PI swamp 9 

  section.  Had to dump truck mud back.  Ugly ditch. 10 

      Q.   What is the PI swamp section? 11 

      A.   PI would be point of intersection.  That's 12 

  where we would have a bend in the pipe, either a 13 

  fitting or a field bend. 14 

      Q.   What does it mean -- what's the reference to 15 

  the dump truck? 16 

      A.   They had to dump truck their mud away to -- to 17 

  another -- further down the right-of-way. 18 

      Q.   What does it mean to dump truck the mud away? 19 

      A.   They had to haul it. 20 

      Q.   These are your notes.  Can you recall why they 21 

  had to haul it? 22 

      A.   No.  I don't recall. 23 

      Q.   Do you know where they hauled it to? 24 

      A.   More than likely they just hauled it down to a25 
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  right-of-way -- down the right-of-way to where there 1 

  was either an area already constructed or where there 2 

  was more room. 3 

      Q.   Why would you have to haul mud away? 4 

      A.   Because they ran out of room. 5 

      Q.   So it's after it's excavated; they just ran 6 

  out of room to store it? 7 

      A.   Yes. 8 

      Q.   Okay.  Next entry under that is for the 24th, 9 

  I -- if I'm reading this correctly? 10 

           MS. BARRETT:  23rd. 11 

      Q.   23rd?  Yes, 23rd.  It says "2 welds left thru 12 

  wetland."  Then I can't read the next word. 13 

      A.   Says "rain out." 14 

      Q.   "Rain out."  Okay.  What does "2 welds left 15 

  thru wetland" mean? 16 

      A.   They -- it seems like they had two welds left 17 

  to go before they moved out of that area. 18 

      Q.   And is this what you're referring to as the 19 

  clay plains area or another area? 20 

      A.   The clay plains area.  I believe this work 21 

  would be out of the swamp itself, but I still referred 22 

  to it as the wetland in general. 23 

      Q.   What does "rain out" mean? 24 

      A.   It means that it rained that day and the crew25 
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  went home. 1 

      Q.   Can you explain why two welds were left in the 2 

  wetland?  I thought that all the welds had been done in 3 

  August. 4 

      A.   They didn't leave them.  There was two left to 5 

  go.  They needed to be completed before they were done 6 

  in that area. 7 

      Q.   Okay.  So can you explain why two welds needed 8 

  to be done?  I thought the welds had been done in 9 

  August. 10 

      A.   These are tie-in welds.  Putting the sections 11 

  together after the crews went through. 12 

      Q.   Okay.  The next entry on this page, I believe 13 

  this one is Saturday, September 24th.  Can you read 14 

  that one? 15 

      A.   It says, Dug out four-joint wetland/arc site 16 

  section.  Need to x-ray and coat welds. 17 

      Q.   What does that mean? 18 

      A.   It means they dug out a four-joint section. 19 

  It seems to me that they got the weld done but ran out 20 

  of time in the day to both x-ray and coat them. 21 

      Q.   And is this the clay plains swamp area? 22 

      A.   This would all be in that area, correct. 23 

      Q.   So the pipe is in the ground.  How is the 24 

  welding done -- go ahead.  If I understand, the pipe25 
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  has already been laid down.  This is the 24th.  How was 1 

  the welding done? 2 

      A.   We would dig a bell hole, which is an 3 

  excavation sloped so somebody can get in it, and the 4 

  weld is done underground in the ditch. 5 

      Q.   You used a word I'm not sure we caught.  What 6 

  kind of hole?  A barrel hole? 7 

      A.   A bell hole. 8 

      Q.   Bell hole.  Like b-e-l-l? 9 

      A.   That is correct. 10 

      Q.   Okay.  So it's bell shaped? 11 

      A.   Yes. 12 

      Q.   How did it come to pass that four welds had to 13 

  be dug out and rewelded?  How did that come to pass? 14 

      A.   That's not what it says. 15 

      Q.   Okay.  What is -- 16 

      A.   They're not -- there was a four-joint -- a 17 

  four-joint section.  That means there was four pieces 18 

  of pipe up on the ground welded together at a section, 19 

  and they dug the ditch for that and installed that 20 

  pipe. 21 

      Q.   Okay.  So the welding was done aboveground? 22 

      A.   A portion of it. 23 

      Q.   Okay.  So I am quite confused.  I thought the 24 

  entire pipeline in the clay plains area was already in25 
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  the ground. 1 

      A.   This is outside of the swamp area. 2 

      Q.   Okay. 3 

      A.   Working on the south side of the swamp. 4 

  Everything in the swamp was already in the ground. 5 

      Q.   So I don't know whether you answer this by 6 

  looking at 003 through 007 or back to the time sheets, 7 

  but I haven't -- so far I haven't seen a record that 8 

  describes the process of covering up the pipeline. 9 

  When did that happen; how was that done?  Are there any 10 

  records that discuss that? 11 

      A.   No. 12 

      Q.   Were there any records in September of 2016 13 

  that documented the process of covering up the 14 

  pipeline, who did it, how it was done, that kind of 15 

  thing? 16 

      A.   No. 17 

      Q.   My very poor comprehension of all these plans 18 

  and specifications is that part of the process of 19 

  burying the pipeline had to wait until there was a zinc 20 

  ribbon that was attached along the pipeline.  Are you 21 

  familiar with the zinc ribbon? 22 

      A.   Yes. 23 

      Q.   Is there any record of the zinc ribbon being 24 

  placed down before the pipeline was covered up?25 
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      A.   No. 1 

      Q.   Whose responsibility was it, Michels or Clough 2 

  Harbour or somebody else, to install the zinc ribbon? 3 

      A.   We actually had another crew that went in 4 

  afterwards to install the zinc ribbon. 5 

      Q.   After the pipeline was covered up? 6 

      A.   That is correct. 7 

      Q.   What was -- do you know what the name of that 8 

  crew was or who the crew leader was? 9 

      A.   Dave Prokosch was his name. 10 

      Q.   What was his first name? 11 

      A.   I did not keep a record of him.  He does not 12 

  have a column in my notes. 13 

      Q.   What was Mr. Prokosch's first name? 14 

      A.   Dave. 15 

      Q.   Dave, like David? 16 

      A.   Yes. 17 

      Q.   Okay.  David Prokosch.  P-r-o-k-o-s-h, maybe? 18 

      A.   That sounds pretty close. 19 

      Q.   And he was a Michels employee? 20 

      A.   That is correct. 21 

      Q.   Do you know whether Mr. Prokosch kept his own 22 

  records that would show that the zinc ribbon was put 23 

  down and who put it down and when it was put down? 24 

      A.   He would have had a time sheet, and I -- I25 
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  don't believe we've ever seen it.  That is something 1 

  I'll have to look into. 2 

      Q.   Okay.  Thank you.  So going back to Jolene's 3 

  notes from Monday, the 19th, which are Bates stamp page 4 

  0018, having gone back through your notes from your 5 

  laptop, looking back at Jolene's notes from the 19th, 6 

  are there any other records we haven't talked about 7 

  that would tell the Department of Public Service, the 8 

  Public Utilities Commission, or my clients the details 9 

  of how the pipe was installed, how it was inspected, 10 

  the depth of burial, the backfill, any records we 11 

  haven't talked about yet -- 12 

           MS. BOUFFARD:  Objection. 13 

      Q.   -- pertaining -- pertaining to the 19th? 14 

      A.   Not that I can think of that Michels would 15 

  have. 16 

      Q.   Okay. 17 

      A.   There would be inspection records from the 18 

  inspection company, and there would be what survey had, 19 

  but we don't have access to any of that. 20 

      Q.   Okay.  Turning to 0020 and 0021, can you tell 21 

  me what those are? 22 

      A.   These are the time sheets for the overhead of 23 

  the project.  This would include the safety guys and 24 

  assistant superintendent, project manager, people like25 
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  that. 1 

      Q.   So your wife's signature isn't on this page 2 

  20, correct? 3 

      A.   Correct.  My signature. 4 

      Q.   That's yours on the bottom right?  Looks like 5 

  CLZ? 6 

      A.   That is my signature, correct. 7 

      Q.   Okay.  The thing that starts with a C is you? 8 

      A.   Yes. 9 

      Q.   Yeah.  All right.  And so this is -- the 10 

  purpose of 0020 is not -- actually it says time record, 11 

  but it's not to keep track of time; it's for some other 12 

  purpose? 13 

      A.   Well, it's to keep track of time as well for 14 

  the people that did not necessarily fall into a crew. 15 

      Q.   I see.  Okay.  So the corresponding sheet for 16 

  the 19th is sheet 18? 17 

      A.   That's correct. 18 

      Q.   All right.  If we can move to sheet 21, daily 19 

  time report, is this again in Jolene's handwriting? 20 

      A.   Yes. 21 

      Q.   It says "worked till 7 PM," and it says 22 

  "finished clay planes 885 feet." 23 

           "885 feet" is circled and it's highlighted in 24 

  yellow.  Do you know who circled it and who highlighted25 
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  it? 1 

      A.   I would assume Jolene did, but I couldn't tell 2 

  you that. 3 

      Q.   I want to see if you can help me with the math 4 

  a little bit.  It looks like on the 21st 885 feet was 5 

  completed, and if we go back to the day before, which 6 

  is page 18, how many feet were completed? 7 

      A.   You mean page 19? 8 

      Q.   Sorry.  Yes.  I'm sorry.  I misled you.  19, 9 

  not 18. 10 

      A.   I would have to do the math here. 11 

      Q.   Yeah.  Take your time.  So you're looking at 12 

  1645+87 running up to 1649+75. 13 

      A.   388. 14 

      Q.   All right.  So the 388 from the 19th, and 15 

  we've got 885 from the 20th.  That's less than 1200 16 

  feet.  It's about 1200 feet. 17 

      A.   I apologize.  My math was wrong.  I must have 18 

  hit the wrong button. 19 

      Q.   Okay. 20 

      A.   Okay.  I see what -- we have 1273 is the 21 

  total. 22 

      Q.   1273.  Okay.  So the -- 23 

           MS. BARRETT:  No, it's not.  Yes, it is. 24 

  Okay.25 
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      Q.   Why don't you tell us -- tell us just so the 1 

  record's clear how you figured that out so we are all 2 

  on the same figurative page. 3 

      A.   Took 885 -- 4 

      Q.   Um-hum. 5 

      A.   -- plus the last total I gave you, the 388, 6 

  equals 1273. 7 

      Q.   Okay.  And 388 is the distance from 1645+87 to 8 

  1649+75? 9 

      A.   Correct. 10 

      Q.   Okay.  So the information provided to us by 11 

  the company is that we're looking at a much longer 12 

  distance, roughly 2500 feet, that is an area of 13 

  concern.  So the other 1300 feet that had areas that 14 

  involved construction in wetland, do you think that 15 

  would be in the area you're calling the New Haven 16 

  swamp? 17 

      A.   No.  There were two separate swamps. 18 

      Q.   Okay.  All right.  Well, let's continue on 19 

  Exhibit -- page 0021.  It says, Finished clay plains 20 

  885 feet. 21 

           Why don't you read the rest, because I'm not 22 

  sure I can read it. 23 

      A.   It says, "made 1 weld and 1 cut.  Coming in 24 

  side is tied-in."25 
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      Q.   All right.  What does that mean? 1 

      A.   It means they tied the -- I believe the north 2 

  end in. 3 

      Q.   What does "1 cut" mean? 4 

      A.   Well, when you make a tie-in, you have -- you 5 

  have a lap and you would have to cut the excess off to 6 

  make it fit. 7 

      Q.   So you're saying that the two sections of pipe 8 

  overlap so you have to cut off part of one? 9 

      A.   You have to cut them off and put them 10 

  together, correct. 11 

      Q.   What does it mean to say "coming in side 12 

  is" -- well, I'm not sure what -- read that last line. 13 

  "Coming in" -- 14 

      A.   "Side is tied-in." 15 

      Q.   Oh, "coming in side is tied-in."  What does 16 

  that mean? 17 

      A.   It would be the direction we're working on the 18 

  project.  So if this was -- if we were working north to 19 

  south, which I believe we were, this would be the north 20 

  side tied in. 21 

      Q.   So let me ask you a big-picture question about 22 

  the 20th the same as I asked you about the 19th.  Are 23 

  there any documents other than the one in front of us, 24 

  page 21, and your laptop notes that are pages 3 through25 
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  7 that were created in September of 2016, that would 1 

  document the depth of the trench, the depth of the 2 

  pipeline, presence or absence of backfill, whether 3 

  there was inspection underneath the pipe, the presence 4 

  or absence of stones underneath the pipe, checking for 5 

  welds, who did the welds, whether the welds were 6 

  inspected?  Are there any other documents other than 7 

  the ones in front of us that would answer those 8 

  questions? 9 

           MS. BOUFFARD:  Object to the form of the 10 

  question. 11 

      A.   Not that we possess. 12 

      Q.   Okay.  And do you think such documents existed 13 

  back in September of 2016 regardless of whether you 14 

  possess them now? 15 

      A.   No.  It would be by -- it would -- the only 16 

  other place I could think would be the inspector's 17 

  notes, and we do not have access to them. 18 

      Q.   Okay.  Thank you.  Paragraph 1(f) of the 19 

  subpoena and paragraph 2 related to whether -- "Whether 20 

  compacted backfill was placed around the pipeline in 21 

  the wetland or swamp area, or the wetland buffer area, 22 

  of New Haven, Vermont, nearby to the Monkton town 23 

  line." 24 

           I haven't asked you compaction questions.  Do25 
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  you know whether or not compacted backfill was placed 1 

  around the pipeline in the wetland or swamp area or the 2 

  wetland buffer area? 3 

      A.   We did not compact the backfill. 4 

      Q.   And is there a reason that you recall? 5 

      A.   Yes.  It was not compactible backfill.  It was 6 

  muck.  I do believe there was an agreement with VELCO 7 

  before we started about compaction. 8 

      Q.   Did you ever see the agreement? 9 

      A.   No.  I don't believe so. 10 

      Q.   Paragraph 1(g) and 2 relate to the following: 11 

  "The earliest date on which Michels Corporation, or any 12 

  officer, employee, agent or contractee of Michels 13 

  Corporation, first communicated with Vermont Gas 14 

  Systems about the need or potential need to bury the 15 

  gas pipeline less than four feet below the surface of 16 

  the ground within the VELCO right of way in New Haven, 17 

  Vermont; and also the nature and manner of the 18 

  communication." 19 

           So let me ask you, are there any documents 20 

  that would tell us the earliest date of that 21 

  communication? 22 

      A.   I do not have any documents. 23 

      Q.   When you say "I," you mean the Michels 24 

  Corporation?25 
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      A.   Correct. 1 

      Q.   Did the Michels Corporation have any such 2 

  documents in September of 2016 or at any time in 2016? 3 

      A.   No. 4 

      Q.   Was there any verbal communication between the 5 

  Michels Corporation and Vermont Gas about the need or 6 

  potential need to bury the gas pipeline less than four 7 

  feet below the surface of the ground within the VELCO 8 

  right-of-way in New Haven? 9 

      A.   Yes. 10 

      Q.   And tell me what you know about that. 11 

      A.   I had conversations with Mike Reagan and 12 

  Darrel Crandall about -- about that. 13 

      Q.   When do you -- go ahead.  Sorry. 14 

           And -- 15 

      A.   I was done. 16 

      Q.   What was the -- what was the earliest date on 17 

  which you had such a conversation? 18 

      A.   I do not know. 19 

      Q.   Now, you've told us your notes, which are page 20 

  003, refer to a conversation on September 12.  Is 21 

  that -- 22 

      A.   I believe that conversation -- 23 

      Q.   Go ahead. 24 

      A.   -- referred to the sheeting issue.25 
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      Q.   Okay.  So that's different than the depth 1 

  issue? 2 

      A.   Essentially. 3 

      Q.   Okay.  When is the first -- the earliest date 4 

  on which the Michels Corporation became aware that the 5 

  pipeline might be buried or potentially would have to 6 

  be buried less than four feet below the surface within 7 

  the VELCO right-of-way in New Haven? 8 

      A.   It would have been as we were constructing 9 

  when we realized how bad the conditions really were. 10 

      Q.   And looking through your notes that we've been 11 

  just looking through, what date was that? 12 

      A.   My -- let me take a look at my notes. 13 

           MR. SIMON:  We're looking for them. 14 

           MR. DUMONT:  Yup. 15 

      A.   My guess would be the 15th. 16 

      Q.   Okay.  What is it about your notes that 17 

  suggest it was the 15th? 18 

           MR. SIMON:  Could you -- could you repeat the 19 

  question? 20 

      Q.   Yes.  What is it in your notes that suggests 21 

  it was the 15th of September? 22 

      A.   It said the machine -- or it said hit the 23 

  terrible spot in the swamp and the machine slid off the 24 

  mats at the end of the day.25 
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      Q.   Okay.  Do you recall speaking to Darrel, 1 

  Michael, or anyone at Vermont Gas on the 15th? 2 

      A.   Yes. 3 

      Q.   Tell me what you recall. 4 

      A.   I remember we talked about the -- the troubles 5 

  we were having there and the conditions. 6 

      Q.   Had Michels -- 7 

      A.   What our op- -- 8 

      Q.   Go ahead.  Sorry. 9 

      A.   And what our options would be. 10 

      Q.   At other locations along the pipeline, had you 11 

  personally been aware of a similar problem, meaning a 12 

  need to burial less than -- need to bury less than four 13 

  feet within the VELCO right-of-way? 14 

      A.   I honestly don't remember. 15 

      Q.   If you had used sheeting in the clay plains 16 

  swamp, could you have achieved four feet depth of 17 

  burial? 18 

      A.   I believe so. 19 

      Q.   Do you remember any communications you had 20 

  with any employee of Vermont Gas, not Hatch Mott 21 

  MacDonald or Clough Harbour but Vermont Gas, about the 22 

  depth of burial that we've been discussing? 23 

      A.   I do not remember.  The construction manager 24 

  and the chief inspector were my points of contact.25 
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      Q.   Mr. Reagan and Mr. Crandall? 1 

      A.   Correct. 2 

      Q.   Did you ever learn that Vermont Gas had 3 

  approved of burial less than four feet deep within the 4 

  VELCO right-of-way in New Haven? 5 

      A.   In the clay plains -- 6 

      Q.   Yes. 7 

      A.   -- you mean? 8 

      Q.   Yes, I do. 9 

      A.   Yes. 10 

      Q.   How did that come to your attention? 11 

      A.   It was verbal from Mr. Crandall. 12 

      Q.   Tell me what you remember him saying. 13 

      A.   I remember him saying it got approved. 14 

      Q.   Approved by whom? 15 

      A.   I believe it was VELCO. 16 

      Q.   Do you remember when that conversation 17 

  happened? 18 

      A.   I -- I honestly cannot pinpoint the exact 19 

  date.  I do not know.  It would have been somewhere 20 

  between the 12th and the -- and the 22nd. 21 

      Q.   We've been given a document showing that Mott 22 

  MacDonald did engineering studies to analyze whether it 23 

  would be safe to bury the pipeline less than four feet 24 

  deep within the VELCO right-of-way much earlier in25 
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  2016.  The study was done in May of 2016, not 1 

  September.  Do you recall any issues pertaining to 2 

  depth of burial less than four feet earlier in 2016 3 

  than the discussions we've had, whether it's at the New 4 

  Haven site or any other site? 5 

           MS. BOUFFARD:  Objection. 6 

      Q.   Go ahead. 7 

      A.   I do not recall.  I know the swamp was talked 8 

  about and we talked about it a lot in planning to get 9 

  in there, but I do not recall the dates, who, when, and 10 

  where. 11 

      Q.   Tell me about that discussion.  Who was part 12 

  of the discussion? 13 

      A.   It would have been Mike Reagan, Darrel 14 

  Crandall, and I believe Joey Wilson was involved in 15 

  several of them. 16 

      Q.   Do you remember where you were when you had 17 

  the discussion? 18 

      A.   It would have been in Mike and Darrel's 19 

  office. 20 

      Q.   Where was that? 21 

      A.   At our construction yard in Williston. 22 

      Q.   Do you think that could have been in the 23 

  spring of 2016? 24 

      A.   It very well could have been.  I -- I don't25 
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  know. 1 

      Q.   How did the subject come up? 2 

      A.   When we were talking about the -- the width of 3 

  the right-of-way in this location and the concerns we 4 

  had. 5 

      Q.   "At this location" meaning the clay plains 6 

  swamp? 7 

      A.   That is correct. 8 

      Q.   Who first raised concerns about construction 9 

  in the clay plains swamp?  Was it you on behalf of 10 

  Michels or Mr. Crandall or Mr. Reagan? 11 

      A.   I believe it was me. 12 

      Q.   Why did you have concerns? 13 

      A.   Because of the width of our right-of-way.  It 14 

  was extremely narrow. 15 

      Q.   How wide was it? 16 

      A.   I don't remember exactly.  I believe it was 30 17 

  or 40 feet. 18 

      Q.   Why was that -- why did that seem narrow to 19 

  you? 20 

      A.   Because that is not typical at all.  Thirty 21 

  feet is extremely narrow. 22 

      Q.   What's typical in your business? 23 

      A.   Seventy-five to a hundred. 24 

      Q.   Tell me the connection between your concern25 
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  about the narrowness of the right -- of the 1 

  construction corridor and depth of burial. 2 

      A.   In 30 feet, especially in the conditions we 3 

  had, you don't have enough room to get your dirt away 4 

  from you. 5 

      Q.   In other work -- at other work sites have you 6 

  worked in a wetland with only a 30-foot-wide corridor 7 

  to work in before this one? 8 

      A.   I do not -- I do not recall any time where we 9 

  only had a 30-foot corridor. 10 

      Q.   And this is in your entire career at Michels? 11 

      A.   From what I can remember. 12 

      Q.   And do you mean -- I want to be clear.  You 13 

  mean a 30-foot corridor in a wetland or a 30-foot 14 

  corridor in any area? 15 

      A.   I believe we've worked in a 30-foot corridor 16 

  in -- a narrow one, anyways, in other areas, but not in 17 

  a wetland. 18 

      Q.   This will be obvious to you, but can you 19 

  explain to me why it's a particular problem in a 20 

  wetland? 21 

      A.   Because the dirt is not solid and it don't 22 

  stack.  It's just muck, and you can't -- you can't do 23 

  anything with it. 24 

      Q.   Is this a problem just because there's not25 
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  room to store it or because you just can't dig deep 1 

  enough in -- in a mucky area if you only have 30 feet 2 

  to work in? 3 

      A.   Both. 4 

      Q.   Both.  Okay.  So tell me anything -- anything 5 

  more you remember about this discussion you had back at 6 

  the office in Williston which started with your concern 7 

  about the narrowness of the right-of-way. 8 

      A.   I really don't remember details of -- of 9 

  exactly what we talked about. 10 

      Q.   Did Mr. Reagan or Mr. Crandall say don't worry 11 

  about it, it's a problem, or did they say we'll get 12 

  back to you, or did -- was there some other resolution? 13 

      A.   There were many options and solutions 14 

  proposed, if I remember right, and it's something we 15 

  talked about for some time. 16 

      Q.   What were the other possible solutions? 17 

      A.   Well, acquiring more right-of-way would be the 18 

  first solution, and I don't think that was possible 19 

  there.  The second would be to sheet it. 20 

      Q.   Any other options? 21 

      A.   There would have been an option to directional 22 

  drill it. 23 

      Q.   Was that directional drilling discussed 24 

  between you and Mr. Reagan and Mr. Crandall?25 
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      A.   I believe only briefly. 1 

      Q.   What did they say about directional drilling? 2 

      A.   I do not recall, but we did not do that. 3 

      Q.   Did you discuss that directional drilling is 4 

  much more expensive? 5 

      A.   I do not recall. 6 

      Q.   At any time did Reagan or Crandall say 7 

  directional drilling is off the table because it's too 8 

  expensive? 9 

      A.   Again, I'm sorry, I do not recall the exact 10 

  conversation.  I would not be able to answer it 11 

  correctly. 12 

      Q.   Okay.  Do you recall any discussion at all 13 

  about the cost of the alternative ways of dealing with 14 

  the concern you had raised? 15 

      A.   I know there was a large cost in sheeting as 16 

  well as drilling, but like I said, I don't -- I don't 17 

  remember exactly what was said. 18 

      Q.   Okay.  Now, I'm going to compliment you and 19 

  say I know you're not a lawyer.  That's intended as a 20 

  compliment.  Having said that, do you know whether or 21 

  not the contract between Michels and Vermont Gas would 22 

  have imposed the cost of directional drilling on 23 

  Michels or on Vermont Gas? 24 

      A.   It would have been all on how we would have25 
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  made the agreement. 1 

      Q.   So do you recall -- did you know at the time 2 

  in 2016 whose cost that would have been? 3 

      A.   Again, if the decision would have been to 4 

  drill, there would have had to have been agreement made 5 

  between Michels and Vermont Gas and hash out whose cost 6 

  it would be. 7 

      Q.   Okay.  Do you know if that discussion ever 8 

  happened? 9 

      A.   I do not believe it happened.  I do not 10 

  believe it ever happened, no. 11 

      Q.   Thank you.  During the entire time you were 12 

  working for Michels in Vermont, did any -- let me back 13 

  up. 14 

           This relates to question on the subpoena 1(i) 15 

  and 2.  I'll read 1(i) and then I'll ask you a question 16 

  about it:  "Whether any Michels Corporation employee, 17 

  officer, agent or contractee expressed concern, or 18 

  knows of any other person who expressed concern, about 19 

  failure to properly bury the pipeline in any respect 20 

  (including but not limited to improper depth of trench, 21 

  failure to use backfill beneath pipe, failure to 22 

  inspect material beneath pipe, failure to use compacted 23 

  backfill around pipe, improper depth of burial of the 24 

  pipeline, et cetera), at any location."25 
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           So the question I have for you is, During the 1 

  time you worked for Michels, are you aware of any 2 

  concerns that any Michels employee, officer, agent, or 3 

  contractee or any other person expressed about failure 4 

  to properly bury the pipeline in any respect? 5 

      A.   Nope. 6 

      Q.   Does Michels have any kind of in-house 7 

  whistle-blowing or similar policy? 8 

      A.   Of course. 9 

      Q.   Briefly, what is the policy? 10 

      A.   I could not tell you the policy off the top of 11 

  my head. 12 

      Q.   Okay.  But if, say, one of your workers had 13 

  said, you know, I have a concern about this, I'm not 14 

  sure this is safe, that employee would have been 15 

  protected against any retaliation? 16 

      A.   Yes. 17 

      Q.   Okay.  You've been very helpful and I know 18 

  you're trying really hard to listen to my questions and 19 

  answer them as best you can.  A question that I still 20 

  have is this:  You've described to me based on Jolene's 21 

  time sheets and your own laptop notes that first a 22 

  trench was dug, then the pipe was put in and a second 23 

  trench was dug alongside of it to try and get the -- 24 

  the pipeline deeper.  Isn't it true that there were25 
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  trenches dug on both sides of the pipeline so that it 1 

  would sink deeper? 2 

      A.   You know, it could be.  I do not recall. 3 

      Q.   Have you seen any of the photographs that were 4 

  taken by Joey Wilson? 5 

      A.   I don't believe so. 6 

      Q.   Of this site, to be clear.  You don't think 7 

  so? 8 

           Have you seen the photographs that some of my 9 

  clients took of the site on the 19th of September? 10 

      A.   I don't know.  I don't -- I don't believe so. 11 

      Q.   Okay.  Did Michels take any photographs of the 12 

  New Haven swamp or the clay plains swamp before, 13 

  during, or after construction? 14 

      A.   I took photos after construction, and I sent 15 

  what I had. 16 

      Q.   That's in the package we got last night? 17 

      A.   Yes. 18 

      Q.   And the date -- do you know how long after 19 

  construction those were taken? 20 

      A.   These were taken in November. 21 

      Q.   Of what year? 22 

      A.   2016. 23 

      Q.   Do you know who took the photographs? 24 

      A.   I did.25 
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      Q.   And why did you take them? 1 

      A.   We had some depth-of-cover issues at the end 2 

  of the project.  Most of it was contouring and sunken 3 

  ditch, and this area in particular is -- is settlement, 4 

  and I took them to show the settlement areas. 5 

      Q.   Was any change made to these -- the sites 6 

  shown in the photographs after the photographs were 7 

  taken? 8 

      A.   No. 9 

      Q.   So if I were to go there today, the depth of 10 

  cover would be the same as it was in November of 2016? 11 

      A.   That is correct. 12 

           MR. SIMON:  For the sake of clarity, Attorney 13 

  Dumont, let me clarify those two questions.  You're 14 

  saying by Michels Corporation? 15 

           MR. DUMONT:  Yes.  Thank you.  By Michels 16 

  Corporation.  Thank you. 17 

      Q.   That's what you meant, correct? 18 

      A.   Yes. 19 

      Q.   Have you looked at the time sheets for the 20 

  dates you've been discussing about with relation to 21 

  Michels 003, 004, 005 -- let me rephrase that. 22 

           In what we were sent last night, we have the 23 

  time sheets for the 19th and the 20th, but not the time 24 

  sheets for, for example, the 12th or the 15th, which is25 

00835
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 95 

  when you believe the equipment fell off the matting and 1 

  into the swamp.  Have you looked at the time sheets for 2 

  dates other than the 19th and the 20th? 3 

      A.   Not recently.  Not since the dates they were 4 

  written and I signed them. 5 

           MR. SIMON:  Want to take a look through your 6 

  records? 7 

      A.   No, I did not. 8 

      Q.   Okay.  So I have one we obtained from Vermont 9 

  Gas.  It's a daily time report -- I'm sorry.  I'm not 10 

  going to go there. 11 

           Let me ask -- go back to the photographs.  Why 12 

  is it that you took photographs in November of 2016 but 13 

  none during construction or before construction? 14 

      A.   I don't know. 15 

      Q.   Did anyone ask you to take photographs in 16 

  November of 2016? 17 

      A.   No.  No.  I did this on my own because it was 18 

  an issue. 19 

      Q.   How did this issue come to your attention? 20 

      A.   There was an e-mail sent that showed the 21 

  depths of cover after the project was completed. 22 

      Q.   Sent by who? 23 

      A.   Vermont Gas.  I don't know the exact person. 24 

      Q.   Do you still have that e-mail?25 
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      A.   It was the depth of cover chart that -- that 1 

  was 0012. 2 

      Q.   Oh.  So it's in this package? 3 

      A.   Yes. 4 

      Q.   Okay.  In the package that was sent, this is 5 

  Michels 0012, so you're saying this was sent to you by 6 

  e-mail? 7 

      A.   Yes. 8 

      Q.   In the package that's been prepared to us, we 9 

  don't have any cover -- any cover e-mail.  What we have 10 

  is just this depth-of-cover table.  When -- when 11 

  this -- how do you know this arrived by e-mail? 12 

      A.   I had this saved in my files.  I will have to 13 

  check and see if I have those e-mails still. 14 

      Q.   This chart, as far as I can see, doesn't have 15 

  any date on it.  Are you saying this is -- was taken -- 16 

  what's your -- what's your understanding of the date 17 

  this was provided to Michels? 18 

      A.   This was in November, I believe. 19 

      Q.   Was Michels asked to do anything about the 20 

  insufficient depth of cover? 21 

      A.   The issue we have with this is that dirt has 22 

  more than likely squished out on the sides where you 23 

  cannot import material into a wetland and bring in 24 

  other material to fill with, and if it was a simple25 
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  regrading, we would -- we would have put a machine in 1 

  there and regraded it, but there really was no material 2 

  to regrade with, and that's why I took the pictures. 3 

      Q.   If I look at Michels 0015, I see numbers on 4 

  the left, 1905 running through 1940.  What are those 5 

  numbers? 6 

      A.   I believe those are weld numbers. 7 

      Q.   And then there's a black rectangle.  What -- 8 

  on my copy it's black.  What is that?  Is that material 9 

  that's been redacted, or was that in the original? 10 

      A.   That's material that's been redacted. 11 

      Q.   Who redacted it? 12 

           MR. SIMON:  That was redacted by me in our 13 

  production.  This is Andrew speaking. 14 

           MR. DUMONT:  So let me stick with the witness. 15 

      Q.   Mr. Bubolz, in the copy you received from 16 

  Vermont Gas, nothing was redacted, correct? 17 

      A.   Correct. 18 

           MR. DUMONT:  So, Mr. Simon, how could a 19 

  communication from Vermont Gas, a regulated Vermont 20 

  utility, to a contractee working on a pipeline be 21 

  covered by attorney-client privilege?  Explain that to 22 

  me, please. 23 

           MR. SIMON:  It's not attorney-client 24 

  privilege.  It was redacted for reasons of25 
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  confidentiality. 1 

           And, Debra, if you would like to explain your 2 

  reasoning, I'm glad to allow you to do so. 3 

           MR. DUMONT:  I'm sorry.  I didn't catch that. 4 

  Could you say that a little slowly -- more slowly? 5 

           MR. SIMON:  It's not attorney-client 6 

  privilege.  It was for reasons of confidentiality and 7 

  public safety. 8 

           And, Debra, if you would like to elaborate 9 

  further, I'm glad to allow you to do so. 10 

           MS. BOUFFARD:  The information that was 11 

  redacted had more specific -- specific location detail 12 

  in there that -- that hasn't been included in other 13 

  submissions and wouldn't be information that we would 14 

  make publicly available in terms of the specific 15 

  coordinates of where the pipe is. 16 

           MR. DUMONT:  In other dockets, material -- 17 

  information covered by the federal statute has been 18 

  provided to the parties.  The parties signed a 19 

  protective agreement, and it has never been the 20 

  practice of the Public Utilities Commission to allow 21 

  one party to unilaterally decide that information is 22 

  confidential and just withhold it. 23 

           MS. BOUFFARD:  If you want to talk about a 24 

  protective agreement and entering into that, we can25 
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  certainly do that, and -- and for today this 1 

  facilitated getting the discovery here to you, but we 2 

  can absolutely talk about that. 3 

  BY MR. DUMONT: 4 

      Q.   The third column has some numbers starting 5 

  with 254.9 and ending at 255.5.  Do you know what those 6 

  numbers are? 7 

           MR. SIMON:  Can we hold on one sec?  The 8 

  witness needs to utilize the lavatory, so can we take 9 

  five minutes? 10 

           MR. DUMONT:  Sure. 11 

           (A recess was taken.) 12 

  BY MR. DUMONT: 13 

      Q.   So this is Jim again.  Mr. Bubolz, I'm 14 

  wondering if you could give us sort of a big picture. 15 

  We've been going through lots of details, and I'm 16 

  afraid I've missed the big picture, which is I'd like 17 

  you to describe for me in your own words in a narrative 18 

  fashion the process by which the pipeline was laid 19 

  down -- the trench was dug, the pipeline was laid down, 20 

  it was buried, and then the project was finished in the 21 

  clay plains swamp.  So if you could just give us -- 22 

  spend a couple minutes and describe what the whole -- 23 

  how the process happened from start to finish. 24 

      A.   Certainly.  First off, the reason for having25 

00840
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 100 

  to do it this way was in the 30-foot right-of-way, when 1 

  you dig your ditch -- and it's going to be a very wide 2 

  ditch, and then next to that ditch is going to be a 3 

  pile of slop spoil.  We could not -- there was going to 4 

  be no road to carry the pipe in and set it in place. 5 

  That was our biggest obstacle.  There's no room.  You 6 

  can't drive on the muck to carry the pipe into place. 7 

  It would be a safety hazard.  The matting underneath 8 

  you, you wouldn't be able to see it and it would be a 9 

  really, really bad deal.  So we decided to bury the 10 

  pipe only a foot or two -- two to three feet deep 11 

  before the ditch turned bad and install the pipe 12 

  partway and then our excavator could dig alongside of 13 

  it and lower it down as we went, and that would 14 

  eliminate the need to have to carry in sections of pipe 15 

  in the conditions that would not allow it. 16 

      Q.   So there's a -- I believe there's a 17 

  2500-foot-long section of pipe that was concrete 18 

  coated.  Is that your understanding? 19 

      A.   That is correct. 20 

      Q.   How was that brought onto the site? 21 

      A.   It was brought on by trucks. 22 

      Q.   And how large were the sections that were 23 

  brought over -- brought to the site? 24 

      A.   They were 60 foot long.25 
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      Q.   And so those are assembled on the site, 1 

  correct? 2 

      A.   Yes. 3 

      Q.   They're connected up.  And what equipment is 4 

  used to connect them up? 5 

      A.   It would be a pipe layer. 6 

      Q.   What is a pipe layer? 7 

      A.   It would be a Caterpillar-type machine with a 8 

  boom that hangs over the side for -- for laying pipe. 9 

      Q.   Okay.  So the concrete-coated pipe is now 10 

  lying on the ground, and then the sections are then 11 

  connected together after they're laid on the ground; is 12 

  that right? 13 

      A.   Yes. 14 

      Q.   And this is before any trench has been dug, 15 

  correct? 16 

      A.   That is correct. 17 

      Q.   Is this what's known as stringing the pipe? 18 

      A.   That is correct. 19 

      Q.   So the pipe was strung -- a 2500-foot length 20 

  of pipe was strung, and after that's completed, the 21 

  trench -- the initial trench was excavated, correct? 22 

      A.   Yes. 23 

      Q.   Now, what use of the wooden matting was made 24 

  up until this point -- let me -- up to the point that25 
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  the stringing is completed, were you using wooden 1 

  matting? 2 

      A.   Yes. 3 

      Q.   So, now, we've got the matting now.  Does it 4 

  stay down before -- while the trench is dug, or do you 5 

  lift -- was it lifted up to dig the trench? 6 

      A.   The matting stays down. 7 

      Q.   And is the trench dug to the side of the 8 

  matting or in some other way? 9 

      A.   To the side of the matting.  Correct. 10 

      Q.   How was the 2500 foot of pipe then laid into 11 

  the ditch? 12 

      A.   We dug a partial ditch over the top of the 13 

  ditch line first, and we only excavated the topsoil, 14 

  which was the first two or three feet, and then we 15 

  placed that pipe in that partial ditch before we 16 

  started digging and dirt was an issue. 17 

      Q.   So I'm thinking 2500 foot of concrete-coated 18 

  pipe is extremely heavy.  What was the process that you 19 

  picked this up and put it in the ditch? 20 

      A.   It is heavy, but you do not pick up the whole 21 

  thing at one time.  It's also more flexible than you 22 

  would think, and four or five machines could pick it up 23 

  and place it in and move along and place it versus 24 

  picking up the entire section.25 
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      Q.   Were you there when that was done? 1 

      A.   I do not believe so. 2 

      Q.   Is there any record of how the -- what you've 3 

  just described; that is, how the concrete-coated pipe 4 

  was picked up and put into the initial trench? 5 

      A.   Only what's on Jolene's time sheet.  It was 6 

  put in the trench the same way that all pipe is put in 7 

  the trench.  It's a very standard procedure. 8 

      Q.   Is there any record of what the 9 

  concrete-coated pipeline was resting on before it was 10 

  placed in the trench? 11 

      A.   It would have been resting on the wooden skids 12 

  that I mentioned earlier. 13 

      Q.   And you say that because that's standard 14 

  practice? 15 

      A.   Yes. 16 

      Q.   Is there any record that wooden skids were 17 

  used in this -- 18 

      A.   No. 19 

      Q.   -- in the clay plains swamp? 20 

      A.   No. 21 

      Q.   If we were to look on the time sheets, would 22 

  Jolene have indicated that skids were used? 23 

      A.   No.  Skids are used everywhere that you 24 

  assemble pipe to elevate it off the ground for the25 
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  welders to weld it. 1 

      Q.   The initial two- to three-foot trench was 2 

  excavated.  Where was the materials that was -- 3 

  materials that were removed from the trench placed 4 

  after the trench was excavated? 5 

      A.   I believe that was put on the tree line side 6 

  as topsoil. 7 

      Q.   What do you mean by "the tree line side"? 8 

      A.   It would be the other side of the ditch, not 9 

  where the mat road was but on the other side.  I don't 10 

  have my directions right to tell you north, south, 11 

  east, or west. 12 

      Q.   Okay.  So the mats were on one side and the 13 

  fill -- I'm sorry, the excavated material was placed on 14 

  the other side? 15 

      A.   Only for the first couple feet. 16 

      Q.   And after that, what was the process? 17 

      A.   Then the excavated material was placed on the 18 

  matting. 19 

      Q.   And why was that? 20 

      A.   It was -- one, it was a requirement; two is it 21 

  was the only room we would have to place it on the 22 

  matting.  It was too narrow next to the -- the narrower 23 

  side of the right-of-way to store any more than just 24 

  topsoil.  That was all the room we had.25 
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      Q.   Did anyone -- and this may be repetitious, but 1 

  I'm trying to put all the pieces together here.  When 2 

  the two- to three-foot trench was finished and you had 3 

  put the excavated material on the other side of the 4 

  trench, was any survey taken of the depth of that 5 

  temporary trench? 6 

      A.   No.  No survey was required.  We knew the 7 

  process and we knew we planned on digging it deeper 8 

  after that.  It was irrelevant. 9 

      Q.   Was any record made of the nature of the 10 

  materials that were excavated when you were digging the 11 

  two- to three-foot trench? 12 

      A.   In my notes it says the materials were 13 

  terrible.  I believe in Jolene's time sheets, it says 14 

  there were bad conditions.  And that's all I know of. 15 

      Q.   And when you say "terrible" or "bad," you mean 16 

  very wet? 17 

      A.   It wasn't even that wet.  It wasn't like we 18 

  were digging in water.  The material was -- it was just 19 

  like an ooze. 20 

      Q.   I think you need to explain that for me.  You 21 

  said it wasn't very wet but it was an ooze.  I don't -- 22 

  I can't comprehend the distinction.  What do you mean? 23 

      A.   It -- it was just muck.  There -- there wasn't 24 

  standing -- a ton of standing water in the ditch.  It25 
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  was -- it was just -- it would just ooze in on you. 1 

  Every time you took a bucket out, more would come in. 2 

  It would -- it wasn't stable whatsoever.  It wouldn't 3 

  stay in a pile after you set it on the matting, and it 4 

  would not hold ditch.  No matter what you did or how 5 

  you tried, it would just keep coming in. 6 

      Q.   In your experience working for the Michels 7 

  Corporation, had you ever encountered conditions such 8 

  as this or similar to this? 9 

      A.   I would have to say that's one of the worst 10 

  ones I've ever seen. 11 

      Q.   All right.  So going forward with the 12 

  narrative, you've got the trench -- the initial trench 13 

  dug.  You've got the material removed from the trench 14 

  on the other side of the trench from where the 15 

  equipment is.  The equipment is operating on top of 16 

  wooden mats, correct? 17 

      A.   That is correct. 18 

      Q.   The equipment that -- what equipment is then 19 

  used to move the pipeline into the trench?  Is that 20 

  what's called -- is that an excavator, or was that the 21 

  pipe-laying equipment? 22 

      A.   An excavator.  When we dug, there was no road 23 

  along the side of the trench any longer.  You could not 24 

  put any kind of weight there whatsoever.  It was an25 
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  ooze. 1 

      Q.   And I'm sorry.  I forgot the name of the 2 

  pipe-laying equipment that you used initially.  What 3 

  was that called?  A pipe layer?  Is that what you said? 4 

      A.   A pipe layer, correct. 5 

      Q.   And what do those look like? 6 

      A.   It's a Caterpillar-type machine. 7 

      Q.   Um-hum. 8 

      A.   Like a -- like a bulldozer but without a 9 

  blade, and it would have an A-frame structure hanging 10 

  off the side of it to be able to -- somewhat of a crane 11 

  off the side that you could pick and move forward and 12 

  backwards off the side of the machine. 13 

      Q.   And were those used to place the pipeline into 14 

  the trench? 15 

      A.   No.  We used excavators to place the pipeline 16 

  into the trench. 17 

      Q.   Okay.  And how does an excavator with a blade 18 

  move a concrete-coated pipeline? 19 

      A.   The excavator does not have a blade.  It has a 20 

  bucket.  A bucket has a lifting ring in which you can 21 

  hang a hook off of, and you can -- you can not only dig 22 

  but pick and move things with it. 23 

      Q.   So what -- did the hook -- was the hook placed 24 

  underneath the pipeline to place it in the trench?25 
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      A.   No.  We would have used lifting slings for 1 

  that. 2 

      Q.   Okay.  What's a lifting sling? 3 

      A.   It would be a nylon rope sling that would be 4 

  rated for such poundage that you would use to actually 5 

  lift the pipe without putting any kind of hook or 6 

  anything on it.  You would hook the sling into the 7 

  hook. 8 

      Q.   And what was the spacing between the slings? 9 

      A.   I could not tell you. 10 

      Q.   Was there any record made of the spacing 11 

  between the slings? 12 

      A.   No. 13 

      Q.   So now we have the pipeline in this trench. 14 

  What happened next? 15 

      A.   We went to dig it down.  We dug a ditch 16 

  alongside the pipe, deeper than the pipe itself, and it 17 

  fell down.  It wasn't like the materials underneath it 18 

  stayed.  I mean, it was ooze where the pipe would just 19 

  kind of settle down as we dug.  And that spoil would go 20 

  on the mat side or the road side of the right-of-way. 21 

      Q.   Did placement of the spoil on the mats prevent 22 

  your equipment from traveling on the mats? 23 

      A.   Yes.  Absolutely. 24 

      Q.   So --25 
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      A.   We did not have the ability to put any 1 

  additional weight on that side on the mats or it would 2 

  ring our -- everything we were working on, it would 3 

  push that ooze back into our trench. 4 

      Q.   Were different sections of the 2500-foot 5 

  concrete pipeline lowered in the manner you've 6 

  described by digging a trench next to it at one time, 7 

  or was it one section at a time? 8 

      A.   It was -- what we ended up having was one 9 

  machine digging from one end to the other, and the rest 10 

  of the equipment would -- the machine would take its 11 

  dirt and put it next to it on the mats.  We had another 12 

  machine that would take the dirt and relay it behind 13 

  because we didn't have enough room for that spoil, so 14 

  we would take it and fill it behind us. 15 

      Q.   So you had -- you did the entire length 16 

  basically foot by foot -- 17 

      A.   With one machine. 18 

      Q.   -- with one machine foot by foot from start 19 

  to -- from one end to the other? 20 

      A.   That is correct. 21 

      Q.   How long did that take? 22 

      A.   I would have to refer to the time sheets 23 

  again -- or the notes -- 24 

      Q.   Sure.25 
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      A.   -- and when they started. 1 

      Q.   Why don't you do that. 2 

      A.   I believe it was September 14th through the 3 

  20th.  Six days, five days. 4 

      Q.   Now, you've told me quite clearly that this 5 

  was muck, it was ooze.  I'm not saying this should or 6 

  shouldn't have happened, but I have to ask:  Did 7 

  anybody get out of -- off of the heavy equipment and 8 

  stand -- get into the trench next to the pipeline and 9 

  look at what was underneath the pipeline? 10 

      A.   Well, we -- we dug deeper than the pipeline 11 

  was going to end up going originally, so you could see 12 

  all the material on the bottom.  Nobody -- we -- nobody 13 

  could get in the trench that we dug.  It was not a safe 14 

  trench to be in. 15 

      Q.   Right.  I mean, that's why I prefaced my 16 

  question the way I did.  I would imagine there would be 17 

  major OSHA or just common-sense safety concerns about 18 

  getting into that trench.  Do you agree? 19 

      A.   Yes, sir. 20 

      Q.   And you've said you knew you were dealing with 21 

  muck and ooze because you were pulling it out from next 22 

  to the pipeline, but I'm left with this question:  The 23 

  pipeline ended up at a final resting depth, correct? 24 

      A.   Yes.25 
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      Q.   And underneath that pipeline was material that 1 

  had never been seen by anybody, correct? 2 

      A.   We overdug that ditch quite a bit where we 3 

  could clearly see all the material.  There were no 4 

  rocks or anything present.  It was nothing but muck. 5 

      Q.   But again, when you're done, it's down as far 6 

  as it's going to go; you've dug next to it, but you 7 

  haven't dug underneath it, correct? 8 

      A.   We didn't have to dig underneath it.  It was 9 

  ooze.  It would just come out from underneath it 10 

  automatically when we dug next to it. 11 

      Q.   Do wetlands sometimes sit on rock, in your 12 

  experience, if you know? 13 

      A.   I really don't know.  I would assume 14 

  eventually it does. 15 

      Q.   So you could have a layer of clay that traps 16 

  water and keeps the water near the surface or you could 17 

  have rock, and do you know if the rock sometimes 18 

  fractures and enters the wetland soils? 19 

      A.   I don't recall ever seeing any of -- any rock 20 

  whatsoever.  Again, it was all ooze. 21 

      Q.   All right.  So we've gotten to the point where 22 

  the construction crew believes the pipeline is deep 23 

  enough.  Who would have made that decision? 24 

      A.   It would have been the on-site survey crew.25 
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      Q.   And how did they -- were you ever there when 1 

  they were doing their surveying? 2 

      A.   They were -- that survey crew I believe was 3 

  there all the time. 4 

      Q.   Okay.  So how did they do the surveying? 5 

      A.   They would take a shot on undisturbed virgin 6 

  ground and then take a shot on top of our pipeline. 7 

      Q.   And a shot being a GPS reading? 8 

      A.   That is correct. 9 

      Q.   Did they provide any -- to you any piece of 10 

  paper saying at this station number or this location of 11 

  the pipeline you were at X number of feet, or was it 12 

  just verbal, it's okay? 13 

      A.   It was all verbal.  We would dig until they 14 

  said it was deep enough. 15 

      Q.   At that point, when you received the okay it 16 

  was deep enough, then what happened? 17 

      A.   The operator would move another set and 18 

  continue digging. 19 

      Q.   All right.  And then when that process was 20 

  finished, all 2500 feet, then what happened? 21 

      A.   The tie-in crew would proceed to put the ends 22 

  together. 23 

      Q.   Okay.  So by the time the person -- by the 24 

  time you're done and you've got sign-off from the25 
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  surveyor, the pipeline is at -- according to what 1 

  you've been told, is at the right depth of burial and 2 

  it's immediately covered with the material that had 3 

  been removed not long before; is that correct? 4 

      A.   That is correct. 5 

      Q.   So that by the time you were at the very last 6 

  section and the surveyor says deep enough, if you were 7 

  to look back, it would all be covered behind you, 8 

  correct? 9 

      A.   Yes. 10 

      Q.   Okay.  And then you said after that there's a 11 

  tie-in that's done.  I think I know what you mean, but 12 

  just describe that. 13 

      A.   The pipeline is put together in sections. 14 

  Sections are installed in the ditch, and after they're 15 

  installed, then the ends get put together to make the 16 

  pipeline whole. 17 

      Q.   And that's what you were telling me about in 18 

  connection with Michels 0021 where it said "made 1 weld 19 

  and 1 cut.  Coming in side is tied-in"? 20 

      A.   Yes. 21 

      Q.   Then what happened to all those mats? 22 

      A.   The mats were removed. 23 

      Q.   Are they removed as you're filling in behind 24 

  the pipeline, or are they removed all at one time at25 
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  the end? 1 

      A.   They're removed all at one time at the end. 2 

      Q.   And then you put them on a truck and they go 3 

  to the next location? 4 

      A.   Correct. 5 

      Q.   Thank you.  I have a couple questions about 6 

  the materials that were sent to us last night. 7 

           MR. DUMONT:  And, Attorney Simon, I just want 8 

  him to identify some of the documents that I can't read 9 

  so at least I know what they are, and then when I have 10 

  a chance, I'll look at the larger version that you sent 11 

  earlier today and I may need to ask Mr. Bubolz some 12 

  questions about them, but I just want to identify what 13 

  they are for now. 14 

           MR. SIMON:  Understood.  And let me clarify. 15 

  It's not a larger version.  It's a native version.  It 16 

  should be the same size. 17 

           MR. DUMONT:  Okay.  Well, shall we say a 18 

  legible version. 19 

      Q.   Michels 008, what is that? 20 

      A.   That is a depth-of-cover table that was 21 

  included in our drawings. 22 

      Q.   So when -- when did you get these -- this -- 23 

  I'm sorry.  When did you get this? 24 

      A.   This was -- I received the drawings in the25 
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  beginning of the project. 1 

      Q.   When would that have been?  2016, 2015? 2 

      A.   2016 for me. 3 

      Q.   Had -- had Michels started work on this gas 4 

  project before you came to Vermont? 5 

      A.   Yes. 6 

      Q.   So whenever Michels started work, it had 7 

  00- -- 0008 to work from? 8 

      A.   I believe this was another phase of the 9 

  project.  I don't know that this information was 10 

  included in the 2015 work or not. 11 

      Q.   Okay. 12 

      A.   I doubt they would have had this. 13 

      Q.   And I have to ask you questions about this 14 

  blind because I can't read any of it.  Why do you doubt 15 

  that they would have had this at the beginning? 16 

      A.   Because it was another phase of the project. 17 

  The drawings were for a different location. 18 

      Q.   I see.  So just -- it wasn't time for Michels 19 

  to work on this segment of the project yet, so these 20 

  drawings might not have been made available yet? 21 

      A.   Yes. 22 

      Q.   Okay.  And what is 0009? 23 

      A.   That is a page out of the drawings.  The 24 

  hatched area would be the new -- would be the -- the25 
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  clay plains swamp we're referencing. 1 

      Q.   Okay.  With my old eyes, I don't see any 2 

  hatched area.  What do you mean by "hatched area"? 3 

      A.   You can see a hatched area on the right side 4 

  of the drawings. 5 

      Q.   I see a dark area.  Okay. 6 

      A.   Yup. 7 

      Q.   It says "Town of New Haven, Addison County." 8 

  And it's a rectangle there.  Is the dark area beneath 9 

  where it says "Town of New Haven, Addison County"? 10 

      A.   Yes. 11 

      Q.   Okay.  And what did this sheet tell you? 12 

      A.   This was the drawings.  This sheet pretty much 13 

  showed us the station numbers and where the swamp 14 

  started and stopped. 15 

      Q.   Okay.  I can't see what they are, but I see 16 

  there are little circles.  If you go directly 17 

  underneath "Town of New Haven, Addison County," then 18 

  there's a dark area and then there's some dashed and 19 

  broken lines that lead down to a chart that says 20 

  "Profile."  Way over on the left, it says "Profile." 21 

      A.   Okay. 22 

      Q.   But between the broken lines and the profile, 23 

  there's something in circles.  What's in those little 24 

  circles?  A number or letter?25 
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      A.   Are you looking above the dashed-dotted line 1 

  or below it? 2 

      Q.   Below the dotted-dashed lines but above where 3 

  the profile starts. 4 

      A.   Okay. 5 

      Q.   Some little circles.  Looks like maybe one of 6 

  them says W. 7 

      A.   Okay.  Yeah.  I can see W.  Looks like a T. 8 

      Q.   Do you know what those refer to? 9 

      A.   I believe they refer to a chart in the 10 

  beginning of the prints.  They show construction type. 11 

           MR. DUMONT:  So I have seen CHA drawings 12 

  before, though not this exact drawing, and that's what 13 

  I was guessing, because I've seen construction types 14 

  indicated in those little circles in other drawings, 15 

  so, Attorney Simon, I think it would be useful if you 16 

  were able to send us the whole set of drawings, because 17 

  this refers to other pages that you didn't provide.  I 18 

  understand you were trying to get this done at the last 19 

  minute, but just so we know what these things all refer 20 

  to, we probably need the whole set. 21 

      Q.   Mr. Bubolz, when you got this, did you look at 22 

  those other pages that it referred to? 23 

      A.   Yes, I did. 24 

      Q.   Okay.  So we don't have them in front of us25 
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  now, but whatever they told us these abbreviations 1 

  meant, you went and read that? 2 

      A.   Yes. 3 

      Q.   Okay.  What's the next page?  It's 0010. 4 

      A.   That refers to a creek crossing that is not 5 

  involved in -- directly in this wetland. 6 

      Q.   Okay.  Do you know where the creek is? 7 

      A.   Yes.  It is -- on page 0009, it would be left 8 

  of the hatched area, kind of in the center of the page. 9 

      Q.   I see.  Okay.  There's more dark area in the 10 

  middle of the page. 11 

      A.   Correct. 12 

      Q.   Okay.  Great.  Thank you.  And what is 0011? 13 

      A.   It would be the other half of the drawings for 14 

  the clay plains swamp that you're referring to. 15 

      Q.   Okay.  Now, turning to 11 -- turning to 12, 16 

  13, 14, 15, which are the depth-of-cover data that you 17 

  were sent by Vermont Gas, is there any way to correlate 18 

  the depth of cover shown in this chart with what you've 19 

  just shown us on Michels 9 and 11? 20 

      A.   I am fairly certain that it is on page 0015, 21 

  and you would be able to correlate it with the station 22 

  numbers that are on there. 23 

      Q.   So in this -- on 9 and 11, I can't -- I'll 24 

  have to take your word for it.  Are there station25 
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  numbers shown? 1 

      A.   Yes, there are station numbers shown.  I 2 

  believe the pink area on page 0015 represents that 3 

  swamp. 4 

      Q.   Okay.  Starting with -- on 0009, on what part 5 

  of the page are the station numbers shown? 6 

      A.   0009? 7 

      Q.   Yeah.  Is it in the "Profile" section? 8 

      A.   Yes.  On the "Profile" section on the 9 

  bottom -- 10 

      Q.   Okay. 11 

      A.   -- you can see the station numbers. 12 

      Q.   All right.  And in the middle of 0015 are 13 

  shown the station numbers? 14 

      A.   Yes. 15 

      Q.   Okay.  So that's how we figure it out.  Okay. 16 

  Thank you. 17 

           The process you and I have just gone through 18 

  of identifying particular locations by station number, 19 

  is that something you do or your crews do when they 20 

  were on the site doing the construction? 21 

      A.   They would track footage by station number, 22 

  yes. 23 

      Q.   So are station numbers shown on the ground? 24 

  If you were there, could you say, Oh, look, there's a25 
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  stake here showing what station number I am -- I'm at? 1 

      A.   Yes. 2 

      Q.   Okay. 3 

      A.   Station numbers are typically referenced on 4 

  the right-of-way stake. 5 

      Q.   Were -- going back to your meeting in 6 

  Williston with Mr. Reagan, Mr. Crandall, were there any 7 

  other construction techniques discussed for this site 8 

  other than use of sheeting, use of HDD, or the method 9 

  that you ended up using? 10 

      A.   I do not recall. 11 

      Q.   You may have told me this, and I'm sorry if 12 

  you did.  Have you used sheeting in other wetland areas 13 

  in your career? 14 

      A.   Yes. 15 

      Q.   How did it work? 16 

      A.   Very good. 17 

      Q.   When you're dealing with the muck that you 18 

  have described as ugly and terrible, did you ever 19 

  contact Reagan or Crandall or Vermont Gas and say, We 20 

  need to stop; we need to use the sheeting? 21 

      A.   Once we committed to digging, we were pretty 22 

  much committed to the process we had.  The sheeting 23 

  would have had to have been done initially. 24 

      Q.   Explain that to me.  Why -- why did it have to25 
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  be done initially? 1 

      A.   Well, because we -- we dug the ditch already 2 

  in them areas and it took all the material that was 3 

  underneath the mat road and pushed it into the ditch, 4 

  even just with the weight of the spoil on it, and in 5 

  essence there was no getting back through that area 6 

  with anything anymore. 7 

      Q.   So you couldn't have gone back in to put in 8 

  sheeting because it would have been impossible to do at 9 

  that point? 10 

      A.   Sheeting requires some very heavy equipment. 11 

  I don't think after the fact it would have been a good 12 

  idea. 13 

      Q.   And this will seem like a really dumb 14 

  question, but when you put in sheeting, does it stay in 15 

  afterwards, or do you pull it out when the 16 

  construction's done? 17 

      A.   It gets pulled out afterwards. 18 

      Q.   A few more questions about Michels 003 through 19 

  007.  There's a column that says "environmental," and I 20 

  wanted to ask you about that.  What does that mean? 21 

      A.   We have an environmental crew that is -- their 22 

  tasks are to do environmental work, such as soil 23 

  stabilization, silt fence, cleanup as far as seeding 24 

  and all them things.25 
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      Q.   Who -- do you know who was on the 1 

  environmental crew for the clay plains site? 2 

      A.   So the environmental crew would go through 3 

  initially and install all the erosion controls, and 4 

  then they wouldn't be back until they -- unless they 5 

  needed to stabilize soil or things like that.  There 6 

  was not an environmental crew present when this was 7 

  being performed.  You couldn't walk in this area on the 8 

  right-of-way.  The mud would be to your waist. 9 

      Q.   According to some documents that we don't have 10 

  with us today, because they didn't come from Michels, 11 

  after construction was completed in September of 2016, 12 

  months later, Mr. St. Hilaire, who's with us today, 13 

  notified VELCO that there were additional sites that 14 

  were not -- at which the pipeline had not been buried 15 

  four feet deep in New Haven.  Do you know how those 16 

  were discovered? 17 

      A.   No. 18 

      Q.   Were those ever brought to Michels' attention? 19 

      A.   Yes. 20 

      Q.   How were they brought to your attention? 21 

      A.   In document 0012. 22 

      Q.   0012.  Okay.  I thought you told me you got 23 

  this document in November of 2016. 24 

      A.   I did.25 
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      Q.   The information we have is that -- well, go 1 

  ahead.  Tell me your answer why -- why you think 0012 2 

  answers the question. 3 

      A.   0012 incorporates all the places that we -- we 4 

  did not have cover at the end. 5 

      Q.   Okay.  You mean 12 through 17? 6 

      A.   Yes. 7 

      Q.   Okay. 8 

      A.   For this area. 9 

      Q.   So to your knowledge, as of November, when you 10 

  received this document, all the known sites had been 11 

  disclosed, and that's still true today?  The known 12 

  sites where it wasn't four feet deep in the VELCO 13 

  right-of-way? 14 

           MS. BOUFFARD:  Objection. 15 

      A.   Yes. 16 

           MS. BOUFFARD:  I don't understand the question 17 

  myself. 18 

      Q.   All right.  Let me ask it over.  As of 19 

  November of 2016, when you received 12 through 17, all 20 

  of the locations in New Haven in the clay plain wetland 21 

  and surrounding buffer where the four-foot standard 22 

  wasn't met were known and were set forth in this 23 

  document? 24 

      A.   I believe so.25 
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      Q.   And you haven't learned anything afterwards 1 

  saying there were additional locations? 2 

      A.   No. 3 

      Q.   Okay.  Have you ever been interviewed by 4 

  anyone on behalf of Vermont Gas Systems about the same 5 

  issues you and I have been talking about today? 6 

      A.   Yes. 7 

      Q.   When did that happen? 8 

      A.   Sometime this summer we had a conference call. 9 

      Q.   Who was on the call? 10 

      A.   It was the attorney for Vermont Gas; John 11 

  St. Hilaire; Matthew Westphal, who is a Michels vice 12 

  president; Danny Vincent, who is the East Coast 13 

  manager; myself; and Nick Pfundheller. 14 

      Q.   Can you spell -- 15 

      A.   And also Andrew Simon was on the call. 16 

      Q.   Victor -- what was the last name? 17 

      A.   Nick. 18 

      Q.   Oh.  Nick.  And the last name was? 19 

      A.   Pfundheller. 20 

      Q.   Pfundheller. 21 

      A.   No, sir, I cannot spell it. 22 

      Q.   All right.  And what did they -- were there 23 

  any documents discussed at that meeting that we haven't 24 

  discussed today?25 
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      A.   Not that I can recall. 1 

      Q.   Was that meeting -- do you recall what month 2 

  it was, that teleconference, what month it was? 3 

      A.   I do not. 4 

      Q.   Was it before or after the gas company filed a 5 

  motion with the Public Service Board for a 6 

  non-substantial change ruling? 7 

      A.   I do not know when they filed. 8 

      Q.   Did you disclose to them that -- the details 9 

  of the meeting that happened in Williston with Mr. 10 

  Crandall and Mr. Reagan which ADD -- HDD, directional 11 

  drilling, was proposed and rejected? 12 

      A.   There was nothing official on that.  It was 13 

  just verbal. 14 

      Q.   Right.  But in the conference you just said 15 

  you had with lawyers from Vermont Gas, Mr. St. Hilaire, 16 

  and others, did you disclose to them what you disclosed 17 

  to me earlier today, that you had a meeting with Mr. 18 

  Reagan and Mr. Crandall early on where you raised your 19 

  concern that the right-of-way was too narrow, you 20 

  discussed using sheeting or HDD instead of the method 21 

  that you did use?  Did you share any information about 22 

  that meeting with the gas company or its lawyers? 23 

      A.   I would be certain I did.  I just don't recall 24 

  any details.25 

00866
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 126 

      Q.   Okay.  That's fair.  You're saying you can't 1 

  remember exactly what you told them but you know it 2 

  came up? 3 

      A.   Yes. 4 

      Q.   Okay. 5 

      A.   We also spoke with Vermont Gas representation 6 

  and Mr. St. Hilaire yesterday. 7 

      Q.   Thank you.  Did you learn anything yesterday 8 

  that you hadn't known -- had not known before? 9 

      A.   It was generally the same conversation as 10 

  today. 11 

      Q.   At the -- during the conference that happened 12 

  over the summer, did you learn anything from anyone 13 

  else, or were you the source of all the information? 14 

      A.   I don't understand your question. 15 

      Q.   Sure.  Were you being questioned and were you 16 

  the source of information that was shared with that 17 

  group on the phone? 18 

      A.   I believe so.  Again, I don't have exact 19 

  details.  I know I had concerns and we were looking for 20 

  a solution. 21 

      Q.   You're talking about the meeting you had in 22 

  Williston; you had concerns and you were looking for 23 

  solutions? 24 

      A.   Yes.25 
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      Q.   And as far -- what about the meeting on the 1 

  telephone with Vermont Gas's lawyers?  Were you the 2 

  only person providing factual information, or were 3 

  others providing factual information? 4 

           MS. BARRETT:  Which conversation? 5 

      A.   I believe I was the only person providing 6 

  information. 7 

      Q.   Again, this is during the telephone conference 8 

  sometime over the summer, correct?  Summer of this 9 

  year, correct? 10 

      A.   I thought you were talking about yesterday. 11 

      Q.   Oh, okay.  Well, thanks for clarifying that. 12 

  So what about the conference -- the teleconference that 13 

  happened over the summer of 2017?  Were you the only 14 

  one providing information, or was someone else 15 

  providing factual information? 16 

      A.   I believe I was the only one. 17 

      Q.   Do you recall whether or not you told Mr. 18 

  St. Hilaire at any time that a trench was dug on both 19 

  sides of where the pipeline was resting? 20 

      A.   No, I don't recall. 21 

      Q.   Is it possible you did? 22 

      A.   It's -- I -- I thought we had dug on only one 23 

  side, but there's a chance that we probably did dig on 24 

  both sides.  I really could not tell you.25 
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      Q.   In preparation for that teleconference this 1 

  past summer, did you do any factual research, such as 2 

  contacting your wife or others who were present at the 3 

  scene to ask them what had happened? 4 

      A.   I was on another project at the time working. 5 

  I did not do any preparation. 6 

      Q.   Since then have you spoken to your wife about 7 

  the same issues -- same facts I've talked with you 8 

  about today? 9 

      A.   Not really in detail, no.  She knows that I'm 10 

  here and why I'm here. 11 

      Q.   Have you -- 12 

      A.   But we really didn't discuss anything in 13 

  detail about the situation. 14 

      Q.   Have you talked to anyone else who was present 15 

  from September 15th through September 20th at the clay 16 

  plains wetlands site in New Haven about the facts you 17 

  and I have talked about today? 18 

      A.   No. 19 

           MR. DUMONT:  Okay.  I think we're -- we're 20 

  done, but let me take a break for one second and see 21 

  what my clients tell me I forgot. 22 

           (There was a discussion off the record.) 23 

  BY MR. DUMONT: 24 

      Q.   So my clients have some really basic questions25 
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  that I promised them I would ask and I forgot to ask. 1 

           So when you use the term "padding," what do 2 

  you mean by "padding"? 3 

      A.   Padding would be material free of rock. 4 

      Q.   And is that the same as bedding, or is bedding 5 

  different? 6 

      A.   Bedding is the same.  We use the same virgin 7 

  material for bedding, but we would screen it for rocks 8 

  at the time. 9 

      Q.   So is bedding padding that has been screened? 10 

      A.   Yes. 11 

      Q.   Okay.  What is -- in your industry what is 12 

  shading? 13 

      A.   Shading would mean to place the dirt over the 14 

  pipe with an excavator very slowly so you can visually 15 

  inspect for rocks. 16 

      Q.   Do you know if shading was done for the 17 

  Addison Natural Gas Pipeline, in construction of the 18 

  ANGP? 19 

      A.   I believe where there was rocks present we 20 

  used a padding machine, I think, that actually took the 21 

  rocks out of the dirt. 22 

      Q.   What's the name of the machine? 23 

      A.   It was called a padding machine. 24 

      Q.   And how does it work?25 
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      A.   It screens the soil and takes the rocks out if 1 

  there's rocks present. 2 

      Q.   And that was not used in the area we've been 3 

  discussing today in the wetland in New Haven, correct? 4 

      A.   No, sir. 5 

      Q.   In the industry what does the term "trench 6 

  breakers" mean? 7 

      A.   Trench breakers would be a sand bag wall built 8 

  inside of your trench. 9 

      Q.   What's their function? 10 

      A.   It would be used on hills a lot where you 11 

  would have issues where water would follow the pipeline 12 

  and erode, and they're also used on the edges of 13 

  wetlands to keep the material separate. 14 

      Q.   And what is a weld coating? 15 

      A.   A weld coating would be coating that's applied 16 

  after the two sections of pipe are welded together. 17 

      Q.   Is that the rock shield that you and I talked 18 

  about? 19 

      A.   No. 20 

      Q.   What's the difference? 21 

      A.   The coating would be a protective barrier that 22 

  would keep all -- any foreign material, debris, out. 23 

      Q.   Did -- 24 

      A.   Water --25 
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      Q.   Go ahead.  Sorry. 1 

      A.   Water, them kind of things.  It actually seals 2 

  to the pipe. 3 

      Q.   Did the Michels employees not only do the 4 

  welding but also apply the weld coatings? 5 

      A.   Yes. 6 

      Q.   Were there any specifications that were 7 

  followed for weld coatings at the clay plains wetland? 8 

      A.   I would be certain of it. 9 

      Q.   Where would the records be of what was 10 

  actually done, what the specifications were and whether 11 

  they were followed?  Is there a record of both of 12 

  those? 13 

      A.   That would come from the coating inspector 14 

  that would have been on that crew. 15 

      Q.   Okay.  And who was the coating inspector in 16 

  the clay plains wetlands? 17 

      A.   I do not remember. 18 

      Q.   Can we look at the exhibits and figure that 19 

  out? 20 

      A.   Not the ones I have in front of me.  It 21 

  doesn't list who the inspectors are.  They're not my 22 

  employees. 23 

      Q.   When would that have been done during that 24 

  process you've now described for us?25 
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      A.   The coating would have been done after the 1 

  welding was done. 2 

      Q.   Before the pipe is put in the first trench? 3 

      A.   That is correct. 4 

      Q.   And what about the welds that were done using 5 

  the bell holes? 6 

      A.   That would have -- them welds would have been 7 

  coated by the tie-in crew that -- that made the 8 

  tie-ins, and there would have been a utility inspector 9 

  on that crew that would have kept the records. 10 

      Q.   Who employed the utility inspector who had 11 

  those records? 12 

      A.   Vermont Gas. 13 

      Q.   Have you seen any as-built drawings for the 14 

  clay plains swamp? 15 

      A.   No. 16 

      Q.   In the industry what's the practice that 17 

  you're aware of for completing as-built drawings of a 18 

  gas pipeline? 19 

      A.   Typically the survey crew completes the 20 

  as-built drawings. 21 

      Q.   How long are those -- how long does it take to 22 

  complete those? 23 

      A.   Well, it takes the entire course of the 24 

  project for certain to -- just to collect the25 
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  information, and then after that I do not know. 1 

      Q.   So the survey crew that you've mentioned that 2 

  was signing off on depth of burial of the pipeline, it 3 

  would be the same folks that would create the as-built 4 

  drawings? 5 

      A.   Yes. 6 

      Q.   The method of pipeline construction that 7 

  you've described that was used in the clay plains 8 

  swamp, have you used that anywhere else in your career? 9 

      A.   No, I have not. 10 

      Q.   Do you know of any -- sorry.  Go ahead. 11 

      A.   We've used the same technique before in -- in 12 

  lowering existing lines where we dig next to them and 13 

  lower them down. 14 

      Q.   What's the difference between that and what 15 

  happened at the clay plains swamp? 16 

      A.   Really none. 17 

      Q.   So where have you used that technique before? 18 

      A.   I can't remember. 19 

      Q.   Is it common in the industry to use the 20 

  practice that you described happened in the clay plains 21 

  swamp in New Haven? 22 

      A.   Yes. 23 

      Q.   Have you ever seen any specifications setting 24 

  out how to do that and where to do that?25 
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      A.   No. 1 

      Q.   And you agree it was not in the specifications 2 

  that you reviewed that were prepared by Clough Harbour 3 

  in this case, correct? 4 

      A.   Correct.  I don't believe that they knew what 5 

  the conditions were like when the specifications were 6 

  written. 7 

      Q.   Just one clarification.  This technique that 8 

  you've described that you've used elsewhere, have you 9 

  seen it used for installing new pipe or just in 10 

  situations where you're going back and adjusting the 11 

  depth of burial of a preexisting pipe? 12 

      A.   I personally have never seen it used for 13 

  installing new pipe, but I know that it has been done 14 

  that way. 15 

      Q.   And the instances you know of that you 16 

  mentioned earlier, was that new pipe or burying -- 17 

  reburying older pipe? 18 

      A.   Both. 19 

      Q.   So what you're -- I think the sum and 20 

  substance of what you're telling me is you've never 21 

  been involved in doing it before but you're aware that 22 

  other people have done it; is that right? 23 

      A.   Yes. 24 

           MR. DUMONT:  Okay.  You've been incredibly25 
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  patient with me.  Thank you so much. 1 

           Mr. Simon, thanks for your help.  We will 2 

  follow up by looking at the more legible versions of 3 

  some of the exhibits, and you're going to get me a few 4 

  other pages anyway, and then we'll talk and see if we 5 

  need to continue this.  Thank you for your cooperation. 6 

           MS. BOUFFARD:  Let me confirm that I don't -- 7 

  I don't have -- we're all set.  Yeah.  I don't -- I 8 

  don't have any follow-up, and just to the extent that 9 

  you're asking to keep open the deposition, we're not 10 

  going to object if we're keeping it limited to these 11 

  new documents that you indicated were difficult to 12 

  read, and they are, because of the size. 13 

           MR. DUMONT:  Mr. Clark? 14 

           MR. CLARK:  Nothing from the Department of 15 

  Public Service at this point. 16 

           MR. DUMONT:  Thank you.  So I think the 17 

  process going forward is that our stenographer will get 18 

  us a written transcript, and the state of practice here 19 

  is she can give me an electronic version, but she's 20 

  going to prepare a paper copy that will be the 21 

  original, and, Attorney Simon, I will mail the paper 22 

  copy to you so that the deponent can -- has a paper 23 

  copy in front of him and can read it and make any 24 

  necessary corrections.25 

00876
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



 136 

           MR. SIMON:  Sounds good.  Feel free to e-mail 1 

  it to the address in my signature block on the e-mail. 2 

           MR. DUMONT:  I'll send you an e-mail copy as 3 

  well, but in addition to the e-mail copy, we have to 4 

  work with the paper original. 5 

           MR. SIMON:  Understood. 6 

           MR. DUMONT:  Great.  Thank you very much. 7 

           (The deposition concluded at 1:51 PM.) 8 

   9 

   10 

   11 

   12 

   13 

   14 

   15 

   16 

   17 

   18 

   19 

   20 

   21 

   22 

   23 

   24 

  25 
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          S I G N A T U R E  O F  D E P O N E N T 1 

   2 

   3 

            I, the undersigned, do hereby certify that I 4 

  have read the foregoing deposition and find it to be a 5 

  true and accurate transcription of my testimony, with 6 

  any corrections so noted on the errata sheet. 7 

   8 

   9 

   10 

  Date:  _____________      ____________________________ 11 

                            MICHELS CORPORATION, by and 

                            through its corporate 12 

                            designee, Carl Bubolz 

   13 

   14 

   15 

  STATE OF __________  COUNTY OF _______________________ 16 

   17 

       Subscribed and sworn to before me this __________ 18 

  day of _________________, 20 _______. 19 

   20 

   21 

   22 

                            __________________________ 23 

                                   NOTARY PUBLIC 

   24 

  My commission expires:25 
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                   C E R T I F I C A T E 1 

   2 

           I, Johanna Massé, Court Reporter, do hereby 3 

  certify that the foregoing pages, numbered 4 through 4 

  136, inclusive, are a true and accurate transcription 5 

  of my stenographic notes of the Deposition of Michels 6 

  Corporation, by and through its corporate designee, 7 

  Carl Bubolz, who was first duly sworn, taken before me 8 

  on Tuesday, December 19, 2017, commencing at 10:04 AM, 9 

  in the matter of Investigation Pursuant to 30 V.S.A. §§ 10 

  30 and 209 regarding the alleged failure of Vermont Gas 11 

  Systems, Inc., to comply with the certificate of public 12 

  good in docket 7970 by burying the pipeline at less 13 

  than required depth in New Haven, Vermont, Docket No. 14 

  17-3550-INV, as to which a transcript was duly ordered. 15 

           I further certify that I am neither attorney 16 

  nor counsel for, nor related to or employed by any of 17 

  the parties to the action in which this transcript was 18 

  produced, and further that I am not a relative or 19 

  employee of any attorney or counsel employed in this 20 

  case, nor am I financially interested in this action. 21 

   22 

   23 

              _________________________________ 24 

                   JOHANNA MASSÉ, RMR, CRR 

   25 
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Excerpts from the Engineering Weekl)¡ Reports

U6t20ls
2014 Vermont Gas Systems Addison Transmission Pipeline Project
VGS has suspended the majority of construction activities (transmission mainline construction)
related to Phase I of the Addison Natural Gas Pipeline project. Pipeline installation related to
horizontal directional drilling (HDD) may continue during the current so-called winter closure
period. These installation activities are being performed by Engineers Construction of Williston
VT and may require other pipeline construction tasks to be performed prior to the selection, by
VGS, of a contractor to resume the mainline construction. (Historically the mainline contractor
has provided support for HDD installations by performing welding, applying pipeline coatings,
pipeline testing, etc.) VGS has informed the Department these processes are currently suspended
while project specif,rcations and procedures are being reviewed by the company. The
Department has requested VGS to identify the construction processes/procedures which are
planned during the winter closure period, the company's status to review those procedures and
the entities that will be performing and inspecting each process.

1t14t15
Vermont Gas Systems Addison Transmission Pipeline Project
VGS is planning to perform pipeline construction limited to project areas where horizontal
directional drilling (HDD) is utilized for installation during the current winter closure period
(while mainline construction, by open trench, is suspended). However, recent extreme cold
weather precluded field work during this report period. The company is also planning to resume,
in the very near future, actions to protect and preserve pipeline segments installed during 2014.
This includes utilizing devices to clean the internal pipe surfaces (cleaning pigs) and
subsequently filling the pipe segments with nitrogen. The company has also retained an
additional engineering hrm to review its welding program and other procedures required to
install and inspect pipeline facilities prior to performing further construction.

1t21t15
V
Scheduled patrols have begun to monitor the security and condition of pipeline materials
currently in storage during suspension of the project's main line construction. VGS will be

covering the majority of stored pipe segments with tarps. Weather conditions have continued to
delay completion of actions to preserve several project pipeline sections which are installed
below ground in Williston, Essex and Colchester. VGS performed cleaning operations on three
of these segments during this report period and continued to develop written procedures to
address nitrogen injection (into a total of six sections). The company has procured nitrogen and
plans to begin these injections next week. VGS is also assessing other pipeline construction
processes, which are expected to be performed by VGS and Engineers Construction Inc. prior to
resurnption of the main line construction. Subject matter experts in quality control and pipeline
construction, which were recently retained by the company, continued to develop written
procedures related to these activities with particular attention to the company's welding program.

Page 1 of 13
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1/28/15 
Vermont Gas Systems Addison Transmission Pipeline Project 

VGS developed written procedures, during this report period, related to actions to preserve 

project pipeline sections which are installed below ground in Williston, Essex and Colchester.  

The procedures are intended to specify company methods to replace oxygen in pipeline segments 

with nitrogen.  Engineering reviewed the documents and informed VGS representatives of 

several deficiencies related to equipment identification, prerequisite knowledge references and 

method descriptions required to execute the processes.  The company acknowledged the 

deficiencies and informed Engineering the documents will be revised to address the concerns 

prior to performance of the procedures. 

 

 

2/4/15 
2015 Vermont Gas Systems Addison Transmission Pipeline Project Activity 

The company has not completed actions planned to protect and preserve the pipeline segments 

constructed and installed during 2014.  Extreme weather conditions continued to preclude field 

work during this report period.  (The company has filled several pipe segments with nitrogen and 

will complete this process on the remaining segments in Colchester and Essex when weather 

permits.) 

 

Vermont Gas Systems Welding Program 

VGS responded to a warning letter, previously issued to the company by the Department, which 

described probable violations of gas pipeline safety regulations related to pipeline welding of the 

ANGP project during 2014.  The response contains statements of recent actions taken by the 

company to establish the welding processes utilized on the project were performed in accordance 

with applicable codes and standards.  The actions included specific tests performed and 

documented to determine the integrity of welds produced by the aforementioned procedures.  

The response also describes actions the company has scheduled to execute a detailed review of 

existing ANGP welding records, to perform a comprehensive assessment of the company 

welding program and to implement welding program improvements prior to resumption of 

mainline construction activity (which is currently suspended).  The Department Gas Engineer 

will monitor and review these actions to verify completion 

 

 

2/11/15 
Vermont Gas Systems Addison Transmission Pipeline Project 

VGS developed written procedures to inject nitrogen into segments of ANGP Pipeline located in 

Essex, Williston and Colchester.  The company has been performing these injections during this 

report period.  The company conducted a preliminary meeting on 2/9/15 to review pipeline 

construction processes which are expected to be performed in conjunction with horizontal 

directional drilling later this month.  (Current forecasts indicate weather conditions will not be 

suitable for these activities during the next two weeks.)  Subject matter experts in quality control 

and pipeline construction are continuing to develop the specific written procedures related to 
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these activities.  The company has scheduled a conference call on 2/11/15 with the Department 

Gas Engineer to review the status and ratification of these procedures. 

 

 

2/18/15 
2015 Vermont Gas Systems Addison Transmission Pipeline Project 

VGS and Engineers Construction (ECI) of Williston VT met to review procedures necessary to 

install a segment of 12” diameter pipeline in Williston.  ECI presented specific procedures to 

install approximately 700 feet of pipeline through a route which was made by directional 

drilling, under Redmond Road and an adjacent ravine, in 2014.  VGS revised and presented 

procedures for several processes, including welding and coating application, required during the 

installation.  This portion of the project is planned to be installed on the week of 2/23/15, if 

weather permits. 

 

 

3/4/15 
2015 Vermont Gas Systems Addison Transmission Pipeline Project Activity 

The company covered pipe segments being stored in the Williston construction yard to protect 

the materials from the elements during the current suspension of the project’s “mainline” 

construction.    One of the five pipeline segments, constructed and installed during 2014, remain 

to be injected with nitrogen for preservation of those facilities (located in the most northerly 15 

miles of the ANGP project).  Electrical construction activities were also performed at newly 

constructed distribution gate stations in New Haven and Middlebury during this report period. 

 

Vermont Gas Systems welding program 

VGS submitted an assessment report which addressed the specific probable violations of gas 

pipeline safety regulations (related to pipeline welding of the ANGP project during 2014) cited 

in a warning letter issued by the Department.  The report was developed by an engineering firm 

retained by VGS and included several recommendations for remediation of the VGS welding 

program to avoid reoccurrence of similar violations.  The report was also accompanied with a 

commitment from VGS for implementation of the recommendations and stated a schedule and 

detailed plan for implementation will be submitted to the Department later this week.  The 

Department Gas Engineer will monitor and review these actions to verify completion. 

 

 

3/18/15 
2015 Vermont Gas Systems ANGP Project Activity 

The Department Gas Engineer monitored installation, via directional drilling, of a transmission 

pipeline segment under I-89 (north and south lanes, as well as Hurricane Ln), just south of the 

Williston exit.  Company plans to visually inspect this short length of pipeline for damage due to 

pulling through the drilled tunnel did not include inspection of the first welded joint and its field-

applied protective coatings.  These concerns were expressed to company representatives and 

VGS modified the applicable inspection protocol.  The “first” weld joint has not yet been 

inspected, at the time of this report; however coating damage on the leading portion of the 

installation is not acceptable.  The company is making plans to facilitate enhanced visual 
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inspection via additional excavation and further pulling of the pipeline section (north to south, 

toward Hurricane Ln.) 

 

 

3/25/15 
2015 Vermont Gas Systems Addison Transmission Pipeline Project construction 

Engineers Construction Inc. pulled approximately 800 feet of steel transmission pipeline under I-

89, just south of the Williston exit.  The VGS inspection process describes a procedure to 

visually inspect the leading 15’ length of the pipeline segment to determine condition of the 

remaining buried facility. Inspection of the pipe’s corrosion-protection coating in this area 

indicated excessive damage and was determined to be unacceptable.  Subsequent to the PSD Gas 

Engineer expressing concern related to inadequate criteria to inspect and assess pipeline 

condition following installation by horizontal drilling, the company agreed to also include 

assessment of the protective coatings associated with a welded joint of a pipeline which has been 

pulled through a bored hole.  The “first” weld joint was inspected, during this report period, and 

coating damage was also found at that location.  The company is currently assessing this damage 

and developing a plan to access additional sample areas for further inspection and assessment. 

 
 
3/31/15 
2015 Vermont Gas Systems Addison Transmission Pipeline Project Construction 

VGS has not yet announced the selection of contractor(s) to continue mainline construction of 

the Addison Natural Gas Pipeline project, Phase I.  The materials for the project remain in 

storage yards in Swanton and Williston.  The company recently informed the Department Gas 

Engineer that pipeline construction activities may begin in June or July.  Construction activity at 

the site of the pipeline crossing under I-89, in Williston, continued this report period.  Engineers 

Construction Inc. removed approximately 130 feet of pipe which exhibited unacceptable damage 

to its corrosion protective coating, caused during installation.  VGS has not completed revisions 

to its inspection protocols and criteria for pipe condition following installation by horizontal 

directional drilling (HDD).  The installation plans for Phase I of the ANGP include 15 segments 

to be installed by HDD.  Three HDD sites have been drilled; pipe installation at one of these 

(under the Winooski River and Rt. 117) has been completed. 

 

 

4/8/15 
2015 Vermont Gas Systems Addison Transmission Pipeline Project construction 

Construction activity at the site of the pipeline crossing under I-89 in Williston was suspended 

this report period to allow VGS and Engineers Construction Inc. to analyze pipe exhibiting 

damage caused during installation.  VGS representatives have committed to regularly inform the 

Department Gas Engineer of details of a root-cause analysis and action plan(s) to address the 

topic, as they are developed.  These findings and plans will also be applied to remaining 14 

segments of ANGP pipeline to be installed by a horizontal directional drilling (HDD) procedure. 
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4/15/15 
2015 Vermont Gas Systems Addison Transmission Pipeline Project Activity suspended 

VGS has halted all construction activities related to Phase I of the Addition transmission project, 

including current pipeline installation by horizontal drilling in Williston.  The company has 

informed the Department Gas Engineer that it is reorganizing its technical personnel and has 

entered an agreement with an established engineering firm to assume construction management 

following the suspension.  The Gas Engineer will be meeting with VGS representatives later this 

week to discuss these topics further. 

 

 

4/29/15 
Status meeting, 2015 Vermont Gas Systems Addison Transmission Pipeline Project Activity 

The Gas Engineer met with VGS representatives this week to discuss the company’s schedule 

and prerequisites for the ANGP construction project.  The company plans to complete the most-

northerly 10.4 miles (between the existing transmission line in Colchester and the newly 

constructed Pressure Regulation Station in Williston) this year.  A so-called “main line” 

contractor has not been selected to perform this construction; however the company is currently 

negotiating with three possible candidates which have indicated availability during the 2015 

season.  The company stated the project specifications, drawings, welding program, construction 

inspection program and quality management systems have all been recently revised and are 

expected to be completed in mid-May.  The company representatives also reiterated plans to 

resume construction related to these items in July (although the company has agreed to hold off 

constructing a pipeline segment through the Rock Ridge Golf Course in St. George until 

November). 

 
5/6/15 
Vermont Gas Systems Addison Transmission Pipeline Project 

The Gas Engineer met with VGS representatives this week to further discuss prerequisites for the 

ANGP construction project, which the company plans resume in July.  VGS was informed that 

the Department expects the project specifications, construction procedures and quality 

management systems to be completed and submitted with adequate time for the Department to 

review prior to commencement of construction activity.  The Gas Engineer also requested the 

company develop formats for the presentation of periodic reports to the Department during 

construction, including construction schedules, specific execution plans, construction inspection 

and testing results, well in advance of the initiation of construction activity. 

 

 
5/13/15 
2015 Vermont Gas Systems Addison Transmission Pipeline Project construction 

The pipeline segment (approximately 800 feet long) which was installed by horizontal 

directional drill (HDD) under I-89 and Hurricane Lane in Williston, was completely removed 

during this report period.  Prior to removal, the “leading” 15’ length of the installation was cut 

out and returned to the mill, which had processed the pipe to apply corrosion-protection coatings, 

for analysis of those coatings and damage to the coatings which occurred during the installation.  

The Department has requested a copy of the analysis report for its review.  Additional visual 

examinations had also occurred following excavation of earth surrounding two areas of the pipe 
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installation near Hurricane Lane.  These examinations also exhibited unacceptable damage to the 

coatings designed for corrosion protection.  VGS, the pipe coating mill and the HDD contractor 

believe the coating damages were caused by insufficient pipeline installation methods.  A new 

“string” of pipe (800’) is currently being prepared for installation in the same area, contingent on 

a revised installation execution-plan to be submitted by the HDD contractor and approved by 

VGS.  VGS anticipates the revised installation execution-plan to include enhancements for 

conditioning the bored hole, an increase of the bore hole diameter, improvements related to 

application of drill-fluids and installation-slurry, and utilization of a sacrificial leading pipe 

section during the process of pulling pipe into the bored hole. 

 
 

5/27/15 
Vermont Gas Systems ANGP project 

VGS planned and assessed four Horizontal Directional Drill (HDD) pipeline installations within 

the most northerly 11 mile segment of the Addison Natural Gas Pipeline project.  These include 

so-called trenchless-technology pipeline construction sites which cross I-89 in Williston, 

Redmond Rd. in Williston, Rt. 2A in Essex, and a sensitive sandplain site in Colchester.  

Installation of a test pipe segment into the bored hole at the Redmond Rd. site was unsuccessful 

due to significant pipe damage caused by underground obstruction(s).  It is believed the bore-

path passes through a landfill site.  Following consideration of the damage and several available 

methods to protect pipelines installed by HDD, the company has determined to abandon the 

bored hole and install the segment by conventional open-trench methods.  VGS and its contractor 

continue to prepare for HDD installation at the remaining three sites. 
 

 

6/1/15 
Vermont Gas Systems ANGP project 

Contractors, working for VGS, are making preparations to install a new 800’ long pipeline 

segment into a hole previously bored by Horizontal Directional Drill under I-89 in Williston.  

Activities to enlarge and condition the hole to avoid pipe damage, similar to an earlier 

installation attempt at this site, are underway. 

 

 

6/10/15 
Vermont Gas Systems ANGP project 

Contractors are continuing to prepare to install a 12” diameter pipeline segment under 

Route 2A in Essex, near the north terminus of Route 289 by Horizontal Directional Drill (HDD).  

Installation is expected to occur next week.  The contractor and VGS are developing a specific 

execution plan for the operation, including written installation and inspection procedures.  These 

procedures are expected to specify a test pipe segment installation (pull-through) for inspection 

prior to the final installation.  A pipe segment of a larger diameter (larger than 12”) is also 

expected to lead the pipe during final installation (the pipe will be pulled into and through a 24” 

hole bored by HDD). 

VGS informed the Department Gas Engineer it expects to announce the selection of a 

company to install the remaining segments of the ANGP project, by conventional open-trench 

methods between Colchester and Williston, later this week.  VGS representatives also stated that 
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the company will provide the Department a revised Welding program and Quality Management 

program for construction of the project, later this week. 

 

 

6/17/15 
Vermont Gas Systems ANGP project 

VGS representatives informed the Department Gas Engineer that final contract negotiations with 

a company to install the remaining six pipeline portions of the most-northerly 11 miles of the 

ANGP project (in Colchester, Essex and Williston VT) are under way.  VGS is also engaged in 

contract negotiations with a separate company to perform inspection activities during this 

construction.  VGS plans to provide training for the contractor, related to the project design 

specifications, in mid-July and expects construction activity to complete the segment (now 

referred to as Segment One of ANGP Phase I) to occur August through October 2015.  VGS has 

revised its Inspection Manual for the project and provided a draft to the Gas Engineer during this 

report period. 

 

 

6/24/15 
Vermont Gas Systems Addison Natural Gas Project (ANGP) 

VGS continues to be engaged in contract negotiations with a company to complete construction 

of the most-northerly 11 miles of the ANGP (in Colchester, Essex and Williston VT).  VGS has 

selected and completed contract negotiations with McDaniel Technical Services, Inc. to perform 

inspection activities during the 2015 construction season.  VGS representatives reiterated plans 

to mobilize these contractors and equipment in mid-July and begin pipeline construction early in 

August. 

 

 

7/1/15 
Vermont Gas Systems Addison Natural Gas Project “Mainline” Construction 

VGS has not yet completed a contract agreement with a company to complete the most-northerly 

11 miles of the ANGP project (by open-trench methods) in Colchester, Essex and Williston VT. 

 

Vermont Gas Systems Addison Natural Gas Project “HDD” Construction 

Engineer’s Construction Inc., the company retained to perform horizontal directional drill 

installations of the project, installed a 12” diameter pipeline segment under RT2A in Essex, near 

the north terminus of RT289.  The leading pipeline segment, which was pulled through the bored 

hole, sustained damage to its corrosion protective coatings.  An additional length of pipe is 

currently being welded to the trailing-end.  This will allow additional pipe to be pulled through, 

exposed on the leading-end of the bored hole and inspected. 

 

Vermont Gas Systems Welding Program and Quality Assurance Plan 

VGS provided the Gas Engineer a revised welding program to address specific probable 

violations of gas pipeline safety regulations which were cited in a warning letter issued by the 

Department.  The revised program includes processes to develop, test and qualify welding 

procedures and to test and qualify individual welders which utilize those procedures.  The 

program is applicable to the Addison Natural Gas Project and any other welding performed 
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during the construction, maintenance or repair of steel pipeline facilities operated by the 

company.  The company also provided an initial Quality Assurance plan to the Department.  The 

Gas Engineer is currently reviewing these programs. 

 

 
7/8/15 
Vermont Gas Systems Addison Natural Gas Project (ANGP) “Mainline” Construction 

VGS has made an agreement with Michels Corporation to complete the most-northerly 11 miles 

of the ANGP (by open-trench methods) in Colchester, Essex and Williston VT.  The final 

contract for this has not been completed.  A comprehensive set of construction specifications, 

installation procedures and project requirements have not been completed.  VGS representatives 

plan to update the Department Commissioner, PA and Engineering on construction schedules 

later this week. 

 

Vermont Gas Systems ANGP project, HDD construction 

Engineer’s Construction Inc., continued to make provisions to pull the 12” diameter pipeline 

segment installed under Route 2A (in Essex near the north terminus of Route 289) further 

through the bored hole.  The current leading pipeline segment-length, which was pulled 

completely through the bored hole during installation and exposed, sustained damage to its 

corrosion protective coatings.  Similar results have been observed at two other sites of the ANGP 

where pipe installations by horizontal directional drilling have been attempted.  The Gas 

Engineer reiterated concern to VGS that the company has not established adequate construction 

methods and inspection techniques to reliably ensure appropriate condition of all pipe installed 

by HDD, including segments which will not be visually assessed.  This concern is amplified 

because the design of ANGP Phase I includes approximately 16 additional HDD installations. 

 

Vermont Gas Systems Welding Program and Quality Assurance Plan 

The Gas Engineer offered VGS a preliminary assessment of the company’s revised written 

welding program which was recently provided to address probable violations of gas pipeline 

safety regulations.  The Gas Engineer informed VGS of program areas which appear to require 

further clarification, including scope of the document, document organization, references to other 

documents related to welding and several specific processes included in the document. VGS also 

plans to review its revised quality assurance plan with the Gas Engineer in the near future 

(tentatively next week). 

 

 
7/14/15 
 Vermont Gas Systems Welding Program and Quality Assurance Plan 

The Gas Engineer continued assessments of the company’s revised written welding program and 

quality assurance plan, and will meet VGS representatives responsible for these programs later 

this week.  The company plans to present its status for implementation of management systems 

related to quality control, with particular focus on the ANGP project.  Discussion regarding 

further revision of the welding program is also expected during this meeting. 

 

 

 

00897
Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments



Page 9 of 13 
 

7/22/15 
Vermont Gas Systems Inc. ANGP Project  

As of 7/21/15, VGS has not signed a contract document with the company it selected to construct 

the remaining “main line” portions of the Addison Natural Gas Pipeline project, Phase I.  It is 

expected that two weeks may be required to mobilize the personnel and equipment and to initiate 

construction, following establishment of the contract. 

 

VGS Welding Program, Quality Management System and Operator Qualification Program 

The Gas Engineer continued to review Vermont Gas Systems (VGS) programs, plans and 

procedures which are necessary to ensure the ANGP facilities are constructed as designed and 

are compliant with the project’s CPG and Vermont gas safety regulations.  Previously, the Gas 

Engineer informed VGS representatives that critical elements were missing from each of the 

programs referenced above.  These elements include adequate criteria for inspection of 

production-welding processes, method(s) to identify root-cause(s) of non-conforming conditions, 

methods to monitor the efficacy of corrective-actions, specific task training modules for 

construction personnel, and individual skill assessment verifications.  The Gas Engineer 

reviewed these elements with VGS again during this report period, and VGS indicated these 

elements are not currently available. 

 

 

7/29/15 

Vermont Gas Systems Inc. ANGP Project  

As of 7/21/15, VGS has not signed a contract document with the company it selected to construct 

the remaining “main line” portions of the Addison Natural Gas Pipeline project, Phase I.  It is 

expected that two weeks may be required to mobilize the personnel and equipment and to initiate 

construction, following establishment of the contract. 

 

VGS Welding Program, Quality Management System and Operator Qualification Program 

The Gas Engineer continued to review Vermont Gas Systems (VGS) programs, plans and 

procedures which are necessary to ensure the ANGP facilities are constructed as designed and 

are compliant with the project’s CPG and Vermont gas safety regulations.  Previously, the Gas 

Engineer informed VGS representatives that critical elements were missing from each of the 

programs referenced above.  These elements include adequate criteria for inspection of 

production-welding processes, method(s) to identify root-cause(s) of non-conforming conditions, 

methods to monitor the efficacy of corrective-actions, specific task training modules for 

construction personnel, and individual skill assessment verifications.  The Gas Engineer 

reviewed these elements with VGS again during this report period, and VGS indicated these 

elements are not currently available. 

 

 

8/12/15 
2015 Vermont Gas Systems Addison Transmission Pipeline Construction 

The Department utilized a contract Gas Pipeline Inspector to provide site inspections of the 

Vermont Gas System Inc., Addison Natural Gas Pipeline (ANGP) Project, during this report 

period.  On site observations included the process for certifying individual welders to utilize 
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specific project welding procedures, horizontal drilling in preparation for pipeline installation in 

the sandplains of Essex and Colchester, and pipe condition assessments in Williston. 

 

 

8/19/15 
Vermont Gas Systems Addison Transmission Pipeline Construction 

The Engineering Division performed design review and site inspections of the Vermont Gas 

System Inc., Addison Natural Gas Pipeline (ANGP) Project, during this report period.  

Significant project activity performed by contract personnel (retained by VGS to construct the 

pipeline facilities) included horizontal drilling for pipeline installation in the sandplains of Essex 

and Colchester.  Preparation activity to install a pipeline segment and mainline valve near the 

Chittenden Solid Waste District location, Redmond Rd. Essex also occurred.  Engineering met 

with VGS project management personnel to review the company’s status to address several items 

of concern.  These items include details related to welding, pipeline coating, overall quality 

control processes and individual qualification evaluation methods.  The company is addressing 

each area with corrective actions. The Department Pipeline Safety Program staff is monitoring 

the schedule, implementation and effectiveness of these actions. 

 

 
8/26/15 
Vermont Gas Systems Addison Transmission Pipeline Project Construction 

Contract personnel, retained by VGS to construct the pipeline project via conventional open 

trench method, has installed approximately 750 feet of pipeline near Redmond Road, Williston 

and approximately 2250 feet adjacent to RT 289 in Essex since beginning these activities on 

8/18/15.  VGS plans to complete the so-called Segment 1 this construction season.  Segment 1 is 

10.4 miles long (half of the segment was installed last year by a previous contractor).  To 

complete Segment 1, approximately 20,500 feet is planned to be installed conventionally, 4,673 

feet is planned to be installed by horizontal directional drill (HDD) with an additional 229 feet 

planned for boring under roads which the project crosses.  The “new” mainline contractor is 

presently utilizing two crews for construction; personnel for a third crew are currently preparing 

to begin construction next week.  VGS has retained the company which performed HDD work 

last year to perform the same type of activity this year.  This contractor is currently drilling two 

areas of a sandplain in Essex/Colchester which will become a total contiguous-length of 

approximately 4,100 feet.  The Department continued to utilize a contract Gas Pipeline Inspector 

for site inspections of the project, during this report period. 

 

 
9/2/15 
Vermont Gas Systems Addison Transmission Pipeline Project Construction 

37,560 feet (approximately 7 miles) of ANGP project facilities have been installed to date.  

Construction personnel installed 3754 feet (approximately ¾ of a mile) last week.  The mainline 

contractor is utilizing three crews for construction; these crews are all currently working in 

separate locations adjacent to Route 289.  Pipeline project protesters were present at the 

construction site(s) this report period, however they did not inhibit project progress.  The 

Department continued to utilize a contract Gas Pipeline Inspector for project inspections during 

this report period. 
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9/9/15 
Vermont Gas Systems Addison Transmission Pipeline Project Construction 

3,962 feet of gas transmission pipe were installed by open trench last week.  Approximately 7.9 

miles of ANGP project facilities have been installed to date.  Horizontal drilling operations are 

continuing to prepare for installation of approximately ¾ mile under sandplains in Colchester.  

The company expects to complete the pipeline segment between the existing transmission line in 

Colchester to the newly constructed pressure reduction station in Williston by 10/1/15.  The 

Department continued to utilize a contract Gas Pipeline Inspector for project inspections, during 

this report period. 

 

 
9/16/15 
Vermont Gas Systems Addison Transmission Pipeline Project Construction 

Installation of pipeline by horizontal directional under the Colchester Sandplains began mid-day 

yesterday (9/15/15). This segment is half of the Sandplains installation (total will be ¾ mile 

long); contract crews are currently drilling the other half.  Mainline construction personnel are 

continuing to install pipe by open trench to complete the pipeline segment between the existing 

transmission line in Colchester to the newly constructed pressure reduction station in Williston.  

VGS refers to this first project portion as “Segment One” which is 10.65 miles long.  The 

Department continued to utilize a contract Gas Pipeline Inspector for inspections of this project, 

during this report period. 

 

 
9/23/15 
Vermont Gas Systems Addison Transmission Pipeline Project Construction 

Approximately 0.43 miles of pipeline were installed under the Colchester Sandplains last week 

by horizontal directional drill (HDD).  Contract crews are currently drilling an additional one-

third mile in this area and have encountered solid rock.  Other crews installed approximately 

0.35 miles of pipe by conventional open-trench method last week.  Approximately 9.34 miles of 

“Segment One” (the 10.65 mile long pipeline segment between the existing VGS transmission 

line in Colchester and the newly constructed pressure reduction station in Williston) have been 

installed.  The Department continued to utilize a contract Gas Pipeline Inspector for inspections 

of this project, during this report period. 

 

 
9/30/15 
Vermont Gas Systems Addison Transmission Pipeline Project Construction 

Approximately 9.75 miles of “Segment One” (between Colchester and Williston) have been 

installed.  The segment is currently several separate sections of pipeline and will require an 

additional mile of pipeline construction to become contiguous.  When completed, the segment 

could enable near-future operation of a pressure reduction station which was recently constructed 

on RT 2 in Williston and provide additional gas capacity to the Greater Burlington Area 

distribution system.  (Two similar stations were also recently constructed in New Haven and in 

Middlebury) Contract crews continued to drill under the Colchester Sandplains during this report 

period.  Other crews continued to install pipe by conventional open-trench method and by 
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drilling under RT 15 in Essex.  Completion of the segment is expected  in October.  The 

Department continued to utilize a contract Gas Pipeline Inspector during this report period. 

 

 
10/7/15 
Construction of Vermont Gas Systems’ Addison Natural Gas Pipeline (ANGP) Project 

Approximately 440 feet of pipeline was installed last week.  Contract crews are continuing to 

drill an additional one-third mile under the Colchester Sandplains.  Approximately 9.83 miles of 

“Segment One” (the 10.65 mile long pipeline segment between the existing VGS transmission 

line in Colchester and the newly constructed pressure reduction station in Williston) have been 

installed.  The Department continued to utilize a contract Gas Pipeline Inspector for inspections 

of this project, during this report period. 

 

 
10/14/15 
Vermont Gas Systems Addison Natural Gas Pipeline Project Construction 

No new ANGP pipeline was installed last week.  10.2 miles of “Segment One” has been installed 

and is contiguous with a few exceptions.  Contract crews are continuing to drill one-third mile 

under the Colchester Sandplains; this will also require approximately 700 feet of addition 

pipeline (installed by open-trench) to connect with the pipeline already installed.   Several short 

lengths of pipeline installed during 2014 are being addressed to correct deviations from depths 

required by the project specifications.  The Department Gas Engineer has met with VGS 

representatives to indicate expectations for completion of multiple items prior to Segment One 

gas operations.  The company has committed to submitting an itemized commissioning plan for 

the Department’s review.  The Department continued to utilize a contract Gas Pipeline Inspector 

for inspections of the project, during this report period. 

 

10/28/15 
Vermont Gas Systems Addison Transmission Pipeline Project Construction 

No new pipe was installed on the ANGP project during this report period.  Contract crews are 

currently preparing to install pipe under the Colchester Sandplains by horizontal drilling.  

Completion of this, plus short lengths adjacent to it, are required to make the so-called Segment 

One contiguous between the existing operating transmission pipeline in Colchester and the 

newly-installed pressure regulation station in Williston. The Department continued to utilize a 

contract Gas Pipeline Inspector for inspections. 

 

 

11/4/15 

Vermont Gas Systems Addison Natural Gas Pipeline Project Construction 

No new pipe was installed on the ANGP project during this report period.  A contract crew is 

continuing to horizontal drill an 1800 long hole under the Colchester Sandplains.  The bore is 

currently 1400 feet long, 10-3/4inches in diameter, and believed to be presently encountering 

solid quartz.  Further construction to complete the so-called Segment One (10.7 miles between 

Colchester and Williston) cannot proceed until installation at this site is completed, estimated to 

be approximately in two weeks.  VGS laid off the majority of inspection personnel related to this 

project and the Main-Line contractor has removed its construction work force from Vermont, 
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retaining a skeleton crew to perform a partial pipeline pressure test later this week.  The 

Department continued to utilize a contract Gas Pipeline Inspector for inspections of this project. 

 

Vermont Gas Systems Addison Transmission Pipeline Project Operation 

Vermont Gas Systems intends to operate Segment One and the newly installed pressure 

regulation station in Williston this heating season.  The Gas Engineer has provided VGS 

representatives with specific expectations, including testing, analysis and appropriate actions 

required to assure fitness-of-service prior to gas operations of the segment.  The company has 

begun to submit written plans to execute these requirements to the Department; however a 

minority of complete plans and assurance documents have been received at this time.  

Consequently, the company is planning to submit each plan in a sequence similar to the activities 

scheduled to perform the actions.  The Gas Engineer has informed the company that the 

Department requires these plans and documents to be submitted with adequate lead time for 

review prior to the execution of each.  The Gas Engineer is maintaining regular and direct 

contact with the company to provide the status of the Department’s review and acceptance of 

each parameter 

 
 
11/11/15 
Vermont Gas Systems Addison Transmission Pipeline Project Construction 

No new pipe was installed on the ANGP project during this report period.  Horizontal drilling is 

continuing at the Colchester Sandplains.  A 9 mile segment, between the Sandplains and the 

newly constructed gate station in Williston, was successfully pressure tested on Saturday.  The 

Department utilized a contract Gas Pipeline Inspector for inspections of this project. 
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Case No. 17-3550-INV Intervenors' Motion to Broaden Scope - Attachments
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