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Drezr Mr. Walker:

BI® Exploration {Alaska} Inc. is pleased 1o transmit a final report “Pipeline System

Alernatives — Liberty Development Project Conceptual Engineering”, prepared by

INTEC Engineering, Inc. This report consists of a binder containing the original

draft report dated November 1, 2000 and our response to comments from third

party reviewers and agencies on that draft report. For ease of reference, we have also

included copies of these comment letters in the binder. We understand that MMS
- will provide copies of this final report to interested agencies.

Submirttal of this document is the final stage of a significanct effort invested in
analyzing various pipeline design alternatives for the Liberty project. Due 1o
concerns raised during the Northstar permirting process, BPXA agreed to prepare a
conceptual level report investigating design alternatives for the offshore segment of
the Liberty sales oil pipeline. The scope of this report was originally preposed by
BPXA in April 1999. Subsequently, based on the results of facilitated | Interagency
discussions, you provided more direction rcgardmg an expandcd repoOrt scope in a
letter to us dated July 6, 1999. We also agreed it was appropriate to have the report
reviewed by a third party. You retained Stress Engineering Services to conduct this
review.

We submitted the draft report to you on November 1, 1399, and you received

comments on the report from the U1.5. Fish and Wildlife Service on December 3,
1999 and from the Corps of Engineers on December 23, 1999 and December 30,
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1999, The Stress Engineering third party review was completed on March 7, 2000,
On March 17, 2000 you issued a letter to us requesting response to your comments,
to Stress” third party review, as well as comments from the Corps of Engineers and
from the U.5. Fish and Wildlife Service.

In our response to agency and third party comments, our major goal was to provide
useful information for review of alternatives. This has been a significant
undertaking. We have not before participated in a project which sought 1o provide
this level of information regarding engineering design of alternatives. We believe
that, through this process, the public and the agencies have a significant information
base to consider in reviewing, commenting, and making decisions about the project.

We believe this final report is responsive to agency and Stress comments. In
particular, we took comments regarding possible bias very seriously, and strove o
eliminate any appearance of bias in our report. In addition, we have been careful 1o
explain how possible failure mechanisms were tdentified and analyzed equitably
among alternatives,

One important component of our response to comments is an Addendum to the
report which addresses major substantive issues. Included in che Addendum are
additionzl analyses of alternatives assuming a constant burial deprh and assuming all
alternatives are constructed in a single season. In addition, the Addendum provides
an expanded discussion of secondary containment provided by pipe-in-pipe designs.

At the conclusion of this process, it is apparent that selection of the best pipeline
design alternative must be based on a balancing of multiple factors, This reporz
shows that any of these alternatives can be successfully designed. All of the
alternatives show extremely small probabilities of 2 release of oil ro the
environment. The secondary containment provided by pipe-in-pipe designs provides
a slight reduction in this already very small level of risk under cerrain
circumstances. However, these pipe-in-pipe designs are also more complex 1o install,
inspect, and repair, and cost more.

Based on a comparison of relative risk for each altermative, costs, and on our
experience with the practicalities of constructing, operating, and maintaining
facilities in the Arctic, we have decided nor to alter our Development and
Production Plan to chose a different pipeline design, and remain confident 1n our
selection of a heavy single walled pipeline.
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If you have any questions or need additional information, please call Karen
Wuestenfeld at 564-5490.

Sincerely,

Peter T. Hanley, Manager Pgge
HSE-Alaska

Attachmemnt
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MMS L etter of March 17\", 2000

Request #1: We request BPXA provide a thorough explanation as to why different depths of
cover were selected for the various pipeline systems.

Response #1: All pipeline systems have been conceptually evaluated against the most pressing
environmental loadings (ice gouging and upheaval buckling), with the 7-foot of depth of cover as
abasis. Based on thisevaluation, it appeared some of the pipeline systems could safely have the
depth of cover reduced and still satisfy upheaval buckling and other loading requirements. The
report philosophy was to treat each alternative design as a potential actual project that might be
built. Reducing cover reduces construction time, reduces construction risk, reduces cost, makes
repair easier if necessary, and in some cases reduces pipeline loading (e.g. in some cases of
permafrost thaw settlement). In practice, a designer seeks to reduce these aspects if possible and,
thus, the necessary depth of cover has been assessed for each option. If depth of cover or wall
thickness, for example, are not determined based on performance requirements, there is no
apparent basis for objectively defining cases for subsequent environmental risk assessment. In
other words, as would be the case in actual design practice, the analysis sought to optimize
design factors to arrive at an overall optimized design. This has resulted in a reduced cover
depth for the other alternatives. Completion of this analysis would not preclude a subsequent
decision to bury any alternative pipeline deeper.

Thus, an Addendum to the Pipeline System Alternatives report has been generated (Attachment
A) which looks at a constant burial depth for all aternatives. This Addendum also addresses
single season construction for the pipe-in-pipe and pipe-in-HDPE alternatives.

Request #2: We request BPXA address the apparent disregard of the benefits of the PIP and PIH
to provide secondary product containment.

Response #2: The ability of the outer pipe to contain small leaks of the inner pipe has not been
discounted. All four pipeline aternatives are designed, at a conceptual level, to safely transport
oil from Liberty Island to shore. Two of the alternatives, pipe-in-pipe, and pipe-in-HDPE have
the ability to contain leaks of the carrier (or inner) pipe in certain conditions. These conditions
are such that the outer pipe remains integral while the inner pipe experiences a leak. The
corresponding failure mode is then corrosion of the inner pipe. This has been accounted for,
since the frequency of corrosion failure does not translate into an oil spill into the environment
for the double-walled pipe alternatives. See and compare Tables 5-14 and 9-2 of the Pipeline
System Alternatives report.
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More specificaly, Damage Category 3 in Table 5-14 has been split into 3 different types as
described in the footnotes associated with that table. In summary, due to the pipe-in-pipe
redundancy, the frequency of corrosion damage of the inner or outer pipe does not tranglate into a
spill frequency. In other words, Category 3 damage frequency in Table 5-14 adds up to 3x10™:
however, in Table 9-2, the corresponding entry for the Category 3 for the pipe-in-pipe is only
1x10* since the consequence of corrosion damage does not imply immediate spill to the
environment.

In the Addendum to the Pipeline System Alternatives report, further narrative has been added
addressing the potential benefits of secondary containment using pipe-in-pipe and pipe-in-HDPE
systems and Table 9-2 of the original report has been revisited.

Request #3: We request BPXA address single season construction for the PIP and PIH
alternatives.

Response #3: The implications of a single season construction for the pipe-in-pipe and pipe-in-
HDPE are presented in the Addendum to the Pipeline System Alternatives report. Recent North
Slope construction experience with the Northstar pipelines indicates that the pipeline was
completed approximately 2 weeks prior to an anticipated end of construction cut-off date for
Liberty. Given the added complexity of a pipe-in-pipe or pipe-in-HDPE system, engineering
judgement suggests that it would have been very difficult to complete such a system during this
year’s construction window. Therefore, even though the Addendum proposes a single season
scenario, thereis till significant risk of not completing either of these two alternative designsin
asingle season.

Stress Engineering Services Draft Final Report of March, 2000

The response to the comments, observations and issues presented by Stress Engineering Services
are presented in Attachment B.

MMS Comments on Pipeline System Alternatives — Liberty Development Project
Conceptual Engineering Report

The response to the comments made by the MM S are presented in Attachment C.
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Fish and Wildlife Service L etter of December 3rd, 1999

Issue #1, Secondary Containment - See BPXA'’s response to Request #2 of the MMS letter of
March 17th, 2000 (above). In the Addendum to the Pipeline System Alternatives report
(Attachment A), further narrative has been added addressing secondary containment using pipe-
in-pipe and pipe-in-HDPE systems.

Issue #2, Leak Detection - As part of the US Army Corps of Engineer stipulations for Northstar,
BPXA agreed to design, construct, operate and maintain a prototype leak detection system that
would be installed with the offshore pipelines. This system would have the ability to detect an
oil spill beneath current threshold detection limits (from PPA and MBLPC). The system design
had to be submitted and approved by the Corps prior to initiating pipeline trenching. INTEC
Engineering investigated a number of supplemental leak detection strategies for Northstar and
recommended the use of the LEOS system as it was considered the best available technology.
This system is currently being installed with the Northstar pipelines.

It should be noted that although the LEOS system is considered the best available technology, by
the time the Liberty pipelineis ready to be installed, another system may be identified that would
be considered the best available technology. This could partially result from lessons to be
learned from the Northstar installation and operation.

Issue #3, Pipe-in-Pipe Design - Pipeline system alternatives evaluated in the INTEC report were
the result of MMS and agency input at several meetings in 1999. Based on these meetings,
several pipe-in-pipe options were carried to the conceptual design selection process where the
preferred aternative was then carried forward for further analysis. This was agreed to limit the
number of options to be analyzed.

As pointed out in page 5-8 of the Pipeline System Alternatives report, the calculations assumed
that the inner and outer pipe had the same radius of curvature. In other words, the inner and outer
pipe acted as a unit with a stiffness equal to the sum of the individua pipeline's stiffness. If the
inner and outer pipe wall thickness was reduced, the stiffness of each individual pipe would be
reduced and, therefore, the overall system stiffness is reduced. For a given load condition,
pipeline strains would increase with a decrease in stiffness.

While assuming that both pipes have the same curvature is a valid approximation of the average
structural behavior under bending at the conceptual level, the loads between the outer pipe and
the inner pipe would actually be transferred at discrete points along the pipeline length where the
gpacers are located. The localized load transfer at spacers would magnify pipe bending strain at
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these locations. This localized strain increase would need to be assessed in detailed design and
the spacers designed accordingly.

Issue # 4, Single Season Construction - The implications of a single season construction for the
pipe-in-pipe and pipe-in-HDPE are presented in the Addendum to the Pipeline System
Alternatives report (Attachment A). However, even though the Addendum proposes a single
season scenario, there is still a schedule risk associated with completing the construction of either
of these two alternative designs in a single season. In fact, there is even arisk that a single wall
steel pipeline could not be completed in a single season.

Issue #5, Conclusions - See BPXA'’s response to Request #2 of the MMS letter of March 17th,
2000 (above). In the Addendum to the Pipeline System Alternatives report (Attachment A),
further narrative has been added addressing secondary containment using a pipe-in-pipe or pipe-
in-HDPE alternative.

Department of the Army L etter of December 23rd, 1999

An Addendum to the Pipeline System Alternatives report is attached (Attachment A). This
Addendum presents an analysis of a constant burial depth for all alternatives and addresses single
season construction for the pipe-in-pipe and pipe-in-HDPE alternatives. Further narrative has
also been added addressing secondary containment using a pipe-in-pipe or pipe-in-HDPE
alternative. Specific to concerns outlined in the DOA letter:

Pipeline Performance Standards (Paragraph 1, Page 2) — The pipeline performance standards of
minimizing the likelihood of oil entering the environment, and facilitating leak detection and
containment are further addressed in the attached Addendum (Attachment C).

Secondary Containment (Paragraph 2, Page 2) - Please see the response to Request #2 of the
MMS letter of March 17th 2000, and response to Issue # 1 of the Fish and Wildlife Service letter
of Dec. 3rd 1999. Further narrative has been included in the Addendum to the original report
addressing secondary containment using a pipe-in-pipe or pipe-in-HDPE aternative.

Pipe-in-Pipe Design (Paragraph 2, Page 2) - Please see the response to Issue # 3 of the Fish and
Wildlife Service letter of Dec. 3rd 1999.

Leak Detection (Paragraph 2, Page 2) - Please see the response to Issue # 2 of the Fish and
Wildlife Service letter of Dec. 3rd 1999. Additional narrative on leak detection in the annulus of
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the pipe-in-pipe and pipe-in-HDPE aternatives is provided in the secondary containment section
of the attached Addendum.

Construction Season (Paragraph 2, Page 2) - Please see the Response to Request #3 of the MM S
letter of March 17th 2000, and response to Issue # 4 of the Fish and Wildlife Service letter of
Dec. 3rd 1999. Further information has been included in the Addendum regarding a single season
construction for the pipe-in-pipe and pipe-in-HDPE alternatives.

Department of the Army L etter of December 30th, 1999

Again, the Addendum to the Pipeline System Alternatives report (Attachment A) provides further
narrative addressing secondary containment using a pipe-in-pipe or pipe-in-HDPE aternative,
including leak detection in the annulus. Specific to concerns outlined in the DOA letter:

Cathodic Protection (Paragraph 3, Page 1) — The use of cathodic coatings such as thermal
sprayed aluminum or discrete anodes for the inner pipeline has not been investigated at this
conceptual level. Stress Engineering, in their evaluation of the INTEC report, has suggested the
use of such protection but points out that the cathodic protection of the inner pipe could not be
monitored. As such, it could not be verified to be effective. Providing cathodic protection
between closely spaced metal components or on metal shielded by plastic is generally more
difficult than on the exterior of a single wall pipeline. The conceptual evaluation addressed
maintaining an inert environment of dry air, nitrogen, or a vacuum in the pipe-in-pipe or pipe-in-
HDPE annulus to limit the potential for corrosion.

It is pointed out in the Stress Engineering report (p. 18) that CFR 49 195.242 requires, “... atest
procedure that will be used to evaluate adequacy of the CP system” and “The code requirement
will not be waived and therefore it makes the design of the CP system the critical issue”. Stress
Engineering notes, “... the cathodic protection of the inner pipe could not be monitored”.

Leak Detection in the Annulus (Paragraph 3, Page 1) — The attached Addendum to the original
report further addresses leak detection in the annulus of the pipe-in-pipe and pipe-in-HDPE
system alternatives.

Leak detection within a pressure-tight, continuous annulus (e.g. pipe-in-pipe without
intermediate bulkheads) is in fact considered in the report as a highly reliable early warning
system for leaks (e.g. page 5-32). Details on annulus pressure monitoring procedures, gas
sampling, or fiber optic sensor systems would be determined during preliminary/detailed pipeline
design. These systems would be expected to be significantly more reliable than ice borehole
sampling and maybe slightly more sensitive or reliable than an external LEOS system.
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Leak Detection Technology (Paragraph 3, Page 1) — As stated on page 3-37 of the INTEC report,
a wide range of leak sensors and leak detection systems was researched (by INTEC) for the
Northstar project. Details were not provided in the Liberty Pipeline System Alternatives report
but are contained in the document, “Northstar Development Project, Prototype Leak Detection
System, Design Interim Report” (INTEC Engineering, 1999). Over 30 sensing technologies were
considered of the following generic sensor types:

* Chemical (Subseq)

* Electrica (Subsea)

* Optical Fiber

¢ Waél Logging Technology

* Acoustic

¢ Electromagnetic

* Soil Resistivity / Capacitance

This study came about as the result of the US Army Corps of Engineer stipulations for Northstar.
BPXA agreed to design, construct, operate and maintain a prototype leak detection system that
would be installed with the offshore pipelines. This system would have the ability to detect an
oil spill beneath current threshold detection limits (from PPA and MBLPC). The system design
had to be submitted and approved by the Corps prior to initiating pipeline trenching. INTEC
Engineering investigated a number of supplemental leak detection strategies for Northstar and
recommended the use of the LEOS system as it was considered the best available technology.
This system is currently being installed with the Northstar pipelines.

It should be noted that although the LEOS system is considered the best available technology, by
the time the Liberty pipeline is ready to be installed, another system may be identified that would
be considered the best available technology. This could partially result from lessons to be
learned from the Northstar installation and operation.

Risk Assessment Accounting for Secondary Containment (Paragraph 1, Page 2) — The risk
assessment did account for the benefit of secondary containment of the pipe-in-pipe system.
Please refer to the response to Request #2 of the MMS letter of March 17th and the attached
Addendum.

Risk Assessment Accounting for Increased Structural Integrity (Paragraph 1, Page 2) — The
increased structural integrity of the pipe-in-pipe system has been accounted for in the operational
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failure assessment (for example, see Subsections 5.9.1.2 or 5.9.1.3. However, the increased
structural integrity is coupled with the fact that the depth of cover is less than that for a single
wall steel pipeline. This results from the increased bending stiffness and reduced potential for
upheava buckling of a pipe-in-pipe system. The attached Addendum addresses a constant burial
depth for all alternatives.

Probability of Spill (Paragraph 1, Page 2) - The failure assessment sections of the report provide
narrative on and tables indicating the number of event occurrences during the project lifetime.
The probability of each category of leak is presented for the different environmental loadings,
failure mechanisms, and third party activities. The sections indicate which events would not
result in a spill to the environment (e.g. corrosion of the inner pipe only of a pipe-in-pipe
system). See also Response #2 to the MM S letter of March 17™, 2000.

Secondary Containment (Paragraph 1, Page 2) — The Pipeline System Alternatives report has
considered the effect of a pipe-in-pipe system when looking at pipeline system failure due to ice
gouging. It is expected that if an ice gouge event occurred and loaded the system to such an
extent that the carrier pipe failed, that event would also cause the outer pipe to fail. Secondary
containment is only effective when the inner pipe fails and the outer doesn’t — such as when there
is corrosion of theinner pipe only.

Expected Oil Leak (Paragraph 3, Page 2) — The rationale behind a leak rate of 97.5 barrels of oil
per day is presented in Subsection 3.8.4.1. The 125 barrels loss prior to detection is the result of
an assumed leak detection reading every 24 hours; 97.5 + 0.4 + 27 = 124.9 = 125 barrels. If the
final selection of a leak detection system on a pipe-in-pipe or pipe-in-HDPE system alows a
shorter leak detection reading time, then this volume may be reduced. Calculations have also
been carried out in Section 3.8.4.1 to arrive at the 27 barrels due to expansion of the oil in the
overland as well as the offshore segment of the pipeline.

Detection Response Time Along the Pipeline Route (Paragraph 3, Page 2) — No site-specific
calculations have been conducted to determine the LEOS response time along the Liberty
Pipeline route. However, LEOS is a commercially available leak detection system. It has been
used onshore and for river crossings for 21 years. The manufacturer estimates that the system
would be capable of detecting hydrocarbon concentrations resulting from leak rates as low as
0.3 barrels of oil per day for Northstar. The response of the system would be expected to be
similar for Liberty. The manufacturer has conducted a number of documented tests in the field
and the laboratory on the performance of the system in different soil conditions and water depths
to 400 feet. The manufacturer has estimated that a leak occurring farthest from the sensor tube
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(i.e. 180° opposite on the pipe circumference) would still result in the diffusion layer contacting
the sensor tube within 4 to 6 hours.

125-Barrel Oil Leak Applied to Pipe-in-Pipe (Paragraph 3, Page 2) — The medium leak volume of
125 barrels also applies to the pipe-in-pipe system. But, as previously noted, this volume will
vary with the specific system detection time. Soil conditions around any of the pipeline
aternatives will vary from dternative to alternative and will also vary aong the line. The
migration path of the oil outside of the pipeline system will depend on these soil conditions and
will change somewhat as a result. However, as the hydrocarbon molecules diffuse through the
water-soil matrix, the system response is not significantly affected by the tube position relative to
the actual leak location on the pipe circumference (and therefore visible migration pattern of the
oil). As part of the validation process of the LEOS system for Northstar, numerical simulations of
oil migrations in submerged soils saturated with seawater were performed. (“Northstar
Development Project, Prototype Leak Detection System, Design Interim Report”, INTEC
Engineering, Inc., July 1999). The effect of leak rate, soil type, and water depth were
investigated. Results indicated the oil would migrate into the surrounding oil and encapsulate the
entire pipe circumference, even when the leak in initiated at the outboard side of the pipe.

In the attached Addendum to the Pipeline System Alternatives report, further narrative has been
added addressing the potential benefits of secondary containment using pipe-in-pipe and pipe-in-
HDPE systems. Other factors which may be investigated in a detailled pipe-in-pipe leak
assessment may be the relative time between inner/outer pipe leakage and potential oil water
flow within the annulus.

Early Detection (Paragraph 3, Page 2) — It is correct that any aternative which could limit the
guantity of release such as by early detection would have less damage. The fact that a system has
an annulus, does not necessarily mean that detection of the leak will be any earlier. It does mean
that some leaks could be contained and detected. In the attached Addendum to the Pipeline
System Alternatives Report, further discussion is provided on secondary containment and annular
leak detection.
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Al

All

INTRODUCTION, SUMMARY, AND CONCLUSIONS
Introduction and Objectives

BP Exploration (Alaska), Inc. (BPXA) submitted a Development and Exploration Plan
(DPP) for its proposed Liberty Development in February 1998. As discussed in the
DPP, BPXA plans to produce sales quality crude oil at Liberty Island, located in Foggy
Island Bay, east of Endicott and about 1.5 miles west of the abandoned Tern Island
site. Liberty Island will be an artificial gravel island in approximately 22 feet of water
and will support a self-contained drilling and production facility.

According to the DDP, sales oil will be exported from Liberty Island through a 12-inch
oil pipeline, approximately 6 miles in the offshore segment and 1.5 miles in the
overland segment. The Liberty oil pipeline will tie into the existing Badami 12-inch
oil pipeline and flow through the Liberty/Badami/Endicott/TAPS pipeline network.

In 1999, INTEC Engineering conducted a study on behalf of BPXA to provide a
comparison of offshore pipeline system alternatives that could export sales quality oil
from the proposed Liberty offshore development. The study report (November, 1999)
presented:

¢ Subsea pipeline system design issues
* Design criteria

¢ |nstallation methods

¢ Construction costs

¢ Qperations and maintenance issues

e System reliability

¢ Leak detection system

¢ Comparison of the aternatives

The study is intended for use by the Minerals Management Service, (MMS) the U.S.
Army Corps of Engineers and other agencies participating in the Liberty Development
Environmental Impact Statement.

This Addendum to that report presents additional information in response to comments
made by the Mineral Management Service, the U.S. Fish and Wildlife Service, the
U.S. Department of the Army, and Stress Engineering Services. Stress Engineering
Services was contracted by the MMS to review the four candidate pipeline design
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concepts for the Liberty Development Project. This Addendum addresses the
following:

Implications of constant buria depth for al pipeline aternatives.

Implications of single season construction of all pipeline alternatives.

Implications for combined consistent buried depth and single season construction.

Secondary containment using pipe-in-pipe and pipe-in HDPE systems.

Al2 Executive Summary

Table A1-1 summarizes for al four pipeline system aternatives, the estimated costs
for a consistent (7 foot) buria depth, the estimated costs for a single season
construction scenario (original burial depths), and the estimated costs for a 7 foot
burial depth and single season construction.

TABLE Al1-1: COST COMPARISON OF PIPELINE ALTERNATIVESFOR
DIFFERENT BURIAL DEPTHS AND CONSTRUCTION SEASON SCENARIOS

Description Cost (Million $)
Single Pipe | Pipe-in-Pipe | Pipe-in-HDPE | Flexible Pipe

Original Report Alternatives 31 62* 50* 37
Relative Cost (%) 100 200 161 119
All Pipeline Alternatives with
7 Foot Cover Depth and Two
Season Construction Where 31 66 53 40
Necessary!"!
Relative Cost (%) 100 213 171 129
All Pipeline Alternatives with
One Season Construction and 31 55 46 37
Variable Cover Depths™
Relative Cost (%) 100 177 148 119
All Pipeline Alternatives with
7 Foot Cover Depth and One 31 59 47 40
Season Construction™
Relative Cost (%) 100 190 151 129

Notes: * Indicates this value has been changed as compared to the original report.
(4" Assumes pipe-in-pipe sub-alternative A.

Table A1-2 summarizes for all four pipeline system alternatives, the estimated damage
frequency and the subsequential oil spill in barrels of oil per damage category. By
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definition, there is no oil spilled into the environment for Category 1 and Category 2
damage. Category 3 damage (small/medium leak) resultsin 125 barrels of oil lost into
the environment for the single wall steel pipeline and flexible pipe. The pipe-in-pipe
and pipe-in-HDPE systems would release 25 and 62.5 barrels of oil respectively for
Category 3 damage, thus reflecting the benefit of secondary containment. All
aternatives would result in a spill of 1,567 barrels as the result of Category 4 damage.

TABLE Al1-22 COMPARISON OF OPERATIONAL DAMAGESAND
CONSEQUENCES OF FAILURE

Alternative Single Pipe Pipe-in-Pipe | Pipe-in-HDPE | Flexible Pipe

Category 1
Damage Frequency 3.1x 107 2.2x 107 2.2x 107 2.2 x 10%
(Project Life)

Environmental Oil 0 barrels 0 barrels 0 barrels 0 barrels
Spill Volume (bbls)

Category 2
Damage Frequency 1.2x 10° 1.2 x 10* 22x10°3 5.2 x 10°
(Project Life)

Environmental Oil 0 barrels 0 barrels 0 barrels 0 barrels
Spill Volume (bbls)

Category 3
Damage Frequency 1.3x 10° 28x107 M | 22x10°H 1.1x 10*M
(Project Life)

Environmental Oil 125 barrels 25 barrels 62.5 barrels 125 barrels
Spill Volume (bbls)

Category 4
Damage Frequency 3.0x 10" 21x10" 2.0x 107 2.1x 107
(Project Life)

Environmental Oil 1,567 barrels | 1,567 barrels | 1,567 barrels | 1,567 barrels
Spill Volume (bbls)

Note: ™ Pipeline failure is by an event causing both inner and outer containment to fail and
release oil to the environment.

Risk is the product of the frequency times the consequence of interest, in this case, oil
spilled into the environment. Table A1-3 shows the risk in barrels of oil spilled into
the environment and the relative risk among alternatives. As was estimated in the
original report, the pipe-in-pipe system with a 7 foot depth of cover hasarisk whichis
about 6 times less the risk of the single wall pipeline system. The pipe-in-HDPE
system has a level of risk comparable to the single wall steel pipeline. The risk
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associated with the flexible pipe is approximately 7 times greater than the single wall
pipeline. However, these values assume the integrity of the outer pipes of the pipe-in-
pipe or the pipe-in-HDPE system is not lost over time (even though they cannot be

Inspected).

TABLE A1-3: RISK (BARRELS) OF OIL SPILLED INTO THE

ENVIRONMENT FOR DIFFERENT ALTERNATIVES

Alternatives Single Wall Pipe-in-Pipe Pipe-in-HDPE Flexible Pipe
Risk (bbls) 2.1x10° 3.4x10* 1.7 x 103 1.4 x 10
Relative Risk 1 0.16 0.81 6.67

This Addendum also identified both benefits and drawbacks of using a pipe-in-pipe or
pipe-in-HDPE system for secondary containment. These are summarized below.

Benefits

The pipe-in-pipe and pipe-in-HDPE alternative could contain the oil released under
certain circumstances for certain types of small to medium sized lesks (e.g., inner
pipe corrosion but no outer pipe corrosion).

For other types of small to medium sized leaks, the outer pipe may reduce the
amount of oil spilled into the environment. For the pipe-in-pipe and pipe-in-HDPE
this amount may be reduced to 25 and 62.5 barrels respectively for certain events
(e.g., ice kedl gouging).

Drawbacks

The pipe-in-pipe and pipe-in-HDPE systems are designed with an overal system
reliability to meet acceptable levels of risk. However, the condition of the outer
pipe of the system cannot be monitored or inspected and is therefore unknown. If
the integrity of any one component of that system is not known, the integrity of the
system asawhole is not known.

INTEC concurs with the suggestion by both the MMS and SES in the SES Draft
Final Report (p. 18 and p. 19) that the outer casing would probably fail and that the
inner pipe should be designed asif there were no outer casing.

The cathodic protection (CP) system performance on the inner pipe of the pipe-in-
pipe system cannot be monitored. CFR 49 states that “a test procedure must be
developed to determine whether adequate cathodic protection has been achieved”.
This test procedure would be based on design conditions rather than direct field
verification.
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Al13

If there were aleak in the outer pipe, a significant amount of water could end up in
the annulus. This water could potentially travel 1000's of feet in the annulus. SES,
in their Draft Final Report, suggests that corrosion could begin in the annulus prior
to repair and drying. Therefore, a significant part of the pipeline length could be
damaged due to corrosion (1000's of feet) and the system could not be returned to
full integrity without replacing that segment of pipeline.

* A repair to the pipe-in-pipe system would return the pipe to near its origina integrity
but not necessarily al the way to its origina integrity depending on the repair
method used.

* Thecapita cost will be greater for pipe-in-pipe and pipe-in-HDPE aternatives.

* Both the pipe-in-pipe and pipe-in-HDPE are relatively more difficult to construct
than a single wall sted pipeline. During construction, there are issues such as
excluding moisture from the annulus. The complexity of the system will also affect
the construction schedule.

* The cost and complexity of repairs to a pipe-in-pipe or pipe-in-HDPE system would
be greater than those for asingle wall steel pipeline.

* |f there were ever a leak of oil into the annulus, cleanup and removal of that il
would be difficult because the oil would likely have spread over a significant length
of the annulus. Residual oil in the annulus may impair the leak detection system.

Conclusions

The different configurations and construction programs investigated for the
alternatives have different implications on the costs, risk assessment, and schedule.
Table A1-4 presents conclusions from this Addendum. Although the pipeline depth of
buria has been set equal for al the pipeline alternatives, normal design practice would
seek to reduce this aspect. Reducing cover reduces construction time, reduces
construction risk, reduces cost, makes repair easier if necessary, and in some cases
reduces pipeline loading.

As pointed out in the original report, there are additional construction issues with a
pipe-in-pipe and pipe-in-HDPE alternative such as additional welding and excluding
moisture from the annulus. In this Addendum, a single season construction scenario
has been assumed for these alternatives. Since the release of the origina report
(November 1999), the Northstar pipelines have been constructed and installed. Even
through a single season construction has been presented here for these alternatives,
lessons learned from the Northstar construction suggest there still would be significant
risk associated with the ability to complete the construction and installation of either of
these two design alternatives in a single season. Recent North Slope construction
experience with the Northstar pipelines indicates that the pipelines were completed
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approximately 2 weeks prior to an anticipated end of construction cut-off date for the
Liberty pipeline.

The pipe-in-pipe and pipe-in HDPE aternatives could contain or retard the amount of
oil released to the environment under certain circumstances. However, the overall
integrity of a pipe-in-pipe or pipe-in-HDPE system will not be known over the project
life and it has been suggested by external reviewers that the outer steel casing of a
pipe-in-pipe system will fail and that the inner pipe should be designed as if there were
no outer casing. Therefore, any containment effectiveness of a pipe-in-pipe or pipe-in-
HDPE system is conjecture.
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TABLE Al1-4: ADDENDUM CONCLUSIONS

Scenario Comments Preferred
Alternatives
Variable The single wall steel pipeline was found to have the Single Wall
Cover lowest risk of damage, lowest cost, and one of the Steel Pipeline
Depths highest probabilities of being completed in a single
season. It was considered to be the best aternatives
Origina for this application.
Construction
Scenarios
(Origind
Report)
7 Foot Increasing the burial depth to 7 feet for al the Single Wall
Cover original system alternatives results in the single wall Steel Pipeline
Depth steel pipeline being the preferred alternative.
Although there is a dlightly lower risk associated
Origina with the pipe-in-pipe and pipe-in-HDPE options|
Construction [(Table A2-24), there are significant differences in
Scenarios  [costs. This lower risk only applies if the integrity of
the outer pipe is known to be adequate. However,
the integrity of the outer pipes can not be monitored.
Origina Forcing all the origina aternatives to a single Single Wall
Cover season construction results in the single wall steel Steel Pipeline
Depth pipeline being the preferred alternative. Both costs
and risks (see original report) associated with this
Single aternative are lower.
Season
Construction
7 Foot Increasing the burial depth to 7 feet for al the Single Wall
Cover original system dternatives and forcing a single Steel Pipeline
Depth construction season results in the single wall steel
pipeline being the preferred alternative. Although
Single there is a dlightly lower risk associated with the
Season pipe-in-pipe and pipe-in-HDPE options

Construction

(Table A2-24), there are significant differences in
costs. This lower risk only applies if the integrity of
the outer pipe is known to be adequate. However,
the integrity of the outer pipes can not be monitored.
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A2.

A21

A2.2
A221

A221.1

IMPLICATIONS OF THE SAME BURIAL DEPTH FOR ALL PIPELINE
ALTERNATIVES

I ntroduction

This section of the Addendum is provided in response to concerns about the impacts of
optimizing the burial depth for each concept in the origina report. Key aspects of the
original report have been revisited, keeping the depth of cover constant at 7 feet for al
the concepts. This will permit a comparison of key aspects of the designs at constant
cover depth.

It should be noted that by making the depth of cover for al other pipeline system
aternatives the same as for the deepest case, the system designs become somewhat
arbitrary. For this reason, the original report evaluated the pipeline system alternatives
based on their individual design requirements

A comment has also been made by Stress Engineering (the nominated 3% party
technical reviewer) that the inner pipe of the pipe-in-pipe concept should have been the
same diameter and wall thickness as the single wall stedl pipeline. However, Stress
Engineering acknowledges that this effect is minor in comparison to the effect of
burial depth. Thisis addressed in Section 2.3. It is noted that pipeline system concepts
were selected based on agency input.

Trenching requirements, environmental loading, construction methodology, costs,
OMR (operations, maintenance, and repair), and leak detection issues have been re-
evaluated. Accordingly, the different failure assessments for each alternative have
been reviewed.

Single Wall Steel Pipeline
Structural Design

Pipeline Configuration

The optimized single wall steel pipeline option described in detail in Chapter 4 of the
original report had a depth of cover of 7 feet. Principal pipeline characteristics are
summarized below in Table A2-1. Thisinformation is repeated here to compare with
the other options.
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A2.2.1.2

A2.2.1.3

TABLE A2-1: PIPELINE CHARACTERISTICSFOR
THE SINGLE WALL STEEL PIPELINE ALTERNATIVE

Pipe OD (in) 12.75
Wall Thickness (in) 0.688
Empty Weight in Air (Ib/ft) 90.18
Empty Submerged Weight (Ib/ft) 32.72
Empty Pipe SG (w.r.t. Seawater) 1.57

Note: Pipeline weight includes nominal steel weight, FBE coating, and anodes.

|ce Kedl Gouging

Ice keel gouging was addressed in detail in Chapter 4 of the original report. The ice
keel loading is characterized by an extreme event ice keel design depth of 3.0 feet. As
indicated in the original report, the 3.0 foot deep 30 foot wide gouge is the loading
event that imposes the greatest strain for a 7 foot depth of cover. The resulting soil
transverse displacement at a depth of 7.5 feet (as measured from the original seabed
surface to the pipe centerline) is estimated to be 2.35 feet. The corresponding pipeline
strains are summarized below in Table A2-2. All imposed strains are within allowable
values.

TABLE A2-2:. MAXIMUM STRAINSIN SINGLE WALL STEEL PIPELINE
FOR EXTREME ICE KEEL EVENTS

Ice Keel Depth Ice Keel Width Tensile Strain Compressive Strain
(ft) (ft) (%) (%)

3.0 30 0.29 1.08

3.0 40 0.19 0.70

3.0 50 0.19 0.69

3.0 60 0.20 0.73

Allowable Strains (%) 1.80 3.50

Upheaval Buckling

Upheaval buckling was addressed in detail in the original report. For a*“1.5 foot prop
height” (describes the design pipeline variation in vertical configuration over a length
of = 200 feet). the native backfill thickness required to prevent upheaval buckling is
about 7.5 feet. Thisis an excessive backfill thickness, given a depth of cover of 7 feet.
By using gravel backfill with a submerged density of 60 pcf, a backfill thickness of
5.4 feet is sufficient to prevent upheaval buckling. Another acceptable option is a
combination of a one foot thick layer of gravel mats and a 5-foot layer of native
material completing the trench backfill.
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A22.1.4

A2.2.1.5

A2.2.2

A2.23

Thaw Settlement

Thaw settlement was addressed in Chapter 4 of the original report. The design thaw
settlement for the single wall steel pipeline is one foot and since the maximum
differential thaw settlement value of one foot is considerably smaller than soil
displacements resulting from ice keel scour, the resulting pipeline strains are expected
to be smaller. Therefore, the resulting thaw settlement induced strains are believed to
remain well within allowable strain levels.

Strudel Scour

Strudel scour was addressed in detail in the original report. For the small pipeline span
expected for this load condition, the resulting pipeline stresses will be below the
alowable stress |evel.

Construction Methodol ogy

The most suitable methodology for installing the single wall steel pipeline for the
Liberty Development is a winter construction program of conventional excavation
equipment and off-ice pipe installation techniques as described in Section 4.4 of the
original report.

Trenching and Backfilling

The minimum depth of cover for the single wall steel pipelineis 7 feet, as presented in
the original report. The target trench depth is approximately 2 feet deeper than required
to ensure that the minimum depth is achieved. This implies a total trench depth of
10.5 feet (to the next nearest 0.5 foot increment). The trench has a proposed bottom
width of 10 feet. Estimated trenching volumes are summarized in Table A2-3.

TABLE A2-3: TRENCHING QUANTITIES

Water Depth
(feet)

Trench Length
(feet)

Trench Depth
(feet)

Volume
(yd®)

0-8

14,877

10.5

179,075

8-18

12,473

10.5

201,416

18- 22

4,964

10.5

80,160

Total

460,651

Trench excavation will require 3 trenching spreads, each working two shifts of
11.5hrs. The rate of progress for each spread and days to complete each area are
summarized in Table A2-4.

H-0851.02

A2-3

25-Apr-2000




INTEC ENGINEERING, INC.

PIPELINE SYSTEM ALTERNATIVES ADDENDUM

As described in Section 4.5.2.7 of the original report, gravel bags 1 foot thick on 25%
of the pipeline are estimated to be required to prevent upheaval buckling, while the
remaining depth and length is backfilled with native soil.

TABLE A2-4: TRENCHING RATE OF PROGRESS

Water | Trench | Volume | Productivity | Rateof | Number | Timefor
Depth | Length (yd®) (%) Progress of Activity
(feet) (feet) for Each | Spreads (Days)
Spread
(ft/hr)
0-8 14,877 | 179,075 85 40 2 10
8-18 12,473 | 201,416 75 20 2 19
18- 22 4,964 80,160 75 5 3 20
Total 49
A2.24 Cost Estimate Summary
Components of the cost estimate for the single wall steel pipeline were presented in
Section 4.5 of the origina report. The different activities associated with the
construction of the Liberty offshore pipeline for the single wall steel pipeline
alternative are presented in Table A2-5. Activities, quantities, and progress rates are
shown together with the estimated cost for this option and are unchanged with respect
to those presented in Section 4.5 of the original report.
A2.25 Operations, Maintenance, and Repair
The operations, Maintenance, and repair procedures are as described in Section 4.6 and
Section 4.7 of the original report.
A2.2.6 Leak Detection
Leak detection strategies for the single wall steel pipeline were presented in
Section 4.8 of the origina report.
A2.2.7 Failure Assessment
Thefailure analysis for the single wall steel pipelineis fully described in Section 4.9 of
the original report. The principal results are summarized in Tables A2-6 and A2-7.
Estimated oil spill volumes for each damage category remains unchanged. Cleanup
strategies remain the same.
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TABLE A2-5: CONCEPTUAL COST ESTIMATE FOR

THE SINGLE WALL STEEL PIPELINE ALTERNATIVE -7 FOOT DEPTH OF COVER

Activity Spread Number of Quantities | Duration | Unit Spread Rate Cost
Productivity Spreads (days) ($1000/day) (Million $)
Mobilization Lump Sum 3 1,020 3.06
Ice Thickening and Road .
Construction & Maintenance 2.5 inches/day 1 32,314 feet 47 84 3.95
Ice Cutting and Slotting 1,000 feet/day 3 32,314 feet 11 29 0.96
0-8feet WD 5 179,075 cubic 10
40 feet/hour/backhoe yards
. 8- 18 feet WD 201,416 cubic
Trenching 20 feet/hour/backhoe 2 yards 9 60 7.08
18 - 22 feet WD 3 80,160 cubic 20
5 feet/hour/backhoe yards
Pipeline Make-Up Site Preparation 11,260 square yards/day 1 416’32? dg“b'c 37 a1 152
Pipe String Make-Up (Welding) 50 welds/day 1 808 welds 17 140 2.38
Pipe String Transportation 0.9 miles/day 1 11;?5:;“3% 8 78 0.62
Pipe String Field Joint 50 welds/day 1 11 welds 10 31 0.31
Pipeline Installation 1,700 feet/day 1 32,314 feet 35 43 151
Backfilling 1,700 feet/day 1 32,314 feet 36 42 151
Hydrostatic Testing 1 5 84 0.42
Demobilization Lump Sum 2 1,020 2.04
Material Cost and Transportation Lump Sum 3.10
Contingency 10% 2.85
Total 31
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TABLE A2-6:

INITIATING EVENTSAND RESULTING DAMAGE

FREQUENCIES PER CATEGORY - SINGLE WALL STEEL PIPELINE

ALTERNATIVE

Underlying I nitiating Estimated Damage Frequency
Main Cause Event Occurrences Per Project Lifetime)
For Initiating Category 1 | Category 2 | Category3 | Category 4
Event IDO IDO IDO IDO
Displaced Buckle, Small, Large Leak,
Pipeline No Leak Medium Leak Rupture
Seabed Ice 102 10" 10 107
Gouging
Environmental ﬁuerbi? o
L oading malro 10° 10" 10°® 10°®
Thaw
Subsidence
Strudel Scour 103 10° 107 108
Upheaval 102 10° 10° 107
Buckling
Internal 10 10 10 10°
Pressure
Pipdine External 10° 108 108 10
Failure Pressure
Internal 10 10 10 10°
Corrosion
External 10 10 10 10°
Corrosion
Vessdl 8 8 -8 -8
Accidents 10 10 10 10
Third P. Anchor 108 108 108 108
Ird Party | pragging
ACIVIY i Party
-6 -8 -8 -8
Construction 10 10 10 10
Sabotage 10°® 10°® 10°® 10°®
Total 31x10% | 1.2x10° 1.3x 10° 3.0x10"

Note: * Indicates this value has been changed as compared to the original report.
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A23
A231

A231.1

A2.3.1.2

TABLE A2-7: DAMAGE CATEGORIES, ASSOCIATED SPILL VOLUMES,
AND FREQUENCY OF DAMAGE PREDICTIONS -
SINGLE WALL STEEL PIPELINE ALTERNATIVE

Damage Estimated Oil Spill Estimated Damage Frequency
Category Volume(bbls) During Project Life
1 0 3.1x10°
2 0 1.2 x10°
3 125 1.3x 10°
4 1,576 3.0x 107
Pipe-in- pipe

Structural Design

Pipeline Configuration

The conceptual design selected in Chapter 5 of the origina report was sub-
aternative B at a 5 foot depth of cover. As mentioned in Section A2.1, Stress
Engineering has commented that the inner pipe of the chosen sub-alternative is thinner
than the single wall pipe. Therefore, in response, the configuration chosen for further
investigation here is the other sub-alternative, sub-alternative A, with structural
bulkheads at either end of the line and spacers at regular intervals along its length.
Table A2-8 presents the main pipeline characteristics.

TABLE A2-8: PIPELINE CHARACTERISTICSFOR
THE PIPE-IN-PIPE ALTERNATIVE

Inner Pipe O.D. (in) 12.75
Inner Pipe Wall Thickness (in) 0.688
Outer Pipe OD (in) 16.00
Outer Pipe Wall Thickness (in) 0.500
Empty Weight in Air (Ib/ft) 178

Empty Submerged Weight (Ib/ft) 83

Empty Pipe SG (w.r.t. Seawater) 1.87

Note: Pipeline weight includes nominal steel weight, FBE coating, and anodes.

Ice Keel Gouging

Ice keel gouging was addressed in detail in the origina report. Again, the ice keel
loading is characterized by an extreme ice keel event design depth of 3 feet. As
indicated in the original report, the 3.0 foot deep, 40 foot wide gouge is the loading
event that imposes the greatest strain for a 7 foot depth of cover. The corresponding
pipeline strains are summarized below in Table A2-9; all are within allowable values.
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TABLE A2-9: MAXIMUM STRAINSIN A PIPE-IN-PIPE SYSTEM
FOR EXTREME ICE KEEL EVENTS

| ce Gouge Dimensions Outer Pipe Strains Inner Pipe Strains
(DIt = 32) (D/t =18.5)
Depth Width Max. M ax. Max. M ax.
(ft) (ft) Tensile Compressive| Tenslle | Compressive

Strain Strain Strain Strain
(%) (%) (%) (%)

3.0 30 0.27 0.71 0.22 0.57
3.0 40 0.32 0.79 0.26 0.63
3.0 50 0.21 0.51 0.17 0.41
3.0 60 0.20 0.49 0.16 0.39
Allowable Strains (%) 1.80 1.70 1.80 3.50

A2.3.1.3

A2.3.1.4

A2.3.1.5

Upheaval Buckling

Upheaval buckling was addressed in detail in the original report. For a 1.5 foot prop
height, the native backfill thickness required to prevent upheaval buckling is
approximately 3.6 feet. A cover of 7 feet can resist an upheaval buckle for a prop
height in excess of 2.2 feet. No gravel bags will be required and hence back filling
operations will be smpler and faster.

The pipe-in-pipe is stiffer than the single wall steel pipeline. Consequently, during
installation, the pipe system requires a longer length to touchdown. Therefore, the
pipe-in-pipe is dightly more susceptible to trench collapse and accordingly larger
vertical imperfections.

Thaw Settlement

The thaw settlement for the pipe-in-pipe was addressed in Chapter 5 of the origina
report. The estimated thaw settlement due to the cooler outer jacket pipe is 0.37 feet
and is considerably smaller than soil displacements resulting from ice keel gouging.
Therefore, the resulting thaw settlement induced strains are believed to remain well
within allowable strain levels.

Strudel Scour

Strudel scour was addressed in detail in the original report. For the small pipeline span
expected for this load condition, the resulting pipeline stresses will be below the
alowable stress |evel.

H-0851.02

A2-8 25-Apr-2000




INTEC ENGINEERING, INC. PIPELINE SYSTEM ALTERNATIVESADDENDUM

A2.3.2

A233

A2.3.4

Construction M ethodol ogy

The most suitable methodology for installing the pipe-in-pipe system is by using
conventional excavation equipment and off-ice pipe installation techniques as
described in Section 5.4 of the original report. This construction method would not be
affected by the greater burial depth.

Trenching and Backfilling

The minimum depth of cover has changed from the 5 feet proposed in the originad
report to 7 feet. The target trench depth is 2 feet deeper than required to ensure that the
minimum depth is achieved. Thisimplies atotal trench depth of 10.5 feet (to the next
nearest 0.5 foot) which is the same as for the single wall steel pipeline. The trench has
a proposed bottom width of 10 feet. Therefore, excavation quantities, rates and costs
are the same as for the single pipe. All excavated material will be backfilled and no
additional requirements such as gravel are required.

Cost Estimate Summary

Components of the cost estimate for the pipe-in-pipe aternative were presented in
Section 5.5 of the origina report. The different activities associated with the
construction of the Liberty offshore pipeline for the pipe-in-pipe aternative are
presented in Table A2-10. Activities, quantities and progression rates are shown
together with the estimated cost for this option. The differences compared to the
origina report are the increased costs for trenching and backfilling as well as the
related contingencies. The trenching costs are the same as those for the single pipe,
while the backfilling costs are dlightly lower than those for the single wall steel
pipeline since no gravel bags are required. Materia and transportation costs have
decreased due to the reduced weight of sub-alternative A.

A contingency has been added for a 2™ season of construction for this aternative as
there is low confidence that the pipeline would be installed in a single season. Single
season construction is addressed further in Chapters A3 and A4 of this Addendum.
The 2" season contingency is calculated using the following formula:

> costs for (mobilization) + (ice thickening
2" Season _ androad construction and maintenance) + (ice
Contingency ~  cutting and slotting) + (trenching) + (pipeline
installation) + (backfilling) + (demobilization)

Likelihood
of 2" season
construction
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TABLE A2-10: CONCEPTUAL COST ESTIMATE FOR

THE PIPE-IN-PIPE ALTERNATIVE -7 FOOT DEPTH OF COVER

Activity Spread Number of Quantities | Duration | Unit Spread Cost
Productivity Spreads (days) Rate (Million
($1000/day) $)
Mobilization Lump Sum 3 1240 3.72
Ice Thickening and Road .
Construction & Maintenance 2.5 inches/day 1 32,314 feet 56 84 4.70
Ice Cutting and Slotting 800 feet/day 3 32,314 feet 14 29 1.22
0-8feet WD 5 179,075 cubic 10
40 feet/hour/backhoe yards

. 8- 18 feet WD 201,416 cubic

Trenching 20 feet/hour/backhoe 2 yards 19 60 7.08
18 - 22 feet WD 3 80,160 cubic 20
5 feet/hour/backhoe yards

Pipe-in-Pipe Make-Up Site 533,000 sguare
Preparation 11,260 square yards/day 1 yards 47 55 2.59
Pipe-in-Pipe String Make-Up 50 welds/day for 12.75-in P/L
(Welding) 38 welds/day for 16-in PIL 1 1616 welds 48 240 1152
Pipe-in-Pipe String Transportation 0.6 miles/day 1 Bgsfr'i?;“sne 10 78 0.78
Pipe-in-Pipe String Field Joint 2 welds/day 1 66 welds 33 60 1.02
Pipeline Installation 1 32,314 feet 29 88 2.55
Backfilling 1 32,314 feet 33 42 1.39
Hydrostatic Testing 1 5 84 0.42
Demobilization Lump Sum 2 1240* 248
Material Cost and Transportation Lump Sum 4.00
Contingenc 10% 4.35

gency Additional cost for 2™ season 185

Total 66

Notes. * Indicates this value has been changed as compared to the original report.
Bold italic numbers indicate a variation to the original costs.
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A2.3.5

A2.3.6

A2.3.7

A23.7.1

which, for the pipe-in-pipe alternative, transates into a 2™ season contingency of
$18.5 million for the assumed likelihood of 80%.

Operations, Maintenance, and Repair

The operations, maintenance, and repair were described in Section 5.6 and Section 5.7
of the original report. Given the increased burial depth of the pipe-in-pipe system,
additional backfill would need to be removed for repair. The amounts for the different
repair techniques would be expected to be similar to or greater than those presented for
the single wall steel pipeline.

Leak Detection

Leak detection strategies for the pipe-in-pipe alternative were presented in Section 5.8
of the original report. Additional discussion on annular leak detection is presented in
Chapter A5 of this Addendum.

Failure Assessment

The failure analysis process for the pipe-in-pipe aternative is fully described in
Section 5.9 of the original report. This assessment has been reviewed due to the
additional depth of cover over the pipe-in-pipe system. The likelihood of each initial
event which has been reassessed is presented below. If the initiating event is not
discussed, estimated frequencies for the damage categories have not changed.
Initiating event categories are as per the original report. The risk results are rounded
within an order of magnitude. Results are summarized in Table A2-11 and A2-12.

The estimated oil spill volume for a pipe-in-pipe system for Category 3 damage has
been reduced to 25 barrels. The rationale behind this reduction is presented in
Chapter A5 of this Addendum. Cleanup strategies remain unchanged. However, the
deeper burial depth may result in the removal of additional contaminated soil in the
event of aleak in both the inner and outer pipes.

Seabed Ice Gouging, Initiating Event 11

Category 1 damage occurs when the pipeline is displaced. The ice keel deforms the
soil which in turn displaces the pipeline. Thisis assumed to occur at the design gouge
depth (3.0 feet).
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TABLE A2-11:

INITIATING EVENTSAND RESULTING DAMAGE
FREQUENCIES PER CATEGORY —PIPE-IN-PIPE ALTERNATIVE

Estimated Damage Frequency
. Occurrences Per Project Lifetime)
Underlying
Main Cause Initiating | Category 1 | Category 2 Category 3 Category 4
For Initiating Event IDO IDO IDO IDO
Event Displaced Buckle, Small, Large Leak,
Pipeline No L eak Medium L eak Rupture
Seabed lce 107 10 107 107
Gouging
. Subsea
Environmental
Loading | ~ormafrost 1072 10° 107 10°
Thaw
Subsidence
Strudel Scour 10° 10° 10°® 10°®
Upheaval 10° 10° 10° 10°
Buckling
Internal 10° 10° 10° 10°
Pressure
Pi pel ine Externa 10.3 10.3 10_3 10_3
Failure Pressure
Inner Pipe 10° 10° 10 10°
Corrosion
Outer Pipe 10 10 10* 10
Corrosion
Vessel 8 8 -8 -8
Accidents 10 10 10 10
Third Party | Anchor 10° 10° 10° 10°
Activit Dragging
Y [ Third Party
; 10° 10°® 10 10°®
Construction
Sabotage 10°® 10°® 10°® 10°®
Total 22x10% | 1.2x10* 2.0x10™ 2.1x 10’
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A2.3.7.2

TABLE A2-12: DAMAGE CATEGORIES, ASSOCIATED SPILL VOLUMES,
AND FREQUENCY OF DAMAGE PREDICTIONS - PIPE-IN-PIPE
ALTERNATIVE

Damage Estimated Oil Spill Estimated Damage Frequency
Category Volume(bbls) During Project Life
1 0 2.2 x 10
2 0 1.2x 10"
3 125 1.0x 10"
3 0 1.0x 10"
33 25 2.8x107
4 1,576 2.1x 107

Notes: ! Damage caused by corrosion of inner carrier pipe. Oil is contained by the
outer jacket pipe.
(2 Damage caused by corrosion of outer pipe resulting in the ingress of
seawater to the annulus.
¥l Damage caused initiating events resulting in release of oil to the
environment.

Category 2 damage and Category 3 damage was assumed to occur for the single wall
steel pipeline at an ice keel gouge depth of 4 feet. The stiffness of the pipe-in-pipe
system is approximately 2.5 times greater than the single wall steel pipe. However, the
larger OD (approximately 1.25 times larger) results in more load being transferred to
the pipeline system. The assumed effect is that a 4.5 foot deep gouge would be
required to cause Category 2 and Category 3 damage to the pipe-in-pipe sub-
aternative A.

Category 4 damage, however unlikely, would occur only if the ice kedl contacts the
pipeline. Inthiscase, it isassumed that the ice keel incision depth would need to reach
the pipeline centerline.

Subsea Permafrost Thaw Subsidence, Initiating Event 12

The estimated damage frequencies for the pipe-in-pipe system (sub-aternative A) due
to subsea permafrost thaw subsidence are assumed not to change from the values
originally presented for sub-alternative B. For Category 2 and Category 3 damage, the
estimated damage frequencies are less than those for the single wall steel pipeline. This
would be anticipated given the fact that although the OD of the pipe-in-pipe would
carry more load, the stiffness of the currently proposed pipe-in-pipe more than
compensates for the additional load.
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A2.3.7.3 Srudel Scour, Initiating Event 13
The estimated damage frequency due to strudel scour is assumed to drop an order of
magnitude for the Category 2 and Category 3 damage as compared to the values
originally presented for pipe-in-pipe sub-alternative B. While the stiffness of the sub-
alternative system is somewhat decreased, the dlightly deeper cover tends to decrease
the probability of loading.
A2.3.7.4 Upheaval Buckling, Initiating Event 14
This initiating event is less likely to happen for this pipe-in-pipe system compared to
the single wall stedl pipeline aternative. The vertical resistance that can be generated
by the larger pipe diameter moving through the backfill is larger. Also, there is a
reduction in the locked-in axial compressive force and, hence, a reduction in driving
force. The estimated damage frequencies for the pipe-in-pipe are assumed not to
change from the values originally presented for pipe-in-pipe sub-aternative B.
Although the overall stiffness of the pipe-in-pipe system has decreased somewhat, the
cover depth has increased. This is due to the fact that the original backfill thickness
was in excess of what is required to prevent upheaval buckling.
A24 Pipe-in-HDPE
A2.4.1 Structural Design
A2.4.1.1 Pipeline Configuration
The conceptual design selected in Chapter 6 was sub-alternative B at a 6 foot depth of
cover. In thissub-alternative, the annulus is empty and the inner pipeline rests directly
on the outer HDPE sleeve. Table A2-13 presents the main pipeline characteristics.
TABLE A2-13: PIPELINE CHARACTERISTICSFOR
THE PIPE-IN-HDPE ALTERNATIVE
Inner Pipe O.D. (in) 12.75
Inner Pipe Wall Thickness (in) 0.688
Outer HDPE Pipe OD (in) 16.25
Outer Pipe Wall Thickness (in) 0.75
Empty Weight in Air (Ib/ft) 103.93
Empty Submerged Weight (Ib/ft) 11.75
Empty Pipe SG (w.r.t. Seawater) 1.13
Note: Pipeline weight includes nominal steel weight and outer sleeve.
H-0851.02 A2-14 25-Apr-2000
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A2.4.1.2

A2.4.1.3

A2.4.1.4

A2.4.1.5

A2.4.2

Ice Keel Gouging

Ice keel gouging was addressed in detail in the origina report. Again, the ice keel
loading is characterized by an extreme ice keel event design depth of 3 feet. As
described in Section 6.2 of the original report, the 3 feet deep, 30 foot wide gouge is
the loading event that imposes the greatest strain for a 7 foot depth of cover. The
corresponding inner pipeline strains are summarized Table A2-14 all are within the
alowable values.

TABLE: A2-14: MAXIMUM STRAINSIN A PIPE-IN-HDPE SYSTEM
FOR EXTREME ICE KEEL EVENTS

Ice Keel Depth Ice Ked Width Tensile Strain Compressive Strain
(ft) (ft) (%) (%)

3.0 30 0.77 0.80

3.0 40 0.46 0.48

3.0 50 0.44 0.47

3.0 60 0.48 0.50

Allowable Strains (%) 1.80 3.50

Upheaval Buckling

Upheaval buckling was addressed in detail in the original report. For a 1.5 foot prop
height, the native backfill thickness required to prevent upheaval buckling is about
5.8 feet. Therefore, a cover of 7 feet will prevent upheaval buckling and no gravel
bags will be required.

Thaw Settlement

The thaw settlement for the pipe-in-HDPE was addressed in Chapter 6 of the original
report. The estimated thaw settlement is 0.43 feet and is considerably smaller than soil
displacements resulting from ice keel gouging. Therefore, the resulting thaw settlement
induced strains are believed to remain well within allowable strain levels.

Strudel Scour

Strudel scour was addressed in detail in the original report. For the small pipeline span
expected for this load condition, the resulting pipeline stresses will be below the
allowable stress level.

Construction Methodol ogy

The methodology for installing the pipe-in-HDPE system is by using conventional
excavation equipment and off-ice pipe installation techniques as described in
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A2.43

A2.4.4

A2.4.5

Section 6.4 of the original report. The method would not be affected by the dlightly
greater burial depth.

Trenching and Backfilling

The minimum depth of cover has changed from the 6 feet proposed in the original
report to 7 feet. Thetarget trench depth is 2 feet deeper than required to ensure that the
minimum depth is achieved. Thisimplies atotal trench depth of 10.5 feet (to the next
nearest 0.5 foot increment) which is the same as for the single wall steel pipeline. The
trench has a proposed bottom width of 10 feet. Therefore, excavation quantities, rates,
and costs are the same as for the wall single pipeline. During backfilling gravel
mounds every 100 feet are required for stability, and these require careful placement
with backhoes. The remaining trench is backfilled with native soil.

Cost Estimate Summary

Components of the cost estimate for the pipe-in-HDPE alternative were presented in
Section 6.5 of the origina report. The different activities associated with the
construction of the Liberty offshore pipeline for the pipe-in-HDPE option are
presented in Table A2-15. Activities, quantities, and progression rates are shown
together with the estimated cost for this option. The differences compared to the
original report are the increased costs for trenching and backfilling as well as the
related contingencies. Backfilling costs are dlightly higher due to gravel dumping
required for the stability of the line during installation.

The contingency added for a 2™ season of construction for this alternative was
calculated in the same manner as for the pipe-in-pipe in Section A2.3.5. This works
out to $12.6 million for the assumed likelihood of 60%. The trenching costs are the
same as those for the single pipe.

Operations, Maintenance, and Repair

The operations, maintenance, and repair procedures were described in Sections 6.6 and
6.7 of the original report. Given the increased burial depth of the pipe-in-HDPE
system, additional backfill would need to be removed for repair. The amounts for the
different repair techniques would be expected to be similar to those presented for the
singlewall steel pipeline.
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TABLE A2-15: CONCEPTUAL COST ESTIMATE FOR
THE PIPE-IN-HDPE ALTERNATIVE - 7 FOOT DEPTH OF COVER

Notes: * Indicates this value has been changed as compared to original report.
Bold italic numbers indicate a variation to the original costs.

Activity Spread Number of Quantities | Duration | Unit Spread Rate Cost
Productivity Spreads (days) ($2000/day) (Million $)

Mobilization Lump Sum 3 1144 3.43

Ice Thickening and Road :
Construction & Maintenance 2.5inches/day 1 32,314 feet 47 84 3.95
Ice Cutting and Slotting 1,000 feet/day 3 32,314 feet 11 29 0.96

0-8ftWD 2 179,075 cubic 10
40 feet/hour/backhoe yards
. 8- 18 feet WD 201,416 cubic
Trenching 20 feet/hour/backhoe 2 yards 9 60 7.08
18 - 22 feet WD 3 80,160 cubic 20
5 feet/hour/backhoe yards
Pipe Make-Up Site Preparation 11,260 square yards/day 1 533’(;%? dsg”are 47 55 2,50
: . . 1) 50 welds/day for 12.75-in P/L 1) 808 welds
Pipe-String Make-Up (Welding) 2) HDPE pipe 50 butts/day 1 2) 808 connect 34 220 7.48
Pipe String Transportation 0.8 miles/day 1 33;?5:;“3% 10 78 0.78
Pipe String Field Joint 1.5 complete tie-in/day 1 66 welds 22 31 0.68
Pipeline Installation 1 32,314 feet 37 43 1.59
Backfilling 1 32,314 feet 46 42 1.93
Hydrostatic Testing 1 5 84 0.42
Demobilization Lump Sum 2 1144 2.29
Material Cost and Transportation 3.33
Contingenc 10% 3.65
gency Additional cost for 2™ season 12.74*
Total 53
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A2.4.6

A2.4.7

A24.7.1

A2.4.7.2

Leak Detection

Leak detection strategies for the pipe-in-HDPE aternative were presented in
Section 6.8 of the original report. Additional discussion on annular leak detection is
presented in Chapter A5 of this Addendum.

Failure Assessment

The failure analysis process for the pipe-in-HDPE aternative is fully described in
Section 6.9 of the original report. This assessment has been reviewed due to the
additional depth of cover over the pipe-in-HDPE system. The likelihood of each
initiating event which has been reassessed, is presented below. [f the initiating event is
not discussed, estimated frequencies for the damage categories have not changed.
Results are summarized in Tables A2-16 and A2-17.

The estimated oil spill volume for a pipe-in-HDPE system for Category 3 damage has
been reduced to 62.5 barrels. The rationale behind this reduction is presented in
Chapter A5 of this Addendum. Cleanup strategies remain unchanged. However, the
deeper burial depth may result in the removal of additional contaminated soil in the
event of aleak in both the inner and outer pipes.

Seabed Ice Gouging, Initiating Event 11

The estimated damage frequencies due to ice gouging are assumed to be an order of
magnitude larger for the Category 2 and Category 3 damage as compared to the single
wall steel pipeline. Thisis due to the fact that the larger OD of the HDPE sleeve will
result in more load being transferred to the pipeline system but the sleeve is not
assumed to contribute to the strength of the system.

Subsea Permafrost Thaw Subsidence, Initiating Event 12

The estimated damage frequencies due to subsea permafrost thaw subsidence are
assumed to be an order of magnitude larger for the Category 2 and Category 3 damage
as compared to the single wall steel pipeline. Thisis due to the fact that the larger OD
of the HDPE sleeve will result in more load being transferred to the pipeline system as
the soil thaws and settles but the sleeve is not assumed to contribute to the strength of
the system.
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TABLE A2-16:

INITIATING EVENTSAND RESULTING DAMAGE

FREQUENCIES PER CATEGORY —PIPE-IN-HDPE ALTERNATIVE

Underlying I nitiating Estimated Damage Frequency
Main Cause Event Category 1 | Category 2 Category 3 Category 4
For Initiating IDO IDO IDO IDO
Event Displaced Buckle, Small, Large Leak,
Pipeine No L eak Medium L eak Rupture

Seabed lce 102 10° 10° 107
Gouging

) Subsea

Environmental

Loading | ormarost 102 10° 10° 10°
Thaw
Subsidence
Strudel Scour 10° 10" 10° 108
Upheaval 10° 10* 10° 10°®
Buckling
Internal 10 10 10 10
Pressure

Pipeine Externd 10°® 10°® 10°® 10°®

Failure Pressure
Inner Pipe 10°® 10°® 10° 10°®
Corrosion
Outer Pipe ) ) ) )
Corrosion
Vessel -8 -8 -8 -8
Accidents 10 10 10 10

Third Party S”Cho.r 10® 10° 10® 10°
Activit ragging
y -
Third Party 10 10 10 10
Construction
Sabotage 10°® 10°® 10°® 10°®
Total 22x10% | 22x10° 1.0x 103 2.0x 107
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A2.4.7.3

A2.4.7.4

A25
A251

A251.1

TABLE A2-17: DAMAGE CATEGORIES, ASSOCIATED SPILL VOLUMES,
AND FREQUENCY OF DAMAGE PREDICTIONS - PIPE-IN-HDPE
ALTERNATIVE

Damage Estimated Oil Spill Estimated Damage Frequency
Category Volume (bbls) During Project Life
1 0 2.2 x 10
2 0 22x10°
3 125 1x10°®
3 62.5 2.2x10°
4 1,576 2.0x 10"

Notes: ! Damage caused by internal corrosion of inner carrier pipe. Oil is contained
by the outer HDPE pipe.
(2] Damage by initiating events resulting in release of oil to the environment.

Strudel Scour, Initiating Event 13

The estimated damage frequencies due to strudel scour is assumed to increase an order
of magnitude for the Category 2 and Category 3 damage as compared to the single wall
steel pipeline. Thisis due to the fact that the larger OD of the HDPE sleeve will result
in more hydrodynamic load being transferred to the pipeline system but the Sleeve is
not assumed to contribute to the overall strength of the system.

Upheaval Buckling, Initiating Event 14

Thisinitiating event islesslikely to happen for this pipe system compared to the single
wall steel pipeline alternative. The vertical resistance that can be generated by the
larger pipe diameter moving through the backfill is greater. Also, there is a reduction
in the axial compressive force and, hence, a reduction in driving force. The estimated
damage frequency due to upheaval buckling is assumed to decrease an order of
magnitude for all categories of damage as compared to the single wall stedl pipeline.

Flexible Pipe
Structural Design

Pipeline Configuration

The flexible pipe alternative was described in Section 7.1 and Section 7.2 of the
original report where it was originally optimized to a 5 foot depth of cover.
Table A2-18 presents the original pipeline characteristics.
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A25.1.2

A25.1.3

A25.1.4

A25.1.5

A25.2

A253

TABLE A2-18: PIPELINE CHARACTERISTICSFOR
THE FLEXIBLE PIPE ALTERNATIVE

Pipe OD (in) 14.923
Wall Thickness (in) 2.933
Empty Weight in Air (Ib/ft) 84.4
Empty Submerged Weight (Ib/ft) 6.6
Empty Pipe SG (w.r.t. Seawater) 11

Ice Keel Gouging

Ice keel gouging was addressed in Section 7.2 of the original report. The effects of soil
displacements due to ice keel gouging would need to be verified for the end fittings;
the flexible pipe itself should be able to accommodate the soil displacements.

Upheaval Buckling
Upheava buckling of the flexible pipe was addressed in Section 7.2 of the original

report. Due to the flexible nature of the pipe, only 4 feet of native backfill is estimated
to be required to resist upheaval buckling.

Thaw Settlement

Thaw settlement effects on the flexible pipe were discussed in Section 7.2 of the
original report. Thaw settlement effects would need to be verified during detailed
design if aflexible pipe option was chosen.

Struddl Scour

Strudel scour was addressed in detail in the original report. For the small pipeline span
expected for this load condition, the resulting pipeline bending radius is expected to
remain within the allowable level.

Construction Methodol ogy

The most suitable methodology for installing the flexible pipe system is by using
conventional excavation equipment and off-ice pipe installation techniques as
described in Section 7.4 of the original report. This method would not be affected by
the dightly greater burial depth.

Trenching and Backfilling

The minimum depth of cover has changed from the 5 feet proposed in the original
report to 7 feet. Thetarget trench depth is 2 feet deeper than required to ensure that the
minimum depth is achieved. Thisimplies atotal trench depth of 10.5 feet (to the next
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A254

A255

A25.6

A25.7

nearest 0.5 foot increment) which is the same as for the single wall steel pipeline. The
trench has a proposed bottom width of 10 feet. Therefore, excavation quantities, rates,
and costs are the same as for the single wall steel pipeline. During backfilling, gravel
mounds every 100 feet are required for stability and these must be carefully placed
with backhoes. The remaining trench is backfilled with native soil.

Cost Estimate Summary

Components of the cost estimate for the flexible pipe aternative were presented in
Section 7.5 of the origina report. The different activities associated with the
construction of the Liberty offshore pipeline for the flexible pipe option are presented
in Table A2-19. Activities, quantities, and progression rates are shown together with
the estimated cost for this option. The differences compared to the original report are
the increased costs for trenching and backfilling as well as the related contingencies.
The trenching costs are the same as those for the single pipe. Backfilling costs are
dlightly higher due to gravel dumping required for the stability of the line during the
installation.

Operations, Maintenance, and Repair

The operations, maintenance, and repair procedures were described in Section 6.6 and
Section 6.7 of the original report. Given the increased burial depth of the flexible pipe
system, additional backfill would need to be removed for repair. The amounts for the
different repair techniques would be expected to be similar to those presented for the
singlewall steel pipeline.

Leak Detection

Leak detection strategies for the flexible pipe alternative were presented in Section 7.8
of the original report.

Failure Assessment

The failure analysis process for the flexible pipe aternative is fully described in
Section 7.9 of the original report. This assessment has been reviewed due to the
additional depth of cover of the flexible pipe system. The likelihood of each initiating
event which has been reassessed is presented below. If the initiating event is not
discussed, estimated frequencies for the damage categories have not changed. Results
are presented in Tables A2-20 and 2-21.
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TABLE A2-19: CONCEPTUAL COST ESTIMATE FOR

THE FLEXIBLE PIPE ALTERNATIVE -7 FOOT DEPTH OF COVER

Activity Spread Number of Quantities Duration | Unit Spread Rate| Cost
Productivity Spreads (days) ($1000/day)  |(Million $)
Mobilization Lump Sum 3 910.0 2.73
oo Thdkenng apd Road 2.5 inches /day 1 32,314 ft 47 84.0 3.95
Ice Cutting and Slotting 1,000 feet/day 3 32,314 ft 11 29.0 0.96
0-8ftWD 5 179,075 cubic 10
40 feet/hour/backhoe yards
: 8-18ft WD 201,416 cubic
Trenching 20 feet/hour/backhoe 2 yards 19 60.0 7.08
18 - 22 feet WD 3 80,160 cubic 20
5 feet/hour/backhoe yards
. . 416,500 square
Spool Site Preparation 11,260 square yards/day 1 yards 37 41.0 1.52
Unspool, FI_eX|bIe Pipe String 0.9 miles/day 1 6.12 _of fI_eX|bIe 8 78.0 0.62
Transportation pipeline
Flexible Pipe Field Connection 4 welds/day 1 11 welds 9 31.0 0.28
Pipeline Installation(L owering) 1 32,314 feet 30 43.0 1.12
Backfilling 1 32,314 feet 46 42.0 1.93
Hydrostatic Testing 1 5 84.0 0.42
Demobilization Lump Sum 2 910.0 1.82
Material Cost and Transportation Lump Sum 13.70
Contingency 10% 3.61
Total 40

Note: Bold italic numbersindicate a variation to original cost estimate.
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TABLE A2-20:

INITIATING EVENTSAND RESULTING DAMAGE
FREQUENCIES PER CATEGORY —FLEXIBLE PIPE ALTERNATIVE

Underlying I nitiating Estimated Damage Frequency
Main Cause Event Category 1 | Category 2 Category 3 Category 4
For Initiating IDO IDO IDO IDO
Event Displaced Buckle, Small, Large Leak,
Pipeine No L eak Medium L eak Rupture
Seebed Ice 1072 5x 10° 10* 107
Gouging
. Subsea
Environmental
Loading | ormarost 102 10* 10° 10°
Thaw
Subsidence
Strudel Scour 10° 10° 107 10°®
Upheaval 10° 10 10° 10°
Buckling
Internal 10° 10 10° 10°
Pressure
Pipeine Externd 10°® 10°® 10°® 10°®
Failure Pressure
Internal 10° 10° 10° 10°
Corrosion
External 10° 10° 10° 10°
Corrosion
Vessel 8 8 8 -8
Accidents 10 10 10 10
Third Party S”Cho.r 10® 10° 10® 10°
Activit ragging
Y [ Third Party
; 10°® 10°® 10°® 10°®
Construction
Sabotage 10°® 10°® 10°® 10°®
Total 2.2 x 10 5.2x10°° 1.1x10* 21x 10"
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TABLE A2-21: DAMAGE CATEGORIES, ASSOCIATED SPILL VOLUMES,
AND FREQUENCY OF DAMAGE PREDICTIONS-FLEXIBLE PIPE
ALTERNATIVE

Damage Estimated Oil Spill Estimated Damage Frequency
Category Volume (bbls) During Project Life

1 0 2.2 x 10

2 0 5.2x 10°

3 125 1.1x 10°

4 1,576 2.1x 107

A25.7.1

A25.7.2

A25.7.3

Cleanup strategies for the flexible pipe option remain unchanged. However, the
deeper burial depth may result in the removal of additional contaminated soil in the
event of alesk.

Seabed Ice Gouging, Initiating Event 11

The estimated damage frequencies due to ice gouging for Category 1 and Category 4
damage is assumed to be the same as for the single wall steel pipeline. Following the
methodology presented for the flexible pipeline failure assessment in the original
report, a 5 foot deep ice gouge over the pipe or a 4 foot deep ice gouge over an end
fitting connection is assumed to cause Category 3 damage. The estimated damage
frequency for Category 2 damage is assumed to be midway between Category 1 and
Category 3 frequencies.

Subsea permafrost Thaw Subsidence, Initiating Event 12

The estimated damage frequencies due to subsea permafrost thaw subsidence are
assumed to be the same as presented for the single wall steel pipeline. Although the
larger OD of the flexible pipe will result in more load being transferred to the pipeline
system as the soil thaws and settles, the flexibility in the pipe can accommodate
differential settlement. The two effects are considered to offset each other.

Strudel Scour, Initiating Event 13

The estimated damage frequencies due to strudel scour are assumed to be the same as
presented for the single wall steel pipeline. Although the larger OD of the flexible
pipe system will result in more hydrodynamic load being transferred to the pipeline
system, the flexibility in the pipe accommodates deformation. The two effects are
considered to offset each other.
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A25.7.4

A2.6

A26.1

A2.6.2

Upheaval Buckling, Initiating Event 14

Thisinitiating event is less likely to happen for this pipe system compared to the single
wall steel pipeline alternative due to the nature of the pipe composition. Also, the
vertical resistance that can be generated by the larger pipe diameter moving through
the backfill is larger. The estimated damage frequency due to upheaval buckling is
assumed to decrease an order of magnitude for all categories of damage as compared to
the single wall steel pipeline.

Summary
Comparison of Alternatives

Table A2-22 summarizes the main aspects of the pipeline system alternatives based on
equal depth of cover and carrier pipe wall thickness (except for the flexible pipe). The
systems are compared as per the construction schedules presented in the original report
with the pipe-in-pipe and pipe-in HDPE alternatives most likely requiring an
additional construction season to complete these more complex construction programs.

Comparison of Risks and Failure Consequences

Table A2-23 presents, for al four pipeline system aternatives, the estimated damage
frequency and the subsequent environmental oil spill in barrels of oil per damage
category. As discussed in Chapter A5, the estimated oil spill volumes for Category 3
damage of a pipe-in-pipe and pipe-in HDPE system have been reduced to 25 and
62.5 barrels respectively.

Risk is the product of the damage frequency times the consequence of interest. In this
case, oil spilled into the environment. Table A2-24 shows the risk in barrels of oil
spilled into the environment for al aternatives and the relative risk between
aternatives.
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TABLE A2-22: COMPARISON OF PIPELINE ALTERNATIVES

FOR A 7FOOT DEPTH OF COVER

Pipeline Alternative

Description Single Pipe | Pipe-in-Pipe |Pipe-in-HDPE| FlexiblePipe
Configuration
Inner Carrier Pipe OD x WT (in)| 12.75x 0.688 | 12.75x 0.688 | 12.75x 0.688 | 14.92 x 2.93
Outside Pipe OD x WT (in) - 16 x 0.5 16.25x 0.75 -
Pipe Specific Gravity 16 1.87 12 11
Depth of Cover (ft) 7 7 7 7
Excavation Volume
(1,000 cubic yards) 461 461 461 461
Trenching Duration (days) [* 33 33 33 33
Gravel Backfill 9 (in gravel 0 10 (30yd® |10 (30 yd® every
(1,000 cubic yards) bags/mats) every 100 feet) 100 feet)
Number of Welds/Connections 808 welds 1616 welds 808 welds | 13 connections
11 of thewelds| 66 weldsare | 808 fusion 11 of the
aretie-inwelds| tie-inwelds |66 connections| connections are
aretie-ins tie-in
connections connections
Costs
Budgetary Cost (Million $) 31 66 53 40
Relative Cost (%) 100 213 171 129
Schedule
Estimated Schedule Basis Single Winter | Single Winter | Single Winter | Single Winter
Season Season Season Season
Likelihood of Requiring an
Additional Season (%) 10 80 60 10
Installation
Ice Thickness (feet) 8.5 10.5 8.5 8.5
Relative Quantity of 100 120 110* 90
Construction Equipment per
Season (%)

Note: ™! The trenching duration assumes the first section in the shallow water is completed
followed by the simultaneous trenching of the other two sections.
* Indicates this value has been changed as compared to original report.
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TABLE A2-23: LINE COMPARISON OF OPERATIONAL DAMAGESAND
CONSEQUENCESOF FAILURE FOR 7 FOOT DEPTH OF COVER

Pipe-in-HDPE

Alternative Single Pipe Pipe-in-Pipe Flexible Pipe

Category 1
Damage Frequency
(Project Life)

3.1x 10?2 2.2x 107 2.2x 107 2.2x 107

O barrels O barrels 0 barrels

Environmental Qil 0 barrels

Spill Volume (bbls)

Category 2
Damage Frequency
(Project Life)

1.2x10° 1.2x 10* 22x10°3 52x10°

Environmenta Oil
Spill Volume (bbls)

O barrels O barrels O barrels 0 barrels

Category 3
Damage Frequency
(Project Life)

1.3x 10° 28x107 M 22x10°M 1.1x 10*H

Environmental QOil
Spill Volume (bbls)

125 barrels 25 barrels 62.5 barrels 125 barrels

Category 4
Damage Frequency
(Project Life)

3.0x 107 21x107 2.0x 107 21x 107

Environmenta Oil
Spill Volume (bbls)

1,567 barrels 1,567 barrels 1,567 barrels 1,567 barrels

Note: ™ Pipelinefailureis by an event causing both inner and outer containment to fail and
release oil to the environment.

TABLE A2-24: RISK (BARRELS) OF OIL SPILLED INTO THE
ENVIRONMENT FOR DIFFERENT ALTERNATIVES

Alternatives Single Wall Pipe-in-Pipe Pipe-in HDPE Flexible Pipe
Risk (bbls) I 2.1x10° 3.4x10* 1.7 x 10 1.4 x 10
Relative Risk % 1 0.16 0.81 6.67

Notes: ! Risk = frequency x consequences, in units of the consequence.
Example: Singlewall risk = (1.3 x 10°°) x 125 bbls + (3 x 10 x 1,567 bbls =
2.1x 10° bbls.

2] Relative risk = system risk divided by single wall pipeline system risk.
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A3.

A31

A3.2

A3.3

A331

A3.3.2

A33.21

A3.3.2.2

IMPLICATIONS OF SINGLE SEASON CONSTRUCTION FOR ALL
PIPELINE ALTERNATIVES

Introduction

This section compares the alternatives for the case when the construction and
installation is completed in one season, while maintaining the pipeline characteristics
and variable burial depths as per the original study. New costs are derived for al the
alternatives so that a comparison can be made of the effects of forcing a single season
construction.

Single Wall Stedl Pipeline

All parameters are maintained as in the original report (7 foot pipeline cover depth).
The confidence level of completing the installation of the pipelinein asingle season is
high (see Section 4.5.3 in original report and Section A 2.2 of this Addendum). Thus,
thereis no changein the estimated cost for the single wall steel pipeline at $31 million.

Pipe-in-Pipe
Generdl

The pipeline configuration and construction methods are maintained as described in
the original report (5 foot pipeline cover depth). However, the construction schedules
and necessary equipment have been revisited to achieve a similar confidence as the
singlewall steel pipeline that the construction is completed in one season.

Construction Costs

The critical activities have been reviewed and additional equipment and manning has
been allocated to reduce the risk and increase the confidence level in achieving a one-
season construction schedule.

| ce Road and Platform Construction

Additional equipment has been alocated to ice thickening, road construction, and
maintenance to increase the probability that the ice roads are completed on time
(although the schedule could still be affected by weather).

Trenching

The excavation quantities and rates are as presented in Section 5.5.2.4 of the original
report. Two additional spreads have been included for the operations in the shallower
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A3.3.2.3

A3.3.24

A3.3.2.5

A3.3.3

A34

A34.1

A3.4.2

sections of the pipeline route to avoid unforeseen events that could take place
(e.g. repeated slumping of trench) and subsequently delay progress.

Pipe-in-Pipe String Make-up

An additional welding crew has been added to speed up the construction of the pipe
strings. At present, it is assumed that one crew will construct the 12 inch inner pipe,
while a second crew will assemble the 16 inch outer pipe. The additional crew of
qualified welders with relevant equipment would augment the present crews as
required, thus speeding up overal production. In the cost summary table
(Table A3-1), the increased cost has been incorporated by increasing the number of
spreads (and hence activity unit rate) by an estimated 30 to 50% to reflect the increased
size of the crew.

Pipe-in-Pipe Sring Field Joint Operations
As above, additional manning and equipment has been added for this operation.

Backfilling

Additional equipment has been included to enlarge the size of the spread. There would
be more backhoes and transport trucks to ensure increased productivity.

Cost Summary

The cost summary, Table A3-1 below, indicates the changes with respect to the
original report. The additional equipment and personnel have been accounted for by
increasing the number of spreads (and hence activity unit rate) but maintaining the
same duration to carry out the activity.

Pipe-in-HDPE
Generd

The pipeline configuration and construction methods are maintained as described in
the original report (6 foot pipeline cover depth). However, the construction schedules
and necessary equipment have been revisited to ensure the construction is completed in
one season.

Construction Costs

The critical activities have been reviewed and additional equipment and manning has
been alocated to reduce the risk and increase the confidence level in achieving a one
season construction schedule.
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TABLE A3-1: CONCEPTUAL COST ESTIMATE
PIPE-IN-PIPE ALTERNATIVE -5 FOOT COVER DEPTH - SINGLE SEASON INSTALLATION

Activity Spread Number of Quantities | Duration | Unit Spread Rate Cost
Productivity Spreads (days) ($1000/day) (Million $)
Mobilization Lump Sum 3 1240 3.72
'ggn;r:'j;‘fg:{‘f ﬁnng. r'?t:nadance 25 -inches /day 125 32,314 feet 56 84 5.90
Ice Cutting and Slotting 800 feet/day 3 32,314 feet 14 29 1.22
0-8feet WD 3 179,075 cubic 8
40 feet/hour/backhoe yards
. 8- 18 feet WD 201,416 cubic
Trenching 20 feet/hour/backhoe 3 yards 15 60 6.84
18 - 22 feet WD 3 80,160 cubic 15
5 feet/hour/backhoe yards
E‘rg‘;"r’;lﬁe Make-Up Site 11,260 square yards/day 1 533'?/? el a7 55 259
Pipe-in-Pipe String Make-U 50 weldg/day for 12.75-in P/L
(V\';’ o ng)p 9 P o6t el s%ay for 16m PIL 13 1616 welds 48 240 14.98
T . . : 33 pipeline
Pipe-in-Pipe String Transportation 0.6 miles/day 1 Strings 10 78 0.78
Pipe-in-Pipe String Field Joint 2 welds/day 15 66 welds 33 60 2.97
Pipeline Installation 1 32,314 feet 29 88 2.55
Backfilling 15 32,314 feet 30 42 1.89
Hydrostatic Testing 1 5 84 0.42
Demobilization Lump Sum 2 1240* 2.48
Material Cost and Transportation 4.00
Contingency — 10% g 5.03
Additional cost for 2™ season 0
Total 55

Notes: * Indicates this value has been changed compared to the original report.

Bold italic numbers indicate a variation to the original costs.
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A34.2.1

A3.4.2.2

A3.4.2.3

A3.4.3

A35

Trenching

The excavation quantities and rates are as presented in Section 6.5.2.4 of the original
report. Two additional spreads have been included for the operations in the shallower
sections of the pipeline route to avoid unforeseen events that could take place
(e.g. repeated slumping of trench) and subsequently delay progress.

Pipe-in-HDPE String Make-up

An additional crew for the assembly of the HDPE pipe has been added to speed up the
construction of the pipe strings. The additional crew with relevant equipment would
augment the present crew, as required, to avert any complications with the pipe-in-
HDPE assembly. In the cost summary table below, the increase cost has been
incorporated by increasing the number spreads (and hence activity unit rate) by an
estimated 30% to reflect the increased size of the crew.

Backfilling

Additional equipment has been included to enlarge the size of the spread. There would
be more backhoes and transport trucks to ensure increased productivity. Some of this
equipment would be used to place gravel for pipeline stability during installation and
backfill.

Cost Summary

The cost summary, Table A3-2, indicates the changes with respect to the origina
report. The additional equipment and personnel have been accounted for by increasing
the number of spreads (and hence activity rate) but maintaining the same duration to
carry out the activity.

Flexible Pipe

All parameters are maintained as in for the original report (5 foot pipeline cover
depth). The confidence level of completing the instalation of the pipeline in a single
season is high (see Section7.5.3 in origina report and Section A2.5 of this
Addendum). Thus, there is no change in the estimated cost for the flexible pipe at
$37 million.
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TABLE A3-2: CONCEPTUAL COST ESTIMATE
PIPE-IN-HDPE ALTERNATIVE - SINGLE SEASON INSTALLATION

Activity Spread Number of Quantities | Duration | Unit Spread Rate Cost
Productivity Spreads (days) ($1000/day) (Million $)
Mobilization Lump Sum 3 910.0 2.73
Ice Thickening and Road .
Construction & Maintenance 2.5 inches/day 1 32314 feet 47 84 3.95
Ice Cutting and Slotting 1000 feet/day 3 32314 feet 11 29 0.96
0-8feet WD 3 179,075 cubic 9
40 feet/hour/backhoe yards
. 8-18ftWD 201,416 cubic
Trenching 20 feet/hour/backhoe 3 yards 18 60 8.10
18- 22 ft WD 3 80,160 cubic 18
5 feet/hour/backhoe yards
Pipe Make-Up Site Preparation 11,260 square yards/day 1 533'?2‘? dsguare 47 55 2.59
. . . 1)50 welds/day for 12.75-in P/L 1)808 welds
Pipe-String Make-Up (Welding) 2) HDPE pipe 50 butts/day 13 2)808 connect 34 220 9.72
: . . : 33 pipeline
Pipe String Transportation 0.8 miles/day 1 Strings 10 78 0.78
Pipe String Field Joint 1.5 complete tie-in/day 1 66 welds 22 31 0.68
Pipeline Installation 1 32,314 feet 37 43 1.59
Backfilling 2 32,314 feet 40 42 3.70
Hydrostatic Testing 1 5 84 0.42
Demobilization Lump Sum 2 1144 2.29
Material Cost and Transportation 3.33
Contingenc 10% 4.15
gency Additional cost for 2™ season 0
Total 46
Note: Bold italic numbersindicate variation from original cost estimates.
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A3.6 Summary

Table A3-3 lists the original aspects of the pipeline alternatives based on a single-
season construction with the pipeline alternative characteristics as presented in the

original report.
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TABLE A3-3: COMPARISON OF PIPELINE ALTERNATIVESFOR
SINGLE SEASON CONSTRUCTION AND VARIABLE COVER DEPTHS

Pipeline Alternative

Description
Single Pipe | Pipe-in-Pipe |Pipe-in-HDPE | Flexible Pipe
Configuration
Carrier Pipe OD x WT (in) | 12.75x0.688 | 12.75x 0.688 | 12.75x 0.688 | 14.92x 2.93
Outside Pipe OD x WT (in) - 16 x 0.5 16.25x 0.75 -
Pipe Specific Gravity 16 1.87 1.2 11
Depth of Cover (ft) 7 5 6 S
Excavation Volume
(1,000 cubic yards) 461 354 424 322
Trenching Duration (days) ! 33 26 30 24
Gravel Backfill 9 (in gravel 5 10 (30yd® |10 (30 yd® every
(1,000 cubic yards) bags/mats every 100 feet) 100 feet)
Number of Welds/ 808 welds 1616 welds 808 welds | 13 Connections
Connections 11 of which |66 of which are| 66 of which are| 11 of which are
aretie-ins tie-ins tie-ins tie-ins
Costs
Budgetary costs (Million $) 31 55 46 37
Relative Cost (%) 100 177 148 119
Schedule
Estimated Schedule Basis Singlewinter | Singlewinter | Singlewinter | Single winter
Season Season Season Season
Installation
Ice Thickness (feet) 8.5 10.5 8.5 8.5
Relative Quantity of
Construction Equipment per 100 135 130 90

Season (%)

Note: ™ The trenching duration assumes the first section in the shallow water is completed,
followed by the simultaneous trenching of the other two sections.
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A4.

A4l

A4.2

A4.3

AdA4

A4.5

IMPLICATIONS OF COMBINED SAME BURIAL DEPTH AND SINGLE
SEASON CONSTRUCTION.

Introduction

This section compares the pipeline aternatives for the case when the construction is
completed in one season and all the pipeline aternatives are trenched with a 7 foot
depth of cover. This requires combining the costs derived for the two options
described in Section A2 and Section A3.

Singlewall Sted Pipeline

The costs for this alternative do not change compared to those provided in Section A2.
That option isfor a7 foot burial depth and a one season construction scenario. Details
on costs are presented in Table A2-5 with atotal cost of $31 million.

Pipe-in-Pipe

The pipe-in-pipe aternative costs are affected both by increasing the burial depth to
7 feet and forcing a single season construction scenario. The cost variation for this
scenario include increase cost for trenching, backfilling and welding. Trenching and
backfilling costs are those for a 7 foot cover depth but increased for one-season
construction by increasing the number of spreads. The pipe stringing and field joint
welding costs have been increased by the addition of spreads as shown in Table A3-1.
The costs for this option are presented in Table A4-1.

Pipe-in-HDPE

As for the pipe-in-pipe case, both the forced single season construction schedule and
the 7 foot depth of cover affect this alternative. Table A4-2 below presents the revised
costs.

Flexible Pipe

A single season construction scenario was planned for the flexible pipe aternative in
the original report. However, additional costs must be incorporated for increasing the
depth of cover to 7 feet. Details on costs for this scenario are the same as those
presented in Table A2-19 with atotal cost of $40 million.
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TABLE A4-1: CONCEPTUAL COST ESTIMATE -
PIPE-IN-PIPE OPTION - 7 FOOT BURIAL DEPTH AND ONE SEASON CONSTRUCTION

Activity Spread Number of Quantities | Duration | Unit Spread Rate Cost
Productivity Spreads (days) ($1000/day) (Million $)
Mobilization Lump Sum 3 1240 3.72
Ice Thickening and Road .
Construction & Maintenance 2.5 inches/day 125 32,314 feet 56 84 5.90
Ice Cutting and Slotting 800 feet/day 3 32,314 feet 14 29 1.22
0-8feet WD 3 179,075 cubic 10
40 feet/hour/backhoe yards
. 8- 18 feet WD 201,416 cubic
Trenching 20 feet/hour/backhoe 3 yards 9 60 8.82
18 - 22 feet WD 3 80,160 cubic 20
5 feet/hour/backhoe yards
Pipe-in-Pipe Make-Up Site 533,000 sguare
Preparation 11,260 square yards/day 1 yards 47 55 2.59
Pipe-in-Pipe String Make-Up 50 welds/day for 12.75-in P/L
(Welding) 26* welds/day for 16-in PIL 13 1616 welds 48 240 14.98
T . . : 33 pipeline
Pipe-in-Pipe String Transportation 0.6 miles/day 1 Strings 10 78 0.78
Pipe-in-Pipe String Field Joint 2 welds/day 15 66 welds 33 60 2.97
Pipeline Installation 1 32,314 feet 29 88 2.55
Backfilling 1 32,314 feet 33 42 1.39
Hydrostatic Testing 15 5 84 1.89
Demobilization Lump Sum 2 1240* 2.48
Material Cost and Transportation 4.00
Contingenc 10% 533
gency Additional cost for 2™ season 0
Total 59

Notes. * Indicates this value has been changed compared to the original report.

Bold italic numbers indicate a variation to the original costs.
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TABLE A4-2: CONCEPTUAL COST ESTIMATE
PIPE-IN-HDPE OPTION - 7 FOOT BURIAL DEPTH AND ONE SEASON CONSTRUCTION

Activity Spread Number of Quantities | Duration | Unit Spread Rate Cost
Productivity Spreads (days) ($1000/day) (Million $)
Mobilization Lump Sum 3 1144 3.43
Ice Thickening and Road 2.5-inches/day 1 32,314 feet 47 84 3.95
Construction + Maintenance
Ice Cutting and Slotting 1000 feet/day 3 32,314 feet 11 29 0.96
0-8feet WD --- 3 179,075 cubic 10
>40 feet/hour/backhoe yards
. 8-18feet WD --- 3 201,416 cubic 19
Trenching >20 feet/hour/backhoe yards 60 8.82
18- 22 feet WD --- 3 80,160 cubic 20
>5 feet/hr/backhoe yards
Pipe Make-Up Site Preparation 11,260 square yards/day 1 533,000 sguare 47 55 2.59
yards
Pipe-String Make-Up (Welding) 1)50 welds/day for 12.75-in P/L 13 1)808 welds 34 220 9.72
2) HDPE pipe 50 butts/day 2)808 connect
Pipe String Transportation 0.8 miles/day 1 33 pipeline 10 78 0.78
strings
Pipe String Field Joint 1.5 complete tie-in/day 1 66 welds 22 31 0.68
Pipeline Installation 1 32,314 feet 37 43 1.59
Backfilling 2 32,314 feet 40 42 3.7
Hydrostatic Testing 1 5 84 0.42
Demobilization Lump Sum 2 1144 2.29
Material Cost and Transportation 3.33
Contingency 10% 4.20
Additional cost for 2™ season 0
Total 47

Note: Bold italic numbersindicate a variation to the original costs.
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A4.6 Summary

Table A4-3 below lists the original features and costs of the alternatives.

TABLE A4-3: COMPARISON OF PIPELINE ALTERNATIVESFOR A
7 FOOT BURIAL DEPTH AND ONE SEASON CONSTRUCTION

Pipeline Alternative

Description
Single Pipe | Pipein-Pipe | Pipe-in-HDPE | Flexible Pipe

Configuration
Carrier Pipe OD x WT (in) | 12.75x 0.688 | 12.75x 0.688 | 12.75x 0.688 | 14.92x 2.93
Outside Pipe OD x WT (in) - 16 x 0.5 16.25x 0.75 .
Pipe Specific Gravity 16 1.87 1.2 11
Depth of Cover (ft) 7 7 7 7
Excavation Volume
(1,000 cubic yards) 461 461 461 461
Trenching Duration (days)!” 33 33 33 33
Gravel Backfill 9 (in gravel 5 10 (30 yd® 10 (30 yd®
(1,000 cubic yards) bags/mats) every 100 feet) | every 100 feet)
Nurmber of Welds/ 808 wel pls 1616 wd ds 808 w_el ds |13 conngctions

: 11 of which |66 of which are| 66 of which are| 11 of which are
Connections o o . o

aretie-ins tie-ins tie-ins tie-ins
Cost
Budgetary Cost (Million $) 31 59 47 40
Relative Cost (%) 100 190 151 129
Schedule
Estimated Schedule Basis Singlewinter | Singlewinter | Singlewinter | Single winter
Season Season Season Season

Installation
Ice Thickness (feet) 8.5 10.5 8.5 8.5
Relative Quantity of
Construction Equipment per 100 145 130 90
Season (%)
Note: ™ Thetrenching duration assumes the first section in the shallow water is completed

followed by the simultaneous trenching of the other two sections.
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A5.

A5.1

A5.2

SECONDARY CONTAINMENT USING PIPE-IN-PIPE AND PIPE-IN-HDPE
SYSTEMS

Introduction

This section is provided in response to comments on the pipe-in-pipe and pipe-in-
HDPE alternatives proposed by INTEC Engineering. Further narrative is provided on
secondary containment and annular leak detection.

Pipe-in-Pipe

Review comments suggest that there was an apparent disregard of the pipe-in pipe
system’s ability to provide secondary containment in the event of aleak. The ability of
the outer pipe of the pipe-in-pipe system to contain small leaks of the inner pipe has
been incorporated into the pipeline system alternatives eval uation.

Based on existing subsea arctic pipeline design experience, it is INTEC’s engineering
opinion that large external forces (such as loading from soil deformation due to ice
keel gouging) that would damage the inner pipe of the pipe-in-pipe system would aso
likely damage the outer pipe at the sametime. That is, if an event causes the pipeline
to bend to the extent that the inner pipe is damaged, the outer pipe will also have had
to bend the same amount, most likely damaging the outer pipe. The most likely
initiating event for this to happen through inspection of Table A2-11 isice gouging or
permafrost thaw subsidence

There would be some benefit of the pipe-in-pipe aternative as it has the ability to
contain aleak of the carrier (or inner) pipein certain conditions. These conditions are
such that the outer pipe remains integral while the inner pipe experiences a leak. For
example, if there is corrosion of the inner pipe and not the outer pipe. However, given
the non-corrosive is nature of the Liberty crude, pipeline failure by internal corrosion is
considered extremely unlikely. Another scenario would be material imperfection or
welding flaws of the inner pipe but not the outer pipe. The material and welding will
be thoroughly inspected and, thus, this type of failure is aso considered extremely
unlikely.

Failure of the outer pipe first will result in the loss of potential secondary containment
of any subsequent leaks. The annulus fills with water and becomes ineffective. For
example, the Erskine Pipeline (pipe-in-pipe system) is believed to have recently failed
at five (5) locations of the outer pipe and could not contain the leak from the
subsequent inner pipe failure. A simultaneous failure of both outer and inner pipesis
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very unlikely unless due to a large rupture which would be detectable by the PPA and
MBLC leak detection systems.

As pointed out by SES in their final report, the outer pipe of the steel pipe-in-pipe
could be designed to contain a leak and withstand the full operating pressure of the
pipeline. INTEC also agrees that if the leak was substantial and oil reached one of the
ends of the pipeline, it could be removed or diverted before entering the environment.
SES also rightly points out that any oil in the annulus following a such aleak might be
partialy pumped from the annulus prior to making repairs. INTEC contends that
removal of oil from the annulus would be very difficult and probably incomplete. This
might also cause issues regarding pipeline abandonment. The use of a detergent to
clean the annulus may have environmental and logistical implications. The pipe-in-
pipe aternative might also allow some flexibility as to when a repair might be carried
out if the outer pipe was intact. Prudent operating procedures, however, would require
shut-in of the pipeline system to investigate the cause of the inner pipe failure.

This secondary containment performance had been accounted for in INTEC's original
analysis, since the frequency of corrosion failure does not tranglate into an oil spill into
the environment for the double-walled pipe aternative. Table 5-14 shows the 3 main
initiating events for Damage Category 3. As indicated by the footnotes of that table,
only one of these three events results in oil being released into the environment (ice
gouging) due to the pipe-in-pipe redundancy. In other words, Category 3 damage
frequency in Table 5-14 adds up to 3 x 10™* however, in Table 9-2, the corresponding
entry for the Category 3 for the pipe-in-pipe is only 1x10™ since the consequence of
corrosion damage does not imply immediate spill to the environment.

INTEC acknowledges there may be circumstances where the inner and outer pipes are
damaged (ruptured), but not at the same location. This would have the effect of making
the oil travel through the annulus to reach the rupture in the outer pipe. Depending on
how far apart the damage in either pipe is, this could have the effect of delaying the
exit of oil from the pipeline system. A more reasonable assumption is that the outer
pipe has a larger rupture than the inner, since it would be subject to greater strain due
to any displacement affecting both pipes. Therefore, the degree of leak retardation is
conjecture (since the damages are most likely to be coincident) and it would be
misleading to suggest a quantifiable benefit (volume reduction) from this scenario.
Nevertheless, INTEC has attributed a 80% leak reduction for a small to medium leak
to reflect this possibility.
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A5.3

In the original report, a Category 3 damage (small or medium leak) scenario for the
pipe-in-pipe system resulted in a loss of an estimated 125 barrels of oil (at a reduced
frequency as noted above). If credit is given for pipe-in-pipe's potential oil migration
paths and possible failure of the outer pipe, the consequences of Category 3 damage
leak could be reduced to say 20% of what was initially estimated; 25 barrels. This
accounts for the potential ability of the pipe-in-pipe system to contain small to medium
leaks.

Pipe-in-HDPE

The ability of the outer pipe of the pipe-in-pipe system to contain small leaks of the
inner pipe has not been discounted. Most of the comments made above for the pipe-in-
pipe would aso apply to the pipe-in HDPE. However, there is a greater likelihood of
damage to the outer pipe during construction and operation of the pipeline system.

Again, it is INTEC's opinion that large external forces (such as loading from soil
deformation due to ice keel gouging) that would deform the inner pipe would likely
damage the outer HDPE pipe at the sametime. That is, if an event causes the pipeline
to bend to the extent that the inner pipe is damaged, the outer pipe will also have had
to bend the same amount, most likely damaging the outer pipe. The most likely
initiating events for this to happen through inspection of Table A2-16 are ice gouging
or permafrost thaw subsidence.

INTEC agrees that there would be some benefit of the pipe-in-HDPE aternative as it
has the ability to contain leaks of the carrier (or inner) pipein certain conditions, such
as corrosion of the inner pipe. As pointed out by SES in their final report, the outer
dleeve of the steel pipe-in-HDPE could be designed to contain a small leak but could
not withstand the full operating pressure of the pipeline. Most of the oil in the annulus
would need to be removed prior to making repairs. Again, INTEC contends that
removal of oil from the annulus would be very difficult and probably incomplete. This
might also cause issues regarding pipeline abandonment. The use of a detergent to
clean the annulus may have environmental and logistical implications.

This had been accounted for in INTEC's original analysis, since the frequency of
corrosion failure for steel pipe does not translate into an oil spill into the environment
for the pipe-in-HDPE aternative. Table 6-13 shows the 2 main initiating events for
Damage Category 3. As indicated by the footnotes of that table, only one of these
2 events results in oil being released into the environment (ice gouging) due to the
pipe-in-HDPE redundancy. In other words, Category 3 damage frequency in
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Table 6-11 adds up to 1.1x10™>; however, in Table 9-2, the corresponding entry for the
Category 3 for the pipe-in-HDPE is only 1x10™“ since the consequence of corrosion
damage does not imply immediate spill of oil into the environment.

In the original report, a Category 3 damage (small or medium leak) scenario for the
pipe-in-HDPE system resulted in aloss of an estimated 125 barrels of oil (at a reduced
frequency as noted above). If credit is given for pipe in HDPE's potential oil
migration paths and possible failure of the HDPE sleeve, the consequences of Category
3 could be reduced to say 50% of what was initialy estimated; 62.5 barrels. This
accounts for the potential ability of the pipe-in-HDPE system to contain small to
medium leaks.

Leak Detection in the Annulus

A wide range of leak sensors and leak detection systems was researched (by INTEC)
for the Northstar project. Details were not provided in the Liberty Pipeline System
Alternatives report but are contained in the document, “Northstar Development
Project, Prototype Leak Detection System, Design Interim Report” (INTEC
Engineering, 1999). Over 30 sensing technologies were considered of the following
generic sensor types.

* Chemica (Subsed)

* Electrical (Subses)

*  Optical Fiber

¢ Wadl Logging Technology

* Acoustic

¢ Electromagnetic

¢ Soil Resistivity / Capacitance

This study came about as the result of the US Army Corps of Engineer stipulations for
Northstar. BPXA agreed to design, construct, operate and maintain a prototype leak
detection system that would be installed with the offshore pipelines. This system
would have the ability to detect an oil spill beneath current threshold detection limits
(from PPA and MBLPC). The system design had to be submitted and approved by the
Corps prior to initiating pipeline trenching. INTEC Engineering investigated a number
of supplemental leak detection strategies for Northstar and recommended the use of the
LEOS system as it was considered the best available technology. This system is
currently being installed with the Northstar pipelines. Although the LEOS system is
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considered the best available technology, by the time the Liberty pipelineis ready to be
installed, another system may be identified that would be considered the best available
technology. This could partially result from lessons to be learned form the Northstar
installation and operation.

LEOS can detect the presence of very small amounts of organic hydrocarbons either
through direct contact with the sensory tube as a gas, liquid, or as hydrocarbon
dissolved in the water. The presence of hydrocarbon molecules in the vicinity of the
sampling tube results in diffusion of the hydrocarbon through the wall of the tube.

Therefore, such a system could be used in the annulus of a pipe-in-pipe or pipe-in-
HDPE system. In the event of aleak, the sensory tube may not come in direct contact
with the hydrocarbon liquid. However, gas molecules from the hydrocarbon vapor
would diffuse through the sensor tube indicating a leak. The location of the sensor
tube relative to the leak would not be an issue given the relatively small migration path
for hydrocarbon molecules to reach the LEOS tube. Seimens, the manufacturer of the
LEOS system, has published detectable concentrations in air and water for crude ail;
< 10 pl/l and 10 pl/I for air and water respectively based on full-scale test results and
operating experience.

There are risks associated with the installation and operation of a sensor tube in the
annulus. The pipe-in-pipe system would have spacers or centralizers placed at
intervals along the system length. If the sensor tube was not installed properly, or if
the pipeline installation was not exactly as planned, the tube could become jammed or
pinched between the inner wall of the outer pipe and the outer wall of the inner pipe.
There are no centralizers planned for the proposed pipe-in-HDPE system. This
increases the risk of pinching or jamming the system during installation. However,
this would be detected before operation started. During operation, a significant event
could occur (e.g. ice keel gouge) that would not damage the integrity of the pipeline
systems but yet might pinch and damage the sensor tube. If the sensor tube (which has
an OD of approximately 0.6 inches for the Northstar design) required a protective
conduit, the annulus size, and thus OD of outer pipe, would need to be made
considerably larger. Thisis not to say that the installation and operation of a LEOS
system with asingle wall steel pipeline are without risks, but these risks might be more
manageable.

The makeup of the evaluated pipe-in-pipe and pipe-in-HDPE systems without
bulkheads is conducive to annulus monitoring as indicated in the Liberty Pipeline
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System Alternatives report. The composition of the air in the annulus could be
periodically monitored for hydrocarbons. The principle behind the operation of the
LEOS system recommended for the single wall steel pipeline can be applied to the
annulus of the pipe-in-pipe or pipe-in-HDPE systems. The required flow rate and
effect of centralizers would need to be confirmed in the detailed design stage to ensure
that there is not excessive turbulence in the annulus causing the slug of vapor from the
leaked oil to mix and disperse to the point where it could not be detected or located.

One drawback of an annular leak detection system (tube or no tube) would be the fact
that if there was ever aleak, residual oil may remain in the annulus. If not thoroughly
cleaned, background hydrocarbon levels from the residue, could trigger the aarm
system. This may impair the sensitivity of this type of leak detection system after
pipeline repair.

INTEC also noted that annulus pressure could be monitored for the pipe-in-pipe and
pipe-in-HDPE concepts. Different approaches to monitoring leaks in the pipe-in-pipe
and pipe-in-HDPE concepts could be to monitor pressure in the annulus, to pressurize
and monitor pressure, or hold a vacuum on the annulus and monitor for change. The
limitation with this approach is it that it would not be possible to locate the leak and
that it would not be possible to directly determine if the inner, outer, or both pipes had
lost their integrity. The annulus gas could be sampled from the ends, however, to
identify excess water or hydrocarbon vapors.

The DOA correctly point out in their letter of December 30™ 1999, that any leak
detection alternative, which can provide early detection, would reduce the potential
amount of oil released. The fact that a pipe-in-pipe or pipe-in-HDPE pipeline system
could have a LEOS tube in the annulus does not necessarily mean that sensitivity
would be increased or the detection would be any sooner. During the proposed normal
operation of the LEOS system external to the pipe for Northstar, an 18-hour hold time
would be followed by 6 hours of sensor tube evacuation and analysis. Regardiess as to
whether or not the tube is in direct contact with oil, or in contact with dissolved
hydrocarbons or hydrocarbon vapor, the 18-hour hold time will still apply. The same
conditions could occur in an annulus. direct contact with hydrocarbons, dissolved
hydrocarbons, or hydrocarbon vapors. Given the detection thresholds presented above,
direct contact or contact through diffusion would result in a system alarm.

The Liberty pipeline system will use the “best available” leak detection technology. If
annular leak detection were used, it would be as good as the LEOS system proposed as
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an “external-to-pipe” system which so far has been considered as the “best available
technology” for a supplemental system. It should be noted that by the time the Liberty
pipeline is ready to be installed, another system might be considered the best available
technology. This could partially result from lessons to be learned from the Northstar
installation and operation.

Summary

There are both benefits and drawbacks of using a pipe-in-pipe or pipe-in-HDPE system
for secondary containment.

Benefits

The pipe-in-pipe and pipe-in-HDPE alternative could contain the oil released under
certain circumstances for certain types of small to medium sized leaks (e.g., inner
pipe corrosion) but no outer pipe corrosion.

For other types of smal to medium sized leaks, the outer pipe may reduce the
amount of oil spilled into the environment. For the pipe-in-pipe and pipe-in-HDPE
this amount may be reduced to 25 and 62.5 barrels respectively for certain events
(e.g., ice kedl gouging).

Drawbacks

The pipe-in-pipe and pipe-in-HDPE systems are designed with an overal system
reliability to meet acceptable levels of risk. However, the condition of the outer
pipe of the system cannot be monitored or inspected and is therefore unknown. If
the integrity of any one component of that system is not known, the integrity of the
system as awholeis not known.

INTEC concurs with the suggestion by both the MMS and SES in the SES Draft
Final Report (p. 18 and p. 19) that the outer casing would probably fail and that the
inner pipe should be designed asif there were no outer casing.

The cathodic protection system performance on the inner pipe of the pipe-in-pipe
system cannot be monitored. CFR 49 states that “ a test procedure must be devel oped
to determine whether adequate cathodic protection has been achieved”. This test
procedure would be based on design conditions rather than direct field verification.

If there were a leak in the outer pipe, a significant mount of water could end up in
the annulus. This water could potentially travel 1000's of feet in the annulus. SES,
in their Draft Final Report, suggests that corrosion could begin in the annulus prior
to repair and drying. Therefore, a significant part of the pipeline length could be
damaged due to corrosion (1000's of feet) and the system could not be returned to
full integrity without replacing that segment of pipeline.
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A repair to the pipe-in-pipe system would return the pipe to near its original integrity
but not necessarily al the way to its origina integrity depending on the repair
method used.

The capital cost will be greater for pipe-in-pipe and pipe-in-HDPE aternatives.

Both the pipe-in-pipe and pipe-in-HDPE are relatively more difficult to construct
than a single wall sted pipeline. During construction, there are issues such as
excluding moisture from the annulus. The complexity of the system may aso affect
the construction schedule.

The cost and complexity of repairsto a pipe-in-pipe or pipe-in-HDPE system would
be greater than those for asingle wall steel pipeline.
If there were ever a leak of oil into the annulus, cleanup and removal of that il

would be difficult because the oil would likely have spread over a significant length
of the annulus. Residual oil in the annulus may impair the leak detection system.
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AG.

ERRATA FROM LIBERTY PIPELINE SYSTEM ALTERNATIVES REPORT

Page 1-5, Table 1-3

2" season contingency for the pipe-in-HDPE should read 11.0
instead of 5.0.

Page 1-5, Section 1.3.3

90% of the estimated second season cost should read 80%.

Page 1-8, Table 1-7, Row 2,
Column 6

"2 x 10" should read "3 x 107"

Page 2-6, Section 2.3.2

The correct name of this subsections is “Wind and Ambient
Temperature Data and Values'.

Page 2-6, Section 2.3.2

The offshore pipeline installation temperature for a wet trench
should read 25°F.

Page 3-2, Section 3.2.1

The installation temperature on Page 3-2 should read 25°F.
The maximum allowable operating temperature should read
150°F. The differential temperature used for design is 125°F.

Page 3-6, Section 3.2.6

The installation temperature should read 25°F. The differential
temperature should read 125°F.

Page 4-15, Table A-7,
Last Column

Delete 3 Spreads’ in heading.

Page 4-18, Table 4-8,
Row 11, Column 2

Delete “50 welds/day” .

Page 4-28, Section 4.9.1.2,
5" Paragraph

“Aspect ratio of 15" should read “aspect ratio of 15”.

Page 4-34, Table 4-11

Total of Category 4 column should read “3x10™"

Page 4-35, Table 4-13

Estimated damage frequency during project life for Category 4
damage should read “3x10°"".

Page 5-20, Table 5-8,
Last Column

Delete 3 Spreads’ in heading.

Page 5-25, Table 5-9,

Row 9, Column 2 Change 38 to 26 welds.
Row 11, Last Column Change 1.02 t0 1.98.
Row 15, 6" Column Change 920 to 1,240.
Row 15, Last Column Change 1.80 t0 2.48.

Last Row

Change total from 61 to 62.

Page 5-34, Section 5.9.1.3

The first sentence should refer to strudel scour not ice scour.

Page 6-14, 9" Bullet

Fusion joining is the correct method for joining HDPE pipe,
not induction-heating.

Page 6-19, Table 6-7, Last
Column

Delete 3 Spreads’ in heading.

Page 6-22, Table 6-8, 2™
Last Row, Last Column

Change5to 11.

Page 6-22, Table 6-8, Last
Row

Change total from 44 to 50.

Page 7-14, Section 7.5.2.4

The second line should be changed from 354,000 to 322,000.

Page 7-16, Section 7.5.2.9

The last line should read 34 days.
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Page 7-18, Table 7-4, Row
12, 5™ Column

Change 38 to 34.

Page 9-4, Table 9-1

"Budgetary Cost" line should read 31, 62, 50, and 37.

Page 9-4, Table 9-1

"Relative Cost" line should read 100, 200, 161, and 119.

Page 9-6, Table 9-2, Row 5,
Column 2

"2 x 10" should read "3 x 10"

Page 9-9, Table 9-3, Row 1

"1.6 x 10" should read "1.7 x 10°>".

Page 9-9, Table 9-3, Row 2

This row should read 1, 16, 8, and 82.

Page 9-9, Table 9-3, Note !

"2 x 10™ should read "3 x 10™ and "1.6 x 10™" should read
"1.7 x 10°".

Page C-2, 2" Paragraph

The sentence in that paragraph should read a minimum gouge
depth of 0.3 feet and a maximum of 0.6 feet.

Figure 6.6

OD of outer HDPE pipe should read 16.25"
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INTEC ENGINEERING, INC. RESPONSE TO SESFINAL REPORT

The following are INTEC Engineering's responses to the “Draft Final Report: Independent
Evaluation of Liberty Pipeline System Design Alternatives’, dated March 2000. This document
was prepared for the Minerals Management Service by Stress Engineering Service (SES), Inc.,
Houston, Texas (PN 1996535GRR). These comments are intended to address SES' s comments,
observations, and questions raised during their review of INTEC Engineering’s November 1999
report, "Liberty Pipeline System Alternatives’. INTEC's response is limited to those issues
presented in the SES report summary (p. iii - p. xvii).

Design Issues

1 The ability of the outer pipe to contain small leaks of the inner pipe has not been
discounted. All four pipeline alternatives are designed, at a conceptual level, to safely
transport oil from Liberty Island to shore. Two of the alternatives, pipe-in-pipe, and pipe-
in-HDPE have the ability to contain leaks of the carrier (or inner) pipe in certain
conditions. These conditions are such that the outer pipe remains integral while the inner
pipe experiences a leak. The corresponding failure mode is then corrosion of the inner
pipe. This has been accounted for, since the frequency of corrosion failure does not
trandate into an oil spill into the environment for the double-walled pipe aternatives.
See and compare Tables 5-14 and 9-2.

More specifically, Damage Category 3 in Table 5-14 has been split into 3 different types
as described in the footnotes associated with that table. In summary, due to the pipe-in-
pipe redundancy, the frequency of corrosion damage of the inner or outer pipe does not
translate into a spill frequency. In other words, Category 3 damage frequency in
Table5-14 adds up to 3x10™ however, in Table 9-2, the corresponding entry for the
Category 3 for the pipe-in-pipe is only 1x10™ since the consequence of corrosion damage
does not imply immediate spill to the environment. The relative advantage of this
secondary containment is limited by the low frequency of this type of damage.

In the Addendum to the Pipeline System Alternatives report (Attachment A), the issue of
leak containment using pipe-in-pipe or pipe-in-HDPE is further addressed.

2. Agree that a HDPE pipe sleeve may be able to temporarily contain a small oil leak. Please
see Attachment A, "Addendum to Liberty Pipeline System Alternatives Report".

3. Agree that if the outer pipe of a pipe-in-pipe configuration is not damaged, it could be
designed to contain an oil leak. Please see Attachment A, "Addendum to Liberty Pipeline
System Alternatives Report”.
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4.

All pipeline system alternatives have been conceptually evaluated against the most
pressing environmental loadings (ice gouging and upheaval buckling) with the 7-foot
depth of cover as a basis. Some of the pipeline systems can safely have the depth of
cover reduced and satisfy upheaval buckling and other loading requirements. INTEC's
philosophy was to treat each alternative design as a potential actual project that eventually
might be built. Thus the required depth of cover has been assessed for each option.

However, an Addendum to the Pipeline System Alternatives report has been generated
(Attachment A) which looks at a constant buried depth for all aternatives.

Stress Engineering suggests the flowline wall thickness might have been kept the same as
the single wall pipeline. This would have resulted in selection of pipe-in-pipe sub-
aternative A. The stiffness of this pipe-in-pipe system would have been approximately
20% less than sub-alternative B. The strains in the pipeline due to the design ice keel
scour (Table 5-2) would then be for the most part slightly higher then these presented for
sub-alternative B in Table5-3. However, these strains are still well below alowable.
Thiswould have still resulted in a qualitative assessment at the conceptual level to reduce
the depth of cover to 5 feet for the pipe-in-pipe option.

The driving force behind defining the different aternatives presented in the report was
agency input. We cannot speak for the reasons why the agencies put these specific
alternatives forward but we assume it was the result of a perceived reduction in risk when
compared to asingle wall steel pipeline.

Technical Merits

1.

INTEC agrees that non-linear geometry effects should be included at a preliminary
engineering level. However, at a conceptua level and based on experience with non-
linear geometry analyses for another subsea Arctic pipeline project, the ANSY S analyses
are considered sufficiently accurate. INTEC concurs that it might be prudent to narrow
the candidates and conduct a check of the finite element analysis including nonlinear
geometric affects.

A leak rate of 1 barrel per day for asmall chronic leak was an assumption. We wanted to
assume a value that was considerably smaller then the threshold of the mass balance and
pressure point leak detection technologies but would still result in a significant quantity
of oil being released if left undetected. We could have aternatively chosen 5, 10, or
29 barrels per day for asmall or chronic leak.

H-0851.02 B-2 25-Apr-2000



INTEC ENGINEERING, INC. RESPONSE TO SESFINAL REPORT

I nspection Issues

1.

The design emphasis is placed on safely avoiding an upheaval buckling event and, in the
case of ice gouging, to set a depth of cover such that any pipe bending which results from
sub-gouge deformations will not buckle the pipe. Pipe ovalization for pig passage was
found not to control the design.

There is the possibility that fairly low leak rates in the annulus of the pipe-in-pipe and
pipe-in-HDPE systems could be detected by directly sampling the air in the annulus given
the direct exposure of the sasmpled air to the hydrocarbon. Based on discussions with
Siemens, a gas detector unit, similar to that connected to the LEOS system, might be able
to practically handle a volumetric flow of 2500 liters per hour. Therefore, if the entire
volume of air in the annulus was to be sampled, approximately 6 days would be required.
However, the air extracted from the annulus could be split so that only afraction is sent to
the gas detector unit. The required flow rate and effect of centralizers would need to be
confirmed in detailed design to ensure that there is not excessive turbulence in the
annulus causing the slug of vapor from the leaked oil to mix and disperse to the point
where it could not be detected or located.

The INTEC report assumes that the performance of this system would be as good as the
LEOS system proposed for the single wall steel pipeline. If it were not, a LEOS tube
could potentially be incorporated into the annulus of the pipe-in-pipe and pipe-in-HDPE
systems. An aternative approach is to hold a vacuum on the annulus and monitor for a
pressure increase, which may indicate aleak in either the inner or outer pipe.

With regard to locating aleak into the annulus, thisis considered secondary to identifying
that a leak has occurred. Oil (or water) would spread along the annular space and make
precise location for repair difficult. If an annular space is contaminated with oil, a
significant portion of the line may have to be removed and replaced to avoid eventual
discharge into the environment.

INTEC concurs that the combined MBLPC and PPA leak detection systems have the
capability to allow the operator to accurately determine the difference between an actua
leak and a false darm and obtain self-diagnostics to minimize false darms. To address
this, the Liberty pipeline system will use "best available technology" for leak detection.
As indicated in the INTEC report, if during an alarm, the reason for the alarm can not be
determined and verified as a false darm, the system will automaticaly shut-in the
pipeline.
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4.

INTEC agrees that a flexible pipeline would be expected to expand under pressure.
However, this expansion would only be expected during startup and would be constant
under steady-state conditions. The effect of pressure fluctuations during operation on the
reliability of the system would need to be investigated.

LEOS can detect the presence of very small amounts of organic hydrocarbons either
through direct contact with the sensory tube as a gas or liquid, or if the gas or liquid
hydrocarbon is dissolved in water. The presence of hydrocarbon molecules in the vicinity
of the sampling tube results in diffusion of the hydrocarbon molecules through the water-
soil matrix and the wall of the tube. Siemens has demonstrated in field and laboratory
tests that the system response is not significantly affected by the tube position relative to
the actual leak location on the pipe circumference.

A leak occurring farthest from the sensor tube (i.e., 180 degrees opposite on the pipe
circumference) would still result in the diffusion layer contacting the sensor tune within
4 - 6 hours. The closer the tube is to a leak, the sooner the molecular diffusion will start
through the wall of the sampling tube. This will be of no practical consequence to the
Northstar or Liberty pipe due to the relatively small pipe diameter. Siemens estimates
(based on its experience) that the LEOS system should be capable of detecting
hydrocarbon concentrations resulting from a leak rate as low 50 liters (0.3 bbl) of oil per
day (for the Northstar system). They have published detectable concentrations of crude
oil inair and water; < 10 pl/l and 10 pl/l for air and water respectively.

If the tube were placed in the annulus of a pipe-in-pipe or pipe-in-HDPE system, the tube
may not come in direct contact with the hydrocarbon liquid. However, gas molecules
from the hydrocarbon vapor would diffuse through the sensor tube indicating aleak.

Based on discussions with flexible pipe suppliers, hydrocarbon gasses naturally permeate
though the inner liner of flexible pipe. In order to prevent pressure build up in the
annulus, each end fitting on the flexible line has vent valves. As presented in
Section 7.8.1 of the INTEC report, commercia systems are available (Corrocean) that can
measure the volume and flow rate of the vented gas from the annulus of the flexible pipe.
In our case, we would have to interconnect the vent valves so that we have continuous
flow through the annulus; Corrocean has estimated that there is 10% free volume in the
armor layer permitting this flow. In our report we have assumed that the performance of
this system would be as good as the LEOS system proposed for the single wall steel
pipeline. If it were not, a LEOS tube could be incorporated into design of the flexible
pipe bundle. Basically, at this conceptual level INTEC has accepted that annulus
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monitoring is feasible but agree that there may be serious reliability issues to be addressed
during preliminary/detailed design.

7. The reviewers are correct that in order to have a continuous pathway for the leak
detection system to sample air in the annulus, jumpers across the end connections would
be required. The simple sketch attached showing a flexible pipe jumper was provided by
one of the suppliers of flexible pipe. INTEC acknowledges that such a design would
probably not be rigorous enough to withstand installation, backfilling, and operation.
Alternatives to this design (including adequate protection) would be investigated in the
detailed design phase.

Operations I ssues

1 The pour point temperature for the sales crude oil exported from Liberty will be 25°F.
The minimum oil temperature should be maintained above this temperature to ensure that
the pipeline remains unobstructed by a gelled oil slug. The year-round offshore ambient
soil temperature along the Liberty offshore pipeline route will range from +25°F to +29°F
which are both equal to or greater than the oil point temperature of +25°F. The primary
concern is cooling of the insulated overland pipeline segment where the design ambient
air temperature will be aslow as-50 °F. In the even of a shut-in of the offshore pipeline,
preliminary operational plans call for the oil to be displaced from the onshore oil pipeline
using natural gas.

2. INTEC concurs. An aternative approach to monitoring leaks in the pipe-in-pipe and
pipe-in-HDPE concepts would be to monitor the pressure in the annulus, to pressurize
and monitor pressure, or to hold a vacuum on the annulus and monitor for a pressure
increase. Any of these may indicate a leak in either the inner or outer pipe. The annular
vacuum option would also improve the thermal insulation performance of the pipeline.

Repair Issues

1 The reviewers are correct that if there were aleak in the offshore pipeline, some oil would
reman in the pipeline. As described in Subsection 3.8.4 of the INTEC report, the
probable release volume from a hypothetical pipeline failure has four components. One
of these isthe oil released as the result of drainage from the leaking segment. In the case
of aguillotine break, thisis estimated as a maximum of 1,130 barrels based on the seabed
profile from the proposed pipeline route and the resulting anticipated pipeline profile.
This has been accounted for in the oil spillage calculations. As suggested in Subsections
4.9.3, 5.9.3, 6.9.3, and 7.9.3, if there is the potentia for loss of remaining oil during the
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repair, the line might be purged (with a vacuum from each end) or the damaged ends
plugged. In the case of a small or medium leak, the oil line would be purged and no
significant further leakage would occur during repair. The oil volume leaking from the
line between the time when the line is shut-in and purged has been assumed to be small
compared to the total spill volume for those cases.

2. INTEC agrees with the reviewers in that the removal of all moisture from the annulus
after arepair would be difficult. At the conceptual level of this report, the time required
for drying the annulus or to displace seawater in the annulus with a corrosion inhibited
fluid has not been estimated. INTEC concurs that given the potential for a delay in
repairs due to the time of year and the time required for drying of the annulus, corrosion
could be initiated.

The use of cathodic coatings such as thermal sprayed aluminum for the inner pipeline has
not been investigated at this level but could be during later design stages. The use of
discrete anodes on the interior pipe could be further investigated during later design
stages but may provide ineffective in the limited annulus space. It is pointed out in the
Stress Engineering report (p. 18) that CFR 49 195.242 requires "...a test procedure that
will be used to evaluate adequacy of the CP system” and "The code requirement will not
be waived and therefore it makes the design and review of the CP system the critical
issue". Stress Engineering notes,".... the cathodic protection of the inner pipe could not
be monitored".

3. Mechanical repairs are not considered appropriate for Arctic offshore pipelines mainly
because of potentialy high bending strains that could be imposed in the pipe as a result of
ice gouge or permafrost thaw subsidence, and a conservative design philosophy which
seeks to exclude al flanges, valves, and fittings from the subsea pipeline. INTEC concurs
that this is an overly conservative design philosophy based on industry experience but
believes thisis in line with many of the very conservative design assumptions applied to
address perceived pipeline issues.

4, Subsection 3.6.2 directs the reader to Appendix E, where there is a more detailed
description of the split sleeve referenced in the report.

5. INTEC concurs with the comment on difficulty of pipe-in-pipe repair. The type of repair
proposed by Stress Engineering may repair the pipe close to its original integrity.

INTEC does not agree with the statement that when designing a pipeline, the design
allowables should be based on the repaired pipe strength. Normal practice is to design
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the pipeline not considering if there might be a repair sometime in the future. Repairs
made to pipelines are assessed on a case to case basis and any reduction in operating
capabilities would be based on this assessment. This repair assessment should also
consider the probability of extreme event loading occurring at the specific point along the
pipeline where the repair is made.

6. A flanged connection is considered temporary for the reasons stated in answer 3, Repair
Issues. If the flexible pipe were to be repaired, an entire section of pipe between end
connections would likely need to be replaced. However, the ability to repair a shorter
section of pipe by reterminating away from the damaged pipe section would be further
investigated in preliminary and detailed engineering, if flexible pipe were to be used in
the Arctic offshore. The decision to stock replacement sections, if flexible pipe were
used in the Arctic offshore, would be made by BPXA.

7. The decision to stock potential repair tools suitable for Arctic use has yet to be made by
BPXA.

Construction | ssues

1 Abandonment and recovery procedures have not been detailed in the report but this has
been considered. As suggested in the report, it is possible that weather or ice conditions
dictate a temporary or seasonal abandonment of the pipeline before construction is
completed. Therefore, there will be a detailed abandonment and recovery plan in place
for the Liberty offshore pipeline bundle prior to construction. The general procedure is
outlined below.

The offshore pipeline will be installed into the excavated trench using sidebooms
equipped with roller cradles. In the case the pipeline must be abandoned, an abandonment
head will be welded to the pipe and a cable will be attached to the head. This cable will
then be maintained at a predetermined tension and the sidebooms advanced in the same
manner as for regular pipeline installation until the end of the pipeline bundle approaches
the first sideboom. The sidebooms will then proceed to lower the roller cradles to
predetermined abandonment elevations. At this point, the sidebooms resume moving
along the trench in the pipelay direction, the pipeline bundle end will pass the rollers, and
the abandonment cable (tensioned) will ensure a controlled laydown of the pipeline
bundle. The cable remains attached to the pipe end and the recovery of the pipeline
bundle would be performed in the reverse sequence as the abandonment. The cable would
then be slackened and lowered into the trench in the case of a seasonal abandonment.
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10.

Recovery from a seasonal abandonment may require divers to recover the cable and
excavate any soil deposited over the pipeline using hand-jetting equi pment.

The use of cathodic coatings such as thermal sprayed aluminum or clamp anodes for the
inner pipeline has not been investigated at this conceptual level but could be during later
design stages.

Yes, INTEC intended that this be the method for pipe-in-pipe assembly in order to
minimize outer pipe welding requirements.

A fusion joining machine is the correct method for joining HDPE pipe.

INTEC concurs. An extensive qualification program is probably required if flexible pipe
isto be used in the Arctic offshore.

INTEC concurs on HDPE fusion weld procedure qualification.

An addendum to the Pipeline System Alternatives report has been generated
(Attachment A). This supplement to the original report addresses single season
construction scenarios. Additional manpower has been allocated to select activities to
force a single season of construction. However, INTEC maintains there would still be a
greater risk of completing a pipe-in-pipe or pipe-in-HDPE system in a single season as
compared to the single wall steel pipeline.

Scheduling would not permit waiting to backfill until after the hydrotest is complete.
Stored trench excavation spoils will also freeze during winter construction. Maintaining
pressure in the line during pipe lay-in and backfilling could be considered.

INTEC concurs. As stated on page 5-17 of the pipeline system alternatives report, an
inert-gas pressure test of the annulus may be feasible to ensure the integrity of the outer
deeve of the pipe-in-pipe or pipe-in-HDPE options. Diver operations at the Liberty
prospect site are often limited by winter sea ice conditions and poor summer underwater
visibility.

INTEC agrees with the statements regarding jetting. The use of cutter suction equipment
will depend on the ability to obtain regulatory permits. These and other construction
procedures may be considered during detailed construction planning.
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Costs

1.

The costs included for a second season contingency construction are based on the
estimated cost of a second season times a probability of incurring that cost. Therefore,
the tabulated costs could be less than the actual estimated costs to do a full two-season
construction. As pointed out in Subsection 6.5.4, “Only part of the additional cost of a
two-season construction plan is included as contingency. Thisisto highlight the relative
levels of confidence between completing the pipe-in-HDPE system and the pipe-in-pipe
system...”. Contingency costs for the pipe-in-HDPE system in the main report were low
and have been revised in the attached Addendum.

The rationale behind the contingency costs for the pipe-in-pipe and pipe-in-HDPE
aternativesis explained further in the attached Addendum.

Implications of single season construction scenarios on costs are presented in the attached
Addendum to the original report.

Alternative Design Concepts

1.

2.

3.

The four different pipeline system alternatives were put forth by INTEC were the result of
MMS and agency input at several meetings that took placein Mid-1999. INTEC scope of
work was to analyze these four aternatives only. The Liberty crude oil is non-corrosive
and the pipeline is required to be inspection piggable. Therefore, all aternatives
providing secondary containment would preferably have the inner pipe of multi-layer
design concepts suitable for stand-alone operation. This may limit application of some
inner pipe concepts mentioned.

See comment above regarding the four system alternatives eval uated.

See comment above regarding the four system alternatives eval uated.

Itemsto be Considered in Preliminary Design

1.

2.

INTEC concurs regarding inner pipe buckling for pipe-in-pipe designs.

INTEC concurs. The external pressure collapse should be checked during preliminary
design but the low D/t pipe cross sections considered are not expected to be problematic.
If a hydrotest was conducted, drying of the annulus would be required. An inert-gas
pressure test of the annulus may be more appropriate.
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3. The lower stiffness of the outer HDPE pipe compared to the inner stedl pipe was
addressed at this conceptual level design by omitting annular spacers from this design
dternative. Therefore, the weight of the steel pipe is distributed over the length of the
HDPE pipe through direct bearing. INTEC agrees that if a thicker-walled seeve was
used, the weight of the inner pipe would be distributed over a larger area. The low
stiffness of the HDPE pipe will also ensure the inner pipe deflects based on the
surrounding soil conditions instead of the response of the outer pipe and spacers. Impact
loads during construction / transport would be considered during detailed design.
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Page 1-5, Section 1.3.3 — INTEC concurs. If an 80% likelihood of a second season prediction is
required, then 80% of the estimated second season costs should have been applied.

Page 2-3, Section 2.1.3 — INTEC agrees it is desirable to monitor pipeline system components
where possible. The offshore pipeline system will be a continuous, welded pipeline with no
valves or flanges. Therefore, the major component to be monitored is the pipeline itself. The
pipe materials will be inspected and welds will be qualified prior to construction. Welding,
trenching, installation, and pressure containment will be monitored/checked during construction.
The pipeline system will be monitored during operation for flow, leaks, cathodic protection,
corrosion, ovalization, bending, expansion, soil cover, and shoreline erosion.

Page 2-6, Section 2.3.2 — The correct name of this subsection is “Wind and Ambient
Temperature Data and Values’ and contains wind and temperature data. The offshore pipeline
installation temperature for a wet trench should read 25°F. If the trench was dry for pipeline
placement, but was backfilled with recently excavated material, the tie-in temperature would be
taken as 25°F (as the backfill is not frozen). The lowest design ambient air temperature is taken

as-50°F and is more relevant to the tie-in temperature for the overland pipeline.

Page 2-7, Section 2.3.3.2 - A study specific to the Liberty Project was performed that included
both an analysis of historical aerial photographs of bluff position at potential shore crossing sites
for the period 1949-1995, and on-site coastal observations and surveying conducted during
August 1997 (Coastal Frontiers Corporation, 1997). This survey quantified blufftop elevations,
beach widths, bluff composition, and nearshore bathymetry at the sites.

At the shore crossing site, bluff erosion rates were determined to average 2.0 ft/year during the
1949-1995 photo comparison period. Arctic bluff erosion rates vary in response to long periods
of quiescence interspersed with episodic storm events. This leads to short-term retreat rates
which can be substantially greater than long term rates. The long-term average bluff erosion rate
of 2.0 ft/lyear at the pipeline shore crossing implicitly includes the episodic erosion events
contained within the 1949-1995 time period.

Although no site-specific short-term bluff erosion data exit for the Liberty shore crossing, it is
assumed that the short-term rate can exceed the long-term rate by a factor of approximately four.
This assumption is predicated on the experience acquired a Heald Point, on the east side of
Prudhoe Bay, along with the following two observations: (1) the bluff at the Liberty site does not
contain an actively melting ice lens, and (2) the bluff face at the Liberty site is protected by
slumping tundra (as opposed to the unvegetated bluff face at Heald Point).
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In summary, for the 1949-1995 period, an average long-term bluff erosion rate of 2-ft/yr and a
typical short-term erosion rate of 2 - 3.5-ft/yr were determined for the proposed shore crossing
location. For design purposes, shoreline erosion rate values of 3-ft/year (long-term average) and
12-ft/year (short-term maximum) have been considered appropriate. The total erosion over the
pipelines design life is estimated based on 20 years at the average erosion rate and 5 years at the
maximum erosion rate. This results in a design erosion distance of 120 feet over the life of the
project. The proposed setback is 155 feet to account for any ice ride-up in conjunction with the
preducted coastal erosion.

Page 2-22, Section 2.8 — The occurrence of strudel scouring is limited to the region bounded on
its landward side by the seaward limit of the bottomfast ice (6 foot water depth), and on its
seaward side by the seaward limit of river overflood.

Overflood maps have also been analyzed for the eleven years for which data are available. The
extreme seaward limit of these historical overflood boundaries was found to intersect the pipeline
route at approximately one-half the distance from the shore crossing to the island site.

The ice aong the pipeline route will be thickened to approximately 8 feet prior to construction,
which suggests the ice will be bottomfast for approximately 50% of the pipeline route. While this
construction pad could change the pattern of strudel scours along the pipeline route, it is expected
that this bottom fast ice over the pipeline route would also afford some protection to the line
from strudel scour.

Page 2-29, Section 2.12.1 — As dstated in Section 2.6.1, the maximum gouge depth can be
calculated based on the methodology described by Weeks et al. (1983) and Lanan et a. (1986).
Since the methodology is general and can be applied to any site, APl RP 2N (1995) recommends
it as applicable to any structure that is linear in shape. Using this methodology, the maximum
expected ice keel incision depth is afunction of pipeline length.

Page 2-31, Section 2.12.1, Reserves and Project Value — The Liberty facilities capacity is
65MBOPD (annual average), associated with this oil rate are specific produced gas, produced
water and injection water rates. When production starts, the plant processes at its oil capacity
(oil plateau) with produced gas and produced water rates below the facility capacity. The typical
production field of this size remains on plateau three years prior to production decline. As the
field matures, the gas and produced water rate increase. When the gas and water rates exceed the
facility capacity, the oil rate must be reduced until the associated gas and produced water rates
are within the facility capacity. The field is then on “oil production decline”. Decline continues
as the field matures and as the gas and produced water rates continue to increase until the field
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economic life is reached. The actual selection of the capacities for the associated gas and
produced water systems is determined by reservoir modeling and economics.

If the Liberty facility oil production capacity was reduced to 23MBOPD, the capacities of the
produced gas, produced water and water injection systems would also be reduced accordingly.
At startup, production would initially be at 23MBOPD and the gas and water rated would be
below system capacity. Again as the field matures the gas and water rates increase until the
system capacities are reached. Asthe gas and produced water system exceed capacity the oil rate
must be reduced and the field begins decline to the economic life. The Liberty facility will not be
able to maintain the oil production at the plateau rate of 23MBPD for nineteen years life. At
most the field may be able to maintain the 23MBOPD rate for three to four years prior to the start
of arapid production decline.

There is a substantial amount of indirect costs to develop Liberty or any other offshore arctic
development due to remote location of the field and the costs of logistic support for construction
and operations. Therefore the total costs of afield development is not a direct proportion of the
production rate of the facilities. A production of merely 23MBOPD for a remote offshore field
would not be considered as a viable development.

Page 2-32, Section 2.12.2 — The potential displacement of the pipeline due to thaw settlement is
dependent upon thaw bulb dimensions and the thickness of frozen permafrost which might be
thawed beneath the pipe. If the pipe is buried deeper, the distance from the pipeline to thaw
stable material isreduced. A smaller layer of permafrost resultsin less thaw settlement.

Page 2-33, Section 2.12.2, Gravel Mats — There is currently a proposed self-limitation of
mounding the backfill over the pipeline to 1 or 2 feet over the original seabed elevation.
Therefore, the amount of soil which can be placed over a pipeline of a given depth is limited. If
backfill soil is mounded above the seabed, it may also be eroded and not provide uplift resistance
during pipeline operation.

A deeper trench could affect the ability to make the trench bottom smooth. A deeper trench will
result in more exposed trench sidewall area. The more sidewall area exposed, the greater the
potential for sidewall slumping. This would result in an increase in trench roughness which
could affect the pipe's profile once laid in the trench. Any extreme variations in the pipelines
profile would need to be corrected or the need for additional or different backfill over the pipe
assessed.

Page 2-33, Section 2.12.2, Stress-Based Design Bullets - There are two components to the
pipeline loading during permafrost thaw-settlement. The first is the amount of thaw-settlement
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beneath the pipe resulting in potential differential settlement. The second is the amount of
backfill over the pipe which acts as a dead load on the pipe. The combination of this dead |oad
with the potential differential settlement directly dictates the pipeline stress and strain.

Pages 3-2 and 3-6, Section 3.2.1 and 3.2.6 — The installation temperature on Page 3-2 should
read 25°F. The maximum allowable operating temperature should read 150°F. The differential
temperature used for design is 125°F. These corrected numbers were already used in the upheaval
buckling analysis described in Section 3.2.6 of the report.

Page 3-4, Section 3.2.4 — The transverse soil displacement for each of the pipeline alternatives
for a 3-foot ice gouging event would be as follows:

Pipeline Proposed Depth oD Depth to Transver se Sail
Alternative of Cover (ft) (ft) Centerline (ft) Displacement (ft)
Single Wall 7 1.0625 7.53 2.35
Pipe-in-Pipe 5 1.3333 5.67 3.52
Pipe-in-HDPE 6 1.3542 6.68 2.81
Flexible 5 1.3333 5.67 3.52

Page 3-7, Section 3.3.2 — INTEC concurs with this clarification.

Page 3-10, Section 3.3.5.3 — In order to use a plow in the winter, the pipe would first be laid on
the seabed. This would likely be achieved by cutting and removing ice, after which the pipeline
would be installed through the dlot in the ice. The plow would then be pulled along the pipe
using the pipe asaguide. The force necessary to pull the plow would be generated using awinch
on the ice, at the island, or at the shore crossing. The effectiveness of using a plow in winter
would also be limited by the amount of frozen soil at the seabed. The Panarctic Drake field
flowline was trenched using a plow deployed through the ice during winter.

Page 3-11, Section 3.3.5.4 — The material excavated to achieve the required depth of cover must
be replaced as backfill over the pipeline. Jetting might be used to achieve the depth of cover but
affords no means to ensure the required amount of backfill ends up over the pipe. During winter,
a significant portion of the pipeline trench could be “dry” or in bottom fast ice, not containing
sufficient water to effectively jet. Turbidity would be an issue and might be controlled through
silt curtains. However, the practicality of effectively installing, removing, and repositioning silt
curtains under arctic conditions would be questioned. Finally, the effectiveness of using a jetting
sled in winter would be limited by the amount of frozen soil at the shore crossing.
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Page 3-21, Section 3.3.11 — The advantage of HDD is that there is no excavation and backfill
phases of construction. This minimizes disruption of the shoreline bluff and allows deep burial
of the pipeline. Environmental loadings due to ice gouging and strudel scour can be avoided for
pipeline sections installed by HDD and the potential for upheaval buckling is eliminated.
Permafrost thaw settlement loads must be considered for HDD and there is an increased
difficulty of drilling in arctic conditions and permafrost soils as compared to more conventional
locations. HDD is not practical for a single length installation of the Liberty pipeline and thus
conventional trenching and subsea tie-ins would be required at midpoints between drilled
sections.

Page 3-26, Section 3.5.3 — Concur. Where applicable, the pipeline monitoring program,
evaluations, and proposed remedial actions would be reviewed by the appropriate Federal and/or
State regulators.

Page 3-27, Table 3-1 — A pipeline geometry pig run will be performed after construction and
before freeze-up. This means that a pig run will be performed as soon as practical after
construction is complete but before freeze up in the fall of that year. The plan would be to do the
pig run as soon as possible so that if any remedial actions were required, construction equipment
would still be available.

Page 3-28, Section 3.5.3.6 — Another way to phrase this might be: “Axial friction from the
backfilled soil around the pipeline limits the thermal expansion of the pipeline and prevents axial
motion away from the pipeline ends.”

Page 3-29, Section 3.6 - Concur. Where applicable, pipeline repair plans would be reviewed by
the appropriate Federal and/or State regulators.

Page 3-30, Section 3.6.1.1 — The division between the two zones is approximately the 6 foot
isobath. In Zone |, the construction takes place from bottomfast ice where in Zone Il, the
construction takes place from floating ice. Bottomfast ice does not guarantee a dry trench at
pipeline depth.

Page 3-34, Section 3.6.2.2 — Concur that getting the design right to begin with can avoid
problems over the pipeline life. However, in the unlikely event of a leak, a repair may be
necessary. Depending on the damage and time of year, a permanent or temporary repair may be
made. If there is not time available during a summer or winter construction season to make a
welded repair, then mechanical sleeves will be used to make temporary repairs in order to avoid
long shutdown periods between the end and beginning of a repair season. Production may be
restricted during periods of temporary repair. While mechanical repair tools are standard for

H-0851.02 C-5 25-Apr-2000



INTEC ENGINEERING, INC. RESPONSE TO MMSCOMMENTSON
PIPELINE SYSTEM ALTERNATIVES

long-term subsea pipeline repair, it has been conservatively assumed that a welded repair would
be applied for Liberty.

Page 3-34, Section 3.6.4 — In the event of aleak, the pipeline would be shut in. The next step
would be to determine to what extent the pipeline is losing product to the environment. The goal
at that point would be to minimize the amount of oil which could be lost to the environment.

Ideally, all oil would be displaced from the pipeline prior to initiating any repairs. However, if it
is not possible to displace the oil without significant loss of oil to the environment, a temporary
pipeline repair using a split sleeve mechanical connection may be attempted with ail still in the
pipeline. This would prevent further loss of product to the environment until the time the line
could be purged for permanent repair. Alternatively, piggable plugs may be placed in the line
during the repair procedure.

Page 3-38, Section 3.7.3 — A leak detection threshold of 0.15% of flow has been experienced in
BPXA North Slope pipelines under steady flow conditions. Alyeska utilizes both mass balance
and deviation leak detection systems on the 48-inch TAPS pipeline. Ther leak detection
threshold is reported between 0.12% and 0.21% depending on the flow conditions and detection
time interval. The Liberty pipeline will use a well-established state-of-the-art mass balance and
pressure point technologies as part of its leak detection strategy. The percentage operational time
availability of these systems has not been estimated.

LEOS is a commercially available leak detection system. It has been used onshore and for river
crossings for 21 years. The manufacturer estimates that the system would be capable of detecting
hydrocarbon concentrations resulting from leak rates as low as 0.3 barrels of oil per day for
Northstar. The accuracy of the location of the leak is 0.5% of the total length of the system;
within approximately +/- 160 feet for the Liberty offshore section. The manufacturer has a
number of documented tests on the performance of the system. Because of the difficult
installation, operational, and repair conditions for the subsea arctic application, the LEOS system
reliability has not been estimated.

Page 3-41, Section 3.7.4.4 — A periodic pipeline leak test as applied by EPA technologies
analyses a 5 minute pressure hold time increment, specifically to avoid longer term thermal
effects. Longer hold times have been found to not significantly improve detection accuracy.
Potential valve seat |eaks may be addressed through periodic valve sealing tests and/or a double
block valve configuration.
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Page 3-43, Section 3.8.1 — There are no assumptions required to support this statement. To most
effectively minimize risk, your resources are better spent if you mitigate your highest hazard first.
Please refer to Kaplan (1991).

Page 3-44, Section 3.8.2 — Fi is better characterized as occurrences per project lifetime. It is
dependent on annual frequency by the equation:

Fi=1-(1-Fia)¥  [occurrences per project lifetime]
where Fia= annual frequency (occurrences per year)
N = project lifetime (years)

Page 3-46, Section 3.8.4.1 — Detailed operating procedures for the leak detection system are
beyond the scope of the conceptual design presented in the report. However, during operation,
leak detection system parameters will be compared to predetermined alarm set points and
calculated values. Any discrepancies (i.e. variance in system parameters outside of the valid set
point range) will show up immediately. Values outside of the valid set point range will cause an
alarm, forcing an operator to acknowledge the change in status and investigate the cause. If the
reason for the alarm cannot be determined and verified as a fase alarm, the system will
automatically shut-in the pipeline. The valves will be remotely controlled and mechanically
operated.

If one of the valves along the pipeline were suddenly closed, a surge in pressure would occur.
Thiswould result in a“oil hammer” effect (water hammer effect caused by the oil). Because of a
code allowable surge pressure of 1.1 x MAOP, the rate of valve closure must be controlled.
Analysis indicates that valve closure times should be set at approximately 8.5 minutes to remain
within code alowables.

Page 4-1, Section 4.1.1 — There will be residual plastic strains at each bend. However, these will
not affect the pipeline performance because:

* theweds (wherethefracture limit stateis applicable) are away from the bends

* the residual strains are the result of controlled bending around a mandrel which does not
ovalize the pipe. Therefore, the compressive strain limit (local buckling Limit State) is
almost the same asin a straight, unbent pipe.
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Page 4-2, Section 4.1.2.2 — Section 4.1.2 is a summary section. The actua selection of sub-
aternative A occurs in section 4.3.3. The sentence is meant to convey that sections beyond the
selection of the sub-alternative only apply to sub-alternative A.

Page 4-23, Section 4.8.1 — As part of the US Army Corps of Engineer stipulations, BPXA agreed
to design, construct, operate and maintain a prototype leak detection system that would be
installed with the Northstar pipelines. This system would have the ability to detect an oil spill
beneath current threshold detection limits (from PPA and MBLPC). The system design had to be
submitted and approved by the Corps prior to initiating pipeline trenching. INTEC Engineering
investigated a number of supplemental leak detection strategies for Northstar and recommended
the use of the LEOS system as it was considered the best available technology. This system is
currently being installed with the Northstar pipelines. Although the LEOS system is considered
the best available technology, by the time the Liberty pipeline is ready to be installed, another
system may be identified that would be considered the best available technology. This could
partially result from lessons to be learned from the Northstar installation and operation.

Page 4-27, Section 4.9.1.2 — Maximum ice gouge depth decreases with decreasing water depth.

Page 4-35, Table 4-12 — The ice is considered landfast which is not necessarily bottomfast.
Although remote, it is conservatively assumed that there is the possibility that a vessel accident
with the pipeline could occur.

Page 5-3, Section 5.1.2.3 — Section 5.1.2 is a summary section. The actua selection of sub-
aternative B occurs in section 5.3.3. The sentence is meant to convey that sections beyond the
selection of the sub-alternative only apply to sub-alternative B.

Page 5-12, Section 5.3.3 — Table 5-5 is only one of the selection criteria. Table 5-4 also indicates
selection criteria.  Taking into account overall structural response and installation/fabrication
activities, sub-alternative B was selected.

Page 5-22, Section 5.5.3 — A detailed schedule risk analysis was beyond the scope of this report.

Page 5-27, Section 5.6.3.1 — The use of clamp anodes on the interior pipe could be further
investigated in later design stages. Discrete anodes in the pipe-in-pipe annulus will have limited
effectiveness. This is because the restricted (approximately 0.75 inch wide) annulus hinders
electrical current flow through the annulus water to complete the cathodic protection circuit. A
continuous cathodic coating may be more effective for this application.
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Page 5-28, Section 5.6.3.6 — The seabed temperature in the vicinity of the pipe-in-pipe would be
expected to be the ambient seawater temperature. The soil temperature at the outer wall of the
pi pe-in-pipe approaches the pipeline operating temperature.

Page 5-34, Section 5.9.1.3 — This section was intended to refer to strudel scour.

Page C-2, Appendix C — INTEC concurs. The numbers were reversed.

H-0851.02 C-9 25-Apr-2000



RS LYY AUy Uik TV & T LUTWS A Ved DDWALNT e -————

United States Department of the Interior

MINER AL S MANAGEMENT SERVICE
Alagica Outer Contincetal Shelf Region
949 East 36% Aveoee, Soltc 308
Anchomage, Alasks 99508-4363

Mr. Moon Lew

Liberty Project Manager

BP Exploration (Alaska) Inc.
Post Office Box 196612
Anchorage, AK 99519-6612

Dear Mr. Lew:

The Minerals Management Service (MMS) contracted with Stress Enginetring Services, Inc.

{Stress) to provide a third party peer review of the dmaft INTEC repont, *Pipeline Systems

Alternatives-Liberty Development Project Conceptial Engineering”. : The purpose of the

contract was to ensure that the pipeline designs were reasonshis and could accomplish the goals
T stated in the July 6, 1999, letter from this office to you, We have recently providad your office

with two copics of Stress’ Draft Final Report datod March 7;2000. The findings of the Streas
repott will be used in cur assessment of the various pipeline-designs developed in the INTEC
report for the Liberty EIS. 'We request that British Petroleum Explocstion (Alasks) (BPXA)
respond to the issues raised in the draft ftnal report.

The US Fish and Wildlife Service (USFWS), the US Army Gorps of Engineers (CORPS), and
the MMS also reviewed the INTEC report and our comments are enclogsed. 'We request that
BPXA respond to these comments. The major concerns expressed.inthese comments are single
season construction for each of the alternatives, the varying depth of cover for the alternafives,
the leak detection threshold and relisbility of the LEOS system;.and decondary containment
capability of the pipe-in-pipe (PIP) and mp&:mHDPE(P]Ii]Mm ‘These concems were
also raised in the Stress final draft repon.

in the EIS. We request BPXA address the following; 1) pravide a thorough explanation as to
why different depths of cover were selected for the various pipeling systems, 2) the apparent

&nega:dnfﬁnhemﬁtsnfﬂ?uﬂ?ﬂimmnd:mndwpmdndm and 3) single
mmﬂ‘umforthcl’mmdﬂﬂahm



If you have any questions, please contact Mr. David Roby at 907-271-6557.

\}U.S\k,'l/

mmoﬂswﬂ



MMS Comments on Pipeline System Alternatives
— Liberty Development Project Conceptual

Engineering Report

[ Page
-5

Comment

The report mentions that “for pipe-in-pipe, 90% of the cxtnated second-season cast
is sdded for contingeney.” Please expluin wiy this. is not $0°%, which is the

413

probability of requiring a second sesson of constraction for the i
MMW:@&MMMWWEMMMW
irto the design s ability to do detafled moniloring of 9l plipetine system components
thronghont its life.

233
Table 2-2

Not sure why wind deaign is pot in separse soction.  Tetopersiure i 4 Significant
factor mn thege designs. Clarify that these temporatiunes & purt of the environmemtal
factors used during design

Constroction and makeup amivent & tomperahare = 50 degress F
[nscallation temmperature (wet tremch) 30 degrees F
Installation temperature {dry trench) - 50 degrees F

27

2332

What is the design erosion distmice ovey the Life of the project and how was it
determined ?

222

2.3

Mmmhmmﬂhm_m_m:mm

-Mﬁnﬁdmhﬂdﬁmmm

229

2.12.1

“ﬁdmpmpupalmlmgﬁwﬂ]rmknlwhmﬂdmiummﬂm
depth for the development area...” Mixinmm icc gouge depth for 3 region can’t be
dependont on the length of pipeline.. Pipeline langth doss cange the probability that
the event ocoars over the pipeline.

231

"Wﬁhm:hfcuf[htyhﬂdnmﬂ‘ﬂm&:ﬂﬂm

recovered are reduced ag the pipeline sizo is redaced ™ A 6-inch pipeline carying

23,000 bbl/day for 19 years would ranspart over 150 million bercls of ofl. The 12-

inch pipeline is completzly filled to capacity for galy 2-3 years and then has excess

m Economic Tactors such 25 rate of rotom on invesiment are sigmificant
factnrg oo pipeline sz,

2-32

“ the barial depths increases tha Joad, bt woukd reduoe the potsatial
mhm&mmm Wwﬂﬂ“hmwﬂﬁm

2-33

“Emdmglh:bmaldepthwﬂlmﬂnmd‘ﬁﬁ_hphmdm
the pipe,” In fact, you don't have to expend the burisl depth in ordar to be sble to
place mare zail over the pipe. hmmmdtfﬁﬁh'mﬁndqm?
Does the sbility 1o make the trench bottory siooth:decnsss arith increased wrench

depth?

2-33

"Axny pormafrost thaw setthement could result in sobstantial pipeline Ioading in aress
prome to Jifferential settlement dus to the addithonsl 30il overtarden.™ On page 2-32,
soction 2.12.2, last sentence it stutes that increxsed barisl depth would redace the
potential displacement of the pipe. These sentsaten soetn to be contradictory.

The operational end differmtial tayperaiures for the:pipelme m these toro sections
differ. Plawse indicate which valnes sre cormect, of if they & parposely diffecent

what is the rarioaais fov the differonce?

fage

The report mentions that “a dopth of cover of 7.0 feat iy teptatively cotablished 25 &

beseline™ While this ia trus for the singis wall il syshon i is not trae for any



of the other three dexigns. Please show what the 20il trinsverse disphacenent ot the
centerline of dae other thres pipelines wonld be for this 3-foot deep ioe gouging
Event,

37

332

The report statey “Ounly one pipeline has bean DA Mt arctic offhore
envimnmest”. This etaseenent is not teckmically correct. The Eadicott pipeline has
been built in an mrctic offshore anviranment, atheit on 8 causeway. I would be more
mmmﬁum&u“ﬂuhhhﬂkhmmw

3-19

3353

Not sure how o plow can be nged in winser, A

311

3354

¥ yon can plow in the wintsr, why can’t you jet in the winter? Elnhubidﬂyhc
_teduced by ndding ikt cartainy?

3-21

R

353

The pipeinz muaitoring program & o mwmim
mnd Stade reguistors. All pipeline evakations sod reteedial actiony are expected to
be reviewed by sppropeiste Federal and Simte

This tablc mdicates that baselme pig rans would be parformed after comstroction and

befors frewe-ap. Docs this mesn that the pig rung will ot be parfocmed wdl the
following open wider season? It socmns more practical to g e bescline pig
immedistely witer constroction is completc o that equipsoent will still be ogafte if any
remedial action was revudend.

3534

“..the soil backhill erowmd the pipe will #ct A3 4 Yotesl suchior.” Poor engineering
taminalogy

is

Pipeline repair plans s cxpected to be revicwed by appropriste Federal, and Sts
regulatoes. '

34.1.1

It i mnclenr if the division brivwecn zome I and Ti-asto do with iof Toad constraction
or hiquid water fn the wench. Hnngboﬁmhthinm‘tmt&ytrm:hn
pipeline depth.

Jo22

Mmmmm-amwmmmm
implies the pdpeline would be operated untl] conditions become fsvorable w0 make a
welded repair. A better assimiption would be to zssome the: pipelme will not go back
into operation until it 1 rehaned W it's arjginal fodeprity and plon sccondingly. Thiz
ssxumption: alss places the emphesis on gettmg the dasign right to begin widh and
avoiding sy probilems over the pipekine Bfi:.

334

364

“Before & repair is stlempied, it would bs peceasary in diapiace the pipeline contents,
If thix iz most pogsible, it may be necessary to prevent ferther produsst ks from the
pipe by placing xn extoms] clionp aromd the plpe-at the leak ™ B in wnclear if's
pipetine repair would be atenpied with oil still in the pipelime. Further narative
could clarify the options md consequences.

3138

The whole section is based upon & opersting Josk detection sysieen, What sbowt
availability and relisbility of the leak detsction gysiems?

3744

Add some discestion about the eilects of tomporaiam changea m-the ol nd
azpoc|stnd contraction as i relates o 2 shoart pressmre beak fe2t. 1 agree that a bobble-
tight seal at the block valves will be difficult to achieve. This type of short term
pressure test warranis farther stady becmss if # could be dane relimbly with accurate
resulis it would be 2 quick way to dicprove false positive feaks rathey than adjusting
hreshold I ..

151

“Suppose that H, i3 small compared to H; In order to mare stfectively minmise Hak,
it would be wise #0 spend more resourees on S, rather thim on 8,7 Thare are several
mssumptions that hixye 1o be made fior this © be troe. Fhease rate those srsamptions.

-4

382

hﬁmﬁmﬁmﬁﬂmmmﬂthm
frequency?

3-46

Is the leak detection system going to Fequire opersior istervextian o is it poing to be




—_— — == ==

ey

Leak antomatic? If the operator Is expected o oo . lnak fu Lexs than
(guillotin | five minutes, what will be be doing 7 Taking 84 " crossing
¢ Break) | vulve to close secmms bike & bong Gime. E -
4t [411 “Tho zigzag sub-ahterative allows coutrolled
wmm:hlmﬂ:r,h_ foree than a
straight pipe” Doem’t it also start out with latg be wpex of sach
=g ? *
4-2 4122 “Theefore the remaindar of this smalysis addre Fad
w&hm-m Imver in Chapier
4, , - '
433 [431
Wi this BAT determimation made by 4 rog
| _opiniom? -
427 14912 | Buliet ES strizs “Muximus o googs
stmtemicwt is mnciesr. Does It mean that osifx] a3 wnler
dup&hﬂmuﬂnuitmmhhyw
dacrapies. '
4-35 | Tabled- | This tablc indicates that daage caused by = iRt
12 Year. Is it reafly reasonnble to assume taat 3 vessdl accid
occur dyring the witer wheq there s lndfesice: =
3 3123 “The remain i ;
this sixtement a5 scb-atternative A iy mentioned .
512 | 533 T report indicates that mutallation for B i
betier than fior sob-sthonetive A. This Table 5.5,
502 1553 As 1w scason coustruction is 4 crfical factos ; mative,- It soems
prudent to do-a detailed schadale ik analygis: > TN
527 | 563.1 Bot anodes on the tariof Dint 5 '
528 | 5636 What it the estitnated seabed tomperstre In : St the pipeline
after it has been in for ewhile? [
34 | 55813 The: seatencr i ice ponge pot stnsde] sooar™ . i
C2 | Analysis mmmwmmnw ptherepint the maxinvm is
of the 0.3 fict deep”. These nambers seem to b reverseg . 7 ..
ur 2w 'p.“;
! - ‘L
> IR T
;; ey 4
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Mr. Jeff Halker

Regional Superwvisor

Field Operations

Minerals Managamant Service
Alaska 5 Region

243 E. 36" Avenue

Anchorage, Alacsks 9U508-4362

Daar Mr. Walker:

This is in reference to your Movember 18, 1999, letter requesting comments
on BF Exploration {(Rlaska) Inc.’'s draft report entitled "Pipeline Systems
Alternatives - Liberty Development Project Conceptual Engineering”. The
following iz in reply to your request to identify any major deficiencies that
would prevent the third-party reviewer from completing an engineering review
of the pipeline system alternacives.

The purpese of BPFX's pipeline svstems study was to provide a comparison of
alternative pipeline configqurations as hydrocarbon delivary systems for the
propesed Liberty Developmert Project (LOF). The study was to equitably
compare different pipeline systems design alternatives addressing system
re#ligbility in an arctic subsea environment, cost-benefits (life cycle) of
different pipeline designs and supplemental state-of-the-ayt leak detectian
systems beyond pressure point analysis and mass balance line pack
compensation.

The four pipeline systems concepts that wers to be equitably compapced
were: single wall steel pipeline, double wall [=teel)] pipeline system, steesl
plpe inside and HDPE, or similar, sleeve, and flexible pipe (e.g. coflex).
Factors for comparison were to include: structoural design (in addressing
environmental loads of ice keel, strudel scour, thaw settlement, ypheavel
buckling, ete., construction, operaticen and maintenance, repair, leak
detection, costs, scheduling, spill veolume determinations and failure
probability analysis, etc}.

Additional guidance and direction for BFX'= pipeline systems alrternatives
study were developed during the June 22, 199%, facilitated multi-agency LOP
mezting and the June 29, 19%9%, Liberty Envircnmental Impact Statement Team
meeting. Your July 6, 1999, letter transmitted a list of issues, objectives,
and design criteria that BEPX was expected to address in the pipeline systems
alternative report being prepared by INTEC. Included Wwith your July 6 letter
WErS Written responses Lo your Junsa 23, 1999, latter from the U.5. Fish and
Wildbkife Service and the U.5. Army Zorps of Engineers that elaborated on the
formulation of assumptions, objectives, and criteria to be used in the
comparative analvysis for alternative pipeline designs.,



We determined that many of the isgues identified from the directien and
guidance provided te BPX as stated in your July & lettey, with attachments,
are not adequately addressed. For example, completion of & mutually agreeable
comparative pipeline design aliternative evaluation and trade-off analysis For
engineercing, economic and environmental feasibility. We find the report
deficient in addressing the feasibility tests and trade-off analysis. The
test and analysis were to focus on satisfying the performance standard (desiqgn
functien) of minimizing the likelihsod of oil entering the epvironment, and
ghould a spill occur, the feasibility of the pipeline design to facilitate
detection, containment and recovery that minimizes environmental damage.

We also find the report deficient in addressing the specific issues,
objectives and criteria as stated in enclosure 1 of your July & letter. This
is especially true for the cased (pipe-in-pipe) pipeline system alternatiwve.
We concur with the U.S. Fish and Wildlife Service’s comment letter to you
dated December 3, 1993, on the inadeguacies of the report in addressing
sgcandary containment, pipe-in-pipe design, leak detection, and construction
season. As stated by V.5, Fish and Wildlife Service December 3 letter and our
meeting with MMS =an February 2f, 1999, sscondary containment was to be a
design function for the pipe-in-pipe and other pipeline system alterpatives.
Secondary containment of oil leaks from the carrisy pipe continues to be a
majoer issue with the Corps and resources agencies and the report contributes
little to this topic as part of the equitable comparison of pipeline system
alternatives. The report clearly fails to recognize any benefits of secondary
tontainment . '

In previous meetings with MMS, Corps, and BPX., it was our understanding
that PPX was committed in undertaking this pipeline system alternative
analysis tp select the safest pipeline system in consideration of optimal life
tycle costs and to document the rationafor the selection and non-selecrion
of the alternatives. BPX even went to the point of putting their proposed
single wall pipeline design on held, to await the resolts of this study and a
third party engineering review,

The purpose of third party review is teo conducst an independent evaluation
toc confirm that sound engineering practices were followed in development of
the conceptual designz, construction methodelogies, construction and life
cycle cost estimates, and repair metheds for each of tha pipeline systems. It
Was our understanding that the review of the environmental components of the
pipeline systems alternative study, le.g.., trade-off analysis. envirocnmental
consequences and benefits) was te be ypdertaken by the resource agencies of
the Liberty EIS team. As stated above, we consider that latter can not be
sccomplished due te tha inadequacy of the report in addressing these issues.
However, we do not cbject to continuing the 3™ party engineering review as
schecduled, realizing that improvements, revisions and/or supplemsntation to
BPX's report prepared by INTEC will need to be undertakern.

ARlthough we toncur with your Hovember 18, 19%%, transmittal letter
statement that there is sufficient informatien Lo proceed with the third party
engineering review, we do not concur that the INTEC report was prepared
fcllowing guidance developed by the Liberty EIS team. We can mot conour with
your statement that the alternative assessment goss beyond your expectartions



for this conceptual engineering report. MWe Find that the “Pipeline Systems
Alternatives - Liberty Development Froject Conceptual Engineering” report
falls short of our expectation and the expectation of the rescurce agencies on
the Liberty EIS team. Nor can we concur with your November 18, 1999,
statement that “The draft report includes a risk assessment, which concludes
that a gsingle walled pipeline has the lowest risk of an oil 2pill from any of
the four alternatives evaluated.” The report, page 9-9, also states that “a
pipa-in-pipe system with a seven-fool depth of cover would have a risk of

2.8 x 10! barrels of oil spilling into the environment, which is about &
times less risk az the currently evaluated single wall pipeline system.” We
believe that the third party eéngineering review will validate this through the
equitabie rest of project design. '

We appreciate the opportunity to provide comments on the fubject repoarr.
As a cooperating agency for the Liberty Development Project, EIS, we lask
forward in working with your office. Please contact me directly at 753-5554,
or by mail at the letterhead address, if you have guestions or desire further
information concerning the above.

Acting Horthern Unit Coordinateor
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Degr Mr. Walker:

This 15 a foliow-up to our December »3, 199%, letter responding te your
requast for comments on BF Exploration (&laskal I[re-.'s draft reporkt entitled
"Pipeline Systems Alternarives - Liberty Development Project Conceptual
Engineer:ng” . The purpose of BPX s pdpiine systems study was te provide an
eguitable comparison of alternatives that recogrized the benefits and determents
of each pipeline system configuratiaen for the proposed Liberty Development
Frojecs (LDP). The following comments address risk WsSessments, operaticnal
damage frequency and consegquences of ravlure comparison between pipeline
BYSLEems.

The report provides little evidence toward resolving previous arguments
between pipeline engineers and resguree dencies, and evern provides an
sppearance of Favaring the old Tecontept of engineering design” through scenario
select.on and assumption=s used. The “pparent bias of the stuedy continues the
view “that it Ithe single wall pipelim: system)] would be designed not to leak,
#nd thus, designing additional containment weuld cnntradict the concept of
eAginesring design.” page -3, Based wn past Fiperine perfarmance, pip=lines do
leak. The resource agencies view is that supplemental leak detection SysLems
and Ceilsinment measures could minimize the consequences of an oil release from
the carr:er pipeline o the environment .

The report does litrle toward rezglving of even atiempting to address
ercineertnag chalienges associated with pipe-in-pipe alternatives, such as
cdthoz.: preotectiorn. The report simply states that even with dual-layer fusionh-
oended epoxy external €oatings Lo the inasr pipeling, the pipeline cannot be

vtathedically protected. No consideration 15 gives o provide an inerg
environment within the anpulus of the pipelines or other potential soluticons.
Alrthough the feport recommends leak deefesction with;r che annulus, the report

3112 to address the porentral Eor iruvredyed sensirivity wichin the annulus in
providing an early warning system. The report ceontinues Lo reference a LEQOS
Cype system as 3 supplemental leak detwection system for which there are concerns
Which remain to be addressed relating te its’ operatien in am ALCTIiC marine
#nvirenment. The report, in attempting to addrass state-mf-the-art supplemental
detection systems regresses Lo the use of ice borechole sampling. Supplemental
state-of-the-art senser systems ifsuch us a fiber OpLi¢ Sensor system within cthe
annulug} are not sgdequately addressed nor is there a COMparison of leak
detection sensitivity in oreviding an early wazrning af an oil leak.



The scenarics and rthe four damage categories developed appear to favor a
single wall pipeline System. An example is the calculatien of an operatianal
damage frequency risk assessment which does not take into account any
advantages for a pipe-in-pipe system, such as secondary contalnment or the
Potential for increased structural intuqrity. The report assumes that for a
category 1 or 2 event there would be un releasas of nil inte the environment .
TeL the report doss not calculate j probat:ility for at what Point nar at whak
types of condition could a Spill occur from the carrter Pipeline., For a
category 3 event (=mall and mediugm lewk) plpe-in-pipe alternative, the report
Assumes pipeline failure is by ice gouging vavsing both the ianer and cutey
Pipelines to fail and release pil inte the enviranment. Ry failing o
recegnize the benefits of S8CoNdary contalinment, the report automatically
Afsumes a 125-barrel gil leak into the environment, which would be detected by
& sipplemental leak detection system. [n actuality, Fecondary containment
would provide time to check and aszess damage, plan and impleament corrective
action that should eliminate or signiticancily reduce the amount of an
uncontrolled oil releaze into and damige to the environment.

The report recommends the inclusien of a supplemental leak detection EysTem
for all alternatives and incorporates this ancepr Within the risk assessment
calculations, We woulid like to Point our rk3t the applicant has net
incorporated soch g supplemental leak detwution syotem within their permic
application for the Liberty Development Froject . AL such, the leak detection
threshold of 0.1%% of product transport imeximum of 63,000 barrels per day}
shouid be urilized when providing damage mstimates for the single wall
pipeline,

The report assumes that a medigm l-ah igfined s 097 .5 barrels per day)
resulting from & small crack ar pinheis 10 4 single walled pipegline would be
detectec by the Siemens’ LEOS system tesuleang in an expacted loss of only
125-barrels of oil prior to detection. Howsver, we are not aware of any
numerical simuelations of oil migration rhat would bie necessary Lo determine
Lhis expected less nor have considerations ta soil L¥pe, water depth, ete. been
delineated in determining response time alony the proposed Liberty pipaline
toute. The report rhen assumes the same l&s-barrel il leak rate from the
Sinale wall pipeline for the Pipe-in-pipe altermative that would not be
hindered by varying 20il permeability walues and migration patterns. Sinece
damage esiimates would alse be affecred Ly the amount of oil released, it would
S8em reascnable that any alternative that -ould limit the fquantity of release.
fuch as by early detection would have Less damage. fince risk is defined as
the product of damage times uncereainty (R=DxU, page 3-423, adlternatives which
could reduce damage would have a lowes a5k,

In summary., although the Teport does pruvide some insight into risk
identification, we temain concerned thur the reper’ favors che single walj
Fipeline system with Supplemental leak detectior £ viewing enqgineering
peoblems as challenges te be overgome. Whike, in uonbtrast, other Fipelins
s¥ystem alcernative prablems are views:: az belng coutiy and complexr and are



quickly used to discount the giternative’ s viability without regard to
benefits. The use of assumptions, development of soenarios and damage
categories appeatrs partial to the single wall pipeline system. The results of
which are carried forward in the comparisen of risk assessment and operationgl
damage frequency between Fipeline systems. Wa request that the third party
reviewer provide a thorough review and unalysis, and if necessary develop
SCenarios and damage categories which Fake into diuunt potential benefits of
the pipeline system alternatives, incowling secord.ry containment and early
spill detection.

We appreciate the CPPULTUnLtY KO | rovide comments on the subject report.
A5 a cooperating agency for the Liberty Development Proeject, EIS, we look
{orward in working with your office to provide a geality docuoment . Please
contact me directly at (907) 753-5554, or by mail ab the address above if you
have gquestions or desire further information cencerning the above,

i1 1y -

T T

Llwyd H. Fanteg
Fruject Manager

Enclosures
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Mt. Jeff Walker REGIONAL DIRECIOR, ALASKA
Minerals Management Service Mirerals HManagamant Setmms
Alaska OCS Region ANGHIRARE, ALASKA

%49 E. 36" Avenue
Anchorage, Alaska 99508-4363

Re:  Drafi Pipeline Alternatives Report
Dear Mr, Walker:

In response ta your cover letter dated Novernber {8, 1999, the Service has conducted a
preliminary review of the drafi report “Pipeline Systems Alternatives - Liberty Development
Project Conceptual Engineering,” prepared by INTEC for BP Explocation {Alaska) Inc. (BPXA).
We did not receive the report until November 23; therefore, we have conducted only a cursory
review of the report and are not yet able to provide detailed comments or an assessment of its
adequacy. We cannol, al this time, endarse the report; however, due to the time required 1o
review and revise a document of this nature, we see no teason to withhold the report from peer
review by Siress Engineering, Inc., the selected third-party contractor. The Service will continue
10 review the docurnent during this process.

Qur preliminary review identified several concems which we briefly outline below:

1. Secondary Containment. The July 6, 1999 letter from the Minerals Management Service to
BPXA detailing objectives and issues to be addressed by the Pipeline Altermnatives Report
specifically requested that secondary containment be “identified as a consideration in the design
philosophy™ ([ssue 2). In addition to several other factors, containment was to be compared ina
narrative analysis and summary matrix of all alternatives {Issue 3). Clearly, secondary
containment of leaks from the inner pipe, as unlikely as they may be, was and continues to be a
major issue with resource agencies. Yet, the repon fails to recognize any benefit of secondary
containment 1o the extent that it is not even mentionsd in the Executive Summary or discussed to
any exlent in Chapter 5 {Pipe-in-Pipe Design Anaiysis) or Chapter 9 (Comparative Analysis).
Chapter 8 is a brief discussion of a few altemative approaches to secondary conlainment, none of
which have been attempted in the arctic. The secondary containment characteristics of the pripe-
in-pipe allernative are not discussed in this chapter. The lack of any discussion of the
environmental benefits of pipe-in-pipe secondary containment, compared to the potential
drawbacks of this design, is an apparent weakness in this analysis. The July 6. 1999 letter
requested a comparative analysis of the “technical. economic, and environmental merits and
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limitations of the design options.” The environmental merits and limitations (or consequences)
of each design are not clearly articulated in the report, with the issue of secondary containment
being one of the most obvious omissions.

2. Leak Detection. The Service is concerned about the degree to which the report relies upon

the LEOS supplemental leak detection system. The report leads thie reader to belisve the problem
of detecting low level {(below current pressure and volume monitoring thresholds) leaks has been
solved with the discovery of LEQS. Although the Service believes LEQS has promise, this
technology remains untested in the arctic. The first actual test of this technology i arctic subsea
conditions will be in association with the Northstar Project.

3. Pipe-in-Pipe Design. The report does not thoroughly answer several questions reparding the
chosen design option for steel pipe-in-pipe. The relationships between wall thickness,
interactions between the twa pipes, and stiffness are not well described. It is not clear if the
spacers mentioned would withstand the loads of ice gouging and supply structural comnectivity
between the two pipes. If they do, do the two pipes act together to resist bending? How would
two pipelines of less thickness (e.g., approximately 0.5 inch) react tagether if connected by
bulkheads or spacers, and then buried with 7 feet of backfill? While every possible option
catnot be thoroughly assessed, opticns with potential should be considered using the data made
avatlable via this analysis.

4. Single Season Construction. This is clearly a major desipn criteria for the Liberty project, as
proposed by BPXA. The report does not discuss multiple options or approaches for completing
the pipe-in-pipe installation in a single winter season. It seems plausible that dual installation
crews, working from both the Jandward and the seaward ends of the pipeline could provide
greater assurance of single season construction of the pipe-in-pipe design. This would obvicusly
be more expensive than a single-walled installation, but it could be less costly than using two
CONSIIUCLION $SEasGNS,

3. Conclusions. The statement: “[t]he conditions that might give rise to a foss of product from
the inner pipe would also affect the outer pipe” appears in severa! locations in the report. This
appears to say the inner pipe will never develop a small leak {or any {eak for that matter} due to
imperfect materials or construction. If this is the intent, data are needed 1o justify this statement,
[n addition, using the argument that containment is not a reasonable function of an outer casing
because it has never been done before is not convincing. The Colville River CTOSSINg is an
example of a casing being designed and constructed for the purpose of leak containment and
redundant structural integrity (Alpine Development Project Environmental Evaluation
Document, September 1997; letter from ARCO o State Pipeline Coordinator, June 2, |997).
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We appreciate the opportunity 1o supply input and request this leter be forwarded to Stréss
Engineering along with the draft report. If you bave guestions regarding this issue, please contact
Larry Bright at 456-0324.

Sincerely,

Patrick J. Sousa
Field Supervisor

oe. T. Lohman, NSB, Anchorage
T. Rockwell, EPA, Anchorage
J. Hanson, NMFS, Anchorage
_G. Gray, SPCO, Anchorage
L. Fanter, COE, Anchorage
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LIBERTY DEVELOPMENT PROJECT

EVALUATION OF PIPELINE SYSTEM ALTERNATIVES:
EXECUTIVE SUMMARY

BP Exploration (Alaska), Inc. (BPXA) submitted a Development and Production Plan (DPP) for
its proposed Liberty Development in February 1998. As discussed in the DPP, BPXA plans to
produce sales-quality crude oil at Liberty Island, located iggiFdsland Bay approximately 6
miles offshore of Alaska’'s North Slope in the Beaufort Sea. Liberty will be a self-contained
drilling and production facility built on a manmade 5-acre gravel island in about 22 feet of water
(Figure 1). According to the DPP, the oil will be delivered from Liberty to the trans-Alaska
pipeline by means of a 12-inch-diameter pipeline approximately 7.6 miles from Liberty Island to
a tie-in with the existing Badami oil pipeline, which connects with the Endicott oil pipeline.

The 6.1-mile offshore segment of the Liberty oil pipeline is the most challenging aspect of the
project, since the pipeline must be built in the nearshore landfast ice zone of the Beaufort Sea.
BPXA retained INTEC Engineering, Inc. of Houston, Texas, to prepare a conceptual engineering
report to evaluate and present the design alternatives for the pipeline. The report provides
permitting and resource agencies information for evaluating alternatives in the Liberty
Environmental Impact Statement. A peer review of these conceptual designs will be conducted
by an independent engineering contractor selected by the agencies.

The INTEC report reviews four design alternatives, which are shown in Figure 2:

Single wall steel pipeline

Steel pipe-in-pipe system

Single wall steel pipe inside HDPE (high-density polyethylene) sleeve
Flexible pipe system

In order to fully evaluate these alternatives, the report covers:

Project design criteria applicable to all alternatives
Installation methods available for all alternatives
Construction costs

Operations and maintenance issues

System reliability

Leak detection systems

1 DRAFT 11/1/99
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1. SUBSEA PIPELINE DESIGN BASIS
1.1 Safety Requirements

Any pipeline alternative must be designed for safe installation and operation. Safety
requirements for a subsea arctic crude oil pipeline are based on a combination of government
regulations, industry design codes, and project-specific engineering evaluations:

* U.S. Department of Transportation (DOT) Pipeline Safety Regulations, 49 CFR Part 195,
Transportation of Hazardous Liquid by Pipeline.

« ASME B31.4 Code for Pipeline Transportation Systems for Liquid Hydrocarbons and
Other Liquids.

e APl RP 2N, Recommended Practice for Planning, Designing, and Constructing
Structures and Pipelines for Arctic Conditions.

* Pipeline Design Technical Review — Liberty system alternatives are reviewed through
the ongoing U.S. Minerals Management Service (30 CFR 250 Subpart J) and Alaska
right-of-way lease procedures (A.S. 38.35), and industry peer reviews.

» State of Alaska Regulations — 18 AAC 75 includes specific design requirements for leak
detection and also requires a best available technology review of certain pipeline system
components (e.g., leak detection, cathodic protection, and communications systems).

1.2 Additional BP Design Obijectives

In addition to regulatory and project-specific design requirements, the subsea pipeline system
alternative should satisfy the following design objectives:

* Exceeding minimum Alaska State regulatory requirements for crude oil pipeline leak
detection (18 AAC 75). The two state-of-the-art leak detection systems presently in use
on existing North Slope pipelines and proposed for all Liberty pipeline system
alternatives exceed these requirements.

* A supplemental leak detection system is desirable to detect smaller leaks before they can
accumulate large volumes of spilled oil during the ice-covered season.

* Pipeline inspection pigging should monitor pipe conditions which could lead to a
potential leak formation if uncorrected. This includes periodic wall thickness
measurement, pipe body ovalization, and pipe geometry (bending) monitoring
inspections with tools run through the pipeline.

* Pipeline construction during the winter ice-covered season is desirable for minimizing
environmental impacts.

* Reasonable pipeline capital costs are required to support development economics.

1.3 Pipeline Design Criteria
A buried subsea pipeline must be designed to withstand the forces applied to it by the oil in the

pipe and by any environmental events that have the potential to act on the pipeline. Table 1
summarizes these forces.
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TABLE 1
DESIGN BASIS FOR LIBERTY PIPELINE ALTERNATIVES

CRITERIA SPECIFICATION
Crude Oil API Gravity 25.4°
Crude Oil Specific Gravity 0.9 (@60°F)
Design Oil Flowrate 65,000 bbl per day
Pipeline Length (subsea section) 6.1 miles
Maximum Pressure at Badami Tie-in 1,050 psig
Maximum Allowable Operating Pressure 1,415 psig
Maximum Operating Temperature (at inlet) 150°F
Minimum Flowing Temperature: (at inlet) 120°F
Lowest Ambient Air Temperature: -50°F
Design Ice Gouge Depth in Seafloor 3 feet
Design Strudel Scour Span =1 foot
Design Thaw Settlement (single wall steel) 1 foot
Design Prop Height for Upheaval Buckling 1.5 feet

The design oil flowrate is 65,000 barrels per day based on reservoir and field production
considerations. This, in turn, establishes the minimum temperature and inlet pressure at the tie-in
of the Liberty pipeline with the Badami pipeline. The pipeline internal diameter is established
based ompipeline length, flowrate, andpressure

The pipe submerged weights a key design parameter since the pipeline must be heavy enough
to sink and stay in the trench during installation. When the trench is excavated and then
backfilled after the pipeline is installed, a slurry of soil and sea water may form in the trench
bottom. The required pipeline submerged weight to counteract the buoyancy imparted by the
slurry affects the pipeline configuration and installation procedure.

Two key factors determine how deep the pipeline would be buried in the seabed. The first is the
depth of cover, which is defined as the distance from the top of pipe to the original undisturbed
seafloor. Adequate depth of cover is important for protecting the buried pipe from loads induced
by “ice keel gouging” and “strudel scour.”

» Ice Keel Gouging:During fall freeze-up and spring breakup, sea ice in the Beaufort Sea
tends to pile up at some locations creating pressure ridges, some of which have keels that
periodically form gouges into the seabed. Therefore, proper design requires establishing
the extreme-event ice gouge depth along the pipeline route. However, in addition to being
buried below the design expected ice gouge depth, the pipeline must resist strains caused
by potential seabed soil movements from the gouge (Figure 3). The pipeline depth of
cover (measured from the original seabed to top of pipe) performs this task. Based on an
analysis of extensive data on the pipeline route, a design gouge depth of 3 feet will be
used which is more than two times deeper than observed values.
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» Strudel Sour: Scouring of the seafloor by water draining through “strudel” holes in the
ice. This occurs in spring when rivers thaw before the nearshore ice sheet, and river water
flows out over the ice. Strudel scour can expose the pipeline and erode material under the
pipe, causing strain on the pipeline (Figure 3).

Another design consideration is theackfill thickness. This is important where the difference
between the ambient temperature and pressure during the installation and pipeline operation is
great. This pipe expansion due to temperature differences — in combination with the pipe wall
thickness, backfill soil properties, and the levelness of the trench — affects the pipe vertical
stability due toupheaval buckling (Figure 3). When a buried steel pipeline operates at a
temperature and pressure higher than at installation, it will try to expand lengthwise, and at
individual high points along the pipe, the pipe exerts an upward force into the soil cover. If the
upward force exceeds the resistance of the soil cover, the pipeline stiffness, and the pipeline
weight, the pipeline will move up and may be become exposed on the seafloor. This phenomenon
is known as upheaval buckling.

Another external pipe load directly caused by backfill thickness is the reshdwfsettlement

(Figure 4). In nearshore shallow waters of Foggy Island Bay, theisddr the pipeline could
contain permafrost. Because the pipeline will be warm, a “thaw bulb” will develop around the
pipe. If the frozen soil has a high ice content, this thawing can cause the soil to settle, and the soil
cover on the pipeline loads it, placing strain on the pipeline. Deeper pipeline trenching can
increase the backfill thickness and thus leads to an increased overburden load during thaw
settlement, but it also can reduce the amount of settlement. However, deeper pipeline trenching
protects the pipeline from strudel scour and ice gouging.

Finally, the pipeline must avoid excessive internal and external corrosion over the project life,
and external corrosion control is required for each pipeline alternatives.

2. INSTALLATION METHODS

Possible methods for excavating the trench and installing the pipeline were reviewed. Trenching
methods include conventional excavation with dredging, plowing, jetting, and mechanical
trenching. Installation methods include use of lay vessels, reel vessels, tow or pull methods, and
installation in winter through an ice slot. The possibility of using directional drilling from shore
was also examined, but too many technical difficulties were identified. Completing one hole and
installing a pipeline by directional drilling is a relatively complex undertaking, but is
nevertheless technically feasible. However, a series of directional drilling operations would
magnify the complexity of the installation, would likely require two construction seasons, and
would also require the design of protection of the seabed connections between drilled sections.

Only one hydrocarbon pipeline has been built in an arctic offshore environment, and it was
installed using a bottom-pull method for the bundle installation and a plow for trenching. The
project was installed off Melville Island in the Canadian High Arctic between 1976 and 1979.
The Drake Field experience shows that a high level of quality assurance was needed during
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construction. However, it is important that the pipeline was only 4,000 feet long (12% of the
proposed pipeline length), but the make-up of the pipe bundle lasted 4.5 months, not including
pipeline installation. Thus, considerably more time was needed than for a more conventional
pipeline configuration.

The different configurations of the alternatives have different implications on the construction
and installation program. For example, the single wall pipeline would be buried in a deeper
trench, whereas the pipe-in-pipe alternative requires extensive make-up assembly and more
equipment. On balance, the pipe-in-pipe and pipe-in-HDPE alternatives are much more difficult
to construct than the single wall or flexible pipe alternatives. Therefore, the risk will be much
higher that the construction work will not be completed in a single season.

The preferred construction method is from an ice platform in winter using conventional
excavation equipment and off-ice installation techniques. Reasons include the following:

» This method uses conventional, proven equipment available locally.

* Ice-strengthening and ice-cutting techniques are well understood.

» Athrough-ice test trenching program has been carried out on the North Slope to prove the
feasibility.

» Other construction methods would require that significant equipment be mobilized to the
North Slope, which may require the equipment to over-winter (i.e., barges).

» Open-water construction equipment is not designed for these shallow water depths.

» A skilled labor force is available.

» Alaskan content in the project is maximized.

3. COST AND SCHEDULE

Cost estimates range from $31 million for the single-wall steel pipe to $61 million for the steel
pipe-in-pipe, including the base case cost plus a contingency value. The contingency value is
estimated based on the confidence associated with meeting the proposed schedule. For the pipe-
in-pipe and the pipe-in-HDPE alternatives, there is a high likelihood that an additional
construction season will be required to complete these more complex construction programs.
Therefore, the contingency includes a portion of the additional season construction costs.

4. OPERATIONS AND MAINTENANCE CONCERNS

The main difference in maintenance of the pipeline systems is that monitoring cannot be
accomplished in all structural components of some alternatives. It is not presently feasible to
monitor the integrity of the outer jacket pipe of the pipe-in-pipe, pipe-in-HDPE, and flexible pipe
alternatives. Post-failure monitoring could be achieved for these two systems using the annular
leak detection system to detect the presence of water and oil. However, no preventive monitoring
of the outer jacket pipe can be performed for these systems.

9 DRAFT 11/1/99



TABLE 2

SUMMARY COMPARISON OF ALTERNATIVES

Descri ption Pi peline Alternative
Single Wall Pipe-in-Pipe Pipe-in-HDPE Flexible Pipe

Configuration

Depth of Cover (feet) 7 5 6 5

Duration of Trenching (days) 33 26 30 24

Gravel Backfill (yds3) [Does not 9,000 0 10,000 10,000

include 50% contingency] (in gravel mats) (30 yds3 every 100 feet) (30 yds3 every 100 feet)

Pipe Specific Gravity 1.6 2.2 1.2 1.1

Number of Welds/ Connections 808 welds; 11 are tie- 1616 welds; 66 are tie-ins 808 welds, 808 fusions; 13 connections; 11 tie-ins

ins 66 connections are tie-ins

Cost

Budgetary Cost ($ millions) 31 61 44 37

Relative Cost (%) 100 195 140 120

Schedule
Estimated Schedule Basis

Single winter season

Single winter season

Single winter season

Single winter season

Likelihood of Additional Season 10 80 60 10
for Construction (%)

Installation
Ice Thickness (feet) 8.5 10.5 8.5 8.5
Relative Quantity of Construction 100 120 115 90

Equipment per Season (%)
Considerations

Identification of vertical
pipeline profiles that do
not meet the design
criteria

*Pipe-in-pipe assembly
logistics

 Assurance of dryness of 12-in.
pipe prior to pipe-in-pipe
assembly

*Achieving pull-in of 12-in. to
outer jacket

*Handling pipe-in-pipe system
(210 Ib/ft) and large stiffness

*Thicker ice platform needed

*Assurance of dryness of
12-in. pipe prior to pipe-in-
HDPE assembly

*Executing pipe-in-HDPE
assembly

*Maintaining pipeline
stability in trench

*First application of the
HDPE of this type

* Logistics for transporting and
handling heavy reels

* Maintaining pipeline stability in
trench

Operation & Maintenance Conventional Monitoring of outer pipe Monitoring of outer pipe Monitoring of flexible cross-
Concerns operations integrity integrity section
Leak Detection

Standard Mass Balance and Yes Yes Yes Yes

Pressure Point Analysis

Supplemental System LEOS Annulus monitoring Annulus monitoring Annulus monitoring
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Cleanup strategies for a potential spill would be similar for any of the pipeline alternatives. The
manpower and capabilities would be in place to successfully monitor, control, and clean up any
spill at any time of the year, however remote the possibility. There is a risk of a secondary spill
volume during repair of alternatives with an annulus; this risk must be considered during the
development of detailed repair procedures.

* For all pipeline alternatives, there are periods (breakup and freeze-up) when a repair
could not be carried out.

» For alternatives with an annulus, all moisture and oil would need to be removed from the
annulus during repair. Any moisture that remains in the annulus could potentially cause
corrosion of the inner or outer pipe. Any oil that remained in the annulus could
potentially leak out at a later time if the integrity of outer pipe, jacket, or sheath was
compromised.

* Not all repairs are able to return some pipeline systems to the same integrity level as
originally constructed.

For all alternatives except the single wall pipe, repair is difficult, if not prohibitive. The issues
include pipe retrieval, repair splicing and annulus purging (for pipe-in-pipe and pipe-in-HDPE),
and long-term pipe integrity.

5. LEAK DETECTION SYSTEMS

Conventional state-of-the-art leak detection for any of the pipeline alternatives can be achieved
using two independent systems. Mass balance line pack compensation (MBLPC) and pressure
point analysis (PPA) can be applied to any of the alternatives and combined have an expected
threshold of 0.15% of the volumetric flow. Leaks beneath this threshold would be detected using
a supplemental system such as LEOS, which is a commercially available system installed
alongside the pipe in the trench. LEOS is able to detect leaks smaller than the 0.15% threshold
and is currently considered the best available technology. Annulus monitoring has been
recommended as a supplemental leak detection system for those configurations with an annulus
and would be expected to provide a threshold of detection as good as LEOS. However, if desired,
LEOS could be applied to any of the pipeline alternative systems.

The offshore oil pipeline would be continuously monitored, and all system parameters would be
relayed back as electronic signals to a standalone computer. The system parameters would be
compared to predetermined alarm set-points and calculated values.

6. RISK ASSESSMENT

In order to determine the probability of the pipeline being damaged from external forces, a risk
assessment was performed which evaluated the likelihood of four categories of damage to each

alternative:

1. Displaced pipeline with no leak
2. Cross-section buckle in the pipe with no leak
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3. Small or medium leak (125 bbl to environment)
4. Large leak or rupture (1,567 bbl to environment)

Figure 5 identifies the initiating events and causes of a failure.

The main conclusion of the risk analysis is that the risk, expressed in barrels of oil spilled into
the environment, is negligible for all alternatives. The safeguards in the single wall pipeline
alternative (i.e., depth of cover; trench backfill material and procedures; pipe wall thickness;
cathodic protection system, anodes and coating; routine geometry pig inspections; and leak
detection systems) provide a total system reliability that minimizes the risk of environmental olil
spills. The single wall pipeline system is also relatively easier to repair.

The double wall systems are the second best. Their risk of oil spills is more than an order of
magnitude greater than the single wall pipe, but the risk is still very small and acceptable and can
be further reduced with the increased cost of greater depth of cover. Given the higher risk, cost,
and the difficulty of repair, these systems are less suitable than the single wall system. The
flexible pipe system has a risk of oil spill nearly 100 times greater than the single wall pipeline.
This risk is still relatively low and can be decreased by increasing its burial depth. However,
even if the depth of cover is increased, this alternative is unattractive because of the extra
difficulties for installation with heavy reels and the possible repair of 2,800-foot segments. This
system is not recommended for this application.

Initiating event Cause/category

Seabed ice gouging Il

Subsea permafrost thaw Environmental

subsidence 12 loading
Strudel scour I3
Upheaval buckling 14 ——

Damage

Internal pressure Is Pipeline < during
External pressure 16/[ failure —— /" operation \ 1PO
Internal corrosion I7
External corrosion Ig —
Vessel accidents 9 ——
Anchor dragging 110 :% Third party
Third party construction 111 < activity
Sabotage I2——

FIGURE 5
POTENTIAL DAMAGE-CAUSING EVENTS EVALUATED IN RISK ASSESSMENT
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The shallower depth of cover for the pipe-in-pipe system is the main factor increasing the risk of
oil spilled into the environment. To make this risk similar to that of the single wall pipe, the
depth of cover needs to be increased to 7 feet — at an increased cost of about $10 million.

TABLE 3
RISK OF OIL SPILLED INTO ENVIRONMENT FOR DIFFERENT ALTERNATIVES
Alternative Single Wall Pipe-In-Pipe Pipe-In-HDPE Flexible Pipe
Risk (bbls) 0.0016 0.028 0.014 0.14
Relative risk 1 18 9 88

“Risk” = frequency x consequences, in units of the consequence
Example: Single wall risk = (1 x 10®) x 125 bbls + (2 x 107) x 1,567 = 1.6 x 10 bbls
“Relative risk” = system risk divide single wall pipe system risk

7. CONCLUSIONS AND OBSERVATIONS

The evaluation of pipeline alternatives for BP Exploration’s Liberty Development concluded that
any of the alternatives can be designed structurally to meet the functional requirement of
transporting oil and resisting forces imposed by environmental factors. However, the single wall
steel pipeline offers the most advantages over the other alternatives by providing the lowest risk
of a spill to the environment.

The primary aim of pipeline design is to engineer a pipe or conduit that will transport a product
from one location to another without failing from internal or external forces. A significant part of
the design effort is to economically optimize the pipe diameter, wall thickness, and material
strength, while still safely achieving the design throughput. In the case of steel pipe materials,
close attention is paid to protecting the pipe from corrosion. Internal corrosion may be due to the
product transported in the line or the unintentional introduction of a corrosive substance at some
point during pipeline operation. External corrosion may be due to the surrounding soil or water if
the line is buried or installed under water. Generally, steps are always taken to limit corrosion by
application of an external corrosion coating, installation of cathodic protection, and if required,
the injection of corrosion inhibitors into the product stream during pumping or compression.

Pipeline design codes and standards do not suggest a requirement to provide an outside pipe
jacket whose sole purpose is to contain any loss of contents of the pipeline it surrounds. The
conditions that might give rise to a loss of product from the inner pipe would also affect the outer
pipe. Specific conditions such as the corrosiveness of the transported product are always
considered in the design. Pipe-in-pipe systems are used in some cases, but the outer pipe does not
serve as a back-up in the event that something has been omitted in the original design effort.
Their prime function is to satisfy installation economics or another design condition, such as to
thermally insulate or facilitate field installation.
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The pipe-in-pipe and pipe-in-HDPE alternatives are more expensive and would most likely
require an additional construction season compared to the single wall and flexible alternatives.
Monitoring of the pipeline’s integrity during operation is required to allow for preventive

maintenance. The single wall pipe alternative is the only solution that allows all the design

aspects to be monitored during operation — a very important consideration for a buried subsea
pipeline.
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Trench Cross-Section of Gravel Mat and Native Backfill Combination

Single Wall Steel Pipeline Selected Configuration

Construction Schedule — Single Wall Steel Pipe Option

Recommended Repair Methods

Incoming Tree Resulting in Event IDO, “Damage During Operation”
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5-1
5-2

5-3

5-4

5-5

5-6
5-7
5-8
6-1
6-2

6-5

6-6
6-7
6-8
7-1
7-2
7-3
7-4
7-5
7-6
8-1
8-2
8-3
8-4
8-5

Pipe-In-Pipe Configuration

Pipe-In-Pipe (12.75 inch OD x 0.688 inch WT & 16.00 inch OD x 0.500 inch WT)
Displacement Within Ice Keel Zone. Keel: 3.0-ft deep, 40-ft wide

Pipe-In-Pipe (12.75 inch OD x 0.500 inch WT & 16.00 inch OD x 0.844 inch WT)
Displacement Within Ice Keel Zone. Keel: 3.0-ft deep, 40-ft wide

Pipe-In-Pipe (12.75 inch OD x 0.688 inch WT & 16.00 inch OD x 0.500 inch WT) Strain
Within Ice Keel Zone. Keel: 3.0-ft deep, 40-ft wide

Pipe-In-Pipe (12.75 inch OD x 0.500 inch WT & 16.00 inch OD x 0.8.44 inch WT)
Strain Within Ice Keel Zone. Keel: 3.0-ft deep, 40-t wide

Pipe-in-Pipe Selected Configuration

Construction Schedule — Pipe-in-Pipe Option

Recommended Repair Methods

Single Wall Steel Pipe Inside HDPE Sleeve Configuration

Pipe-In-Pipe HDPE (w/1 inch PUF & 0.25 inch HDPE) Displacement Within Ice Keel
Zone. Keel 3.0-ft deep , 30-ft wide

Pipe-In-Pipe HDPE (w/0.75 inch HDPE) Displacement Within Ice Keel Zone. Keel 3.0-
ft deep , 30-ft wide

Pipe-In-Pipe (w/1 inch PUF & 0.25 inch HDPE) Strain Within Ice Keel Zone. Keel 3.0-
ft deep, 30-ft wide

Pipe-In-Pipe (w/0.75 inch HDPE) Strain Within Ice Keel Zone. Keel 3.0-ft deep, 30-ft
wide

Pipe-in-HDPE Selected Configuration

Construction Schedule — Pipe-in-HDPE Option

Recommended Repair Methods

Flexible Pipe Configuration

Flexible Pipe Cross Section with Layer Description

Typical Reel for Flexible Pipe

Flexible Pipe Selected Configuration

Construction Schedule — Flexible Pipe Option

Recommended Repair Methods Option

Pipe Wrapped with Geomembrane

Geomembrane Wrap Around a Layer of Soll

Geomembrane Cover over Pipe

Oil Escaping from Under Geomembrane Cover

Oil Sorbent Blanket or Wrap over Pipe

APPENDIX C: STATISTICAL ANALYSIS OF ICE GOUGE FIELD DATA
APPENDIX D: STATISTICAL ANALYSIS OF STRUDEL SCOUR FIELD DATA
APPENDIX E: REPAIR OPTIONS
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1.

1.1

1.2

INTRODUCTION, REPORT STRUCTURE, AND CONCLUSIONS
Introduction and Objectives

BP Exploration (Alaska), Inc. (BPXA) submitted a Development and Exploration Plan
(DPP) for its proposed Liberty Development in February 1998. As discussed in the DPP,
BPXA plans to produce sales quality crude oil at Liberty Island, located in Foggy Island
Bay, east of Endicott and about 1.5 miles west of the abandoned Tern Island site, as
shown in Drawing 0002 (INTEC Engineering, Inc. 1998). Liberty Islantl b& an
artificial gravel island in approximately 22 feet of water and wfort a self-contained
driling and production facility.

According to the DPP, sales oil will be exported from Liberty Island through a 12-inch oll
pipeline, approximately 6 miles in the offshore segment and 1.5 miles in the overland
segment. The Liberty oil pipeline will tie into the existing Badami 12-inch oil pipeline and
flow through the Liberty/Badami/Endicott/TAPS pipeline network.

The purpose of this study is to provide a comparison of offshore pipeline system
alternatives that can export sales quality oil from the proposed Liberty offshore
development. The study presents:

*  Subsea pipeline system design issues
*  Design criteria

* Installation methods

»  Construction costs

*  Operations and maintenance issues

*  System reliability

*  Leak detection systems

*  Comparison of the alternatives

The study is intended for use by the Minerals Management Service, the U.S. Army Corps
of Engineers and other agencies participating in the Liberty Development Environmental
Impact Statement.

Report Structure and Organization

This report presents the conceptual design of four pipeline system alternatives that may be
considered for the Liberty Development based on pipeline performance objectives and the
physical environment of the development area. The alternatives include:
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° Single wall steel pipeline

. Double wall pipeline system (pipe-in-pipe)

. Steel pipe inside an HDPE sleeve (pipe-in-HDPE)
. Flexible pipe

Evaluation of each alternative considers the topics outlined in Section 1.1. Conclusions
are presented below in Section 1.3. A flowchart summarizing the report structure and
organization is presented as Figure 1-1.

Chapter 2 presents quantitative data on the environment, which together with the flow
requirements define the loads on the pipeline. Pipeline systems design objectives are
presented, and allowable stresses and strains are defined. The physical data and
operational requirements are Liberty-specific, as are the findings of this work; a different
design data set could change the overall findings.

Chapter 3 provides general information that could be associated with each of the
alternatives. This information is then taken into consideration in each design alternative
chapter and the appropriateness of its application assessed.

Chapters 4 through 7 present the design alternatives. Each chapter presents the conceptual
level design for the alternative. Referring to Figure 1-1, each chapter consists of nine
sections; the “*” on the figure refers to each respective alternative chapter (4, 5, 6 or 7).
The sections within these chapters include:

. Section 1 contains an introduction, summary, and conclusions.

. Section 2 presents the structural design of the pipeline alternative and includes flow
analysis, installation stability evaluation, design for environmental loading, and
corrosion protection.

. Section 3 presents the conceptual design selection of one of the sub-alternatives to
be the configuration of the alternative to be considered further in the study. This
selection is based on structural behavior and perceived fabrication and installation
considerations. In this section, the configuration of this alternative to be considered
further is presented.

. Section 4 reviews the construction methods that could be used and describes the
most suitable method for installation. The installation sequence is presented and
specific construction considerations for the design alternative noted.
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1.3

1.3.1

. Section 5 summarizes the basis for the order of magnitude costs required to install
each alternative. The construction sequence is outlined, along with quantities and
rates of progress. A schedule and cost estimate are presented.

. Section 6 presents operations and maintenance considerations including operations
monitoring, pipeline inspection, maintenance activities, and evaluation criteria.

. Section 7 identifies repair methods that could be used for each alternative and
identifies repair scenarios in the form of damage categories. Repair methods are
recommended dependent on the damage category and time of year.

. Section 8 reviews leak detection methods that could be used with each of the
pipeline alternatives. The most suitable leak detection technologies are selected, and
factors that would influence leak detection performance are identified.

. Section 9 addresses failure by considering causes (e.g., environmental loadings),
mechanisms of failure, and likelihood of occurrence. This is then combined with
leak detection performance to identify what failure scenarios can occur for each
pipeline alternative. The failure scenarios identify the likely time of year, the
potential oil loss, the likelihood of occurrence, the volume of oil spilled, cleanup, and
repair.

Chapter 8 addresses alternative containment concepts. This chapter is included to address
guestions which have been raised during the course of this study regarding the feasibility
of coatings, wraps, or oil sorbent materials as containment strategies.

Chapter 9 provides a comparison of the pipeline system alternatives. The objective of this
section is not to summarize the findings from the review of each alternative but to identify
the key differences among the alternatives.

Conclusions

Structural Design

The structural design evaluation of the pipeline alternatives indicates that any of the
alternatives can be designed structurally to meet the functional requirement of transporting
oil and resisting environmental loads. The configuration of each alternative is summarized
in Table 1-1. An outer steel pipeline for the pipe-in-pipe alternative would likely be
manufactured by the UOE process and would thus contain a longitudinal seam weld, the
implications of which would need to be further assessed in detailed design.
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TABLE 1-1: PIPELINE SYSTEM ALTERNATIVE CONFIGURATIONS

Pipeline Target Backfill Weight | Specific | Cathodic
System Trench Requirements in Air | Gravity | Protection
Alternative Depth (Ibs/ft) of Oil-
(ft) Carrying
Pipe
Single Wall Pipeline 10.5 1-foot gravel mat + 5| 90 1.6 yes
feet of native for 25%
of the line. 5 feet of
native backfill for 75%
of the line.
Pipe-in-Pipe 9 4 feet of native backfil 210 2.2 no
Pipe-in-HDPE 10 gravel mounds at 100- 104 1.1 no
foot spacings + 0to 5
feet of native backiill
Flexible Pipe 8.5 gravel mounds only af 85 1.2 no
connections + 4 feet of
native backfil

1.3.2 Constructability

Conclusions regarding constructability are presented below and in Table 1-2.

preferred method of construction for all alternatives is using an ice platform from which

conventional excavation equipment and off-ice installation techniques are used.

* Possible pipe flotation refers to the potential for any pipeline alternative with a

specific gravity of 1.0-1.2 to float in the sand/slurry mixture that may be generated
during trenching and backfilling.

Some pipeline system alternatives can likely be constructed in one season, while
others would likely carry over into a second season.

Tie-in welds for an outer steel pipe could not be subjected to the same level of
inspection as an inner steel pipe.

Fusion welding of an HDPE outer pipe could only be visually inspected after the
weld was completed.

The pipe-in-pipe and pipe-in-HDPE alternatives require additional care during
construction to ensure that the annuli remained dry.
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TABLE 1-2: CONSTRUCTION ASPECTS

Pipeline Recommended | Possible | Likelihood of | Required Make-Up
System Construction Pipe Requiring an | Excavation Site
Alternative Method Flotation | Additional Volume Area
Season to (yd®) (yd®)
Complete
Construction
(%)
Single Wall Conventional no 10 461,000 417,000
Pipeline excavation
equipment and off-
ice techniques
Pipe-in-Pipe ! no 80 354,000 533,000
Pipe-in-HDPE “ yes 60 424,000 533,000
Flexible Pipe ! yes 10 322,000 417,000
1.3.3 Costs

Construction costs for each alternative are presented in Table 1-3. Costs have been
broken down into installation and material cost; 10% of these costs has been included as
contingency. If the probability of completing the construction in a single season is small, a
contingency has been included that apportions part of a second-season construction cost
based on the perceived likelihood of requiring a second season. For example, for pipe-in-
pipe, 90% of the estimated second-season cost is added for contingency.

TABLE 1-3: ALTERNATIVE COSTS ($ MILLION)

Pipeline Installation | Material 10% 2" Total
System Costs Costs Contingency Season (to nearest
Alternative Contingency | $ million)
Single Wall 25.4 3.1 2.85 0.0 31
Pipeline
Pipe-in-Pipe 37.0 4.5 4.15 15.0 61
Pipe-in-HDPE 32.5 3.3 3.6 5.0 44
Flexible Pipe 19.8 13.7 3.35 0.0 37

1.3.4 Operations and Maintenance

The main conclusions regarding operations and maintenance are presented below and in

Table 1-4.
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*  The integrity of the oil-carrier pipe of any of the alternatives can be monitored for
integrity.

*  The pipeline three-dimensional configuration can only be measured in the oil carrier
pipe.

*  The “ability to monitor outer pipe” in Table 1-4 refers to the ability to monitor the
configuration and integrity of the outer pipe by detecting dents, buckles or the loss
of wall thickness.

* It is assumed that a failure of the outer jacket that resulted in water in the annulus
would be detected by the supplemental leak detection system.

TABLE 1-4: OPERATIONS AND MAINTENANCE CONCLUSIONS

Pipeline Ability to Ability to Ability to
System Monitor Oil- Monitor Geometry | Monitor
Alternative Carrying Pipe Changes in Oil- Outer
Integrity Carrying Pipe Pipe

Single Wall Pipeline yes yes n/a
Pipe-in-Pipe yes yes no
Pipe-in-HDPE yes yes no
Flexible Pipe yes yes no

1.3.5 Cleanup and Repair

Cleanup strategies would be similar for any of the pipeline alternativesicccbrdance

with the approved spill contingency plan. the manpower and capabilities would be in place
to monitor, control, and clean up any spill anytime of the year, however remote the
possibility. There is a risk of a secondary spill volume during repair of alternatives with an
annulus; this risk must be considered during the development of detailed repair
procedures. Conclusions regarding repair are presented below and in Table 1-5.

*  For all pipeline alternatives, there are periods (breakup and freeze-up) when a repair
could not be carried out.

*  For alternatives with an annulus, all moisture and oil would need to be removed from
the annulus during repair. Any moisture that remains in the annulus could potentially
cause corrosion of the inner or outer pipe. Any oil that remained in the annulus
could potentially leak out at a later time if the integrity of outer pipe, jacket, or
sheath was compromised.

* Not all repairs are able to return the pipeline to the same integrity level as originally
constructed.
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TABLE 1-5: REPAIR CONCLUSIONS

Pipeline Winter Summer Inner Pipe Outer Pipe
System Repair Repair Integrity Integrity
Alternative Re-established| Re-established
Single Wall Pipeline yes yes yes n/a
Pipe-in-Pipe yes yes yes no
Pipe-in-HDPE yes yes yes yes
Flexible Pipe yes yes yes yes

1.3.6

Leak Detection

Leak detection strategies for the alternatives are presented in Table 1-6. Mass balance line
pack compensation (MBLPC) and pressure point analysis (PPA) can be applied to any of
the alternatives and combined have an expected threshold of 0.15% of the volumetric
flow. Leaks beneath this threshold would be detected using a supplemental system.
LEOS is a commercially available system which is installed external to the pipe. Annulus
monitoring has been recommended as a supplemental leak detection system for those
configurations with an annulus. However, if desired, LEOS could be applied to any of the

pipeline alternative systems.

TABLE 1-6: LEAK DETECTION

Pipeline MBLPC Supplemental Loss of Oil from | Time to
System and System Carrier [1] Detection
Alternative PPA (bbls) (hrs)
Single Wall Pipeline yes LEOS 125 24
Pipe-in-Pipe yes annulus monitoring 125 24
Pipe-in-HDPE yes annulus monitoring 125 24
Flexible Pipe yes annulus monitoring 125 24

1.3.7

Note: [1] For a 0.15% leak detected by the supplemental system.

Failure Assessment

Table 1-7 presents estimated damage frequencies for each of the pipeline alternatives

according to damage category.

* These are total frequencies based on occurrences per project lifetime, which has been

taken as 20 years.
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* Asmall or medium leak could happen any time of the year.

* A pipeline rupture or large leak might be expected only in the fall of the year.

*  The above conclusion does not address the possibility that a combined less-severe
series of events might result in a large leak or rupture during other times of year; this
is beyond the scope of this study (it is assumed that the combined less-severe events
for the same damage category have a lower damage frequency than those reported in
Table 1-7).

The manpower and capabilities would be iacpl to successfully monitor, control,
and cleanup any spill at anytime of the year.

TABLE 1-7: ESTIMATED DAMAGE FREQUENCIES

Pipeline Category 1 | Category 2 | Category 3 | Category 3| Category 4
System Pipeline Buckle/ (Inner Pipe) | (System) Large
Alternative Displaced No Leak Small/ Small/ Leak/
Medium Medium Rupture
Leak Leak
Single Wall Pipeline 3x10 1x10° n/a 1x10 2 x 10’
Pipe-in-Pipe 2 x 16 1x10° 1x 10 3x 10* 1x10°
Pipe-in-HDPE 3x18 2 x 10° 1x10° 1.1x 10° 1x10°
Flexible Pipe 4x18 6 x 10° 1x10° 1x10° 1x10°
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2.1

2.1.1

DESIGN BASIS

The offshore physical environment of the Beaufort Sea is a key determining factor in
Liberty Project engineering. Regarding construction seasons, offshore winter
construction on top of artificially thickened ice typically can begin in late January and
last until early May. Summer open water construction typically can take place from late
July to late September.

Regarding pipeline operation, several environmental phenomena are unique to arctic
nearshore conditions. The major environmental loads applicable to the Liberty pipeline
are those caused by

. Ice keel,
. Permafrost thaw settlement, and
. Strudel scour.

This chapter also presents quantitative data on the environment, which together with the
flow requirements define the loads on the pipeline. Such definitions are required in order
to apply the loadings equally to all pipeline alternatives.

Pipeline System Design Objectives

An equitable evaluation of pipeline system alternatives for the Liberty subsea pipeline
requires a clear definition of the design objectives, which all pipeline systems must meet.
The objectives are described below under the general headings of functional, safety, and
additional project requirements.

Functional Requirements

The following functional requirements are common to all pipeline system alternatives
based on meeting the Liberty crude oil transportation objectives:

. Pipeline subsea length is approximately 6 miles based on the proposed Liberty
Island and Badami tie-in locations.

. Pipeline inside diameter is approximately 12 inches based on hydraulic flow
requirements.

. Pipeline maximum allowable operating pressure (MAOP) is 1,415 psig based on
hydraulic flow requirements.

. Minimal pipeline operating and maintenance requirements based on project
economics and environmental considerations.
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2.1.2 Safety Requirements

Safety requirements for a subsea arctic crude oil pipeline are based on a combination of
government regulations, industry design codes and project-specific engineering
evaluations. The following paragraphs outline and give a basis for the major safety
requirements considered with the Liberty pipeline.

. U.S. Department of Transportation (DOT) Pipeline Safety Regulations, 49 CFR
Part 195, Transportation of Hazardous Liquid by Pipeline — This federal regulation
lists minimum safety requirements including design temperature, internal design
pressure, external pressure, external loads, inspection pig passage, construction,
pressure testing, operation, maintenance, cathodic protection, and internal corrosion
control. This regulation has contributed to the excellent safety record for U.S.
pipeline systems.

. ASME B31.4 Code for Pipeline Transportation Systems for Liquid Hydrocarbons
and Other Liquids — The primary purpose of this industry code is to establish
requirements for safe design, construction, inspection, testing, operation, and
maintenance of liquid pipeline systems for protection of the general public,
operating personnel and the environment [400 (c)]. This code is referenced in the
DOT regulations for safe pipeline design requirements [49 CFR Part 195.110 (a)],
but it is not an all-inclusive design handbook and cites the need for “competent
engineering judgement.”

. APl RP 2N, Recommended Practice for Planning, Designing, and Constructing
Structures and Pipelines for Arctic Conditions — This is a compendium of the latest
state-of-the-art techniques for planning, designing, constructing and operating a safe
offshore pipeline. In this context, a safe pipeline (outside the limits of all facilities,
valve stations, etc.) must not leak and should remain serviceable throughout its
design life. Codes and project-specific safety requirements are based on offshore
pipeline industry experience supplemented with knowledge of relevant offshore
arctic conditions such as ice gouging, strudel scour and permafrost thaw settlement.
Examples of this information include relevant industry design data and standards,
site-specific field surveys, and pipeline design calculations.

. Pipeline Design Technical Review — The Liberty system alternatives are reviewed
through the ongoing Minerals Management Service (30 CFR 250 Subpart J) and
Alaska right-of-way lease procedures (A.S. 38.35), and industry peer reviews
initiated by the Liberty Project.

. State of Alaska Regulations —18 AAC 75 includes specific design requirements for
leak detection and also require a best available technology review of certain
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pipeline system components (e.g., leak detection, cathodic protection, and
communications systems.

2.1.3 Additional Project Requirements

The Liberty crude oil sales pipeline must comply with multiple state, local, BPXA, and
project-specific design requirements. In addition, the overall preferred subsea pipeline
system alternative should satisfy the following design objectives. Avoiding pipeline leak
formation and a potential oil spill is addressed above in the safety design objectives but
may potentially be influenced by one or more of the following design objectives:

. Exceeding minimum Alaska State regulatory requirements for crude oil pipeline
leak detection (18 AAC 75). The two state-of-the-art leak detection systems
presently in use on existing North Slope pipelines and proposed for all Liberty
pipeline system alternatives exceed these requirements.

. A supplemental leak detection system is desirable to detect potential below-
minimum-threshold pipeline leaks before they can accumulate large volumes of
spilled oil during the winter ice-covered season.

. Pipeline inspection pigging should monitor pipe conditions which could lead to a
potential leak formation if uncorrected. This includes periodic wall thickness
measurement, pipe body ovalization, and pipe geometry (bending) monitoring
inspections with tools run through the pipeline.

. Pipeline construction during the winter ice-covered season is desirable for
minimizing environmental impacts.

. Reasonable pipeline capital costs are required to support Liberty field development
economics.

2.2  Conceptual Engineering Design Level Definition

The pipeline system alternatives presented in this report are developed to a conceptual
engineering design level. This section defines design level in the context of this study.

The typical phases for executing large engineering projects are:

. Feasibility study,

. Conceptual engineering design,
. Preliminary engineering, and

. Detailed engineering.
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These phases are explained in Table 2-1, where the values shown in the column entitled
“resources” are approximate percentages of the total project design cost required to
achieve the stated objectives. Typically, the design of a project costs 2% to 10% of the
total constructed project. Routine projects are at the lower range of engineering cost, and
unique projects, such as the Liberty subsea pipeline, tend toward the higher range.

TABLE 2-1: PHASES OF ENGINEERING PROJECTS

A4

can
of

A374

S.

IIDDr;gjseectof Resources Objectives
Feasibility 5% Feasibility Studies evaluate the practicality and cost of
Study engineering developments in remote areas or using new
technology. The farther the requirements are from prove
technologies, the broader the range of considerations ne
to be. Conversely, this phase may be omitted if similar
engineering projects have been done several times befo
Conceptual 10% Conceptual Engineering Design studies are more specif
Engineering than feasibility studies and usually focus less on global
Design issues. The objectives are:
* To define the basic engineering system parameters t
safely meet the project objectives and,
* To obtain a cost estimate within 40% to 50%.
Preliminary 30% At this phase, there is enough confidence that the projec“t
Engineering be safely constructed and cost-effective. The objectives
Design this phase are:
* To confirm that the engineering system defined by thg
conceptual design phase meets the project objectives.
» Perform calculations to define various system
components.
* Do the basic drawings and plan the full set of drawing
» Develop specifications.
» Developed a construction plan.
* Obtain a cost estimate within 30% to 40%.
Detailed 55% At the end of this phase, the project must be complete a
Engineering ready for procurement and construction. The objectives
Design * Complete all calculations.
» Define all components of the engineering systems an
their connections.
» Conclude all specifications.
* Complete all drawings and details, so that a bill of
materials can be readily done.
* Finish the construction plan.
» Solicit bids for construction with bid packages.

are:
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2.2.1 Conceptual Design for Offshore Arctic Pipelines

2.3

Environmental Loading
- Environmental conditions summary

- Review or definition of major environmental loads

This section lists the engineering aspects which are covered at a conceptual engineering
design level for an offshore arctic pipeline system, such as the Liberty offshore pipeline.

Five major engineering aspects are identified, and specific engineering parameters are
listed for each, as follows:

- Pipeline structural response to environmental loads

- Establishing a preliminary trenching depth of cover

Flow Assurance

- Pipeline internal diameter

- Pressure, thermal regime, and flow
Corrosion Design

- Cathodic protection system
Installation Issues

- Submerged weight and pipeline wall thickness
- Winter vs. summer construction

- Welding processes

- Preliminary construction plan
Operations, Maintenance and Repair

- Operation monitoring

- Leak detection

- Pipeline inspection

- Maintenance

- Repair

Route Definition and Environmental Characteristics Related to Offshore Design

The site of the proposed Liberty Island is within Foggy Island Bay. Since only the
proposed offshore pipeline alignment is considered for this study, the different pipeline
systems can be compared within the constraint of a given route and the associated
environmental characteristics.
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2.3.1

2.3.2

2.3.3

Route Alignment

The Liberty offshore pipeline alignment is a straight line approximately 6.1 miles long
connecting Liberty Island (see point A in Drawing 0010) to the shore crossing (see point
B in Drawing 0010). The overall pipeline length is approximately 7.6 miles and ties in to
the existing Badami pipeline just east of the Sagavanirktok River. The sea floor
(mudline) profile along the proposed offshore pipeline alignment can be seen in the
Offshore Alignment Plan and Profile, Drawings 0021 to 0023. At the Liberty Island, the
water depth is 22 feet below MLLW (see Drawing 0021) and it gradually becomes
shallower closer to shore (see Drawings 0022 and 0023). Drawing 0021 refers to an
additional 6-inch-diameter products pipeline bundled with the 12-inch sales oil pipeline.
For the purpose of this study, the 6-inch pipeline has been disregarded.

The bathymetry shown in Drawings 0021 to 0023 was acquired by Coastal Frontiers
Corporation in the summer of 1997, as reported in the Liberty Development 1997
Pipeline Route Survey (Coastal Frontiers Corporation 1998). The soil characteristics
shown in Drawing 0021 (see also the soil boring locations in Drawing 0010) were

acquired by Duane Miller & Associates in the spring of 1997 (Duane Miller & Associates

1997).

Ambient Temperature and Values

Meteorological factors affect both the overland and offshore pipeline designs during
construction and operation. The wind design value which will be used will be a 100-year
return period (unilateral direction) with a 110 mph wind speed as defined in ASCE 7-95.
Table 2-2 identifies the temperatures to be used in the pipeline design.

TABLE 2-2: DESIGN TEMPERATURES

Offshore Pipeline Installation Temperature 30°

Lowest Design Ambient Air Temperature (During Operation) -50°F

These values are based on field measurements (Duane Miller & Associates 1997, 1998;
Montgomery Watson 1997).

Oceanography

Beaufort Sea ice conditions include:

*  Open water summertime ocean conditions during which waves and currents achieve
their maximum values.
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»  Partial ice cover during which wave generation and propagation are dampened by the
surrounding sea ice.

*  Wintertime conditions when large expanses of open water generally do not exist,
thereby precluding wave generation.

*  Variation of the seasonal extent of ice-free water from year to year. Freeze-up at
offshore sites in this region generally occurs by mid-October, see Table 2-5.

2.3.3.1 Ocean Current Data

Wintertime current velocities beneath the ice are near zero. Current data collected in
March 1996 indicated virtually no ocean currents beneath the ice over a period of five
days (Montgomery Watson 1996). This is also supported by other Montgomery Watson
work in 1997, where the peak velocity measured was 2 cm/s. However, the tidal
fluctuations that do occur in winter indicate that a low-velocity current does exist.

2.3.3.2 Shoreline Erosion Values

For the 1948 to 1995 period, an average long-term bluff erosion rate of 2 feet/year at the
shore crossing is assumed. Maximum short-term (i.e., annual) erosion rates would be
approximately four times this value. The design shoreline erosion rate values are

assumed to be 3 feet/year (long-term) and 12 feet/year (maximum annual). These values
are conservative for the immediate area of the pipeline shore crossing. These erosion
rates are based on a review of historical aerial photographs (1949 to 1995) at the shore
crossing location (Coastal Frontiers Corporation 1997).

2.3.3.3 Storm Surge
A combination of astronomical tide and factors dictated by atmospheric phenomena
(wind, atmospheric pressure, related wave action) causes the fluctuation of ocean water
level in the Alaskan Beaufort Sea. While the astronomical tide range is slight (about 0.7
feet), the range of sea level rise and fall due to major storms (storm surge) can be as
much as 8 feet at the shore. The exaggerated effect of the Coriolis force at high latitudes
causes the moving ocean water mass to be deflected to the right in the Northern
Hemisphere. Westerly winds tend to force water onto the shore, thereby causing an
increase in sea level, or “set up”. Conversely, easterly winds tend to force water away
from the coast, resulting in a lower water level, or “set down”. Water level decreases
caused by easterly storms tend to be less than water level increases caused by westerly
storms, with water level reductions varying from one to two feet during severe easterly
storms.
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The 100-year design condition at the shore is predicted to be +6.7 feet MSL (Offshore
and Coastal Technologies Inc. 1997able 2-3 presents storm surge values (annual and
“design” conditions) and tidal variance for the Liberty Development area.

TABLE 2-3: STORM SURGE, CURRENT AND WAVE HEIGHT VALUES

Parameter 1-Year Return Period 100-Year Return Period
(“Design” Condition)
Surface Currents Under | Negligible Negligible
Ice
Tidal Variation 0.7 feet 0
Storm Surge +2.3 feet MSL (nearshofe) +6.7 feet MSL (nearsiore)
Nearshore Westerly | HS = 1.7 feet HS = 2.9 feet
Waves Storm Tpeak= 7.5 seconds Tpeak=11.3 seconds
Easterly | HS = 1.5 feet HS = 1.7 feet
Storm Tpeak= 6.9 seconds Tpeak= 9.9 seconds

2.3.3.4 Ocean Waves Data

Shallow water locations in the Liberty area have less severe design wave conditions

because nearshore waves are limited by water depth. As waves move landward into
shallower water, wave breaking will dissipate the energy. Wave data has been generated
using a hindcast model (Oceanweather, Inc. 1982) and made site specific (Offshore and
Coastal Technologies, Inc. 1997). This model was used to determine wave conditions at

the shore-crossing site. The results of the hindcast study of these shallow water sites are
shown in Table 2-4.

The Beaufort Sea hindcast study (Oceanweather, Inc. 1982) also considered storm
duration during the open-water season, when wave development could occur. Based on
30 years of National Weather Service weather records to 1979, the longest storm duration
(wind speed exceeding 30 knots) was 42 hours for a westerly storm (September, 1954)
and 66 hours for an easterly storm (September, 1979). As a result, the 100-year storm
duration for the Liberty project area is conservatively estimated to be 80 hours.

TABLE 2-4: WAVE CONDITION, LIBERTY SHORE CROSSING SITES
BASED ON BEAUFORT SEA HINDCAST STUDY

West Site Westerly Storm Easterly Storm
Return Event
(yrs) Hs (Feet) | Treax (Seconds) H(Feet)| Treak (Seconds)
1 1.7 7.5 1.5 6.9
10 2.1 8.0 1.7 7.3
50 2.4 10.3 1.7 9.3
100 2.9 11.3 1.7 9.9
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2.3.4 Ice Physical Environment and Conditions Affecting the Liberty Development

2.3.5

This section describes the general ice conditions and the ice environment in the vicinity
of the Liberty Development. Included are:

*  Freeze-up, breakup, and first open-water dates;
»  First-year ice growth; and
* Ice movement as a function of water depth and time of year.

A summary of the average (typical) and design (extreme) ice parameters is presented in
Table 2-5 (Vaudrey 1997). These predicted values would assist in the safe
construction/installation sequencing of the pipeline system.

Strudel Holes and Strudel Scour Data

Strudel scours are formed during the spring river breakup, when overflood waters (due to
warming of the snow pack) flow on top of the nearshore ice sheet. If the water head is
sufficiently high and there is a pathway through the ice sheet, a downward water jet has
the potential to scour the seafloor. Thus, the phenomenon is named “strudel scour”.

Four strudel scour data sets have been collected during the past 17 years near the
Sagavanirktok, Colville, and Kuparuk River deltas. These have been reviewed and their

relevance assessed in determining a Liberty design strudel scour dimension. The four
years of survey data are from: 1981 survey by Harding Lawson Associates, 1982 survey

by McClelland Engineers (both located in the Duck Island/Sag Delta area), and 1997 and

1998 surveys by Coastal Frontiers in the Liberty Project region. These studies are

reviewed in detail in Section 2.8 of this report.

Strudel scour data from the 1997 offshore pipeline survey are summarized in Figures 2-1
and 2-2, and their location plotted in the General Arrangement Drawing 0002.
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TABLE 2-5: DESIGN BASIS ICE CRITERIA FOR THE LIBERTY

DEVELOPMENT

Ice Condition or

Average or Typical

Design or Extreme

River Overflood
Break-up

First Open Water Ice
Season Duration
Gross Open-Water
Season Duration

Summer Ice Invasion

May 27 = 6 days
July 4

July 19
288 £ 10 days
77 £ 13 days

3 out of every 4
summers

Parameter Values Values
Ice Type: First-Year Ice Thick First-Year Ice
Consolidated Rubble
Ice Zone: Landfast Ice Landfast Ice
Ice Season:
Freeze-up October 4 £ 9 days | 3rd week in September to

the 4th week in October

4th week in June to the 2ndg
week in July

2 times during early
summer

Max. Sheet Ice Thickness:

6 feet

7.5 feet

Ice Speed (10-20 feet of
water):

Summer
Freeze-up
Winter (annual maximum)

0.15 to 0.25 knots
0.15 to 0.25 knots
0.5to0 0.8 feet per 10
minutes

2.5 to 3 knots

2.5 to 3 knots

1.7 to 2.5 feet per 10
minutes

2.3.6 Ice Gouge Data

Quantitative and qualitative ice gouge depth data for the proposed pipeline route is
available from several sources. This ice gouge data within Foggy Island Bay is less
extensive, however, than at other more exposed sites in the Beaufort Sea. The reduced
amount of quantitative ice gouge data can be attributed to both fewer site-specific surveys
and a reduced gouge formation rate in the shallow water depths along the Liberty pipeline
route.

The 1997 summer Liberty pipeline route survey was in part planned to compensate for
limited gouge depth data. Rather than just survey the two alternative 6-mile pipeline
route options within Foggy Island Bay, Coastal Frontiers ran approximately 175 miles of
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2.3.7

2.4

24.1

2.4.2

survey line throughout the eastern end of Stefansson Sound (up to 8 miles north, 4 miles
east, and 5 miles west of the project location, see Figure 2-3). This expanded survey
identified 17 gouges with depths greater than the vertical resolution of the sonar system,
which had a measurement threshold of approximately 3 inches. These were only a small
fraction of the total number of gouges detected on the side-scan survey, but most were
too shallow to measure. The data from the Coastal Frontiers 1997 summer survey are
summarized in Figure 2-4, and Section 2.6 of this report reviews in detail the 1998
summer survey data (Coastal Frontiers Co. 1998, 1999).

Offshore Pipeline Route Soils

Two geotechnical field programs were performed specifically for the Liberty
Development. The first, initiated by BPXA in March of 1997, assessed the soll
conditions at the originally proposed island site and along the original pipeline route
alternatives. However, the boring locations were based on a previous island position and
do not directly overlay the entire pipeline route. The second field program, which was
performed in March 1998, consisted of 27 additional boreholes, 17 of which were drilled
along the pipeline route (Duane Miller & Associates 1998). A summary of the program
is presented as part of Section 2.5.

Flow, Pressure, and Temperature Requirements

All pipelines and components will be designed for a 20-year design life. However, the
operational life of the pipeline may be extended beyond this design life by demonstration
of its integrity.

Transported Fluids

A summary of the properties of the sales oil to be transported in the pipeline is provided
in Table 2-6.

TABLE 2-6: SALES OIL DATA

Property Value
Nominal API Gravity 25.%8
Specific Gravity 0.9 (@ 60°F)
Liberty Design Flowrate 65,000 bbl/day

Operating Pressure

The design maximum allowable operating pressure (MAOP) for the pipeline is 1415 psig.
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24.4

2.5

251

Operating Temperature

The design operating temperatures for the pipelines are shown below.

*  Maximum operating temperature (inlet): 150°F
*  Average operating temperature (inlet): 135°F

Test Pressure

The pipelines will be tested at a minimum pressure of 1.25 x MAOP for a minimum of 8
hours.

The island approach riser sections of the offshore products pipeline will be tested at a
minimum pressure of 1.50 x MAOP for a minimum of 8 hours.

Geotechnical Conditions and Pipeline/Soil Interaction

Soil characteristics and behavior are of primary importance for buried offshore pipelines.

For example, (a) the pipeline segment near the shore crossing is likely to induce soil
settlement by thawing the permafrost strata, (b) the remolded soil characteristics are a
major factor in how much resistance the native backfilled material provides against

upheaval buckling, and (c) the stiffness and strength of the soil helps determine how
much the pipeline is likely to be displaced due to passage of an ice keel above it.

This section summarizes the site-specific data gathered for the Liberty alignment. The
interpretation of the data as it relates to soil-pipe interaction is also discussed.

Introduction

In 1997, Duane Miller & Associates (1997)liedd and sampled 30 geotechnical borings

in Foggy Island Bay for the Liberty Development project. They reported that the soils
are generally fine-grained in the top 10 feet and are commonly medium stiff except for
occasional pockets of soft material where Holocene soils are present. Four boreholes
were placed in the vicinity of the proposed production island, and nine holes were placed
along the offshore portion of the current pipeline route that extends approximately 6
miles SSW from Liberty Island to shore.

In 1998, Duane Miller & Associates (1998) completed 27 geotechnical borings for the
Liberty Development. Five of these borings were conducted at the island site and 17
along the offshore pipeline route. Duane Miller & Associates generally divide the soils at
the island into three primary layers: (1) an upper layer of 5 to 6 feet of soft, compressible,
Holocene, non-plastic silt; (2) an intermediate layer of Pleistocene stiff, over-
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consolidated clayey silt that extends to depths of 18 to 22 feet; and (3) underlying
granular sand and gravel that extend to the depths explored.

Analysis of Field Data

Data provided by Duane Miller & Associates (1998) from tests conducted on composite
samples of material from the top 10 feet of the trench section indicated backfill
submerged unit weights ranging from 34 to 53 pounds per cubic foot, with an average of
43 pounds per cubic foot. This is the backfill unit weight which will be used in the
majority of analyses, since it is considered representative of expected backfill conditions.
The only exception to the use of this value will be in any upheaval buckling analysis,
where a more conservative lower-bound backfill submerged unit weight value of 37
pounds per cubic foot will be used. This value is based on tests on remolded soils in the
top 10 feet of soil in the vicinity of the pipeline (Duane Miller & Associates 1998).
Those tests indicated buoyant unit weights ranging from 25 to 45 pounds per cubic foot,
with an average of approximately 38 pounds per cubic foot (at a consolidation pressure of
170 pounds per square foot). The low value presented among the data (25 pounds per
cubic foot) appears to be an extreme condition and not one that would occur throughout
the thickness of the trench backfill soil at any given location. The reason for using
different backfill unit weights for different loading conditions is that values chosen for
each analysis should impose the more stringent loading conditions on the pipe.

A submerged unit weight value of 60 pounds per cubic foot will be used in analyses
requiring in-situ soil density. This is considered to be an approximate upper bound to
typical in-situ soil unit weights which might be found along the pipeline route based on
the 1997 and 1998 geotechnical exploration reports (Duane Miller & Associates 1997,
1998) and would provide a more conservative result from pipe loading conditions by in-
situ soils.

Triaxial tests have been carried out on “undisturbed” soil samples taken from the island
site and proposed pipeline route (Duane Miller & Associates 1997, 1998). The average
in-situ undrained shear strength obtained from the inorganic silts along the pipeline
alignment in the 0 to 12 foot soil depth range was approximately 1,150 pounds per square
foot. The soils at these depths are quite sensitive to disturbance, and the likely remolded
strength of the trench backfill at this depth would be lower than this (Nixon Geotech Ltd.
1997a). Values for remolded undrained shear strength can be estimated to be less than
one-half of the undisturbed values of undrained shear strength. Therefore, a value of 500
pounds per square foot will be used in analysis requiring the undrained shear strength of a
cohesive material. The lowest undrained shear strength value from the pipeline route
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recorded in the 1998 geotechnical investigation report (360 pounds per square foot) will
be used in trench excavation calculations to estimate soil excavation volumes.

Consolidated, drained tests conducted on samples from the vicinity of Liberty Island
from the 1997 and 1998 geotechnical surveys suggest an angle of internal frictién of 30
and a cohesive intercept of approximately 400 pounds per square foot. More conservative
soil friction angle values, such as°Z6r sandy soils and X5or silty soils, will be used

in trench stability analyses to estimate soil excavation volumes.

The pipeline/soil interface friction anglé)(to be used in analyses will be°18In the
literature, values o¥ ranging from 0.6 to 1.Gp have been reported (ASCE 1984). ASCE
(1984) suggests values of @.to 0.74p are applicable for the soil/pipe friction angle used

on pipes with smooth, hard, water-resistant coatings. The ASCE guideline also reports
the interface friction angle between sand and smooth steel varies frgrto@M5& and
suggests a value of @@or the interface between sand and plastic pipelines. Here a
value of 0.@ will be used.

The coefficient of lateral earth pressure to be used in analyses will range from 0.5 to 0.7.
The 0.5 is obtained from the general formula, Ipsand is an appropriate static value
where the pipeline and the solil interact vertically. In cases where the pipe and the soil
interact horizontally, such as during ice gouging, there is the potential for earth pressure
on the pipe to increase. As the effect of this occurrence is indeterminate, the analysis
should be carried out for a lateral earth pressure coefficient of 0.6. This value is on the
lower end of the range expected and will permit maximum axial expansion of the pipe
resulting in maximum pipeline flexure at the edges of the gouges.

In the case of upheaval buckling, the native soil will be assumed to be a very loose non-
cohesive material with the lowest uplift resistance coefficient within the range for
cohesive soils. The lower bound value of 0.15, as recommended by Schaminee et al.
(1990) based on their full-scale test resultdl, ve used in calculating soil resistance to
upheaval buckling. In any analyses with gravel as a backfill, the buoyant unit weight of
the gravel will be taken to be 60 pounds per cubic foot.

Derivation of Pipeline/Soil Interaction Curves

The state of the art for buried pipeline design in areas where the soil may move relative to
the pipeline (such as beneath ice gouges or in thaw settlement locations) involves
performing finite element analysis. The industry standard for pipeline/soil interaction is

to model the soil as a series of individual springs/sliders which represent the elastic-
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plastic behavior of the soil. Parameters describing the interaction curves or soil springs
(known as P-Y curves) are input to the computer-based programs. Pipeline response to
soil movements can be determined from such analysis and provides a basis for design.

In these models, the total interaction between the pipe and soil is represented as three
distinct interactions: axial, transverse horizontal, and transverse vertical (upwards and
downwards) as shown in the schematic of Figure 2-5. Generally, there is considered to
be a maximum force per unit length that can be transmitted to the pipe by the,soil, P
These maximum forces occur at a characteristic displacement designatgdnathgf
upward direction, X in the axial, Y in the lateral direction, andpYin the downward
direction. The actual response between a pipeline and the soil is nonlinear (normally
approximately hyperbolic) but is often simplified by means of a bilinear relationship.

The load-displacement relationship parameters (ultimate load and distance to ultimate
load) to be used in the analysis of ice keel/seabed/pipeline interaction are summarized
below in Table 2-7. The formulations for the P-Y curves used to analyze the effects of
ice keel scour were provided by Nixon Geotech Ltd. (Nixon Geotech Ltd. 1997b) and are
similar to those recommended by ASCE (1984). In this case, the pipe is buried with a
depth of cover of 7.0 feet from seabed to the top of pipe, and the soil properties are
presented above.

TABLE 2-7: ULTIMATE LOADS AND YIELD DISPLACEMENTS FOR
ICE KEEL/SOIL/PIPELINE INTERACTION ANALYSES

Pipe Size Direction of Ultimate Soill Characteristic
OD Pipe Motion Resistance, Displacement to
Putt Ultimate
Resistance

12.75-inch Lateral 3,816 lb/it Y. =2.71inch
(Single Wall) Axial 281 Ib/ft Y= 0.18 inch
14.94-inch Lateral 4,374 Ib/it Y. =2.74 inch
(Flexible) Axial 333 Ib/ft Ya=0.21 inch
15.25-inch Lateral 4,453 Ib/it Y.L =2.75Iinch
(HDPE Sleeve) Axial 275 Ib/ft Ya=0.20 inch
16-inch Lateral 4,640 Ib/ft YL =2.76 inch
(Pipe-in-Pipe) Axial 359 Ib/it Ya=0.23 inch

The lateral P-Y curve was calculated in accordance with ASCE guidelines (ASCE 1984)
for cohesive soil. This formulation was used rather than that for a frictional soil because
it results in a larger ultimate lateral soil resistance. The P-Y curve is considered to be
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hyperbolic in form, and the P and Y values are calculated as outlined in Section 5.1.2 of
ASCE. The R: and Y_ values have been calculated as shown in Table 2-7.

The axial P-Y curve was calculated in accordance with ASCE guidelines (ASCE 1984).

The P-Y curve is considered to be bilinear in form. The ultimate P value has been

calculated as summarized in Section 5.1.1 of the ASCE guidelines. The characteristic Y
value is calculated using elastic soil parameters and results in a value in the range
suggested by ASCE.

Ice Keel Loading

During spring breakup, sea ice in the Beaufort Sea tends to pile up at some locations
creating pressure ridges. Such pressure ridges have keels extending below the water
surface, and are driven primarily by ocean currents and secondarily by wind, wind-
generated currents, and loading from other ice. These sea ice keels are known to
periodically contact and form gouges into the seabed in the offshore arctic environment.
Therefore, avoiding ice keel contact and potential pipeline damage is a design criterion
for the offshore buried lines. Proper design requires establishing the maximum design ice
gouge depth along the proposed pipeline route. However, in addition to being buried
below the maximum expected ice gouge depth, the pipeline must also be analyzed for
bending strains caused by potential seabed soil movements beneath the keel of the
intersecting ice gouge. The required pipeline depth of cover (measured from the original
seabed to top of pipe) is established to limit bending strains to acceptable levels.

The negative exponential function has been found to give a good fit to observed seabed
gouge depth data and forms the basis for the Liberty pipeline extreme gouge depth
predictions (Weeks et al. 1983; Lanan et al. 1986). It has been shown to represent gouge
data over the full range of available gouge statistics and has also been shown to
characterize the depth distribution for ice keels as recorded by upward looking sonar on
submarines (Weeks et al. 1983). Wheeler and Wang (1985) compared various theoretical
distributions to ice gouge survey data and found that the exponential distribution was
more conservative than either Gamma, Weibull, or Gumbel extreme value distributions,
and also tends to overpredict the number of deep gouges compared to survey data.
Therefore, an exponential gouge depth distribution is considered to be both applicable
and conservative for this project.

Model Summary

The maximum gouge depth can be calculated based on the methodology described by
Weeks et al. (1983) and Lanan et al. (1986). Since the methodology is general and can be
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applied to any site, APl RP 2N (1995) recommends it as applicable to any structure that
is linear in shape. The maximum expected ice keel incision depth, d, can be calculated
for different values of return periods using the following formula:

d :C+A1[I]n(gEI'ELE1;in9) (2-1)

where: ¢ = the cutoff incision depth below which gouges become too small to identify
and count (and ice gouge incision depth which all of the observed gouges exceed) (feet);
g = the annual ice gouge recurrence rate (new gouges/mile/year); T= extreme gouge
average return period (years); L = pipeline length (mil8s¥, the angle between the
pipeline route and the trend of the ice gouges (degrees), sna constant specifying the
slope of the negative exponential gouge depth distribution curve (1/feet).

Two approaches, graphical and analytical, can be taken to solve for the two parAmeters
and c. The graphical approach is wherand c can be found from the exponential best-
fit function for the points in a graph of “Exceedence of Gouge Depth vs. Incision Depth”
where the exponential probability density function (PDF) is of the form:

PDF(x >¢) = Ae™ (<) (2-2)

which has the following characteristics:

A=1/(X-c) (2-3)
and
EP(x> D)= e (2-4)

where: X is the meang is a cutoff point, which means all observatioxsare greater
thanc; and EP(x > D) is the probability thak exceeds a certain vali It should be
noted that the cutoff incision depth cannot be negative and if so would be taken as zero.

In the analytical approach, c is taken as the lower bound of the class depth interval below
which no gouges were observed (100% exceedence). ATisaralculated as

1
A= 2-5
dbar -C ( )

as suggested by Lanan et al. (1986) and Weeks et al. (1983), wheréhd mean gouge
depth.
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Engineering design codes such as API RP 2N (1995) and DNV (1996) recommend that
100-year average return periods be used for extreme environmental loading events. The
above procedures have been followed for the 1997 and 1998 pipeline route survey data
sets to determine the maximum expected ice keel depth for a return period of 100 years.

Design Ice Gouge Depth

Standard analysis techniques have been used (Appendix C) to analyze two years of data
specific to the Liberty pipeline route (see Figure 2-3). The negative exponential function
has been found to give a good fit to observed seabed gouge depth data and forms the
basis for the Liberty pipeline extreme gouge depth predictions. The maximum gouge
depth is calculated using a general methodology recommended by APl RP 2N and
application of Equation 2-1 results in the following relation from analysis of available
1997 ice gouge data:

d = 0.00+ —L__[In(0.09710006.12 ($in90°) [f] (2-6)
25629

Analysis of the 1997 ice gouge data presented in Appendix C suggests that the design ice
gouge (100-year ARP) be 1.59 feet. The 1998 survey data indicated a maximum gouge
incision depth of 1.13 feet. Combined, the data sets suggest a design depth of 1.36 feet.

An ice gouge depth of 3.0 feet has been conservatively assumed in pipeline design for the
analysis of pipeline bending strains due to ice keel gouging. During the Northstar design
(INTEC Engineering 1997), analysis of ice gouge data suggests a 100-year ARP
maximum gouge depth of approximately 3.3 feet. The Liberty Island site will be
subjected to smaller ice features than Northstar due to the comparatively large amount of
land and shoal area shielding. Other ice gouge observations (Harding Lawson Associates
1982; McLelland Engineers 1982; Weeks et al. 1983; Reimnitz and Ross 1979; Watson
Company 1998a, 1998b) suggest a maximum gouge depth of 2.3 feet or less.

The design scour depth of 3.0 feet is 2.21 times deeper (221%) than the combined data
set value of 1.36 feet. The average return period for a 3.0-foot-deep design ice gouge is
estimated to be greater than 3,600 years based on Equation 2-6 above.

Subgouge Deformation of the Seabed

As an ice keel passes over any point in the seabed, vertical and tangential stresses are
applied to the solil at the keel base, resulting in some distribution of vertical and lateral
soil displacements with depth beneath the ice keel depth. The soil deformation at the
pipeline depth is a function of ice gouge depth and width and is calculated from soil
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displacement functions derived from ice gouge physical modeling (Woodworth-Lynas et
al. 1996; Nixon et al. 1996). The equations that define the soil displacement for clays
and sands are in Appendix C. Figure 2-6 presents resultant transverse soil displacement
as a function of depth below the undisturbed seabed for a 30-foot-wide ice keel with a 3-
foot gouge depth. As the backfill around the pipeline will be silty sand, the average of
the clay and sand relationships was used to calculate the vertical and horizontal soil
movements. As expected, the subgouge deformations decrease rapidly with depth below
the ice keel. The magnitude of subgouge deformation beneath a gouging ice keel also
varies along the pipeline length as indicated by Figure 2-7.

Permafrost Thaw Settlement Potential
Introduction

The offshore section of the BPXA Liberty pipeline for the proposed route would be
installed in a trench, which would then be backfilled. In shallow water, the soil
underlying the trench could contain ice-bonded permafrost. When the pipeline becomes
operational, the temperature of the pipelines will gradually increase the temperature of
the surrounding soil. The volume of soil that is affected by the pipeline’s temperature
will increase over the operational life of the pipeline. This increase in temperature will
change the load carrying properties of the ice-bonded permafrost.

Initially, the loads in the soil are carried by a combination of the soil skeleton material
strength and frozen water in the soil pores. As the temperature of the solil increases, the
ice in the soil pores melts, and so the majority of the load that was previously shared by
the two components now must be carried by the soil material. This can result in
settlement of the soil. When thaw settlement occurs, the pipes are no longer supported
vertically and are now supporting the soil cover above. The pipelines therefore deflect
into the void created by the settlement, and strain is thus induced in the pipe wall.

The geotechnical analysis associated with the thaw settlement design for the original
Liberty concept was performed by Nixon Geotech Ltd. (1997a). A summary of this
analysis is presented below, since it forms the basis for the current evaluation of
alternative concepts.

Analysis of Field Data

Soil investigations along potential pipeline routes during the 1997 survey (Duane Miller
& Associates 1997) indicated that the soils are generally fine-grained sandy silt or silt
deposits overlying denser gravel and sandy gravel deposits at depth. The thickness of the
surficial finer deposits varies from 8 to 15 feet in shallower water. Water contents in the
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surface layers vary between 10% and 35%, with significant variations where organic or
icy layers are present. In the depth range from O to 17.5 feet, typical water content for
frozen samples is assumed to be 20% for geothermal analysis purposes (Nixon Geotech
Ltd. 1997a). Water contents in the underlying granular material have a typical value of
10%. Frozen boring data from the 1998 survey (Duane Miller & Associates 1998) are in
agreement with the geothermal analysis assumptions used in the Nixon Geotech (1997a)
analysis.

The salinity profiles from the 1997 and 1998 Liberty soil borings in the areas with frozen
nearshore soils do not follow any discernable trends. The average salinity from the 1997
and 1998 data combined is 24.7 parts per thousand. The areas of unfrozen or non-ice-
bonded soils are saline, with salinities equal to or somewhat greater than seawater. An
average salinity of 30 parts per thousand (roughly equal to seawater) has been assumed
for the geothermal thaw bulb analysis.

Water depth variation was also accounted for in the analyses. Increased water depth
results in warmer initial ground temperatures, which in turn reduces the amount of ice
initially in the soil and also influences the ultimate size of the thaw bulb. Based on
experience from other investigations in the area, permafrost or ice-bonded soil is present
close to the seabed generally where the water depth is less than 5.5 feet (Nixon Geotech
Ltd. 1997a). The depth to the top of the ice-bonded permafrost then drops away quite
quickly as the water depth increases. This is borne out by the boreholes drilled at
Liberty. In the nearshore areas where the ice is landfast, heat is removed from the
seabottom during the winter months, maintaining the permafrost. In areas where there is
no landfast ice, the seawater is above freezing, resulting in a year-round average
temperature above the melting temperature of the saline subsoils.

Geothermal Simulations

The geothermal analysis was conducted by Nixon Geotech Ltd. (1997a). Two-
dimensional geothermal analyses were carried out using the Nixon Geotech Ltd.
THERM2 simulator for the single wall steel pipeline system with 12.75-inch OD and
0.688-inch WT.

Two cases were analyzed during thermal simulations. The first case involved a pipeline
in onshore or very shallow water conditions (a foot or less of water where cold

permafrost is present). The second case is located in the transition area (4-foot water
depth) where the top of the ice-bonded permafrost drops away quite quickly as the water
depth increases. Initial soil temperatures were 20°F for the shallow water condition and
25.7°F for the deeper (4-foot) water depth. Thermal properties are based on standard
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published correlations (Nixon Gertech Ltd. 1997a) with water content, density and soil
type. The latent heat is temperature dependent and is calculated by the program based on
the liqguid water content of the soil and as described in the documentation on the
THERM2 geothermal program. The unfrozen water content is a power law function with
negative temperature which accurately models the phase composition in saline soils.

All thaw bulb growth simulations assumed an annual average temperature of the pipeline
to be 137°F. As previously stated, initial soil temperature inputs varied from 20°F for the
1-foot water depth area to 25.7°F for the 4-foot water depth. These temperatures were
based on the borehole data presented in the Duane Miller & Associates (1997)
geotechnical report. The borehole temperature data from Duane Miller & Associates
(1998) geotechnical report follows the same trends as Duane Miller & Associates (1997)
data. This indicates that the soil temperature input data originally assumed for the 1997
analyses were appropriate.

Nixon Geotech Ltd. (1997a) used published values for soil thermal conductivity and heat
capacity for the different soil and backfill layers of the region. For analysis purposes, in
shallow water, it is estimated that the trench can be excavated with vertical side slopes to
a depth of 8 feet and backfilled with local silt and sandy silt. Of particular importance in
the analysis was the estimation of the unfrozen water content function for the saline soils
around the pipe. These were calculated based on the methods of Patterson and Smith
(1983) for saline, fine-grained soils. As stated above, all the soils in the analysis were
assumed to have an average salinity of 30 parts per thousand. The upper (above 17.5-
foot depth) silt layers are assumed to have a 20% moisture content, and the lower (below
17.5-foot depth) sand/gravel subsoil layers are assumed to have a 10% moisture content.

The analysis predicted thaw depths of 36 to 67 feet below the pipe base after 20 years of
operation. The 36-foot thaw bulb depth represents the 1-foot (very shallow) water depth
case, and the 67-foot thaw bulb depth represents the 4-foot (transition area) water depth
case. As no soils with excess ice are anticipated at these depths, small changes in
predicted thaw depth will not result in any changes to predicted thaw settlement.

Thaw Settlement

Settlement of the permafrost soils beneath the pipe results from thawing and drainage of
excess meltwater from the soil. In soils such as silts present at the site, drainage should
proceed concurrently with the thaw, and therefore settlement can be estimated from the
product of the increased thaw depth and the thaw strain of the soil layer in question.
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Thaw settlement analysis details are provided in the Nixon Geotech Ltd. (1997a) report
for the original Liberty pipeline design. The thaw settlement was calculated for each of
the five frozen 1997 borehole locations (Duane Miller & Associates 1997) by estimating
the thaw strain for each solil layer where a soil water content was available, multiplying
the thaw strain by the appropriate depth increment, and integrating the thaw settlement
increments with depth. Only the depth interval from the pipe base to the maximum thaw
depth has been included in this calculation. Based on the analysis, pipe settlements of 0.1
to 0.9 feet could be anticipated for that particular pipeline configuration in water depths
ranging from O to 4 feet. In greater water depths, the saline soils are extremely warm and
close to their melting point, and predicted thaw depths would be even greater. However,
it is unlikely that significant ice contents could be maintained in such warm saline soils
close to their melting point. For the thaw settlement design, a loadcase with a settlement
of 1.0 feet is used.

The thaw settlement pipeline strain analysis must assume the worst case condition for
settlement of the pipeline due to the thawing of the supporting soil. When thaw
settlement occurs, the pipe is no longer supported vertically and is now supporting the
soil cover above. The worst case condition is analyzed for the critical settlement length —
namely the length over which the differential settlement occurs that will induce the
highest strains in the pipeline. This analysis also assumes that the maximum predicted
settlement is a differential settlement in that one section of the soil settles by the
maximum amount while an adjacent section of soil does not settle (see Figure 2-8).
Thaw settlement should be combined with the residual installation strains to provide the
maximum combined strains even though it is very unlikely that the maximum residual
installation strain will occur at the same point as the maximum thaw settlement and be
the same sign.

Design Strudel Scour Dimensions

Strudel scour depressions in the sea floor are formed during river breakup in the spring,
when the river water overfloods the bottomfast sea ice in the nearshore coastal zone
(Coastal Frontiers Corporation 1998). The overflood water spreads offshore and drains
through discontinuities in the ice sheet, which typically consist of tidal cracks, thermal
cracks, and seal breathing holes. In those instances where the drainage rate is high and
the water depth relatively shallow, scouring of the sea floor can occur from the water
action on the seabed. The majority of strudel scours are circular in plan form, but linear
scours can be created by drainage through elongated cracks.
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The rivers that feed into Foggy Island Bay, where the Liberty Development is located, are
the Sagavanirktok (Sag), the Kadleroshilik (Kad), and the Shaviovik (Shav) rivers. In the
shallow water (typically less than 6 feet deep) offshore of these rivers, the sea ice sheet
freezes to the seafloor during the winter, forming the so-called bottomfast ice sheet.
Strudel scours are more often found beyond the bottomfast ice boundary up to about the
15-foot isobath.

Potential strudel scour loading of a pipeline is shown on Figure 2-9. Strudel scours are a
hazard only if certain conditions occur. In order for the pipeline to experience a loading
event equaling or exceeding the design strudel scour span length, the strudel scour must:

*  Be located on top of the pipeline alignment,

*  Exceed the distance to the bottom of the pipe (otherwise the pipe remains supported by
the soil), and

* Have a horizontal dimension at the pipeline depth equal to or exceeding the design
span length.

Each of these conditions has been addressed separately using available strudel scour
survey data. The design strudel scour dimension is then defined based on combining
these necessary conditions.

Statistical analysis of four strudel scour data sets is presented in Appendix D. The first
two data sets were obtained by site-specific surveys during the summers of 1997 and
1998, and are specific to the Liberty project (Coastal Frontiers Corporation 1998, 1999).
These surveys were conceived and executed to examine the proposed pipeline alignment
and surrounding area. The other data sets used in this analysis were obtained from
surveys performed in 1981 and 1982 (Harding Lawson Associates 1982; McClelland
Engineers 1982). Since these surveys were performed at the mouth of the Sag River in
support of the Endicott project, the data has been assessed qualitatively as well as
guantitatively, as described below.

Model Summary

In engineering applications, the most important parameter is the risk, which is assessed
by the exceedence probability function. Therefore, the preferred methodology based on
engineering judgement is the best fit of the exceedence probability. Wheeler and Wang
(1985) have applied various probability density functions (PDFs) to predict extreme

event occurrences. Specifically, Wheeler and Wang (1985) compared the exponential,
gamma, Weibull, and Gumbel PDFs in relation to ice gouge sample data. The

exponential distribution is the one that conservatively predicts large estimates of the risk.
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2.9

Based on this assessment, the exponential PDF is chosen to also model diameter and
depth for extreme strudel scour events.

The exponential PDF is of the form:

PDF(x>c) = Ae(x9) (2-7)
which has the following characteristics:

r=1/(X-c) (2-8)
EP(x > D)= e (2-9)

where: X is the meang is a cutoff point, which means all observatioxisare greater
thanc; and EP(x > D) is the probability that exceeds a certain valie

Design Strudel Scour

Based on analysis of the data from the 1981, 1982, 1997, and 1998 surveys presented in
Appendix D, it is concluded that the average value of 17.4 strudel scours per mile of
shoreline per year determined from the 1997 data is reasonable. The 1997 survey
(Coastal Frontiers Corporation 1998) has 251 observations, which produces a robust and
conservative prediction of risk:

ER& . - 0085X e—0.4l48(D—0.307) X e—0.0456(H -3.66) (2_10)

The subscript on the left side of the above equation is meant to convey a strudel scour on
Top of the pipeline, with a certadepth, and a certaiHorizontal diameter. The above
equation quantifies the risk that a strudel scour event: 1) forms right on top of the
pipeline, 2) has a depth greater than a given depémd 3) has a horizontal diameter (at
seafloor level) greater than. For example, the likelihood of a strudel scour having a
diameter (at the seabed) greater than 15 feet and being deeper than 8 feet is,

ER& . - 0085X e—0.4l48(8—0.307) X e—0.0456(15—3.66) - 02 1%

Note that such an event has a return period of T = 1/0.21480 years.

Upheaval Buckling

When a buried steel pipeline is operated at a temperature higher than the installation
temperature, it will try to expand longitudinally. Since a long buried pipeline is not free
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to expand due to the restraint provided by the surrounding soil, it will develop an axial

compressive force. If the buried pipeline has some residual vertical curvature, possibly
due to trench bottom irregularities during installation (Figure 2-10, a and b), the axial

force near the localized high points of the pipeline will attempt to move the pipe upward

at these locations (Figure 2-10c). Thus, an upward force from the pipe into the soil cover
results. If upward force exceeds the downward force due to the combination of the
resistance of the soil cover, the pipeline stiffness, and the pipeline self-weight, then the
pipeline will move upward and may be exposed out of the trench (Figure 2-10d). This
phenomenon is known as upheaval buckling.

If upheaval buckling takes place, the pipeline may become exposed at the mudline level
if the pipeline moves enough. Although significant plastic deformation occurs, unstable
fracture is not expected to take place due to the high deformation capability of steel pipe.
This has been documented in a previous occurrence of the phenomenon (see, for
example, Craig et al. 1990). Still, upheaval buckling is a limit state, that is, an undesired
condition, or state, which must be designed against.

Upheaval buckling has been the subject of much research over the last two decades. Rich
and Alleyne (1998) presented a system design evaluation for a buried high-temperature
pipeline considering the issues of expansion and upheaval buckling. Lanan and Barry
(1992) mitigated the potential for upheaval buckling in the Fairway Field (offshore
Mobile Bay, Alabama) by adopting a horizontal zigzag pipeline configuration in
combination with adequate burial depth. Palmer et al. (1990) described the upheaval
buckling phenomenon in detail and proposed a simplified analytical model to quantify the
problem. The model proposed by Palmer et al. (1990) has been checked against a full-
scale laboratory test (Schaminee et al. 1990), as well as more sophisticated computational
tools (Klever et al 1990), and found to yield good results. Therefore, the model proposed
by Palmer et al. (1990) is used herein in order to evaluate upheaval buckling potential.

Model Summary

The model presented by Palmer et al. (1990) can be summarized as follows. For a
pipeline operating with a certain locked-in compressive force, P, and with a trench
bottom roughness resulting in an imperfection heightthe required download for
stability is:

1D 1
w=pP%HG16- #7OHEW
0f 0

2-11
OEl P OO ( )

OO
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where: w = the installation submerged weight; El = the flexural rigidity; P = effective
axial force in operation; and = maximum imperfection height, resulting from trench
bottom roughness tolerance.

Research into uplift resistance of the soil cover recommended the following equation for
buried pipelines in sand and silty soils:

q= DL+ f H@) (2-12)

where: g = uplift resistance per unit length of pipe; H = backfill thickness (distance from
the top of pipe to the surface of backfill material directly above the pipe); D = outside
diameter of the pipe’ = submerged unit weight of the backfill material; and f = uplift
coefficient equal to 0.5 for dense materials and 0.2 for loose materials.

With the pipeline data (yEl, P) and the maximum imperfection height 1.5 feet for

the Liberty project, the required downward force to keep the pipeline in the as-laid
position is calculated. By applying a factor of safety of 2, the soil uplift resistance, q, is
determined as:

q=2W (2-13)

From the above equation, the required backfill thickness, H, is established, in conjunction
with the required submerged weight,of the backfill material.

2.10 Leak Detection Systems

Conventional, yet state-of-the-art leak detection systems are assessed with the pipeline
system alternatives. These include pressure point analysis (PPA) and mass balance line
pack compensation (MBLPC).

Supplemental leak detection systems for the pipeline options have also been considered.
These include:

*  Leak detection sensor technology (such as LEOS)
*  Through-ice borehole sampling

* Remote sensing

*  Field sensing using non-intrusive techniques

*  Periodic leak pressure testing
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The basic design for each pipeline system alternative provides a high level of assurance
of never developing an oil leak. The conventional pipeline leak detection system is then
expected to identify most sizes of leaks which could potentially develop over the
pipeline’s operating lifetime and allow pipeline shut-in to stop oil leakage. The
supplemental leak detection systems should therefore be considered as essentially a third
line of defense to minimize the volume of oil spilled in the unlikely event of a below-
detection-threshold pipeline leak during the winter ice-covered season. For each pipeline
system alternative, appropriate leak detection methods are discussed in the corresponding
sections of this report.

Pipeline Allowable Stresses and Strains

In general, pipelines are designed to stress criteria. However, for restrained (buried)
offshore pipelines, a limit strain design methodology can be used. This section outlines
which areas of design would apply a stress-based criterion and which areas of design
would apply a limit strain design.

2.11.1 Stress Criteria Designs

The load cases that need to be analyzed for a stress design along with the allowable
design factor are defined for oil lines in ASME 31.4. The load cases for each part of the
pipeline design are summarized in these codes; however, these are applicable only when
the pipe can move unrestrained due to the applied forces.

For buried offshore pipelines, the surrounding soil provides restraint. For arctic
environmental loading conditions, the only environmental phenomenon that has the
potential to apply forces in an unrestrained condition is an extreme event strudel scour,
which might remove the surrounding soil and uncover the pipeline. Thus, a span might
develop, and forces due to pipeline self-weight and strudel-induced currents act on the
pipe. For strudel scour loading, Table 2-8 summarizes the pipeline allowable stress as a
percent of SMYS.

2.11.2 Strain Criteria Designs

In situations where the pipeline may experience noncyclic displacement of its support
(e.g., thaw settlement and soil deformation beneath ice gouges), strain in the pipe would
be calculated to be sure the integrity of the pipeline is not threatened. Allowable strain
levels are determined based on pipe dimensions and material grade and account for
factors including pipe out-of-roundness and maximum pipeline butt weld defect sizes.
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TABLE 2-8: CODE ALLOWABLE STRESS FOR UNRESTRAINED PIPELINE

Loadcase Applied Loads Code Allowable
Reference Stress
(% SMYS)
ASME B31.4 Temperature Differential Only o.<72

Sec.402.3.2(c),
Sec.419.6.4(c)

ASME B31.4 Pressure + Dead Load (Pipe Weight o <54
Sec. 402.3.2 (d) | + Sustained Load (Content)
ASME B31.4 Pressure + Dead Load (Pipe Weight o.< 80

Sec. 402.3.3 (a) | + Sustained Load (Content)
+ Occasional Load (Current)
ASME B31.4 Pressure + Dead Load (Pipe Weight o.< 90
Sec 402.2.3(c), | + Sustained Load (Content)
Sec 419.6.4 (b) | + Thermal Load

+ Occasional Load (Current)

This section outlines the allowable strain criteria to be used for the offshore portion of the
pipeline.

The limit strain design has been reviewed for both tensile and compressive limiting strain
conditions. The tensile strain limiting criteria involve the propagation of a flaw in the
pipeline weld that is loaded by a tensile strain. In determining this pipeline strain limit, it
was assumed that the flaw exists at the point where the maximum allowable strain exists
and is orientated in the circumferential direction. The British Standard Institute
document PD6493:1991 is used to establish an ultimate tensile strain of 3.6%. By
applying a factor of safety of 3 for operational loading cases and 2 for extreme event
loading cases, the allowable tensile strains shown in Table 2-9 are obtained.

The compressive strain limiting criteria are set primarily by buckling under bending.
DNV (1996) is used to establish an ultimate compressive strain given by:

By adopting a girth weld reduction factor af, = 0.95, a factor of safety of 1.6 for

operational loading cases, and 1.2 for extreme event loading cases, the allowable
compressive strains shown in Table 2-9 are obtained.
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TABLE 2-9: ALLOWABLE STRAIN LIMITS

Design Conditions Tensile Limit Compressive Limit Strain
Strain (%)
All D/t D/t=18.53 D/t=25.5 D/t=32
Thaw Settlement 1.2 2.6 1.7 1.3
Ice Keel 1.8 3.5 2.3 1.7
Island Settlement 1.2 2.6 1.7 1.3

2.12 Effect of Parametric Variation

A full parametric analysis of design conditions and pipeline parameters is beyond the
scope of this study. However, this section is provided to address the expected
implications of changes in pipeline geometry and burial depth to the Liberty
Development.

2.12.1 Pipeline Geometry

A change in pipeline length will result in a change in the design ice keel incision depth
for the development area, as this is a function of the annual ice gouge recurrence rate
(new gouges/mile/year). For example, based on the 1997 Liberty ice gouge data and a
pipeline length of 6.12 miles, the analysis results in a 100-year ice gouge depth of 1.59
feet (see Section 2.6). Doubling the length of the pipeline results in an increase in the
100-year gouge depth to 1.86 feet. However, the design value used for ice keel gouging
is 3 feet, which is not affected by pipeline length. A change in pipeline length may also
affect the pipeline diameter to achieve the same flowrate at inlet pressure.

Increasing the pipeline diameter, and thus the D/t ratio, results in a decrease in allowable
strains. An increase in D would also change the pipeline response for an identical
loading condition. If the loading was the result of pipeline/solil interaction, such as from
an ice keel event, the pipeline loading would increase as its magnitude is directly
proportional to D.

Increasing the wall thickness, which decreases the D/t ratio, results in an increase in
allowable strains. Any increase in t would also change the pipeline response for an
identical load condition. However, this response change would not be as significant as a
diameter change. Any soil loading would remain constant, as the outer diameter of the
pipe has not changed.
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If the D/t ratio was maintained for pipelines with different outer diameters, the allowable
strains are assumed to remain the same. An increase in diameter would result in an
increase in loading due to soil movement. However, the measured strains would be
different for a similar soil pressure as the pipeline stiffness is approximately proportional
to wall thickness and the cube of the diamefetiy’).

A conceptual engineering level pipeline design typically follows the following sequence:

* Aninternal diameter that satisfies the flow requirement is selected,
* Awall thickness that ensures mechanical safety and constructability is estimated, and
* A steel grade compatible with the application is chosen.

Preliminary engineering level pipeline design further investigates performance
requirements, loading conditions and constructability. Allowable strain levels are
determined based on pipe dimensions and material grade and account for factors such as
weld characteristics, pipeline ovality, misalignment, and weld defect sizes.

Reducing pipeline diameter or using a number of smaller-diameter pipelines has
implications regarding flowrate, depletion schedules and reservoir economics. BP has
evaluated the effect of reducing pipeline diameter on production rates, recoverable
reserves, and net present value of the development (BPXA 1999).

Effect of Reducing Pipeline Diameter

The Liberty production rate has been evaluated as a function of pipeline diameter, and
results are shown in Table 2-10 below (assuming normal backpressure at Pump Station
#1 and Badami operation at design rate).

TABLE 2-10: PRODUCTION RATE AS A
FUNCTION OF PIPE DIAMETER

Liberty Production Rate

Pipeline Di
ipeline Diameter (1,000 bbl/day)

6 inch 23
8 inch 41
10 inch 57
12 inch 67
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Reserves and Project Value

The net present value of the Liberty project is a function of the facility cost and the
operating life of the facility. For this discussion, the facilities costs are assumed to be the
same for all cases. The operating life of the facility is a function of the operating cost and
the oil recovery rate and the value of the oil. Once the value of the oil recovered
approaches the operating cost of the facility, the facility has reached its economic
operating life. The economic life of Liberty is currently estimated to be approximately
17 to 19 years. With the economic life of Liberty held constant at 19 years, the actual
reserves recovered are reduced as the pipeline size is reduced. The current reserves
recovery for the Liberty is estimated to be 120 million barrels. The net present value of
the project to BP is also significantly reduced with reduction in rate. The approximate
percent reduction in the Liberty recoverable reserves and net present value of the project
is shown in Table 2-11 as a function of pipeline diameter.

TABLE 2-11: EFFECT OF PIPE DIAMETER ON RECOVERABLE
RESERVES AND NET PRESENT VALUE

% Reduction
Recoverable Reserves
from Liberty Design

% Reduction Net
Present Value from
Liberty Design Case

Pipeline Diameter

Case
6 inch 40% Approximately 100%
8 inch 21% 66%
10 inch 5% 33%

Mechanical Integrity

The design and specification of the pipeline will be dependent on the diameter of the
pipeline. However, the overall safety of the pipeline must meet codes and standards of
practice. Therefore, other design parameters such as wall thickness, steel grade, and depth
of cover are adjusted to assure an adequate level of mechanical integrity.

Pipeline Leak

There are two basic types of leaks that can happen to the pipeline: (1) a small hole in the
pipeline or (2) a guillotine cut. The leak volume from a hole in the pipeline is determined
by the pipeline pressure and the diameter of the hole, and is not a function of pipeline
diameter. With a guillotine cut, the pipeline pressure would drop, and low-pressure
controls will shut down and isolate the Liberty plant in approximately 60 seconds. For
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the guillotine cut scenario in the subsea section of the pipeline, the actual leak volume
will be approximately 35% of the pipeline volume (hydrostatic pressure on the outside of
the pipe will balance pressure and trap approximately 65% of the oil in the pipeline).

Table 2-12 shows the pipeline volume and the estimated leak volume for a guillotine cut
in the subsea pipeline.

TABLE 2-12: EFFECT OF PIPE DIAMETER ON
POTENTIAL LEAK VOLUME

Pipeline Diameter Pipelir(1beb\lgolume Apsgﬁirr::t(eb lt;lf)aak
6 inch 1,108 388
8 inch 1,968 689
10 inch 3,075 1,076
12 inch 4,500 1,576

Cleanup Costs

Four costs are associated with spill prevention and cleanup: (1) preparedness costs, (2)
mobilization of the cleanup team, (3) actual cost for labor and materials for the clean up
and (4) demobilization of the cleanup team. Preparedness costs include the cost for pre-
staged material and equipment and are based on the well blowout, which exceeds
predicted pipeline leaks. The mobilization and de-mobilization costs are the same
regardless of the leak volume, since BPXA will mobilize all equipment and personnel
regardless of the estimated leak volume. The actual time required to clean up a spill may
differ by a day or two depending on the volume of the spill. The resulting daily costs will
be significantly less than the mobilization/demobilization costs for the spill team.

2.12.2 Burial Depth

Increasing the burial depth affects the pipeline in the following ways:

. Increases the depth of cover over the pipeliriehe section of pipeline close to
shore that is susceptible to thaw settlement will be completely backfilled. Any
differential settlement under the pipeline would result in this overburden being
carried by the pipeline. Increasing the burial depths increases the load, but would
reduce the potential displacement of the pipeline.
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. Decreases the potential creation of a free span due to strudel sddawever,
even at 7-foot depth of cover, the expected strudel scour span was small and could
easily be accommodated by the pipeline within elastic limits.

. Reduces the strain level in the pipeline due to subgouge deformation from ice keels.
However, as the offshore pipeline design for ice gouging is a limit state design
which uses acceptable strain levels, there would be no added benefit with respect to
ice keel gouging to bury the pipeline deeper.

. Will affect the need for gravel mats in the design for upheaval buckling if additional
backfill thickness was applied to the pipelhe net benefit is not immediately
apparent. Extending the burial depth will increase the amount of soil that can be
placed over the pipe, but itilvalso increase the roughness of the excavated trench
bottom due to slumping of unstable trench sides.

As discussed in Section 2.11, a limit state design methodology is used for the Liberty

buried offshore pipeline. If a stress-based design were to be used in the analysis of ice
gouge, the pipeline would have to be buried considerably deeper to meet design criteria.
In the absence of detailed calculations, it is estimated that a pipeline would need to be
buried to a depth of cover of 15 to 20 feet below the seabed to meet a stress-based
criteria. This has several implications to the development:

. An excavation of 18 feet (15 feet plus overdig) may be beyond the capability of
conventional excavation equipment.

. Large quantities of soil would need to be excavated, stored, and replaced to achieve
this burial depth which also adds environmental impact.

. Any permafrost thaw settlement could result in substantial pipeline loading in areas
prone to differential settlement due to the additional soil overburden.

. The cost to bury the pipeline to such a depth may make the project uneconomical.
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3.2

3.2.1

GENERAL CONSIDERATIONS

Introduction

This section provides general information that is associated with each of the alternatives.
This information is then taken into consideration in each alternative chapter and the
appropriateness of its application assessed. The general information is provided in
different forms depending upon the topic being discussed. The following list outlines the
different forms in which the information may be presented:

. General background/considerations applicable to all design alternatives. For
example, the failure assessment section summarizes the general approach to failure
assessment and some of the oil spill scenarios that will be considered for each
alternative.

. Summaries of the general requirements of the pipeline alternatives. For example,
what design conditions each alternative must withstand or design functionality that
each alternative must exhibit.

. Summaries of the various options. For example, different construction
methodologies that could be considered.

. Summaries of the technologies or capabilities that can be applied to each
alternative. For example, the main operations and maintenance techniques used to
monitor pipelines.

This section is included to provide an understanding of the design criteria and the
available technologies that have been considered for each pipeline alternative. Each
alternative is then reviewed as to how it meets the criteria and what is the most
appropriate technology (for example, for construction or repair). The complete review of
each alternative, therefore, consists of information presented in this chapter and the
associated alternative chapter; the chapters must be read together.

Design Considerations

The following is a summary of the design conditions that must be achieved and the main
considerations that affect the design alternatives.

General

The design for each pipeline alternative must ensure safe pipeline installation and
operation. The design flowrate is 65,000 barrels per day. This, in turn, establishes the
operational boundary conditions, i.e., minimum temperature and inlet pressure at the
Badami tie-in. The detailed flow analysis is described in Section 3.2.2, Flow Analysis.
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The pipeline internal diameter is established based on pipeline length, flowrate and
pressure.

The pipe submerged unit weight is a key design parameter and is based on the anticipated
sea water density and possible soil/water slurry that may form in the trench bottom
caused by soil/water agitation as the result of trenching and trench backfilling activities.
During winter installation, the hydrodynamic current loads are small (< 0.5 knots) and do
not become an overriding design consideration. Therefore, the required pipeline
submerged weight is a major factor in the selection of wall thickness (Section 3.2.3).

Two key factors determine how deep the pipeline would be trenched into the seabed. The
first is the so-called “depth of cover” (Figure 3-1), which is defined as the distance from
the top of pipe to the original undisturbed seafloor. This is an important factor for
keeping ice keel and strudel scour loads to safe limits. These aspects of the structural
design are discussed in Section 3.2.4 and 3.2.8.

Another design consideration is the backfill thickness, which is important where there is a
large difference between the ambient temperature during the installation and pipeline
operation. The installation temperature is approximately 30°F (for winter or summer
installation). The maximum allowable operating temperature is 135°F, resulting in a
differential temperature of 100°F. This, in combination with the pipe wall thickness,
operating pressure, backfill soil properties and trench smoothness, affects the pipe
vertical stability due to upheaval buckling. Upheaval buckling is discussed in Section
3.2.6.

Another external pipe load that is directly the result of backfill thickness is caused by
thaw settlement. Deeper pipeline trenching can increase the backfill thickness and thus
leads to an increased overburden load during thaw settlement. This is considered in more
detail in Section 3.2.7. However, deeper pipeline trenching protects the pipeline from
strudel scour (Section 3.2.8).

Finally, excessive internal or external corrosion of the pipeline must be avoided over the
project life. External corrosion control for each of the pipeline alternatives is discussed
in the respective chapters.

Flow Analysis

As noted previously, the Liberty design flowrate is 65,000 barrels per day. The system
flow conditions are established by considering the maximum and minimum pressures at
the Badami tie-in (1440 psig and approximately 1050 psig), and the minimum flow
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temperature of approximately 10 (to keep the optimum Liberty crude oil flow
characteristics). Based on these parameters, as well as the thermal conductivity
properties of the pipeline, hydraulic analyses were performed to determine whether the
pipeline alternatives would achieve the design flowrate.

The hydraulic analyses included a range of ambient air temperatures as lowFas -50
Each pipeline alternative can achieve the target throughput of 65,000 barrels of oil per
day, without exceeding the pressure rating of the Badami pipeline system (ANSI Class
600, 1,440 psig).

Pipeline Stability

The focus of pipeline stability is normally to resist wind and wave forces. During winter
installation, the trench would be backfilled before the pipe is exposed to any significant
wave or current forces. The Liberty pipeline must, however, be designed to be stable
before, during and after backfilling. Vertical pipe stability during operation would be
ensured by the added weight of the pipe contents and the backfill. Potential pipeline
movement due to thaw settlement or upheaval buckling is addressed separately.

3.2.3.1 Pipe Weight

The pipeline must have a specific gravity greater than 1.0 to make it sink. Typically,
increased pipe wall thickness is used to achieve pipe stability in small-diameter offshore
pipelines.

3.2.3.2 Water Density in Trench

Increased seawater density may occur in the trench due to high salinity nearshore and
suspended sediments or slurry formation during trench backfilling. Low-specific-gravity
offshore pipelines have been observed to float in trenches filled with silty water. Where
this is a concern, a minimum pipe/bundle specific gravity of approximately 1.6 is
suggested to counteract this tendency.

3.2.3.3 Pipe Contents Weight

The pipe contents (oil) during operation would significantly increase its submerged
weight. Under certain circumstances, the pipeline submerged weight can be increased by
adding water (or water/glycol) during installation. This is not considered necessary for
the steel pipelines, but may need to be considered for the flexible pipe alternative.
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The construction scenario for the Liberty pipeline assumes concurrent installation and
trenching. Increased pipe weight is desired primarily during trench backfilling.

3.2.3.4 Backfill Materials and Procedures

3.24

Trench backfilling returns previously excavated material to the trench and restores the
original seafloor topography as closely as practical to its original elevation. Subsequent
summer storms would smooth residual seafloor undulations after backfilling, particularly
in shallow water. Backfilling reduces the potential for ice keel/pipe contact. The backfill
also provides uplift resistance against any tendency for the pipe to move up in the trench
due to upheaval buckling.

Gravel bags would be necessary in areas where the pipeline bridges over a high spot
exceeding “prop height” tolerances (see Section 3.2.6 on upheaval buckling). Several
bags may be added over the pipeline at the high spot depending on the overbend severity.

Ice Keel Gouging

The ice keel loading is characterized by an “extreme event” ice keel. The “extreme
event” loading (also referred to by engineers as the “worst case” load) is an engineering
term that describes the maximum load for this load condition that the pipeline would be
expected to resist. It suggests the most extreme ice keel event that might be encountered
in the Arctic. The expectation would be that the pipeline would remain operational after
such an event, subject to confirmation by visual inspection and geometry pigging.
However, it should be noted that there are regional geographic features that limit the size
of ice keels in the vicinity of Liberty, and this is reflected in the selected ice keel design
depth of 3.0 feet (see Section 2.6). In the ice keel soil/pipe interaction analysis, the ice
keel width is varied so that multiple loading conditions are applied to the pipeline, and
the worst case captured. However, a minimum aspect ratio of 10 (width to depth) is used;
that is, ice keel widths are equal to or greater than 30 feet. This aspect ratio constraint is
based on repetitive observation of ice keel signatures on the seafloor.

The resulting solil transverse displacement at a depth of 7.5 feet (as measured from the
original seabed surface to the pipe centerline) is estimated to be 2.35 feet, based on the
empirical relationships presented in Appendix C. A depth of cover of 7.0 feet is
tentatively established as a baseline, which provides a clearance of 4.0 feet with respect
to the “extreme event” design ice keel depth. The required trench depth to achieve a 7-
foot depth of cover can be accomplished using on-ice trenching techniques. The total soil
displacement for an ice keel event with a 3.0-foot incision depth and a 30-foot width was
presented in Figure 2-7.
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ANSYS Structural Analysis Summary

The ANSYS finite element package was used to analyze the ice keel soil/pipe interaction
effects on selected pipeline alternatives. Approximately one mile of pipeline length was
modeled for each ice-keel event. A fine mesh of 10-inch-long elements is used within the
100-foot center section of the pipeline model, where the ice keel displacements are
imposed. Transversal and longitudinal soil springs are attached to the pipeline elements
at every node to model the effects of soil displacement. The transverse spring nodes are
fixed out-of-plane (z-axis direction) and longitudinally (x-axis direction).

The ice keel displacements are imposed by moving spring nodes along the pipe y-axis, as
described by the displacement field in Section 2.6. Since the soil along the route for the
most part is silty-sand, it can be approximated by average displacements for sand and
clay. Thus, referring to the equations of Section 2.6 and Appendix C, for an ice keel 3.0
feet deep and 30 feet wide, at a depth of 7.5 feet (centerline of the pipeline), the soil
directly below the ice keel is displaced approximately 1.17 feet vertically and 2.06 feet
horizontally. The resulting displacement vector has a magnitude of 2.35 feet.

In addition to the displacement field imposed by the ice keel, pressure and temperature
effects have been included in the analysis where possible to correctly model the axial
stress in the pipe during operation. Results of the analysis are presented in the respective
alternative sections.

3.2.5.1 Second Order Effects

3.2.6

The pipe strain values obtained are based on finite element analysis including material
non-linearities. That is, kinematic hardening plasticity is used to capture the elasto-
plastic steel behavior. Non-linear geometry effects were not included in the conceptual
design analysis. The additional strains due to geometric nonlineariti@se(fects)

would require evaluation during detailed design.

Upheaval Buckling

Certain conditions (very high differential temperature) can cause the pipeline to move
upwards from its originally installed position, forcing its way through the backfill. In
severe cases, the pipe may even rise above the seafloor. This phenomenon is primarily
caused by elevated pipeline operating temperature and pressure.

The severity of this condition depends on the longitudinal restraint provided by the soil
resulting in “locked-in” compressive forces (the pipe can be imagined to be like a wound-
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up spring waiting for release). If the pipe is laid relatively flat in the trench, the pipe
would not be predisposed to an upheaval condition. However, if the pipe is laid over a
“prop” (i.e., local high spot in the trench) and is subsequently backfilled causing a
localized arch at that location, then the pipe would tend to push upwards as soon as the
temperature increases in the line at operating start-up. Upheaval buckling is very
sensitive to temperature, particularly above a predetermined threshold temperature. The
axial forces in the pipe can be considerable.

The methodology described in Section 2.9 is used to evaluate the upheaval buckling
potential for the pipeline alternatives. The basic parameters used in the calculations are:

. Installation temperature (subsea) = 30°F
. Operational temperature = 150°F

. Differential temperature = 120°F

. Maximum (prop) height = 1.5 feet

. Factor of safety = 2

. Backfill thickness at prop = 6 feet

A density of 37 pounds per cubic foot was conservatively used for remolded native
backfill material, and a density of 60 pounds per cubic foot was used for the gravel
backfill (i.e., gravel bags).

Gravel mats or bags can be used to restrain the pipe. The pipe is prevented from moving
upwards by the additional weight of the bag on the pipe and the increased uplift
resistance mobilized through the bag pushing against the column of soil above it.

The design basis for the analysis conservatively assumes a maximum operational
temperature of 150°F compared to the average operating temperature of 135°F. In
addition, where gravel mats are used, the effective soil column mobilized above the pipe
is assumed to be only two pipe diameters in width, whereas the gravel mat would, in fact,
mobilize a wider soil column.

Thaw Settlement

The analysis of potential permafrost thaw settlement is described in Section 2.7. The
soil/pipe interaction analysis for thaw settlement would be carried out in a similar manner
to the ice keel analysis. A relatively long pipe segment is modeled as a series of elements
with hyperbolic springs modeling the soil behavior. However, since the pipe
displacement field occurs in the vertical plane, the soil response differs depending on the
direction of pipeline/soil interaction. If the pipe tends to move downward, compressing
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3.3

3.3.1

3.3.2

the soil below, the soil resistance is relatively greater. If the pipe loses support (due to
settlement) and supports the overlying soil or tends to move upward, the soil resistance is
relatively weaker. Therefore, different soil spring properties are used, depending on the
direction of the pipeline displacement relative to the surrounding soil.

Strudel Scour

The strudel scour design dimension is 15 feet at the seafloor, as described in Section 2.8.
The loading event representing a strudel scour forming directly over the pipeline, with a
horizontal dimension of 15 feet and deep enough to uncover the pipe, has a
conservatively estimated return period of approximately 500 years. The resulting strudel
scour geometry is a cone with a side slope of 1:2 (vertical: horizontal). If the pipeline is
installed with a 7-foot depth of cover, the bottom of the strudel scour would almost
coincide with the top of the pipeline. This would create a very small pipeline free span
(approximately 1 to 2 feet). The resultant hydrodynamic loads would not adversely affect
pipe stability.

Construction Methods
Objectives

In this section, construction methods for summer (open water) and winter construction
are evaluated to identify the best candidate method with respect to logistics, practicality,
cost and schedule.

This section discusses general factors concerning mobilization and demobilization,
equipment and installation alternatives for both summer and winter construction. The
equipment and logistics requirements for summer and winter construction are quite
different. The advantages and disadvantages of each are discussed in the context of its
appropriateness for each pipeline design alternative. The key tasks and sequence of
events are discussed for the summer and winter candidate construction methods.

More information is provided for a winter construction program, as this is the
recommended method for all alternatives.

Drake Field Experience

Only one pipeline has been built in an arctic offshore environment (Palmer et al. 1979)
and it was installed using a bottom-pull method for the bundle installation and a plow for
trenching. A Canadian company, Pan Arctic Oil Ltd., sponsored the Drake Field subsea
completion. The project was installed off Melville Island in the Canadian High Arctic
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3.34

between 1976 and 1979. There are some similarities in what was achieved on this project
compared to what might be required for a similar project on the North Slope. The
pipeline bundle was approximately 4,000 feet long and comprised two 6-inch-diameter
production lines, well head annulus monitoring tube, and control umbilical, as well as
heat tracing and power cables. The bundle was successfully installed in 1978 after a
three-year schedule to design, fabricate and construct.

Fabrication occurred on Melville Island during the winter of 1977-78. A “stove pipe”
technique was employed for pipe string and bundle make-up under a temporary shelter.
This necessitated a significant staging area for pipe handling. The outer jacket pipe was
pulled over the inner bundle of pipes, tubing and power cables. An important point to
note is that the pipeline was only 4,000 feet long (12% of the proposed pipeline length),
but the pipe bundle make-up lasted four and a half months, not including pipeline
installation.

The Drake Field experience is instructive, since it shows the effort required for bundled
pipeline construction in the Arctic. The implication is that the schedule lengthens
considerably over that which would be anticipated from a more conventional pipeline
configuration.

General Pipeline Construction Activities

The are several key construction activities associated with each of the pipeline
alternatives. These include:

Mobilization and demobilization,
Trenching,

Pipe joining, and
Pipeline laying.

} Pipeline installation

Weather and environmental constraints greatly influence the choice of equipment and
schedule for construction. Methods are considered for summer construction, during open
water, and winter, when equipment may be deployed from a thickened ice pad.

General Summer Construction Considerations (Open-water Season)

Construction activities and their timing during the open-water season are affected
primarily by considerations for environmental protection. For instance, work is not
typically planned on the tundra in the summer in order to avoid harassing migrating
caribou and bird nesting and feeding areas, and also to protect the permafrost and
overlying active layer of tundra from vehicular traffic. This restricts access to any shore-
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based staging area from the sea or air only. For similar reasons, water-borne activities
may be restricted to avoid interfering with migrating whales and other marine mammals,

as well as to avoid water quality changes affecting fish. Nevertheless, marine traffic is

permissible if care can be taken to avoid effects on wildlife. Summer construction makes

sense only if its duration is short and its effect on the environment is within acceptable

biological limits. The following construction methods are reviewed in this context.

Trenching (Summer)

Several trenching techniques could be used during the summer. Some are applicable only
to pre-trenching i.e., before the pipeline is installed, whereas others are best suited to
post-pipeline installation. These methods include, but are not limited to (see Figure 3-2):

. Conventional excavation,
. Hydraulic dredging,

. Plowing,

. Jetting, and

. Mechanical trenching.

3.3.5.1 Conventional Excavation

Hydraulic backhoes, clamshell buckets or dragline could be used. In summer, the
equipment would be operated from a flat-deck barge, which could maneuver by winching
itself forwards and spudding-in to remain on location while digging. Intruding ice
(greater than 3/10 ice cover) could affect the operations depending on the station-keeping
ability of the barge (Figure 3-3). Conventional excavation is a proven, but time-
consuming method, and productivity would be similar for winter or summer construction.
Also, the reach of an extended or long-reach backhoe is limited (practically) to a
combined water and trench depth of approximately 50 feet. Backhoe trenching could be
used for any of the pipeline alternatives considered.

Regardless of the season, replacing excavated material in the trench after the pipeline is
installed can create a dense liquid or slurry. This has the potential to make the pipeline
temporarily buoyant, unless it is sufficiently heavy to resist the uplift forces.

3.3.5.2 Hydraulic Dredging

The most common hydraulic dredges used for the excavation of pipeline trenches are
cutter-suction and trailing-suction hopper dredges. The cutter-suction dredge (Figure 3-
3) excavates the trench with a rotating cutter head on the end of a ladder extended to the
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seabed. The cutter head breaks the soil, and pumps transport the soil/water slurry through
a pipe up the ladder and through a discharge pipe. The end of the discharge pipe is
typically located several hundred feet from the dredge and is moved often to prevent
excessive dredged soil from accumulating in one area. Soil can also be disposed of by
discharging into barges, which can then travel to a disposal area. This would have the
advantage of limiting the amount of sediment in the water column. Silt curtains have
been used successfully to limit sediment dispersion during soil dumping. The dredge
advances by sweeping the cutter head back and forth while advancing longitudinally
using spud piles. Because of the sweeping motion of the vessel, the trench tends to be
wide.

Trailing-suction hopper dredges (Figure 3-4) excavate the trench by lowering a suction
head to the seabed and pumping slurry into a hopper in the vessel’s hull. A dredge of this
type is not feasible for Liberty since it requires water depths greater than 20 feet.

3.3.5.3 Plowing

Plows can also be used to lower a pipeline into a trench. This is usually accomplished
after the pipeline has been installed on the seafloor (Figure 3-4). Plows are an attractive
tool, especially when the pipeline route is long. A plow could be used in either summer
or winter. The primary determining factors for plow design, and ultimately its size, are
the type of soil and the desired trench depth. This, in turn, affects the force required to
pull the plow. The plow is advanced over the seabed by pulling with a large tug or a
winch mounted on a frame traveling over the ice.

Historically, plows have achieved a depth of cover on the order of 5 feet (for a 12-inch-
diameter pipe). As noted previously, a plow was fabricated and used for installation of
the Drake Field bundled pipeline. Multiple-pass plows capable of excavating a trench 13
feet deep have been investigated and tested on a small scale by Sohio (Soil Machine
Dynamics, Ltd.). Recently, some multiple-pass plows have been built which should
have the capability of achieving a depth of cover of 7 feet if the soils are soft enough to
allow plowing but strong enough to remain stable until the pipeline touches down in the
bottom of the trench.

Generally, plows tend to be quite large (approximately 100 tons to 300 tons dry weight

and 30 feet to 90 feet in length). Several plows have been fabricated for previous pipeline
projects, and these may be available for lease or purchase for arctic projects. A plow
could be used for any of the pipeline alternatives, although special design consideration
would need to be given to the HDPE and flexible pipe alternatives as these designs could
be more susceptible to plowing damage. The pipelines would be laid along the route and
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the plow would be pulled along the pipe, using the pipe as a guide. The shore and island
approaches would be excavated using a backhoe or dragline.

3.3.5.4 Jetting

This method involves pulling a sled along the top of a pipeline after it has been installed
(Figure 3-5). Water under high pressure is used to liquefy the soil, and air is used to lift it
from under the pipeline. The pipeline lowers itself to the bottom of the trench as the jet
sled advances.

To achieve a depth of cover of 7 feet in most soil conditions, the jetting sled would have

to be towed over the pipeline several times, thereby increasing the risk of damage to the
pipeline. Using this method as the primary excavation method would require a trench

barge, anchor-handling tugs, and a survey vessel. The work can be performed only in
summer, would be subject to ice activity, and causes turbidity in the water column. Due

to the very large sediment load created, jetting is not a candidate trenching technique for
any of the alternatives. However, localized jetting may be necessary to fluidize the trench
bottom in order to lower a pipe that has become “high grounded” during installation.

3.3.5.5 Mechanical Trenching

This method is commonly used for burying cables and umbilicals, and has been used on
several occasions for pipeline trenching. The trenchers typically rely on hydraulic power

to propel the caterpillar tracks used for propulsion and to operate the cutting equipment.
The hydraulic power requirements make these trenchers very large, often requiring large
buoyancy tanks to keep the trencher from sinking into the soil and collapsing the trench,

and to facilitate handling of the machine. Mechanical trenchers for pipelines are quite

large pieces of equipment and require a large marine vessel from which to operate,
including a large A-frame to launch and recover the mechanical trencher.

3.3.6 Trenching (Winter)

Many of the open-water trenching techniques require special marine vessels to deploy the
equipment and therefore are not suitable for winter construction. However, some of the
equipment can be used for off-ice construction. Conventional backhoes with extended or
long-reach booms are proposed for the Northstar project and would work equally well for
Liberty since the water and trench depths are comparatively shallower. Likewise, the
cutter-suction dredge equipment described above could also be used for Liberty.
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A plow was used on the Drake Field installation, although its design limited the trench
depth to 4 to 5 feet. In this case, a 24-inch carrier pipe was used resulting in a depth of
cover of only approximately 3 feet. The length of trench required for installation was
only approximately 800 feet. The trench for Liberty will need to be longer and deeper to
accommodate any of the alternatives. While possible, this is not considered the desired
alternative.

Mechanical trenchers could also be deployed off the thickened ice pad. There are no
known pieces of equipment that could be used, but heavy equipment suppliers can be
innovative in such endeavors. A wheel bucket ditcher could readily be designed for
arctic use, given the relatively shallow water depths considered for Liberty. The
equipment weight would be a limiting factor, but the prize of increased trench rates
would be worth pursuing. This would require further research.

Pipeline Summer Installation (Open Water)

Subsea pipelines are typically welded together and installed from lay vessels, although
pipelines can also be welded into lengths on land and pulled or towed into location. The
following methods may be considered for subsea construction (see Figure 3-2):

* Lay vessel,
* Reel vessel, and
* Tow or pull methods.

3.3.7.1 Lay Vessel

A lay vessel (Figure 3-6) is a specially built oceangoing vessel aboard which the pipeline
is fabricated as the vessel moves along the pipeline route. Such a vessel moves either by
means of an anchoring system or by its own propulsion, and can only operate in the
summer. If the lay vessel moves on anchors, anchor-handling vessels are needed to help
reposition the anchors so the lay vessel can advance. A moored lay vessel usually does
not have propulsion and is moved from one work location to another by tug. The lay
vessel can carry a limited amount of pipe on its deck, and pipe carrier vessels or barges
carry additional pipe.

Pipelines in sheltered locations such as lakes are occasionally installed with a shallow-
draft lay barge. This barge can be trucked to the site in modules or adapted from locally
available vessels. While this would facilitate mobilization to and demobilization from the
work site, these lay vessels are very sensitive to wind, waves, currents, and ice
conditions.
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Because of its large draft, a conventional lay vessel would not be able to operate in the
water depths at Liberty. However, if flat-bottomed vessels were used as lay vessels, then
a minimum operational depth of 10 to 15 feet of water could be achieved. The pipeline
section from the nearest vessel location to the shore would be pulled to the shore, where
facilities would be built for the pull equipment. After having completed the pull, the
vessel would then lay the pipeline towards Liberty Island. At this location, the pipeline
would be lowered to the seabed adjacent to the island. A tie-in would then be made to
the island piping. Ice in the area would most likely affect the activities of the lay vessel.

Protection of the installed pipeline could be provided by pre- or post-trenching
techniques. A pre-trenching method would most likely be required for Liberty, since the
pipeline would otherwise rest on the seabed and be exposed to the action of ice moving
through the area.

3.3.7.2 Reel Vessel

Essentially, two types of reel vessel are available. The first is a self-propelled, ship-shape
vessel with a vertical reel. A reel ship can be used only in summer. The advantage of a
reel ship is that it could lay 8 to 10 miles of 12-inch pipeline in one continuous operation.
The pipeline would need to be pre-fabricated at a shore-based staging area, where it
would then be reeled into the vessel. The relatively shallow water depth at Liberty for
much of the route would preclude a reel ship from serious consideration.

An alternative to the reel ship is flat-decked barge with a horizontally mounted reel.
These have been used extensively in the Gulf of Mexico. The pipe make-up logistics are
the same as for the reel ship. The barge would need to be towed to the work site. This
vessel may be dynamically positioned but usually advances by winching forward on its
mooring system. A horizontal reel barge could be used to spool either steel or flexible

pipe.

There are considerations which need to be taken into account with the use either of these
vessels. The first has to do with the availability of such specialized equipment. The
second would have to do with the time needed to mobilize the equipment for the start of
construction i.e., does the vessel need to over-winter in Alaska in order to be ready for
summer installation?

3.3.7.3 Tow and Pull Methods

There are a number of variations of the pipeline tow method; however, the principles for
installation are basically the same in each case. In each instance it would be necessary to
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fabricate lengths of pipe (pipe strings) at an onshore facility. The pipe strings would be
between 1,000 feet and 3,000 feet long and would be welded together to form the
complete pipeline. The design of the total weight of the pipeline during the pull is such
that the total force required to pull the pipeline does not exceed the capacity of the pulling
equipment. The length of the pipeline for Liberty (6.12 miles) could be installed using
one of these methods. The pipe specific gravity affects the submerged weight and
therefore the pull force required for pull and tow methods. This in turn affects the size of
winches and pull frames or, conversely, limits the length of pipe string that can be
installed in a single pull. The advantage of this method is that when the pull gets under
way it is a very rapid installation technique. Although it might be possible to pull the
pipeline into a pre-excavated trench, the pipeline is usually post-trenched after it has been
installed in this manner.

An alternative method would be to perform a surface tow and make surface tie-ins. This
is feasible in relatively sheltered waters. Again, the pipe strings would be made up on
land and launched into the water with flotation tanks or buoys attached. A small tie-in
barge would be used to join the strings together, after which the floats would be released
and the pipeline would sink to the seabed. This method is very fast and feasible in
shallow water. Small tugs would be required for pipe string towing and hold-back during
the mid-line tie-ins.

Bottom Tow

This is most likely a summer technique using a vessel to tow the pipeline from the
onshore fabrication site to its final offshore position. Since the tow vessel can sail at a
relatively high speed (2 to 4 knots), this method ensures that the pull can be accomplished
in a relatively short time. Pipeline abandonment can be quickly achieved by
disconnecting the pipe string from the pull cable. The pull can be resumed without major
effort. The pull force for a bottom tow is typically 150 tons, which requires a fairly
powerful tug of approximately 7,500 to 10,000 horsepower.

This method could be used to install any of the pipeline alternatives. The installation is
limited by the maximum pull load, which depends on the pipeline length and the pull
capacity of the vessel. The optimum solution is to install the pipeline in one unit. This is
achieved by making up the 6.12-mile string onshore and then towing it into place.
Alternatively, the pipe strings could be launched sequentially, making tie-ins at the shore
crossing before pulling the next section out.
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3.3.8

3.3.9

Off-Bottom Tow

The principles of this method are the same as for the bottom tow, except the pipe does not
make direct contact with the seabed and the pull forces are then greatly reduced. Two
vessels are used, one at either end of the pipeline to pull the string: one in front pulling

and one in the rear holding tension on the string. When the pipe is on location, the floats
required to keep the pipe off-bottom are released to lower the pipeline to the seabed.
This method is also fast but requires diver support to release the floats.

Bottom Pull

As with the bottom and off-bottom tow methods, a shore-based staging area is required to
prefabricate the pipeline strings. In this instance, however, a pull or winch barge is used
to pull the pipeline along the seabed. The pull forces are significantly higher than before,
and pipeline advancement is slow.

Pull or tow methods may be applicable for any of the pipeline alternatives considered.
The bottom or off-bottom pull methods are also possible for winter installation by using
an ice-mounted pull frame. This has been contemplated previously for arctic pipelines
(Polar Gas pipeline, et al.).

Pipeline Summer Construction (Open Water)

All combinations of open-water trenching and pipeline installation methodologies would
follow a similar installation sequence. It would be necessary to establish a shore-based
gravel-pad staging area to stockpile and make up pipe strings or the entire pipeline
length. The required shore-crossing site could occupy a significant area of tundra. In the
case of a pull, the pipe would be launched from the temporary right-of-way towards the
island. In the case of a reel installation, the pipe would be winched towards the shore
crossing before laying away towards the island. Trenching would most likely follow pipe
installation, although laying into a pre-excavated trench is possible but not likely
desirable. The study scope does not permit further elaboration of these installation
alternatives.

Pipeline Winter Installation (Ice Platform)

This method, known as through-ice or off-ice, requires the preparation of a work pad on
the ice. The ice must be thickened so that it can bear the weight of construction
equipment during the pipeline installation. A slot would be cut through the ice wide
enough for equipment to dig a trench in the seabed. The pipe must be welded together
into a continuous pipe string, either in sections near shore or alongside the ice slot,
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similar to a land-based operation. After the strings have been welded, they are towed over
the ice and laid end to end alongside the ice slot. Tie-in welds join the pipeline strings
together into a continuous length before it is lowered into the trench through the slot in
the ice. The soil from the excavation would then be placed in the trench over the pipeline
as backfill.

This offshore construction method has not yet been used, although river crossings
installed on the North Slope are similar in scope. The advantage of the through-ice
method is that it relies on techniques and equipment that are proven technology. Ice-
strengthening and ice-cutting techniques are well understood, and as a result, there is
good confidence in this approach. Backhoes are used universally for land and marine
trenching within the limits of their capabilities. This technique, however, has not been
used to excavate a relatively deep trench in deep water through the ice. A potential
disadvantage is that floating ice has a limit to its load bearing capacity, and the combined
weight of equipment and pipe must be considered before electing to use this method.

Pull or tow methods may be applicable for any of the pipeline alternatives considered.
The methods are also capable of being used in winter by using an ice-mounted pull
frame. This has been contemplated previously for arctic pipelines (e.g., the Polar Gas
pipeline). However, the scope of this study does not permit further elaboration of these
construction methods.

3.3.10 Pipeline Winter Construction (Ice Platform)

The preferred method of construction is an ice platform construction method. The
reasons for using conventional excavation equipment and off-ice installation techniques
are as follows:

* It uses conventional, proven equipment available locally.

* Ice-strengthening and ice-cutting techniques are well understood.

* A through-ice test trenching program has been carried out on the North Slope to
prove the feasibility.

*  Other construction methods would require significant equipment be mobilized to the
North Slope, which may require the equipment to over-winter (i.e., barges).

*  Open-water construction equipment is not designed for these shallow water depths.

* Askilled labor force is available.

* Alaskan content in the project is maximized.

The following describes general tasks to be completed for off-ice construction.
Deviations from this installation sequence, production rates associated with each of these
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activities, and the amount of equipment required are discussed in each of the pipeline
alternative chapters.

Subsea pipeline installation involves several major activities. The sequence starts by
making ice roads for access and material resupply. This is followed by construction pad
preparation, ice slotting, trenching, welding, pipeline lowering-in, and backfilling.

3.3.10.1 Pipeline Fabrication and Installation Activities

The following describes the activities for off-ice pipeline construction.
Mobilize Equipment, Material and Workforce

This activity includes mobilizing major equipment, e.g., sidebooms, trucks, cranes,
welding rigs, power generators, lights, etc. Mobilization of the trenching spreads also
occurs at this time and consists of backhoes, dumpsters, front-end loaders, etc. Personnel
would travel to the North Slope at this time and receive job orientation and safety
training.

Ice Road Construction and Ice Thickening

Ice roads would be the main means of access to the construction and stockpiling areas.
They would need to be provided to the work areas before material is stockpiled and
pipeline construction starts. Ice roads must be formed and the sea ice must be thickened
along the route to provide an ice-strengthened surface for construction equipment. The
ice roads and construction pad would be maintained throughout construction. Ice roads
would be the main means of access to the construction area. The construction ice pad
would be approximately 200 feet wide.

The ice is thickened to ensure that it is bottomfast or a minimum of 8 to 9 feet thick as
soon as possible to permit safe transit of construction equipment. Seawater would be
pumped to the surface of the ice until the required thickness has been achieved.

Ice-Slotting

A 10-foot-wide slot would be cut in the ice using “Ditch Witch” trenching tools. The ice
would be cut into approximately 6-foot by 6-foot blocks and removed using backhoes.
The blocks would be moved by front-end loaders to locations away from the work site to
prevent excessive deflections of the ice in the working areas.
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Trenching

The trench would be excavated using backhoes. This method of construction would
permit a continuous trenching, pipe-laying and backfilling program. Excavation may start

at more than one location concurrently. It is anticipated that three independent trenching
spreads would be required for Liberty.

The trenching activity is characterized by water depth, as this affects backhoe efficiency.
The backhoe boom length needs to be increased in deeper water which requires changing
out the associated bucket size. Shorter-reach backhoes with larger buckets (4 cubic
yards) are used in shallower water. In deeper water, an extended-reach boom and smaller
bucket (1 cubic yard) are used.

The trench depth is checked as excavation proceeds. A suction-cutter dredge pump would
be used to achieve the desired trench-bottom smoothness immediately before the pipeline
is installed.

Temporary Storage Site Preparation

A temporary pipe storage area would be required to stockpile pipe and double-joint pipes.
The area required would depend on the length and number of pipe strings to be
prefabricated. A significantly larger area would be required for bundle (pipe-in-pipe or
pipe-in-HDPE) fabrication.

Pipe String Make-up (Welding)

There are several options for pipeline welding. The pipes may be double jointed and then
made up into long pipeline strings that would be towed out over the ice and laid next to
the ice slot. Alternatively, the pipes could be transported individually or double-jointed
and strung out alongside the ice slot to await being welded into the line. This would be
similar to a land-based pipeline installation lay spread. Welds would be subject to non-
destructive examination with X-ray and ultrasonic equipment.

A bundled pipe configuration would very likely be pre-assembled at the make-up site
before transportation onto the ice pad.

Pipe String Transport and Tie-In Welds

The pipeline strings would be towed using tracked equipment to the side of the trench.
Pipe strings would be lifted by sidebooms and maneuvered into position next to the ice
slot ready for lowering-in. The two ends to be joined would be covered with a protective
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shelter. Lowering-in would proceed to a point where the next pipe string would be tied-
in. This would be determined in the field depending on water depth and the slack needed
for lowering-in. Tie-in welds would be X-rayed and ultrasonically inspected before or
after the field joint coating is applied.

Any external leak detection system would be strapped to the pipeline prior to lowering-in.
Pipeline Installation

Pipeline installation would follow as soon as possible behind the trenching spread and
immediately after a pass of the clean out dredge. Sidebooms would be used to lower the
pipe through the ice-slot and into the trench.

Backfilling the Trench

Once the pipeline is installed in the trench, a final survey would be performed to confirm
the position of the pipe in the trench. From this information, a determination can be
made as to whether there are any high spots or props along the pipeline. If any locations
of this nature are measured, gravel mats or bags would be placed at the “high point” to
ensure that when the pipeline becomes operational, it would not move vertically.

Backhoes and front-end loaders would complete the backfilling. Gravel mats or bags
would be lowered onto the pipe using slings attached to a backhoe bucket or attachment.

Hydrostatic Testing and Smart Pigging

Once the pipeline has been installed, it would be pressure-tested to satisfy applicable
regulations and codes. A water/glycol mixture is typically used to prevent the hydrostatic
test medium from freezing in the pipe.

Once pressure-testing is complete, the geometry and wall thickness pig run would be
conducted to establish the baseline information against which subsequent runs can be
compared.

Demobilize Equipment

After site cleanup, all equipment, excess materials and personnel would be demobilized.
As-built documentation would be prepared and forwarded to the appropriate authorities
and document control.
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3.3.10.2 General Quality Assurance and Quality Control Considerations

Quality assurance and quality control documentation would ensure that the construction
complies with the design. The key requisites of this program are:

. Pipe material properties based on pipe mill test results, as well as NDE results.
. Pipe corrosion coating properties and testing.

. Weld material properties and testing.

. Weld non-destructive testing procedures and qualification.

. Minimum depth of cover, pipeline survey, and backfill requirements.

3.3.10.3 General Pipe Manufacture, Welding and Assembly Considerations

The majority of offshore small-diameter pipelines use seamless pipe due to the
uniformity of wall thickness and its more favorable material qualities. For larger pipe
sizes and wall thickness, it may be necessary to consider alternative pipe manufacturing
processes. The inclusion of a long seam weld in the pipe may affect the ability of the pipe
to tolerate cyclic loading. Butt weld procedures may become more stringent and
necessitate full-scale bend testing.

Welding is accomplished using a line-up clamp to align the pipe ends while the first few

weld passes are made. This is important to ensure a high-quality weld. Any pipe

movement during this process can be detrimental to weld quality. An internal line-up

clamp is preferred since it is easier to use and therefore speeds pipe-joint alignment.
However, is not always possible to use an internal line-up clamp, particularly in the case
of making a tie-in weld.

For the pipe-in-pipe alternative, it would be necessary to further evaluate the effect of

load transference from the outer casing pipe to the inner pipe during bending. The
centralizer roller system would need to be evaluated to ensure that high stress
concentrations are not induced due to bending. This could result in accelerated, localized
corrosion that might not be readily detected by internal or external examination. This is

not a serious consideration for a non-strain-based design.

3.3.10.4 General Temporary Storage of Excavated Material Considerations

Most of the excavated trench soil would need to be temporarily stored on the ice before
backfilling. This could last between 10 to 15 days of excavation in the nearshore section
(0 to 8 feet water depth). The material excavated beyond the 5-foot isobath would be
stored temporarily on bottomfast ice in a designated area; otherwise it would be
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stockpiled alongside the ice slot. Once a section of the pipeline is installed in the trench,
backfilling using recently excavated trench spoils would commence.

3.3.11 Directional Drilling — An Alternative to Trenching and Pipe Installation

Technical advances in horizontal directional drilling (HDD) in recent years qualify this
technique for consideration as a construction method. HDD is commonly used for
pipeline river and road crossings and some shore approaches (Figure 3-5). The method
involves using a slant drilling rig to drill a pilot hole along a predetermined path. The
pilot-hole drill bit is then replaced with a reamer, which enlarges the hole to allow
installation of a pipeline or casing. Drilling fluids are used to remove cuttings, keep the
hole open, and lubricate the pipeline during installation.

The main technical constraint involves the influence of soil conditions and the handling
of the drilling fluids used. The presence of gravel or ice lenses would reduce the
efficiency of the drilling operations and could result in collapse of the hole. The
maximum length that can be drilled in the local soil conditions is on the order of 5,000 to
6,000 feet for a 12-inch pipeline. Typically, as the pipe diameter increases, the length or
reach that can be directionally drilled decreases. The Liberty route length (6 miles)
exceeds the capabilities of current technology for a single drilled crossing. However, it
might be possible to drill a series of holes between small intermediate artificial islands.
Tie-ins would be required at these island locations. These tie-ins could be performed
above ground on the islands or within a temporary cofferdam that would be removed and
backfilled after the pipe was in place.

Completing one hole and installing a pipeline by directional drilling is a relatively
complex undertaking, but is nevertheless technically feasible. A series of directional
drilling operations would magnify the complexity of the operation. Two directional
drilling techniques are available and described below.

Pullback Technique

This technique requires attachment of the reamer at the exit point of the pilot hole. The

pipeline or casing is attached behind the reamer and pulled into the hole as the hole is
enlarged. This is currently the most commonly used method for pipeline installation, and

lengths of approximately 5,000 feet have been achieved. This technique can be used
either in winter or summer.
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341

Forward Thrust Technique

The drill string is retracted and the reamer attached at the entry point of the pilot hole. As

with the pullback technique, the pipeline is attached behind the reamer, but it is then

pushed into the hole with the advancement of the reamer. This technique can also be
used either in winter of summer.

The mobilization cost for a large HDD rig would be considerable. The logistics of the rig
set-up and take-down would be manageable, but the supply or possible recirculation of
drilling mud would be a major logistics consideration. A large staging area would be
required for drill pipe and transmission pipe. This method would, however, avoid the
need for trenching.

Construction Costs for a Winter Construction Program

The following section summarizes the general activities common to each alternative for
an off-ice winter construction program. The summary identifies the assumed quantities,
productivities and durations associated with each task.

Construction Sequence

A discussion of construction sequence, quantities, rate of progress, schedule and a cost
estimate summary for each of the pipeline alternatives is presented in the respective
chapters. In general, the following activities and sequence have been considered for
construction:

. Equipment/Material Mobilization

. Ice Road Construction and Ice Thickening
. Ice Cutting and Slotting

. Trenching

. Pipeline Make-up Site Preparation

. Pipe String Make-up (Welding)

. Pipe String Transportation

. Pipe String Tie-in Welds and Bundle Make-up
. Pipeline Installation (Lowering)

. Backfilling the Trench

. Hydrostatic Test

. Demobilization
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3.4.2 Quantities and Rates of Progress

General comments regarding quantities and rates for a winter installation are presented
here. Only those activities common to all pipeline alternatives are presented. Specific
comments regarding the design alternatives are presented in the respective chapters.

3.4.2.1 Mobilize Equipment and Material

Mobilization of land-based pipeline construction equipment and mobilization of the
trenching spread from Prudhoe to the site are assumed to take 3 days for each spread.

3.4.2.2 Ice Road Construction and Ice Thickening

Ice roads would be prepared and maintained along the pipeline route and would be the
main means of access to the construction area. The ice roads would be built within an
approximately 200-foot-wide ice platform where pipeline construction would take place.
This ice platform would extend for approximately 6.12 miles between the shore approach
and Liberty Island.

A minimum ice thickness of 8.5 feet is assumed necessary to satisfy load requirements
and achieve safe operations. The ice would be thickened for a width of approximately
200 feet (about 100 feet on each side of the pipeline trench) to permit the transit and
operation of the construction spreads.

An effective ice buildup rate of 2.5 inches per day, based on analysis of historical ice
construction data in Alaska, is used to estimate the progress of thickening the ice. Based
on a minimum ice thickness of 8.5 feet and an initial ice thickness of 2.5 feet, 6 feet of
thickening would be required.

Once the ice roads are complete, a smaller spread would remain operational to repair and
maintain the roads as required. This spread would be mobilized for the entire winter
season until the end of April. An additional cost of 15 days at the spread rate is
incorporated into the cost to account for the smaller spread for maintenance over the
construction period.

3.4.2.3 Ice Cutting and Slotting

The ice would be cut into 6-foot by 6-foot blocks, with a minimum thickness of 8.5 feet,
and removed using backhoes. This operation would be performed over the pipeline route
within the area that has been thickened.
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Three spreads would be required so that one ice-cutting spread leads the way for each of
the three trenching spreads. The rate of progress of the ice cutting and slotting activities

is estimated to be 1,000 feet per day. Considering a total pipeline length of 32,314 feet,

this activity is estimated to take 32 days.

3.5 Operations and Maintenance

The following sections summarize the tools that can be used to monitor the different
aspects of the design as part of the operations and maintenance program. The summary
also identifies an envisioned program for these monitoring activities. The subsequent
chapters on each alternative discuss whether these tools can be used to monitor the design
and how the design configuration impacts the information that can be gathered.

3.5.1 Operations

In addition to production metering and product pumping operations, the main focus of the
pipeline operations would be to monitor the pipeline integrity. Such monitoring would
involve continuous leak detection and various types of pipeline inspections. The
following sections describe monitoring required to support the design considerations.

3.5.1.1 Metering

Oil flow would be metered through the combination of a number of systems. A lease
automatic custody transfer (LACT) flow meter would be located upstream of the Liberty
Island pumps, and an ultrasonic flow meter located downstream from the pumps
upstream of the Liberty Island pig launcher. Another flow meter would be located
downstream of the Badami tie-in pig receiver before the oil enters the Badami pipeline.
All measured inlet and outlet flowrates, along with pressure and temperature
measurements obtained at Liberty Island, the shore crossing, and at the Badami tie-in,
would be relayed via the supervisory control and data acquisition (SCADA) system to
Liberty Island. This information would be used to:

. Provide an accurate measurement of oil being exported to sale, and
. Provide an internal method of leak detection.

The SCADA system continually reviews the flow parameters and assesses whether all
product input to the pipeline arrives at the outlet location.
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3.5.1.2 Maximum Operating Limits

3.5.2

As stated in Section 2.4, the maximum allowable pipeline operating temperature would
be 150F, and the pipeline’s maximum daily average temperature would B&.135he
pipeline pressure would not exceed a maximum allowable operating pressure of 1415
psig. Pipeline shutdown would occur if the maximum allowable operating pressure or
temperature was exceeded.

Pipeline Inspection

A pipeline inspection philosophy is vital to successful operation of the pipeline. A sound
inspection plan optimizes the amount of useful information that can be gained from
inspection surveys and pigging schedules, and must take into account the criticality of the
various systems in the field. If test results are satisfactory, it can generally be inferred
that the system is fit for service. When degradation is discovered, these areas may be
designated for further evaluation or may be severe enough to warrant immediate
corrective repairs.

During detailed engineering, a recommended inspection plan and schedule would be
developed. The monitoring of the various components and parameters is described
below. Pipeline “states” or “conditions” may be characterized as follows:

. Conditions that require no action,
. Conditions that require more rigorous monitoring schedules, and
. Conditions that require immediate intervention.

Such conditions are determined based on pigging test data and route survey data. Details
on the types of inspections associated with this plan are summarized below.

3.5.2.1 External Offshore Route Survey

The integrity of the pipeline backfill (soil thickness between top of pipe and the mudline)
would be monitored every 5 years. This would be carried out using typical marine survey
techniques such as bathymetry or swath surveys in water depths greater than 6 feet and a
single-beam fathometer in water depths less than 6 feet. This data would be collected
along the route, and parameters such as depth of cover, backfill thickness and
observations of gouges or scouring in the seabed would be recorded.
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3.5.2.2 Shoreline Erosion Survey

Survey data would also be recorded annually to determine shoreline erosion rates from
the zero water level (MLLW) to the shore valve pad. Placement of the valve pad has
been set far enough back from the shoreline so that its infrastructure is not expected to be
affected by erosion.

All offshore and erosion surveys would be performed during open water. Initial baseline
surveys would be made soon after construction, with further surveys scheduled every five
years or as required by government regulations. Any unusual shoreline erosion
conditions at the shore crossing would be monitored during routine maintenance trips to
the valve pad.

3.5.2.3 Pipeline Leak Detection

3.5.3

Pipeline leak detection is presented in each of the respective design alternative chapters.
Maintenance

To maintain the offshore pipeline system’s integrity, the best offshore pipeline
monitoring techniques would be utilized. Maintenance would be performed on the
pipeline system components on a planned, non-emergency basis in accordance with U.S.
Department of Transportation (DOT) codes and regulations.

3.5.3.1 Monitoring of Cathodic Protection

To ensure that the anodes are providing adequate cathodic protection to the offshore
pipeline, the electrical potential of the pipeline would be measured annually at both

Liberty Island and the shore crossing. If the pipeline system in the offshore section was
exposed for repair or close inspection, the cathodic protection potential would be

measured at the exposed location.

3.5.3.2 Monitoring of Pipe Wall Thickness (Internal Corrosion) and Internal Damage

The pipeline wall thickness would be monitored by inspection pigging, either ultrasonic
or magnetic flux leakage, at the periodic intervals listed in Table 3-1. The pipeline would
also be assessed for any internal denting or deformations using mechanical caliper pigs or
equivalent.
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3.5.3.3 Monitoring of Pipeline Configuration

The pipeline’s geometry would be monitored by inspection pigging and compared to the
baseline of its as-built configuration. Changes to the pipeline’s offshore configuration

could potentially be caused by thaw settlement, strudel scour, ice gouging or upheaval
buckling. Table 3-1 summarizes a typical inspection schedule.

3.5.3.4 Monitoring of External Corrosion

External corrosion would be controlled with a dual-layer fusion-bonded epoxy pipe
coating and a sacrificial anode, cathodic protection system for the offshore pipeline.
External corrosion would also be assessed as part of the wall thickness pigging operation.

3.5.3.5 Pigging Schedule

A typical pigging schedule is summarized in Table 3-1. These are the most likely
intervals for the pigging operations and may change based on the requirements of the
pipeline operator. The schedule is based on typical pigging schedules for other pipelines
and on the expected performance of the Liberty offshore pipeline.

TABLE 3-1: TYPICAL INSPECTION PIGGING SCHEDULE

Pig Inspection Inspection Schedule

Wall Thickness Measurement - Pig$ Start-up.
will be run in early winter so that an
repairs required can be performed
during the same winter season.

yEvery two years thereatfter.

Pipeline Geometry - The purpose of Baseline pig runs after pipeline construction
the geometry pigging is to monitor | completed before freeze-up.

the pipeline configuration offshore. Once every calendar year for the first five

years.

Duration between consecutive pig runs will npt
exceed 18 months during these first five yeats.

Every subsequent two years thereatfter.

Additional geometry runs will be carried out i
severe ice gouges or strudel scours are
suspected or observed to have occurred.

Mechanical Damage - Mechanical | Start-up; prior to initial wall thickness or
caliper pigs will be run to assess | geometry pig survey.

internal deformations. Prior to every wall thickness or geometry pig

survey.
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3.5.3.6 Monitoring of Pipeline Expansion

Thermal expansion would be limited because the soil backfill around the pipeline will act
as a virtual anchor. However, expansion is expected to occur at the island and shore
approach. Both of these locations would incorporate a thermal expansion loop designed
to absorb the maximum expected thermal expansion. Expansion of the pipeline at the
surfacing point on the island and in the riser casing at the shore crossing would be noted
during routine checks.

3.5.3.7 Pipeline Shore Approach Geometry Survey

3.54

The shore crossing is the area along the pipeline route where thaw settlement might
occur. Geometry pigging of the pipeline would indicate alignment changes in the
offshore pipeline section. If changes are observed in the vicinity of the shoreline,
detailed inspection of these areas would be initiated. Requirements for any corrective
repairs would be assessed based on evaluation of the survey results, pigging data, and any
detailed inspections. Detailed inspections would include visual monitoring of the
pipeline settlement at the shore crossing. Thaw settlement would occur over a period of
time, and as such, pipeline settlement at the vertical transition could be visually
monitored over the lifetime of the pipeline. The following section describes evaluation
criteria and required action for the pig inspections and is applicable to settlement of the
vertical pipeline transition observed by visual monitoring.

Evaluation Criteria and Required Action

Upon completion of the various pig inspections and surveys, the data would be reviewed
for any anomalies such as sections of the pipeline that have moved from their original
position or where the wall thickness has reduced. These anomalies would be compared
against allowable criteria for pipeline operation. Table 3-2 lists potential allowable
criteria and required action.

As listed in Table 3-2, strain-based criteria would be used to assess the need for offshore
pipeline re-evaluation or repair when pipeline displacements are detected. Geometry pig
measurements would be converted to pipeline curvatures, which can be related to
pipeline strains. These strains would then be compared to the maximum predicted and
allowable pipeline strains. During the first few years, the yearly change in strain would

also be determined by comparing the average strain rate from consecutive pig runs. This
calculated change in strain would then be used to estimate the strain that would be
obtained from the next scheduled pig run. Depending upon the average rate of strain
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increase, an assessment can be made as to whether the next pig run should be performed
earlier than scheduled or if corrective action is required during the interim.

TABLE 3-2: PIPELINE EVALUATION AND REMEDIAL ACTION

Anomaly Type

Criteria

Wall Thickness Corrosion

Dealt with on a case-by-case basis. Wall thickpess

reduction will occur gradually, and changes will b
easily detected during scheduled inspection pigg
The pipeline operator will determine action.

a
-3

ng.

Geometry Changes and
Misalignment / Displacement

Strain-based criteria are recommended for
determining the need for repairs based on the reg
of consecutive geometry pigging. Strain values v
be derived from geometry pig measurements bag
on curvature / strain relationships. These strains
then be used to determine the acceptability of
changes to the pipeline’s position, between
consecutive pig inspections, based on specified
strain criteria.

sults
ill
ed
will

Backfill / Bathymetry Anomalies

Corrective action should be considered if the
pipeline has been undermined to the degree that
span has developed. Such undermining may ocq
from strudel scour. The pipeline has been evalua
for a maximum span which will not be subject to
vibration fatigue. Offshore pipe with less than the
required backfill thickness (top of pipe to mudline
should be provided with additional backfill during
the next available construction season and
referenced for future evaluation surveys. Course
action should be coordinated with geometry piggi
results.

a
ur
ited

of
ng

Other Anomalies Including
Shoreline Erosion

Dealt with qualitatively on a case-by-case basis i
manner that is warranted by inspection survey
results. The pipeline operator will determine acti
in accordance with normal North Slope practice.

n

Repair

The objective of this section is to:

. Qualify the repair assumptions and definitions,
. Summarize the general repair techniques associated with the pipelines, and
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. Identify the key aspects to consider when assessing a repair technique including
water depth, season, diving requirements and excavation.

The applicability of these repair technologies to different designs is reviewed in the
associated chapter for each alternative.

3.6.1 Repair Assumptions and Definitions

Before a pipeline repair is attempted, all oil would be removed from the pipeline. Repair
operations would not interfere with oil cleanup operations, and the repair could result in
additional product loss from the pipeline. The following assumptions are made:

1. A subsequent pipeline repair can be accomplished from either floating equipment or a
stabilized (landfast) thickened ice sheet.

2. In winter, if a large volume of oil has been discharged, additional consideration shall
be given to potential reduction of ice strength. For a leak less than 3,000 barrels, the
strength of the ice is not affected (Dickins 1981; NORCOR 1975).

3. The logistics for pipeline repairs depend largely on the season and the sea ice
conditions.

3.6.1.1 Offshore Zoning

The offshore pipeline route has been divided into two zones for logistical considerations,

each with characteristic water depths and ice conditions. Zone | extends from the shore,
approximately 2 miles north of the shore crossing, in water depths ranging from 0 to 6

feet. Winter ice conditions in this zone result in bottomfast ice. By December, the ice is

stable. Breakup usually occurs at the end of May.

Zone |l extends between approximately 2 miles north of the shore crossing to Liberty
Island and has water depths ranging from 6 to 21 feet. Mid-winter ice conditions in this
zone are characterized by landfast ice. An ice sheet forms by late December or early
January, and the maximum ice thickness achieved is approximately 6 feet. The potential
breakup period is any time after the end of June.

3.6.1.2 Types of Repair

Repair methods address major and minor pipe damage. Minor damage is assumed to
affect a localized segment of pipe 40 feet or less in length. The pipe may either remain
structurally sound or be damaged to the extent that a short replacement segment is
necessary. A repair requiring replacement of more than 40 feet of pipe is considered
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major damage. A length of 40 feet has been arbitrarily selected based on a single pipe-
joint length.

3.6.2 Repair Technique Review

Some repair techniques are compatible only with specific support equipment. Most of the
techniques, however, can be used both from marine equipment and, with minor
modifications, from a stable ice sheet of sufficient thickness.

Repair methods are described in detail in Appendix E. They may be categorized as follows:

. Welded repair with cofferdam,

. Hyperbaric weld repair,

. Surface repair,

. Tow-out of replacement string,

. Spool piece with mechanical connectors, and
. Split sleeve.

Although mechanical repair devices have been used worldwide for permanent pipeline
repairs, they are not considered appropriate for an arctic offshore repair. The design and
repair philosophy is to remediate pipeline damage by replacing the section of pipe and
restoring the pipeline integrity to the highest degree.

Mechanical repair devices have the advantage that they are relatively easily deployed
compared to a pipeline cut out and replacement. They are not applicable for a pipe-in-
pipe repair where the outer pipe has been perforated, and they cannot be used to repair a
flexible pipe.

Subsea repairs are difficult to accomplish under any circumstances. The degree of
difficulty differs significantly for each of the pipeline alternatives. In fact, it may be
necessary to replace a complete pipeline segment of flexible pipe. In addition, there is no
record of repair of a pipe-in-pipe system where annulus flooding occurred.

3.6.2.1 Repair Technique Evaluation

Table 3-3 summarizes the six repair techniques. Specifics regarding each of the pipeline
design alternatives are presented in each of the respective chapters.
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TABLE 3-3: REPAIR TECHNIQUE EVALUATION
Repair Season Applicable Diving Level of Temporary or Comments
Technique Zone Requirements Excavation Permanent
Welded Repair with W!nter I Not .R.equwed Moderate Permanent Advantage is that repair if
Cofferdam Winter Il Minimal Moderate Permanent perf_ormed in adry
Open Water I, 1l Minimal Moderate Permanent | €nvironment.
Hyperbaric Weld Repair Winter Il Extensn_/e Moderate Permanent Applicable for repairs of
Open Water I, Il Extensive Moderate Permanent | minor damage.
Winter I Not Required Large Permanent
Surface Tie-In Repair Winter I Moderate Large Permanent
Open Water I, 1l Moderate Large Permanent
Winter I Not Required Large Temporary Permanent repair if a
Tow-Out of Replacement Winter Il Extensive Large Temporary spool piece is welded ang
String a temporary repair if
Open Water I, I Extensive Large Temporary me(zjhanlcal connectors afe
used.

o _ ) Winter I Not Required Moderate Temporary | Would be used only if
Rigid Spool Piece with Winter I Extensive Moderate Temporary | there was not enough tinfe
Mechanical Connectors to carry out a permanent

Open Water (| Extensive Moderate Temporary | repair.
Winter I Not Required Low Temporary | Used for stopping leaks
. . . and for lowering the
Split Sleeve Repair Winter Il Moderate Low Temporary potential for rupture wher
Method external dents or bulges
Open Water Il Moderate Low Temporary | have been detected in thg
pipeline.
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3.6.2.2 Repair Technique Philosophy

3.6.3

3.6.4

A welded permanent repair is the preferred method of repair for an offshore pipeline. A
mechanical sleeve could be used to make a temporary repair. Any temporary mechanical
device would be replaced by a welded repair when conditions became favorable to do so.

Based on the average ice conditions along the route, it is not practical to effect repairs
year round. Repair is not possible during early winter when the ice is too mobile for
effective station-keeping of marine equipment and not sufficiently thick to support ice-
based operations. This lasts three to four months in Zones | and II: from early October to
December in Zone | and early October to January in Zone Il. Repair would not be
attempted during breakup when the potential for river avedihg or local ice failure is

high and the moving ice floes are too large for marine operations. This period extends
for approximately two months between late May and July in Zone | and between June
and July in Zone II.

In general, repairs could be conducted during open water from a repair barge or shallow-
draft vessel, or during winter using a thickened ice pad. A diving spread would be an
essential part of a repair scenario. The shallow water depth (<22 feet) would greatly
facilitate diving support and speed the overall repair schedule.

Repair Scenarios

Repair methods for damage scenarios for each alternative are presented in the respective
chapters.

Seasonal Repair Method Considerations

A pipeline repair would be planned and coordinated with the oil spill and emergency
response plan. Field operations would be coordinated with the cleanup effort. After
shutting-in the pipeline, the next step would be to determine the extent to which the
pipeline is still losing product to the environment. Before a repair is attempted, it would
be necessary to displace the pipeline contents.

If this procedure is not possible, it may be necessary to prevent further product loss from
the pipe by placing an external clamp around the pipe at the leak. This would involve
using the same or similar equipment and personnel as would be used to complete a
permanent repair. If the leak occurred in winter, it would be necessary to cut an access
hole through the ice. This operation would be followed by locating the leak. Dredging
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equipment would then be lowered (through the ice in winter) to expose the line and to
permit deployment of the temporary repair clamp.

During repairs, the pipe would be raised to the surface and secured. The damaged pipe
would be removed, and a spool piece would be welded into place and non-destructively
tested. The repaired section would then be lowered into a pre-excavated trench and
backfilled. The pipeline would be pressure-tested before restarting the line.

3.6.4.1 Open-water Repair

In both zones, a repair could be completed between late July and late October. The
amount of time to complete a repair would depend on personnel being familiar with all
phases of the intended repair procedure. Open-water repairs could be mobilized from a
special vessel with diver capability. Specialized crews would be required for repair
work. The latest start dates allow for the completion of the work plus time to demobilize
all equipment.

3.6.4.2 Off-lce Repair

3.7

Winter repair would depend on the availability of bottomfast ice as a thickened ice pad.
An off-ice repair spread would be similar to an installation spread. Equipment would
include backhoes, a suction dredge, sidebooms, etc. Dredging equipment would be
deployed through the access hole in the ice to expose the line and allow visual
examination of the damage.

The earliest winter start date refers to the survey and diving activities which can be
performed as soon as the ice sheet is stable. Generally, the closer to shore the leak is, the
sooner the repair can be attempted. This is due to the faster formation of a more stable
ice-sheet nearer to shore. The latest completion date is the last date to begin safe
demobilization prior to ice breakup.

Leak Detection

The objective of the following sections is to summarize the different approaches that
could be used to monitor the pipeline for leaks. Detail is provided for internal and
external systems that are considered to be proven technologies and factors that affect
their performance. Alternative techniques that could be considered for monitoring are
listed for information.

All transmission pipelines within the State of Alaska must subscribe to a “best available
technology” (BAT) evaluation regarding leak detection. The criteria for a BAT
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evaluation are prescribed by the Alaska Department of Environmental Conservation and
include availability (i.e., proven technology), compatibility with existing SCADA and
hardware, transferability, effectiveness, etc. Pipeline integrity checking and leak
detection for arctic subsea pipelines can generally be categorized as follows (with no
implied order):

. Volumetric flow measurement

. Pressure monitoring

. Pressure measurement with computational analysis
. External (adjacent to pipe) oil detection

. Remote sensing (airborne or satellite)

. Geophysical sensing techniques

. Pressure or proof testing

. Pipe integrity checking (i.e., smart pigging)

. Visual inspection

. Through-ice borehole sampling

There are many variants of the above that are either experimental or are being developed.
The following discusses those that are considered proven technology, but recognizes that
other technologies may be under development.

Mass Balance Line Pack Compensation and Pressure Point Analysis

Conventional state-of-practice leak detection for any of the pipeline alternatives could be
achieved using two independent systems: the mass balance line pack compensation
(MBLPC) system and the pressure point analysis (PPA) system. These systems would
work in parallel, providing a redundancy. The SCADA system would record all leak
detection system parameters continuously. Readings would be averaged and compared
periodically with historic data (usually the previous 5, 20 minutes, and 1 and 2 hours).
Under optimal conditions, these systems would be capable of rapidly detecting a leak of
as little as 0.15% of volumetric flowrate in the pipe. The equipment requirements are:

. Flow meters at the inlet and outlet ends of the crude oil pipeline.

. Pressure and temperature indicators and transmitters at each flow meter position to
allow for flowrate correction.

. A communications link with the SCADA system that can update the complete data
set every 30 seconds for MBLPC or every 0.25 seconds for PPA.
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The offshore oil pipeline would be continuously monitored, and all system parameters
(e.g., discharge and receipt pressures, temperatures, and flow meter readouts) would be
relayed back as electronic signals to a standalone computer. The system parameters
would be compared to predetermined alarm set-points and calculated values. Flowrates
would be calculated based on algorithms which incorporate the system characteristics for
the range of actual operating flowrate and pressure conditions.

These system parameters would be displayed on a graphics control panel and screen at
the operator’s station. Also, the MBLPC system results would be continuously compared
with those from the PPA system. Any discrepancies (i.e., variance in system parameters
outside of the valid set-point range) would show up immediately. Values outside of set-
points would cause an alarm, forcing an operator to acknowledge the change in status and
investigate the cause. If it is not verified that the indication is a false alarm, the system
would automatically shut-in the pipeline affected. A disadvantage of these systems is
that they can be prone to false alarms. Therefore, operator training is very important so
that when an alarm occurs the operator will take the appropriate actions to determine
whether the pipeline pressure conditions that caused the alarm can be explained. This can
be caused by hydraulic “noise” in the pipeline resulting from a variety of sources such as
valve closure, pumping surges, etc.

Custody transfer metering would add further capability to the leak detection system. Any
cumulative loss of product in a given time period (one to two days) and exceeding a
100- to 200-barrel threshold would become obvious. Operations personnel would be
required to reconcile discrepancies between dispatch and receipt flow metering. The
situation would be investigated further if, after meter-proving, the flow meters are not the
source of the anomalous readings.

The PPA and MBLPC leak detection methods can be used for any of the pipeline
alternatives considered. The pressure and flow measurements would be similar for each
alternative, as would the computational treatment of the data.

LEOS Leak Detection System

A wide range of leak sensors and leak detection systems was researched for the Northstar
project. Each system was assessed against the performance requirements set forth for the
system. The LEOS system has emerged as a contender for this particular application
based on its proven performance and industry experience. The LEOS system is a leak
detection system with over 21 years continuous operation and more than 20 worldwide
applications. It is capable of detecting hydrocarbons on buried fuel, gas, and liquid
hydrocarbon transmission systems and tank farms.
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The working principle of the LEOS system is depicted in Figure 3-7. The main features
of the sensor are summarized below:

. Status: commercially available product

. Type: continuous monitoring system

. Vendor: Siemens Power Generation Group (KWU), Germany

. Service history: 21 years, river crossing and other onshore buried pipelines

. Life span: one of the earliest system is 21 years old and is still in operation

. Length limitation: 15 kilometers

. Minimum bend radius: 0.6 meters (2 feet)

. Reaction time: determined by air circulation frequency, normally 12 or 24 hours

. Locating leak: approximately 0.5% of total length accuracy

. Availability: commercially available with four to six months lead time

. Main advantages: long and successful service history, availability, discerning,
capable of detecting small leaks

. Main concerns: protection required, handling

Siemens estimates that the LEOS system should be capable of detecting hydrocarbon
concentrations resulting from a leak rate as low as 50 liters (0.3 barrels) of oil per day for
Northstar. Detection capabilities for Liberty would not be expected to be significantly
different. It is also possible to determine the location of a leak using the LEOS system to
within £0.5% of the pipeline length (approximatet60 feet for the Liberty offshore
section). A conceptual drawing of the LEOS system installation for offshore use is
presented as Figure 3-8.

Factors Affecting Leak Detection Performance

Mass balance and pressure point technologies are well-established state-of-the-art
computational leak detection systems. The leak detection sensitivity can be affected by
hydraulic noise arising from pumping, separation and valve closures. These operations
can introduce pressure variations into the pipeline system that can be misinterpreted as
signaling a leak. This affects the leak threshold set-point, which should avoid repetitive
false alarms. Also, it is important to match the performance characteristics of the flow
meters so that the combined meter error is not dominated by one of the meters (i.e., the
least sensitive meter).

The LEOS system would be installed in a protective conduit, and functionality checks
would be made during installation to ensure its integrity. If a small leak were to occur at
the farthest point from the LEOS tube, it would take several hours for the oil to diffuse
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towards the tube. Given that it would take approximately 5 to 6 hours to pump out the
sample air, sampling is planned every 24 hours, thus providing a high degree of assurance
in the sample sensing results.

The MBLPC, PPA, and LEOS systems would be integrated into the pipeline’s SCADA
system, which would record all leak detection system parameters simultaneously.
Combined, it is expected the systems would detect a large leak within 30 seconds and a
small leak within 24 hours. Potential leak volumes and times to detection are discussed
further in Section 3.8 and the respective pipeline design alternative chapters.

A major design consideration regarding the ultimate success of a supplementary (external
to pipe) leak detection system is the ability to fabricate and install the system under arctic
winter conditions. It is important that the physical properties of materials/components
are able to meet the rigors of construction in the Arctic. The anticipated cold
temperatures (air temperatures could be as low as -50 tU)-6Gihd physical
air/water/ice/soll interfaces, plus poor visibility once the pipeline is placed in the trench,
will add to the challenge of installing such a leak detection system.

Alternative Leak Detection Strategies

In addition to the principal leak detection methods cited above, there are other possible
leak detection strategies that involve remote sensing techniques. These are discussed
here for completeness but are not warranted in view of recent developments with the
LEOS system.

3.7.4.1 Through-lce Borehole Sampling

This method could be used to confirm the presence or absence of oil under the ice sheet
or embedded in the ice sheet during winter. Oil can be detected by inspecting the coring

sample for discoloration, or the water-air interface could be sampled for the presence of

trace hydrocarbon vapors.

Oil from a leak would saturate the backfilled pipe trench and float upwards through the
water column to become trapped under the ice sheet. Underwater currents may cause the
leaking oil to drift away from directly over the pipe. However, under-ice currents are
expected to be small, and oil from a significant leak would still be detected in the vicinity

of the pipeline route within a few days. In the event of a prolonged leak (over a few
weeks to a month), the oil would spread naturally between depressions in the ice
undersurface, gradually expanding in aerial extent with the increased volume of oil.
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Various researchers have estimated under-ice storage capacities resulting from large-
scale under-ice roughness features correlated to surface snow patterns (e.g., Barnes et al.
1979; Kovacs 1977). These natural features can be used to guide the most effective
pattern of drill holes aimed at detecting any oil present under the ice. The assumed
leakage rate can be converted into an expected contaminated area over any desired period
of time. The diameter associated with these areas is then used to select an appropriate
spacing between sampling sites to achieve a high probability of detecting oil which may
be present beneath or encapsulated within the ice.

This method is considered a last resort since it is cumbersome, requires significant
equipment and personnel resources, and puts people at risk by putting them on the ice.

3.7.4.2 Remote Sensing

Satellite systems can provide data to classify terrain and map the earth’s surface.
Specialists in providing products and services relating to and involving radar remote
sensing (airborne and satellite), image analysis, advanced signal processing applications,
and synthetic aperture radar have been contacted regarding the ability to detect oil under
ice. They did not believe that spaceborne or airborne radar could be used for this
application as there would be insufficient penetration through the ice. In the absence of
ice or in broken ice, satellite remote sensing might be potentially used to detect spills.
However, data must be ordered, processed, and mapped to determine if oil has been
detected. It is estimated that this process would take a month to acquire and process the
data and so is not considered to provide the desired response time.

Aerial reconnaissance is a regulatory requirement. If there is oil on the water surface
when the ice sheet is absent or broken, it would be visually detected during airborne
reconnaissance.

3.7.4.3 Through-lce Sensing Techniques

Ground penetrating radar (GPR) is a noninvasive, electromagnetic, geophysical technique
for subsurface exploration, characterization, and monitoring. Environmental changes
impact ground penetrating radar as the electrical properties of the medium being
investigated change. The replacement of water by oil in the soil or water column may
alter the response of the GPR, thus indicating contamination. However, GPR relies on
contrast of the dielectric constant, which would be small between ice and oil. Thus, using
GPR to differentiate oil from seawater would be difficult.
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Several sources of information suggest that acoustic methods have potential, but due to
the similarities in water and oil acoustic properties, it may be difficult to distinguish
between the two liquids (e.g., Gill et d979). Ultrasonic tools showed promise in
freshwater ice, but there were anomalous results when applied to saline ice studies.

Studies have suggested that radar, while being able to penetrate reasonable depths in ice,
is limited in resolution due to high attenuation at wavelengths that would give the desired
resolution (e.g., Gill et al. 1979). Other studies have suggested that radar can theoretically
detect a layer of oil if a clear ice/oil boundary is present.

Hydrocarbon vapor sniffer technology over ice has been identified in the literature as a
potential technology, assuming hydrocarbons do travel through the ice cover. However,
since ambient levels of hydrocarbons would exist during the search for spilled oll

(helicopter or snowmobile), it is suggested that this would not be a reliable tool.

3.7.4.4 Periodic Leak Pressure-Testing

3.8

Leak pressure-testing consists of shutting in the pipeline between sectioning block valves
and monitoring the pressure in the line for a relatively short period of time (compared to
hydrotests that last up to 24 hours). The test time depends on how quickly a “steady
state” is achieved in the line. Typically, pressure leak tests last 20 to 30 minutes, or until
it has been established that there is no leak. If the line maintains pressure over that period
of time, there are no leaks in the system. If there is pressure loss, the pressure decay is
measured as a function of time. During the test, the produced oil is initially diverted to a
surge tank or similar containment so that the production wells continue producing oil.
After the static leak test, the oil is redirected through the production facility and exported.

This technique is considered cumbersome by operations personnel, and the results may
lead to erroneous or ambiguous results, as it is very difficult to achieve a bubble-tight seal
at a block valve, even with a block and bleed arrangement. Any interruption of
production introduces with it the opportunity for operator error.

Failure Assessment Considerations

The failure analysis methodology used in this report is depicted in Figure 3-9. Each of
the systems is defined in its respective chapter. In the failure analysis, cause and effect of
failure are investigated and a relative likelihood associated with each scenario. Leak
detection options have been reviewed in Section 3.7. Given the associated performance
of the chosen leak detection option and the failure assessment for the pipeline, spill
scenarios can be developed for the pipeline. The spill scenarios can then be evaluated
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with respect to cleanup and repair. Select information presented in this section has been
extracted from the Oil Spill Response Information Document for Northstar (BPXA 1977)
and the Final Environmental Impact Statement (FEIS) for Northstar (U.S. Army Corps of
Engineers 1999).

In this section, the subject of failure, or more appropriately, risk of failure is introduced.
For further details, the reader should refer to Kaplan (1991). In the absence of
operational data to provide an historic basis for risk analysis, a different approach is
necessary. The following sections present qualitative and quantitative aspects of risk of
failures. Specifically, the ideas associated with risk, hazard, safeguard, failure, and
uncertainty are discussed. Spill scenarios are described including potential oil loss.
Cleanup, repair, and environmental impact variables are also discussed.

Failure Assessment: Qualitative Aspects of Risk

In order to objectively study engineering failure assessment, the subject of risk needs to
be reviewed. The traditional and intuitive qualitative processes of risk assessment used in
engineering have evolved into a highly structured and formalized discipline known as
guantitative risk assessment (QRA) or probabilistic risk assessment (PRA). The value of
such a structured approach to risk and failure analysis is that it offers the possibility of a
unified approach to risk assessment of any engineering system, which leads to a common
language for discussing risk of failures. By adoption of a common language, greater
communication and better understanding are achieved across different disciplines.

The first step in the structured approach to risk assessment is to define risk. This section
first looks at qualitative aspects of risk and then systematically quantifies risk.
Specifically, the qualitative aspects of hazard, risk, safeguard, readiness level, and
uncertainty are discussed.

Hazard, risk, safeguard and readiness level can be defined as follows:

. Hazard is a source of injury or failure.

. Risk is the likelihood that the injury or failure will actually be realized.

. Safeguards are means that minimize the frequency of a hazard.

. Readiness level refers to the ability to effectively deal with the consequences of a
failure given that it happens.

Thus, the relationship among hazard, risk, and safeguard can be captured as:
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HAZARD

RISK = )
SAFEGUARD

rR="
S

The above is a symbolic equation, not a numerical one. Nevertheless, for &l gthen

larger theS the smaller the resultil® Thus, given a hazard, the risk can never be zero,
but it can be made small by providing better safeguards. However, safeguards have a
cost.

For example, if the Atlantic Ocean is considered a hazard, and if one tries to cross it in a
rowboat, one incurs large risk. If instead, aeen Elizabetlis used, the risk is small.

The Queen Elizabetlis therefore a safeguard that converts a large hazard into a small
risk.

From the above, it follows that:

H, H
R:R1+R2:§1+S—2.
2

Suppose that; is small compared tbl,. In order to more effectively minimize risk, it
would be wise to spend more resourceSorather than oi%;.

The idea of risk also involves both uncertainties and damage. Note that damage is
defined as consequences of a failure, not the failure itself. This may also be expressed as
a symbolic equation:

RISK = DAMAGE x UNCERTAINTY , or

R=DxU.

Thus, if there is no damage, there would be no risk. Note that damage is not the failure
itself; rather, damage is defined as consequences of a failure. Since different people will
evaluate uncertainty and damage differently, people will perceive risk differently. This
subjectivity of risk sometimes makes it difficult to achieve understanding and consensus.
In order to minimize the subjectivity, real evidence must be brought into the record. If
real evidence is not available, similar events must be used as evidence, carefully stating
the qualifiers to such similar evidence.
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3.8.2 The Quantitative Definition of Risk
To ask “What is risk?” for an engineering project is really to ask three questions:

1. What can go wrong with this project?
2. How likely is that to happen?
3. Ifit does happen, what are the consequences?

The answer to the first question is provided by writing down “scenarios” describing what
can go wrong and how that might happen. We symbolize this with the following
notation:

Si = The i-th scenario.

The likelihood of a scenario can be assessed by its frequency, in units of “occurrences
per project”, with the notation:

Fi = frequency of the scenario Si.
Thus, the numerical value of Fi is the number of times Si will occur during the project.

The answer to the third question is denoted by Xi, which is the “damage vector”
associated with scenario Si. Xi will have components Ci, the cost increment, and Ti, the
time delay to rectify the damage caused by Si.

Thus, an answer to the three risk questions stated above is given by the triplet:
< Si, Fi, Xi>.

Using brackets to denote “set of’, and appending “c” to denote complete, one arrives at
the quantitative definition of risk, R:

R =< Si, Fi, Xi >c.

Having defined the risk scenario, Si, the way the project is planned to unfold, given that
nothing goes wrong, must also be defined. This is denoted:

So = The “as planned” scenario.
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3.8.3 Detailing the Process

The basic strategy for identifying the scenario Si is to first become clear on what is the
as-planned condition So and ask “what can go wrong here?” The answer to what can go
wrong takes the form of one or more “initiating events” of main importance.

In this process, the key aspects are:

. To list all relevant/potential initiating events, and
. To estimate each frequency in a consistent manner.

When listing all relevant initiating events, a “scenario tree” emerges in which all
initiating events that can potentially lead to damage are visualized and grouped. Such
representation is key in organizing the risk assessment process, and helps provide the
desirable common language for risk of failures.

The frequency of each initiating event might be obtained from the use of probability
density functions that reflect a state of knowledge or state of confidence about the
numerical value of a parameter. Such a parameter is usually defined in general terms.
Different experts will have different states of knowledge about a specific parameter,
which results in different values for its frequency or split fractions.

To minimize the subjectivity of this aspect of risk assessment, experts should be asked to
provide first and foremost, actual evidence. In this approach, experts are not asked for
their opinions, rather for their information and factual experience, i.e., their evidence.
Each item of evidence related to an initiating event, or a scenario path, is recorded and
given an identifier E1, E2, etc.

Thus, the goal is to produce an evidence listing for the probability curves, the scenario
frequencies Fi, for the damage parameters Xi, etc. Then the entire risk assessment may
be considered “evidence based”, rather then a weaker “opinion based”.

3.8.4 Spill Scenarios

3.8.4.1 Potential Oil Loss

In the assessment of potential oil loss, it is assumed that a PPA system is combined with
an MBLPC system to provide a leak detection threshold capability of 0.15% of the flow
(97.5 barrels per day). It is assumed that a supplemental leak detection system is used
with each pipeline option. It is also assumed that there is a remotely controlled,
mechanically operated valve installed at both ends of the offshore pipeline, which would

H-0851.02/PS19/DRAFT 3-45 1-Nov-99



INTEC ENGINEERING, INC. CH. 3: GENERAL CONSIDERATIONS
PIPELINE SYSTEM ALTERNATIVES

be shutdown if a leak is detected. Oil loss through a leak in the offshore section due to
water intrusion into the pipeline is limited by the undulating pipeline profile. From the
seabed profile for the proposed route, the maximum length of pipeline that would lose oil
by water intrusion is assumed to be approximately 9,000 feet (based on a bathymetric
survey along the pipeline route).

The probable release volume from a hypothetical pipeline failure has four components:

. The volume of oil released before the leak is detected.

. The volume released during the reaction time.

. Oil released due to expansion of the fluid trapped in the leaking segment as the
pressure is relieved.

. Oil released as the result of drainage under the influence of gravity from the leaking
segment.

Scenarios for potential volume loss have been evaluated and are presented in the
following paragraphs.

Large Leak (Guillotine Break)

The response time for the PPA and MBLPC system, given a complete rupture of the line,
is assumed to be less than 30 seconds. The loss of oil during this period of time would be
approximately 23 barrels. The volume of oil released during the reaction time is a
function of the scanning rate of the system and whether the system is shutdown remotely
or manually. Five minutes are estimated as the time required for the operator to confirm
the probability of a line leak and initiate a shutdown. This timing assumes that the
shutdown valves at either end of the pipeline are remotely controlled and mechanically
operated. This five-minute reaction time would result in a loss of approximately 226
barrels of oil. There would also be a loss of volume due to a reduction in line pressure
and an associated expansion in oil volume. This oil loss is estimated to be 27 barrels.
Once a leak is detected and confirmed, the remotely controlled mechanically operated
valves at the island, shore crossing, and the Badami pipeline tie-in would be closed.
Closure time for the shore crossing valve is estimated to be 8.5 minutes. During this
time, the overland section may drain into the offshore section. The estimated volume of
oil due to drainage is 170 barrels. The maximum oil loss due to water intrusion would be
the volume of oil contained in the length of the pipeline that is lower than the position of
the leak. The rate at which the oil is displaced depends on the relative densities of oil and
water, the inclination of the pipeline, the size of the hole, and whether or not the pipeline
is buried. The maximum oil volume that would be displaced by water intrusion is
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estimated to be 1,130 barrels. Accounting for all losses yields a total volume loss of
1,576 barrels of oll.

Medium Leak (Small Crack or Pinhole Leak)

For a medium-size spill, it is assumed that the leak rate is below the threshold of the
MBLPC and PPA systems. This 0.15% threshold would result in a leak rate of 97.5
barrels per day. The volume of oil lost during the reaction time of each of the
supplemental leak detection systems is presented in each of the respective alternative
chapters. The time required to confirm the possibility of a line leak and effect a shutdown
(five minutes) would result in a loss of an additional 0.4 barrels of oil. If it is also
assumed that there is volume lost from a reduction in pressure (and expansion of oil) after
shutdown, there is potential for an additional loss of 27 barrels of oil. During the valve
closure time, the potential oil loss due to drainage of the overland section of pipeline into
the offshore pipeline would not exist due to the fact that pressure within the pipeline
would be reduced to the point that very little oil could leak from the pipeline. Oil loss
due to water intrusion is assumed to be minimal due to the nature of the leak and given
that a minimal amount of oil would have continued to leak before the line is purged.

Small Leak (Chronic Leak)

A small chronic leak is considered to be 1 barrel per day. Such a leak may be the result
of a weeping fracture or the loss of integrity of a flange seal. The volume of oil lost
during the reaction time of each of the supplemental leak detection systems is presented
in the respective design alternative chapter. Subsequent to discovery, during shutdown
and purging, very little oil would be expected to continue to escape under this scenario
due to the nature of the leak.

3.8.4.2 Seasonal Considerations

Open Water (Summer)

During the open-water season, the oil released from any pipeline leak would travel
through the backfill and rise to the water surface through the water column. There it
would be exposed to wind, wave and current action tending to transport the oil away from
the location of the spill.

Solid Ice (Winter)

Oil released into the water column under a floating solid ice cover would rise and gather
in pools or lenses on the underside of the ice sheet. Under-ice currents are expected to be

H-0851.02/PS19/DRAFT 3-47 1-Nov-99



INTEC ENGINEERING, INC. CH. 3: GENERAL CONSIDERATIONS
PIPELINE SYSTEM ALTERNATIVES

low, and as a result, most of the oil would contact the ice undersurface in the vicinity of
the pipe centerline. Two physical factors that act to naturally limit the area contaminated
by oil under the ice are natural depressions related to variability in snow depth, and rapid
incorporation of the oil by new ice growth around and beneath the oil layer. Ice naturally
develops an undulating bottom surface in response to snow drift patterns on the surface.
As the natural containment increases with ice thickness, the area needed to contain a
given spill volume decreases steadily throughout the winter.

In areas where the ice eventually becomes bottom-founded, from the first establishment
of stable ice in November until approximately mid-February, most of the ice in this area
is free-floating, and any pipeline spill at this time would behave as discussed above.
From mid-February on, the ice would become bottom-founded. If the ice rises and falls
with the tides, oil would be able to spread somewhat laterally. After approximately the
end of March, the ice will have reached its maximum thickness of approximately 6 feet.
In waters of this depth or shallower, much of the ice would rest firmly on the bottom,
with a layer of frozen sediment at the ice seabed interface. In this situation, a leak would
result in a gradually expanded area of oiled sediment within the thaw zone surrounding
the pipe.

If the oil beneath or trapped inside the solid ice is not removed, it would remain locked in
the ice until approximately late May, at which time the process of vertical migration
would begin with the gradual warming of the ice sheet. The rate of vertical migration
depends on the degree of brine drainage within the ice (a function of internal
temperature), oil pool thickness, and oil viscosity. Natural melt from the ice surface
downward also acts to release the oil. This oil would likely be released to rise through the
water column once the ice lifts off the bottom with the drainage of the river overflood
waters in spring. Once the oil reaches the ice surface, it lies in melt pools or remains in
patches on the melting ice surface. Any oil remaining on the ice at final breakup and
disintegration of the ice cover would be released into the water.

Broken Ice (Spring or Fall)

In this case, oil would rise to the surface and collect in the openings between individual
floes or be trapped underneath the floes themselves. During the primary period of broken
ice in the spring, portions of the oil rising beneath the floes would naturally migrate

through the rotting ice and appear on the ice surface within a matter of hours. For the
case of oil trapped under newly forming pancakes or sheet ice in the fall, the likely fate
would be rapid entrapment, with new ice growing beneath the oil as already discussed.
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The fate of the oil trapped between floes would depend largely on the ice concentration
and the time of year.

During freeze-up, the oil could be entrained in the freezing slush present on the water
before the sheet ice forms. From approximately early October until mid-December, the
pipeline could lie under a condition of moving ice with breaks and open patches. A large
leak at this time of year could result in a pool of oil moving within the forming ice sheet.
A small leak could result in a narrow ribbon of oiled ice with long dimensions
corresponding to the actual drift track and ice drift rate prior to shutdown of the line or
the cessation of ice movement.

At breakup, ice concentrations are highly variable from hour to hour and over short
distances. In high ice concentrations (greater than 5/10 coverage), oil spreading is
reduced, and the oil is partially contained by the ice. As the ice cover loosens, more oil is
able to escape into larger openings as the floes move apart. Eventually, as the ice
concentration decreases to less than 3/10, the oil on the water surface behaves essentially
as an open-water spill, with localized oil patches being trapped by wind against
individual floes. Any oil present on the surface of individual floes would move with the

ice as it responds to winds and nearshore currents.

3.8.5 Cleanup, Repair, and Environmental Impact Variables

3.8.5.1 Response Time

There would be oil spill equipment and trained manpower positioned at Liberty for
immediate response in accordance with the approved spill contingency plan. The second
wave of response would come from the nearest operating field (Endicott) and then
cascade out from there to include Alaska Clean Seas and other North Slope operators.

Response time is a function of mobilization time, travel time and deployment time.
Mobilization time is the time to get a piece of equipment out of storage, prepare it for
operation and make it ready to travel. Mobilization time for most North Slope equipment
is one hour. Deployment time is the time to make a piece of equipment operational for its
intended use at the spill site. This would vary from 0.5 to 3 hours, depending upon the
specific equipment. The longer deployment times are usually associated with large vessel
and/or boom deployments. Travel time is the time to transit from a base to the spill site.
Response time is not as critical in a winter spill as in open water, as the ice tends to keep
the oil from spreading to a large area. Transit speeds for vessels, helicopters and rolling
stock are presented in Table 3-4.
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TABLE 3-4: TRANSIT SPEEDS

Deployment Vessel Transit Helicopter Travel Time Road Travel
Location Time (hrs) @ (hrs) @ 100 mph Speed
5 knots (mph)
Badami 1.8 0.1 35
West Dock 4.5 0.2 35
East Dock 3.5 0.2 35
Endicott MPI 1.8 0.1 35
Endicott SDI 1.5 0.1 35
Northstar 4.7 0.3 35
Note: The exact distance via road to a spill would be a function of the ice road location(s)
and lengths.

3.8.5.2 Cleanup Capability

There is a large inventory of response equipment on the North Slope that has been
strategically positioned for response and a large labor pool that can be called upon 24
hours per day.

3.8.5.3 Cleanup

In the event of a leak, cleanup actions would start with the containment of the spilled oil
followed by recovery. Booms and absorbent barriers could be used to retard further
spreading of any spilled oil. For any of the scenarios, there would likely be the
requirement for some manual recovery or mopping-up operation utilizing buckets,
shovels, and absorbents. Methods of cleaning up spilled oil from different pipeline spill
scenarios are presented below where information has been extracted from the Northstar
Oil Spill Response Information Document (BPXA 1997) and the Northstar FEIS (U.S.
Army Corps of Engineers 1999).

Open Water (Summer)

The priority of any oil spill contingency plan is to protect the areas used for harvesting of
subsistence resources by the local residents and to protect wildlife habitat. The key focus
of the marine response operation would be to prevent oil from affecting wildlife and
reaching the shoreline, while trying to rapidly remove as much of the oil from the marine
environment as possible. Containment of spilled material would be accomplished
through the use of booms at the edge of the spilled material.

Open-water cleanup strategies would involve a combination of mechanical recovery and
in-situ burning. Mechanical recovery is considered a primary means of response for both
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fresh crude and emulsified oil in calm to moderate seas. The ability to deploy and
maintain conventional booms, skimmers, and support boats in drifting ice would be
severely affected in ice concentrations greater than 3/10. As ice concentrations increase,
the effectiveness of mechanical containment using boom systems decreases. Fortunately,
the ice provides natural containment. In-situ burning in open water using fire-resistant
booms offers the potential of achieving almost complete oil removal from the water
under a range of conditions. Burning is a proven response technique that, depending on
circumstances, would be used with mechanical recovery to substantially increase the oll
recovery rate. In the event of a spill in open water or broken ice, oiled sediments in the
vicinity of the leak would need to be removed and properly treated or disposed of.

Solid Floating Ice (Winter)

From approximately late November until late May, spill cleanup operations can use the
ice cover as an operating platform for supporting equipment. In the case of a known
reservoir of oil trapped within the ice sheet in mid-winter, direct pumping and ice road
haul operations would result in almost complete removal of the spilled oil. Depending on
the time of year, helicopters may be used to ferry ice cutters, pumps, and bladders to the
site. Stable landfast ice might be accessed by Rolligons or ice roads. Burning on site
could become the preferred option in winter when there may be insufficient time to
transport the recovered oil or when ice road access is impossible. Oiled sediments
around the leak would need be excavated and properly treated or disposed of.

Bottom-founded Ice (Winter)

Bottom-founded ice refers to the condition where a portion of the fast ice becomes thick
enough to rest on the bottom in shallow water. Winds can affect water level, and a
significant increase in water level could result in the ice sheet being temporarily lifted off
the bottom during mid-winter. If any oil had accumulated at the ice/soil interface, it
could then spread laterally and fill the natural collection pockets on the underside of the
ice. After approximately March, much of the ice would rest firmly on the seabed, with an
attached layer of frozen sediment at the ice/seabed interface. The olil in this case would
expand laterally within the thawed soil around the pipeline. In this bottom-founded ice
condition, cleanup crews would have to trench completely through the ice and recover
oiled sediments lying over the pipeline. These sediments would then be properly treated
or disposed of. This cleanup activity may occur in conjunction with pipeline repair.
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Broken Ice (Fall)

There are limited mechanical options for recovering large volumes of oil spilled under or
among new and young ice in the fall months. A rope-mop-style skimmer can be
deployed by crane over the side of a response barge or vessel to recover localized oil
patches trapped in water and slush between floes.

The most effective strategy during freeze-up would likely use in-situ burning, with the ice
providing natural containment, rather then trying to deploy booms and barriers and trying
to recover the oil mechanically.

It is envisioned that satellite tracking beacons would be deployed atilhgospce to
monitor the drift of any oiled ice away from the spill site. The oiled ice might move short
distances before becoming landfast some distance from the original spill location.
Conventional solid-ice winter response procedures could then be followed.

Weakened or Broken Ice (Spring)

The period between the first onset of surface snowmelt and final deterioration of the
landfast ice provides the best opportunity for in-situ burning of oil that naturally appears
on the surface or that remains on the surface following a winter cleanup operation.
However, this period also marks the end of easy site access with heavy equipment. In-
situ burning is an efficient and effective method of removing oil from a solid ice cover
after ice roads are closed to traffic. The small amount of residue left after burning can be
recovered manually with crews on the ice and transported to shore with helicopter
buckets.

As the ice begins to break up, the response options would depend on the ice
concentrations. There would be a period of several weeks where response operations
would need to apply a mix of strategies over short periods as conditions allow: booms
and skimmers operated from shallow draft barges in light to moderate ice, in-situ burning
of thick oil trapped between the floes in heavier ice, and traditional open-water
techniques as ice concentrations diminish to less than 3/10.

3.8.5.4 Repair

The repair options for each of the pipeline alternatives are presented in the respective
chapters. The timing between pipeline repairs and oil spill cleanup would depend on the
season and the location of the leak. During the summer, it is assumed that cleanup would
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be performed prior to or during pipeline repairs. However, as oil would spread quickly
during the open-water season, priority would be given to oil spill cleanup operations.

During the ice-covered season, ice-based pipeline repairs would be scheduled before or
during an oil spill cleanup, since the landfast ice would contain the oil in a small area.
Repair prior to or during oil spill cleanup operations is preferred because cleanup
operations would remove the ice work surface that is required to make the ice-based
pipeline repairs. If a pipeline repair is postponed to the following open-water season,
cleanup would occur prior to repair. Also, if it is late winter and there is not enough time
to complete repairs and cleanup, then cleanup operations would take precedence.

Where possible, field repair operations would be coordinated with the cleanup effort. In
the event a leak was detected, the pipeline would first be shut in. After this, the next step
would be to determine the extent to which the pipeline is still losing product to the
environment. If this is significant and depending on the location and the nature of the
leak, the pipeline might be purged. If the spill has been caused by complete rupture of
the line, no further oil would be leaking from the line. In this case, it may not be possible
or desirable to purge the line, as this activity might release more oil into the environment.
In the event of a small or medium leak, a minimal amount of oil would have leaked out
prior to purging the line. If the attempt to displace the pipeline contents is not successful,
it may be necessary to prevent further product loss from the pipe by placing an external
clamp (temporary) around the pipe at the leak.

3.8.5.5 Environmental Impact Variables

Spilled oil could have an effect on the physical environment, biological communities, or
human population. The response activities themselves could also have impacts (e.g.,
noise effects on marine mammals). A number of variables play a role in determining the
environmental impact of an oil spill. These include, but are not limited to:

. Location of the spill,

. Water currents (for an open-water spill),

. Sea state,

. Ice (concentration, movement),

. Wind conditions (direction and speed),

. Time of the year (are there critical resources in the area),
. Effectiveness of the spill response,

. Persistence of the oil, and

. Receiving environment.
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The environmental impact of a spill in winter is expected to be significantly less than for
an open-water spill. The ice contains the oil and stops it from spreading. Oil spilled
under growing ice would typically be encapsulated in the ice within 24 hours. There it
would remain until spring, when the oil makes its way through brine channels that form
in the ice. This oil would then show up in melt pools on the ice surface, typically in June.

3.8.5.6 Effectiveness of Cleanup and Verification of Rehabilitation

The determination as to whether or not the spill has been cleaned up adequately would be
made by the Federal and State On-Scene Coordinators (FOSC and SOSC). There is a
possibility that, if a spill impacts a shoreline, cleanup or rehabilitation could be conducted
over several summer seasons.

3.8.5.7 Overall System Down Time

System down time would be a function of cleanup operations, repair and confirmation to
regulators on the integrity of the line. In an open-water spill, the cleanup and repair
operations could probably be handled concurrently. Repair time, in summer or winter,
would be dependent on the availability of equipment and the familiarity of personnel with
the repair procedure.

For a winter spill, oil would be trapped under the ice and also in the soils in and around
the pipeline where the leak occurred. The removal of the ice cover for spill response
would significantly weaken the bearing capacity of the ice. There would most likely be
an ongoing cleanup during the repair operation as the ice is cut to create a slot and
remove contaminated soils. Once the repair had been completed, the spill cleanup would
be complete. As much oil as possible would be removed in the winter, and the remaining
oil would be recovered in spring, when the unrecovered oil would come to the ice surface
through brine channels and collect in melt pools.
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4.1

4.1.1

SINGLE WALL STEEL PIPELINE

This section presents the conceptual level design for a single wall carbon steel pipeline
system. Section 4.1 is an executive summary of this system. The subsequent sections
detail the conceptual design.

Introduction, Summary and Conclusions
Introduction

This single wall steel pipe consists of a 12.75-inch outside diameter (OD) pipe with a
0.688-inch wall thickness (WT). The grade of steel to be used for this application is API
5L grade X-52. The size and grade are compatible with potentially high environmental
and operational strains. The offshore section consists of approximately 6 miles of 40-foot
pipe joints manually welded together via shielded metal arc welding (SMAW). There are
no subsea valves, flanges, or fittings, which are potential sources for leaks.

To protect the pipeline from damage as well as corrosion, a dual-layer fusion-bonded
epoxy (FBE) external coating 40 mils thick would be applied to the pipeline. This
coating consists of an FBE corrosion coating and an FBE impact-resistant coating.
Sacrificial anodes spaced at 120-foot intervals would be installed on the pipe for cathodic
protection.

The pipeline system would be trenched and would require a minimum depth of cover to
protect it from environmental loads such as those caused by ice gouge, strudel scour, and
upheaval buckling. This pipeline system is illustrated in Figure 4-1.

The structural response of two sub-alternatives has been studied in connection with the
single wall steel pipeline system; both are based on X-52 steel pipe with a 12.75-inch OD
and a 0.688-inch WT:

. Sub-alternative A: straight pipe.
. Sub-alternative B: zigzag pattern.

The zigzag sub-alternative allows controlled lateral pipeline movement due to thermal
expansion, resulting in a smaller “locked-in” axial compressive force than the straight
pipe. Therefore, its structural response with respect to environmental loads is different
from sub-alternative A.

Either alternative could be fitted with an external leak detection system.
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4.1.2 Summary

This section summarizes the structural analysis, construction plan, costs, operations and
maintenance, repair, leak detection and failure assessment.

4.1.2.1 Structural Design Summary

The single wall steel pipeline evaluated has a diameter-to-thickness ratio, D/t, of 18.53.
This results in a specific gravity of 1.57, ensuring hydrodynamic vertical stability during
and after installation (that is, the pipe would remain at the bottom of the trench). Such a
low D/t ratio combined with the relatively low (X-52 yield stress) grade steel ensures
good bending ductility and relatively high allowable strains for displacement controlled
loading.

For sub-alternative A, the design against upheaval buckling requires a 1-foot-thick gravel
mat layer to be placed on top of the pipeline at measured high curvatures. This ensures
that the pipe would remain in the trench, as installed, in the presence of a
1.5-foot prop or crest. Native backfill 5 feet thick would be added on top of the gravel
mats. The combination of gravel mats and native backfill needs to be installed only in
the vicinity of the prop or crest. For sub-alternative B, the design against upheaval
buckling requires a 4-foot native backfill thickness; no gravel mats are required.

4.1.2.2 Sub-alternative Selection

Both sub-alternatives are safe structurally and can safely resist all environmental loads
such as ice gouge, thaw settlement and strudel scour. The overall structural response of
sub-alternative B is slightly better than A. However, fabrication and installation are more
similar to standard construction practice for A as compared to B. Therefore, the
remainder of this analysis addresses only sub-alternative A.

4.1.2.3 Construction Summary

The most suitable methodology for installing a single wall pipeline from the island to
shore is a winter construction program of conventional excavation equipment and off-ice
pipe installation techniques.

4.1.2.4 Cost and Schedule Summary

It is estimated that the overall construction of this alternative would be performed in a
single winter season between December and April. The associated estimated cost for this
program is $31 million. There is a high confidence level that this program would be
completed in this time frame for this cost.
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4.1.2.5 Operations and Maintenance Summary

The envisioned operations and maintenance program for the single wall pipe alternative
uses available technology to monitor the condition of the pipeline. This program would
monitor all design aspects that are considered to be gradual processes (for example, thaw
settlement) and would allow mitigating steps to be taken in a timely manner. The
program would also identify all events that have occurred between inspections and that
did not impact the operation of the pipeline, but may have affected the pipeline condition
— for example, an ice keel passing over the pipeline route and displacing the pipeline.

4.1.2.6 Repair Summary

The single wall pipeline alternative can be repaired to its original condition or full
integrity during a summer or winter season. Four permanent repair and two temporary
repair options are available.

For the localized damage categories, buckle/no leak (Category 2 damage) and
small/medium leak (Category 3 damage), that affects less than a 40-foot length of pipe,
the recommended permanent repair methods are:

. Summer: Cofferdam or hyperbaric tie-in.
. Winter:  Surface tie-in or hyperbaric tie-in.

For damage categories that affect pipeline lengths greater than 40 feet, large leak/rupture
(Category 4 damage), the recommended permanent repair methods are the same for both
seasons:

. Summer: Tow out replacement string with a surface tie-in or hyperbaric tie-in.
. Winter:  Tow out replacement string with a surface tie-in or hyperbaric tie-in.

4.1.2.7 Leak Detection System Summary

Leak detection systems for the single wall pipeline are: a mass balance line pack
compensation (MBLPC) system, a pressure point analysis (PPA) system, and a
supplemental system. The first two systems would work in parallel, providing
redundancy, and have an accuracy to detect leaks as small as approximately 0.15% of the
volume of flow. The supplemental leak detection system, the LEOS system, is capable of
detecting leaks below this threshold.

4.1.2.8 Failure Assessment Summary

Damage that does not result in loss of containment is summarized as Category 1 (large
displacement) and Category 2 (cross-section buckle/without leak). Damage that does
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4.1.3

result in loss of primary containment is summarized as Category 3 (small or medium
leak) and Category 4 (large leak/rupture).

It is estimated that a Category 1 incident of damage during operation (displaced pipeline)
has a 3% probability of occurrence during the project lifetime. This type of damage is
non-critical and time is available to check and assess the damage without shutting down
the system. A planned intervention, if required, could be initiated to correct the
condition. Category 2 damage (buckles without leakage) is estimated to have a 0.04%
project lifetime frequency. The predicted frequencies for small, medium, or large leaks
are very small.

A leak due to Category 4 damage (rupture or large leak) might be expected only during
freeze-up. A Category 3 damage scenario (small or medium leak) could happen any time
of the year. In any event, cleanup would be conducted.

This assessment of when potential damage could occur is not based on the joint
likelihood of a combination of less severe events; this might result in a large leak or
rupture during other times of year. Such an analysis is beyond the scope of the current
study, and if events were combined, then more damage windows may appear. Therefore,
a response plan would need to be in place that could manage all damage in all seasons.

Conclusions

Two sub-alternatives, a straight single wall pipe and a zigzag option, have been
evaluated. There would be some small differences in the structural response of the
systems, but both would be well within design criteria. As the fabrication and installation
of the straight pipe is more similar to conventional on-land installation into a trench, it is
preferred over the zigzag option. Therefore, the single wall steel pipeline was carried
forward for more detailed evaluation.

The single wall steel pipeline system evaluated — that is, a pipeline with a 12.75-inch
OD and a 0.688-inch WT — would meet the functional requirements of flow and
pressure for the Liberty Development.

A configuration with a 7-foot depth of cover consisting of native backfill and gravel mats
has been judged adequate for design while optimizing such variables as constructability,
operability, or reparability.

The most suitable method for installing the single wall steel pipeline option is a
combination of conventional excavation equipment (backhoes with extended or long-
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4.2

4.2.1

4.2.2

reach booms) to excavate a trench through the ice. The pipeline string is then installed
through the ice using techniques similar to overland construction.

The estimated cost for the single wall steel pipeline program is $31 million, and
construction of this alternative would be performed in a single winter season. The
recommended method of construction and installation is similar to what is used for a
conventional on-land trenched pipeline, and contractors and personnel are therefore
familiar with the scenario. This reduces potential risks associated with quality, schedule,
and costs. There is a high confidence level that this pipeline could be built in this time
frame for approximately this cost.

Available technology would be used to monitor the pipe as part of the operations and
maintenance programs.

Leak detection for the single wall steel pipeline alternative would be achieved using three
independent systems: a mass balance line pack compensation (MBLPC) system, a
pressure point analysis (PPA) system, and a supplemental system. The first two systems
would work in parallel, providing redundancy, and would have an accuracy to detect
leaks as small as 0.15% of the volume of flow. Supplemental leak detection technology
that can detect very minor leaks is proposed for use with the single wall steel pipeline.
Leaks greater than 0.15% of the volumetric flowrate would be detected in minutes, while
leaks less than this threshold would be identified within 24 hours.

The probability of a leak from the single wall steel pipeline is small. The single wall
pipeline alternative can be repaired to full integrity during a summer or winter repair
operation. Manpower and equipment would be in place to clean up any spill in the event
of a leak.

Structural Design
Flow Analysis

General comments on flow analysis have been made in Section 3.2.2. The combination
of gravel backfill as thermal insulation and a 25@&mbient air temperature results in a
Liberty Island inlet pressure of 1,280 psig and inlet temperature 6F186th a tie-in
pressure and temperature of 1,050 psig and 121°F.

Pipeline Installation Stability

General comments on pipeline stability are presented in Section 3.2.3. The empty pipe
weights are summarized in Table 4-1. The pipe has a specific gravity (with respect to
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seawater at 64.0 pounds per cubic foot) greater than 1.5. Therefore, the pipe would sink

and be stable in the trench.

TABLE 4-1: EMPTY PIPE WEIGHTS FOR THE SINGLE WALL
STEEL PIPELINE OPTION

Parameter Single Wall Steel Pipeline
Pipe OD (inch) 12.75
Wall Thickness (inch) 0.688
Weight in air (pounds/foot) 90.18
Submerged weight (pounds/foot) 32.72
Pipe SG (w.r.t. seawater) 1.57

Note: Pipeline weight includes nominal steel weight, 40 mils of FBE coating, and

anodes.

4.2.3 Ice Keel Gouging

General comments on ice keel gouging were made in Section 3.2.4. For the single wall
steel pipe alternative, the 3.0-foot-deep, 30-foot-wide ice keel case is the loading event
that imposes the greatest strain on the pipeline. The soil displacement and the resulting
pipeline movement for this pipeline are shown in Figure 4-2. The corresponding pipeline

strain distribution is shown in Figure 4-3.

It can be seen from Table 4-2 that the maximum strains are less than the maximum
allowable: 1.8% (tensile allowable strain) and 3.5% (compressive allowable strain), as
described in Section 2.11. Therefore, a 7.0-foot depth of cover is adequate for the single

wall pipeline with respect to ice keel loading.

TABLE 4-2: MAXIMUM STRAINS IN SUB-ALTERNATIVE A
FOR EXTREME ICE KEEL EVENTS

Ice Keel Depth Ice Keel Width Tensile Strain | Compressive Strain
(f) (f) (%0) (%)
3.0 30 0.29 1.08
3.0 40 0.19 0.70
3.0 50 0.19 0.69
3.0 60 0.20 0.73
Allowable Strains (%) 1.80 3.50
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4.2.4

For sub-alternative B, the zigzag configuration, it is estimated that the locked-in
compressive force is reduced to 363 kips due to the pipeline displacing laterally. This
reduced compressive force is achieved with an 8° bend angle at every pipe joint. The
response to an ice keel event is proportional to the compressive force for the same pipe
diameter. Therefore, the strains induced by an ice keel event for a zigzag pipe will be
between the results for the single wall system (maximum compressive force of 610 kips)
and the pipe-in-HDPE system (zero compressive force). Therefore, to estimate the ice
keel strains for this zigzag case, the results for the straight, single wall pipeline system
and the single wall inside an HDPE jacket (Chapter 6) are used. The results for the zigzag
pipeline system are shown in Table 4-3. The ice keel strains for the zigzag configuration
are found by linear interpolation. This procedure is considered reasonable at a conceptual
level but would require confirmation during preliminary or detailed design.

TABLE 4-3: MAXIMUM STRAINS IN SUB-ALTERNATIVE B FOR
EXTREME ICE KEEL EVENTS

Results for Ice Keel Single ngl
3.0-feet Deep, 30-feet Wide Sub-alternative B
P eff=363 kips
Max. Tensile Strain (%) +0.58 [note 1]
Max. Compressive Strain (%) -0.97 [note 1]

Notes: [1] Linearly interpolated strains.
Upheaval Buckling

General comments on upheaval buckling are presented in Section 3.2.6. The results of
calculations indicate that upheaval buckling of a straight, single wall steel pipeline (sub-
alternative A) for the Liberty Development cannot be reliably resisted by 7 feet of native
backfill. For a 1.5-foot prop height, the native backfill thickness required is about 7.5
feet. The backfill thickness is greater than what can be placed over a pipe at a depth of
cover of 7.0 feet.

By using gravel backfill with a density of 60 pounds per cubic foot, a thickness of 5.4

feet is sufficient to prevent upheaval buckling. The preferred option is a combination of a
1-foot-thick single layer of gravel mats and a 5-foot layer of native material completing

the trench backfill. This is depicted in Figure 4-4.

The zigzag pipeline, sub-alternative B, with an 8° bend, is allowed to expand laterally.
Therefore, the locked-in compressive force is estimated to be half of that present in a

H-0851.02/PS19/DRAFT 4-7 1-Nov-99



INTEC ENGINEERING, INC. CH. 4: SINGLE WALL STEEL PIPELINE

PIPELINE SYSTEM ALTERNATIVES

4.2.5

4.2.6

4.2.7

4.3

4.3.1

straight pipeline. In this case, a 4-foot backfill thickness of native material is sufficient to
prevent upheaval buckling.

Thaw Settlement

General comments on thaw settlement were presented in Section 3.2.7. The design thaw
settlement for the single wall steel pipeline is 1 foot (see Section 2.7.4). At this
conceptual level, no specific finite element analyses of pipe/soil interaction have been
performed. Rather, since the maximum differential thaw settlement value of 1 foot is
considerably smaller than soil displacements resulting from ice keel scour, the resulting
pipeline strains are expected to be smaller and remain well within allowable strain levels.

Strudel Scour

General comments on strudel scour were presented in Section 3.2.8. For this conceptual
level report, no specific modeling of pipe/soil interaction through finite element analysis
for strudel scour has been performed. However, for the small pipeline span expected, the
resulting pipeline stresses would remain much below the allowable stress level.

Cathodic Protection

Sacrificial aluminum anodes would be used to cathodically protect the pipeline for its 20-
year design life. A dual-layer FBE coating would be applied to limit anode requirements.
The aluminum anodes would be bracelet-type anodes installed at approximately 120-foot
intervals (every three pipe joints). The anode mass would be calculated such that current
requirements of recommended practices are conservatively met. The CP system would
be periodically checked at the shore crossing and at Liberty Island to confirm minimum
protection voltages are maintained in accordance with DOT requirements.

Conceptual Design Selection
Structural Behavior Considerations

The structural behavior of sub-alternatives A and B is summarized in Table 4-4.

Sub-alternative B, the zigzag option, allows the pipe to expand laterally, thus decreasing
the locked-in compressive force by 50% compared to sub-alternative A. Therefore, ice
keel peak compressive strain is less for sub-alternative B than for A, while the tensile
strain is greater for sub-alternative B than A.

With respect to upheaval buckling, Table 4-4 indicates that sub-alternative B requires less
than 4 feet of native backfill to stabilize the pipe in the presence of a 1.5-foot prop. This
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is simpler (in terms of backfilling procedures) compared to sub-alternative A. Sub-
alternative A requires placement of gravel mats over a prop as determined by a post-lay
pipeline survey. It is estimated that less than 25% of the offshore pipeline length would
require gravel mat placement.

TABLE 4-4: CONCEPTUAL DESIGN SUMMARY

Load Condition Pipeline Sub-Alternative
A B
Ice Keel Strain (-) 31% (-) 27%
[% of allowable
(-) = compressive (+) 16% (+) 29%
(+) = tensile]
Upheaval Buckling 1-foot gravel mat < 4 feet of native
[backfill characteristics] and backfill
5 feet of native backfill

Thaw Settlement 1 foot 1 foot
Strudel Scour =1-foot span =1-foot span

4.3.2 Fabrication and Installation Considerations

Table 4-5 summarizes the major activities during pipeline installation and fabrication for
each sub-alternative and ranks them. If the sub-alternative is compatible with the activity
and can be carried out with relative ease, it receives a grade 3. If more effort is required,
the sub-alternative receives grade 2, and if the activity is judged to require much more
effort, the grade 1 is assigned. Therefore, the preferred alternative regarding installation
and fabrication procedures, based on this high level review, is the one with the highest
score.

Some engineering judgement is involved for each score assigned in Table 4-5. For
example, for sub-alternative B (zigzag), each pipe joint would have to be bent 8° at its
centerline, and therefore it scores 1 in the “Pipe Joint Preparation” entry.
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4.3.3

4.4

4.4.1

TABLE 4-5: INSTALLATION/FABRICATION SUMMARY

. Pipeline Sub-Alternative
Activity
A B
Pipe Joint Preparation 3 1
(due to pre-bend)
Welding 3 1
(due to alignment, becausge
of pre-bend)
Handling 3 2
(because of pre-bend)

Final Pipe Preparation Before 3 3
Laying in Trench
Pipe Lay Into Trench 3 2
Backfilling Operations 2 3
Surviving Backfill Operations 3 3
Total Score 20 15

Sub-Alternative Selection

In summary, the overall structural response of sub-alternative B is slightly better than A.
On the other hand, fabrication and installation are more straightforward for A compared
to B. The fabrication and installation of sub-alternative A are more like conventional on-
land installation. Therefore, the remainder of this analysis addresses only sub-alternative
A, the straight, single wall pipeline system with a 7-foot depth of cover (Figure 4-5).
This section does not preclude the zigzag alternative as being a valid solution; however,
for purpose of this study, only one solution is completely reviewed for each alternative.

Construction

General construction considerations have been presented in Section 3.3, including
trenching and installation. This section describes the most suitable method for installing
the single wall pipeline system, as well as specific construction aspects. The assumed
configuration is summarized in Figure 4-5.

Installation Options

Offshore arctic pipeline installation options are described in Section 3.3 and apply to the
single wall steel pipeline alternative.
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4.4.2 Construction Method

For the reasons outlined in Section 3.3.10, the most suitable method for installing a single
wall steel pipeline for the Liberty Development is by using conventional excavation
equipment and off-ice pipe installation techniques. The Liberty Development is close to
the Alaskan coastline, in 20 feet of water in a seasonal landfast ice region. Winter
trenching was discussed in Section 3.3.6 and winter installation in Sections 3.3.9 and
3.3.10. The reasons for using conventional excavation equipment and off-ice pipe
installation techniques are summarized below.

4.4.2.1 Trenching Method

Conventional excavation using backhoes with extended or long-reach booms is
considered suitable to excavate a 10.5-foot trench in up to 40 feet of water. This method
can either be barge-based or ice-based.

Hydraulic dredging using conventional vessel-mounted equipment can be carried out
only during the open water season. These vessels require minimum water depths in
which to operate and so could not be utilized along the whole pipeline route. Smaller
cutter-suction equipment components have been developed that can be mounted on a
backhoe arm. This smaller-scale cutter-suction method could be used for excavation.

Plowing to achieve a depth of cover of 7 feet is considered to be at the limit of what
present installation equipment can achieve. This activity would also have to be carried
out during open water and would require a marine support vessel capable of supplying
the large pull loads to move the plow along the pipeline route. This method requires the
pipeline to be installed prior to start of excavation. Preinstalling the pipeline would be
achieved either by installing off-ice in winter and leaving the pipeline on the seabed
during breakup or by installing the pipeline during open water immediately prior to
plowing. Taking both the installation logistics and present capabilities into consideration,
this is currently not the most suitable excavation method.

Jetting to a depth of cover of 7 feet is achievable. This method also requires the pipeline
to be preinstalled and is suitable for a summer installation scenario for a single pipeline.
However, an issue with jetting is the management of the excavated material, which is in a
fluidized form and must be returned to the trench to meet the backfill requirements of the
design. For these reasons, this excavation method is not considered to be the most
suitable for this development.

Mechanical trenching to achieve a depth of cover of 7 feet is considered to be at the limit
of what present installation equipment can achieve. Typically, this method is used in
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open water conditions and is supported by a marine vessel. However, since the
mechanical trencher is often self-propelled, it would be feasible to use this technique
during winter construction in the floating ice sections. The presently available mechanical
trenching equipment for pipelines has water depth limitations in which they can operate.
This excavation method is not considered to be the preferred trenching solution for the
Liberty Development.

To directionally drill the 6-mile Liberty route, approximately six directional-drill
segments would be required, each of which would terminate on the seabed surface.
There would therefore be four locations along the seabed where the pipeline would not be
protected in a trench. These locations would also be the points where connections are
made between the lines and so would be the weakest link of the offshore pipeline. For
these reasons, this method is not considered a viable option at this time.

4.4.2.2 Pipeline Installation Method

Use of a lay or reel vessel is feasible; however, scheduling of the required pre-trenching
and backfilling activities make this method unattractive. A typical tow or pull method for
installing the Liberty pipeline would include:

. Pre-dredging the trench,

. Making up the pipe string either in one 6-mile segment or multiple segment lengths
(for example, 1,000 feet long), and

. Pulling the complete pipeline into the trench or pulling the pipeline in stages (partial
launch) of 1,000 feet at a time and then welding on the next 1,000-foot string.

If no buoyancy was applied to the pipeline, a complete pull would require a minimum of
approximately 500 tons (assuming a coefficient of friction of 1.0) of winch capacity to
install 6.12 miles of pipe with a submerged weight of 33 pounds per foot. A towed
summer installation using a high-powered tug and pipe flotation buoyancy of
approximately 20 pounds per foot would reduce the pull force to approximately 150 tons.
Large towing and/or anchor handling vessels would not be able to operate along most of
the Liberty pipeline route due to draft limitations. The construction sequence would also
require that the whole length of trench be kept open until the pipeline was in place. All
the backfill material would have to be temporarily stored until the pipeline installation
was completed. This is not considered a very efficient method to install the pipeline
system.

Installation of the single wall steel pipeline using off-ice techniques is considered feasible
for the Liberty water depths and weight of the pipeline (90 pounds per foot dry weight,
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4.4.3

4.4.4

33 pounds per foot submerged weight). This method would be similar to onshore pipe-
lowering techniques.

Installation Sequence

A description of the installation sequence as it would apply to the single wall steel
pipeline alternative was presented in Section 3.3.10. Equipment requirements and
production rates associated with each activity are summarized in the next section on
construction costs.

Construction Considerations

Considerations regarding QA/QC, welding and NDE, and temporary storage of excavated
material are presented in Section 3.3.10. The quality assurance and quality control
associated with the single wall steel pipeline design allows key aspects to be inspected
during installation and subsequently monitored during the operational life of the pipeline.
The following sections present additional considerations associated with the construction
sequence for the single wall pipeline design.

4.4.4.1 Skilled Labor Force and Construction Equipment

The successful fabrication and installation of any engineering design is very dependent
upon the available skilled labor force. For the single steel pipe system, the labor force
required to install this system is considered to be available. The major construction
equipment components are identified in the next section on construction costs.

4.4.4.2 Ice Slot Maintenance During Pipeline Installation

The pipeline installation would closely follow the trenching spread in order to simplify
trench spoils handling. The distance behind the trenching spread and the pipeline
touchdown point would be approximately 1,000 feet, and the ice slot would have to be
kept ice-free.

4.4.4.3 Equipment Required to Lower in Pipeline

4.5

It is estimated that four sidebooms would be required to lower the single steel wall pipe
system from the surface to the trench bottom.

Construction Costs

The following section summarizes the basis for the order of magnitude costs required to
install the single wall steel pipeline alternative.
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4.5.1 Construction Sequence

The pipeline construction sequence was presented in Section 3.4.1 and applies here to the
construction of the single wall steel pipe alternative.

4.5.2 Quantities and Rate of Progress

General comments on equipment and material, ice road construction, ice thickening, ice
cutting, and ice slotting have been presented in Section 3.4.2. Additional comments are
provided below.

45.2.1 Trenching

The estimated trench excavation volumes are approximately 460,000 cubic yards, based
on a trench which is 10.5 feet deep and 10 feet wide at the bottom (Table 4-6). Side
slopes of 2:1 are assumed for the O- to 8-foot water depths and 3:1 for the remainder of
the route. This target trench depth includes a 2-foot overexcavation to ensure that a
minimum depth of cover of 7 feet is achieved.

TABLE 4-6: TRENCHING VOLUMES

Water Depth Trench Length Trench Depth Volume
(f) (f) (f) (yd®)
0-8 14,877 10.5 179,075
8-18 12,473 10.5 201,416
18 — 22 4,964 10.5 80,160
Total 460,651

Trench excavation is a critical operation requiring three trenching spreads each consisting
of backhoes, support bridges, spoils handling, spoils transport, and survey equipment.
Each trenching spread of two backhoes would work two shifts of 11.5 hours. The rate of
progress for each spread and the number of days to complete each zone are summarized
below in Table 4-7.
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TABLE 4-7: TRENCHING RATES

Rate of ,
Time for
Water | Trench Volume | Productivity Progress | Number Activity,
Depth | Length yd) (%) For Each of 3 Spreads
(ft) (ft) y 0 Spread | Spreads| * ¢ dg 9
(ft/hr) y
0-8 14,877 179,075 85 40 2 10
8-18 | 12,473 | 201,416 75 20 2 19
18 -22| 4,964 80,160 75 5 3 20
Total 49

4.5.2.2 Pipeline Make-Up Site Preparation

The pipeline make-up site would be located on the bottomfast sea ice close to the shore
approach in an area measuring approximately 5,000 feet by 750 feet (417,000 square
yards).

The preparation of this site would require one spread consisting of bulldozers, cranes,

front-end loaders, backhoes and tracked vehicles with augers. It is assumed that one
working spread, with a productivity factor of 85%, can prepare 11,260 square yards per

day. Using this rate, 416,500 square yaatsbe prepared in 37 days.

45.2.3 Pipe String Make-Up (Welding)

During this activity, 11 pipeline strings of 3,000 feet long each would be constructed, for
a total of approximately 808 welds (assuming 40 pipe joints and 6.12 miles of pipe).

For the 12-inch, the completed manual (SMAW) weld would require 6 passes. It is
estimated that a spread can produce 50 welds per day or 808 welds in 17 days.

4.5.2.4 Pipe String Transportation

Transporting the 11 pipe strings from the pipeline make-up site to their locations along
the Liberty pipeline route would require one spread consisting of sidebooms. It is
estimated that this activity can be performed at an advance rate of 0.75 miles per day for
a total of 8 days.
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4.5.2.5 Pipe String Field Joint Operation

An estimated 11 welds of 6 passes each would be required during the field-joint
operation. These welds would be made up using external line-up clamps and would be
inspected by X-ray and ultrasonic NDE. This activity could be performed by a small
welding spread at a rate of 4 welds per day. However, this operation would last as long
as the pipe string transportation activity.

4.5.2.6 Pipeline Installation

The pipeline installation progress rate is theoretically faster than the trenching rate, and
therefore, this activity would depend on the duration of trenching. The pipeline can be
installed immediately after the trench sections are completed.

Pipeline installation would take 29 days (10 days for water depths of 0-8 feet and 19 days
for water depths of 8-18 feet) to advance to the 18-foot isobath. The pipeline in the zone
of 18-22 feet of water is assumed to be installed in 6 days because the trenching
operations in this zone start before it is reached by the installation spread. It is estimated
the total 6.12 miles of single wall pipe installation would be performed in 35 days using
one spread consisting of sidebooms and backhoes.

4.5.2.7 Backfilling

Native soil and gravel bags would be used as the backfill material. All excavated
material would be placed back in the trench. This activity can be performed much faster
than the pipeline can be installed. Since the pipeline can be backfilled immediately after
the installation sections are completed, this activity can be performed in 36 days.

The backfill material quantities are estimated assuming 25% coverage of the pipeline by
gravel bags (only 30,000 feet of the route is susceptible to upheaval buckling). This
equates to approximately 7,500 linear feet of the pipeline covered with gravel mats or
bags, requiring 9,000 cubic yards of gravel assuming a single 1-foot layer of gravel mats
or bags. This activity would require one spread consisting of loaders, spoil transport
trucks, and dozers.

4.5.2.8 Hydrostatic Testing

The hydrostatic pressure-testing of the pipeline is expected to be completed in 5 days.

45.2.9 Demobilization

It is estimated that it would take 2 days to demobilize each spread of equipment.
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4.5.3 Schedule and Risk

The overall construction for the Liberty pipeline would be performed in winter, from
December to April. Construction during winter allows the use of conventional or adapted
onshore construction equipment and techniques. A schedule for the single wall steel
pipeline option is shown in Figure 4-6. There is a high confidence that this pipeline will
be completely installed in this time frame.

4.5.4 Cost Estimate Summary

The different activities associated with construction of the Liberty offshore pipeline using
the single wall steel pipe option are presented in Table 4-8. Activities, quantities and
progression rates are shown together with the estimated cost for this option. As there is a
high confidence that the pipeline will be installed in a single season, a standard
contingency of 10% of estimated cost is included in the cost estimate. The total cost
estimate of $31 million reflects the budgetary cost that would be estimated to complete
this work.
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TABLE 4-8: CONCEPTUAL COST ESTIMATE FOR
THE SINGLE WALL STEEL PIPE ALTERNATIVE

Number of

Unit Spread Rate

Cost

Activity Spread Productivity Spreads Quantities Duration (days) ($1000/day) (Million $)
Mobilization Lump Sum 3 1020.0 3.06
Ice Thickening and
Road Construction + 2.5-inches/day 1 32,314 feet a7 84.0 3.95
Maintenance
Ice Cutting and 1,000 feet/day 3 32,314 feet 11 29.0 0.96
Slotting

0 — 8 feet WD ---> 40 .
feet/hour/backhoe 2 179,075 cubic yards 10
. 8 — 18 feet WD ---> 20 ,
Trenching feet/hour/backhoe 2 201,416 cubic yards 19 60.0 7.08
18 — 22 feet WD --->5 . R
feet/hour/backhoe 3 80,160 cubic yards 20

P!pellne Mak_e-Up 11,260 square 1 416,500 square 37 41.0 152

Site Preparation yards/day yards

Pipe String Make-Up 50 welds/day 1 808 welds 17 140.0 2.38

(Welding)

Pipe String . 0.9 miles/day 1 11 pipeline strings 8 78.0 0.62

Transportation

?(')‘i’r?t String Field 50 welds/day 1 11 welds 10 0.31

Pipeline Installation 1,500 feet/day 1 32,314 feet 35 43.0 1.51

Backfilling 1,700 feet/day 1 32,314 feet 36 42.0 1.51

Hydrostatic Testing 1 5 84.0 0.42

Demobilization Lump Sum 2 1020.0 2.04

Material Cost and Lump Sum 310

Transportation

Contingency 10% 2.85

H Total 31
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4.6

Operations and Maintenance

TABLE 4-9: RELATIONSHIP BETWEEN OPERATIONS

AND MAINTENANCE AND THE DESIGN

This section presents an operational and maintenance philosophy and recommendations
for the offshore section of the single wall steel pipeline system. Table 4-9 summarizes
the relationship between the pipeline design and operations and maintenance.

Tasks

Design Aspects

Operations

Monitoring of Flow

Internal Leak Detection

Custody Transfer

External Offshore Route Survey

Trench Configuration

Ice Keel Events

Strudel Scours Events

Activities Related to the Design

Shoreline Erosion

Shore Crossing Design

Trench Configuration

Maintenance

Cathodic Protection

Cathodic Protection System

Wall Thickness and Internal
Damage

Pipeline Corrosion (Internal)

Pipeline Wall Thickness

Pipeline Configuration

Trench Configuration

Ice Keel Event

Strudel Scour Event

Thaw Settlement

Thermal Expansion

Upheaval Buckling

Pipeline Corrosion

Pipeline Corrosion (External)

Pipeline Expansion

Thermal Expansion

Pipeline Shore Approach Geomet

Survey

Mhaw Settlement
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4.6.1 Operations
See Section 3.5.1.

4.6.2 Pipeline Inspection
See Section 3.5.2.

4.6.3 Maintenance
See Section 3.5.3.

4.6.4 Evaluation Criteria and Required Action
See Section 3.5.4.

4.7 Repair

4.7.1 Assumptions and Definitions
See Section 3.6.1.

4.7.2 Repair Techniques
See Section 3.6.2.

4.7.2.1 Repair Technique Evaluation

This section highlights the main points associated with each of the six repair techniques.
General comments are presented in Section 3.6.2. This review provides the basis for the
recommended repair response for each zone and type of damage.

Welded Repair with Cofferdam

The total amount of backfill that would be removed for this type of permanent repair is
approximately 1,150 cubic yards, which is expected to take two to three days. The total
time required for the repair is approximately 35 days, which includes mobilization and
survey of damage. This repair method would return the single pipe to its original
integrity because the welding would be performed and inspected to the same standard as
the original pipeline installation.
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Hyperbaric Weld Repair

The backfill that would be removed for this type of permanent repair is approximately

1,150 cubic yards, which is expected to take two to three days. The repair time is
approximately 35 days. This repair method would return the single wall pipeline to its

original integrity because the welding would be performed and inspected to the same
standards as the original pipeline installation.

Surface Tie-In Repair

The maximum estimated quantity of soil to be excavated to bring the pipe to the surface
is estimated to be 6,490 cubic yards for this type of permanent repair of minor damage in
Zone Il. When the pipeline is raised to the surface and a section of pipe inserted, the
length of pipe to be placed on the seabed would be longer than the axial length of trench
that has been excavated. A layover area must be prepared next to the trench and must be
excavated to the original trench depth. The additional layover area to be excavated is
estimated to be 3,150 cubic yards. The total time for this type of repair is estimated to be
37 days, with 10 to 15 days of this repair time required for excavation. The pipeline is
returned to its original integrity as the welding would be performed and inspected to the
same original standards and the pipeline reinstated to an as-built, zero-stress condition.

Tow-Out of Replacement String

A 400-foot replacement string would require a maximum estimated 6,480 cubic yards of
soil to be excavated for this type of major repair. The time to conduct a bottom tow of a
replacement string is estimated to be 40 days. This method can be used as a permanent
repair in both zones if a spool piece is welded and as a temporary repair if mechanical
connectors are used. Diving requirements are extensive as two tie-ins are required. If
welding is used, this repair would reinstate the pipeline to its original integrity. However,
mechanical connections are a temporary repair, and the repair does have the same
integrity as the original pipeline as-built condition.

Rigid Spool Piece with Mechanical Connectors

The soil to be excavated for a 40-foot spool piece is approximately 1,150 cubic yards for
this type of temporary minor repair. The estimated time required for installation of a
spool piece is approximately 35 days. This repair method is considered temporary and so
is not considered to have the same integrity as the original pipeline as-built condition.
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Split Sleeve Repair Method

The soil to be excavated is approximately 850 cubic yards to install a 20-foot split sleeve
and conduct this type of temporary minor repair. The total time required to install the
split sleeve is estimated to be 25 days. This repair method is considered temporary and
so is not considered to have the same integrity as the original pipeline as-built condition.

4.7.2.2 Repair Technique Conclusions

4.7.3

4.7.4

See Section 3.6.2.
Repair Methods for Damage Scenarios

Section 3.6.2 presented types of repairs with regard to the length of pipeline sections that
need to be replaced. However, the section did not explicitly relate the size of the repair to
the potential damage scenario. For the single wall pipe alternative, there are four
categories of damage scenarios:

Category 1. _Displaced Pipeline: The damage is non-critical; the pipeline has no leaks
or buckle. Such damage would be discovered in routine inspections. If
the magnitude of the displacement is such that the pipeline strains are
within allowable limits, no real damage has occurred and the pipeline can
continue to operate without repair or remedial action, possibly with
reduced pressure and throughput. Examples are small bends, pipeline
being displaced, etc.

Category 2: _Buckle/No Leak: The pipeline damage resulted in a buckle but no leakage
occurs.

Category 3: _Small/Medium Leak: Such damage is minor and could result from
corrosion.

Category 4. _Large Leak/Rupture: This is the most severe damage category and could
be from an ice keel or other event.

The relationship between these categories and the causes and failure mechanisms will be
discussed in the section on failure assessment. Each of these damage categories may
require a repair. Figure 4-7 summarizes the categories of damage and the types of

repairs.

Recommended Repair Methods

Summer and winter repairs were discussed in Section 3.6.4. Details on which repairs can
be conducted when are presented in Figure 4-7. In generating this figure, the “earliest
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4.8

4.8.1

start dates” and “latest completion dates” have been used. The repair techniques for each
category of damage are indicated by the notes.

Leak Detection
Proposed Leak Detection for Single Wall Steel Pipeline

General evaluation and comments on leak detection were presented in Section 3.7. Leak
detection for the single wall pipeline would be achieved using two independent systems:
the mass balance line pack compensation (MBLPC) system and the pressure point
analysis (PPA) system. Conventional leak detection is usually achieved using one of
these systems. However, because of the importance placed on leak detection, the Liberty
system would include both independent systems. These systems would work in parallel,
providing redundancy, and be able to detect leaks as small as approximately 0.15% of the
volume of flow.

Supplemental leak detection options for a single wall steel pipeline have also been
considered. Through-ice borehole sampling could be carried out but would require
deployment of personnel on the ice and assumes that the oil has pooled under the ice at
the borehole locations. Remote and field sensing techniques are not feasible or have not
advanced to the point where they could reliably be used to detect oil under ice. Leak
pressure-testing would require construction and installation of an on-island storage tank
to divert production during line shut-in. The sensor technologies investigated showed the
greatest promise as a supplemental system.

The LEOS system is favored based on its track record and industry application
experience. A description of the system and issues affecting its performance is presented
in Section 3.7.

It should be noted that at the present time, the LEOS system is considered the best
available technology. By the time the Liberty pipeline is ready to be installed, another
system may be considered best available technology. This could partially result from
lessons yet to be learned from the Northstar installation.

The MBLPC, PPA, and LEOS systems would be integrated into the pipeline’s
supervisory control and data acquisition (SCADA) system, which would record all leak
detection system parameters simultaneously. Combined, it is expected the systems would
detect a large leak within 30 seconds and a small or medium leak (<97.5 barrels per day)
within 24 hours. Potential leak volumes and times to detection are discussed further in
Section 4.9.
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4.8.2

4.9

49.1

Factors Affecting Leak Detection Performance

Factors affecting leak detection performance are presented in Section 3.7.3. No major
issues have been identified which would influence the chosen leak detection system
performance. If the system were to become damaged during operation

(i.e., from environmental loading), the damaged portion would need to be retrieved and
repaired. Alternatively, depending on the cost of repair, a second sensor tube might be
plowed in above the pipe, eliminating the need for pipeline retrieval.

Failure Assessment

In this section, failure analysis for the single wall pipeline system is presented. The

initial stage in the process identifies the causes or initiating events that could induce

failures, as well as the associated likelihood of occurrence. The process is completed by
a review of the likelihood of failure and its consequences (e.g., spill scenarios and the
associated cleanup and repair procedures). The background of the failure analysis is
summarized in Section 3.8.

Operational Failure Assessment

This section examines initiating events and their causes that may lead to an “incident of
damage during operation,” or IDO. Types of damage include leaks, punctures, dents,
buckles, collapses, or a displaced pipeline. However, damage does not necessarily
require shutdown or repair of the pipeline. For example, assessment of the “displaced
pipeline” type of damage may conclude that the damage had not exceeded design limits.

Initiating events that may result in an IDO are listed in Figure 4-8. This figure shows the
initiating events as the incoming tree components leading to an IDO. Initiating events 11
to 112 are grouped as:

. Environmental loadinginitiating events that may potentially lead to damage are
seabed ice gouging, subsea permafrost thaw subsidence, and strudel scour.

. Pipeline failure: initiating events are those caused by the pipeline functional
requirements (e.g., flow pressure, operational temperature, etc.) and the induced
stresses and strains. These are upheaval buckling, internal pressure, external
pressure, and internal and external corrosion.

. Third party activity:initiating events are external to the pipeline operations. These
are vessel accidents, anchor dragging, third party construction, and sabotage.
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Assessments of these potential initiating events are presented below. Their impact on
different categories of ID@re also reviewed.

4.9.1.1 Quantification of the Incoming Tree for IDO

The class of events IDO is divided into the four categories presented in Section 4.7.3. In
failure assessment, it is important that the analysis of each initiating event reviews the
likelihood of the category of the resulting IDf@sed on evaluation of pertinent evidence.
This is discussed below for each initiating event that potentially could lead to an IDO.

4.9.1.2 Seabed Ice Gouging, Initiating Event |1

Seabed ice gouge modeling and ice keel loading were discussed in Section 2.9.
Equations relating ice gouge depth and its return period are given in the design basis.

The mechanisms of pipeline response to an ice keel event may be any of the four
categories cited above, but each with a different likelihood of occurrence. In a Category
1 IDO event, an ice keel displaces the soil around the pipe, thus displacing the pipeline.
If the ice gouge depth is equal to or less than the design gouge depth, the resulting strains
are well below the allowable strains, no limit state is approached, and operations can
continue. A Category 4 (large leak or rupture), however unlikely, would occur only if the
ice keel contacts the pipeline. In this case it would be assumed that the ice keel incision
depth reaches the pipeline centerline. For the single wall steel pipeline, this depth is
equal to 7 feet (depth of cover) plus 0.5 feet (approximate pipeline radius).

Seabed ice scours and the risk these features pose to submarine pipelines have been
extensively studied (Lewis et al. 1986; Fleet 1990). A relatively large amount of ice
gouge data (20,354 gouges) was gathered on seabed surveys of the Alaskan coast of the
Beaufort Sea between Smith Bay and Camden Bay during the 1970s (Weeks et al. 1983).
Two surveys for the Liberty project were conducted in 1997 and 1998 (Coastal Frontiers
Corporation 1998, 1999), and two others were conducted in the immediate Liberty
vicinity (Harding Lawson Associates 1982; McLelland Engineers 1982). Thus, four site-
specific data sets are available for statistical review. Other surveys close to the Liberty
Development provide data that can be compared to the Liberty-specific data (Braden et
al. 1998).

Pipeline resistance or capacity to deform plastically (beyond the yield stress) without
reaching a fracture or a local buckle limit state has been well established by multiple
cases of independent research (Murphy and Langner 1985; Zimmerman et al. 1995;
Corona and Kyriakides 1988). More recently (Nogueira et al. 1999), pipe joints were
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subjected to a full-scale bend test program in which relatively large strains (5 to 10%)
were applied under simulated arctic operational conditions. The pipe and the weld used
in this test program have the same material properties and similar dimensions as those of
the single wall pipe alternative considered here.

A detailed review of the references cited in the previous paragraphs is beyond the scope
of this report. The following evidence has been drawn from the above references:

E1l: From the design basis (Chapter 2), the relationship between ice gouge depth, d, and
predicted return period, T, for Liberty, where the maximum water depth is 22 feet,
is estimated to be (whedkis in feet, and is in years):

d =0.39In(0.594T)

or

T= 1_68e2.564d

From the above equations, Table 4-10 can be derived.

TABLE 4-10: PROBABILITY OF EXCEEDENCE OF ICE GOUGE DEPTH
ALONG LIBERTY ALIGNMENT

Exceedence
d n f Probability over 20-
() (years) (Llyear) Years = Project
y y Lifetime Damage
Frequency
1.59 100 16 0.18
3.0 (design value 3,600 3 xto 5x 10°
4.0 48,000 2x 1B 4x10*
5.0 600,000 2x 16 3x10°
7.5 370,000,000 3x10 5x 108

In a location close to Liberty, the Northstar corridor has 12 years of available
survey data. In this alignment, the water depths are up to 37 feet, and the predicted
100-year return period ice gouge depth is 3.3 feet. This prediction uses the same
statistical methodology as used for Liberty.

E2:
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E3:

E4:

ES5:

E6:

E7:

E8:

E9:

E10:

Maximum observed ice gouge depth for the alignment described above (see E2) is
2.0 feet.

Maximum observed ice gouge depth for the Liberty alignment is 1.4 feet.
Maximum ice gouge depth decreases with water depth.

The calculated maximum pipeline strain fibr= 3.0 feet is 30% of allowable
pipeline strain. This calculated strain corresponds to an ice feature with a gouge
width to depth aspect ratio of 10. For wider ice gouges (greater aspect ratios), the
calculated maximum strains are about 20% of the allowable strain.

All ice gouges observed in the vicinity have an aspect ratio equal to or greater then
10. The percentage of observed ice gouges with an aspect ratio less than 15 is 26%.

Predicted pipeline resistance to fracture due to bending (ultimate design value) at a
weld is 3.6% strain, yielding an allowable strain of 1.8% for ice keel events. This
ultimate design value of 3.6% assumes the maximum allowable weld defect (1-inch
long, 1/8-inch high) is present in the pipe cross-section at the location of the
maximum strain fiber.

Full-scale experiments with pipe joints similar to the single wall pipe alternative
indicate that a pipeline buckle starts to form at approximately 5% strain and fracture
may occur only beyond 10% strain.

An ice gouge with depth greater than 3.0 feet and less than 7.0 feet could possibly
form a buckle in the pipe. However, in this case, concurrent conditions are required
to induce a fracture failure:

Cl: The maximum strained region must occur at a welded joint. The length of
the maximum strained region due to an ice keel would be less than 10 feet
long. There is a weld every 40 feet. Therefore, C1 has a probability of
occurrence of P(C1) = 10/40 = 0.25.

C2: The weld must contain the maximum defect. All welds in the single wall
steel pipeline would be subjected to be X-ray and ultrasonic NDE
techniques. A maximum defect is unlikely; however, it will be
conservatively assumed that 1 in every 20 welds would have the maximum
allowable flaw. Therefore, C2 has a probability of occurrence of P(C2) =
1/20 = 0.05.
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C3:  The maximum allowable defect must be located on the circumference of the
pipe such that it occurs at the maximum extre