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A GUIDE TO REPORRUEITURE

This Energy & Environmental Research Center report will gutte readerthrough
increasing detajlto directly address installation practices and leak detection systems that may
prevent or severely limit the incidence of leaks on pipeline systems in North Dakota. To
accomplish this, wdiscusavhy gathering pipelines are reged andhe challenges presented by
alternatives to pipelineg\n introductory discussion on the configuration and operation of these
pipeline systems also provided

Several ancillary topics are addressed on the way to installation and leak detystion
topics. These ancillary topics all directly impact employment of best installation practices and leak
detection system3hefigureillustrates the interconnection of these topics.

Throughout the report, blue balloons are interspersed that higidegh observations,
findings, and resulting recommendations. We embedded these balloons in an effort to assist the
reader in understanding how we formed these recommendations. The logic of each
recommendation is generally presented in the text beforeballobn. The text within the balloons
is meant to quickly summarize the key outcomes of this study. The balloon information is also
compiledin one locationstartingon p. xvii.

EERC JA51477.Al

Construction/
Installation/
Abandonment

Pipeline

Regulations Matarizis
Maintenance Processes
Spill/Leaks Monitoring
History Systems
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ANALYSIS OF THE 56T2H PRODUCED LIQUHATHERING PIPERINE
NORH DAKOTA

EXECUTIVE SUMMARY

The last decade has seen growth in the oil industry at a rate that is unprecedented in the
history of North Dakota. There are over 12,000 oil wells in the ,staitt oil production
undergoing a nearly fivefold increase since 2008. Produced water gealsmateclong with the
oil in volumes that are comparable to oil production. Industry has installed nearly 23,000 miles of
gathering pipeline to move these temdous volumes of fluids from the wellhead to various
processing facilitiesThe vast majority of the fluids mong t hr ough t he st at e
infrastructure reach their destination without incident. In fact, for every 10,000 barrels of fluid
handled, oly oneis spilled. However, the increasing size of the system means that even low
incidentrates may result in a greater number of spitld attendant volumés a given year. There
has been growing public concern in North Dakota about the effects Isfaipdil and produced
wateron agriculture, public health, and the environment.

To address those concerns, Section 8 of North Dakota House Bill 1358 directed the Energy
& Environmental Research Center (EERC) to study the key aspects of gathering pipelines in North
Dakota. Specificallythe EERC was tasked with evaluating existing regulations on construction
and monitoring of crude oil and produced water pipelines, detergthe feasibility and cost
effectiveness of requiring leak detection and monitoring technology on new and existing pipeline
systems, and providing a report with recommendations to the North Dakota Industrial Commission
(NDIC) and the Energy DevelopmenmicaTransmission Committee (EDTC). The study resulted
in a comprehensive description of pipeline systems and their operation and a robust statistical
analysis of pipeline spills in North Dakotaformation regarding the use of pipeline materials,
maintenane practices, and methods of pipeline inspection, pipeline monitoring, and pipeline leak
detection were also obtained and evaluafadrent regulations pertaining to spill reporting and
pipeline construction and operation practices were examined dedkeal and state lewsl
including a comparison of regulations from the top seveproiiucing states. The study provides
NDIC and EDTC decision makers with technical information to support the development and
implementation of administrative rules regaglpipeline safety and integrity.

A primary goal of thestate is to ensure that industry is employing best practices to ensure
safe transport of fluids and rapid leak detection attendantesponse in the event that a leak
occurs. The results of theusty will supportthet at eds ef forts to devel op
enabl e the monetization of North Dakotads vast
and the environment. The dynamic natureibproduction, rural geograpland occasonally, the
extreme climate conditions of North Dakota make the design, installation, and operation of
gathering lines more difficult than pipelines in other industries and areas. These regionally unique
aspects must be considered as operational practegpdations, and technologies are developed
to improve the safety and reliability of gathering lines.
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Key findings of the study with respect to the statistical analysis of spills and analyses of
regulations, construction neatals and practices, and leak detection systems are summarized
below.

Key Findings of Spill Statistical Analysis

Data on all o and gagelated spills and leaks in North Dakota from 2001 to 2014 were
evaluated These data indicated that approximat@l§1% of the total oil and brine handled
North Dakota is spilled. In other words, for every 10,000 barrels of fluid hanotedf those
barrels is spilled. In 2014pproximately 20,000 barrels of oil and 71,000 barrels of brine were
spilled. While he number of spills has increased over the past 6 years, statistical analysis shows
that the pipelinespecific spill trends are actually slightly declining. In essence, a very small
number of higkprofile, large pipeline spills have greatly skewed thedrkmes. When compared
to other states that have seen recent booms in oil production, North Dakota has performed at par
or better than its peer statggh regard to spill volumes per unit of productidiisis despite the
fact that N o r tdlior spikhrieporting & samonhghtire dowdstaf comparable states.
North Dakota requires reporting of all spills off of the well pad, regardless ofEstablishing a
data management system that streamlines spill data reporting and analysis wouldefacilitat
reporting by industry, assessment of data by stakeholders, and appropriate actions on the part of
regulators. Such a system would also improvedshet e 6s abi l ity to ident
prioritize future regulations based on statistics rather theecdotal evidence or perceived
problems within the gathering indust§uch a system could also be used to tthelprogresof
remedial responses

Key Findings of Regulatory Analysis

Oil and gas gathering lines are not generally regulated by the lfgdeesinment. Therefore,
most of the crude and brine pipelines in North Dakota are not fedienaljurisdiction. Notable
exceptions to this are pipelines that exist within the political boundaries of cities, towns, and
villages and certain pipelines iafled near environmentally sensitive areas referred to as
unusually sensitive areggdSA) by PHMSA.Today, liquid gathering lines in North Dakota are
largely unregulated. The North Dakota Department of Mineral Resources (DMR) has authority to
administer puitive actions but does not have authority to shepherd the installation and operation
of gat hering |lines. |t may be beneficial t o
enforcement of a pipeline safety management system for North Dakota opdratm@mmended
practice (RP) developed by the American Petroleum Institute (API), APl RP 1173, provides a
reasonable model for a pipeline regulatory syst@merican Petroleum Institute, 2015)

Furthermorejnformation onpipeline failures is typically sdedby legal settlement terms
and is not available to all'o regulate wisely, the state needs to have authority to participate in
failure analyses. With this authority, the state could compile knowledge on leading causes, share
that knowledge with indust, and contribute to a significant decrease in leak incidents. The state
would need to do this in a manner that that does not conflict with possible litigation constraints
(e.g., confidentiality). It istherefore recommended that the state consider rule making that
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facilitates this participation and the dissemination of lessons learned from such failure analyses.
This critical recommendation will provide the state with a pathway to avoid repetition of critical
failures among multiple operators.

Rules that encouragsharing ofpipeline monitoring data among adjacent business interests
would ensure that at least one operator has a complete view of the pipeline $ajbéain.
identification of potential leak#&ould ke facilitated which, in turn,couldlead to more effective
first responses to leaks. Effective regulations and best practices should be flexible enough to allow
for systemgailoredto operate in unique conditions.

Key Findings of Analysis of Curi@onstruction/Installation Practices

Robust standard practices for construction and installation exist for steel pipelines. However,
far less standardization and regulation governing installation practices exist for plastic pipelines.
This is especially tre forthe spoolable pipe products widely used in North Dakétsecdotal
evidence suggests line strikes, poor workmansdmp lack of inspection are the root cause of
many gathering line leak$lowever analysis of spill statistics data could not cormalbe this
statement. While each company performs its own failure analysis when a spill cooupsinies
are disincentivized to share that informatlmecause othe litigious environment in which they
operate. Many companies have internal standards badetadly accepted practices for pipeline
installation.However, the execution of those standards is not always consistent, and failures are
largely attributed to a lack of adherence to company standards by pipeline installation contractors.
Implementingconstruction standards consistent with practices being followed by many operators
and current federal pipeline codes may be an effective means of reducing leaks. Adsliitenal
inspection staff could ensure that such standards are being followedatrstadtews should be
thoroughly trained and contractually bound to use standard procedures. Adequate bonding would
provide a guarantee of funds for remediation and serve as an incentive for thoroingpselion
protocols.

Key Findings of AnalysisRipeline Products Installed in North Dakota

Several organizations have developd# for testing, handling, and installation of pipelines
made of most commercially available materials. The use of spoolable reinforced plastic pipe in
North Dakota isnvidespread and has increased in recent years. The industry standard for testing
spoolable plastic pipe is APl RP 158though other standard practicesadinresother aspects
of their testing(American Petroleum Institute, 2013a)hile APl RP 15S coversome of the
spoolable plastic pipe used in North Dakota, it does not include newer reinforced spoolable pipe
material§fAmerican Petroleum Institute, 2013BEcause those newer materials are already in use
in North Dakota, any North Dakota rules adoptexsh federal pipeline guidelines will have to
allow for variancesAPI RP 15S is currently being modified and should be upgraded to a standard
practice in early 2016. Once it is upgraded to a standard pracisceur understanding that it will
be accefed bythe Pipeline and Hazardous Materials Safety Administrat®atting a DMR
subject matter expert appointed to the APl committee studying modifications to APl RP 15S may
ensure that such modifications take the unique characteristics of North Dak@adount. DMR
monitoring of the developmenf composite material pipeline products, particularly with respect
to erosionresistant materials, would help inform future rom@king effortg American Petroleum

XV



Institute, 2013a) Further, ensuring installan crew and inspectofamiliarity with all
manufactureprescribed installation practices could reduce execugtated failures.

Key Findings of Analysis of Leak Detection Systems

The leak detection technologies reviewed by this study have beetetepgror considered
for use on transmission pipelines where their success has been limited. No body of knowledge has
been uncovered by this study documenting application of these technologies to gathering lines,
which are expected to be more problemati@nt transmission pipelines. Significant experience
will likely be required in successful gathering line applications before gathering line operators and
the public will acquire reasonable confidence in these technologies.

Most pipeline leaks ardiscovered visually by people who happen to be in the area of the
spill. Sensor and software technology is evolving to meet the needs of leak detectieyane
not yet been demonstrated as reliabteidentify leaks earlieand thereby minimize #ir impacts,
operators should be encouraged to incorporate SC@&Dpervisory control and data acquisition)
technologies on their gathering systems. This will improve communication within and between the
various operators using the systefnmodest investmnt in advanced systems to decrease the
impact of pipeline spills is easily justified when a company recognizes that costs of remediation
efforts may be larger by ordes$ magnitude.

The gathering pipeline monitoring and leak detection pilot projecttpbesl byHouse
Bill 1358 will serve as a platform to test current and new leak detection technologies applied to
gathering systems. This pilot projeetill be conductedto test performance, determine
infrastructure requirements, estimate investmenttcogipeline operators, and provide objective
analysis othe cost/performance ratio.

CONCLUSION

As a result of this study into the operations of ligugdthering pipeline systems in North
Dakota and elsewhere, recommendatamprofferedto assistliestate in determining wis@ew
regulations to minimize the occurrence, frequency, and magnitude of pipeline leaks and spills in
North Dakota. It is hoped that these recommendations, supported by the data contained in this
report, provide guidance andlisicfoundation for thestate in its efforts to responsibly oversee the
important operations of liquid product and liquid waste gathering pipelines.

This document summarizes the findings of Phase | of this project and illuminatésmear
opportunities fo improvement to pipeline construction, inspection, and leak detection and
potential state actions facilitate such improvements. Phase Il of this project will demonstrate
commerciallyavailable technologies with the highest probability of decreasinmt¢isence and
total volume of pipeline leaks.
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SUMMARY OF KEBSERVATIORSDINGAND RECOMMENDATIONS

Infrastructure

18

Observation
Producinggathering, and terminal or
disposal well asset ownership varies in
North Dakota. In some situations, a sing
company owns all assets, while in other
situations, the producer, gathering line
operator, and terminal or disposal well
operator are three diffent entities.

Lack of communication and consequent
awareness between a disposal well
operator and a gathering line operator
contributed to extending the duration of |
spill when a leak occurred in a gathering
line that fed a produced water disposal
well. The disposal well operator was
unaware of flow in the gathering line, so
rationalized that the lack of flow from the
line was expected. Conversely, the
gathering line operator was unaware of 1
lack of flow at the disposal well.

Liquid gathering pipelines are complex,

dynamic systems operated under a wide which liquid gathering systems operate in Nor
rangeof conditions and diverse business Dakota require different design, operations, al

arrangements.

Key Finding
Sharing of operational tkaalong a gathering
line and over time is critical to monitoring and
leak detection.

The unique and constrained conditions under

monitoring than pipelines used in other
industrial sectors.

Resulting Recommendation
North Dakota DMR should carefully
consider rulemaking that encourages-+ez
time data sharing among adjacent,
partnering business interests in any give
gathering systermomprisingmore than
one operating company. If different
entities own assets connected to a
gathering line, they should be encourage
to share realime operational data so that
at least one individual @ntity has a
complete view of the pipeline status at ai
given time. This sharing may be
accomplished best by shared access to
SCADA databases between adjacent
companies.

New regulations and best practices
developed for gathering pipelines can bu
upon successes from other pipeline sect
but they must be tailored to the condition
under which gathering lines must operatt
address the unique properties of differen
fluids beng transported, and provide
flexibility to address the variable
conditions that exist across North Dakote

Cont i
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SUMMARY OF ALL KIREDIRNGS AND RECOMMEABNIONS (CONTINUED)

Observation Key Finding Resulting Recommendation
In compiling incident data from the DMR The analysis of the spill data highlights the = § The state should streamline the ways s}
and NDDH databases, we discovered | need to examine how data are collected an¢  data are reported, processed, and analy

duplicate reporting of incidents, compiled within the state system. All parties  to facilitate data analysis. Implementing

improperly entered categories (fluid type involved want to reduce the quantity and such a data management function withi

incident type, etc.), and missing severity of leaks and spills, and yet it is the state will likely necessitate additione

information which made analyzing the | difficult to assess where the largest problemn resources at drth Dakota DMR.

data difficut. are in the current reporting format and { After streamlining is achieved, North
database structure. Therefore, it is even mo Dakota DMR should collect and analyze

In addition, the processes used to mana difficult to strategically assign rearces to data continually to determine root cause

K% incidents among state agencies are not = address the issues. of pipeline leaksaindthen continually

2 conducive to data analysis. refine regulatory language that address

g root cause determinations.

f,':, 4 |31 Anecddal information from pipeline North Dakota spill data do not substantiate 1 § As the State improves the function and

= operators and DMR personnel suggest t refute observations about thiparty strikes utility of its incident database, the State

% leading causes of pipeline leaks are rela and poor workmanship. If indeed true, it is should continue to evaluaittecident data

= to third-party strikes and poor likely that errors during pipeline installations to identify root causes of pipeline failure

o workmanship. Poor workmanship in the early Bakken developmgphase and prioritize future guidance and/or

© includes, but is not limited to, lack of manifested as spills and leaks years later. T regulations accordingly.

— inspection supervision, poor perfornean | conditions described in the associated 1 The State should establish an improved
of company inspectors and thipérty Observation that may have contributed to data management system within State
independent inspectors, performance of these incidents have largely been addresse offices that streamlines spill data
pipe joining by unqualified personnel the pace of construction has slowed, new reporting and facilitas analysis of root
resulting in substandard joint integrity, | regulations requiring submittaF pipeline causes of pipeline failures. It is further
unwillingness to report suspect joints an  location data to the state database (NDAE ¢ suggested that this data management
other pipe damage, and lack of attentior; 02-03-29) are in effect, and companies system must be collaborative among
foreign cebris in trenches and during implement better practices and oversight. several agencies with complementary
backfill. reporting jurisdictions to eliminate

redundant and misleading data.
Continued?é¢



XIX

SUMMARY OF ALL KEY M3 AND RECOMMENDANB (CONTINUED)

Leaks and Spills
Analysis (continued)

ID
5

Page
No.
35

Observation
Other states reviewed in this study prescri
a range of minimum reporting thresholds fi
reportable crude oil and produced water
spills. North Dakot
among the lowest, requiring reporting for ¢
spills greater than 1 barrel for spills
contained on location and no minimum for
spills that are off location (where all 8pi
are reported).

Key Finding
North Dakota has among the lowest minimu
reporting thresholds of the top seven oil
producing states. This creates the potential
skew the comparison of spills between state
with higher reporting thresholds, making it
appear that Noint Dakota has more spills thal
other oilproducing states.

Resulting Recommendation
The state of North Dakota should
recognize the impact the minimum
reporting threshold has on spill statistics
and evaluate accordingly how to interpre
and reporthese data.

Regulatory

56

57

58

Fluid properties and operating conditions ¢
liquid gathering lines differ significantly
from pipeline to pipeline. Ensuring that the
pipeline selected for each application can
withstand these operating conditions is
critical to ensuring safe operation.

Other large oHproducing states include
regulatory language regarding maintenanc
and corrosion control. North Dakota does
not currently include language constraining
maintenance and corrosion control practic
to best practices.

Other comparable oproducing states
include regulatory language that demands
prior notification of construction, including
design information (size, material, operatir
pressure, design pressure, depth, installat
protocols, etc.), and routing infornian.

Most ofthe states reviewed have regulation:
requiring that gathering pipelines can
withstand the operating conditions of the
gathering system and have appropriate
chemical compatibility. Many refer to 49 CF
195 as a basis for regulation.

North Dakota may benefit from inclusion of
regulatory language addressing maintenanc
and corrosion control. 49 CFR 195, ASME
B31.3, ASME B31.4, ASME B38, and
NACE Standard R®1-69 all offer language
and concepts that may be considered for ar
new regulations in North Dakota on these
topics.

North Dakota pipeline safety may be
enhanced by ensuring that state regulators
have advance notice of key design features
associated with new liquid gathering
pipelines. This information would serve to
generally inform the state, provide data for
postincident analysis of root cause of failure
and permit the state to have a baseline upol
which inspections can be measured.

North Dakota should caider adopting
regulations on pipeline material selection
as has been done in comparable oil
producing states.

State regulators should address
maintenance and corrosion control best
practices in any new regulations.

North Dakota DMRconsider developing a
requirement to provideotice of intent to
install liquid gathering pipelines 30 days
prior to installation of said pipelines. The
advance notice should include design
information (size, material, operating
pressure, design pressure, depth,
installation protocols, etc.), and routing
information.

Cont i
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SUMMARY OF ALL KIRDINGS ANRECOMMENDATIONS (TIBINED)

Materials

10 64

11 72

Observation
Plastic pipeline fillers are powders of solid
materials that are added to plastics. They
be highly variable depending on the produ
andmanufacturer.

Slowcrack growth is a crack that can
develop in PE pipe, usually at a flaw or
outside stress concentration, which grows
slowly through the pipe wall. According to
the Plastics Pipe Institute, it is the dominai
field failure mode, excluding thirgarty
damagefor PE pipes.

Since API RP 15S was approvediditional
spoolable reinforced plastic pipe products
have become availaldiein particular, piping
reinforced with steel. The company that
makes that product is currently performing
gualification testing and working to have it
product included. Simultanesly, the RP15
committee is working to upgrade the
recommended practice to a standard
practice.

Key Finding
The type and size of the fillers can
significantly affect the erosion resistan:
of the plastic.

Installation procedures prescribed by tl
pipeline manufacturer must be precise
followed to avoid the risk of slow crack
growth and other materiaélated failure
modes.

Because this material is not currently
included in a standard practice, it is
generally not included in standard
PHMSA pipeline guidelines for
transportation pielines.

Resulting Recommendation
Companies procuring pipeline should consult
closely with the pipeline manufacturer for date
about the erosion resistance of the manufactu
part if erosion is a possible issue in the
proposed application. The company procuring
the pipelines may want to ask for test evidenc
demonstrating erosion resistance against fluic
with characteristics comparable to that expect
in the field.

Installation crews should be thoroughly trainet
in all manufactureprescribed installation
procedures and be contractually bound to use
those procedures. Further, independent
inspectors should have the responsibility to
ensure that manufacturer specifications are
precisely followed.

North Dakota DMR should seek to place its o\
SME on the API committee studying
modifications to APl RP 15S. If North Dakota
DMR considers deriving Hstate regulations
governing installation of reinforced pipe from
PHMSA standards, variances t@tRHMSA
based regulations should allow for use of
reinforced, spoolable pipeline materials not ye
included in a standard practice.

Continued©égé
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SUMMARY OF ALL KIEDINGS AND RECOMMEAENIONS (CONTINUED)
Page

ID No. Observation Key Finding Resulting Recommendation
Because gas can diffuse through the inner These pipeline products may provide soi Composite pipeline manufacturers with

Materials
(continued)

liner of a composite pipeline and build up i
a dry reinforcement layer, these types of
pipeline products are typically vented at
each end. This venting may allow for
pressure or composition monitoring to
determine if a leak exists in the pipe.
Manufacturers have just begun to test this
capability.

level of leak detection capabilities.

applicable products should develop a
collection of test data to support claims that
these pipeline materials can assist LDS. No
Dakota DMR should continue to monitor
development of this aspect of these pipeline
products and carefully consider its impact ol
future rulemaking.

Construction

13 | 93

14 94

Someareas of the Williston Basin present
unique challenges related to the constructi
of pipelines in or near environmentally
sensitive areasuch as wetlands and other
small surface waterbodies.

Based on information gathered from pipeli
operators, we concludbat the general
description of their pipeline construction
process is similar to pipeline construction
requirements for PHSMAegulated and
other traditional pipelines. Bedding
requirements seemed to be an area where
great variability exists. In generaublished
pipeline construction requirements (includt
PHMSA/DOT) do not require specific
bedding, but rather defer to language suct
Afémust provide adeq
entire |l ength of toh
exception to this exists in ASTM standar
ASTM D2321.

Although no specifiégnformation was
provided or observed regarding the curre
construction practices specific to wetlanc
and small surface waterbodies, these ar¢
warrant special consideration during
pipeline construction.

Many North Dakota pipeline operators ai
already employing widely used,
appropriate standards in gathering pipeli
installation. This indicates that prescriptic
of best practices is not the primary factor
in the North Dakota pipeline spilfecord.
It does NOT, however, guarantee that
these standards are always followed by
contractors and subcontractors in the fiel

Horizontal directioal drilling may bethe

most ajpropriate construction method to
reduce surface disturbances. In addition, otl
measures may be warrantecetsure the
impact to these areas are minimized in the
case of a leak.

The state may consider implementing
construction standards consistent with
practices being followed by many operators
and curently required for larger, federally
regulated transmission pipelines. It would b
the responsibility of the thirgarty inspectors
to ensure compliance with state constructiot
standardsand state inspectors would serve t
role of verifying that thireparty inspectors
were maintaining adequate oversight of the
project.

Cont i
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SUMMARY OF ALL KIREDIRNGS AND RECOMMEANIONS (CONTINUED)

Maintenance and Inspection

Page
ID No.

15 102

16 | 110

Observation
Hydrostatic testing is an industrgnd
regulatoraccepted practice for evaluating
the integrity of both newly constructed and
in-service pipelines. It is applicable to all
types of pipelinesalthough the details of
test procedures may vary by pipelinpay
and material of construction. The purpose
hydrostatic testing is to force a failure
caused by any defects that might threaten
pipelineds ability

Smart pigbased diagnostic technologies al
becoming increasingly reliable and cost
effective in locating and assessing the extt
of pipeline corrosion and other potential
failure-causing defects. Significant
improvement in diagnostic capability is
achieved when the smart pig is applied to
clean pipeline, and pibased cleaning
techniques typically work better than ron
pig-based tehniques.

Key Finding
North Dakota pipeline safety may be
enhanced by ensuring that hydrostatic tests
conducted according to manufacturer
recommendations on all pipelines initially
upon installation and upoepair of an
installed pipelinePeriodic hydrostatic testing
on in-service pipelines presents logistical
challenges and may shorten pipeline iifeds,
significantly increase operational costs, and
increase pipeline system downtidall for
unquantifiable increases to pipeline integrity
assurance.
Through surveys of gathering line operators
construction contractors, producers, and
engineering firms, it was found that the
majority of gathering lines in the Bakken are
designed without the ability to use pigs for
cleaning, maintenance, anmspection.

Resulting Recommendation
North Dakota DMR shouldonsider a
requirement to providassurance of
completed hydrostatic testing acding to
manufacturer recommendations on all
newlyinstalled or newlyepaired liquid
gathering pipeline segments.

It may be worthwhile to assess the cost (
making gathering (and other) lines
compatible with pig use and compare thi:
cost to the benefit of an improved ability
monitor pipeline integrity and prevent
failures.

Monitoring and Leak

Detection

17 114

Most of the industr
leak detection are called out in API 1130 fi
regulated transmission pipelines. Advance
LDS methods are used infrequently by No
Dakota gathering line operators.

Company decisions regarding implemegtin
new pipeline monitoring and leak detection

technology rely upon, among other things,

analysis of the cost and benefit. There is a
need for objective data on the performance
different leak detection technologies under
realworld conditions.

The gatheng pipeline monitoring and lea
detection pilot project prescribed by
HB1358 will serve as a platform to test
current and new leak detection
technologies applied to gathering systerr
This pilot project will test performance,
determine infrastructure regaiments,
estimate costs to pipeline operators, and
provide objective analysis of the
cost/performance ratio.

Cont i
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SUMMARY OF ALL KIREDIRNGS AND RECOMMEANIONS (CONTINUED)

Observation Key Finding Resulting Recommendation

Because of the corrosive nature of produc Reviewing the leak detection alternatives fo The state of North Dakota should
water from the Bakken, most operators us pipelines transpairig produced water, it is encourage development and testing of-Ic

some form of composite or HDPE material clear that a technology gap exists for cost external leak detection texiiogies
in gathering pipelines. implementing external leak detection in the = specific to the needs of produced water
plastic pipeline/produced water market. gathering line operations.

19 | 126 | The 1999 and 2010 ADEC reviews on spil APl RP 1173 establishes alAS framework | The DMR®&s rol e in
statistics and the NTSB report on the 201( needed to identify and manage risk and enforcement of a PSMS for North Dakotz
Enbridge incident reported a common ther address pipeline operation and integrity usit operators, modeled after APl RP 1173,
that extensive operator training and the operator ds exi st shouldbeexamined.
proactivepipeline inspection and processes, and procedures.
maintenance have the greatest impact on
reducing pipeline leaks. Secondarily,
improved leak detection and a welanned
spill response to an incident were found to
decrease the severity of the release.

20 | 127 @ Flows from wellsite tanks into gathering = The sensitivity and performance of most The state, in conjunction with operators
lines are based on tank levels. Pumps turr internal leak detection methods tend to bent and vendors, could investigate alternate

Monitoring and Leak Detection (continued)

when levels exceed a preset maximum an by predictable, consistent flows through gathering systerdesign features or unit
turn off when a minimum level is passed. = liquid-filled pipelines. operations that would enable pressurizec
Thus gathering linflows are uncoordinated and/or more consistent/steastate flow
inconsistent, and highly variable. Creating a similar regulatory environment fo conditions, thereby enabling improved le
both gathering and transmission pipelines = detection system performance and
Gathering systems seldom incorporate could eliminate the incentive to avoid accuracy. Any operational changes woul

intermediate tanks or pumps. Incorporating breakout tanks and pumps and promote necessitate an examination of the

these unit operations often triggers a chan gathering system design and operation that operational impacts, cost, and regulatory

in regulatory requirements and jurisdiction provides the best possible performance. implications (example: breakout tanks ar

to thePublic Service Comission pumps triggering Public Service
Commission oversight).

Continuedé
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SUMMARY OF ALL KIEDINGS AND RECOMMEAENIONS (CONTINUED)
P
ID Nage Observation Key Finding Resulting Recommendation

21 | 129 | In a number of locations, lagging Manual monitoring oflelivery or receipt In an attempt to identify leaks earlier and
infrastructure development is still evident | locations because of poor infrastructure or. minimize their impacts, operators should
where produced water and crude oil deliver lack of instrumentation creates the potentic be encouraged to incorporate technologi

and receipts are recorded manually. for prolonged undetected leaks. Keysto = such as SCADA to improve
minimizing impacts from pipeline releases communication within and between
are frequent inspections and improved operators.

monitoring of operationgbarameters.
22 | 132 | UAS can provide large amounts of d&da UAS shows potential as a monitoring tool | North Dakota should seek opgpunities to
assist in detecting leaks. Current limitations over pipelines and oil production sites and| demonstrate the role of UAS in pipeline
(both technology and regulatory in nature) | should be leveraged within future monitorir monitoring. With its vast rural landscape,

generally limit their use to localized architectures. the state and industry within the state ha
monitoring within line of sight of the more to gain from this remote sensing th
operator. Maximum benefits of employing other locations across the nation.

UAS will likely not be realized until beyond
line of sight (BLOS) operations are approve
by the Federal Aviation Administration
(FAA) (several years in the future for
commercial operations). Immediate
monitoring gains from UAS can be realized
proper leak detection signatures are identifi
so tha sensor systems can be flown to
identify leaks and automatically report the

Monitoring and Leak Detection (continued)

data.
23 | 143 | In the pastindustry stakeholders indicated ¢ The new GIS rule addresses the issue of = § The state should continue to work wit
frustration with lack of available information pipeline information going forward on new industry stakeholders to inventory anc

regarding existing pipeline locations during pipeline installations but does not address catalog existing pipeline locations for

mechanism that allows for rapid
acquisition of information about
pipelines for use in construction
activities.

= new pipeline installation activities at the tim issue of information on pipelines already in pipelines that were installed prior to tt
g To mitigate this issue, new rules have been existence when the rule wentorgffect. It new GIS reporting rule.

S implemented requiring new pipelinedations = also does not address the issue of providin § The state should also work with

e to be reported to the state using GIS. the information in a timely manner. industry stakeholders to develop a

3

<




ANALYSIS OF THE 56T2H PRODUCED LIQUHATHERING PIPERINE
NORTH DAKOTA

INTRODUCTION

The last decade has seen growth in the oil industry at a rate that is unprecedented in the
history of North Dakota. There are over 12,000 oil wells in the ,staitt oil production
undergoing a nearly fivefold increase since 2
along with the oil in volumes comparable to oil production. Industry has installed nearly
23,000 miles of gathering pipeline to move theemendous volumes of fluids from the wellhead
to various processing facilities. Whilbe vast majority of the fluids morgt hr ough t he st
pipeline infrastructure reach their destination without incident, the-irgsrasing size of the
system meas that even lovincidentrates may result in a greater number of sitid attendant
volumesin a given year. With that in minghublic concerrhas been growing in North Dakota
about the effects of spills of oil and produced watdaragriculture, public health, and the
environment.

On April 20, 2015, Governor Jack Dalrymple signed into law North Dakota House Bill 1358
(HB1358). The purpose of this legislatimas to address public concern over what was perceived
as a growing problem with oil and produced water spills in the state as a result of increased
exploration and production activity in the oil industry. The bill sought to direct state funding for
cleanupefforts and research efforts intended to minimize the number of spills and the volume of
fluids spilled.

The North Dakota Legislature passed HB1358 in response to growing concern by
lawmakers, landowners, and the general public over the frequency araf several spills that
were widely reported in the media. In fact, this pressure has been building since the early days of
oil production, when the industry was much less reguldieddlinesunderscoredhe situation,
causing the 2015 North Dakota ldgisire to act:

APi peline Leaks 63,000 gal | oFommNews Sevitet wat er
Fargo, North Dakota May 6, 2015. www.inforum.com/news/37391gipelineleaks
63000gallonssaltwatersomeentersnd-lake

ATesoro Oil SpbhlFrrebDsefSe2p, 0t o ANsoaiateth Dak o
Press Bismarck, North Dakota, October 10, 2013. www.theguardian.com/environment/
2013/oct/10/northdakotatiogatesoraoil-spill

AMIi | | iGamd oab of Sal twater L eReltersiWilliston, Nor t h
North Dakota, January 22, 2015. www.reuters.com/article/2015/01/@8&morth-
dakotaspill-idUSKBNOKV1ZR20150123



One of the key el ements of HB1358 that was
concerns was a mandate for theagy & Environmental Research Cent&HRQ to conduct a
study of the oil and produced water gathering pipeline network in North Dakota. Specifically,
Section 8 of HB1358 directed the EERC to analyze the existing regulations on construction and
monitoring d crude oil and produced water pipelines, determine the feasibility and cost
effectiveness of requiring leak detection and monitoring technology on new and existing pipeline
systems, and provide a report with recommendations to the North Dakota Indistniaission
(NDIC) and the Energy Development and Transmission Committee (EDTC) by December 1, 2015.
The intent of this study was to assess ways to improve the performance of produced water and
crude oil pipelines in North Dakota, with the purpose of suppom g NDI Cés deci si o
possible adoption of administrative rules impacting pipeline safety and integinéy EERC
initiated the study in June 2015, in partnership with the NDIC Oil and Gas Research Program
(OGRP) and in compliance with HB135Bhis report represents the culmination of that stédy.
complete copy of HB1358 is included Appendix A.

While a comprehensive glossary of key technical terms, abbreviations, and acronyms are
presented in the preamble of this odp expanded definitions of a few terms used frequently
throughout many sections of this document are provided below to help orient the reader. Some of
these terms can have multiple definitions, depending on which sector of the oil and gas industry
or regulatorsis using themThe definitions provided below apply to the terms as they have been
used in the context of this study

1 MonitoringT procedures and equipment employed by pipeline controllers and operators
to observe pipeline conditions to ensure the safe, efficiamd environmentally
acceptable operation of pipelines.

1 Inspection systenisa class of procedures and equipment tisseassthe condition of
pipeline piping and surrounding media to determine the existence of or conditions that
promote the appearance of leaks from pipelines. Inspection differs from leak detection by
tending to monitor smaller portions of pipelines @ivgen instartis scheduled to occur
at discrete timesand often distracts, interferes withr suspends normal operation.

1 Gathering pipeline$ apipeline transporting oil or produced water that leads from a well
or lease tanks to a central accumulation point.

91 Produced watef fluids that are produced from an oil well in association with the
production of oil, the primary constituent of which &teater, sometimes also referred
to as fAbrine. o

1 Fracturing fludsi d so commonly referred to as dndfra
injected into a well to crack the rock at the bottom of the well, creating pathways to release
trapped oil. This simutasoperation during the completion phase of a welimprove
productivity.



1 Spilli any unauthorized release of a fluid into the surface or-sedace environment.
This term may be used interchangeably witt

1 American Petroleum Institute (ARl)an oil and gas trade association that represents all
aspects of Amer i cAPbveorkowith leading chdugtry subjactattdru st r y
experts (SMEs) to maintain an inventory of over 600 standards and recommended
practices, including those appiyg to all types of pipelines.

1 American Society of Mechanical Engineers (ASNIEA notfor-profit membership
organization that encompasses all engineering disciplines and is the leading international
developer of codes and standards associated withimesand practice of mechanical
engineering.

1 ASTM Internationa(ASTM)i an international organization that develops and publishes
voluntary technical standards derived from robust testing effortghencbnsensus of
teams of qualified technical expertASTM standards have been published for test
methods, specifications, accepted practices, and accepted terminology for materials,
products, systems, and services used throughout the world.

1 Code of Federal Regulations (CFRdhe codification of the genal and permanent rules
published in theFederal Registerby the departments and agencies of tbeeral
government, representing broad topic areas subjecati¢odieregulation.

1 Pipeline and Hazardous Materials Safety Administration (PHMStE agencyvithin
the U.S. Department of Transportation (DOT) that develops and enforces regulations for
the saf e, reliabl e, and envir omiiienarilea | | y s
pipeline transportation system. PHMS AO s
environment from the risks inherent the transportation of hazardous materials by
pipeline and other modes of transportation.

Gathering pipelines provide an efficient mechanism for gathering oil, produced water, and
gas from oil wellghat currently number in excess of 12,000 in North Dakota. The North Dakota
Department of Mineral Resources (DMR) is currently projecting that, at full maturity of the oil
fields in North Dakota, these wells may number more than 60,000.

Produced fluids @& either brought to market (in the case of natuea gr crude oil)r
disposed of via saltwater disposal wells (in the case of produced water). These produced fluids are
transported either by pipeline or overland trucking. The trend in North Dakoteeint ngears has
been a substantial move toward pipeline transport of oil, as shown in Figure 1. Although these
numbers are not as readily available for produced water as they are for crude oil, it can be assumed
that similar trends exist.
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Figurel. Evolution ofoil gatheringin North Dakota (adapted from Kringstad, 2015).

If an average oil tanker truck holds approximately 220 barrels of oil, this resulted in
approximately 2000 truckloads shipped by truck per day in 2015. Conversely, nearly
3,300 truckloads per day were avoided by employing pipelines in 2015.

Both mecharsms for fluids transport involve risks, but it is widely acknowledged that
pipelines are, by far, the safer means of transport. In general, pipelines transport fluids more
efficiently and lead to reduced truck traffic, thereby alleviating congestion, higlecidents,
road repair, and road dust. That being said, gathering pipeline networks are complex and dynamic
systems. The dynamic nature of oil production, rural geography, and the extreme climate
conditions of North Dakota make the design, installatzon] operation of gathering lines more
difficult than pipelines in other industries and areas. These regionally unique aspects must be
considered as we assess different operational practices, regulations, and technology to improve the
safety and reliabilit of gathering lines in North Dakota.

Although pipeline spills and spill prevention are the focus of the current report, it must be
stated that trucking of fluids, whether in the petroleum industry, or any other industry, also
unavoidably results in spdl The quantities of some trucking spills may be smaller than the
guantities of some pipeline spills, but the frequency and total number of spills is potentially much
greater. Given this and the accepted operational and economic advantages of pipefines ove
trucking,there is a preference toward thee of pipelines as quickly as rights of way (ROW) can
be secured and capital can be put in place. If a robust oil and gas production industry is to be



maintained in the state, it is highly likely that more pipes will be constructed over the coming
decades.

Goals and Objectives of the Study

A primary goal of thestate is to ensure that industry is employing best practices to ensure
safe transport of fluids and rapid leak detection and leak response in the event that a leak occurs.
The state also wants to make sure that regulations strike an appropriate balaneenbttey
monetization of thess at eds petrol eum resources and the
environment. Both sides of that equation are equally important to sustaining a high quality of life
for the citizens of North Dakota. To support thea te#oétssto achieve these goals, this study set
out to identify and assess ways to improve the performance of produced water and crude oil
gathering pipelines in North Dakota.

Many issuesareassociated with pipelines, and a wide variety of regulatiod$echnologies
exists to address those issues. While pipeline issues are multifaceted, they are also intertwined
and one aspect cannot be fully understood without considering many of the others. With that in
mind, the study had many objectives and mldtipcal poins:

91 Conduct a robust statistical analysis of pipeline spills in North Dakota, including a
comparison to spill data for other states.

1 Develop a comprehensive description of gathering pipeline systems in the state and their
operation.

1 Compile information regarding the use of pipeline materials, maintenance practices, and
methods of pipelinenspection, pipelinenonitoring and pipelindeak detection.

1 Determine the feasibility and cestfectiveness of requiring leak detection and
monitoringtechnology on new and existing pipeline systems.

T Compare North Dakotads current regul ati ons
and spills to the regulations of other majormibducing states.

That information derived over the course of #tady was evaluated in the context of
identifying critical issues, approaches, technologies, and tledatonship to the unique
characteristics of North Dakot&he ultimate goal of the study was to provide NDIC and EDTC
policymakers with technicahformation to support decisions by the state of North Dakota that
may result in development and implementation of prudent and effective administrative rules
regarding pipeline safety and integrity, @erhaps no additional regulations. The decision to
furt her regul ate gathering pipelines or not S
recommendation of this report.



Factors Evaluated for the Study

For the purpose of this study and this report, the EERC evaluated factors impactirgy liquid
gathering pipelines not regulated by federal agencies, regardless of pipe size, operating conditions,
and associated facilities (tanks, pumps, etc.)

1 For produced water pipelines, the study focused on pipelines and facilities from the point
they leave awil production location (oil well pad) to the facility boundary of a treatment
and/or disposal facility.

1 For crude oil (or commingled produced fluids including combinations of oil, water, gas,
and condensate) pipelines, the study included all pipedindsacilities from the point
they leave the oil production location to a terminal that transfers the crude to a petroleum
refinery, a rail loading facility, or an interstate pipeline terminal regulated by@®OT
PHMSA.

In 2013 the Pipeline Technology Working Group was established by Governor Jack
Dalrymple. The group includes representatives from prigattor engineering firms, PHMSA,
the North Dakota Public Service Commissi®5C) the North Dakot@ipeline Authority, the
North Dakota State University Center for Surface Protection, and pipeline companies operating in
the state. TheurrentEERC study is built upon a solid foundation that was generated by the efforts
of the North Dakota Pipeline Teabn ogy Wor ki ng Gr oup, particul ar
Reviewo whi ch was released on December 1, 2014.
level, current and future technologies used for leak deteclibe report is provided in
Appendix B. That report concluded that there are four main categories to address regarding
pipeline best practices and technology:

1 Prevention: The working group stated that a strong focus on incident prevention is
paramount in North Dakota. The area of incident @néien included, but was not limited
to, thirdparty damage prevention, robust design and construction practices,
comprehensive integrity management programs, corrosion control procedures, employee
training, and strict operating and maintenance pracfidesworking group endorsed the
recommendations and guidelines of Common Ground Alliance for damage prevention
and NACE (National Association of Corrosion Engineers) for corrosion control.

1 Detectiont The working group believed that imaging technologieginae to evolve and
may significantly improve the ability to detect a spill incident sooner. The working group
recommended further state support for the research and subsequent usage of new imaging
and sensing packages t ha tmatevand tkrrain condilans.t h D a

1 Response The working group believed that an effective and timely incident response
plan may help to further reduce the consequences of a leak. The working group further
stated that incident response depends highly on the type and robustness of the leak
detectionsystem (LDS), how soon a leak is detected and verified, and how soon incident



response actions are initiatddhe group strongly recommended that response capabilities
should address access to equipment and tools necessary to respond, as well agpaction ste
to protect the health and property of impacted landowners, citizens, and the environment.

1 Reclamation The working group supported the efforts of current research and the further
utilization of the North Dakota University System to continue researcthagbest
practices in incident reclamation.

TheEER@ e f f orts expanded upon the wtsfindingsng gr o
as a basis for this studyods approach and act
information that is compe ment ary to the APipeline Technol o
stakeholders and decision makers regarding prudent regulation of the gathering pipeline industry
in North Dakota.

The rush of the Bakken boom (20@D14) created pissures on industry to grow quickly to
secure positions in this lucrative unconventional oil play. To secure lease holdings, wells must be
drilled on a new lease withia specified timdrame of acquiringhe leasetypically 3 yearsTo
monetize the oil ppduced from those wells, pipelines must be installed very quickly after that.
During the peak of the rush, North Dakota experienced an astounding shortage of qualified labor,
which sometimes resulted in substandard contractors performing work not up tudhty
expected by oil producers and gathering pipeline operators. Industry is now recognizing the need
to improve upon past practices in produced fluids gathering and emgbigly evolving
technology to meet the unique demands of this market.

Gradually, the buildout of liquglgathering infrastructure is catching up with production,
resulting in fewer trucks and more pipelines to transport fluids from the wellsite to their
destination. Furthemanycompanies have revised existing practices ashapted nevpractices
to:

1) Improve the quality of pipeline installation.
2) Ensure that construction oversight and pipeline inspection occur.
3) Monitor operations to reduce the likelihood and severity of future pipeline leaks.

Across the various aspects dpgline design, construction, operation, and monitoring,
guidance and best practices are being incorporated within these gathering pipelinéss DOT
PHMSA, API, ASTM and other standards setting organizations have extensive rules and
guidance designed to prove pipeline performance. Although not all of the guidance developed
by these organizations is applicable to the unique characteristics of gathering pipelines, they do
provide some commonsense approaches to reducing the frequency and severity ofHeedks. W
applicable, these guidelines are being adopted by companies and incorporated into individual
company standard practices.

In 2015, North Dakota oil production grew to 1.2 million bpd, a nearly fivefold increase
from 2008 when oil production was onl%@000 bpd. During this time frame, the buildout of



infrastructure to support this production has been enormous. Nearly 23,000 miles of gathering
pipeline has been installed in the state in addition to the related infrastructure, consisting of crude
oil pipeline and rail terminals and produced water disposal well facilities. This rapid expansion
and construction have not occurred withautident The occurrence of leaks and spills has
negatively impacted many landowners, requiring the remediatidarofge caused by spills of

oil or produced water aneclamation of land to return it to productive use. Even when pipelines
operate properly, the number of pipelines installed to transport fluidslf2@f0 producing wells

has resulted in challenges to farsiand ranchers as they work to raise their crops and livestock
amid the steady request for pipeline ROW and construction activities. Not surprisingly, the recent
pace of construction activity has led to some fatigue by landowners trying to balance their
agicultural operations or other land use needs with the industry need for additional pipeline
infrastructure. With this background, it is easy to understand that there is a common desire by all
parties that pipelines be installed and operated using theltaesices possible to enable safe,
efficient, and economical transport of liquids from production sites to their endpoint.

The production of oil and gas begins after a well has been drilledcanpleted, typically
by hydraulic facturing. After an initial flowsack period during which fracture fluids flow back
out of the well, oil begins to flow from the well to processing equipment on the production location
or well pad. Thefluids flowing from the well consist of a mixture of crude oil, water, and
associated gas which flows (or is pumped) through pipe (production tubing) to the surface where
the pressure and temperature of the mixed fii@icreasePressures at the bottom of the well are
elevatel, but decrease as the fluid mixture flows to the surfibes mixture of fluid must be
processed at the wellhead (or nearby facility) to rensolid material entrained in the floandto
separate liquid hydrocarbons from gases and watesubsequentransportof each of those
streamff of the production location (well pad).

The processing of crude oil in proximity to the production well is referred fwiamry
separation and/aronditioning. Impurities incluel the gases, water, and solpsducel with the
crude oil. Gaseous product includes hydrocarband inorganic gases that either existed as a
separate phase exiting the well or wamesolution but evolvedrom the crude oil during
conditioning. The natural gas and natural gas liquid (NGbjipet hae economic value andre
generally collected in relatively loyressure gathering lineShese linesonvey the gases to gas
processinglantsthat subsequentlyprocess the stream and ultimately sell it as natural gas and
NGLs.

Depending on thguality of the produced water, the water may be recycled or treated and
disposed d typically by deepwell injection. Solids that were carried with the oil also require
treatment and proper disposal.

Crude oilseparated from conditioning equipment isi¢glly transported to a refinery for
further processing intorished fuels and/or chemicals.

Depending on the composition of theduced fluid mixturethe oil and water might easily
form two phases with little treatmerlternately, he two might fom an emulsion that requires



chemical additives, heat, quiet flow, centrifugation, or other means to separate. After processing
through separators, the conditem petroleum, segregated waseer, and solids streams are
retained orsite in tanks untilcollectedand transported away from the vegé by truck or
gathering pipeline.

Multiple crude oil and water tanks are often utilized to accommodate the volume of
production fluids from a production location. Tanks range in size but often have capaeigral
hundred barrels. The pipelines, which transport liquids such as crude oil, wateii,wateil
mixtures (emulsions) to aggregation points such as a crude oil refinery, crude oil pipeline, or water
treatment/disposal sitegre considered gatheg lines andrethe focus of this study.

Figure 2 depicts a notional Bakken wellsite conditioning configurat{dlorth Dakota
Industrial Commission2014). The number of separators, existence of a-fater knockout
vessel just upstream of the crudsater andpresence obther equipment vargreatly bywellsite
and over time at specific wsltes.

A common separator used at Bakken production sites is the emulsion heater treater (HT)
which is capable of removing gases, free water, and solids frawlguah. Additionally, their
ability to heat petr ol éalmmusions blfreesandtremevenwateo A b r
t hat would otherwise have been tied up and cal
of a separator train means thabperates at the lowest pressure of the train. A photograph of
wellsite conditioning equipment and tankage, including an HT, is provided in FHgure
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The HT operating temperature and pressurg bgrlocation depending upon the nature of
the oil produced at thabcation. NDIC regulatecrude oil conditioning in an effort to achieve
sufficient gas and oil separation to meet a crude oil vapor pressure of 13.7 psi. Although variation
is allowed within the rule, HTs are often operated at tempesadin@/e110°F andat pressure
below 50 psi. A summary afrude oil conditioningequirements can be found in Table 1.

Table 1. Final Order HT and Separator Operating Requirements lorth Dakota Industrial
Commission,2014o)
Equipment and Min .

Conditions Temp. Comment

<50 psig 110°F

>50 psig 110°F Vapor recovery is required on or before crude oil storage ti

OtherConditions VPCRx 13.7 psi or less, or 1 psi less than ANSPI RP3000
(whichever is lower) with quarterly testing

No HT orSeparator NDIC approval 13.7 psi maximum VPCRXx or safe delivery

stabilization plant
L Vapor pressure of crude oil
2 American National Standards Irtstie.

Although all oil production includes a well, conditioning equipmeartd tanks, the
configuration and logistics vary depending on factors such as production rates, geography, and
contractual issuegigure4 illustrates three configurations commonly deployed in North Dakota
(A, B, C).In many cases, oil wells, conditionieguipmentand tanks are all located on a single
production locationas illustrated irConfiguration A withinFigure4. In these instances, uttiple
wells may supply multiple pieces of conditioning equipment and associated crude oil and produced
water taks, but all equipment i®catedwithin a single production location. In these situations,
trucks or gathering pipelines transport crudeasidproduced water offocation to another facility
for aggregation,urther processing, or disposal.
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An alternate configuration consists of a central tank ba{témB) which collects oil and
water from multiple production locations each with their own wellsamdiitioning equipment.
This may be done if space constraints prevent tanks from being located on the production location
or to minimize truck traffic to individual production locations (wellsites). In these situations,
gathering pipelines transfer crudé and water from the production location to G&B, and
additional gathering lines transport the same products from the CTB to another facility for
aggregation or further processing or disposal. An illustration of this process configuration can be
foundin Configuration B within Figurd.

A third alternative includes locating conditioning and tank equipment at a centralized
facility, supplied by multiple, separate wellsites using gathering pipelines to transport produced
fluid (mixture of oil, watey and gas) from the wellsite to the centralized conditioning and tank
location. An illustration of this type of production location is represented in Configuration C within
Figure 4. In this configuration, gathering pipelines are used to transport mixed fiomsthe
wellsite to the centralized conditioning location, and additional gathering lines transport crude oil
and produced water to another facility for aggregafiarther processingr disposal.

Once crude oil and produced water are separated and in a tank at a production location or
CTB, they can be transported efite several ways. When pipelines are not available, trucks are
used to haul crude oil to pipeline terminals, rail terminatsrefineries. Produced watean
likewise be trucked to treatment or disposal facilities.

When pipelines are available, they are typicalonfigured similarly and includéhe
following:
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A pump skid to transfer liquglfrom the tank to the pipeline

A meter skd to measure flow and creatdogation for sample collection
A network of small diameter (4 2-inch diameter) underground pipelisie
Safety valves

Backflow prevention

Instrumentation for pressyremperaturgand flow rate

A booster pump station sawhee along the pipeline route

A delivery point meter skid

=4 =4 =88 _-9_9_95_2°

In the case of crude oil, the oil is metered, stored in a tanku#tirdately, transferred to a
refinery, raitar, or interstate pipeline system carrying crude to distant refin@me® the crude
oil is received at a terminal, subsequent transport is regulated by the North B&8RaeD O T 6 s
PHMSA. Communication of fluid volumes received at a terminal is monitored closely, as it is the
basis for a financial transaction. Typicallgrude oil volumes received by the terminal are
compared with volumes metered at the production site to verify transfer of the product. This
comparison, whether done on a daily basis with manual recording of data or continuously using
computercontrolled dad collection provides a basic leak detection function, ensuring that all of
the crude entering the gathering system is received at the terminal.

For produced watethe engoint of the gathering system is typically a disposal faeility
consisting ofa flowmeter, tanks, pumpsnd an injection well. In some casesude oil and
produced water gathering pipeline systems and terminals are colocated, but in oth#reyases
entirely separate and operated by different companies. Producedrecdm at a disposal
facility accumulates in large storage tanks. The volume of water received is measured and, like
crude oil, compared to volumes pumped from production locations. This flow comparison forms
the basis of the financial transaction associateld water disposal fees and provides a basic leak
detection mechanism. Once sufficient produced water volume has accumulated, a pump is
activated to transfer produced water from the tanks through an injection well and into a saline
aquifer thousands of febeneath the surface. Several saline aquifers exist in wéstettnDakota
and are capable of receiving large volumes of produced water generated from Bakken wells. Many
injection wells exist throughout the Williston Basin and allow produced water tispesedof
relatively close to production wells, keeping transportation distances to a minimum.

The Trend of Mublvell Pads

As technology has advanced, many producers have moved toward colocating more wells on
a single pad to avoid costs, minimize imipé&x surrounding lands, and optimize truck traffic
patterns. Previously, it was common to ha¥® 3vells on a single pad. Producers are now
exploring use of multiwell pad configurations that contain 30 wells or more on a single large
wellpad. Several mulwrell pads that contain 25+ wells are currently installed in North Dakota.

This may present an opportunity pertinent to the topic at the heart of this report. North
Dakota regulators and industry, alike, are striving for the goal of minimizing ridleases from
gathering pipelines. One manner of achieving this goal is to eliminate pipelines where feasible. In
the case of produced water, it may be feasible to colocate a saltwater disposalsitelbbthese
very large wellpads with many wells. Theoduced water could immediately be disposedn-
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site, within containment bermsnoa wellpad to minimize attendant risk from pipelines on
surrounding lands

Analysis is not yet in place to confirm that this prospect is feadiblould certainly
necessitate sispecific verification of the presence of quality disposal zones that would accept the
produced brine volumes, and attendant economic considerations, at a minimum. This level of
analysis is beyond the scope of this report and will likelyhleesubject of ongoing cassy-case
consideration. It does, however, present an interesting concept for industry and regulators to
contemplate. Therefore, this report brings the notion forward only to highlight the potential
alternative in certain casesbhis report is only recommending that state regulators and industry
jointly consider this alternative on a casgcase basis.
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REVIEW OFRORRTH DAKOORUDE OIL AND PRGERJWATERATHERING
PIPELINE INFRASTRIRET

Liquid gathering pipeling are large, dynamjcand complex systems. In North Dakota,
pipelines service an area of over 15,000 square rgHieks, 2015) as shown in Figur8. The
large geographic area of the Williston Basin, one of the laggegtoducing regions in the world,
results irfluids beng transported long distancedten over rugged and sparsely populated terrain.
In someinstancespipelines are installed and operated in areas with significant changes in
elevation, necessitatingdditional pumping capacity and higher pressure ratings for pipelines,
valves, and fittings. In other areas, soil erosion from wind and water can leave pipelines exposed
to coldwinter temperaturesncreasing the risk of freezing and rupture.

Currently, North Dakota haan estimated 230D miles of gathering pipelin®itter, 2015)
A map illustrating the complexity and exteasftliquids gathering linesurrently accounted for in
the North DakotaDMR databasés provided in Figuré. This map, providetdy DMR, includes
approximately 4000 miles of liquid gathering pipeline, primarily those new pipelines placed into
service since August 2011. To further highlight the extent of pipelines currently operating in North
Dakota, a map illustrating the extentmih e companyds | i cqppioximaglgd her i n
16-squaremile area is provided in Figu Information about the location of older pipelines is
retained by the respective operator and is not included in the DMR database. In 2014, new
regulationswere implemented requiring that pipeline locations be reported to the state. North
Dakota Administrative Cod¢NDAC) 43-02-03-29, enacted on April 1, 2014, now requires
operators of any underground gathering pipeline placed into service between Au@ddt, hrial
June 30, 2013, to file with DMR, by January 1, 2015, geographical information system (GIS) data
showing the location of the pipeline centerline. The operator of any underground gathering line
placed into service after June 30, 2013, is requiredibonit GIS data within 188ays of the in
service date.

Statistics describing pipeline location, size, and other attributes are not publicly available for
all gathering lines in North Dakota. However, the recently created DMR database does contain
this information for pipelines installed since 2011. These liquid pipelines range in diameter from
2 to 24 inches and carry a variety of fluids, including crude oil, produced water, freshwater, and
mixtures of oil and water.
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Business Aspects of Williston Basin Gath&ipelines

Diverse ownership and business models exist in the gathering or midstream industry ranging
from fully integrated ownership and operation of production, gathering infrastructure, and final
disposition of liquids to the other extreme in which ea€tlthese componenis provided by
separate companies. These different models each offer companies different advantages and
disadvantages and are selected based on individual company philosophies.

In a fully integrated business moda company owns andperates all aspects of oil
production, liquid transport, waste disposal, and oil terminal operations. In these situations,
coordination of infrastructure buildout, operational changes, and transfer of liquids along the
production chain occurs within angile company. In some cases, this integrated model can make
communication and coordination simple.

Nonetheless, different business units within an integrated company can lead to complicated
communication protocols and competing interests related tocfaleand operational matters. In
either case, effective communication within or between companiesidésicia ensuring that:

1) Infrastructure is built to match production volumes.

2) Production operations match pipeline capacity.
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3) The volume of fluid leavig a production locabn is received at a terminal or disposal
site and not lost to leaks within the gathering network.

The measurement of fluids is typically conducted at the wellsite at the point it is transferred
from the production tank to the gathmegiline. Liquid flow rate and volumare not typically
measured within the gathering pipeline uttig fluid reaches either a pipelire rail terminal, in
the case of crude oil, or a water treatnoigposal sitein the case of produced water.

In someinstances, a fully integrated company may acoepth erodsicgd water or crude
oil into its gathering system. This is especially true where one company has a predominant
presence within a defined geographic area. In other instasicpsoduction compaies own and
operate some of their midstream infrastructure and contract teptitg providers for others.
These thireparty midstram companies may own operate one or more parts of the gathering
infrastructurewnhich includes crude oil gathering pimes, crude oil terminalr loading facilities,
produced water gathering pipelines, and produced water treatment or disposal facilities. In these
situations, oHproducing companies either sell the fluids to the midstream company or pay a fee
for service The separate ownership of various crude and produced-kaatdling operations
enables specialization among companies and is a widely used business model. The coordination
of capital buildout, operational activities, and communication of fluid transtest rstill be
communicatedand doing so across multiple companies can create unique chatleaigesst be
overcome to enable efficient operation of oil production.

Key Finding and Recommendation

Observation: Producing, gathering, and terminaldisposal well asset ownership varies in
North Dakota. In some situations, a single company owns all assets, while in other situa
the producer, gathering line operator, and terminal or disposal well operator are three di
entities.

Lack of comnunication and consequent awareness between a disposal well operator an:
gathering line operator contributed to extending the duration of a spill when a leak occur
a gathering line that fed a produced water disposal well. The disposal well opersitor
unaware of flow in the gathering line, so rationalized that the lack of flow from the line w
expected. Conversely, the gathering line operator was unaware of the lack of flow at the
disposal well.

Finding: Sharing of operational data along a gatigeline and over time is critical to
monitoring and leak detection.

Recommendation North Dakota DMR should carefully consider rulemaking that encoura
realtime data sharing among adjacent, partnering business interests in any given gather
system cmposed of more than one operating company. If different entities own assets
connected to a gathering line, they should be encouraged to share realtime operational
that at least one individual or system has a complete view of the pipeline saiygaten
time. This sharing may be accomplished best by shared access to SCADA databases b
adjacent companies.
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When thirdparty companies provide liquid gathering servicemmpanies must
communicateoperational information, most importantly flowtes and volumes. In some cases
crude oil and produced water flow rates and volume measurements are measured by the producing
company and theseoperational data (among other process datayhared with the midstream
company. Sometimes the third partpyides flow measurement and supplies that information to
the producing company. Sometimes process monitoring and instrumeatatieplicated, adding
a check and balance that the transaction and/or transfer of fluids are accurately measured.
Regardlessf the configuration, this communication and sharing of flow rate and volume data and
subsequent comparison to volumes received at a terminal or disposal site serve as the basis for
transacting crude oil for sale and produced water for disposal and peowiddamental basis for
identifying leaks.

The dynamic nature of oil and
gas production also has a significant
impact on how gathering pipelines are
designed and operated and must be
considered in efforts to improve
pipeline performance. New producing
wells are being added to existing
gathering  infrastructure on a
continuous basis. Producing wells do
not typically operate under consistent,

Key Finding and Recommendation

Observation: Liquid gathering pipelines are
complex, dynamic systems operated under a wid
range of conditions and diverse business
arrangements.

Finding: The unique and constrained conditions
under which liquid gathering systems operate in

North Dakota require different design, operations

and monitoring than pipelines used in other
industrial sectors.

Recommendation New regulations and best
practicesdeveloped for gathering pipelines can
build upon successes from other pipeline sectors
but they must be tailored to the conditions under

steadystate conditions and typically
experience highly variable production
rates, banging fluid properties, and
dramatic production decline rates over
the first several months of operation.
This variabilty in production from
each well inevitably transfers to
variability in the rate at which fluids

which gathering lines must operate, address the
unique properties of different fluids being
transported, and provid&ekibility to address the
variable conditions that exist across North Dakot:

are pumped from tanks on the
production location to the gathering
pipelines. This variability in flow rate,
pressure, fluid temperatyrand fluid
physical properties inevitably leads to
fluid volumes reaching pipeline
capacity (flow rate and pressure) one moment and slack oflaargonditions the next. In some
casesthe pipeline isnot full, leaving void space within the hundreds of miles of pipeline. This
variability in linefill (extent of void space within the pipeline) creates multiple challenges to
reliable flow measurement and flowlancing. Most flowmeters cannot accurately measure flow
rate in a pipe that is not full. Additionally, when a pipelinaasfull, liquid can accumulate in the
system creating discrepancies between measurements of fluids pumped into the system and those
received at the oil terminal or disposal facility. These conditions can lead to lower accuracy of
flow measurement timecan be achieved from continuous, steathte flow systemsuch asvhat

is observed in interstate transmission pipelines or typicategsingmanufacturing plant
operations.
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A REVIEW OF PRODURIRDD EAKS AND SPILLS

As ways to improve the safety and efficiency of gathering pipelines in North Dakota are
identified, it is important to consider the many factors influencing pipeline operations in North
Dakota and how those operations can impact the frequency and sgelioiEgncidents, including
leaks, seeps, and spills.

This section provides an overview of leak and spill statistics, providing a basis from which
to assess and prioritize opportunities to improve pipeline performance. The rapid growth and large
numberof pipelines operating in North Dakota have clearly had a significant impact on recent
leaks and spills. Based on probability alone, the recent expansion of infrastructure and volume of
fluids moved by pipeline would be expected to result in a noticeatiease in incidents.

A more detailed analysis was performed on the North Dakota data in an attempt to observe
trends as well as identify the root causes of the reported spills. The analysis of peer states was
limited to only those data necessary to corapal and brine spill data and annual oil production.

This section will begin witla detailed analysis of North Dakota spill data and then expand
to the broader comparison of spill statisficsn other large producing oil and gas states.

Spill and leak data presented in this secti@neobtained from the General Environmental
Incidents and Oilfield Environmental Incidents databases accessible on the Naktita D
Department of Health (NDB) Web site. Additional dda were provided by DMR.Data were
compiled and analysis was performed on spill and leak data from 2001 through 2014, representing
approximately 7 years prior to and 7 years after initial development of the Bakken Formation.

Spills reported in the Oilfild Environmental Incidents database include spills that were
Acontained® on t he oi |l producti on pad or
Environmental Incidents database include spills that occurrexf tfé€ oil production location.

The spil reports are a summary of information submitted by responsible parties or
individuals with direct knowledge of the initial spill. Information regarding the spgbmetimes
reported verbally to agenciNDDH or DMR) personneglbut in most case spill information is
submitted electronically via tidDDH or DMR Website. Regardless of how the information is
reported it eventually is inputted electronically to a main database called the Risk Based Data
Management System (RBDMS). This database, developethéoyGround Water Protection
Council and revised to fit individual eiroducing states, warehouses the information and sends
out notification to the appropriate agency individuals to determine the level of action as well as
jurisdictional oversight. Fronthen on the supervising agency is in communication with the
responsible party to develop an appropriate strategy to address the initial release -d&@anong
remediation activities (if required).
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Challenges in Data Analysis

Since only a limited amourtf data is accessible electronically, an automated process was
developed to download information for each spill reported from 2001 through 2014, including the
pdf-format Incident Summary. Through a sevest@p processpecific information was imported
into Microsoff® Excel for analysis. The entire process was performed for spills reported to the
General Environmental Incidents and Oilfield Environmental Incidents datadasesg the
compiling processseveral concerns arose which are highlighted in the next paragraphs.

Key Finding and Recommendation

Observation: In compiling incident data from the
DMR and NDDH databases, we discovered
duplicate reporting of incidents, improperly enter
categories (fluid type, incident type, etc.), and
missing information which made analyzing the d:
difficult.

In addition, he processes used to manage incide
among state agencies are not conducive to data
analysis.

Finding: The analysis of the spill data highlights
the need to examine how data are collected and
compiled within the state system. All parties
involved want taeduce the quantity and severity
of leaks and spills, and yet it is difficult to assess
where the largest problems are in the current
reporting format and database structUiteerefore,
it is even more difficult to strategically assign
resources to addreshe issues.

Recommendation

9 The state should streamline the ways spill dat
are reported, processed, and analyzed to
facilitate data analysis. Implementing such a
data management function within the state wil
likely necessitate additional resource®latth
DakotaDMR.

After streamlining is achievedlorth Dakota
DMR should collect and analyze data
continually to determine root causes of pipelin
leaks, then continually refine regulatory
language that addresses root cause
determinations.

Product volumes in the General
Environmentalncidens database were
often reported in gallons while
volumes in the OilfielcEnvironmental
Incidents database were reported in
barrels. All product volumes reported
in gallons were converted to barrels
prior to combining the two datsets.

While the datavere compiledit
was observed that several spills
(approximately 70 incidents) were
present in both databases. These
duplicate entries were removed from
the data thatvereanalyzed. The most
notable duplicaon was the Tesoro
pipeline leak of 20,700 barrels of crude
oil that occurred in 2013.

Datawereinitially compiled and
analyzed for all liquid spills associated
with oil and gas production. These
liquids are reported in three categories
in the OilfieldEnvironmental Incidents
databaseoil, saltwater, and other. In
the case of some spills reported in the
General Environmental Incidents
databasge it appears that the user
manually determined how to categorize
the type of spill.

Products included in the loi
categoryareself-explanatoryalthough
allowing the user to enter the product
type in the General Environmental
Incidents database dabmplicate data
aralysis, as oil was inputted in a variety
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of ways, such as crude, crude oil, sweet crude, Bakker,cetil The same issue existedtfo
saltwater category in the General Environmental Incidents database as a variety wetreussd

to describe saltwateincluding brine, produced water, etc. The other category included all other
liquids that did nofall into the other two categories and includmsg was not limited to, emulsion,
drilling fluid, fracturefluid, and other chemicsl

North DakoteData Analysis Results

Data analysis was performed to examine the trend# ofifield-relatedspill incidents and
volume with time (preand postBakken development) as well as the portion of the total spills
attributable to pipelineelated releaseS pi | | s are al so reported as
Data indicate that 75p80% of the spills arereported ascontained meaning the spill was
contained on the production location.

From 2001 through 2014roughly 10,400 spillswere reported involving nearly
582,000 barrels of all liquitiypes that would be associated with the production of oil and gas in
North DakotaFor crude oil and brinehe total spill volume was compared to tb&al volume of
product handled. Figureésand 8 show that from 2001 through 2Q1#he oil and gas indust
spilled on average 0.01% of thatal oil and brine volume that was produced each year. In more
common terms, for every 10,000 barrels (or gallons) produ@@@p barrels (or gallonsyas
delivered to its destinatipandl barrel (or gallonwasspilled.

The spilled volume for oil and brine does vary from year to year but ranged from 0.005% to
0.014% for oil and from 0.006% to 0.016% for brine. In 2014, nearly 20,000 barrelsvedsoil
spilled of the 396,000,000 barrels of oil producatd approximatly 71,000 barrels of bringas
spilled of the slightly more than 432,000,000 barrels of brine produced with the olil.
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Figure8. Brine produced and spillefilom 2001 through 2014 iNorth Dakota

Table 2 contains the detailed spill data used to generate Figuaesi 8. In more detalil,
Figure9 shows the annual spill incidents for the three prodatdgories that are reporteddMR
as well as the total spill incidentSigure 10 containsthe same elements but shoannual spill
volume.The three categories are oil, brine, and other. Oil and brine categories-asgtatfatory
but the other category is further described farity. The other category includes substances that
could not be reported as oil or brine and incluadl& are not limited tofluids such as drilling
fluids, hydraulic fracturing chemicals, refined petroleum productsiuiraenakeup water and
more receny, frestwater.The spill incidents and volume shown in Figg®eand10 clearly show
an increasing trend. This may not be all that surprising since the volwnend brine produced
has also increased significantlgnd statistically speakinthis correlation would be expected.

One specific example of how outliers can affect the overall spill circumstances can be seen
in FigurelOwher e some operators reported releases
freshwater reported in 2013 &bed approximately 70,000 barrels or 90% of the other category
and notable is that it also represented 43% of the total spill volume for that year. Although the
release of large quantities of freshwasdikely not without impactsata minimum the spling of
freshwater should be reported separately or treated differently within the database. This highlights
the magnitude of how a single incident report can impact the overall spills picture and also the
need to clarify or provide formal guidance regagdiypes of liquids to report.

Notable in FigurelO is that single largeolume spills created trend outliers in 2011 and

2013. Il n addition, it was discover aeachtttlyatr ys &
actually freskwvater containing no chdoals or other additives.
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Table 2. Summary of Total Oil- and GasRelated Spills from 2001Through 2014 inNorth

All Liquids |
Incidents®* Volume,
no. bbl
172 9205
191 8709
224 13,704
257 13,384
341 15,333
396 22,069
471 23,959
524 24,658
494 17,843
655 26,092
1210 58,551
1339 54,060
1875 165,083
2268 129,263
10,412 581,912

Dakota
Oil Brine Other

Incidents Volume, Incidents Volume Incidents Volume
Year no. bbl no. bbl no. bbl
2001 99 3012 96 6192 3 1
2002 107 2141 104 6475 7 93
2003 117 3144 120 9394 14 1165
2004 141 2538 155 9363 11 1482
2005 188 5046 181 9457 13 830
2006 204 3457 217 16,896 19 1716
2007 244 5449 244 16,798 19 1711
2008 279 7858 234 15,043 36 1757
2009 272 5654 204 10,385 45 1804
2010 330 6749 258 14,809 74 4534
2011 611 12,540 389 23,855 211 22,157
2012 680 14,528 536 30,564 207 8967
2013 1057 35,330 687 52,336 252 77,418
2014 1160 19,660 855 71,345% 319 38,258
Total 5489 127,106 4280 292,912 1230 161,894

aSome spills involved theelease of multiple products in a single incident; therefore, the total incidents are not the

sum of the Aoil, o Abrine,

bIncludes 15,500 barrels of fregla t e r

reported

0 and
as

¢Includesa single20,600barrel ppeline crude oil pipeline leak.

9Includesa singlel7,00Gbarrel brine pipeline leak.
¢ Includes approximately0,000 barrels of fresha t e r
fIncludesa single24,000barrel brine pipeline leak.
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Figure9. Individual product and total spill incidents froB901 through 2014 iNorth Dakota
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FigurelO0. Individual product and totaspill volume fom 2001 through 2014 iNorth Dakota

In an effort to examine spill datets between states as well as analyze trends within North
Dakota that take into account the rate of oil production, spill da&t@fi nor mal i zed o
methods:

1) Theratio of spill incidents and spill volume as a functiorobfproduction
2) The ratio of spill incidents and spill volumea$unction of producing wells

Figures1l and 12 show the total spill incidents and total spill volume data from Table
graphed aa function of the annual oil production, respectively. Figlitfeand12 show thatvhen
spill incidensand volumsareviewed in relation to the volume of oil produc¢éte general trends
are flat over the 14ear analysis period and decreasing since 2007

More detailed graphs of the individual liquid types normalized by both methods are included
in AppendixC. When reviewing those graptane will note that when spill incidents and volume
of the individual liquid types are graphed in relation to the remdf producing wellsan
increasing trend occurs, but when the same spill degagraphed in relation to annual oil
productiont he gener al trend i1s fl at or slightly
category).
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To analyze the subset of the spill data specificto pipeltndse A Type of I nci dei
from the incident reports was utilized to isolate pipehalated spills from the many other types.
Notably, many incident reports had nonstandard entries & field which required manually
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reviewing these incident reports in an attempt to categorize the type of incident. In sontheases

type could still not be identifiecand these spills were labeled as undetermined. In addition, the
current reporting systn requires the person reporting the spill to determine which type of incident

mi g h bwabepoted nsi de

to choosgand in some casga n
Aval vel/ pi.pi 8lygo c b n aéhkntident irepoltdecsy gffort was made
to verify that incidents were properly categorizbdt it is possible that some plpe incidents
exist in the nopipeline category.

as a

i nci

dent

t hat

With this in mind, a detailed summary of the type of incident breakdown foarul gas
related spills is presented in Taldeln addition, the spill incident and volume data by type of

incidentareshown as two sets of pie charts in Figur8and14, respectively. Each figure contains
two pie charts representing a different timexipd (2001 through 2007 [pi&akken] and 2008

through 2014 [posBakken]). The datavere presented this way to allow for an examination of

where leaks and spills are occurring and how the cause may havedcpaog and after initial

development of th Bakken Formation.

As reported in the incident reports, the data would indicate that prior to development of the
Bakken, pipelineelated spills (both incidents and volume) represented a significant portion of the
spills (39% and 42%, respectively). kaoverflow, tank leak, pump leak, and valve/piping

connection leak were the other major contributors. During theBaidten period of 2008 through

2014t h e

fot her O

has

overflow, and valve/piping connection leak. Over the entire/édr periodthe major contributors

category

emer ged

remain other, pipeline leak, tank overflow, and valve/piping connection leak.

as

a

Table 3. Summary of Total Oil- and GasRelated Spills by Typefrom 2001 Through 2014

in North Dakota

2001 2007 2008 2014 2001 2014

Incidents Volume, Incidents  Volume Incidents  Volume,
Incident Type no. bbl no. bbl no. bbl
Blowout 9 96 82 14,084 91 14,180
Fire 39 2,860 294 19,653 333 22,513
Other 89 5,770 1,417 113,876 1,506 119,646
Pipeline Leak 807 44,741 1,085 97,920 1,892 142,661
Pump Leak 122 9,630 250 7,231 372 16,861
Stuffing Box Leak 65 828 422 3,361 487 4,189
Tank Leak 169 12,757 496 35,892 665 48,649
Tank Overflow 264 13,279 1,346 47,853 1,610 61,132
Treater Leak 146 4,895 463 11,174 609 16,069
Treater PogOff 41 570 228 2,872 269 3,442
Truck Overflow 11 43 435 3,927 446 3,970
Undetermined 6 53 0 0 6 53
Valve/Piping 207 8,155 1,682 94,632 1,889 102,787
Connection Leak
Vehicle Accident 8 529 64 2,500 72 3,029
Vessel Leak 9 228 96 20,576 105 20,804
Wellhead Leak 60 1,929 0 0 60 1,929
Total 2,052 106,363 8,360 475,551 10,412 581,914
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Blowout, Fire, Stuffing Box Leak, Treater Pop-Off,  Blowout, Fire, Stuffing Box Leak, Treater Pop-Off,
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Figure13. Comparison ofeportedNorth Dakotaspill incidens by time periods
(pre-Bakken vs. Bakken Boom)

Blowout, Fire, Stuffing Box Leak, Treater Ellawout, Fivs, Stuthing Bex:Leak, [alen
Pop-Off, Truck Overflow, Undertermined, Pop-Off, Truck Overflow, Undertermined,
Vehicle Accident, Vessel Leak, Wellhead Leak Vehicle Accident, Vessel Leak, Wellhead Leak
Valve/Piping 7% bt
Connection Leak / \
8%

Treater Leak —
5%
Valve/Piping

Connection Leak
Tank Treater\ 20%

Overflow Leak
12% 2%

Tank Overflow

Tank Leak

12% Pipeline Leak
42%

Pipeline Leak

Pump Leak
1%

Spill Volumes Reported in ND by Type (2001-2007) Spill Volumes Reported in ND by Type (2008-2014)

EERC BS51540.A1

Figure14. Comparison ofeportedNorth Dakotaspill volumedy time periods
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North Dakota Pipelin8pecific Statistics

The pipelinespecific spill dataverethen compiled by product type and year to examine
trends. These data are summarized in Tdpeend t he dal | l' i qui dso pi pe
volume datareshown in Figured5and16. The orange dashed line ifgkre 16 represents how
the graph would look without the three large pipeline releases noted on the graph that occurred in
2013 and 2014.

Similar to the total spill data, pipelirspecific spill incidents and volumevealso increased
since 2001 with incidents more than doubling and volume up roughly ten times (although the
volume increase is significantly skewdxy the three large spills in 2013 and 2014 noted
previously). The normalized graphs for pipetsmecific spills show a decreasing teior both
incidents and volume since 2001. These graphs are contained in Appendix

Figuresl7 and18illustrate the pipeline spill incidents and volume graphed as a percentage
of the total spill incidents and volume, and in both cases, the percehtagedecreased over the
14-year analysis period. As reported in the spill incident reports, pipeline spill incidents accounted
for 48% of the total spill incidents and 42% of the total spill volume in 2001, while in 2014, the
pipeline spills represented 986 the total spill incidents and 30% of the total spill volume. This

Table 4. Summary of PipelineRelated Spills Reported inNorth Dakota from 2001 Through
2014

Qil Brine Other All Liquids

Incidents Volume, Incidents Volume Incidents Volume Incidents® Volume
Year no. bbl no. bbl no. bbl no. bbl
2001 41 708 49 3140 1 1 82 3849
2002 39 253 56 2151 2 51 83 2455
2003 48 1576 63 6577 9 1099 102 9252
2004 61 631 75 3143 7 94 121 3868
2005 55 1487 78 4338 6 181 127 6006
2006 51 654 98 9048 4 231 148 9933
2007 63 1236 75 7968 5 173 144 9377
2008 60 1565 65 3896 5 178 124 5638
2009 47 677 48 2139 9 228 103 3044
2010 56 1266 60 4044 7 1035 125 6345
2011 78 1853 88 9194 14 235 170 11,282
2012 67 627 105 8397 14 773 166 9797
2013 101 21,616 110 24,305 18 813 198 46,734
2014 62 1739 78 31,279 48 606Z 199 39,080
Total 829 35,887 1048 119,619 149 11,153 1892 166,660

a.Some pipeline spills involved the release of multiple products in a single indidergfore the total incidents are

not the suitmbpod nerhde MotiHer o i ncidents.

b.Includesa single20,608barrel pipeline crude oil pipeline leak.

c.Includesa singlel7,00@barrel brine pipeline leak.

d.Includesa single24,00@barrel brine pipeline leak.

e.Includes two 200 ar r e | isource watero pipeline | eaks.
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Figurel5. Reported\orth Dakotgpipeline spill incidents fnm 2001 through 2014
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45,000 2013 includes two large spills: 20,600 bbl oil and 17,000 bbl saltwater.
40,000 2014 includes one large spill: 24,000 bbl saltwater.
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Figure16. ReportedNorth Dakotapipeline spill volumesrbm 2001 through 2014

would indicate that pipelireslated spills have decreased over the analysis period. Caution should

be exercised in drawing this cawvwe/pipingesonneaionas s o
| eak o a,adhawve h eigniicanthyaanc itis likely that some pipeline leaks were
reported in these categories.
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RootCause Analysis of Pipeline Spills

t o

Within the pipelinespecific spill dataan attempt was made to analyze the data even further

determine the cause of the pipeline

spills

field in the spill report submitted to DMRhat field is not in the Incident Summary that was used

to analyze the spill data, and of the 1892 pipeline spills from 2001 through&@@g48 incident

reports contained enough detailed information regarding the specific cause of the pipeline release
to identify cause.

For those pipeline leaks where causatould not be determined from the incident report

a request was made to DMR to provide that information. Based on the data receivébbftom
DakotaDMR, the rootcause dataereviewed as only marginally representatsrece53% of the

causes werbsted asi n 0l IA @t haenrd A unknowno ccausedgtathateees . Of
usabl e, the top four causes in o5)er
corrosshononi(it er M%) , camd ofshwman (error o

Key Finding and Recommendation

Observation: Anecdotal information from pipeline operators and DMR personnel sugge
the leading causes of pipeline leaks are related toplirty strikes and poor workmanship.
Poor workmanshimcludes, but is not limited to, lack of inspection supervision, poor
performance of company inspectors and tpiadty independent inspectors, performance ¢
pipe joining by unqualified personnel resulting in substandard joint integrity, unwillingne
to report suspect joints and other pipe damage, and lack of attention to foreign debris il
trenches and during backfill.

Finding: North Dakota spill data do not substantiate nor refute observations abougdattird
strikes and poor workmanship. If indetede, it is likely that errors during pipeline

installations in the early Bakken development phase manifested as spills and leaks yez:
later. The conditions described in the associated Observation that may have contribute

these incidents have largdigen addressed as the pace of construction has slowed, nev
regulations requiring submittal of pipeline location data to the state database (NBEJE 4.
03-29) are in effect, and companies implement better practices and oversight.

Recommendation

9 As thestate improves the function and utility of its incident databasestéte should
continue to evaluate incident data to identify root causes of pipeline failures and pric
future guidance and/or regulations accordingly
Thestate should establish anpmoved data management system witlide offices that
streamlines spill data reporting and facilitates analysis of root causes of pipeline faill
It is further suggested that this data management system must be collaborative amc
several agencies wittomplementary reporting jurisdictions to eliminate redundant an
misleading data.

AeEL er ma
(7%) .
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The analysis of the spill data highlights the need to examine how data are collected and
compiled within the spitteporting system. All parties involved want to reduce gantity and
severity of leaks and spills, and yet it is difficult to assess where the largest problems are in the
current reporting format and database structure and, therefore, even more difficult to strategically
assign resources to address the issues

Establishing an improved data management system veithtm offices that streamlines spill
data reporting and analysis would facilitate more accurate reporting by industry, better assessment
of data by stakeholders, and refinement of appropaetiens on the part of regulators. Such a
system would also improve the stateds abilit
regulations based on statistics rather than anecdotal evidence or perceived problems within the
gathering industry. Suchsystem could also be used to track the progress of remedial responses.
For these reasons, the findings of this report lead naturally to a recommendation to establish an
improved data management system (Recommendation No. 4).

This improved data managemeystem will only be successful if tlseate can address the
litigation concerns associated with many pipeline failures. The primary obstacle presented by
litigation concerns is in the area of confidentiality. Bete will likely need to collect this leV
of data with a statutory guarantee that confidential company information will be withheld from
publicly available databases to avoid conflict with the legal process in courts.

An effort was made to collect data on historical leak and spill statistibe adbpsevenoil-
producing states. The tgevenoil producers in the nation are listed beJoworder oftheir2014
annual oil production values compiled by th&WEnergy Iformation AdministratioEIA):

Texas

North Dakota
California
Alaska
Oklahoma
New Mexico
Colorado

Nook~wNpE

Leaks, spills, and other releases of crude oil and produced water generally must be reported
to a designated entity or entities within each state. Jutigaat authority for reporting vaies
depending on the location of the leak, spH release. Specific rules for reportiatgovary by
state.

As a general rule, once a leak occurs, a report is required to be filed within a certain time
period by the prson or organization that owns the equipment or facility from where the leak
occurred. In most instances, the information from these reports, or the repoisitsel uploaded
to a central locationThis information typically includes the organizatioesponsible, human
injuries or casualties if any, location of spill, volume of spill, cause of spill, etc. Availability of
these reports and data from thagencievary greatlyfrom state to statas well.
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While datawere collectedor this report, itvas found that spill and leak data for Oklahoma
werenot obtainablérom theOklahoma Corporation Commission (OO@gbsite, and subsequent
requests to the OCC went unanswered. As a resuleak and spill data for Oklahomaviedoeen
included in this study.

Annual Oil Production by State

When oil production volumes of the top sevenpbducing states in the counteye
compared Texas, North Dakota, Oklahoma, New Mexico, and Colorado have had increasing oil
production over the 7 years from 2008 to 2014, while California and Alaska have had a declining
production trend over that same time period. These trends are shown inJlHguiany of these
high-oil-producing states also produce significant quantities of naturapgasarily from shale
formatiors. Natural gas production data from 2008 through 2013 is presented in ED@2@14
natural gas production datgerenot yet avdable).

Information about oil and natural gas production is important because it provides insight into
the type of activity occurring in each state. In the case of California and Alaska, the oil production
is primarily conventional, with relatively stabproduction and little to no growth of infrastructure.

In contrast to this, the increase in oil production in Texas, North Dakota, Oklahoma/]&¥évo,

and Colorado comes from new drilling in shale formations, resulting in growing oil and natural
gas prauction volumes and gathering pipelines and associated infrastructure. A subsequent
analysis of spills of crude oil and brine has been conducted in the states with the highest oil
production and where spill data were available. Since spill reporting tidgsheach state varied,
which was likely to have a direct impact on the spill incident data and would make comparing spill
incident data between states difficult, only spill volume data were compiled and analyzed for state
comparison in the following s&ons.

Oil Production Volume, MMbbI
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Figure20. Comparison of natural gas production volume by state.

Spill Reporting Requirements by State

TexaqTexas Administrative Code, 2015; Texas Commission on Environmental Quality, 2014)

Texas requires operators to provide immediate notice of a fire, leakosjiteak on land
by phone or telegraph. It further requires that this be followed by adgtieg a full description
of the event including, but not limited,tine volume of product lost. Other information that needs
to be specified is the exact location of the spill and steps taken to remedy the situation. If the loss
of crude oil is less thambarrels, loss reporting is not required, although a spill of crude oil directly
on water must be reported as long as the quast#yaugh to create sheen thre water.

North DakotgNorth Dakota Department of Health, 20@915 North Dakota Departnm of
Mineral Resources, 2012)

In the state of North Dakota, no notification or reporting is required if the leak, spill, or
release is less thdnbarrel of total volume and remains-site (on location) of a facility. Verbal
notification must be made imediately after the discovery has been made and must be followed
up with an initial notification report within 24 hours. No specific minimum quantity for mandatory
reporting of spills habeen established for spills that occursite (off location), buall incidents
with potential impact to human safety, water of the state (either surface water or groundwater), or
other impacts to the environment must be reported.

Californiad / I f ATF2NY Al D2@SNYy2NRa heIHA O0S 2F 9YSNHSyYyO

In the stateof California, a discharge of crude gteater than 1 barreln land must be
reported immediately upon knowledge of the release. In certain San Joaquin Vafleldsijl
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5 barrels or more of an oil spill must be reported if it is not contained, abdri€ls or morenust

be reportedf it is contained provided they do not create a threat to state waters. If the crude oil is
released infederal waters or Californigtate watersany quantity of spill must be reported
immediately.

Alaska(Alaska Departent of Environmental Conservation, 20015

In the state of Alaska, spills of 1 to 10 gallons must be recorded in-aegmliting log that
is submitted once a month. Spills of more than 10 gallons but less than 55 gallons must be reported
within 48 hoursafter the person has knowledge of the spill. Spills in excess of 55 gallons must be
reported immediately. If crude oil is spilled to water, it must be reported immediately, irrespective
of volume spilled.

Key Finding and Recommendation

Observation: Other states reviewed in this
study prescribe a range of minimum
reporting thresholds for reportable crude oi
and produced water
reporting threshold is among the lowest,
requiring reporting for all spills greater than
1 barrel fo spills contained on location and
no minimum for spills that are off location
(where all spills are reported).

Finding: North Dakota has among the lowe
minimum reporting thresholds of the top
seven oHproducing states. This creates the
potential toskew the comparison of spills
between states with higher reporting
thresholds, making it appear that North
Dakota has more spills than other ol
producing states.

Recommendation The statef North
Dakotashould recognize the impact the
minimum reportinghreshold has on spill
statistics and evaluate accordingly how to
interpretand reporthese data.

New MexicdNew Mexico EneygMinerals
and Natural Resaoes Departmenf015)

In the state of New Mexico, an
unauthorized release of 5 barrels, but notano
than 25 barrelsmust be reported within 15
days of the spill being discovered. Spills in
excess of 25 barrels must be reported by an
immediate verbal notice within 24 hours after
discovery of the spill. Additionallya written
notification must be praded within 15 days
of spill discovery.

ColoradqColorado Oil & Gas Conservation
Commission, 2015)

In the state of Colorado, a spill needs to
be reported within 24 hours of discovery in an
Al ni tial Reporto i f
following conditions any quantity released
into water, a spill ofl. barrel or more outside
a berm, or a spill of 5 barrels or more
regardless of whether it occurred in a berm.

The initial report needs to be followed
up by a detailed report no more than
10 calendar days aftéhe initial report was
submitted.
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Spill Statistics by State

Texas

Information forall oil- and gasspills in Texas was collected from the Railroad Commission of Texas (RERTp)and is
summarized iMable5. Crude oil, gas well liquidor associated product loss reports are available for download on th&\RBSite
(Railroad Commission of Texas, 201HRC only makesdata available for crude oil spills. Thé/eb site does not provide any
informationregarding brine spill incidents or brine spill volumes.

Data files for each of the years from 2009 to 2014 were obtained from theaNRIRGite while data for 2008vere obtained

separately from RRC officials. I n the data fiol &@8he anmbealr iorf
f or @A Cr uwascalculatad andeeported@d Spi | | I ncidentsodo for thatumaert iT@d @ass yle
crude were summed and reported as fASpi | ¢ftheAollmesmeported wene in balredst s p €

since the data reporting form used barrels as the only unit in which spills could be reported.

Table 5. TexasProduction and Spill Data (Railroad Commission of Texas, 2015; U.S. Energy InformatioAdministration,
2015, g)

Number of Spill Annual Oil Spill Oil Spill
Incidents Volume of Spills Annual Natural Incidents/ Volume/ Brine Spill Brine Spill
Crude Crude Crude Oil Gas (0]] (0] Incidents/Oil | Volume/Oil
Oil Brine Oil 2]flsB Production | Production | Production | Production Production Production

bbl bbl MMbblY/yr Bcf2fyr no./MMbbl = bbl/MMbbl  no./MMBOE®  bbl/MMBOE

2008 739 NA4 91,010 NA 406 6961 1.82 224.16 NA NA
2009 548 NA 42,230 NA 399 6819 1.37 105.84 NA NA
2010 629 NA 78,086 NA 427 6715 1.47 182.87 NA NA
2011 723 NA 61,002 NA 529 7113 1.37 115.32 NA NA
2012 781 NA 59,143 NA 724 7476 1.08 81.69 NA NA
2013 1033 NA 75,455 NA 924 7545 1.12 81.66 NA NA
2014 1036 NA 62,034 NA 1157 NA 0.90 53.62 NA NA

1 Million barrels.

2 Billion cubic feet.

3 Million barrels of oil equivalent.

4 Not available
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North Dakota

Information forall oil- and gagelatedleaks and spills in North Dakota was collected fromNi¥DH Web site (2015)and is
summarized in Tablé. Spills wererecorded either in th&eneral Environmental Incidents the Oilfield Environmental Incidents
databasedepending upomhether the spill was esite at an oil production facility asff-site Crude oil and brine spill data were
collected from theQilfield Environmental Incidentand theGeneral Environmental Incidensgparately. Redundant data were then
eliminated. Indivdlual reports quantified 8fed oil volumes, spilled saltater volumes, and spilled other contaminant volumes.

As discussed earlier in this section when North Dakotawletadescribed in detail, accessibility to spill data is quite onerous in

the exising data management systesnd data quality and accuraasequestionable.

Since there is no minimum reportable volume fordotation spills, all spills of any quantity are reported. This very likely explains
why the number of spills reported in Nofblakota trends higher than other states that have a minimum amount of crude oil spilled after

which the spill is reported.

Table 6. North Dakota Production and Spill Data(North Dakota Department of Health, 2015; U.S. Energy Information

2008
2009
2010
2011
2012
2013
2014

279
272
330
611
680
1057
1160

Administration, 2015¢ f)
Number of Spill
Incidents

Brine

234
204
258
389
536
687
855

Volume of Spills
Crude

Ol

bbl
7858
5654
6749
12,540
14,528
35,330
19,660

Brine

bbl
15,043
10,378
14,809
23,805
30,564
52,161
71,345

Annual

Annual Natural
Crude Oil Gas
Production | Production
MMbbl/yr Bceflyr

63 52

80 59
113 82
153 97
243 172
313 236
396 NA

Oil Spill
Incidents/Oil
Production

no./MMbbl

4.43
3.40
2.92
3.99
2.80
3.38
2.93

Oil Spill
Volume/Oil
Production

bbl/MMbbl

124.73
70.68
59.73
81.96
59.79

112.88
49.65

Brine Spill
Incidents/QOil
Production

no./MMBOE bbl/MMBOE

3.26
2.35
2.03
2.29
1.96
1.94
NA

Brine Spill

Volume/Qil
Production

209.45
119.34
116.45
140.23
111.74
147.12
NA
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California

Information forall oil- and gagelatedl eaks and spills in California was <coll ec
Emergency Services (Cal OE@P15)and is summarized in Table The data available on the Cal OB&bsite characterize alpdls
called ino the Cal OES Warning Center from 1993 to 2014. Data for each of the years between 2008 and 2014 were extracted from
records available on thiwebsite.

Based on the information in the files, it was understood that an individual spill incident reported up to three comptireents of
spill ed substance. To collect crude oill spill i nthe spiktgpe n u mb
description were separated. The separatedvaatethen counted for incident numbers. It was found that volumes of crutkdspsre
reported in varying range of units. Volumes for crude ollegpivere then all converted to barrels, snad and reported as being the
crude oil spill volume. In many cases, for a particular crude oil spill report, a second type @éf figuid Toy wae r@ported and was
smaller in volume. This second substance,wasnostcases eported as .GiP2odlyepe WwWaqeirds wer e
barrels, summed, and added to the tally of produced water spill volumes for that particular year. This process wasrppadtedd
water (brine) and 2. Type in produced water which was typically found taide oil and the number wasdded to the tally of crude
oil spill volumes of that particular year.

Table 7. California Production and SpillData( Cal i f orni a Governor 6s ,2015U0U.% Energyf Emer gen
Information Ad ministration, 2015k f)

Number of Spill Annual
Incidents Volume of Spills  Annual Natural Oil Spill Oil Spill Brine Spill Brine Spill
Crude Crude Crude Oil Gas Incidents/Oil | Volume/Qil | Incidents/Oil | Volume/Qil
Oil Brine @] =1fls[ Production | Production | Production | Production | Production | Production
bbl bbl MMbbl/yr Bcflyr no./MMbbl = bbl/MMbbl = no./MMBOE bbl/MMBOE
2008 234 50 3873 4347 214 296 1.09 18.10 0.19 16.37
2009 178 38 9007 2153 207 277 0.86 43,51 0.15 8.45
2010 166 30 2253 1573 201 287 0.83 11.21 0.12 6.27
2011 136 33 2562 3547 194 250 0.70 13.21 0.14 14.95
2012 140 61 2465 5163 197 247 0.71 12.51 0.25 21.53
2013 156 85 1161 2516 199 236 0.78 5.83 0.35 10.38
2014 136 47 1971 7625 204 NA 0.67 9.66 NA NA
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Alaska

Information forall oil- and gasrelatedleaks and spills in Alaska was collected from the Ald3kaartment of Environmental
ConservatiorDivision of Spill Prevention and Response (DSPR)15%, b and is summarized in Tab8 Annual data summaries for
leaks and spills havbeen provided for the years 20@814. It is important to note that for the state of Alaska, no rawvdata
available as it was with other states. Instead, a summarized report is provided annually by the state. It is also onmmietahat
Alaskareports all leaks and spills over a fiscal year, not a calendar year as with all other states.

Annual reports contain inforation divided into an overall summary of spill products and individual summaries of crude eil, non
crude oil, hazardous substanaasi process water. The crude oil subsection contains information for the total number of spills reported
and the total volume of crude oil spilled in gallons. To get data for the volume of brine spilled, data from the procsestisateere
used. Therocess water section of the report contains information for the volume of water released by product in percentages which
were used in calculating the volume of the produced water (brine) for that specific year. The report contains no information for
calcdating the number of produced water (brine) spills in a specific year.

Table 8. Alaska Production and Spill Data(Alaska Department of Environmental ConservationDivision of Spill
Prevention and Response, 2085b; U.S. Energy Information Administration, 20153 f)
Number of Spill Annual

Incidents Volume of Spills  Annual Natural Qil Spill Qil Spill Brine Spill Brine Spill
=isezll  Crude Crude Crude Oil Gas Incidents/Oil | Volume/Qil | Incidents/Qil | Volume/Qil
Year Qil Brine Oill Production | Production | Production | Production | Production | Production

bbl bbl MMbbl/yr Bcflyr no./MMbbl = bbl/MMbbl ' no./MMBOE ' bbl/MMBOE
2008 59 30 238 2023 250 398 0.24 0.95 0.09 6.35
2009 66 18 76 3111 235 397 0.28 0.32 0.06 10.24
2010 57 27 673 1372 219 374 0.26 3.07 0.10 4.84
2011 40 29 358 7 205 365 0.20 1.75 0.11 0.03
2012 39 60 258 318 192 351 0.20 1.34 0.24 1.26
2013 47 61 35 412 188 338 0.25 0.19 0.25 1.67
2014 47 70 277 2297 181 NA 0.26 1.53 NA NA



New Mexico

Informationfor all oil- and gasrelatedleaks and spillsn New Mexico was obtained from the New Mexignergy, Minerals and
Natural Resources Department@if Conservation Divisiori2015)and is summarized in Tal®e A spill search was used to locate data
for spedic leaks and spills.

To collect data for spill incidents, a date range for the entire year was entered and processed. For collecting indoronatgien f
oil spills, in the spill information section, in the drdpwn menu for the spill material, crudié was selected. After the search with the
above attributesvas performedthe results were filtered. The total number of spills reported were the spill incidents for the specific
year. The volumes spilled for each report were summed and reported asdi@it volume spilled for the specific year. A similar
process was conducted for produced water spill statistivgever, in the dropown menu for the spill matei produced water was
selected

Table 9. New Mexico Productionand Spill Data (New MexicoEnergy, Minerals and Natural Resources Department oDil
Conservation Division, 2015; U.S. Energy Information Administration,2015d f)
Number of Spill Annual

Incidents Volume of Spills  Annual Natural Oil Spill Oil Spill Brine Spill Brine Spill

Crude Crude Crude Oil Gas Incidents/Qil | Volume/Oil | Incidents/Qil | Volume/Oil

Oil Brine Qil =1fls[ Production | Production | Production | Production | Production | Production

bbl bbl MMbbl/yr Bcflyr no./MMbbl = bbl/MMbbl = no./MMBOE bbl/MMBOE
2008 196 361 11,117 45,126 60 1446 3.27 185.28 1.17 145.10
2009 237 450 8956 @ 48,670 61 1383 3.89 146.82 1.67 180.53
2010 191 453 5100 32,027 65 1292 2.94 78.46 1.57 111.14
2011 200 436 6469 @ 33,970 71 1237 2.82 91.11 1.53 119.35
2012 256 493 10,210 50,573 85 1215 3.01 120.12 1.67 171.53
2013 298 524 13,916 55,144 101 1195 2.95 137.78 1.70 179.34

2014 392 784 | 13,740 81,753 124 NA 3.16 110.81 NA NA

oy
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Colorado

Information forall oil- and gagelatedleaks and spillsn Colorado was obtained from the Colorado &ilGas Conservation
Commission (2015and is summarized in Tabl®. A report is available online that gives data for the volume of oil and brine spilled
from 1999 to 2015. Although the report includes cumuladisa for incident numbers, separate data for the number of crude oil spills
and brine spillarenot included in the report. An attempt was made to retrieve information for the number of crude oil spills and brine
spills but was not readily available. Asesult, this information has not been included in Table

Table 10. Colorado Production and Spill Data(Colorado Oil & Gas Conservation Commission, 20L15J.S. Energy

2008
2009
2010
2011
2012
2013
2014

Number of Spill
Incidents Volume of Spills
Crude Crude
Oil Brine Oil Brine
bbl bbl
NA NA 3195 71,959
NA NA 2787 22,213
NA NA 3279 33,647
NA NA 3286 33,801
NA NA 4503 14,678
NA NA 3948 14,296
NA NA 2441 17,857

Information Administration, 2015¢ f)

~ Annual
Crude Oil
Production
MMbbl/yr

30
30
33
39
49
65
94

Annual
Natural

Gas

Production

Bcflyr
1389
1499
1578
1638
1709
1605

NA

Oil Spill
Incidents/Qil
Production
no./MMbbl

NA
NA
NA
NA
NA
NA
NA

Oil Spill
Volume/Qil
Production
bbl/MMbbl

106.50
92.90
99.36
84.26
91.90
60.74
25.97

Brine Spill
Incidents/QOil
Production

Brine Spill
Volume/Qil
Production

no./MMBOE  bbl/MMBOE

NA
NA
NA
NA
NA
NA
NA

237.36
76.94

110.35

105.11
42.66
41.79
NA
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Crude Oil Spill Volumes

t dRipelhe/8ak RexdtdiCkinteStl 1 2 0 | Q&

For each state, crude oil spill volumes were calculated as a percentage of the total volume of
crude oil produced from 2008 through 2014. Table 11 summarizes these data. The orange bars
within cellsof the table depict the relative magnitude of the spills as a percentage of oil production
and are intended to give the reader a quick and intuitive way to determine the rankings between

states as well as the trending performance of a state from yesartd=pr example, Texas had the

highest percentage of oil spills in 2008, but the largest bar in 2014 is New Mexico, indicating it
had the highest oil spill percentage among other states in that year. A similar analysis was
performed for the brine spillater in this section, with one difference. For the brine analysis, BOE

was

used

as

t he

Anor mali zingo

factor

t o

produced from natural gas welindif the analysis rihbeen performed normalizingth annual
oil production the results would have been artificially higher.

acco

An examination of Tabl&1 shows that the volume of oil spilled tends to correlate with the
volume of oil produced. This results in increasing volumes of oil spilled for Texas, North Dakota,

New Mexico, and Colorado and decreasing volumes spilled in California and Alaska. Figure

shows the spilled oil volume for each state from 2008 through 2014.

Table 11. Oil Spill Quantities by State*

2008 2009 2010 2011 2012 2013 2014
Oil produced | bbl | 406,000,000] 399,000,000 427,000,000| 529,000,000| 724,000,000| 924,000,000] 1,157,000,000
Texas Oil spilled | bbl 91,010 42,230 78,086 61,002 59,143 75,455 62,034
% 0.022 0.011 0.018 0.012 0.008 0.008 0.005
- Oil produced | bbl | 63,000,000 | 80,000,000 | 113,000,000| 153,000,000f 243,000,000] 313,000,000 396,000,000
Dakota | Cilspilled | bbl 7858 5649 6729 12,703 14,644 35,330 19,645
% 0.012 0.007 0.006 0.008 0.006 0.011 0.005
Oil produced | bbl |214,000,000| 207,000,000| 201,000,000] 194,000,000| 197,000,000| 199,000,000] 204,000,000
California]  Oil spilled | bbl 3873 9007 2253 2562 2465 1161 1971
% 0.002 0.004 0.001 0.001 0.001 0.001 0.001
Oil produced | bbl | 250,000,000] 235,000,000 219,000,000| 205,000,000{ 192,000,000| 188,000,000 181,000,000
Alaska Oil spilled | bbl 238 76 673 358 258 35 277
% 0.000 0.000 0.000 0.000 0.000 0.000 0.000
N Oil produced | bbl | 60,000,000 | 61,000,000 | 65,000,000 | 71,000,000 | 85,000,000 | 101,000,000] 124,000,000
Mexico |_Cil spilled | bbl 11,117 8956 5100 6469 10,210 13,916 13,740
% 0.019 0.015 0.008 0.009 0.012 0.014 0.011
Oil produced | bbl | 30,000,000 | 30,000,000 | 33,000,000 | 39,000,000 | 49,000,000 | 65,000,000| 94,000,000
Colorado| Oil spilled | bbl 3195 2787 3279 3286 4503 3948 2441
% 0.011 0.009 0.010 0.008 0.009 0.006 0.003

* Orange bars within cells of the table depict the relative magnitude of the spills as a percentage of oil production.
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Figure21. Comparison otrude oil spill volumes by state

Although important information, the raw oil spill statistics only provide a partial picture of
how the states compare. To further evaluate performance among ttated, spill volumes
percentage, which is oil spill volumes as a function of oil production, from Table 11 was graphed
and is presented in Figu2@. From this figure, it is clear that states with increasing oil production
during the analysis period hduigher oil spill volume percentages than states with stagnant or
declining oil production. The states with increasing oil production (Texas, North Dakota, New
Mexico, and Colorado) are states with active shale plays being produced, and states witly declinin
oil production (California and Alaska) are producing almost exclusively from traditional
formations.

Oil Spill Volume, bbl/Oil Production, MMbbl
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Figure22. Comparison ofiormalized crude oil spill volumes by state
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Comparingdatafrom 2008 through 2014, North Dakota performed at par or better than the
other shale play state$able 12 provides values for normalized crude oil spill volumes and
incidents for the beginning and the end of the 7 years being analyzed in additionvertgea
over 7 years.

Table 12. State Comparison of Normalized Crude Oil Spill Volume and Incidents

North New
Texas Dakota California Alaska Mexico Colorado
bbl/MMbbl 2008 224.16 124.73 18.1 0.95 185.29 106.5
2014 53.62 49.65 9.66 1.53 110.81 25.97
Average 120.74 79.91 16.29 1.31 124.34 80.23
Incidents/MMbbl 2008 1.82 4.43 1.09 0.24 3.27 NA
2014 0.9 2.93 0.67 0.26 3.16 NA

Average 1.3 3.41 0.81 0.24 3.15 NA

Brine Spill Volumes

Brine spill volume data were compiled aadalyzed using BOE as the normalizing factor.
These results are presented in Taldadd Figure23. Comparing states on the basis of brine spill
volume as a percentage of BOE should provide better context to evaluate performance between
states. This comparison is shown in Fig@#e Since brine spill data were not available for the
state of Texas, infonation has not been included here.

In addition to the potential impact that natural gas productionmssill statistics, formation
production characterisscwill likely impact the brine statisticsas some states are known to
produce more water withheir oil and gas than other states. This phenomenon, although
acknowledged to existvas beyond the scope of this study.

Table B provides a summary of the normalized brine spill volumes and incidents for the
beginning and the end of the 6 years beinglyaed as well as the average over 6 years. The
analysis period for brine is 6 insteafd7 years since natural gas production data (used in the BOE
calculation)werenot yet available for 2014.
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Table 13. Brine Spill Quantities by State*

2008 2009 2010 2011 2012 2013 2014
Oil produced | bbl |406,000,000| 399,000,000| 427,000,000] 529,000,000 724,000,000{ 924,000,000| 1,157,000,000
Texas Brine spilled | bbl NA NA NA NA NA NA NA
% NA NA NA NA NA NA NA
Oil produced | bbl | 63,000,000 | 80,000,000 | 113,000,000] 153,000,000 243,000,000| 313,000,000f 396,000,000
D'\:T(:t: Brine spilled | bbl 15,043 10,378 14,809 23,805 30,564 52,161 71,345
% 0.024 0.013 0.013 0.016 0.013 0.017 0.018
Oil produced | bbl | 214,000,000 207,000,000f 201,000,000{ 194,000,000| 197,000,000 199,000,000 204,000,000
California| Brine spilled | bbl 4347 2153 1573 3547 5163 2516 7625
% 0.002 0.001 0.001 0.002 0.003 0.001 0.004
Oil produced | bbl | 250,000,000| 235,000,000| 219,000,000 205,000,000| 192,000,000| 188,000,000 181,000,000
Alaska | Brine spilled | bbl 2023 3111 1372 7 318 412 2297
% 0.001 0.001 0.001 0.000 0.000 0.000 0.001
Oil produced | bbl | 60,000,000 | 61,000,000 | 65,000,000 | 71,000,000 | 85,000,000 | 101,000,000f 124,000,000
M':i‘i'zo Brine spilled | bbl 45,126 48,670 32,027 33,970 50,573 55,144 81,753
% 0.075 0,080 0.049 0.048 0.059 0.055 0.066
Oil produced | bbl | 30,000,000 | 30,000,000 | 33,000,000 | 39,000,000 | 49,000,000 | 65,000,000 | 94,000,000
Colorado| Brine spilled | bbl 71,959 22,213 33,647 33,801 14,678 14,296 17,857
% 0.240 0.074 0.102 0,087 0.030 0.022 0.019

* Green bars within cells of the table depict the relative magnitude of the spills as a percentage of oil production.
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Figure23. Comparison obrine spill volumes by state
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Normalized Brine Spill Volume, bbl/MMBOE
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Figure24. Comparison ofiormalized brine spill volumes by stat

Oil and Brine Incident and Production Analysis

In summary, a comparison of spill data from the top skpmducing states provides some
valuable insight as to the performance of North Dakotalation to its peers:

i States with growing oil production have more oil and brine spills than states with little or
no growth in production.

9 Crude and brine spill incident data are difficult to compare as states have different
minimum spill reporting thrgholds, which has a direct impact on the number of spills
reported.

1 Although rankings vary from year to year, over the analysis period {2008), North
Dakotads normalized oil spill volume s

1 Regardingnormalized brine spill volume, North Dakota is similar to other shale play
states analyzed until recent years when Colorado has greatly improved.
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REGULATORY ENVIROINMEOR GATHERING’REDUCED FLUIDS

Comparison of Nortbakota Regulations to Those of Other Larg@®@iducing States and PHMSA

Federal and State Jurisdictions

The federal government, through PHMSA, has statutory authority over the transportation of
hazardous liquids like crude oil or petroleum productsugh pipelines. The federal rules are
provi ded in CFR, Titl e 71499. Typically PISME54 reguates o n, 0
interstate gas pipelines and intrastate and interstate hazardous liquid pipelines but does not regulate
most gathering pipelines, l@ss they are located in higionsequence areas (HCAS) such as
heavily populated areas, navigable waterways, or areas unusually sensitive to environmental
damage.

Although PHMSA maintains responsibility for inspecting and enforcing federal regulations
in some cases, states may be authorized to perform these duties. In North Dakota, this function is
provided by the North Dakota PSC. Additionally, state pipeline safety offices are allowed to issue
regulations supplementing or extending federal regulatmmgipelines contained entirely within
its border, provided such requirements are no less stringent than the minimum federal regulations.
PHMSA pipeline regulations are generally deemed minimum thresholds.

Regulatory Comparison among States

Gathering piplines transporting crude oil and produced water from production locations to
a rail terminal or brine disposal facility do not fall under federal jurisdiction. Each state has the
ability to regulate these gathering lines as they deem appropriate. Stesdnatee no regulations
pertaining to gathering pipelines. Others defer to CFR or guidance from API, ASME, or others.
Some states implement requirements more extensive than federal regulations on various aspects
of pipeline design, installation, operati@amd maintenance.

For many states, regulations are a complex mixture of federal and state rules administered
by different agencies. In the course of this study, pipekteted regulations were reviewed from
seven states with the highest oil productieor. the purpose of comparison, these regulations have
been compiled in Tables4120. While some states give-oepth detail about requirements of
pipelines, other states do not, deferring instead to the standards provided in 49 CFR 195 as required
by PHMSA.

Not all state rules have been captured in the tables below. Rather, these tables serve as a
summaryof those most relevant to pipelsmd-or each state summary, regulations for pipelines
have been separated into four distinct sections: constructionsion prevention and ngfation
spills, and materials.
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Texas

Table 14. Summary of TexasLiquid s Gathering Pipeline Regulations

Construction

Corrosion
Prevention
and
Mitigation

Spills

Materials

An operator is required to inform at least 30 days prior to the commencement of
construction of the originating and terminating points of the pipeline, counties
traversed, size and type of pipe used, type of service, design pressileagth of
pipe (TAC T 16P 1-C 8S/C BR 88.115)*

Each pipeline operator is required to maintain most current recor8yéars as
required by 49 CFR Parts 195 and 199. The records that are mairaeeneguired to
include information such as design calculations, Ipipespecification, minimum yield
strengths, information regarding all pipeline constructions, trainings, inspections
regarding welding, hydrostatic testtc.(TAC T 16:P 1-C 8-S/C B-R §8.105)
Operators are requirdd ensure that all metallic pipelines being installed have
sufficient corrosion control. It is required that all pipelines be tested for adequate
coating on pipelines and fittisghave adequate catitio protection(CP), andexceed
the minimum criteria oNACE Standard RP1-69 (TAC T 16P 1-:C 8 SICDR §
8.305)

TAC T Title 167 Part 1i Chapter 3 Oil andGas Divisionprovidespecific
requirements for fire protection, check valve®wells, etc. (TAC T 1€ 1-C3).

TAC establishes minimum standards of accepted good practice with respect to
operation and maintenance, corrosion conatal, that refer to 49 CFR 195 (TAC T
16-P 1-C8-S/C BR 8§8.101).

It is required that soil exposed to a spill of crude oil be kated accordingp the
guidelines given in TAC T & 1-C 3R 8§3.91

TAC gives details on how spills should be reported and as to how any reclamatic
done after the occurrence of a spill. Spill notifications must be inadediately or
within 2 hoursof the digovery to give full details of the spill includingut not limited
to, the company or operator name, location of the spill, time and date of the spill,
taken to remedy the situation, quantity spilled, other damage ¢atsed report is
required only if the loss exceeds 5 barrels. Leaks must be reported by 49 CFR 1
and 195.52An additional report must be submitted within 30 dGW&C T 16-P 1-C
3-R 83.20)(TAC T 16-P 1-C 8S/C D-R§8.301)

The material for the pipe and components should be able to maintain structural
integrity of the pipeline under temperature and environmental conditions that are
anticipated. They should also be chemically compatible with the substance they
andwith which theyare in contact.

In general TAC establishes minimum standards for accepted good practice that
includes standards for choice of material for gathering lines as in 49 CFR 195.

*TAC T Texas Administrative Code,Ppart, Ci chapter, S/G subchater, Ri rule.
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North Dakota

The regulatory framework pertinent to gathering pipelines in North Daketantained in
two main bodies of workthe North Dakota Century Code Title 38 and the North Dakota
Administrative Code Title 43.

Table 15. Summary of North Dakota Liquid s Gathering Pipeline Regulations

Construction = North Dakota Century Code 3iB-26 and 3808-27 appy constructiorrelated
regul ation in the fropeftatorwian udeegrowna gatheriri
pipeline shall submit to the commission, in a time period no longer than one hunt
eighty days of putting any underground gathering pipeline into service, a shape f
showing the centerddintei oonf, tfhfeo rp iapne o
gathering pipeline that is in service after August 1, 2011, and before August 1, 2(
the owner or operator or most recent owner or operator shall submit, within eight
months from August 1, 2013, shape filesdtirexisting underground gathering
pi pelines, including any known abanc

Forunderground gathering pipeline that is designed or intended to transfer crude
produced water from a production facility for disposal, storage, opsgi®ses and
which was placed into service after August 1, 2015, the tiyeshall provide upon
requestiengineering construction design drawings and specifications, list of
independent inspectors, and a plan for leak protection and monitoring for the
uncerground gathering pipelie and Awithin sixty day
pipeline being placed into service, the operator of that pipeline shall file with the
commissionan(B7) 08/ 2015 i n d e pedificateoh ydradstatis gr e «
pneuma i ¢ testing of the underground g:¢

North Dakota Administrative Code 48-03-29 also addresses underground gather
pipeline construction with only limited guidance and language.

Regarding constructioii pi pel i nes i mmudtlelinstaled inia manaer
that minimizes interference with agriculture, road and utility construction, the
introduction of secondary stresses, the possibility of damage to the pipe, and tra
wire shall be buried with any nonconductive pipesinstalled Regar di ng
must be backfilled in a manner that provides firm support under the pipe and pre
damage to the pipe and pipe coating

North Dakota Administrative Code 4B-03-29 also desdbes the GIS reporting
requirements from Century Code-88-26 highlighted above.

Corrosion No pipeline monitoring or corrosion mitigation measures are required by rule in N

Prevention Dakota for gathering pipelines.

and Mitigation

Spills North Dakota Administrative Code 4®-03-30 addresses spills in the following
manner . nAl I persons controlling or

storage tank, or production facility into which oil, gas, or water is produced, recei
stored, processed, or through which oil, gas, or water is injected, piped, or transp
shall verbally notify the director immediately and follow up utilizing the onilitgal
notification report within 24 hours after discovery of any fire, leak, spohkvblt, or
release of fluid.o

Materials No materials guidance is required by rule in North Dakota for gathering pipelines
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California

Details for instructions on construction, monitoring/mitigation, spills, and pipeline materials
have been given ithe California Government Cod€GC).

Table 16. Summary of California Liquid s Gathering Pipeline Regulations

Construction According to theCGC, the State Fire Marshal maintains a centraldat@base for all
intrastate pipelines that includes information of the location, age, reported leak
incidences, inspection history, etc. The information should have the capability to
mapped and should be compatible with any pipeline mapping projewiol¢
information for GIS mapping and data managen(€@C 51017)

According toCGC, every operator of intrastate pipelines must conform to 49 CFR
(CGC 51012.3)

In addition, Title 14 of the California Code of Regulations (CCR) requires newly
instaled pipelines to be designed, constructed, tested, operated, and maintained
accordance with practices and standards set forth in either API, ASTM,RIQ92F
or other methods approved by the Supervisor (CCR Title 14, Division 2, Chapter
Subchapter 2Article 3, 1774).
Corrosion According toCGC, in addition to other rules and regulations, all pipelines must be
Prevention | tested in accordance with 49 CFR 195 Subpart E. Pipelines must be equipped w
and pressure reliefCP, pressureelief devicesetc. Pipelines which normally operate unt
Mitigation conditions of constant flow also need to include means of leak detection accordir
CGC 51013Depending on the presence@P, pipelines are required to be pressure
tested every 3,,%r 10 yeas. Additionally, a pipeline that previously leaked will be
added to a lisvf higherrisk pipelines which will be subject to a test at least every
2 yeasfor 5 years (CGC 51012.3h general, every operator of pipelines must
conform to 49 CFR 195 (CGE1012.3)

CCR Title 14, Division 2, Chapter 4, Subchapter 2, Article 3, 1774.1 requires visl
inspection of aboveground pipelines at least angear. In addition, 1774.1 requires
mechanical integrity testing on all active environmentally sensitive gathering pipe
and all urban pipelines greater thaimdhesin diameter every 2 years. Pipelines les
than 10 years old are exempt from this iegment.

CCR Title 14, Division 2, Chapter 4, Subchapter 2, Article 3, 1774.2 requires ope
to prepare a pipeline management plan summarizing pipeline type, grade, install
date, pressures, history, and testing method among other things.

Contine d é
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Table 16. Summary of California Liquids Gathering Pipeline Regulations (continued)
Catego Summary of Regulations

Spills Any rupture, explosion, or fire involving a pipeline must be reported immediately
if the spill was a result of a pressure test. A spilesbthan 5 barrels is not considere

a rupture for the purposef reporting (51018).

In an oil discharge tahd including onshore drilling, exploraticor a production
operation, a discharge tdfarrel or more must be reported immediately upon
knowledge of the spill according €@alifornia Public Resources Cod8233.

In an oil discharge to land including omsa drilling, explorationor a production

operation, a discharge of 5 barrels or more uncontained in certain San Joaquin \
oil fields, if no threat to state waters, and 10 barrels or more contained in certain
Joaquin Valley oil fields must be refied immediately according t@alifornia Water

Code Sectiorl3272

In general, in every operator of pipelines must conform to 49 CFR 195
(CGC 51012.3)

In addition, Title 14 of the CCR requires development of a spill contingency plan

(CCR Title 14 Division 2, Chapter 4, Subchapter 1, Article 3, 1722.9).

Materials Every pipeline operator must conform the pipeline to 49 CFR 19marairesult
should conform to the design requirementSubpart C ofCFRthat address the
minimum design requirements of pipelines.
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Alaska

Table 17. Summary of Alaska Liquid s Gathering Pipeline Regulations

Construction The Alaska Administrativ€ode(AAC) gives great details about the kind of informatior

Corrosion
Prevention
and
Mitigation

Spills

Materials

that must be provided when an application is made RD® lease. Applications for
ROW must be submitted with information includirdzut not limited to point of origin ail
termination, length, map of pposed pipeline, propos&DW, width of corridor, nature ol
substance being transported, diameter of pipe, size of pipe, transportation capacity,
estimated life of pipeline, etc. (11 AAC 80.005)

In addition to the requirements by the AAC, minimum sas¢ipndards of 49 CFR 195 ar
required to be met.

It is required that the operator must comply with one of the following standeBi4E
B31.32004, ASME B31.4002, or ASME B31.2003.1t is also required by th&aAC
thatpipelines be equipped witbP andcoatingandbe checked visually for leaks, etc.
(18 AAC 75.080)

Every pipeline operator must conform to 49 CFR 195 for tedkctionrand mitigation.
Title 18 of AAC, Chapter 75, Article 3 givsdetailed guidehes on discharge reporting,
cleanup, and disposal of oil and other hazardous substances. When a spiltloecurs,
operator must notify the department and provide information includirtgnot limited to
the date and time, location, name and owner of the facility, name of the responsible
type of substance released, cause, amount, action &keabout the release of any
substance. If the release is in excess of 55 gallons to land ceftsidecondary
containment areémmediate notification must be made. If the release is in excess of
10 gallons, but less than 55 gallons, to land outsidecondary containmeahd a release
is in excess of 55 gallons within the secondary containmentaaredification must be
made within 48 hours. Additionally, an operator must maintain a monthly written recc
releases of to 10 gallons. Spills must be reported within 15 days (18 AAC 75.300).
In addition to other detailed requirements unti® AAC 75.047, pipelines need to meet"
following standardsASME Pipeline Transportation Systems for Liquid Hydrocarbons :
Other Liquids(American Society of Mechanical Enginge2002) ASME Gas
Transmissiorand DistributionPiping System$American Society of Mechanical
Enginees, 2003); and other equivalent and nationally recognized standards adopted t
department etc. (18 AAC 75.047)

AAC has also given details on facility piping that should also meet the following stan
ASME Proces<Piping (American Society of Mechanical Enginge2009; ASME
Pipeline Transportation Systems for Liquid Hydrocarbons and Other LigAiderican
Society of Mechanical Enginee2002) ASME GasTransmissiorand Distribution
Piping Systemg$American Societ of Mechanical Enginesr2003) etc. (18 AAC 75.080)

In addition to the aboveentioned requirements MAC, every pipeline operator must

conform to 49 CFR 195 for lealetectionand mitigation All individuals must also be in
compliance wit9 CFR 199elated to drug testing.
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Oklahoma

Table 18. Summary of Oklahoma Liquid s Gathering Pipeline Regulations

Construction TheOCCrequires that the operator notify them within 7 days prior to commencer

Corrosion
Prevention
and
Mitigation
Spills

Materials

of constructiontoinclude name of operator, address, and contact informatze of
construction to begin and endap showing route of proposed pipeline, pipeline
specificatia; maximum operating pressufi@OP) and design pressure, type@,
depth of pipeline, location of equipment gtoklahoma Administrative Cod®©AC]
165:205-32).

In generalthe OCCestablishes minimum standards &mcepted good practice that
includes standards for choice of material for gathering lees 49 CFR 195.

Under gas and hazardous liquid pipeline safety in OAC 16520, 12, 13and 14,
spills need to be reported by telephone at the eapliasticable moment, but no mor«
than 1 to 2 hours following the discovery with the name of the operator of the pip
location of the incident, time of the incident, number of fatalities if any as a result
the incident, and all other significant factbout the incident. This should be followe
by a report no more than 30 days after tlsealiery of the incident usingOT
PHMSAForm F 7100.2, 700Q; OAC 165:205-11; OAC 165:205-12; OAC 165:20
5-13; andOAC 165:205-14.

Under prohibition of pollution in OAC 165:1D-5, all operators must report a spill
within 24 hours of discovery if larger than 10 loblany quantity if itis released in
water. A written or oral report must be submitted within 10 days with the locdtion
the spill, facility name, date of occurrence, volume of substance spilled, type of
material spilled, method of cleanup, volume recovered(®%C 165:107-5).

Each operator must report according to 49 CFR 191.5, 191.7, 191.9, 191.11, 19:
191.15, ad 191.17

Each operator must submit adrug results pursuant to 49 CFR 199.

In generalthe OCCestablishes minimum standards for accepted good practice th
includes standards for choice of material for gathering e 49 CFR 195.
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New Mexico

Table 19. Summary of New MexicoLiquid s Gathering Pipeline Regulations

Catego
Construction

Corrosion
Prevention
and Mitigation
Spills

Materials

Summary of Regulations |
The New Mexico Public Regulation Commission requires that, prior to the
construction of any intrastate pipelineaofalue $50,000 or more, the operator mus
give a notice to construct with information on the pipeline material, finished dian
length, @proximate location of the pipeline, the size and capacity of any compre
or pumps, and the approximate completion dsieay Mexico Administrative Code
[NMAC] 18.60.2.9)

In addition to the abovmentioned regulation, New Mexico has adoptedGR& for
pipeline safety andas a resujtadopts 49 CFR 195.

The New Mexico Public Regulation Commission establishes minimum standard
accepted good practice that includes standards for choice of material for gather
lines as in 49 CFR 19GNMAC 18.60.2.8)

In the state of New Mexico, an unauthorized release of 5 barrels, but not more t
25 barrelsmust be reported within 15 days of the spill being discovered. Spills ir
excess of 25 barrels must be repdrby an immediate verbal notice within 24 hour
after discovery of the spill. Additionallyvritten notification must be provided withir
15 days of the spill discovery (NMAC 19.15.29.8)

Since New Mexico conforms to PHMSA regulations, all reporting redo

accordance with 49 CFR 195 (NMAC 18.60.2.8)
All materials are chosen according to 49 CFR 195 (NMAC 18.60.2.8)
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Colorado

Table 20. Summary of Colorado Liquid s Gathering Pipeline Regulations

Construction

Corrosion
Prevention
and

Miti gation

Spills

Materials

The Colorado Oil and Gas Conservation CommisfRIDGCC)states that pipelines
should be coverednder a minimum of 3 feet on croplat@prevent damage unless
there is a written agreement between surface owner or other uncontrollable conc
When backfillis done soil should be replaced its original relative positions.
Reasonable effort must be taken to run pipelines parakebirrigation rows on
flood-irrigated land COGCC Rule 1100)

In addition to the rules set forth by COGCC, since Colorado is under PHMSA
jurisdiction for pipeline safety, 49 CFR 195 applies in addition to COGCC Rule 1.
Each component should be designethsoit withstands corrosion and can withstan
other operating conditionsxternal and internal loadings.

Lines must be pressutested to maximum anticipated operating pressure. Precau
must be taken to ptect all employees while a pressure testonducted. Onghould
be conducted every year.

Each operator is required to take reasonable precautions to prevent failures, leal
and corrosion of pipelines. If a fault is found, it should be fixed in reasonable time
(COGCC Rule 1100)

Spills must be reported in an fAinitd.i
volume should be reported if released to watespill or release ot barrel or more
outsideof a berm must be reported. A spill of 5 barrels or more regardless of whe
contained by a berm must be reported.

The initial report must includetaminimum, the location of the spill and any
informationabout the type of spill and the volume of the spilled substance. If an i
reportis not made, a report must be made within 72 hours. If an initial respoede,
a supplemental report should be made with greater detdilding a topographical
map aerial photograph of the location of the spill, and all other steps taken to mit
the spill no more than 10 days after the initial repsubmitted.

Notification of the spill must be made to the surface owner, local government, an
appropriateenvironmental agency.

Spills must be remediated according tal&906 and 907 (COGCC Rule 906)
Material for the pipe and other components of the pipe should be able to méiatai
structural integrity of the pipeline under temperatpressure, and other conditions
that may be anticipatemmpatible with the substance transported and locatable by
tracer line or a location device placed adjacent to or in the trench of all buried
nonmetallic pipelines to facilitate the location of spghelines (COGCC Rule 1100)
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Potential Changes in Federal Gathering Line Regulations

In response to the Enbridge accident in 2010, PHMSA published an Advanced Notice of
Proposed Rule Making (ANPRM) in theederal Registelon October 18, 2010. Subsequent
legislation included provisions relevant to regulating hazardous liquid pipelines in 2011. Shortly
after, theNational Transportation Safety BoarNTSB) released an investigation report that
included recommendations to PERA regarding detection of pipeline cracks and discovery of
pipeline condition (threats).

On October 13, 2015, PHMSA published a Notice of Proposed Rule Making (NPRM) into
the Federal Registe(80 FR 61610) proposing to make further changes to the hazalidaoids
safety regulations in direct response to NTSB recommendations. However, more relevant to the
current study, the Government Accounting Office (GAO) also issued a recommendation in 2012
concerning hazardous liquid and gas gathering pipelines. Reeodation GAGL2-388, dated
Mar ch 22, 7Z2olethance tletsafetyafsunrégulated onshore hazardous liquid and gas
gathering pipelines, the Secretary of Transportation should direct the PHMSA Administrator to
collect data from operators of federallgregulated onshore hazardous liquid and gas gathering
pipelines, subsequent to an analysis of the benefits and industry burdens absaitiaech data
c ol | e The pupase ai thimcommended effors to collect data to assess safety performance
and pipeline risk from dhering systems. Theskata will determine if there is a need to extend
PHMSA regulations to gathering lines in exempted rural areas. Interested parties have until
January 8, 2016, for submitting comments.

Analysis

Areviewofcanpar abl e st ate regulations reveals th
is currently less detailed than that of other comparable states. Following is a summary of the
contrasts between North Dakotabs regdinesand ory f
that of other comparable states whose rule summaries are presented in Tidtfles 14

Key Finding and Recommendation

Observation: Fluid properties and operating conditions of liquid gathering lines differ
significantly from pipeline to pipeline. Ensuring that the pipeline selected for each applicatic
withstand these operating conditions is critical to ensuring safe operation.

Finding: Most of the states reviewed have regulations requiring that gathering pipelines car
withstand the operating conditions of the gathering system and have appropriate chemical
compatibility. Many refer to 49 CFR 195 as a basis for regulation.

Recanmendation: North Dakota should consider adopting regulations on pipeline material
selectionsas has been done in comparablepoidducing states
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Material SelectionOther comparable states include regulatory language regarding selection of
pipeline naterials appropriate for the environments found in the state. Although many operators
in North Dakota already follow appropriate standards, it may benefit North Dakota to stipulate

a known and accepted standard to ensure that all industry entities anegtihé¢hese best
practices. Many other states already address material requirements in their state regulations.
Key Finding and Recommendation No. 6 addresses this issue.

Spills ReportingOther comparable states include regulatory language that sggpuoienimum
thresholds that trigger spill reporting to avoid misleading statistics stemming from reporting of
miniscule, insignificant spills of small quantities and spills within engineered containment
areas. Key Finding and Recommendation No. 5 alreddseases this issue.

Mitigation of Contributing Factors of Leak®©ther comparable states include regulatory
language that mandates employment of best practices for maintenance, corrosion control, and
pressure testing. North Dakota may benefit from camsid inclusion of regulatory language
addressing maintenance and corrosion control. Other states simply make reference to practices
found in 49 CFR 195 Part H to address this. ASME B31.3, ASME B31.4, ASME B31.8, and
NACE Standard RP169 may also offer gdance to North Dakota regulators. Key Finding

and Recommendation No. 7 addresses maintenance and corrosion but specifically avoids
discussion pertaining to pressure testing.

Requirement of Prior Notification of Constructiddther comparable states induregulatory
language requiring pipeline operators to provide advance notice to the state regulatory bodies
of intent to construct new gathering lines. This notice helps to inform the state and provides
another inspection point to ensure proper constragirocedures are planned and executed.

Key Finding and Recommendation

Observation: Other large ofproducing states include regulatory language regarding mainter
and corrosion control. North Dakota does not currently include languegtraining
maintenance and corrosion control practices to best practices.

Finding: North Dakota may benefit from inclusion of regulatory language addressing
maintenance and corrosion control. 49 CFR 195, ASME B31.3, ASME B31.4, ASME B31.€
NACE Standard R®1-69 all offer language and concepts that may be considered for any ne
regulations in North Dakota on these topics.

Recommendation State regulators should address maintenance and corrosion control best
practices in any new regulations.
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This study cannot, however, recommend specific periodic pretssireg procedures as
other states have done. The pressesting requirement is too materiahd desigrspecific to be
broadly addressed by blanket regulations. Instead, if materialscerstruection standards are
adequately employed, this will naturally lead to syssgacific recommendations for pipeline
pressurdesting procedures and schedules. What must be considered in these jestisgre
approaches is the risk induced by repegteztssure testing of both steel and plastic pipelines.
Again, materials and construction standards will drive this risk assessment.

Key Finding and Recommendation

Observation: Other comparable opproducing states include regulatory language dbatands
prior notification of construction, including design information (size, material, operating
pressure, design pressure, depth, installation protocols, etc.), and routing information.

Finding: North Dakota pipeline safety may be enhanced by enstivirigtate regulators have
advance notice of key design features associated with new liquid gathering pipelines. This
information would serve to generally inform the state, provide data for postincident analysi
root cause of failures, and permit thats to have a baseline upon which inspections can be
measured.

Recommendation North Dakota DMR shouldonsider developing a requirement to provide

notice of intent to install liquid gathering pipelines 30 days prior to installation of said pipel
The advance notice should include design information (size, material, operating pressure,
pressure, depth, installation protocols, etc.) and routing information.
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MATERIAL SELECTIOR ERUDE OIL ANDPBCED WATER GATHERIN
PIPELINES

Pipelines for moving liquids and gas have been in use for thousands of years. Initially, they
were made of hollowed wood or bamboo sealed with mud. Once smelting technologies were
developed, metals began to be used because of thenosugieength and ability to seal more
completely. In 1821, the first pipeline to carry natural gas from a natural seep to a Lake Erie
lighthouse was built to provide fuel to the lighthouse flaites pipeline was made of wood, but
by the 1820s, cast irowas becoming the preferred material for larger pipelines irUthiged
Statesln the 1800s, steel was adopted as a pipeline material, especially after 1885 when seamless
steel pipe was invented (Miesner and Leffler, 2006). In the 1950s, HDPE was dé\aaopfe st
used as a pipeline material. Since then, many other plastic materials have been developed and used
in pipeline systems.

The following discussion is meant to provide background information on materials currently
used in liquids gathering pipeés. It is not the intent of this discussion to identify superior or
inferior pipeline materials because many factors influence the type of pipeline material chosen,
such as operating conditions and cost that must be considered for each particular system.
Additionally, because of the tremendous opportunities afforded by the onset of the shale oil
revolution, the field of pipeline technology is rapidly changing. New materials, new configurations
of existing products, and new options for existing produasanstantly evolving. As such, the
information contained in this section is intended as preliminary guidance only.

Plastics are materials composed of resins (polymers) and additives. Two types of plastics are
often used in engineering applications: thesets and thermoplastics. Thermoset resins like epoxy
or polyester start as a liquid that is polymerized with the addition of a curing compound. Epoxy is
often used as a coating material for steel pipes or as the matrix material that is strengthened with
glass fibers in fiberglass pipe. Thermosets soften upon heating but cannot be reformed by melting
the way that thermoplastics cadowever, their maximum use temperatures are usually higher
than for thermoplastics.

Thermoplastics are the most commonlgdipiping material. Thermoplastics soften upon
heating, then regain their original properties when cooled. Therefore, the maximum use
temperature is an important factor in determining the strength of the material required for an
application. This propertsllows many of the thermoplastics to be Heaton-bonded. The array
of thermoplastics used in piping includes polyvinyl chloride (PVC), chlorinated polyvinyl chloride
(CPVC), polyethylene (PE), higihensity polyethylene (HDPE), acrylonitrile butadiengreste
(ABS), polypropylene (PP), and nylon. Most thermoplastics have good chemical resistance, except
to strong oxidizing acids or aromatic organic compounds.

Erosion of pipeline materials, including steel, is also an issue if the line carries a fluid
contaminated with solid particles. Erosion is caused both by impact of small particles that can chip
off small pieces of the pipeline material and by abrasion as the particles are dragged along the
surface. Abrasion failures occur in both liquid and gas pipg] but abrasion in gas lines can be

59



hundreds of times higher for a given particle loading (Larsen and Reichert, 2003) than in a liquid
line because the liquid acts as a lubricant to reduce the abrasiveness of the particles.

Key Finding and Recommendation

Observation: Plastic pipeline fillers are powders of solid materials that are added to plastics
They can be highly variable depending on the product and manufacturer.

Finding: The type and size of the fillers can significantly affectetusion resistance of the
plastic.

Recommendation Companies procuring pipeline should consult closely with the pipeline
manufacturer for data about the erosion resistance of the manufactured parts if erosion is &
possible issue in the proposed appligatibhe company procuring the pipelines may want to a
for test evidence demonstrating erosion resistance against fluids with characteristics compi
to that expected in the field.

Abrasion resistance usually does not relate directly to hardne$® aohdterial. Several
abrasion tests are described in T&dlebut it is important to note that they usually do not correlate
directly to abrasion occurring in service.

Table 21. Common Pipeline Abrasion Resistance Tests
Abrasion
Test Description
ASTM D4060 A flat panel of the material being tested is weighed and then rotated under abra
(The Taber wheels, with a kilogram load, for 5000 to 10,000 cycles. The panel is weighed ¢
Test) measured every 1000 cycles to deterntieeamount of material lost (Lauer, 2012).
ASTM G75 A test fixture repeatedly slides test blocks over stationary test laps of abrasive

material. An electric motor is used to move the blocks in a reciprocating mannei
Weights are placed on top of the gtigiblocks to produce a controlled normal forci
and the blocks are moved back and forth for set periods of time. Either the redu
in thickness or weight change is used to determine the resistance to abrasion o
material. Different fluids can alsetadded to the surface of the test laps to detern
their effects on abrasion rates.
ASTM D968  Silicon carbide grains are allowed to fiedl onto the coated surface of a metal

coupon that has been secured at a 45° angle. The test measures how raaniy lite
abrasive are required to completely penetrate a plate of the material of interest |

2012).
Nonstandard = Flowing slurries in pipes test the relative erosion resistance of HDPE to that of r
Tests steel pipe. The weigHbss percentage of steghs found to be three to five times th

of HDPE, depending upon the configuration of the system (U.S. Department of |
Army, 1986). However, other tests using fertilizer abrasion showed that steel ha
twice the abrasion resistance of HD@EingateHill, 1970).
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A problem with data from such tests, as well as with much of the data given in the following
sections, is that many different grades and types of each kind of plastic material exist. Importantly,
compositions and additives can be modified by mactufers to alter the material properties. Of
particular importance in determining abrasion resistance are the types and sizes of solid filler
particles that are used in the plastic. Therefore, pipeline system designs need to include specific
material requrements, such as maximum temperature and pressure, required lifetime, number of
pressure cyclesa day, fluid composition, and others, which must be discussed with pipeline
manufacturers to arrive at mutually agreed upon materials and joining methole &petific
system.

Plastic pipes that are not reinforced with a layer of stronger structural material such as
fiberglass,aramid fiber, or steel have maximum pressure ratings in the hundreds of psi range
depending on the diameter and thickness of the. @pcause the pipes are extruded, they can be
made in practically any diameter and thickness. For a given operating condition, the maximum
pressure ratings are functions of the diameter of the pipe and its wall thickness. The ratio of the
diameter of thevipe to its wall thickness is known as the standard dimension ratio (SDR) of the
pipe. Because the SDR is inversely related to the wall thickness, smaller SDRs have higher
pressure ratings than higher SDRs. Pipes made of the same material but witht diffeneters
will have the same pressure ratings if their SDRs are the same. SDRs usually vary from
5 (strongest) to 17 (weakesl).should be noted that strength is also a function of temperature,
with strength dropping as the temperature increasesefiner the maximum use temperatures
listed in the following discussion are for nonpressurized service.

Material Options

PVC

PVC is the most employed plastic pipeline material in the United States, but it is mostly used
for low-pressure sewage or waterlines, such as those shown in RgurR/C exhibits good
chemical resistance to brine and petroleum (Willoughby and other).20Bas higher strength
and rigidity than most other thermoplastics. Type | PVC is more rigid and more brittle than
Type Il PVC. The maximum use temperature for PVC is 150°F (Willoughby and others, 2002),
but it has a larger temperature derate thanPPE.C6s mi ni mum i nstall ati on
(Plastics Pipe Institute, 1999). PVC is usually joined by solvent welding or threading, but it can be
done with bellandspigot ends. Solvent welding is not recommended at lower temperatures, and
threading isnot recommended for use at high temperatures because of the strength derate,
especially for pipes over 4 inches in diameter (Plastics Pipe Institute, 1999). Although PVC
contains additives to stabilize it against damage by the ultraviolet portion of lguntigs
recommended that parts exposed to sunlight be painted and unjoined sticks and fittings should be
stored under an opaque tarp (Silowash, 2010).
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Figure25. PVC pipeline installation.

CPVC

CPVC exhibits many of theame properties as PVC, but it can be used at higher temperatures
up to 210°F (Plastics Pipe Institute, 1999). However, it is not recommended for use with
petroleumcontaining fluids because of chemical resistance issues (Plastics Pipe Institute, 1999).
For clean water systems, CPVC must be protected from sunlight exposure in ways similar to PVC.
CPVC is joined with either orgtep cement that does not require a primer or astep process
that does require a primer.

PE

PE, shown in Figur@g, is the seand most employed plastic pipeline material in the United
States. PE exhibits good chemical resistance to brine and petroléiloughby and others,
2002) It is weaker and less rigid than PVC at ambient temperatures but maintains superior
flexibility, toughness (tolerance for abrasion and bruising), and ductility, especially at lower
temperatures.
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Figure26. HDPE pipeline installation.

PE is made by polymerization of ethylene with propylene, butene, or hexene. Early PE
compositions had many side branches coming off of the main molecular chain which prevented
tight packing of the chains. This material is known asd@nsity polyethylene or LDPE. It is not
often used for pipeline because of its lower strength comparadr®modern versions that have
fewer side chains so that the molecular chains can be more tightly packed, making the resultant
HDPE considerably stronger.

The maxi mum use tempePhastiecsoPi pj® PEnts siitl Bhi

a smaémperature derate than PVC. TMBeAFFmasi mam
Pipe Insti Betaus®2999) its flexibility and chem
in combination with structur adolfalblee gdiapel iomre
t hat are much stronger than monolithic HDPE.
can al so Hasededqoimeast have the same chemical

In the 1960s to the mii980s, PE pipelines ddeped a reputation for rapid crack
propagation, a type of brittle failure. However, significant progress since then has been made to
reduce that mode of failure, although caution should be used to not suddenly pressurize the pipe
and to use fittings and epating procedures to minimize water hammer.

One common method of damage to HDPE pipeline reported to the EERC team occurs when
a leak in a pressurized linerepairedBy leaving the line pressurized, the time for repairs is much
reduced. However, theepairs are made by first compressing the HDPE line on each side of the
leak to stop fluid flow using specialized clamping rigs. It has been reported to the EERC that no
matter how carefully done, damage to the HDPE almost always occurs during the clantpbing
unclamping processes. This damage can be the source of futureTleaiedore, the EERC

63



suggests that repairs to all thermoplastic pipelines be done by first depressurizing and then draining
the line near the breach before making an unclamped &ghe line.

PE pipes can also fail in a ductile manner known as slow crack growth, but the newer
materials have significantly reduced that problem as well. However, it remains the dominant field
failure mode, excluding thirgarty damage, for PE pipesl4Btics Pipe Institute, 2007). Slow
crack growth is a crack that can develop in PE pipe, usually at a flaw or outside stress
concentration, which grows slowly through the pipe wall. An example of a pipe that failed through
slow crack growth is shown in Rige 27. Poor backfill, excessive surface damage, rock
impingement, excessively tight bend radii, improper backfill, and other field conditions could
cause localized stress concentrations resulting in slow crack growth in PE pipes.

EERC JA51387.CDR

Figure27. An example of a pipe that failed through slow crack growth (Farshad, 2006).

Key Finding and Recommendation

Observation: Slow crack growth is a crack that can develop in PE pipe, usually at a flaw or
outside stress concentratiavhich grows slowly through the pipe wall. According to the Plasti
Pipe Institute, it is the dominant field failure mode, excluding thady damage, for PE pipes.

Finding: Installation procedures prescribed by the pipeline manufacturer mpetdigely
followed to avoid the risk of slow crack growth and other mateeiaited failure modes.

Recommendation Installation crews should be thoroughly trained in all manufacprescribed

installation procedures and be contractually bound to use throcedureg&urther, independent

inspectors should have the responsibility to ensure that manufacturer specifications are pre
followed.

64



The Pennsylvaniaotch tes{PENT) described in ASTM F1473 is a laboratory test method
that measures relativesistance to slow crack growth. A specimen is cut from a compression
molded plaque. It is precisely notched and then exposed to a constant tensile stress at a temperature
of 176°F (80°C). The time to failure is recorded, and this failure time is rdta@ctual service
life in the field. The PENT test has proven to be a very good indicator of resistance to slow crack
growth in PE pipes.

Given the variability in resins used to make PE, the PE grade is commonly designated with
a four digit code such a€£B408:

1 The first digit designates the density of the material, with 1 being the least dense and
4 being the most dense.

1 The second digit designates the resistance of the material to slow crack growth in
accordance with test procedures outlined in ASY8850. Higher numbers mean higher
resistance to slow crack growth.

1 The last two numbers are the hydrostatic design stress (HDS) for the material at 73°F
divided by 100. In the case of PE3408, that would be 800 psi. This is NOT the same as
the maximum abwable pressure for the pipe because the maximum pressure can only be
determined with pipe dimensions and allowances for various derates. An example of how
this is done is given in this report in the section on spoolable reinforced plastic pipe.

The mostdense, crackesistant, and strongest modern HDPE material is PE4710.

The following is an example of the engineering benefits of PE4710 over PE3408, which was
copied from Plastics Pipe Institute 3/2007. It uses the phrase dimension ratio (DR) whsich i
the ratio of the diameter of the pipe to its wall thickness. It is the same as the SDR described
previously.

Thereare two waysthat increasechydrostaticdesignstressmaybe utilized by thewater
designengireer. Oneway is to operatethe PE pipe with a particular wall thickressat a
higher pressure.Theotherwayis to operatethe PE pipeat thesamepressurebutusinga
higherDR or thinnerwall, whichincreassthe insidediameterand,thus,increasestheflow
or capacity.

Thebestwayto showthe impactof the newpipe material designationcode PE4710is to

showthe effectof theHDSonthe pressuraating. Tablel14 (Table22) shows thgressure
rating (PR) for a PE4710(usingthe 1000psi HDS) compaed to a PE3408(usingthe

800-psiHDS)at variousdimensiorratios. For a givenwall thicknessthe PE pipemaybe
operatedat a higher pressurewhenusinga PE4710material comparedto a PE3408
material. For eachDR, the pressure ratings about 25% higher for the PE4710pipe,

because athe higherHDS.

Anotherbenefitof thehigherdesignstressor the PE4710comparedo PE3408 id0 usea
higher DR pipe. Thehigher DR (thinnerwall) results in a larger inside diameterighter
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weightfor the pipe, and lower pipe cost. A key benefitof the larger inside diameteris
increasedwater flow capacity. Table15 (Table23) showsthe effect ofthe higherdesign
stressfor a PE4710comparedo a PE3408operatingat the samepressure.By usingpipe
thatis onestandardDR higher(for example DR14nsteadof DR13.5),Table15(Table23)
alsoshowghecorrespondngincreasan capacityasa resultof thelarger insidediameter.

Table 22. PressureRating (psig) Comparison Between
PE4710and PE3408 forWater Applications
DR9 DR11 DR13.5 DR17 |

PE4710 252 202 161 126
PE3408 200 160 128 100

Table 23. Comparative Water Flow Increase for 1 DR Increase from
PE3408 to PE4710

SystemPressure
Capacity Increase 15.4% 12.0% 10.4% 7.3%

Crosslinked PE

For higherpressure applications and where stress cracking may be an isssénkedPE
(PEX) can be used. PEX is a thermosetting polymer rather than a thermoplastic polymer. It is not
affected by heat as much as BEli also has improved resistance to abrasion and chemical attack
and can be used at temperatures up to 210°F (Plastics Pipe Institute, 1999). The minimum
installation temperature for specialty PEs 30°F (Plastics Pipe Institute, 1999). Threadingés th
most common joining technique, although crimping techniques are alsdrusieel United States,
PEXis availablewith diameters of 2nches or less.

ABS

ABS is a copolymer made from three monomers: acrylonitrile, butadiene, and styrene. It is
listedas fAnot recommendedo for use with brine and
is often used in freshwater lines. It is a rigid plastic with good impact resistance down to 0°F and
up to 180°F (Plastics Pipe Institute, 1999). The minimum instatlaémperature for ABS is 0°F
(Plastics Pipe Institute, 1999). ABS is usually joined by solvent welding or threading.

PP

PP is listed as fAconditionally resistanto t
carrying produced water (Willoughby amthers, 2002). Compared to HDPE, PP has a lower
impact strength but superior working temperature and tensile strength. The maximum temperature
for PP is 194°F (Willoughby and others, 2002). The minimum installation temperature is not listed
by Plastics Pigline Institute TN11/99 (Willoughby and others, 2002). PP is usually joined by
heat fusion, threading, or mechanical sealing (flanges).
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Nylon

Nylon is the strongest of the engineerthgrmalastics. Howeverjmited information is
availablebecause spdable nylon line pipe such as Raptor (made by Invista, a subsidiary of Koch
Industries) isa new product (September 201®aptor nylon pipe is currently available up to
4 inches in diameter in spools up to 1000 feet. Reportedly, it will be availableels pipe in
spools up to 300 feet in 2015. Larger diameters may become availablefant-B@ng sticks.

Invista reports that its nylon pipe can be used at temperatures up to 200°F or up to 500 psi at room
temperature. It should only be installed atpenatures above 32°F.

Joints are made by heat fusion much like HDPE. Invista says that its tests have indicated that
Raptor nylon is resistant to both brine and petroleum. However, because it is a very new product,
no Raptor pipelines have been instaliedNorth Dakota as oDctober 1 2015 although many
have been installed in the Permian Basin (Texas)

Joining Methods

All of the engineering plastics can be joined together or to fittings using a variety of methods.
Because of the stiffness of the nmr&ks, they can be joined using physical methods such as
threading, flanged connectors, grooved joints, mechanical compression, or elastomeric seals.
Threaded connections should be sealed using paste sealants rather than Teflon tape because the
tape can derm the female fitting which can cause it to crack (Silowash, 2010). If seals are used,
they must be compatible with the fluid to be carried in the pipeline.

PVC, ABS, and CPVC can also be joined through solvent welding. In that process, a one
or two-pat solvent is painted on both of the male and female parts to be joined. The male end is
inserted and twisted orguarter turn to ensure adequate contact. The parts dissolve into each other
and then reharden, forming very strong joints. Solvent weldingldhaot be used between
different types of plastics.

PE, PP, and nylon products are more commonly joined using thermal fusion of butt joints.
In this process, shown in Figus8, the two ends of pipe to be joined are clamped in a fusion
machine and thera€ed so they are square and smooth. A heated plate is then brought into contact
with the ends to cause them to soften and partially melt. The two ends are then brought together
under force and held until the plastic cools and rehardens. During the pabtess] of melted
plastic is forced up around both the inside and outside of the joint. If done correctly, the joints are
stronger than the pipes themselves (Silowash, 2010).

In situations where it may be impractical to use a fusion machine, an elsrofleeve
(shown in Figure 29) can be used to join two pieces of pipe. The sleeve has an internal diameter
closely matching the external diameter of the pipes to be joined. The ends of the pipe are held
together inside the sleeve, and then an electriecuis passed through the sleeve, causing it to
heat and fuse the inside of the sleeve to the outsides of the pipes, bonding them together. Generally,
full-butt welds are considered to be superior to electrofusion sleeves (Silowash, 2010).
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Figure28. Thermal fusion joint.
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Figure29. An electrofusion sleeve.
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Thermoplastic Temperature Derates

Thermoplastic materials lose their strength to pressure and tension with increasing
temperature. Figur@0 can be used as a guide to common thermoplastics and their derated strength
with temperatureThe Engineering ToolBox, 2015Actual manufacturer dathould always be
consulted when pipeline system designs are devised.
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Figure30. Plastic pipe temperature derating curves.

Reinforced Pipeline Materials

Fiberglass

Shown in Figurel, fiberglass is a composite material that consists of a thermosetting resin
matrix such as epoxy or vinyl ester that is strengthened with glass fibers. By embedding the fibers
in a resin the fibers are not able to rub against each odliech could otherwise cause damage
during handling. It is also known as fiberglasmforced thermosetting plastic pipe (FRR).
specified correctly, it can exhibit good chemical resistance to produced water. It also is much
stronger and abrasieesisant than noncomposite thermoplastic piping, having strengths into the
thousands of psi, but it is usually much more brittle than thermoplastics. The primary negative
effect of this brittl en e swhichican oécur df the pipessmot t he f |
handled correctlyBruised fiberglass actually introduces small flaws into the reinforced resin
matrix and may create a flaw at which pipe failure can be initiated.
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Figure31 Fiberglass pipeline segments.

A variant of FRP known as cclekposure piping is tested by cooling it 1@9°F and
dropping it 6 feet to the pavement, after which it must pass a leakage test (Fibergla&sPlamk
Institute, 2013). It can also be used at temperatures of up to 275Hasdlowetemperature
derate than thermoplastics. Fiberglass pipe is joined with either adhesive bonds, threaded
connections (shown in Figurd2), bell and spigot, or other mechanical joints. If the pipe
connections are adhesibended, the temperatuoé the pipe should be between 70° and 100°F
(American Petroleum Institut013Db). If the pipe connections are threaded, one must exercise
extreme care to avoid dust infiltration into either the male or the female thrdadsi¢an
Petroleum Institute2013b). Also, because of its hardness, a-fyn@ned fill material must be used
in the trench next to the pipArferican Petroleum Institut@013b).

Spoolable Reinforced Plastic Pipe

According to APl B 15S @merican Petroleum Institute013a), spoolakl reinforced
plastic pipe consists of a continuous plastic inner liner reinforced with a middle structural layer of
glassreinforced epoxy (known as spoolable composite pipe, or SCP) or aramid fibers (known as
reinforced thermoplastic pipe, or RTP). A coy®lymer layer is added over the reinforcement
layer to protect the structural layer from corrosion or abrasion. Since API RP 15S was approved,
additional spoolable reinforced plastic pipe products have become available, in particular, piping
reinforced vith steel. The company that makes that product is currently performing qualification
testing and working to hawés products included in RP 15S. The RP 15S committee is also
working to change the practice st pfadie. Snee a A s
the spoolable reinforced products are not currently included in a standard practice, they generally
are not included in standard PHMSA pipeline guidelinegriomrsportation pipelines. Therefore,
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Figure32 Threaded fiberglass joints.

any regulations addressing spoolable reinforced pipe use in North Dakota must go beyond PHMSA
guidelines to include steetinforced pipe However, it is expected that API RP 15S will be
accepted as a standard practiceany 2016.

SCP and RTP are continueflew-line systems capable of being reeled for storage,
transport, and installation. Reels may be more than 1000 feet long, so the number of joints between
sections is drastically reduced. Because connections areegpliyed between each reel of pipe,
the number of potential leak paths is reduced, and the installation process is faster. One mile of
spooled pipe may have only six or seven connections, while a mile of stick pipe may have
130 joints.

The most commomner liner material is HDPE, but PEX, nylon, and PVDF are alternates
used on occasion. Chemical resistance and temperature limits are provided by the inner liner, but
the structural support facilitates highgessure ratings to several thousand psi. SGPRAIP
structural outer layers often possess lower expansion and temperature derate coefficients than the
liner materials. Also, no stress cracking has been reported with a PE liner dawi®°te
(American Petroleum Institut2013a).
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Key Finding and Recommendation

Observation: Since API RP 15S was approved, additional spoolable reinforced plastic pipe
products have become availablen particular, piping reinforced with steel. The company tha
makes that product is currently performing qualificatesting and working to have its produc
included. Simultaneously, the RP15 committee is working to upgrade the recommended p
to a standard practice.

Finding: Because this material is not currently included in a standard practice, it is gendra
included in standard PHMSA pipeline guidelines for transportation pipelines.

Recommendation North Dakota DMR should seek to place its own SME on the APl comm
studying modifications to APl RP 15S. If North Dakota DMR considers derivistpiie
regulations governing installation of reinforced pipe from PHMSA standards, variances to t
PHMSA-based regulations should allow for use of reinforced, spoolable pipeline materials
yet included in a standard practice.

Overview of Specific Products Coomiy Employed in North Dakota

The following are several specific spoolable reinforced plastic line pipes that are available
for the construction of gathering lines. The information provided in this repolténedfrom
product Web sites.

FlexSteel

FlexSteel, shown in Figur&s, is a steereinforced HDPE spoolable pipe. FlexSteel highly
recommends that the pipe be preheated if installing bel@r#, but it can operate downitd0°F.
FlexSteel is available with pressure ratings ofiZRDO0 psi, opext i ng t emper atures
180°F, and diameters of 2 to 8 inches. Connectors are installed by FlexSteel personnel using
compression fittings and hydraulic ceMbrking equipment.

The 4710HDPE lining used in FlexSteel pipe exhibits good resistancetio irine and
petroleum. The helically wound steel banding surrounding the inner core provides the strength
required to operate at the design pressure. The outer HDPE shell protects the steel from corrosion
and from wear during installation. Because theRfDining does allow some diffusion of gas
through it, the gas can accumulate in the spaces between the steel bands. Théezfitesel
provides for venting of that space at either end of a spool next to the joining connections. The fact
that gas couldaumulate in this space could possibly provide an opportunity for monitoring either
the gas pressure or composition in order to determine if a leak exists in the line.

FlexSteel pipe connections are made usimgydraulicallyswaged system of compression
fittings that are tested to APl RP 138d otherstandards, as shown in Figudd (American
Petroleum Institute, 2013a)hese fittings are available in stainless or carbon steel and eliminate
the need for project site weldintpus reducing installation crew size.
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Figure33. FlexSteel pipe composition.

Exterior Swage
with Die

Figure34. FlexSteel compression fittings.

Key Finding and Recommendation

Observation: Because gas can diffuggough the inner liner of a composite pipeline and builc
up in a dry reinforcement layer, these types of pipeline products are typically vented at eac
This venting may allow for pressure or composition monitoring to determine if a leak exists
pipe. Manufacturers have just begun to test this capability.

Finding: These pipeline producteayprovide some level of leak detection capabilities.

Recommendation Composite pipeline manufacturers with applicable products should devel
collection of test data to support claims that these pipeline materials cah.BSsislorth Dakota
DMR should continue to monitor development of this aspect of these pipelingcfsahd
carefully consider its impact on future rulemaking.
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Fiberspar

Fiberspar, shown in Figu8s, is a fiberglasseinforced HDPE spoolable pipe with pressure
ratings up to 3500 psi, operating temperatur es
The fiberglass is embedded in a layer of epoxy so that no space exists in which gas could
accumulate, which prevents a possible collapse of the inner liner during a rapid depressurization.

The epoxy also prevents the fibers from rubbing together during handling and protects them from
chemical attackThe compression fitting pipeline connectorswh in Figure36 can be installed
using hand tools.

EERC JH51324.CDR
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Figure35. Fiberspar pipe composition.
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Figure36. Fiberspar compression fitting options.
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Some foremen anthdependent, thirghartyinspectors interviewed by the EERC team in the
field stated for the record that they believe that this product is less tolerant of deviations to very
strictly prescribed installation procedures because the epoxy/fiberglass reinforcement layer is more
easly bruisedby improper handling than the reinforcement layers in other reinforced plastic
piping. It was conveyed to the EERC team by these field personnel that a small flaw can serve as
a seed for a catastrophic failure after the line is installed ameddbdihe EERC observes that this
does not seem to be an issue with the Fiberspar product, but rather of improper installation
procedures executed below standards by contractors not sufficiently attentive to handling and
installation concerns demanded bistproduct.

This report cannot provide exculpatory or critical assessment of any specific products
because that level of product evaluation and comparison with available alternative products
requires a series sfringentlaboratory tests. Clearly, thisuel of evaluation is outside the scope
of this project.

This report can state thiieach and every handling procedure and installation procedure are
followed precisely when Fiberspar is installed, it would be likely that the damages that have caused
failures in this installed product could be avoided.

Flexpipe

Flexpipe, shown in Figre 37, is another family of fiberglas®inforced HDPE spoolable
pipe with pressure ratings of up to 1500 psi, operating temperatures §0tto 140°F, and
diameters from 2 to 4 incheBlexpipealso make a hightemperature version that operates from
1 12°to 180°F. Flexpipe differs from Fiberspar in that Flexpipe uses dry fiberglass reinforcement,
meaning that the fiberglass is not embedded in epoxy. Because gas can diffuse through the inner
liner and build up in the dry fiberglass layer, it is venteéach end next to any fittings. Like
FlexSteel, this may allow for pressure or composition monitoring to determine if a leak exists in
the pipe, although this is unproven at the time of this report. Flexpipe also makes a steel wire
reinforced product knowas Flexcord linepipe which delivers a pressure rating up to 2250 psi and
maximum operating temperature of 140°F. The company claims that this product is especially
resistant to degradation by severe pressure cycles and pulsations such as are gethepageahwi
pumps.

Flexpipe employs patented crimp fittings, shown in Figd8ewhich allow joining directly
to steel lines, standard flanged connections, or other Flexpipe pipelines. A Flexpipe fitting consists
of a mandrel which is inserted into the pgred a sleeve which is crimped around the pipe. The
mandrel and sleeve are both equipped with teeth that securely grip the liner and jacket of the pipe.
Fittings are installed using specialized installation equipment that energizes the fitting. The
energiang force creates a clamping pressure that holds the pipe in place and provides a seal
between the thermoplastic liner and the fitting. Each fitting is also equipped with-tig<to
enhance leak protection. The fitting system does not require theajmpliof heat or adhesives.
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Figure37. Flexpipe composition.

Polyflow

Polyflow makes Thermoflex tubing, shown in Figd@ which is reinforced with braided
aramid fibers and uses either nylon or polyphenylene sulfide amgkbiouter liners rather than
HDPE. It is available in diameters from 1 to 6 inches outside diameter with operating pressures
from 250 to 2500 psi and maximum temperature ratings to 150°F. The manufacturer did not
respond to requests about minimum opegatininstallation temperatures. Because it uses aramid
fiber for strength, the company claims that it has a very low derate because-t&rtarexposure
to pressure pulsing. Termination and splice couplings are hydraulically swaged to the pipe to bite
andhold the braid ends in place. Polyflow makes zinc chroiplatied carbon steel couplings for
low-sulfur fluids or duplex stainless steel couplings for more severe applications.
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Figure38. Flexpipe compression fitting.

The inert proprietary inner liner is a— EERC JH51328.CDR

hydrocarbon-resistant barrier—also resistant

to H,S and CO,—that exhibits low permeation.

The center layer -
, provides high-
The aramid fiber reinforcement—using— temperature strength.

a proprietary weave—provides

for strength and high tensile load.

The outer jacket is an
abrasion-resistant cover to
protect the braids.

Figure39. Polyflow thermoflex pipe.
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Summary of Plastic and Composite Pipeline Materials Available for Use in North Dakota

As described in the previous discussion, many different types of plastics and reinforced
plastics can based to make pipelines. Generally, plastic materials are more resistant to corrosion
than steel pipelines antherefore are frequently used for transporting produced water. The type
of material to use for a given pipeline depends on its chemical resistha operating temperature
and pressure of the line, ease of assembly and repair, resistance to damage, and overall cost.

Table 21 provides comparisons of the properties of different unreinforced and reinforced
plastic pipeline materials that are apts for use in building pipeline systerii#is table is meant
to serve as a quick reference to describe the functional features of each material in summary.

Table 24. Comparison of Spedications of Pipeline Material Options
Plastic Pipeline Operating Installation Operating

Product/ Temp. Temp. Pressure Available

Material Range, °F Range, °F i Joint Configuration Sizes

Fiberglass 129t0275 70to 100 Up to 3000 Adhesivebonded joints  All sizes

PVC 0 to 150 0to 120  Hundreds of psi  O-ringed lap joints or  All sizes
solventwelded lap joints

CPVC 0to 210 0to 120 Hundreds of psi  O-ringed lap joints or  All sizes

solventwelded lap joints
Polyethylene 140t0 180 130to 130 Hundreds of psi Heatfused or inserts = All sizes
(HDPE)
Polyethylene 130t0 210 130to 140 Hundreds of psi Threaded, compressior Up to 24"

(PEX) or crimped (Israel)
ABS 0 to 180 0to 120  Hundreds of psi  Solvent welding or All sizes
threaded joints
PP 14t0194 14to194 Hundreds of psi Heatfused, threaded, All sizes
or flanges
Nylon (Invista  140to 200 Above 32 Up to 500 Heatfused Up to 6"
Raptof)
Fiberspar 129t0203 Above Up to 3500 Compression applied Upto 6.5"
with hand tools
Steel/HDPE 140 to BO Preheat Up to 3000 Swaged, applied by = Upto 8"
Composite when below FlexSteelor other
(FlexSteel) 113 certifiedpersonnel
Flexpipe 150t0 140 Above Up to 2250 Crimpedwith special Up to 4"
equipment
Polyflow Below 150 No data Up to 2500 Hydraulically swaged Upto 6"
Thermoflex
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APi ggingo is the practice of sending a bolu
or to perform diagnostic measur ement ssmatn t he
pi ggingo) . Cleaning pigs arSmartpifstcentain algotiodicr e s m.
instrumentation packages that scan the walls of the pipeline with a variety of instruments.
Following are summary items on compatibility of pigging with the piygetypes described above

(for more information on pigs and pigging, see the pipeline mainteisactien of this repoyt

1 Foam cleaning pigs can be used with any of the plastic pipeline materials, depending on
t he manuf ac tHexibderfdam pigsdam itolerate transitions in pipeline
dimensions such as at the lips that form at fused joints in nylon or HDPE pipes or steel
connections in some composite pipes

1 Smartpigging is not routinely performed on either thermoset or thermoplastic pipeline
materials. This is because the intelligent instrumentation package normally scans metallic
pipe for corrosion, cracks, and leaks using ultrasonic, electrical resistance, or magnetic
technologies. None of these technologies is generally compatible withic ptas
composite pipe.

Although plastics are often used for transporting produced Wwatsuse ofhe inherent
chemical resistance of plastic pipelines to corrosion by aqueous solutions, steel pipelines are most
often used for transponty crude oil Steel is preferred because it is very strong, does not suffer
pressure derates due to absorption of hydrocarbons, and is not corroded by hydrocarbons. The use
of steel in oil pipelines has a long history dating back to the late 1800s, welidtsrin a solid
understanding of solutions available for most commogbturring problems.

The steel composition and tensile properties are based on standards set forth under API 5L.
In general, as long as the steel meets this standard and is cahtech \eppropriate material to
resist damage by the exterior environment, cathodically protected to resist corrosion at coating
breaches (holidays), and water is removed from the hydrocarbon being transported, steel pipelines
provide excellent service.

Desgn Considerations for Steel Pipelines

ASME B31 Code for Pressure Piping is one of the most commonly used codes to follow for
designing, building, and operating steel piping systems. ASME B3D4l 2 , entitl ed 0
Transportation Systems for Liquidsa Sl urri eso i s applicable to ¢
As the code states i@hapter 1, it applies to hydrocarbons, liquid petroleum gas, anhydrous
ammonia, alcohols, and carbon dioxide which are jointly referred to as liquid pipeline systems.
Therequirements of the code are adequate for safe operations under normal operating conditions.
Requirements for special operating conditions are not addressed.
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The purpose of B31.4 is to establish requirements for safe design, construction, inspection,
testing operation, and maintenance of liquid pipelines for the protection of the public and operator
personnel. It also addresses reasonable protection of the system from vandalism and accidental
damage, as well as protection of the environment. Existidgstrial safety regulations are not
intended to be supplanted by the code.

The code is not a design handbook. Instead, it offers a simplified engineering approach. It is
up to designexto produce a more rigorous approach to handle the specifics op#réaoular
system. As the code states, it prescribes requirements for the design, materials, construction,
assembly, inspection, testing, operation, and maintenance of piping transporting liquids between
production facilities, tank farms, natural ga®cessing plants, refineries, pump stations, ammonia
plants, terminals, and other delivery and receiving points. It does not, however, provide much
specific information about pipeline design, construction, or operation, but it is a good source for
standard pactices and definitions and especially lays out which other industrial codes should be
followed for specific activities.

Corrosion

Corrosion is the deterioration of a material, usually a metal, which results from a chemical
or electrochemical reaction thi its environment. Although steels made according to API 5L
requirements have the appropriate physical properties to serve as line pipe, they do not have
adequate additions of elements necessary to make them comesigtant. Therefore, they can
under@ a variety of corrosion modes because of interactions with internal and external
environments. For a detailed discussion on corrosion, please refer to Apgenddetails of
CorrosionRelated Design Considerations.

Corrosion Considerations in Pipeliesign

NACE SP010&2006 deals with methods for controlling internal corrosion of steel pipelines.
Sections 1 and 2 of the standard praghicevide a general background and some term definitions.
Section 3 describes pipeline structure design. It saysvtiext designing a pipelinthe purchaser
and producer must negotiate the quality specifications of the liquid being transported because the
impurities in the liquid can significantly affect measurement, operation, pipeline efficiency, and
corrosion of thepipe. However, liquid corrosiveness cannot be determined by these predicted
impurities alone. In general, pipelines carrying pure petroleum or petroleum products are not
subject to internal corrosion, but industry experience has shown that water andootbsive
impurities can unintentionally enter the pipeline during operational upsets and accumulate in low
spots despite liquid quality monitoring that shows adherence to quality standards. It is the presence
of water that largely leads to corrosion t#ed pipelines carrying petroleum or petroleum products.

In addition, salts may deposit and absorb water, creating a thinmgitditm on the steel surface.

The standard practice says that because of the complex nature and interaction of the inapurities,
corrosive condition can exist even if the concentration of the impurities may be low. The types of
corrosion that occur due to the presence of impurities are listed in Appendix C of the NACE
standard practice document. That appendix is provided withiggon in Appendix- of this
report for the readerds gener al i nformati on.
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When corrosion occurs, it leads to physical deterioration of the pipe as a result of thinning,
pitting, hydrogen embrittlement, or stress corrosion cracking (SCC). SCC is apsitimatvhich
corrosion is acceleratdaecause of physical stress that is applied to the pipe. If corrosion is
anticipated, then mitigation methods should be considered, such as increased pigging, use of
corrosion inhibitors, internal coating of the pipeli(usually an epoxy paint or other plastic liner),
or a combination of those methods.

Design consideration should also be given to control the flow velocity within a range that
reduces corrosion. The lower limit of the flow velocity range should be lwatewill keep
impurities suspended in the liquid to minimize accumulation of the impurities at points in the line.
The upper limit of the velocity range should be one in which erosion, cavitation, or impingement
of particulates on the pipeline walls is kép a minimum. For this reason, intermittent flow
conditions should be minimized because as the flow slows, the impurities can settle onto the pipe
surface. This can also happen because of turbulence or stagnation associated with a change in line
diameteror dead endso they should be avoided in the system design. The system should also be
designed to eliminate air entry because the presence of oxygen can increase corrosion rates.
Chemicals such as corrosion inhibitors, oxygen scavengers, and bioades employed to
reduce corrosion as well. If serious corrosion problems are anticipated, internal coatings can be
used, especially if coating methods allow for coating weld areas. Alternatively, an inner tubing
liner can be used to provide corrosion petiten, in which case the steel piping provides the
strength to handle the pressure of the fluid.

When corrosion problems are anticipated, and especially when cormokibiting
chemicals are used, the system should include corrosamitoring facilites to evaluate the
effectiveness of the corrosion mitigation metho@dsrrosiormonitoring facilities may include
pipe spools, gas or liquid perturbation methods (field signature), or hydrogen probes. According
to the standard practice, details of the aasicorrosionmonitoring methods are listed in NACE
publication 3T199NACE International, 2012)A summary of corrosion considerations detailed
in NACE Standard Practices is presented in TableMonitoring may include iline inspection
(ILI), in whichcase the pipeline should be designed to accommodate the inspection tools.
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Table 25. Corrosion Considerations Detailed in NACE Standard Practices

Corrosion
Detection and
Measurement
(described in
NACE Section 4)

Because corrosion primarily occurs where water accumulates, predicting these location:
good method for targeting local examinations such as inspection, monitoring, and samp
Visual inspection is done by opening a section of pipeline to obserreahmaterial damage
Types of corrosion such as etching, pitting, and elongation of attack are noted. Wall
thicknesses are measured, positions and sizes of attack noted, and the existence of any
or corrosion under depositientified Samples ofleposits are retrieved for later analysis.
The use of properly located coupons (small pieces) of steel or probes inside the pipe ca
be used to determine existence, types, and rates of corrosion to expect. Care must be t:
place the coupons amdobes in such a way that pigging operations can still be performed

Methods for
Controlling
Corrosion
(described in
NACE Section 5)

1 Periodic line cleaning with pigs in conjunction with other corrosion mitigation measure
such as chemical inhibition amghydration are most commonly used. Pigging helps to
remove settled water, corrosion products, loose sediment, and waxes that can sometit
shield the corroding areas from the protection provided by chemical inhibitors.

1 Because most corrosion occurs wheater is present, dehydration of the fluid being carrit
can significantly reduce corrosion inside of the pipeline. Deaeration to remove oxygen
use of oxygerscavenging chemicals can reduce oxidation issues. Other gases can be
removed using strippgerand scrubbers.

9 Numerous types and formulations of corrosion inhibitors that are added to the fluid bei
carried in the line are also commercially available. The most important factor in choosi
inhibitor is to understand the probable corrosion mroband work with the supplier to
choose an appropriate compound.

1 Internal coating of pipelines can also be considered as an internal corrosion control m«
They may be used in selected areas that are probable candidates for corrosion. They
includeepoxies, cement, plastics, or metallic compounds. Performance is dependent o
suitable surface preparation and cleaning and appropriate application practices.

Evaluating the
Effectiveness of
Corrosion Control
Methods
(described in
NACE Section 6)

One mapr method is the use of coupons and probes for determiningdiated changes in
corrosion conditions. Another method for measuring how well corrosion control methods
working includes fluid sampling and chemical analysis to determine if a changedwased
in the corrosive medium being transported. Visual inspection of solid contaminants and
changes in weight or volume of corrosion products removed from filters is also useful.
Periodiccorrosionmonitoring using magnetic, electronic, ultrasonictamiographic methods
may also be helpful. Measurements of changes in fluid pressure drop along sections of
may also indicate the formation of deposits.

Operation and
Maintenance of
Internal Corrosion
Control Systems
(described in
NACE Section 7)

This describes the frequency of pigging operations, along with descriptions of inhibitor
injection operations and inspecting internal coatings.

Corrosion Control
Records
(described in
NACE Section 8)

This states that for design considerations the foligvahould be recorded:

1 Analysis of the liquid, including impurity content

1 Pipe size, wall thickness, grade, flow velocity, line size changes, internal coating, and

9 Considerations for treatment such as dehydration, deaeration, chemicals, internal coa
andcorrosionmonitoring facilities

The following should also be recorded on detecting, controlling, and evaluating corrosiol

problems and operations maintenance:

1 Visual inspections by qualified personnel whenever a piping system is opened

1 Inspections and tests of probes, coupans othercorrosionmonitoring devices such as
samples, chemical analyses, bacteria results, and internal inspection tool runs

1 ILI of line-cleaning pig rungncluding date, type of pig, and amounts of water and solids
removed by location

1 Name and quantity of inhibitor, biocide, and other chemicals used

9 Leak and failure records
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External Corrosion

The best wayt épanpgell d meentcorros-penf osmagcesc o:i
of the steel aPhNnNAQE t-BPBLGFrHnes emtts met hods &

achieving effective control of external corro
syst(eNmsClHt ernati ohlaé, m@ORA89Jds and practices are
underground or submerged metallic structures.
insul ating coatingGP €hecstandhrdedbasi anican
met hods based on injection of chemicals into
coatings, or onPthnec ausseemeonft .n oTnhaed hsetraendd ar d al s o
the many types of cobry osmader grscswred peixpoeelrii reensc.
di fferent types of corrosion that <can occur |
underground environmEnt is offered in Appendi ;

Coatings to Inhibit External Corrosion

The function of coatings is to control corrosion by isolating the external surface of the piping
from the environment, to redu€#requirements, and to improve the cathodic current distribution.
Coatings are usually applied to piping materials at th@ifatd areas of the pipe that will not be
heated during welding of the pipe, as shown in FigxeThe areas of the pipe that are affected
by heat during welding need to be coated in the field after welding so that they are also protected
from corrosionNACE SP0162013 provides standards to be followed for the different types of
coatings.

EERC JA51390.CDR

Figure40. Epoxy-coated steel pipeline.
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The desired characteristics of coatings used for corrosion protection are as follows:

Effective electrical insulation

Effective moisture barrier

Good adhesion to the pipe surface

Applicable by a method that will not adversely affect the properties of the pipe
Applicable with a minimum of defects

Ability to resist the development of holidafdisbonded areas) with time
Ability to resist damage during handling, storage, and installation
Ability to maintain substantially constant resistivity with time
Resistance to chemical degradation

Ease of repair

Retention of physical characteristics

Nontoxc to the environment

Resistance to changes or deterioration during storage or transport

=4 =4 =8 -8_8_9_9_95_4_-2_-2._-2=-_-2-°

Cathodic Protection

In addition to coatings, CP should be used to reduce external corrosion of steel pipelines.
NACE SP01622013 describes the criteria for Gigsign and installation of CP systems, control
of stray currents, and operation and maintenance of CP systems. However, it does not describe
very well the underlying mechanisms of CP; therefore, we summarize that information here.

Steel lines, as previolysmentioned, tend to be the most utilized type of pipeline for olil, oll
emulsions, and gas gathering. These steel lines are generally externally coated with protective
wrap to inhibit oxidation and corrosion of the material. Oxidation and corrosion are
electrochemical processes caused by moisture in the environment of the iron metal, causing it to
transform from a metal, Fe, to an oxide,®< This iron oxide is commonly referred to as rust.
Three conditions must be present to establish an electrochemlidhlat will cause corrosion:

1 Presence of two different metals, one actinghascathode and one as the anode

1 Presence of an electrolyte acting as a pathway for the flow ofa@iediom one metal to
the other

1 Presence of an additional electricahoection between the twuoetals to complete the
circuit

In the case of steel pipe, these two different metals can be two dissimilar spots within the
same pipe that possess slightly different electrical potentials. The flow of electrons in the
electrolytewill always proceed from the anode to the cathode, with the anode being corroded.

CP offers an alternative (or perhaps a complementary measure) to protective wrap. There

are two types ofCP. passive and impressed current. In pas§i® the steel is ptected by
attaching a sacrificial metal anode which corrodes more readily than the steel, as illustrated in
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Figure4l. The driving force for th€P current is the difference in electrode potential between the
anode and the cathode. These sacrificial anoeded to be monitored and replaced periodically to
ensure propeCP. While sacrificial anodic protection can be utilized on short pipelines, this tends
to be ineffective on larger systems. This type of protection can and is frequently used on steel
connedbns in HDPE and other types of pipelines.

In other larger steel line systems, where this sacrificial passive CP is not adequate, the
pipeline can use an external source of electrical direct current (DC) power to drive the anodic
protection circuit. Inhis type of system, a DC voltage is used to enhance the strength of the anodic
protection by energizing the electrons from a larger bed of anodes, and this is then applied across
the pipe. The energizing of the electrons is accomplished through use ofsvkmatwn as a
rectifier to convert alternating current (AC) to DC. In this scenario, the anodes are not necessarily
anodic to the steel pipeline but rather are, in fact, naturally cathodic to the steel and if wired to the
pipe without the impressed curtemould actually cause enhanced corrosion of the pipe. With the
addition of the DC from the rectifier, the polarity of the material is reversed, and this causes the
materials to become anodic to the steel. However, these anodes do not corrode as in passive
systems as the oxidation reaction is usually another reaction, such as of oxygen or chlorine
evolution, and the anodes are then not consumed (ASM Handbook, 2003).

Insulated Wire

'.' .'. i Y, A SOIi o'-l '.o.:' 'o, o’ . . '.
Buried Coated 7/ ° 2 Thermit Weld W
Steel Pipeline

Prepackaged Magnesium
Anode in a Porous Cloth
Bag with Bentonite Clay

Backfill

EERC BF51398.CDR

Figure4l. lllustration of passiv€P of a pipeline (ASM Handbook, 2003).
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Passive sacrificial anodes differ from impressed current cathodic protection (ICCP) anodes.
Typically sacrificial anodes are of materials of magnesium, zinc, or aluminum, with magnesium
being extensively used for bed soil applications. Many of the magnesium anodes commercially
available in the United States come in a package of clay, as shown in Eiguféis clay
packaging ensures the anode has an environment that will allow the anode to corrode in a consistent
and reliable fashion (ASM Handbook, 2003). ICCP anodes come in a variety of materials, and
selection is dependent on the application. The selection of the type and deSigisystem is
typically performed by companies which specialize in this activibyydver, several examples of
how to specify and design a system are given in the ASM Handbook (2003).

ICCP systems can also be utilized to monitor the system integrity by identifyingupdpe
coating irregularities or holidaysheredisbanding occursexpaing the steel underneath to the
environment and, therefore, potential coroosactivity.

Chemical Maintenance for Corrosion Control

Another method of corrosion control that is sometimes utilized for steel pipelines is the
addition of chemicals that mpanhibit corrosion activity. Several different types of corrosion
inhibitors and methods of application are available. Inhibitors can be of a cathodic and/or anodic
nature to the steel pipe. Some inhibitors such as phospbasesl chemicals are used nbibit
the corrosive aspects of oxygen. Amine compounds are used to reduce corrosion by hydrogen
sulfide and carbon dioxide.
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CONSTRUCTIONCRUDE OIL AND PRCEIWW/ATEGATHERING PIPELINE

Pipeline construction comprises several steps, each with its own unique relationship to
pipeline integrity and longerm service life. For each step in the pipeline construction process, the
following section provides a summaoy what might be considered best practices for pipeline
construction and installation and the observed current practices by pipeline operators in the
Williston Basin.

The basis for fAbest practiceso was establi
discussions with pipeline industry participants. The sources reviewed pertained to pipelines that
fall under PHMSA jurisdiction as well as traditional water and wastewater pipelines. Regardless
of the pipeline project, many of the best practices relatdcetmh construction, bedding, pipe
placement, ashbackfilling are quite similaand are generally followed with variation by company,
site conditions, or regulatory requirements.

The following description of current practices and how they compare to compractices
is based on several field visits to pipeline construction and operation sites, conversations with
pipeline operators, as well as information provided by stakeholders about their pipeline operations
in the Williston Basin.

Currently, NDAC43-02-03-29 addresses underground gathering pipeline construction with

onl vy i mited gui dance and | anguage. Wi t h re
underground gathering pipelines must be devoid of leaks and constructed of materials resistant t
external corrosion and to the effects of tran
Api pelines installed in a trench must be i nst
agriculture, road and utility construction, the introdmctof secondary stresses, the possibility of
damage to the pipe, and tracer wire shal/l be
Regarding backfilling, Ait must be backfilled

andpreventsdamgae t o t he pipe and pipe coating from e
In generalthese requiremeset forth an expectation of performance but lack detail related to
how the objectives are to be achieved.

Initial construction activities: Thiswould include both preconstruction activities such as
securing easements, surveying the pipeline ROW and centerline, and locating other utilities that
may be in the pipeline R@, as well as clearing and grading of the pipeline ROW to allow for a
safe working environment for equipment and personnel. Erosion controlsdvadas be put in
place during this phase.

These activities were not considered significant to the topic of pipeline spdlefore no
further discussion is provided regarding preconsimacctivities or clearing and grading.

Trenching: Prior to actually digging the trench, topsoil is stripped and stockpiled separately
from other excavated material such that it can be replaced as a final step of the backfilling process
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or as a first sgg of reclamation. All information provided indicated that operators are stockpiling
topsoil separately.

With the topsoil removed, equipment is brought in to excavate the trench suitable for laying
the pipeline. Trench widths and depths will vary dependimdhe size and type of pipe being
installed. The trench is excavated with attention to maintaining a level, undisturbed bottom to
provide a solid and uniform support for the pipe once it is laid in the trench.

Trenches for gathering pipelines in the Mgitbn Basin are typically constructed by
excavation method as opposed to ploughing or the like and are performed using a tracked excavator
or similar piece of equipment.

Based on information provided by the various pipeline operators, specific trenching
requirements are being providedcontractorsThe trench itself is excavated to a depth sufficient
to meet each companyds minimum pipe cover reqlt
48 to 96 inches, and minimum pipe cover requirements raoge4? to 84 inches. Trench width
requirements are largely dependent on the size of pipe being installed, with as little as 6 inches
minimum pipe/sidewall clearance and, in some cases, a trench width no less than 36 inches.
Requirements regarding the minimwlearance between the pipe being installed and other utilities
were most often reported as 24 inches, but it was as little as 18 inches in one case.

The following bullets summarize areas that warrant extra attention during the trench
construction and lang-in process. Many of these practices are currently being specified and
performed by pipeline owngbut deserve to be emphasize

1 Pipeline trenches should be dug to allow for the pipeline to rest on undisturbed native soil
and provide continuous suppaalong the length of the pipe, while still providing
satisfactory cover. Trench bottoms should be free of rocks, debris, trash, and other foreign
material. If a trench bottom is overexcavated, the trench bottom should be backfilled with
appropriate matel and compacted prior to installation of the pipe to provide continuous
support along the length of the pipe.

1 Trenches should be dug sufficiently wide to provide a minimum of 6 inches of clearance
on each side of the pipe. Trench walls should be exedta ensure minimal sluffing of
sidewall material into the trench and provide safe entry into the trench by personnel.
Trenches greater than 4 feet in depth that will require entrance by personnel should have
sloped or stepped sidewalls.

1 Topsoil shoulde stripped from the pipeline ROW and stockpiled separately from subsoil
for later use. Subsoil from the excavated trench should be stockpiled separately from
previously stripped topsoil.

1 Cover depths should be a minimum of 4 feet from the top of theégtpe finished grade,
with a preferred depth of cover more in the range of 6 to 8 feet. Depth of cover is of
importance for both impact to the pipe itself as well as insulation from freezing
temperatures. This is especially important when a pipelimansgorting freshwater and
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brine but may also be an important consideration to reduce the exposure to freeze/thaw
cycling conditions

1 Clearance between the pipeline and other underground structures should be a minimum
of 12 inches, with greater clearanaissirable.

T Alt hough not specified in the ACurrent Pr
entire process is important (this would include during shipping and unloading). In all
phaseswhether it be during transport, stringing, joining, or lowegin, handling of the
pipe in a manner to minimize stresses and eliminate physical damage to the pipe is critical.

1 Overall, current trenching and pipeline installation practices, although they vary from
company to company, appear to be consistentsuitind practices.

Pipe stringing and bending The stringing and bending phase involves laying out pipe
sections in the ROW next to the trench and bending sections to match the contour of the trench
bottom. Bending is only performed when steel pgoaid. Plastic, composite, and fiberglass pipes
all bend under their own weight to match the trench bottom cowntithin manufacturesupplied
limits.

All information provided and limited observations by the authors indicated that the pipeline
installation corpanies and the operators understand the importance of proper handling of pipe in
the field. It is important when stringing pipe to handle the pipe in a manner to avoid damaging the

pipe.

Pipe joining, coating, and inspection The next step is joining th@pe sections that have
been staged along the trench. In the case of steel pipe, the sections are welded together by certified
welders. For nonsteel pipe such as poly, composite, and fiberglass, the joints are made with
applicable methods such as thermalding, solvent welding, etc. In some instances, nonsteel pipe
is laid in the trench, and joints are made in the trench.

After steel pipes are welded, the joints are coated to minimize external corrosion. Since steel
pipes are fabricated with an outematiag (except at the ends), the entire pipe is now covered in a
protective coating. No additional coatings are applied to nonsteel pipes.

Although inspections occur at numerous points during the pipeline construction process, the
joining phase is particatly important. For nonsteel pipe, the inspection of joints is a visual
assessment &rsure a satisfactory joint has been made. For steel pipesegrimage of the joints
is generated to verify a satisfactory weld has been achieved. It is also imponantorm the
necessary inspections angtay examinations of the risers that connect the pipeline to the-above
ground infrastructureThe frequency of joint xaying is dictated by either regulation or project
specification.

Again, information providedy pipeline operators regarding their standard practice for

joining, coating, and inspection of joints demonstrates a recognition of proper installation
procedures. Field observations were only able to be made on plastic and compositngipes
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thesecasest he |j oi ning process was performed i n a ma
procedures.

A more thorough description related to the various pipe joining and coating methods is
provided in the Material Selection for Crude Oil and ProducatEWwGathering Pipelines section.

Lowering pipe in and backfilling: In some nonsteel applications, the pipe would have been
lowered in prior to the pipe sections being joined. Special care should be taken during thedowering
in process to support the piping properly so as not to induce excess stresses on the pipe or the
joints and weaken it or cause damage to the outer surface of the pipe.

With the pipe in the trench, the backfilling process begins. The backfilling process
technically involves fourtages although they may be performed in what seems like a single
process. Figurd2 aidsin the understanding of the backfill process.

The first stage of the backfilling process is referred to as bedding the pipe. In this step, a
proper bed is preparedrfthe pipe. Often the native undisturbed trench bottom is considered
adequate bedding for the pipeline, although in some cases contract specifications or regulatory
requirements dictate that a specific bedding material (usually a sand or uniform agdvegate
placed in the trench bottom prior to laying in the pipe.

Significant variability exists among various standards and procedures on the topic of bedding
requirements. In general, published pipeline construction requirements (included PHMSA/DOT)

donotr equire specific bedding, but rather defer
support along the entire | ength of the pipe.o
ASTM D2321.
Final Backfill - e
Secondary :
Initial Backfill Kidistlipen
| Primary S AL -
Embedment= | itial Backfil &~ Spring Line
Beddmg———~i

oo Ui e

Haunch

EERC BS51513.A1

Figure42. Cross section gdipeline trench and backfill labels (Plastics Pipe Instit20€9).

90



In the strictest definition of bedding, respondents indicated that bedding of pipelines is not
done. That is to say that a specific material in the trench bottom for the pipe to ipéolasdnot
used. Some indicated that they use excavated material free of rocks and other debris for bedding,
although it would appear that these responses are actually not referring to bedding in the strict
traditional sense but instead initial backfill.

The next step is primary initial backfill, and this is typically considered to be placement of
backfill material (typically debridree native material from the trench excavation) from the trench
bottom or top of the bedding material to the centerlingpoing line of the pipe. In this phase,
proper attention is given to ensure sufficient backfill material is placed in the haunches of the pipe
as this is a key area of longrm support for the pipe.

After primary initial backfill, the pipeline is fultovered with backfill material to a specified
depth of cover above the pipe (often 6 to 12 inches). This step is referred to as secondary initial
backfill. These three steps combined are often called embedment.

In all cases, backfill material was descrilzedexcavated material free of rocks (of varying
size limits). Initial backfill material typically had smaller rocks removed than final backfill (if
specified, usually greater than 2 inches in diameter). Initial backfill was often described as being
placedin lifts ranging from 12 to 24 inches, and on rare occasions, mechanical compaction is also
specified (but not a specific compaction requirement). The initial backfill was often specified to a
depth above the pipe ranging from 6 to 24 inches.

The last stp in the backfilling process is final backfill. As the name implies, this is the
process of backfilling the remaining depth of the trench with native excavated material.

Final backfill requirements also specify removal of rocks, albeit larger rockslanedl
than in initial backfill (i.e., greater than 12 inches). Material is often placed in lifts, and
occasionally mechanical compaction is specified, but more often compaction requirements are
more associated with a surface settlement requirerdentpart of many pipeline easement
agreements, attention is also given to maintaining a-freekmaterial near the surface prior to
topsoil replacement.

Specific topsoil placement and reclamation requirements are most often specified in the
individual easemeniggeements with the landowner. In general, the topsoil is removed of rock and
placed on top of the final backfill.

The following bullets are a summary of areas that warrant extra attention during the
backfilling process. Many of these practices are cugdming specified and performed by
pipeline owners but deserve to be emphasized

1 The use of excavated material as the backfill material should be satisfactory, assuming
rocks and foreign debris are removed from the material when placed in the trench,
especially in the initial backfill. Some stakeholders indicated the need to impoificspe
material for bedding of the pipe. Although this may be ideal, it would most certainly be
costly and logistically challenging.
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1 Special attention should be paid to the adequacy of the native trench bottom to provide
full support to the pipeline as wals initial backfilling in the haunch area and around the

pipe.

1 Generally speaking, during the entire backfilling process, material placed in lifts with
some form of compaction at the time of placement provides better support for the pipe
and will settleand shift less in the future, reducing the potential for damage to pipes and
joints.

1 Some stakeholders did advocate the use of mechanical devices such as shaker buckets to
ensure suitable material is placed during the backfill process. Although tlikelys
accurate, it may be inappropriate to dictate the method used to prepare backfill material.
However, specifying amaximumsize of rock in the initial backfill is important.

1 In general, backfilling procedures are consistent with sound practices, Agiications
are that pipeline construction issues that would raise concern are a function of execution
or workmanship and not design.

Horizontal directional drilling : The use of horizontal directional drilling (HDD) has been
used widely in the Willisto Basin in areas where traditional trench construction is not possible or
less feasible than HDD, suesunder waterways, lakes, and wetlands as well as certain roads. As
described in brief by thelandbook of Polyethylene Pigelastics Pipe Institute, 29), the HDD
process begins with boring a small, horizontal pilot hole under the crossing obstacle (e.g. a
highway) with a continuous string of steel drill rod. When the bore head and rod emerge on the
opposite side of the crossing, a special cutter, ¢a@léack reamer, is attached and pulled back
through the pilot hole. The reamer bores out the pilot hole so that the pipe can be pulled through.
The pipe is usually pulled through from the side of the crossing opposite the drill rig. Since no
information was obtained that would indicate HEiBstalled pipelines were a direct cause of spills
and leaks, this topic is not discussed in detail in the current report. However, operators that use
this pipeline installation method should perform adequate due didgendche design and
installation phase of a project using HDDetwure that the processllows pipeline manufacturer
recommendations.

Where pipelines are to be constructed in or near environmestailitive areasuch as
wetlands and other small surface waterbodies, special consideration should be given to the
construction of these pipelines. HDD may be the most appropriate construction method to reduce
surface disturbances. In addition, other measures may bantetrtoersure the impact to these
areas are minimized in the case of a leak.
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Key Finding and Recommendation

Observation: Someareas of the Williston Basin present unique challenges related to the
construction of pipelines in or near environmentabysitive areasuch as wetlands and other
small surface waterbodies.

Finding: Although no specific information was provided or observed regarding the current
construction practices specific to wetland and small surface waterbodies, these areas warri
special consideration during pipeline construction.

Recommendation Horizontal directioal drilling may bethe most appropriate construction
method to reduce surface disturbances. In addition, other measures may be wargasted to
the impact to thesareas are minimized in the case of a leak.

Pipe integrity testing: Upon completion of backfilling, the pipeline is presstested at
pressures higher than MOPs with water or air to ensure the pipe, joints, and fittings can operate
without leaking. Ifdone with water, this is referred to as hydrotesting.

Pipeline integrity testing is discussed in greater detail in the Crude Oil and Produced Water
Gathering Pipeline Maintenance and Inspection section.

Reclamationt With pipeline integrity testing compks the pipeline ROW is reclaimed to
restore the work area to its original condition (or as close as possible). The typical process for
reclamation involves recontouring the ground surface to original grade, replacing topsoil
(stockpiled separately duringenching), preparing the topsoil for reseeding vegetation, and
reseeding.

An area not specifically described in the pipeline installation process but vitally important is
inspection. Inspection operations are part of every phase of pipeline constbastigmactices.

Currently, most if not all operators require some form of inspector supervision during
pipeline construction. The inspector may be a direct employee, a contracted employee, or an
independent company employee.

Additional Remarks

Based ondescriptions provided, documented installation requirements provided, and
installations observed, it appears that pipeline projects are specified using appropriate construction
methods and, in some cases, strict requirements similar to PHMSA pipelirerdsamaformation
compiled indicates that deficiencies, when encountered, are in the execution of these installation
requirements. This section highlights the pipeline construction steps that warrant special attention
by operators and pipeline installers énsure pipelines are meeting performance and integrity
expectations.
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The role of the inspector during pipeline projects is by most accounts the most critical of
every aspect of this section. The inspector, with the sole responsibility of ensuringcapienifi
adherence, has the potential to identify and prevent potential problems that could develop into
pipeline leaks in the future.

Given the large number of pipeline projects in the Williston Basin and the geographic extent
of the projects, supervisionf construction and installation of pipelines is most effectively
accomplished by either thuplarty inspectors or specific company inspectdfge role of these
inspectors must be to verify that pipeline contractors are installing pipelines in accomlidnce
construction specifications, with no regard for the financial implications of stopping work to
rectify problems.

In addition, DMR may consider the implementation of state inspections of pipeline
construction projects. State inspectors would servedlee of validating that the contractors
companyinspectors and thirdparty inspectors are performing the work in accordance with
construction specifications and that construction personnel are qualified to perform assigned tasks.
This would also requir¢ghe establishment of regulatory authority such that the state inspectors
could enforce adherence to construction specifications.

Key Finding and Recommendation

Observation: Based on information gathered from pipeline operators, we conclude that th
general description of their pipeline construction process is similar to pipeline constructio
requirements for PHSMAegulated and other traditional pipelines. Bedding requirements
seemed to be an area where great variability exists. In general, pdigipekne construction
requirements (included PHMSA/DOT) do not require specific bedding, but rather defer to
| anguage such as Aémust provide adequat
notable exception to this exists in ASTM standard ASTR821.

Finding: Many North Dakota pipeline operators are already employing wickdgl,
appropriate standards in gathering pipeline installation. This indicates that prescription of
practices is nathe primaryfactor in the North Dakota pipeline dpitecord. It does NOT,
however, guarantee that these standardalways followed by contractors and subcontracto
in the field.

Recommendation The state may consider implementing construction standards consisten
with practices being followed by mawperators and currently required for larger, federally
regulated transmission pipelines. It would be the responsibility of theghitgl inspectors to
ensure compliance with state construction standarabstate inspectors would serve the role
of verifying that thirdparty inspectors were maintaining adequate oversight of the project.
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CRUDE OIL AND PREIWWATEBATHERING PIPELINGENNTENANGEND
INSPECTION

The complexity of oil, gas, and produced we
are completed and miomepesgygtsit@msarmred mmaiomtl € manc e
not regulated by the state of North Dakota, 8
best practice i nspection and mdehbBgegaemat irco
mai ntenance of these gathering |lines requires
the inspection, maintenance, and engineering

Maintenance systems that daailitate reliablecommunicabn of inspection finéhgs and
their required remediation process®sappropriatedepartments andesponsible partiesan
significantly improve effectiveness of the mechanical integrity progwedaded complexity is
introduced when gathering systems are operated possessiligegipeade of different materials,
requiring different maintenance procedures.

While each company develops its own maintenance routine based on line material and fluids
collected, almost all companies perform some form of visual inspection reatigeg from a
dedicated individual to ride the lines daily, scheduled aerial inspections, visual inspection as part
of traveling between job sites, and even unmanned aerial system (UAS) inspections. Beyond that,
there appears to be no systematic maintenancgrgmo that is universally applied by all
companies.

This section will discuss a few of the more wddlveloped and most routinely used
maintenance techniques which will be divided into the two most utilized pipeline materials: HDPE
and steel.

Corrosion Protection

Corrosion protection is both a design feature of most corrodible pipelines and pipeline
connections and is also a maintenance issue. Maintenance of anticorrosion features must be
conductedover the lifetime of a pipeline system. This includes replacement of consumable CP
plates and consistent supply of anticorrosion chemicals added to pipelined fluids. This was
discussed under a previous section pertaining to corrosion design of pipetinggteerefore, not
repeated here.

Hydrostatic Testing

Hydrostatic testing is an industryand regulatory communigiccepted practice for
evaluating the integrity of both newly constructed angarvice (existing) pipelines. The purpose
of hydrostatidat est i ng i s to either eliminate any defe
sustain its MOP or to show that no such defects exist (Kiefner, 2001). Hydrostatic testing consists
of raisinga pipelingd pressure level above normal operating presso look for the occurrence
of any pipeline failurecausing defects. If any defects result in failure and are subsequently repaired
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(eliminated) or if no failure occurs because no such defect exists, a safe margin of pressure above
normal operating presire is demonstrated. In its application to new pipelines, the practice is often

used to validate pipeline integrity and/or identify manufacturing flaws in pipeline materials
(including pipe sections, joints, valves, meters, and other ancillary systeansgges incurred

during material transport prior to pipeline constructiostallation, and damages or performance
degrading defects incurred during installation. ASME B31.4 calls for each newly installed liquid
pipeline to be hydrostatically tested to 3 fmes its MOP. It is important to note the difference

bet ween MOP and ASMYSO (specified minimum yie
which a pipe will undergo permanent deformation. For {sigangth steel pipelines, SMYS is

typically 52,000psi. Depending on a variety of factors including pipe size and material(s) of
construction, pipelined product type and haza
the pipeline vicinity population density), MOPs can range from 40% to 80% of SMYS

Hydrostatic testing of existing pipelines can be especially beneficial in situations where
records, surveys, and other pipeline history documents are of questionable accuracy, unverifiable
as to source, and/or incomplete to the extent that concerisésl rgarding the safe maximum
operating pressure of the pipeline. Other reasons for hydrostatic testing of an existing pipeline
include the need to:

1 Assess the stability of pipeline defects that are impacted by hoop stress (internal pressure).

1 Validateor establish the pipeline MOP.

1 Requalify the pipeline after a location class change.

T Establish pipeline Asafety reassessmento i
1 Verify pipeline integrity after a pressure excursion above MOP.

In its application to irservice or existing pipelinebydrostatic testing essentially comprises:

9 Taking the pipeline (or a specific section of the pipeline) out of service.

1 Cleaning the pipeline. Depending on pipeline material(s) of construction (steel, plastic,
HDPE, etc.) and pipelined product (cruaie brine, oil water combinationsyifferent
cleaning methods are needed, ranging from

1 Filling the pipeline with water.

1 Raising the internal pressure of the pipe to a designated pressure or strgssftaved
to as Ahoop stresso).

1 Holding the pipe at or above the designated pressure for prescribed period of time, during
which the pipe is monitored (via a variety of methods) for integrity.

There are limitations, both technical and economical, taiieeof hydrostatic testing for
revalidating the integrity of an existing pipeline. Taking the pipeline out of service for the time
needed for test execution can sometimes be economically challenging, especially with single line
systems where no other viabproduct transportation scenarios are available. A key technical
l'imitation iIs the fact that-g@o hdgelviosde ati o tla
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weaknesses by causing ruptures or leaks, rather than indicating weaknesses by degecting
presence of corrosion or other potential faloaeising defects. A limitation that has both technical

and economic i mpl i-ppesdurdmopesatingps es bat e ar dittiesd o f
magnitude to generate high confidence in pipeline fitiegnay result in numerous breaks or leaks.

For this reason, it is important to establish a test pressure that appropriately balances the benefit of
establishing the maximum safety margin with the cost of dealing with any failures resulting from
testing &too high a pressure.

Hydrostatic testing has been used for identifying and eliminating defects in existing pipelines
since the early 1950s, when Texas Eastern Transmission Corporation and Battelle used it as the
basis for rehabilitating the War EmerggriRipelines and converting them to natural gas service.
Prior to testing, the pipelines exhibited numerous failures due to original manufacturing defects in
the pipe. After testing to levels of 1%d0 109% of SMY$® during which hundreds of test breaks
occured (and were repairedl)not one manufacturing defecaused irservice failure was
observed. Over the last 60+ years, key learnings acquired (from field experience and laboratory
tests) regarding the benefits and limitations of hydrostatic testing include

1 The higher the test pressure, the smaller will be the déféfcemyd that survive the test.
The essential corollary to this is that the higher the test pressoperatingpressure
ratio, the more effective the test.

1 Longitudinally oriented pipe matal defects have unique failure pressure levels that are
predidable on the basis of the axial lengths and maximum depths of the defects and the
geometry of the pipe and its material properties (Kieamet others1973).

1 With increasing pressure, defedh a typical linepipe material grow by ductile tearing
prior to failure. If a defect is sufficiently near to failure, this ductile tearing will continue
even if pressurization is stopped and pressure is held constant. The damage created by
this tearingcan be severe enough such that after pressure release and subsequent
repressurization to a level below test pressurepifiemay fail (McAllister, 2015). This
is referred to as a i;Krefaesandiothersl988)v er sal 0 ( E

1 A test may ke terminated short of the initial pressure target, if necessary to limit the
number of test breaks (failures), provided the MOP guaranteed by the test islalecept
to the pipeline operator.

Because an inherent feature of hydrostatic testing is thefrigipeline failure in the form
of uncontrolled releases of energy, water, and possible pipeline contaminants that represent health
and/or environmental hazards, comprehensive planning and effective communication (to
potentially impacted citizens) of tesibjectives and execution requirements is needed to minimize
risk to public health and safet@f key importance to effective hydrostatic testing is establishin
if and when it should be dorad at what test pressure. According to pipeline integrity siseed
experts Kiefner and Maxey, if an existing pipeline is suspected to contain defects that are becoming
larger with time in service and these thaependent defects can be reliably located with an ILI
tool, using the tool is usually preferable to hydatis testing (McCallister, 2015). However, ILI
tools are not always viable, especially in pipeline systems with numerous internal diameter
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changes (such as many gathering line systems) that increase the difficulty of tool movement
through the line. Alsoaording to Kiefner and Maxey, if hydrostatic testing is to be conducted to
revalidate the serviceability of a pipeline suspected to contairdépendent defects, the highest
feasible test pressure level should be used (McCallister, 2015). Althougty tasthe highest
feasible pressure will establish the highesssible safe operating pressure and/or rule out as many
defects as possible, testing at a pressure beyond what is necessary to achieve safe operability
objectives has the potential to resualtnumerous failures, each of which represents a repair cost.

For this reason, hydrostatic test planning and objective setiug include a review of all
available data and information regarding the subject pipeline history, especially including any
references to corrosierelated leaks and/or damages.

Hydrostatic testing of existing-service pipelines presents unique challenges not associated
with new pipeline testing. Several of these challenges are briefly described below:

1) The line must be takeout of service for an extended period of time, which may require
advanced planning to deal with the interruption in pipelined product flow. If available,
large water storage systems can be used to minimize the time associated with water fill
and discharge.

2) The line may have multiple internal diameters, wall thicknesses, and grades that
complicate pipeline cleaning and/or test design and execution.

3) The line must be cleaned prior to water filling. Cleaning is important for several reasons,
including the posibility that the pipeline may contain healtand/or environment
degrading contaminants, which, if released along with test water during a,fedute
contaminate the environment and potentially pose a health threat. Depending on pipeline
type (brine versus crude oil) and ficompl ex
diameter variations, and numerous other features that impact cledifiicglty),
different cleaning regimens are required. Because brines essentially comprise minerals
dissolved in water, brine pipelines are typically easier to clean than crude oil pipelines,
since effective cleaning of brine pipelines can often be aetliava water flushing,
whereas water flushing of crude oil lines may not be as effettd@use othe
differences in watebased and hydrocarbdrased chemistries. Simply put: oil and water
do not mix well. For this reason, crude oil and crudiewatercombination pipelines are
often best cleaned using gigised techniques; however, the presence of multiple internal
diameter changes in many gathering line systems can make pig use challenging.

4) The cleaning process may generate hazardous waste strestnredihire permitted
handling, transportation, and disposal.

5) Discharge of test waters to ground may not be allowed, and test water handling and
disposal may be subjea environmental regulations.

6) In situations where an existing pipeline is in closexpnity to the public, notifications

and evacuations may be needed, since leaks and ruptures can be disruptive and/or
hazardous. Testing (the intention of which is to improve safety) may heighten rather than
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abate public interest and concern if importarfbimation regarding the test is not
communicated properly. Venting and purging of pipelined product(s) in preparation for
testing can be mistaken for evidence of pipeline damage and leaks, which can translate to
public alarm.

Hydrostatic testing of exigg pipelines comes with risks to the public as well as workers
associated with test execution. During testing, access to exposed and pressurized piping and test
equipment should be limited to only employees needed to execute the test. Special attaution s
be given to worker and public safety during the deqanesation and dewatering stelpscause of
the combination of temporarily installed equipment operating in a large pressure/energy
containing system undergoing a planned, controlled pressureferdegse, which has the
potenti al to result in Ajumpingo of unsecured
risks is provided below:

1 Buried pipeline failurei Failure may result in water breaking the ground or paving
surface and subsequentagion could occur in steep areas and/or loose soils. Pipeline
contaminants could be released into the environment if containment and mitigation
strategies are not adequately planned and executed.

1 Exposedipeline failure In addition to the risks assated with buried pipelines, failure
of an exposed pipeline has the potential to subject people and equipment to an intense
energy release in the form of a water blast.

1 Publicsafetyi Hydrostatic testing in populated areas exposes the public to thenpipeli
failure impacts described above. Based on test pressure to be used, test pressure as a
percentage of SMYS, and pipeline material(s) of construction and known history, safety
zones should be established and patrolled during testing to prevent pubfis. doce
situations where safety zone enforcement may be constrained and/or inadequate,
barricades, barriers, and blast mats may be needed.

1 Worker safety i The Interstate Natural Gas Association of America (INGAA)
Construction Safety Consensus GuideliiePr e ssur e Testing (Hydr ¢
Safety Guidelines, o offers a comprehensi ve
to workers.

General guidelines for hydrostatic testing of steel, plastic, and HDPE pipes are briefly
summarized below.

1 Forsteel pipe, the test pressure utilized is generally 1.24 to 1.4 times the MOP for 4 hours.
1 For plastic pipe, the pressure testing is also dependent on the particular pipe material and
must be below the pressure rating of the pipeline component witlovilest pressure

rating in the test section.

91 For HDPE pipe, the pipe will expand to some degree with pressure, and this must be taken
into account. Therefore, testing comprises a tistep process:

99



T In Step 1, the pipe is filled with water, the air allowedent, and the pipe allowed to
equilibrate without positive pressure for 60 minutes. The pipe is then pressurized to
the specified test pressure. As the pipe expands slowly, more water is added to
maintain the specified pressure for the first 30 minuae80 minutes with the pipe at
the specified pressure, the pipe is valved off and allowed to relax for 90 minutes. This
is recorded as the residual test pressure. If the residual pressure is greater than or equal
to 70% of the specific test pressure, piiyge has passed,; if it is less than this, the pipe
has failed the test because of a leak or too much air in the line.

T In Step 2, the residual test pressure is reduced by 10% to 15%, and the volume of water
removed recorded. A calculation is performedd&termine if the amount of water
removed is less than the maximum allowable volume at the specified temperature and
pressure. If the volume of water removed is more than the calculated maximum, the
pipe fails the test, typically because of too much ainéline, and Steps 1 and 2 must
be repeated.

T During Step 3, after the pressure in the pipe has been reduced in Step 2, the pressure
should rebound slightly and then hold constant. If the pressure shows a continuously
falling pressure, the pipe has fail&tep 3 because of a leak (Plastics Pipe Institute,
2013; Kiefner, 2001).

Pneumatic Testing

Pressure testing with gas rather than liquids is another method of leak and strength testing
but requires more cargecause othe inherent potential energy incampressed gas versus a
practically inconpressible fluid such as watdPressurizing water to 500 psi will decrease the
volume by approximately 0.16%, a very slight reduction. Compressing air to the same 500 psi will
decrease the volume to approximate§Slof volume of air at atmospheric conditipging the
compressed gas a much higher decompression energy. This can lead to explosive decompression
in a pipe leak/failure that can cause serious damage to the pipe as well as the surrounding area and
peronnel. PHMSA states that pneumatic testing is rarely performed on pipelines that have a MOP
of 100 psi or greater for this reason. In some cases, the location may dictate the use of pneumatic
testing for a specific case. Costs for compression in pneubaatiog can be higher and more
complicatecbecause ofeaching the desired pressure in stages when compared to hydrotesting.

When pneumatically testing pl ast iPoeurpaticoe, t h
testing should not be considered unless one of the following conditions exists:

1 The piping system is so designed that it cannot be filled with &lliqu

Or

1 The piping system service cannot tolerate traces of liquid testing medium (Plastic Pip
Il nstitute). o
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If it is determined that a pneumatic pressure test is the only viable option féDRE
pipeline, the Plastic Pipe Institute recommends the following procedural test structure:

The pressurizing gas should be nonflammable and nontoxic.

T

Restrainti The pipeline test section must be restrained against movement in the event of
catastrophic failure. Joints may be exposed for leakage examination provided that
restraint is maintained.

Leak test equipment and the pipeline test section showadrained before pressure is
applied to ensure that connections are tight, necessary restraints are in place and secure,
and components that should be isolated or disconnected are isolated or disconnected. All
low-pressure filling lines and other items soibject to the leak test pressure should be
disconnected or isolated.

Leak Test Pressur@ For pressure piping systems where test predsuitng
components or devices have been isolated, removed, or are not present in the test section,
the maximum aflwable test pressure is 1.5 times the system design pressure for a leak
test duration of 8 hours or less. If lower presgated components cannot be removed or
isolated, the maximum test pressure is the pressure rating of the lowest prateslire
comporent that cannot be isolated from the test section. Leak test pressure is temperature
dependent and must be reduced at elevated temperatures.

The pressure in the test section should be gradually increased to not more thati one

of the test pressurthen increased in small increments until the required leak test pressure
is reached. Leak test pressure should be maintained for 10 to 60 piimene®duced to

the design pressure rating (compensating for temperature if required), and maintained for
such ime as required to examine the system for leaks.

Leaks may be detected using mild soap solutions (strong detergent solutions should be
avoided) or other nondeleterious ledétecting fluids applied to the joint. Bubbles
indicate leakage. After leatlestirg, all soap solutions or lealetecting fluids should be
rinsed offof the system with clean water.

If leaks are discovered, the test sectisndepressurizedbefore leaksare repaired
Correctly made fusion joints do not ledkeakage at a butt fusionijg may indicate
imminent catastrophic rupture. Depressurize the test section immediately if butt fusion
leakage is discoveretleaks at fusion joints require the fusion to be cut out and redone.

If the pressure leak test is not complebedause ofeakaye, equipment failure, etc., the
test section should be depressurized and repairs Madetest the test section, it should
remain depressurized for at le8stours.

Typical gases that may be used in testing for strength pneumatically include agemitr
and methane. One advantage that pneumatic testing has over hydrostatic testing is the mass of the
materials used to pressure test. Liquids such as water have a significantly higher mass than a gas
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such as air. Vertical changes in elevation with wai#rincrease the pressure at the low point by
approximately 0.433si per foot of rise. Therefore with a HDPE pipeline rated for 150 psi
maximum allowable working pressure (MAWP), full of water, the change in height cannot exceed
346 feet or the low potrwill exceed the MAWP when the high point is at atmospheric pressure.
Utilizing a gas to pressure test will not have this isand the entire length of pipeline being tested
will remain at a constant pressure throughout.

Pigging

A common maintenancedthnique used in steel linasd, less frequentl\{IDPE lines is
pigging. Pigging is defined by NACE as fAthe o]
devices (scraper, sphere of flexible or rigid plastic) through a pipeline for the purpose of cleaning,
chemical application, inspection,ormease ment 06 ( Nati onal Associati o
2006). A pig is the device that is transported through the pipeline. Pigs come in many different
varieties, such as utility pigs for routine cleaning operations, geometry pigs for dimensional
inspectims, and inline inspection pigs or smart pigs for more complex inspections such as
corrosion identification. Figuré3illustrates three common types of pigs: a poly foam pig bottom
left, unibody cast polyurethane pigs upper and lower right, and a stedtehamart pig in the
center:

1 Poly foam pigs are generally used for cleaning and light scouring or abrasion work. These
pigs have the benefit of being levost, flexible, and able to transit tight radius bends as
well as transitions in pipeline dimensions such as at steel connections on some HDPE and
composite pipelines.

Key Finding and Recommendation

Observation: Hydrostatic testing is an industrgnd regulateaccepted practice for evaluating
the integrity of both newly constructed anesigrvice pipelines. It is applicable to all types of

pipelines although the details of test procedures may vary by pipeline type and material of
construction. Theurpose of hydrostatic testing is to force a failure caused by any defects 1
mi ght threaten the pipelinebds ability tc

Finding: North Dakota pipeline safety may be enhanced by ensuring that hydrostatic tests
conducted according toanufacturer recommendations on all pipelines initially upon
installation and upon pair of an installed pipelin@eriodic hydrostatic testing on-gervice
pipelines presents logistical challenges and may shorten pipeline lifetimes, significantlgan
operational costs, and increase pipeline system dowdtatidor unquantifiable increases to
pipeline integrity assurance.

Recommendation North Dakota DMR shouldonsider a requirement to providssurance of
completed hydrostatic testing accordingrtanufacturer recommendations on all neinbtalled
or newlyrepaired liquid gathering pipeline segments.
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1 Unibody cast polyuretharstyle pigs can be outfitted with multiple disks and are
generally used for cleaning, separation of liquids, removal of water, removal of paraffin
buildup, application of internal coatings, batching of corrosion inhibitors, etc.

1 Steel mandrel pigs are generally used as smart pigs, a more compheoltatiing
device such as for corrosion detection.

1 Smart pigs are battemyperated and outfitted with numerous measurement devices for
corrosion detection, geometry sensing, anelpig integrity.

All pigs must be inserted into the pipeline using pig launchers, as shown in &gUree

pig is removed from the pipeline using a very similar device, called a pig receiver, with fluid flow
in the opposite direction.

EERC JA51389.CDR

Figure43. lllustration of pig types.
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Figure44. lllustration of a pipeline pig launcher system.

General Cleaning Pigs

Pigs are an effective tool for pipe cleaning and can assist in corrosion conteohdwying
contaminants in the pipe such as water that has settled out in low areas, dirt and other loose
materials that may aid in localized corrosion sites, and corrosion products and waxes that may also
aid in producing local corrosion sites. In most HD&&l composite pipelines used for brine
transport, pigging can also prevent buildup of salts and loose material such as sand from flowback
that may cause an overpressure situation to occur, damaging pipe integrity. Cleaning pigs can be
outfitted with abraise materials such as wire brushes or scrapers to help in removing materials
adhering to the internal pipe.

Through surveys of gathering line operators, construction contractors, producers, and
engineering firms, it was found that the majority of gattgetines in the Bakken are designed
without the ability to use pipeline pigs for cleaning, maintenance, and inspection. While pigs are
used on longer and larger PHMS8@gulated interstate pipelines, this is not the case for most
gathering lines. It is podiated that the smaller diameter, shorter length of the lines, nonuniform
diameter, and the number of-ties and junctions have led most gathering line designers, builders,
and operators to forego the extra costs involved in making them accessible thapggs.
PHMSA-regulated lines tend to have more uniform diameter over longer lengths, which is more
amenable to running pigs for cleaning and inspections. Frequently, in gathering lines, the lines are
shorter in length and will consist of segments of vagydiameters.

Additionally, joining techniques for gathering lines of HDPE and composite material can be,
but are not necessarily, areas of reduced diameter which can limit the type of pigs that can navigate
through the unions. Foam pigs have the ahtiitgavigate tight radius turns and to compress when
subjected to smaller diameter regions of the pipe. However, too much compression and abrasion
by reducing unions can damage the foam pig and diminish its effectiveness for cleaning. Most
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other styles opigs do not possess this ability to navigate redtacheter pipe sectionsvhich
limits their use in many gathering line situations.

Monitoring the material that is removed and the condition of the cleaning pig after a routine
cleaning can help to idefyt frequency required for maintenance cleaning to ensure pipeline
integrity.

Smart Pigs

Smart pigs come in several variations such as ultrasonic, magnetic flux, and geometry
sensing. Two common types of ultrasonic pigs are compressive wave and shedestiag.
Compressive wave ultrasonic tools (UT) for ILI use transducers to propel an ultrasonic wave in a
direction perpendicular to the pipe wall. The UT tools are equipped with sensors to record and
measure the signal return from both the internalexternal surface. In this fashion, the tool can
determine the speed through the pipe wall and, subsequently, the pipe thickness and any variations
in the pipe wall as it moves down the line. Wish all ILI tools, location sensors are critical to be
ableto locate any potential problem areas after the tool has been removed from the line. For UT
ILI tools to function correctly, a clean wall surface is needed, and these tools are generally
preceded by a cleaning or scraping pig.

The second type didiltrasonic ILI tool is the shear wave UT, sometimes referred to as
circumferential ultrasonic testing {GT). This type of ILI tool is used for detecting longitudinal
defects and cracks. These types of defects tend to be perpendicular to the maintbegsipén
which is the hoop stress. To account for the longitudinal nature of these defects, the ultrasonic
pulses are propelled in a circumferential direction. The shear wave is manifested by angular
transmission of the ultrasonic pulse through a liquatlimm such as oil or water, with the angle
of incidence made to saéh the propagation angle of 4i°the pipe. As in UT, the device carries
sensors to record the returning signal and determine defects in a similar fashion.

Magnetic flux leakage (MFLILI tools use an applied magnetic field that is induced in the
pipe wall between the north and south poles of magnets on the ILI tool. If the pipe wall is without
defects, the induced magnetic field produces a homogeneous magnetic flux distributiors. Defect
in the pipe wall will result in a change in this distribution. The ILI tool is equipped with sensors
that detect, measure, and record this magnetic flux pattern. Here again, the ILI tool must have
location sensors for finding the locations detected dieetool is removed and the data
downloaded.

As with the UT ILI tools, MFL tools also have a circumferential measurement tool known
as a transverse flux inspection (TFI) tool. In this design, the magnetic field is turned and oriented
circumferentially anduses the same principle as the MFL ILI tools. A TFI ILI tool can be useful
for detecting defects in weld seams and SCC that cannot be detected with other means.

Geometrysensing tools are tools that typically have mechanical arms that follow the bore

of the pipe to measure its shape and determine defects such as dentsodimdund areas. These
tools can also find changes in welds and wall thickness. Here again it is necessary for the device
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to have a means of determining location and recording tfasmation for later download once
the ILI tool is removed from the pipeline (U.S. Department of Transportation, 2014).

Chemical TreatmerBased Pipeline Cleaning

The use of hydraulic fracturing techniques developed in oil and gas shales over the last
deade haopened up an enormous amount of oil and gas reserves in the United-Stataslic
fracturinginvolves injecting a large amount of water into the underground shale formation at high
pressure that induces fracturing of the shales, increasingrthatfon permeability and, therefore,
its ability to flow oil and gas. The water injected into the formation is generally freshwater that has
been treated with specific chemicals such as biocides and surfactamtacture fluidscan also
be previouslyused watefrom prior operations (flowback watdhat has been treated to remove
undesirableonstituents

Produced watetypically contairs many salts, including calcium chloride, sodium chloride,
magnesium chloride, potassium chloride, sulfates, lbaceates, bacteria, and other materials
specific to the formation geology. When the water reaches the surface, the temperature and
pressure will change, evolving gas that will change the pH of the solution ediliettivelyaffects
the solubility of the d&s and the ability to retain suspended solids. The changing conditions allow
for precipitation of materials onto pipeline surfaces.

Pipelines that carry flowback and produced water generally do not run full at pressure and,
therefore, will have areas tdsser velocity and lower pressures, again allowing deposition and
scale formation of brine material onto the surface of the pipe. Carbonate scale deposition is
generally aciesoluble, while sulfate scale formations &asgely acidinsoluble. Treatment ith
acid solutions is one way carbonates are removed along with mechanical means such as pigging.
For the sulfate formations insoluble in acid, chelating solutions are used to break up the scale and
remove it along with mechanical means such as piggingh@ti@nd others, 2011; Nergaard and
Grimholt, 2010).

Most crude oils transported in pipelines co
0.2 to 5volume percent, which is why crude oil pipelines can experience mineral scale deposition
and corrogn issues primarily associated with water pipelines. Crude oil pipelines also become
fouled with organic scales resulting from-odntained paraffins, naphthenes, naphthenic acids,
asphaltenes, and other higtolecularweight organics, which can build um internal pipeline
surfaces and impede flow to the extent that their removal is required to sustain pipeline operation.

The most common method for pipeline cleaning is pigging (Wylde, 2011). Although
removal of scale (both inorganic and organic) carefected by pigging alone, in many cases
scales can become compacted on internal pipe surfaces to the extent that pig movement is
restricted, resulting in less effective cleaning. In some cases when organic materials are deposited
on steel pipeline wallsnoisture is trapped underneath the fouling deposit, resulting in localized
areas of corrosion that can be hard to detect
smart pi gbs diagnostic capability.0 Kdrhet hesse
chemicals along with cleaning pigs) is increasingly being employed to break up, soften, and
transport deposits, which is especially important prior to inspection with smart pigs.
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Cleaning chemicals include acids or chelating solutionsefooral of carbonate and sulfate
scale formations from produced water pipelines and mixtures of surfactants for dealing with the
often more complex deposition problems associated with crude oil pipeBnésctants are
As urdatcieve o ¢ he mihe sulfage teénsiom tor ihterfacal tension) between two
liquids or between a liquid and a solBurfactant functionalities/properties of value to pipeline
cleaning include the ability to effect wetting, formation of emulsions, solubilizadispersion,
and detergency, as briefly described below

1 Wetting reduces the surface tension of a material so that it can be more easily suspended
in arother material. For pipeline cleaning, wetting agents are typically used to help
remove hydrocarbodeposits from o#wet scale, thereby allowing access to inorganic
materials beneath.

1 Emulsifiers enable the formation of a stable emulsion (mixture of two or more immiscible
liquids) and are used in pipeline cleaning to keep materials removed from &haegip
wall from downstream redeposition.

1 Solubilizers are chemicals tldatvhen used at sufficiently high concentratiénsan
effectively bring otherwise insoluble materials (like hydrocarbon and water) together into
an apparent solution, which is helpfaltransporting removed materials out of a pipeline.

1 Dispersing agents help to keep insoluble particles from aggregating and becoming larger
particles, which is needed to ensure against particle growth to the extent that particles
become too large and haafor suspension, drop out of the cleaning solution, and
redeposit.

1 Detergents remove particles from a surface, and detergency is needed to mobilize
hydrocarbon phases after wetting to remove them from the pipeline wall (Wylde and
Slayer, 2010).

Various companies have developed pipeliteaning solutions that offer some or all of the
above functionalities, depending on the specific cleaning application for which the solution was
formulated. For example, a pipeline carrying a highatility crude oilwith high contents of
dissolved gases and water will likely sustain formation of deposits with a different chemistry than
a pipeline carrying a lowolatility crude with high asphaltene and low water contents. Both of
these pipelines will likely differ irdeposit chemistry from a pipeline carrying briny produced
water. While solvents and surfactdrgised pipelin€leaning solutions can be used with or without
cleaning pigs, cleaning effectiveness is typically increased with pigs.

Although chemically asdied pigging is a relatively new and stileveloping approach to
pipeline cleaning, procedures often comprise an initial injection of surfamdget cleaning
solutionfollowed by injection of wateand use of a pig to push the cleaning solution and water
through the pipe. Procedures may also utilize mixtures of aromatic solvents and cleaning solutions.
Foll owing recovery of initially injected cl et
removed from the pipeline wall) at the end of the pipeptbdrash can be weighed (or otherwise
guantified) and analyzed. Analysis is important because it can provide information regarding the
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occurrence and extent of any pipeline corrosion. Depending on the ani@igptrash recovered

after the initial cleaimg solution injection, another run can be made using the initial or an adjusted
cleaning solution recipe, with additional runs performed as needed to achieve the desired level of
cleaning.

The following pipelinec | eani ng Acase hi e 204)) pravides insaghkte n f r
on the execution, logistics, and equipment requirements of chemically assisted pigging. An
approximate Znile-long, 10-inchrinsidediameter carbon steel crude oil pipeline was needed to be
brought back into service after being imuodlled for several years. A legislative directive required
determination of the pipelinebds integrity (vi
8000 barrels/day of a mixture comprising 60% water and 40% heavy crude. Based on substantial
knowledge of pipeline deposits that had been acquired via intelligent pigging conducted prior to
mothballing, it was determined that the pipeline would need to undergo extensive cleaning prior
to integrity determination to ensure the effectiveness of thentred intelligent pigging operation
(i .e.., to ensure that the intelligent pig wou
material deposited on the wall). To achieve the necessary cleanup, &tdgeehemically
assisted pigging strategyas devised, comprising:

1) Preflush with 300 gallons (about 14 barrels) cleaning solution, followed by 5400 gallons
(129 barrels) treated seawater and a Abr us

2) Cleaning Run 1 with 3000 gallons (71 barrels) aromatic solvent, followed by 1000 gallons
(24 barrels) cleaning solution, followed by 9000 gallons (214 barrels) treated seawater
and a brush pig.

3) Cleaning Run 2 with 1000 gallons (24 barrels) aromatic solvent, followed by 2500 gallons
(60 barrels) cleaning solution, followed by 22,500 gallors6 (Barrels) treated seawater
and a brush pig.

Large deposits were removed during the preflush, and during the first cleanitigerentire
30-foot trap was filled with trash. A further 20 feet of material had to be removed before the brush
pig could beetrieved. Following the final cleaning stage, smaller volumes of trash were recovered.
Figure 45 shows the brush pig as it emerged following Cleaning Rufiglire 46 shows the
intelligent pig utilized for integrity determination following completion of the tkstgye cleaning
operation. Had the integrity determination been attempted without first cleaning the pipeline, it is
likely that the information acquired witthe intelligent pig would have been inadequate to
establish the pipeline condition and comply with the legislative directive.
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Figure45. Brush pig after emerging from Cleaning Run 2.

Figure46. Intelligent pig after integrity determination run following thhgtage chemically
assisted pigging operati®mote cleanliness.
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