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Disclaimer

This Report has been prepared by Greg Lamberson of International Construction Consulting, LLC
(ICC) with all reasonable skill, customary care, and diligence within the terms of the agreement
with Comisién de Regulacién de Energia y Gas (CREG) and for the sole use of Comision de
Regulacién de Energia y Gas (CREG).

While reasonable care has been taken in the preparation of this Report, no warranty, express or
implied is made in relation to the contents of this Report. Therefore, ICC assumes no liability for
any loss resulting from errors, omissions, or misrepresentation made by others. The use of this
Report by unauthorized third parties without written authorization from ICC should be at their own
risk, and ICC should accept no duty of care to any such third party.

The figures, tables, recommendations, opinions, statements, information, findings contained in
this Report are based both on data available to the public as well as confidential/proprietary
sources. Confidential/proprietary data may be used in the preparation of this Report and if so, will
be referenced generally but not disclosed specifically.

The figures, tables, recommendations, opinions, statements, information, findings contained in
this Report are based on circumstances and facts as they existed at the time ICC performed the
work. Any changes in such circumstances and facts upon which this Report is based may
adversely affect any figures, tables, recommendations, opinions, statements, information, findings
contained in this Report.

Where field investigations have been carried out, these have been restricted to a level of detail
required to achieve the stated objectives of the work referred to in the Agreement.

The Author is an independent contractor with no ownership, partnership, nor relationship (apart
from this contract) with Comision de Regulacion de Energia y Gas (CREG).
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Expert Qualifications

Greg Lamberson of International Construction Consulting, LLC is experienced in all phases of
business, project, and construction management for upstream & midstream oil, gas, products, and
energy-related projects. He is accomplished at working within complex, integrated work
environments with multi-discipline and multi-cultural staffs to 1SO, US, and various foreign
standards, practices, procedures, and specifications in a variety of geopolitical climates on small,
large, and mega-projects.

Mr. Lamberson’s background includes over 35 years experience on both domestic and
international assignments, in the management, engineering, design, planning, construction, and
start up & commissioning of upstream & midstream oil, gas, and energy related facilities, LNG
plants, pipelines, coal-bed methane (CBM) extraction, fuel storage and distribution systems,
including onshore, near-shore and offshore marine facilities and structures; economic analysis
and strategic planning and execution of energy projects in North, Central, and South America, the
Caribbean, the Middle East, Central Asia, China, Russia, the Far East, and Africa.

Mr. Lamberson is currently consulting for multi-national oil and gas companies in the upstream &
midstream energy sector on a domestic and international basis. Areas of expertise include both
technical (engineering and construction) and commercial (contracts, finance packages, etc.)
aspects gained while working with integrated multi-national oil and gas companies, partnerships
and joint ventures as a solution integrator and key source of expertise.

His skills and credentials include extensive construction and engineering experience; developing
contracting strategies, project & construction management, contract negotiations, independent
project assessments (including risk assessments; constructability reviews, construction readiness
reviews, operations readiness reviews), partner and subcontractor selections, security, field
development planning, project execution development and troubleshooting, feasibility studies,
conceptual and detailed cost estimates, tender preparation and evaluations, and risk
management.

Mr. Lamberson’s education includes a BS, Industrial Engineering and Technology, East Central
University, Oklahoma, USA, 1983; and an MBA, Robert Kennedy College, Switzerland, focus on
international business, 2005.

Mr. Lamberson has authored numerous articles, publications, and manuals including:

“Staffing Strategies for Major Capital Projects”, World Pipelines, June 2010 issue
* “Managing Transitions on Major Capital Projects”, Asian Power, 2009.

* “Developing Optimum Contracting Strategies for Major International Projects”, World
Pipelines, March 2009 issue

*  “Project Management — Common Pitfalls & How to Avoid Them”, Energy Today magazine,
a quarterly magazine covering the North American energy market, Spring 2009 issue.
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* “Fundamentals of Gas Pipeline Metering Stations”, Pipeline & Gas Journal, co-written with
Mr. Saeid Mokhatab, January 2009 issue.

* “Managing Change — Manage Change on Major Projects”, World Pipelines, November
2008 issue

* “Managing Execution Risks in Oil and Gas Processing Industry’ EPC Projects”, co-written
with Mr. Saeid Mokhatab. To be published in a future issue of Hydrocarbon Processing,
awaiting publications details.

* “Basic Guide to Pipeline Compressor Stations”, Pipeline & Gas Journal, co-written with Mr.
Saeid Mokhatab and Mr. Sidney Pereira dos Santos, June 2008.

* “Pipeline Systems - Control and Integrity Management”, Journal of Pipeline Engineering,
co-written with Mr. Saeid Mokhatab and Mr. Sidney Pereira dos Santos, December 2007,
Vol. 6, No. 4 edition.

*  “Project Execution Risk: A Key Consideration for Upstream Energy Project Management”,
World Oil, September 2007 issue; co-written with Mr. Saeid Mokhatab and Mr. D. Wood.

* “A Constructive Approach - Constructability’s Role in Upstream Project Execution”, World
Pipelines, June 2007 issue

* Recognized contributor to Dr. Aurangzeb Khan, Assistant Professor, Dept. of Management
Sciences, COMSATS Institute of Information Technology, Islamabad, Pakistan in
providing material for the development of Project Management courses for post graduate
students, 2006.

*  “Managing Execution Risk in Upstream Projects”, World Pipelines, December issue, 2006

* Corporate Constructability Program. 2005, Developed and implemented a complete
Constructability Program for a major international EPC contractor. Program is
comprehensive covering all aspects of upstream EPC projects, including project-specific
Constructability Plan template, checklists, charters, sample agendas, program
maintenance & feedback mechanisms, dispute resolution, etc.

* International Project Management System (IPMS), 2004, proprietary system for internal
use as a guide for managing complex energy projects worldwide, from initial project
assessments and feasibility studies to hook up, commissioning, and turn over. IPMS
utilizes a phased approach that defines minimum deliverables required at specific phases
along the project timeline. System also includes a prescriptive review process for passing
into the next phase of project planning and execution.
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* Construction Managers Handbook (CMH), 2003, proprietary for internal use, provides
guidance for the overall Construction Management aspects of the formation, organization,
establishment, and management of project site work. The CMH guides the Construction
Manager through the major segments of a construction project including mobilization,
managing interfaces, transitions, construction implementation, and demobilization.

* "Typical Hydrotest Water Intake and Discharge Mitigation Measure's", March 2002,
published in ExxonMobil Global Share library system as an authoritative reference.

* "Guidelines for Preparing a Construction Execution Plan", February 2002, published in
ExxonMobil Global Share library system as an authoritative reference.

* “Pipeline Construction”, Project Management Network Magazine, January 2002 (credited
contributor to Ken Silverstein — author)

* “Keys to Successful Execution of International Projects”, Project Management Institute,
Troubled Projects, Fall 2001, Volume 1, Issue 3
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Executive Summary

Greg Lamberson of International Construction Consulting, LLC was awarded the contract under
the Terms of Reference to produce this expert report outlining the variables and components that
influence the useful life of a pipeline system and a normative quantification of how those variables
impact the overall pipeline system from a useful life standpoint. Additionally, CREG requested a
cost estimate be developed for a generic liquids pipeline system of 4.500” and pipeline systems
between 2” and 48” in lengths from 100 meters to 200 kilometers be developed.

The purpose of this Report is to provide CREG with overall costs for Variables that affect pipeline
system useful life as well as pipeline system costs. The Author has included a discussion on the
pipeline regulatory and design codes; pipeline estimating methodology; and how and why these
Variables influence pipeline construction costs.

The Report is broken down into the following Sections:

1. Pipeline Useful Life
2. Pipeline System Valuations
3. Cost Adders per Terrain Gradation Changes

Pipeline Useful Life

Determining a pipeline system useful life is a complicated undertaking and involves a wide-
ranging number of factors. Most factors are common with both liquid and gas pipeline systems.
However, this report is focused on liquid pipelines.

The Author was requested to take into account a listing of variables provided by CREG and
expand on the list as applicable.

The primary life cycle for a pipeline system as it relates to useful life is:
* Design, engineering, and procurement
* Construction
e Operations and maintenance

Within these primary phases, many decisions are made that have a direct impact on the ultimate
useful life of a pipeline system. The Author has identified the major components and issues that
come into play in determining the useful life of a pipeline system and provide discussion on the
topics that will provide a deeper understanding of the decisions required and why come of the
issues are critical.

The full listing of factors influencing the useful life of a pipeline system along with the
corresponding weighted effects can be found in the Pipeline System Useful Life Model in
Appendix A.

Pipeline System Valuations
The Author was tasked with developing costs for a generic 4” pipeline and escalating to pipelines
from 2” to 48” and from 100 meters to 200 kilometers.
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Following is an overview of the methodology that was used to develop the Class 3 Cost Estimate

for the 4” base case:

* Uses of common unit pricing (similar metrics, rates, percentages, activities or tasks) are

A Class 3 Cost Estimate was prepared in Microsoft Excel based on the Author’s proprietary

Pipeline Cost Model for a generic 4” pipeline.

All relevant cost data used to develop the cost estimate is included or referenced in the

relevant documents of Section 2, Estimate Basis.

defined later in this document. They are consistently applied throughout estimate.

It should be noted, that over the past year, we have seen the following impacts to some of the
more major construction-related components:
Decrease of 56%
Increase of 2.46%
Decrease of 4.94%
Increase of 62%
Increase of 0.91%

* Fuel

e Labor

¢ General Materials
*  Pipe

* Equipment-General

The following are the results of the assessment:

2015 Pipeline System Costs - Based on 50 Km Pipeline Lengths

$20,000,000
570,000,000
560,000,000
530,000,000
540,000, 000
$30,000,000
520,000,000
510,000,000
" e e a2 o) | pamm | peow) | geoow) | pmew) | ool | pano) | (o) | pecwm | aeod | ismem)
|ISH'==1 SE,383000 | 510,523,00 | S1457R00 | $13,74300 | SA%T3Z00 | 515,367.00 | S2RI34.00 | S2E2TEO0 | $29.BE00 | 535ATH00 | 34303900 | 53404300 | 35086400 | STREI300
The Author has provided the full pipeline system valuations in Appendix B.
Cost Adders per Terrain Gradation Changes
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As the terrain becomes more severe, the amount of time and resources to safely and successfully
install a pipeline increases. In the Author’'s experience, when estimating pipeline construction
projects the following is the typical breakdown that is considered from a cost standpoint:

* 0% to 5% (considered normal terrain, i.e. no additional costs are included for it)
e 5% -10%

e 10% - 15%

e 15% - 20%

e 20% - 25%

o 25%+

For the extreme terrain variables and how the additional difficulty impact construction costs for the
above breakdown across the spectrum of pipeline diameters and lengths, see Appendix C.

The data contained in this Report is based on a typical pipeline construction project and does not
represent any specific project, historically nor planned. The cost estimates and cost deltas
contained in this Report are based on a proprietary cost estimate system developed by the Author
that has been used for various pipeline construction contractors and energy companies to
estimate lump sum costs for domestic and international pipeline construction projects.
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1.0 Pipeline Useful Life

1.1. Introduction
Determining a pipeline system useful life is a complicated undertaking and involves a
wide-ranging number of factors. Most factors are common with both liquid and gas
pipeline systems. However, this report is focused on liquid pipelines.

In the tender, CREG provided the following preliminary listing of factors that influence
the useful life of pipeline infrastructure:

* Type of soil

* Type of vegetation

* Water level management techniques

* Sub-fluvial crossings

* Type of location.

* Seismic crossings

* Cultivated area

* Extreme terrain

* Topography.

* Dual joints

* Economies of scale by diameter

* Economies of scale by length

* Type of materials, associated with the metallurgy at the time of construction.

The Author was requested to take into account the above listed factors as well as others
considered relevant, justifying any inclusions. The Author will purpose to discuss the
relevant factors/variables in Section 1 of this Report and provide an overview of each
factor. The full listing of factors influencing the useful life of a pipeline system along with
the corresponding weighted effects can be found in the Pipeline System Useful Life
Model in Appendix A.

It should be pointed out that while pipeline diameter and length do have a linear cost
correlation for both CAPEX and OPEX, there are no correlations for overall useful life.
The design codes level the playing field for all diameters and lengths of pipelines; in
other words, each pipeline irrespective of its diameter or length are designed using the
same code and parameters and hence, their basic useful life will be consistent.

The primary life cycle for a pipeline system as it relates to useful life is:
* Design, engineering, and procurement
* Construction
* Operations and maintenance

Within these primary phases, many decisions are made that have a direct impact on the
ultimate useful life of a pipeline system. In this Section of the Report, the Author will
identify the major components and issues that come into play in determining the useful
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life of a pipeline system and provide discussion on the topics that will provide a deeper
understanding of the decisions required and why come of the issues are critical.

The Pipeline System Useful Life Model contained in Appendix A is the result of the
narratives found in Section 1 of this Report. It must be emphasized that the factors
developed are a normative process based on over 30 years of experience in pipeline
construction as well as operations and maintenance. Each of the factors has a multitude
of potential variations within each factor that can influence it; therefore the Author has
taken neither a conservative nor a liberal approach, but has instead tried to keep the
factor impacts near the middle of what the potential impacts may be.

The full listing of factors influencing the useful life of a pipeline system along with the
corresponding weighted effects can be found in the Pipeline System Useful Life Model in
Appendix A.

The Author is not aware of the existence of a database of the variations within each
factor. Some major operators may have existing information on pipeline useful life, but it
is considered proprietary, is protected very carefully and is not available for publishing or
for use outside the Company. Therefore, these factors have been captured in a
normative, single layer evaluation system.

For the purposes of this Report, the Author has utilized or referenced codes and
regulations as they relate to pipeline design and construction in the US, specifically
ASME B31.4 for liquid pipeline systems. The regulations and codes utilized are
summarized in Section 1.2 below.

It should be emphasized that corrosion related items are the most important factors
related to shortening or extending the useful life of a pipeline system. As a summation
of the control of corrosion, it is estimated by most pipeline operations experts that
corrosion could adversely affect a pipeline systems useful life by up to 30%. In unusual,
extreme cases with highly corrosive fluids where no cathodic protection is used, this
could have as much as a 90% impact which is normally only seen in some gathering
systems with high H2S, very poor designs, and a lacking operations & maintenance
program. The graph below of measurable releases from 2001 to 2009 is indicative of
the impact corrosion has on pipeline systems.
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On the positive side, a robust corrosion design, solid installation, and a vigorous
operations & maintenance program, including those outlined in Sections 1.3.2; 1.3.3;
1.5.1; 1.5.6; and 1.5.8 could extend lifetime up to 50% or more.

The two principle methodologies for assessing the corrosion of a pipeline are ASME
B31G (Manual for Determining the Remaining Strength of Corroded Pipeline) and
RSTRENG (Remaining Strength of Corroded Pipe). These are assessment tools that
evaluate the remaining strength of a pipeline at a given point in time.

The remainder, in the Author’s opinion, have minor or no effect on overall useful life of
the pipeline system, although they would individually have isolated effect on
maintenance and repair programs.

The Model contained in Appendix A of this Report contains the pertinent variables that
can have an impact on a pipeline system’s useful life. There are a few relevant points
the Author wishes to clarify regarding the variables and the resulting impacts:

* The base case is considered to be a 40-year design life, which is considered
an industry standard.

* Some key variables when selected are indicated by the Model to have “no
impact” (i.e. 0%); however, this indicates the variable is considered to be a
“‘pbase case” selection in order to achieve a 40-year design life. In other
words, the variable when selected will assist to achieve a 40-year design life
and will not extend it further nor reduce it less.

* When looking at the “worst case”, the Author chose selections that are not
favorable to a 40-year design life that an Operating company may select for a
variety of reasons, including:

o Limited capital at the time of project execution

o The need to have a pipeline with a shorter design life, for example in a
field with high production, but a sharp decline rate the Company
expects to only use for a short period of time, or

o Lack of technical expertise in certain areas
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Should all of the “poor choices” be selected, the model will return an overall
negative useful life. Clearly this is not possible; however, the model has taken
into consideration that Operating companies will make the best decisions
they can at the time of installation and it is not conceivable an Operating
company who has plans to continue in business will make all of the wrong
choices.

The last bullet point above is underscored by the data below.

According to a study conducted by the API titled Oil Pipeline Characteristics and Risk
Factors: lllustrations from the Decade of Construction, the following findings were

issued:

General Findings

Age — the number of years a pipeline has been in service — is an unreliable
indicator of the condition of a pipeline system. A better first indicator is the
technologies that are represented in the manufacture and construction of the
system when it was first placed in service. Even the decade of original
construction, however, is only a first indicator. Also critical to a pipeline's
condition are the renovation, inspection, and maintenance practices that have
been applied since construction.
Industry-wide information comparing the performance of pipeline systems
based on the decade in which a system was constructed provides important
broad indicators for operators to examine further in assessing their own
systems.
Specific techniques can prevent or slow deterioration in pipeline systems.
Hence, determining the specific types of deterioration that a pipeline system
or pipeline segment may experience over time is an important aspect of
conducting pipeline- specific risk assessments.
In recent years, the industry has developed specific techniques that
contribute to the overall improved performance of pipe and pipelines installed
since 1970, including:

o Universal use of non-destructive testing during construction, such as
radiography and coating inspection
Greater depth of cover
Greater use of boring or directional drilling
Greater use of pipeline corridors
Improved backfilling techniques
More effective, less vulnerable coatings

o More identifying markers along pipeline rights-of-way
Other techniques have contributed to the overall improved performance of
pipe and pipelines installed in any decade, including:

o Universal pipeline industry support of one-call centers

o Greater use of risk management techniques

o Improved training

O O O O O
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The current oil pipeline mileage by decade of construction can be seen in Figure 1
below.

Figure 1 — Pipeline Mileage by Decade of Construction
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Findings for 1930s and 1940s Pipe
* 1930s and 1940s pipe is almost 20% or about 19,000 miles of the nation’s oil
pipeline system.
* The overall performance of 1930s and 1940s pipe is comparable to later
decades, except for external corrosion incidents.
* 1940s pipe has a higher rate of accidents from third party (excavation,
farming) damage than other decades of construction.

Recommendations for 1930s and 1940s Pipe

Because corrosion protection technology was in the early stages of development, 1930s
and 1940s pipe should be evaluated for corrosion damage that may have occurred prior
to the application of cathodic protection. When developing risk factors or risk indexes for
1930s and 1940s pipe, the following conditions should be assigned relatively greater
weight during risk assessment unless specific renovation or mitigation has been
conducted:

* The pipeline system is not now under cathodic protection.

* The length of time the pipe remained without cathodic protection and what
testing and renovation was conducted at the time cathodic protection was
installed.

* The length of time the pipe has lacked adequate cathodic protection without
hydrostatic testing or inspection using in-line inspection tools suitable for
identifying corrosion.

* The pipeline remains uncoated.
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Because of conditions specifically related to the construction of pipelines during World
War Il (availability and quality of steel, shallow pipeline cover), 1940s pipe should be
evaluated with special consideration for protection from excavation damage, including
the use of depth-of-cover surveys in populated areas or in areas subject to modern deep
plowing techniques or drainage tiling.

Fmdmgs for 1950s and 1960s Pipe
1950s and 1960s pipe is about 45% or about 90,000 miles of nation's oil
pipeline system.
* The overall performance of 1950s and 1960s pipe is comparable to later
decades.
* Although overall defective pipe and pipe seams comprise only 8% of all
failures, such failures are over-represented in 1950s and 1960s pipelines.

Recommendations for 1950s and 1960s Pipe
1950s and 1960s pipe should be rated along a continuum for pipe and pipe seam and
pipe weld failures. The following conditions should be assigned relatively greater weight
during risk assessment unless specific mitigative actions have been conducted:

* Pipe has not undergone a hydrostatic test and has had seam failures

* Pipeline system operates at high pressure versus minimum yield strength

Findings for 1970s, 1980s, 1990s Pipe
* 1970s, 1980s, and 1990s pipe is about 33% or 66,000 miles of the nation’s oil
pipeline system.
* Pipeline constructed since 1970 represents the current state of the art in the
metallurgy of steel, pipe mill practices, and construction techniques.

Recommendations for 1970s, 1980s, 1990s Pipe
* Follow established industry procedures and practices.
» Utilize risk management and integrity management programs

This is underscored by a study conducted by the Interstate Natural Gas Association of
America (INGAA) in 2012. This study found almost half of all U.S. interstate transmission
mileage was installed between 1950 and 1970. The percentage of natural gas pipeline
mileage by decade installed is shown in Figure 2 below.

The cumulative percentage by decade installed is shown in Figure 3 below and is
summarized below:

* 12% of the pipeline infrastructure was installed prior to 1950,

* 37% was installed prior to 1960,

* 60% was installed prior to 1970,

* 70% was installed prior to 1980,

* 80% was installed prior to 1990, and

*  90% was installed prior to 2000.
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The above list and graphs below show the vast majority of Companies strive to make the
best choices possible.

Figure 2. Percentage of Pipe Mileage Installed by Decade
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Based on the above referenced studies and the Author’s experience, the following is the
suggested minimum, average, and maximum useful life of liquid pipeline systems:

Minimum — 10 years (see Product 3 for an example)
Average — 40 years (see Appendix A)
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Maximum — 65 years (see Product 3 for an example)

1.2. Regulations and Codes
Regulations governing interstate hazardous liquid and gas pipeline facilities are typically
established and enforced on a federal level.

Title 49, Code of Federal Regulations (CFR) Parts 191, 192, and 195 and ASME Codes
B31.4 and B31.8 have subparts or chapters devoted to pipeline operating and
maintenance procedures and records.

Broadly, these require: written plans for normal and emergency procedures, periodic
updating of procedures, operation in compliance with procedures, records, training of
personnel, and education of authorities and the public regarding hazards and emergency
action programs.

State regulations may have further requirements. These are generally described and
are normally considered minimum standards.

1.2.1. Regulatory Jurisdictions
1.2.1.1. United States
Regulations governing interstate hazardous liquid and gas pipeline facilities are
established and enforced on a federal level. Intrastate pipeline facilities are subject to
federal authority unless the state certifies that it will assume responsibility. The state
must adopt the same regulations or more stringent, compatible regulations.

Regulations for hazardous liquid pipelines are covered in Title 49, Code of Federal
Regulations, Part 195 (49 CFR 195), Transportation of Hazardous Liquids by
Pipeline.

Section 195.2 defines a hazardous liquid as petroleum, petroleum products, or
anhydrous ammonia. Section 195.1(b) excludes onshore gathering lines in rural
areas and onshore production facilities and flow lines. Pending regulations are
expected to include supercritical CO2 pipelines under Part 195.

In the U.S, piping on offshore facilities can be performed using ASME B31.4 or
B31.8, however, most companies perform their design in accordance with ASME
Standard B31.3.

1.2.1.2. Colombia
For the purpose of this Report, the Author has applied US regulations, codes and
standards.

1.2.1.3. Other Locations
Legal requirements for pipeline design and operation in other geographical locations
must be determined individually. If regulations do not exist or are less restrictive than
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U.S. regulations, the pipeline facilities should be designed to the applicable ASME
code.

In other countries, similar standards apply with minor variations. Again, for simplicity,
the Author will utilize the U.S. standards in this Report.

1.2.2. Codes
The following is a discussion regarding the applicable codes as well as addressing the
nuances that are contained in pipeline systems when facilities are included in the
pipeline system.

1.2.2.1. ASME Code B31.4
ASME Code B31.4, Liquid Transportation Systems for Hydrocarbons, Liquid
Petroleum Gas, Anhydrous Ammonia, and Alcohols is incorporated by reference in
49 CFR 195. ltis also a sound basis, although not legally required, for cross-country
water and water slurry pipelines, allowing their future conversion to oil or other
hazardous liquid service.

Code B31.4 establishes requirements for safe design, construction, inspection,
testing and maintenance of pipeline systems transporting liquids such as crude oil,
condensate, natural gasoline, natural gas liquids, liquified petroleum gas, liquid
alcohol, liquid anhydrous ammonia, and liquid petroleum products. Among the
facilities that fall under B31.4 include pump stations, tank farms, terminals, pressure
reducing stations and metering stations.

Code B31.4 does not apply to auxiliary station piping such as water, air, steam,
lubricating oil, gas and fuel; piping at or below 15 psig, piping with metal
temperatures above 250°F or below -20°F; or field production facilities and pipelines.

1.2.2.2. ASME Code B31.8

Incorporated by reference in 49 CFR 192 for natural and other gas, ASME Code
B31.8, Gas Transmission and Distribution Piping Systems, applies to field gathering,
transmission and distribution pipelines for natural gas. It covers the design,
fabrication, installation, inspection, testing, and safety aspects of gas transmission
and distribution system operation and maintenance. Figure I8 in Appendix | of Code
B31.8 shows the range of facilities covered by the Code, including gas compressor
stations, gas metering and regulation stations, and closed-pipe gas storage
equipment.

Code B31.8 does not apply to piping with metal temperatures above 450°F or below -
20°F, vent piping operating at substantially atmospheric pressures, wellhead
assemblies, or control valves and flow lines between wellhead and trap or separator.

While this Report focuses on liquids pipelines, ASME B31.8 was included in an effort
to be thorough as many liquid facilities require some portions of their systems
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designed to B31.8, for example fuel gas lines and facilities having the potential of
producing gas as a by-product.

1.2.2.3. API 1160

APl 1160, Managing System Integrity for Hazardous Liquid Pipelines, is a
recommended practice based on the Code of Federal Regulations, 195.452, Pipeline
Integrity Management in High Consequence Areas. Although APl 116 is a
recommended practice, the development of integrity management programs is
required under 49 CFR 195.452 of the U.S. federal pipeline safety regulations.

APl 1160 is specifically designed to provide the operator with a description of
industry-proven practices in pipeline integrity management. The guidance is largely
targeted to the line pipe along the right-of-way, but the process and approach can be
applied to pipeline facilities, including pipeline stations, terminals, and delivery
facilities associated with pipeline systems. Certain sections provide guidance
specific to pipeline stations, terminals, and delivery facilities. It outlines a process that
an operator of a pipeline system can use to assess risks and make decisions about
risks in operating a hazardous liquid pipeline in order to achieve a number of goals,
including reducing both the number and consequences of incidents.

Based on the requirements of APl 1160, Liquid Pipeline Operators are required to
develop Integrity Management Plans for their pipelines starting in 2001 to the present

The result has been an increased focus and resources to pipeline risk assessment,
data integration, understanding threats, preventive and mitigation programs

1.2.2.4. Producing Field Flow and Gathering Lines
The ASME Codes do not clearly define the extent of producing field flow and
gathering lines, and CFR regulations do not cover oil and gas gathering lines in rural
areas. Therefore, where practices have not already been established, it is suggested
that designs for field liquid pipelines follow Code B31.4, and, for gas pipelines, Code
B31.8.

49 CFR 192 and 195 apply within the limits of any incorporated or unincorporated
city, town, village, or other designated residential or commercial area. They require
compliance with ASME B31.4 and B31.8.

49 CFR 195.2 defines a liquid gathering line as a pipeline sized NPS 8 or smaller
from a production facility. 49 CFR 195.1(b)(6) excludes transportation through
onshore production facilities (including flow lines). 49 CFR 192.3 defines a gas
gathering line as a pipeline that transports gas from a current production facility to a
transmission line. Where a line handles liquid-gas two-phase flow, the more stringent
requirements of each code should be applied, and special consideration should be
given to the effects of slug flow along the system.
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1.2.2.5. Producing Field Facilities
For on-plot production facilities such as wellhead piping, separators, traps, tank
batteries and gas gathering compressors, most Operators use ASME Code B31.3,
Chemical Plant and Petroleum Refinery Piping.

1.2.2.6. Pipeline Stations and Terminals
Design and construction of piping at pump stations, compressor stations, and
terminals should comply with Code B31.4 or B31.8, as appropriate. Some Operators
use the more conservative Code B31.3 for piping design, however, due to the
increased cost of B31.3 over B31.4, this is purely a business decision whether to use
this practice.

Terminal facilities within a refinery are designed to Code B31.3, unless they are
confined to a separate and defined pipeline area adjacent to refinery facilities.

1.3. Design, Engineering, and Procurement
The key to successful engineering and design of pipeline systems is the use sound
engineering judgment. A few examples where special consideration should be given
are:
* Extraordinary service conditions such as earthquake, high wind, other unusual
dynamic loadings, or unusual superimposed dead loads
* Cold climates that may require special materials to avoid brittle fractures
* High H2S concentrations that may place restrictions on valve trim and weld
hardness
* Use of lighter wall pipe for low pressure systems
* Use of higher yield strength materials when economics dictate
* Variation in corrosion allowance or selection of material for handling of
corrosive/erosive material

Special studies are needed to make final selection of pipe and coating for the length of
the pipeline. The selection must meet Code B31.4 or B31.8 requirements, and will be
influenced by economics and timely availability of materials.

1.3.1. Pipeline Design
Some of the most critical portions of the overall pipeline or pipeline system system’s
useful life is developed during the design and engineering phase. It is at this phase
the pipeline system design life is determined by the Operator, which is commonly
forty (40) years.

The other key components that are designed that have the most direct bearing on
design and useful life are:

* Pipe Selection

* Coating Selection

* Design of the cathodic protection system
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1.3.1.1. Pipe Selection
Typically API 5L is used to provide a line size based on a preliminary choice of
pipe grade and coating, and wall thickness. Further studies are needed to make
final selection of pipe and coating for the length of the pipeline. Selection must
meet Code B31.4 or B31.8 requirements, and will be influenced by economics and
timely availability of materials.

Generally, economics will dictate use of the higher grades of line pipe, with
resultant thinner wall and lower tonnage; the effect of incremental cost per ton for
the higher grades is small compared to reduced tonnage of pipe.

Also, consideration must be given to providing sufficient wall thickness to resist
mechanical damage and structural flexing in handling during construction. If Grade
X70 and higher pipe is considered (or for sour service Grade X60 and higher),
material testing should be carried out prior to making a final decision.

1.3.1.2. Pipe Stress and Wall Thickness Calculations
The following sections of Code B31.4 Chapter Il (Design) are particularly important
for pipeline design:
* Part 1, Conditions and Criteria
— Section 401, Design Conditions
— Section 402, Design Criteria
* Part 2, Pressure Design of Piping Components
— Section 403, Criteria for Pressure Design of Piping Components
— Section 404, Pressure Design of Components

Allowable Pipe Stresses
Section 402.3.1(a) of Code B31.4 establishes the allowable stress value S for new
pipe as:

S=0.72xE x SMYS
where:

* 0.72 = Design factor based on nominal wall thickness. In setting this design
factor, the code committee gave due consideration to and made allowance
for the underthickness tolerance and maximum allowable depth of
imperfections provided for in the specifications approved by Code B31.4

* E = Weld joint factor per Section 402.4.3 and Table 402.4.3 of Code B31.4.
For pipe normally considered for new lines, E = 1.00

* SMYS = Specified minimum yield strength, psi

Although mill tests for particular runs of pipe may indicate actual minimum yield
strength values higher than the Specified Minimum Yield Strength (SMYS), in no
case where Code B31.4 refers to SMYS shall a higher value be used in
establishing the allowable stress value; (Section 402.3.1(g) of Code B31.4). Table
402.3.1(a) of Code B31.4 tabulates allowable stress values for pipe of various

Report 1502015-CREG-ICC-001 24 of 112 October 2015



Comision de Regulacion de Energia y Gas (CREG) Greg Lamberson

Expert Report:
Pipeline System Useful Life and Valuations; Contract 2015-190
Product 1

specifications, manufacturing methods, and grades, based on the above, for use
with piping systems within the scope of Code B31.4.

Sections 402.3.1(b),(c), and (d) of Code B31.4 cover allowable stresses for used
(reclaimed) pipe, pipe of unknown origin, and cold-worked pipe that has
subsequently been heated to 600°F or higher. Section 402.3.1(e) limits allowable
stress values in shear and bearing. Section 402.3.1(f) limits tensile and
compressive stress values for pipe and other steel materials when used in
structural supports and restraints.

Section 402.3.2 of Code B31.4 covers allowable stress values due to sustained
loads and thermal expansion for the following stresses:

* Internal pressure stresses. The calculated stresses due to internal pressure
shall not exceed the applicable allowable stress value S determined by
402.3.1 (a), (c), or (d) except as permitted by other subparagraphs of 402.3.

* External pressure stresses. Stresses due to external pressure shall be
considered safe when the wall thickness of the piping components meets the
requirements of 403 and 404.

* Allowable expansion stresses (as for heated oil lines). The allowable stress
values for the equivalent tensile stress in 419.6.4(b) for restrained lines shall
not exceed 90% SMYS of the of the pipe. The allowable stress range, SA, in
419.6.4(c) for unrestrained lines shall not exceed 72% of SMYS of the pipe.

* Additive longitudinal stresses. The sum of the longitudinal stresses due to
pressure, weight, and other sustained external loadings (see 419.6.4(c)) shall
not exceed 75% of the allowable stress value specified for SA under
allowable expansion stresses.”

* Additive circumferential stresses. The sum of the circumferential stresses
from both internal design pressure and external load in pipe installed without
casing under railroads and highways [see Code Section 434.13.4(c)] shall not
exceed the applicable allowable stress value S determined by Code Section
402.3.1(a), (b), (c), or (d).

Section 402.3.3 of Code B31.4 covers limits of calculated stresses due to
occasional loads in operation and test conditions.

1.3.1.3. Wall Thickness Calculations
Section 404.1.2 of Code B31.4 gives the basic pipe hoop stress formula relating
internal pressure, pipe wall thickness, pipe diameter and stress value:

P,D
25
or

2S5t

t =
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where:
* t = pressure design wall thickness, in.
* Pi=internal design gage pressure, psi
¢ D = nominal outside diameter, in.
* S = allowable stress value, psi, (per Section 402.3.1(a) of Code B31.4)

Per Section 404.1.1 of Code B31.4 the nominal wall thickness of straight sections
of steel line pipe shall be equal to or greater than the sum of the pressure design
wall thickness, and allowances for threading and grooving, corrosion, and prudent
protective measures:

th2t+A

where A = sum of allowances for:

* Threading and grooving (per Section 402.4.2 of Code B31.4) (zero for welded
line)

* Corrosion (per Section 402.4.1 of Code B31.4) (zero if the line is protected
against internal and external corrosion per Chapter VIl of Code B31.4). For
stocks where corrosion (or slurry erosion) is expected, a corrosion allowance
should be provided.

* Increase in wall thickness as a reasonable protective measure (under Section
402.1 of Code B31.4) to prevent damage from unusual external conditions at
river crossings, offshore and inland coastal water areas, bridges, areas of
heavy traffic, long self-supported spans, and unstable ground, or from
vibration, the weight of special attachments, or abnormal thermal conditions

The nominal wall thickness shall not be less than the minimum required by
prudence to resist damage and maintain roundness during handling and welding.
The appropriate minimum should be evaluated for the particular installation
conditions.

As a rough guide, the following is suggested:
* 0.188 inch wall for sizes up to and including NPS 12
* 0.219 inch wall for NPS 14 through 24
* A maximum D/tn ratio of 120 for pipe over NPS 24

These represent minimums for reasonable cross-country laying conditions.
Consideration must also be given to buckling of double-jointed lengths of pipe and
to fatigue stresses if extensive cyclical loading is possible during transport from the
mill to the job site. The latter problem is discussed in APl Recommended Practices
RP 5L1, Railroad Transportation of Line Pipe; RP 5L5, Marine Transportation of
Line Pipe; and RP 5L6, Transportation of Line Pipe on Inland Waterways.

1.3.2. Coating Selection
This section provides a brief overview of the recommended types of corrosion
protection coatings for buried pipelines.
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Fusion bonded epoxy (FBE) is, in general, the best coating for buried lines.
Extruded plastics (Pritec and Mapec are preferred because of their high quality
adhesive and plastic) are recommended when supply or economics rule out FBE.
Tape wraps and coal tar enamel, while needed for certain applications, are not
recommended for new pipeline construction.

When selecting a coating, installation costs must be balanced with the reliability
expected. Using a tape wrap instead of FBE may save money in the short-term,
but will increase the chances of long-term losses due to increased maintenance
and possible early corrosion failure of the line. Other concerns are shipping costs,
application site, chemical resistance, maximum service temperature, soil
conditions, accessibility to the line, and storage and handling.

Tape wraps are no longer recommended for new pipelines because their low cost
and the ease of over-the-ditch application are offset by a poor service history and
high failure rate. However, tapes are useful for repairing mechanically damaged
coatings, protecting large radius bends and tie-ins, and performing over-the-ditch
coating refurbishment when other coatings are not flexible enough or cannot be
field-applied.

Increasingly, liquid epoxies are being used to refurbish old coatings and for odd
geometries. These two-part liquids have chemical and temperature resistance
properties that are similar to FBE, and can be applied in the field. However, they
do require a sand-blast cleaned pipe surface and are relatively expensive.

No matter which coating is selected, surface preparation is critical. Poor or
improper surface preparation will cause any coating to fail prematurely.

Different coatings may be required to suit different terrain and soil conditions along
the line. There are often a number of acceptable coatings, and the type and
application method will depend primarily on the following:

* Ground corrosivity and effectiveness of cathodic protection

* Line temperature

* Cost of coating

In selecting coatings, attention should be given to factors such as:

» Data obtained from a field soils resistivity survey made early in the design
phase of the project

* Level of ground water table throughout the year

* For cohesive clay soil, data on pipe-to-soil friction

* In rock excavations, damage to the coating caused by the pipe hitting the
trench walls while being lowered, and by rocks in the backfill

* Potential damage to plant-applied coating in transit to job site

* For plant-applied coating:
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— Cost of plant application, and incremental shipping and handling costs
— Incremental field handling costs, and cost of repairs in the field
— Cost of field joint materials and application
— Availability, feasibility, and cost of setting up and operating a modular
coating plant near the job site
* For over-the-ditch coating:
— Cost of coating materials, and shipping and storage costs
— Construction costs for coating, including pipe cleaning
— Capability of a construction contractor to apply the coating satisfactorily
— Standard over-the-ditch coatings are far less reliable than plant-applied
systems, particularly at higher-than-ambient temperatures and under wet
conditions
* Use of additional coating thickness or higher quality coatings at highway,
road and railroad crossings, either cased or uncased, and in developed areas
* Service life anticipated for the pipeline
* Comparative quality of the coatings over the service life the pipeline
» Differential cost, if any, for the cathodic protection system

1.3.3. Cathodic Protection

Two basic types of cathodic protection systems are used for onshore pipelines,
active impressed current systems and passive sacrificial anode systems. Based
upon the surveyed soil properties an active impressed current system is designed
for the entire pipeline system. An impressed current system utilizing remote, deep
well, anodes can be designed to give final protection potentials within the required
ranges, and is more easily adaptable to seasonal and system changes, and often
be more cost effective both on a capital and expense basis.

1.3.3.1. Sacrificial Anode System
Cathodic protection using galvanic anodes is more appropriate for small diameter
pipelines and large diameter pipelines in low resistivity areas like water, swamps or
marshes. These are also often recommended for use in localized (hot spot) areas
to supplement ICCP systems.

Common sacrificial galvanic anode materials are aluminum, magnesium and zinc.
However, for buried onshore pipelines zinc and magnesium anode in suitable
backfill are used. Both of these anode materials have limitations in terms of
maximum soil resistivity (Zn 30 ohm-m and Mg 50 ohm-m). This limits the throwing
power of the galvanic anodes for successful corrosion protection of the steel
pipeline. In order to achieve uniform protection for the crude oil pipeline, the total
calculated anode mass has to be attached to the pipeline as a large number of
anodes. This means that the pipe coating is required to be locally removed to
enable thermit welding of anode connections to the pipeline.

1.3.3.2. Limitations of Galvanic Anode System
Sacrificial anode system capacity is fixed at installation. Any failures of cable
connections will require excavations, local removal of pipe coating, installation of
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connection by thermit welding or pin-brazing etc. The process of mobilizing repair
crew for work on long buried pipelines in remote locations and obtaining work
permits from concerned authorities can present logistical problems.

1.3.3.3. Impressed Current System

Cathodic protection using impressed current system requires the provision of
constant supply of d.c. voltage conventionally through a transformer/rectifier unit
connected to an a.c. power supply. The negative is connected to the pipeline and
positive of the d.c. supply is connected to non-corrodible anodes buried in a
suitable low resistivity ground bed. Deep well anode beds installed 65 to 100m
deep have been successfully used for corrosion protection of long buried cross
country pipelines.

1.3.3.4. Advantages of ICCP System

1.3.4.

ICCP system output can be adjusted to take care of any increase in protection
current requirements arising due to coating defects that may occur during service.
The protection current can be supplied to the pipeline over long distances. The
ICCP systems are quite robust and require minimal maintenance.

Route Selection
The route selection is a critical part of the pipeline system design and can avoid
many problems that can lead to additional capital costs as well as additional
operating costs and can greatly impact the ultimate useful life of the pipeline
system. A route study is often performed with the objectives being:

* Confirm the specific corridor route for the pipeline

* Identify and avoid obstacles along the pipeline route

e Examine the effect of construction techniques on the pipeline route

* Define required Construction and Operational ROWs

* Define a required Operational Safety Corridor width

Socio-Economic a. Minimize Impact of Resettlement /Relocation

b. Minimize Impact to Cultural Sites

c. Minimize Impact to Long Term Agricultural
Activities

d. Minimize Impact to Long Term Fishing Activities
e. Ease Land Acquisition, Right-of-Way

f. Likelihood of Intervention by NGOs

g. Enhancement of Infrastructure

h. Susceptibility to Future Encroachment on Right of
Way

i. Negative Impact on Current Industrial Activities
j- Ease of Decommissioning
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Environmental

a. Long Term Disturbance of Natural Habitats &
Wildlife

b. Adverse Consequences of Constructional Footprint
and Site Access

c. Adverse Consequences of Operation

d. Adverse Consequences of Hydrocarbon release on
the Environment

e. Potential to Promote Adverse Development of
Pristine Areas

Health & Safety

a. Negative Impact of Hydrocarbon Release on Health
b. Negative Impact of Hydrocarbon Release on Safety
c. Risks to People from Construction Activities

d. Risks to People Due to Operation of the Pipeline
System

CAPEX / Construction

a. Cost of Facilities
b. Identification of risk areas
c. Avoidance of risk areas

Operability, OPEX

a. Site Accessibility

b. Use of Existing Infrastructure to Support
Operations

c. Ease of Pipeline Operations

d. Ease of Pipeline Maintenance

Reliability a. Minimize the Risk of Downtime
b. Susceptibility to Accidental Damage

Schedule a. Minimize the overall schedule of the project
b. Risk of Schedule Delays

Security a. Susceptibility to Terrorism or Insurrection
b. Susceptibility to Vandalism

c. Susceptibility to lllegal Off takes

1.3.5. Line Pipe Shipping

It is imperative that the purchase order requirements for line pipe that is shipped by
rail or ship mandate that APl 5L be followed. API 5L decrees that based on the
pipe diameter and wall thickness, certain shipping precautions are undertaken,

especially regarding:

* Maximum height to stack the pipe during shipping
* Amount of dunnage or cribbing used to support the pipe
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Following the requirements of APl 5L per Section 3 greatly reduces the risk of
cyclic loading and pipe fatigue which could shorten the pipeline’s overall useful life.

The following is an example calculation for pipe shipping per API 5L Section 3:

In accordance with 3.2. of Section 3, API RP 5L1 static load stress is calculated using the following formula:

0s=02 /> (nL)D (2Dt)

Where:

n — stacking load factor, which is the number of rows in the pipe load, whether provided with separator strips or nested.
L — maximum length of individual pipe

B — effective number of bearing strips

D — OD of pipe in inches

t — wall thickness in inches

Is calculation for railroad No
car loading?
Calculations:

n= 10 (number of rows to stack pipe)

L= 40

B= 3

D= 24.00

t= 1.160

UTS = 60,000
os= 6,315 (if cyclic loading, i.e. rail car, then use 1.5 multiplier)

Cyclical os = 9,473

BOTTOM LAYER 5 POINT SUPPORT
Max static load = 30% of UTS

Maximum static load = 18,000
# of Rows to Stack Okay Yes

Height of stacked pipe*: 19 feet

Bending stress 0.9382137

Moment of Inertia 0.1300747

Pipe wt per ft 282.96019

Pipe radius 1.000
1.4. Construction

In the USA, regulations for hazardous liquid pipelines are covered in Title 49, Code of
Federal Regulations, Part 195 (49 CFR 195), Transportation of Hazardous Liquids by
Pipeline. Section 195.2 defines a hazardous liquid as petroleum, petroleum products, or
anhydrous ammonia. Section 195.1(b) excludes onshore gathering lines in rural areas
and onshore production facilities and flow lines.

Per the requirements set forth in the Terms of Reference (TOR), the Author was asked
to assess specific Variables identified by CREG and determine the cost impacts each
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would have on gas pipeline construction costs. The base cost for which the Variables
will developed is a 50 kilometer, 4.500” x 0.083” wt, X-65 constructed in good conditions.

This Section will describe the various Variables requested by CREG to be specifically
assessed and provide some information on each in order to assist CREG when
evaluating the impacts of each Variable or variation thereof. In some cases, the Variable
variations may be represented as having no impact. The reason being that a 40 year
design life is based on a basic Design Basis and many of these variables would be
considered as core variable decisions that would validate the 40 year design life;
consequently it is not that they have no bearing on the useful life, in fact they are integral
to achieving it.

1.4.1. Pipe Bending
Changes in direction and elevation of the ditch require bending of the pipe to fit the
contour. Side bends will be laid in a horizontal plane; over bends and sag bends in
the vertical; and combination bends in three dimensions. Normally bends can be of
sufficiently long radius so that they are bent in the field. Tight bends need to be
made in a shop equipped for induction-bending and then shipped to the field.

Care must be taken during field bending to prevent wrinkling of the pipe wall,
flattening or buckling of the pipe, and damage to the coating. Bends should be
checked to see that they are within tolerances for ovality. Pipe bends that exceed
tolerance for reduction in diameter may obstruct the passage of scrapers during
testing. Also, a flat spot in the pipe is a point of weakness.

Small-diameter pipe, generally NPS 12 or less, can be bent satisfactorily using a
bending shoe attached at the bottom of the boom on a sideboom tractor. The
angle of bend is visually judged by the bending crew.

Bending of larger-diameter pipe is accomplished by horizontal or vertical bending
machines powered hydraulically or by cable systems. The angle of bend can be
closely controlled with the machine. Ditch angles are usually measured by the
bending crew with hand survey instruments in advance of the actual bending
operation.

1.4.2. Welding and NDT
The most common method for welding pipelines in the field is the shielded metal
arc welding (SMAW) process, using cellulosic (EXX10) electrodes. The direction of
welding is normally downhill. Electrodes are selected to meet the mechanical
properties (tensile strength and toughness) of the pipe and for welding
characteristics needed to obtain sound welds.

Both welding procedures and welders are required to be qualified by the code
covering the pipeline system. The codes require direct Company involvement in
the qualifications of both procedures and welders. For welding procedures, this
can be accomplished by either actually witnessing all qualifications or providing
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Company qualified welding procedures. All welder qualifications should preferably
be witnessed by the Company. Records must be kept of each qualified welding
procedure being used and all welder qualification tests.

1.4.2.1. Regulations and Codes
The national regulations and codes that have requirements concerning pipeline
welding are:
* 49 CFR 192 Transportation of Natural and Other Gas by Pipeline
* 49 CFR 195 Transportation of Hazardous Liquids by Pipeline
* ANSI/ASME B31.4 Liquid Transportation Systems for Hydrocarbons, Liquid
* Petroleum Gas, Anhydrous Ammonia, and Alcohols
* ANSI/ASME B31.8 Gas Transmission and Distribution Piping Systems
* API Standard 1104 Standard for Welding Pipelines and Related Facilities
* API RP 1107 Recommended Pipe Line Maintenance Welding Practices
* ASME Section IX Welding and Brazing Qualifications

Both ASME B31.4 and B31.8 permit qualification of procedures and welders to
either API1 1104 or ASME Section IX. Generally, API 1104 is the more appropriate
code for pipeline welding and is the reference for discussion of welding procedure
and welder performance qualifications in the sections that follow.

1.4.2.2. Welding Procedure Qualifications
Welding procedures are composed of two parts: the procedure specification and
the procedure qualification. The procedure specification form is shown in Exhibit A
of API STD 1104 and the information to be filled in ranges from process to speed
of travel.

The procedure qualification form shown in Exhibit B of APl STD 1104 documents
the mechanical properties (such as strength, ductility, and hardness) of the welding
procedure established in the welding procedure specification. Mechanical
properties are determined by destructive testing of a test weld. After the welding
procedure is qualified, changes to the procedure specification may be made
providing they are not changes to the essential variables. Any changes to the
essential variables require requalification of the welding procedures and revision of
the welding procedure specification. The essential variables that have to be
considered for the SMAW process are:

* Yield strength range of the pipe group

* Major change in joint design

* Welding position

* Wall thickness group

* Filler metal group

* Time lapse between root and hot pass

* Direction of welding

* Travel speed
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There are additional essential variables for automatic welding, and APl STD 1104
Section 9.0 should be consulted for these.

1.4.2.3. Welding Procedure Specification
The following is a discussion of the individual entries on the APl STD 1104
procedure specification form.

Process (Essential Variable). Each process is identified by name and as manual,
semiautomatic, or automatic. The most common process is shielded metal arc
welding (SMAW), which is a manual process. Other processes are also
recognized by APl STD 1104. These are:

* Gas metal arc welding (GMAW)

* Gas tungsten arc welding (GTAW)

* Flux cored arc welding (FCAW)

* Submerged arc welding (SAW)

SAW is often used for double jointing of pipe where productivity gains can be
achieved through automation. The other welding processes (GMAW, GTAW, and
FCAW) can be used either semiautomatically or automatically depending upon the
application.

1.4.2.4. Weld Inspection
This section discusses the requirements and procedures for inspection of pipeline
girth welds. Normally, the Company’s arrangements for pipeline welding inspection
are independent of the pipeline contractor’s organization. The contracts for welding
inspection and nondestructive examination (radiography) are based on applicable
codes, regulations, and Company requirements. However, the Company’s quality
assurance responsibilities must be carefully coordinated with the pipeline
contractor to avoid lessening his sense of responsibility for the quality of the
pipeline welding. The Company’s responsibilities include:
* Preparation of clearly written specifications for the inspection and
nondestructive examination (NDE) of the pipeline welds
* Providing qualified welding inspectors
* Assuring that welding procedures and welders are properly qualified
* Documenting or assuring documentation of all inspection results and
providing quality control feedback to the pipeline contractor
* Spot visual examination of pipeline fit-up before welding, the welding in
progress, and the completed welds
* Providing radiographic inspection through an inspection organization whose
personnel are qualified to the American Society of Nondestructive Testing
(ASNT) Recommended Practice No. SNT-TC-1A
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1.4.2.5. Qualification of Welding Inspectors
APl STD 1104 requires that welding inspectors be qualified on the basis of
experience and training but does not provide specific requirements. The
Company, then, has to establish its own requirements.

While welding experience is still important, a highly recommended alternative is
Certification renewal is required every three years, and includes an eye
examination, maintenance of welding experience, and payment of a fee. In
addition, AWS requires reexamination every nine years.

APl STD 1104 requires that the documentation of a welding inspector’s
qualifications include at least the following:

* Education and experience

* Training

* Results of any qualification examinations

1.4.2.6. Qualification of NDE Personnel

ASNT Recommended Practice SNT-TC-1A, for certification of personnel, assigns
three levels of proficiency in various NDE methods (radiography, liquid penetrant,
magnetic particle, etc.) based on training and experience. The levels are
categorized as |, Il, and Il in ascending order of qualification. Contract inspection
companies performing radiography are required to have their personnel certified to
SNT-TC-1A. Welding inspectors who grade and interpret radiographs are also
required to be certified to Level Il or Ill.

1.4.2.7. Radiographic Inspection

After individual welds are completed and cooled, field radiographic inspection is
done, following the inspection specifications. One, or more often two
radiographers perform this work, using a radioactive source or a portable X-ray unit
and a darkroom mounted on a heavy-duty pickup truck. Review and interpretation
of radiographs of the day’s welding progress should be completed by the end of
that same day and be available to the Company welding inspector periodically
during the day.

The use and frequency of radiographic inspection is established by the Company.
Radiography is performed to the acceptability standards in Section 6.0 of APl STD
1104.

1.4.2.8. Radiographic Procedure
Before any radiography can be performed on a pipeline, a detailed procedure for
the production of radiographs must be prepared, recorded, and demonstrated by
the radiographic contractor to produce acceptable radiographs, in accordance with
Section 8.0 of API STD 1104. APl STD 1104 requires demonstration on test shots
that the radiographic procedure produces acceptable radiographs. A written
procedure is required that includes at least the following:
* Radiation source.
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* Intensifying screens.

*  Film.

* Exposure Geometry.

* Exposure Conditions.

* Processing. The radiographic procedure should specify:
* Automatic or manual processing
* Time and temperature of solutions for development, stop bath (or

rinse), fixation, and washing

* Drying method

* Materials.

* Penetrameters.

1.4.2.9. Ultrasonic Testing
Ultrasonic testing is typically used when the automatic welding process is utilized.
In ultrasonic testing, an ultrasound transducer connected to a diagnostic machine
is passed over the object being inspected. The transducer is typically separated
from the test object by a couplant (such as oil) or by water, as in immersion testing.
However, when ultrasonic testing is conducted with an Electromagnetic Acoustic
Transducer (EMAT) the use of couplant is not required.

There are two methods of receiving the ultrasound waveform:
* Reflection and
* Attenuation.

In reflection (or pulse-echo) mode, the transducer performs both the sending and
the receiving of the pulsed waves as the "sound" is reflected back to the device.
Reflected ultrasound comes from an interface, such as the back wall of the object
or from an imperfection within the object. The diagnostic machine displays these
results in the form of a signal with an amplitude representing the intensity of the
reflection and the distance, representing the arrival time of the reflection.

In attenuation (or through-transmission) mode, a transmitter sends ultrasound
through one surface, and a separate receiver detects the amount that has reached
it on another surface after traveling through the medium. Imperfections or other
conditions in the space between the transmitter and receiver reduce the amount of
sound transmitted, thus revealing their presence. Using the couplant increases the
efficiency of the process by reducing the losses in the ultrasonic wave energy due
to separation between the surfaces.

1.4.3. Joint Coating
1.4.3.1. Holiday Detection for All Coatings
Inspection for holidays should be in accordance with NACE RP-0274-74. The
coated pipeline should be 100% inspected with a pulse-type DC holiday detector
employing an audible signalling device. Inspection is performed immediately prior
to burial, i.e., after the last lowering-in side-boom. The electrode used for locating
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holidays must be in direct contact with the coating (with no visible gaps) and
provide complete coverage of the whole coated surface. All holidays should be
repaired and the repairs should all be checked with a holiday detector to verify that
they are adequate. This final inspection procedure should be monitored by a
Company Inspector.

The holiday detector requires an electrical ground. In most cases, this is a flexible
bare wire approximately 30 feet long which is attached to the detector and trailed
along the ground. Wet or damp ground is best. Dry ground may not complete the
circuit; in this case attach the wire to a sideboom tractor. The travel rate of the
detector’s electrode should not exceed 1 ft/sec nor should it remain stationary
while the power is on.

The calibration of the holiday detector should be checked at least twice per 8-hour
shift against a calibrated voltmeter and adjusted as necessary. The functional
operation of the holiday detector may be checked in the field by making a small
artificial holiday in the coating (not more than 1/8 inch in diameter.) If the detector
is working properly, it will reliably signal the presence of the artificial holiday.

Holidays should be clearly marked immediately upon discovery. The Inspector
should certify that the defective areas have been repaired prior to burial. The
Inspector usually keeps a daily record of the number of coating repairs per joint.

1.4.3.2. Field Inspection of FBE Coated Field Joints
The inspector should check the following details for FBE field joints. If a joint
coating fails any of these tests, test adjacent (in both directions) girth weld coatings
until acceptable coatings are found. All defective coatings should be completely
removed and the areas recoated. At least one of the repaired areas should be
reinspected and the subsequent inspection frequency should be as given below.

Thickness. Check the thickness on each coated weld joint using an approved,
calibrated magnetic dry film thickness gage (e.g., Microtest, Elcometer or
equivalent). The instrument should be zeroed before use with calibrated insulating
shims of a thickness comparable to the coating film thickness to be measured. A
minimum number of six readings should be taken on each field joint coating to
verify compliance with the thickness requirement above. The readings should
include the weld seam.

Cure. On the first five joints of the job and twice each day thereafter, the quality of
cure should be checked by maintaining a MEK-soaked pad in contact with the
coating surface for 1 minute and then rubbing vigorously for 15 seconds. There
should be no softening of the coating or substantial color removal from the coating.

Holiday Detection. Perform detection in conjunction with the regular holiday
detection for the coating, before lowering into the ditch.
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Destructive Testing. Using a sharp knife with a narrow flexible blade, make two,
approximately 1/2-inch long incisions through to the metal substrate to form an X.
Starting at the intersection of the X, attempt to force the coating from the steel
substrate with the knife point. Refusal of the coating to peel constitutes a pass.
Partial or complete adhesion failure between the coating and the metal substrate
constitutes a failure. Cohesive failure caused by voids in the coating leaving a
honeycomb structure on the specimen surface also constitutes failure.

Perform this test once every hour. When five consecutive tests are successful, the
frequency should be reduced to once every 2 hours.

1.4.3.3. Field Inspection of Heat Shrink Sleeves
The following inspection methods and acceptance criteria are applicable to all
heatshrink sleeve applications. Additional inspection requirements (if any) for
specific types of sleeves should be given in the sleeve manufacturers
recommended installation procedure.

Nondestructive Inspection. The shrunk-on sleeves should exhibit the following
characteristics:
* Both ends of the sleeves must be bonded around the entire circumference
* The sleeve should be smooth. There should not be any dimples, bubbles,
punctures, burnholes, or any other signs of holidays in the coating or of
entrapment of foreign matter in the underlying adhesive
* For wrap-around sleeves, the total slippage of the closure patch during
application should not exceed 1/2 inch
* The sleeve should overlap the adjacent mill coating by at least 2 inches on
each side

Holiday Detection. Perform detection in conjunction with the regular holiday
detection for the coating, before lowering into the ditch.

Destructive Inspection. Perform window testing on one sleeve of every 50
installed or twice per shift, whichever is the greater. On each sleeve tested, cut at
least one window in each of the overlap area, across the field girth weld, and in the
body of the sleeve. There should be no evidence of either voids extending to bare
metal (or mill coating) or areas of no adhesion. The girth weld should be
completely covered by adhesive.

Sleeve application is acceptable if both of the following requirements are met:
* The maximum dimension of any of these defects does not exceed 2 inches
* Atleast 95% of the adhesive layer is free of voids and/or lack of adhesion

If the sleeve does not meet the acceptance criteria above, the adjacent sleeves in
both directions should be destructively tested until acceptable installations are
found.
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1.4.4. Lower-In and Backfill
The pipeline should be lowered into the trench closely after the field joints are
complete, using two or more sideboom tractors, by lifting and guiding the pipe into
the ditch with roller cradles. Final "jeeping" of the line is done as it is lowered in,
and any repairs to coating defects should be made immediately. As mentioned
above Section 1.4.3.3, for lines coated over the ditch lowering-in is done in
conjunction with the coating operation.

In rocky areas, care must be taken in lowering-in that scraping against the sides of
the trench does not damage the pipe coating.

1.4.4.1. Backfilling
Backfilling the line should follow closely behind lowering-in and be complete within
a few hundred feet of the lowering-in operation at the end of each day, because
thermal expansion and contraction of the exposed pipe may cause coating damage
where the pipe lies on hard, uneven trench bottom. Tie-in and weld repair
locations, cathodic protection test station locations, and block valve and scraper
trap sites are backfilled as those items of work are completed.

With rock-free soil, backfilling is effectively accomplished by angle bulldozers or by
special tractor-mounted backfiller attachments. Backfill soil should be placed so it
rolls down the sloping face of the backfill, and is not dropped directly onto the pipe.
Backfill material should be mounded up over the ditch to allow for settlement.

The amount of berm (crown or roach) required depends on size of the ditch and
soil conditions, and should be determined locally. If the right-of-way or permit
agreement requires that excavated topsoil be placed as the top portion of backfill,
backfilling must be done accordingly.

Where rocky soil is not suitable for backfilling, suitable "shading" material should
be placed a minimum of 6 inches around and over the pipe. As with padding,
shading dirt or sand will need to be brought in from another source. Shading
needs to be done with care so that rocks from the sides or edges of the trench do
not become loosened and fall onto the pipe. As with backfilling, sufficient shading
should be done on the same day as lowering-in to prevent damage to the coating
by thermal movements or by rocks falling from the sides of the ditch. Once the line
is satisfactorily shaded, backfilling with excavated rocky spoil can proceed, but the
next 12 inches of backfill should be graded so there is no rock over three inches in
diameter.

In rocky terrain, if no source of suitable padding and shading material is available
within reasonable distance, "rockshield" wrapping around the pipe to protect the
coating is suggested. Various types are available; the "rockshield" should be
perforated or a mesh, so as not to shield cathodic protection currents from the

pipe.
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1.4.5.

On steep slopes where backfill is likely to wash out in heavy rains, trench plugs—
sandbag "breakers" or urethane-foam plugs—should be placed at intervals around
and over the pipe to fill the trench to control surface runoff and limit the length of
backfill that would be washed out by erosion.

Hydrostatic Testing
Completion testing of a pipeline after construction normally involves:
* A scraper run of a series of pigs propelled by water
* Hydrostatic pressure testing of the line with water
* Dewatering and/or drying
* Baseline intelligent pig run

1.4.5.1. Procedure

Along with the source of water, the most important concern in developing a
procedure for testing a long cross-country pipeline is the test pressures for different
sections of the line. These depend on design operating pressures, maximum
allowable pipe pressures for various wall thicknesses, and ground elevations.

A procedure may be incorporated in the construction specification, but is more
often developed by the Company field organization in coordination with the
construction contractor. The procedure needs to be carefully thought through to
achieve an efficient and safe testing program.

1.4.5.2. Preliminary Testing

Preliminary testing of pipe strings before installation is recommended for sections
of line that may not be accessible later, such as major river crossings. Similarly, it
may be prudent to test short sections of line immediately after installation in cases
where later pipe or weld replacement would be difficult (and much more costly)
after the installation crew and equipment have left the site; for instance, at major
highway and main line railroad crossings, main irrigation canal crossings, etc.

1.4.5.3. Records

Clear and accurate records should be kept of all testing procedures and data. This
is required for lines under most governmental jurisdiction and by all ASME Codes.

1.4.5.4. Completion Scraper Run

The pigs run for the completion test serve to:

* Displace air in the line with water. A line “packed” with water, without air
pockets, is needed for reliable hydrotesting.

* Push construction debris ahead of them out of the line. The pigs will partially
clean mill scale, weld spatter, and dirt from the line, as well as larger trash,
rocks, etc., that were not removed by spread crews.

* Check the internal cross-section of the line. A pig equipped with a gaging
plate will confirm that the line does not have dents, buckles or excessive
ovalling at bends. If any such are present, the pig will either be stopped by
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the deformed pipe, or will arrive at the incoming scraper trap with a severely
bent gaging plate.

1.4.5.5. Gaging Plates
The gaging plate diameter should be 93% of the minimum nominal internal
diameter of pipe in the particular section of line being tested. The plate should be
accurately machined, and the diameter, measured by micrometer calipers, should
be stamped on the plate. Three-eighths inch minimum thickness is suggested for a
steel plate (one-half inch if aluminum), so that it is not likely to be deformed by a
restricted pipe cross-section. The leading edge of the plate should be chamfered.

For large-diameter lines a steel reinforcing plate slightly smaller than the gaging
plate may be advisable.

If after running through the line, the gaging plate is deformed, nicked, or gouged,
possible causes should be reviewed and judgment made on accepting the line as
satisfactory. A gaging plate may catch on weld “icicles,” small pebbles, or other
acceptable irregularities at line appurtenances, as well as unacceptable deformed
pipe.

1.4.5.6. Completion Hydrotesting
After displacing the air and filling the line with water during the completion scraper
run, hydrostatic testing of the line (or section) can proceed. This involves pumping
with suitable pressuring pumps to raise line pressure to a specified test pressure,
blocking the line in to hold pressure, and observing line pressure for a period of
time to determine if the line is tight.

1.4.5.7. Code Requirements

Section 437.4 of ANSI/ASME Code B31.4 covers hydrotesting of liquid lines, and
requires proof testing of every point in the system to not less than 1.25 times the
internal design pressure at that point for not less than 4 hours, followed by a
reduced pressure of not less than 1.1 times the internal design pressure for not
less than 4 hours. In other words, where lines are designed for maximum design
pressures stressing the pipe to 72% of specified minimum yield strength (SMYS),
the test pressure produces stresses of 90% of SMYS. APl RP 1110,
Recommended Practice for Pressure Testing of Liquid Petroleum Pipelines, gives
guidelines for hydrotesting procedures and equipment, and a test record and
certification form.

Section 841.3 of ANSI/ASME Code B31.8 covers testing of gas lines, and requires
testing for at least 2 hours to the pressures tabulated in Code B31.8 Table 841.322
(e). Depending on the Location Class the test pressure ranges from 79% to 56% of
SMYS if the maximum design pressure is based on design factors 0.72 to 0.40.
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1.4.5.8. Test Procedure and Program
A detailed procedure for completion testing should be prepared. This procedure
should be carefully reviewed and agreed to by Company field personnel and
contractor supervisory personnel involved in the testing. The procedure should
include the following elements:

A ground profile for the section of line to be tested, with a diagram showing
locations of scraper traps, block valves and check valves, pressure
instruments, and temperature instruments

A diagram of the pumping and metering system for the scraper run and line
fill, from water source to the pipeline connection, including pressure-
measuring instruments, and a list of equipment data. If filtering or treatment
of the water is needed, the diagram should include this equipment

A list of pigs to be run, gage plate diameter, and volumes of water to be
pumped ahead of and between pigs

A list of detection devices for following and locating pigs

A diagram for the pressure test pump system, from water source to the
connection to the pipeline, including equipment for measuring volume of
water pumped into the line, pressure-measuring instruments, provision for
overpressure relief, and a list of equipment data

Maximum and minimum test pressures at the pump and the primary
pressure instrumentation

Calculated test pressures at other locations along the line

Minimum period for holding the line at test pressure

Calculation methods for analyzing effects of water temperature change, air
volume in the line, and water compression

Identification of connections and appurtenances on the line that must be
blinded, plugged or disconnected. Mainline valves may be equipped with
body relief valves that must be plugged or removed. Hydrotest pressure
should not be applied to a closed valve if the pressure differential across the
valve exceeds the valve test shutoff pressure

Precautions and measures required if ambient or night chill temperature is
below freezing

Procedures required if daytime temperature and solar radiation effects on
exposed pipe or test equipment are likely to cause pressures to increase
above the maximum

Safety precautions

Communications units for Company and contractor

Test personnel organizations for Company and contractor

Notification of government agencies, where test witnessing is required

List of agencies to be notified in event of a water spill resulting from a line
rupture

Arrangement for aerial inspection service in event of line rupture or leak

The overall testing program should be described in outline form, with a
tentative schedule for the scraper run and pressure testing. This should
indicate personnel duties and work schedule for testing crews. Testing
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usually is done on a 24-hourper- day basis, possibly with a short interval
between line fill and pressure testing. A definite hour-by-hour schedule for
the program cannot be set, since the rate of pig travel and times to build up
to pressure test and hold at test pressure can only be estimated. Allowances
must be considered for maintenance of test equipment and possible pipe
leaks and repairs.

1.4.6. Water Crossings and Marsh Lands
Pipeline waterbody crossing techniques can generally be divided into four main
categories:

(a) Wet Crossings, which typically involve construction activities that are in direct
contact with the live waterbody.

(b) Dry Crossings, which involve the use of measures to isolate trench
excavation and pipe placement activities from the live waterbody or open
water.

(c) Non-Buried Crossings, which involve attaching the pipeline to a structure to
suspend the pipe across the watercourses or involve the laying of the
weighted pipeline on the bottom of the watercourse.

(d) Trenchless Crossings, which involve the drilling or tunneling of the pipeline
under the waterbody with the most common form being directional drilling.
Detailed information regarding the horizontal directional drilling technique can
be found in the following two publications: (1) Installations of Pipelines by
Horizontal Directional Drilling (1995); and, (2) Drilling Fluids in Pipeline
Installations by Horizontal Directional Drilling (1994).

The selection of the method and the equipment to be used is dependent upon a number
of variables. The following sections describe each of the methods; as well, the
advantages and disadvantages are identified from both the construction and
environmental standpoints. The appropriate uses for each technique are outlined. The
objective in selecting a crossing technique is to choose the most environmentally
appropriate and cost effective method. Impacts to water quality and habitat are to be
minimized by:

* Use of the appropriate crossing technique.

* Timing construction to avoid environmentally sensitive periods.

* Completing the crossing in the shortest possible time frame.

* Implementing erosion and sediment control measures.

* Stabilizing and restoring the site as quickly as possible.

The two types of waster body crossings quantified in this Report are Wet Crossings and
Trenchless Crossings, in this case Horizontal Directional Drilling (HDD).

Wet Crossings
For saturated wetlands, the ditch should be excavated using tracked excavators working

off of swamp mats, board roads, timber riprap, or similar devices. Excavated spoil
should be stockpiled on the non-working side of the ROW.
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Pipe will contain buoyancy control by either means of continuous concrete weight
coating or set-on type weights.

The extent of disturbance will be restricted to that which is required for the excavation of
the ditch. Traffic through the wetland is normally restricted to only those
equipment/vehicles necessary to install the pipe, to the extent practical.

Flooded wetlands often have to be excavated using either tracked excavators or
draglines working off barges or similar devices, or using marsh equipment excavators.
Spoil is generally piled adjacent to the pipe ditch and then backfilled with the same type
of equipment.

HDD

Installation of a pipeline by horizontal directional drilling (HDD) is a two-stage process.
The first stage consists of drilling a small diameter pilot hole along a designed directional
path. The second stage involves enlarging this pilot hole to a diameter that will
accommodate the pipeline, and then pulling the pipeline back into the enlarged hole.
The following diagrams explain the general process:

Drilling of the pilot pass along the planned trajectory

Installation of the pipe
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Regardless of the techniques selected for the crossing, there will be a considerable
increase in environmental oversight & mitigation measures required.

Aerial Crossings

Installation of a pipeline by aerial crossing means the pipeline will be suspended over an
obstacle. The pipe will be installed above ground and will be supported at a minimum at
each end and often will have interim supports depending on the size of the pipe and the
length of the crossing.

1.4.7. Seismic Crossings
Seismic crossings have significant design and material requirements due to the high
degree of risk imposed. Material and design costs were not included in this cost variable
exercise as only construction costs were to be included.

Below is a general discussion of the types and reasons for impacts in construction costs
that seismic conditions may have on construction costs.

(a) Pipeline Burial Depths at Fault Crossings
Pipelines crossings at faults are typically trenched and buried. Burial depths
should be calculated, but are not normally extreme.

(b) Trench Configurations at Fault Crossings
Two trench configurations are normally utilized at fault crossings: a 'trapezoidal
trench' configuration at the center of the fault crossing; and a 'sand padded
trench' configuration at each side of the fault crossing.

Trench configurations are part of the seismic study and typically one may
substitute the 'trapezoidal trench' in place of the 'sand padded' trench
configuration resulting in only one fault crossing trench configuration; but it is not
advisable to substitute 'sand padded' in place of ‘trapezoidal' trench
configuration.

The minimum length of trapezoidal trench, centered at the fault location, is
calculated and may run from 150m to upwards of 1,000m each side from the
centerline of the fault.
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(c) Trapezoidal Trench Configuration
The trapezoidal trench cross section typically has sidewall slopes less than 1:2
vertical to horizontal and a minimum trench bottom width of 2.75m. Trench
backfill material is to be select backfill.

A typical trapezoidal configuration is shown below:
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I

A
Y

Native Soil , R EOANM NI
: :
:

ciele

Select Granular
Backfill

2.75 m min.

(d) Sand Padded Trench Configuration
The sand padded trench is typically constructed as per the figure below.
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(e) Select Backfill Requirements
Select backfill is typically a loose granular material such as well-graded loose to
moderately dense sand, or equivalent, to provide a minimum internal angle of
friction of 35 degrees or less. 100% of the backfill material aggregate should be
less than 30mm diameter. Crushed rock is normally not allowed to be used.
Backfill is normally moderately compacted to a relative density of less than 66%.
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(f) Pipeline Wall Thickness at Fault Crossings
Seismic crossings typically require an engineering study that normally requires a
different strength of steel and wall thicknesses used over the entire length of
special fault crossing construction.

1.4.8. Extreme Terrain
Extreme terrain present numerous safety and construction challenges. Additional ROW
work is required to get the terrain into as suitable condition for construction as possible.
The sequential work itself is much slower through extreme terrain, increasing as the
terrain difficulties increase and may include utilizing winches and cables to allow
equipment to work on the slopes.

1.4.9. Connections
When making a tie-in to an existing pipeline where the pipeline will remain “in-
service” during the tie-in, a hot tap utilizing a stopple and a by-pass is typically
used. See Section 2.10.1 through 2.10.3 for a brief overview of the process.

Other connections considered as cost variables include:

1) Hot tap, stopple no by-pass. Same as described in Sections 2.10.1
through 2.10.3 with no by-pass installed. This method requires a full
shutdown of the pipeline system.

) Hot tap (see Figure 1 below from TD Williamson)

Cold cut. This method is simply the use of a cold cutting machine,
normally for smaller diameter it is used manually, for larger diameter (over
16”) normally a mechanized cold cutter is used. This method requires a full
shutdown of the pipeline system.

W N
~

Figure 1: Hot Tap Overview
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Tapping is the precise process of drilling products in 3 continuous flow: Shutting
a hole in an onstream piping system without down these essential systems, or even portions
spilling its coatents or interrupting its flow. of them, can be extremely costly and time con-
Ower the decades, TDW Services, Inc., has suming. When alterations or repairs are required
performed thousands of successful hot taps in live systems, TOW Services will bandle your
omshore and offshore and in nearly assignment from concept to completion,

every type of pipeline material.
Piping systems are designed to
move liquids, gases or other

whether the operation calls for commen
taps, side taps,angle taps, tank taps,
or custom designed applications.

Standard Vabve SANDWICH* alve Option \
used when tapping allows temporary
to install Imr Imes plugging operation

%

oFTIoN |c.

) 0 el )

A fitting is permanently A TDW tapping machine is The valve is chsed, and
secured to the line. installed on the fitting, and the the tapping machine is
valve is opened. After pilot dril removed A branch con
A peranent vabve is penetrates, the tapping machine nection is added, and the
instaled on the fiting. fills with product, and air is purged valve is opened. The new
from the housing. The tap is made connection is ready to put
through the ne and the coupon into service. This field-

is retained. proven TDW procechrs

. is quick and precise.
TDW Hot Tapping Procedure
1.4.10. Block Valves
A full port gate or ball valve should be used as a block valve for the tapping
machine.

1) The valve should be of adequate pressure rating for the intended
service and should be shop pressure tested (shell) and leak tested
(seat/closure) prior to the installation. The valve pressure/ temperature
rating should not be less than that of the existing piping system.

2) When the valve is to be left in place after completion of the hot tap, the
following should be suitable for the intended service, pressure, and
temperature:

a) Valve body
b) Trim
c) Packing materials

1.5. Operations and Maintenance

1.5.1. Pipeline Integrity Management Regulations and Standards
The Hazardous Liquids Integrity Management Program (IMP), outlined in 49 Code
of Federal Register (CFR) Part 195 and promulgated by the U.S. DOT-Pipeline and
Hazardous Materials Safety Administration (PHMSA)-Office of Pipeline Safety
(OPS), establishes rules for pipeline integrity management in high consequence
areas for hazardous liquid pipeline operators. These rules specify regulations to
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assess, evaluate, repair and validate, through comprehensive analysis, the
integrity of hazardous liquid pipeline segments that, in the event of a leak or failure,
could affect populated areas, unusually sensitive areas (drinking water or
ecological resources) and commercially navigable waterways. Additional
information regarding ILI requirements and standards can be found in:

Managing System Integrity for Hazardous Liquid Pipelines, American
Petroleum Institute (API) Standard 1160;

In-line Inspection Systems Qualification Standard, First Edition, API Standard
1163;

Standards of Pressure Piping, American Society of Mechanical Engineers
(ASME) Publication B31;

In-Line Nondestructive Inspection of Pipelines, National Association of
Corrosion Engineers (NACE) TR 35100, ltem No. 24211;

Recommended Practice: In-Line Inspection of Pipelines, NACE Standard
RP0102-2002, Item No. 21094

The Author has sought to highlight the areas of integrity management in the
following Sections that most impact the useful life of pipeline systems.

1.5.2. Spill Contingency Plan
Governmental regulations and permit conditions require preparation of written plans
and procedures for dealing with accidental spills from liquid pipelines. A
comprehensive spill contingency plan must be included with the pipeline operating
and maintenance procedures. The contingency plan and procedures should comply
with 33 CFR 153, Navigable Waters, and 40 CFR 112, Protection of the Environment.

A spill contingency plan needs to consider a wide variety of factors:

Geographical elements—topography, surface conditions, soil type, drainage
pattern, accessibility, etc.
Environmental conditions—weather, hydrology, rare and endangered species,
developed areas
Pipeline system elements—pumping rates and controls, line draindown
volumes, block valve locations, and closing response times
The response procedures for each major surface drainage pattern area
incorporated in the plan need to cover:
o Organization of the spill response team—Company personnel plus local
officials and contractors as appropriate
o Procedure to locate and assess the spill and initiate control and cleanup
procedures
o Notification of government and local authorities and public relations
information
o Procedure to control or limit the amount spilled, evaluating threats to
public safety and sensitive areas
o Procedure to clean up and restore contaminated ground, shorelines,
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and water surfaces
o Availability and location of equipment, materials, and labor crews
needed for all response actions
o Documentation of the spill incident, response, cleanup, and restoration
o Training plan and safety coordination
o Procedure for handling damage claims

1.5.3. Minimizing the Potential for Damage to the Pipeline
Risk of damage to a pipeline by activities of others can be minimized by:

* Surface markers, identifying the location of the line and giving information
regarding the proper Company contact to notify before proceeding with work

* Frequent surveillance of the route, on the ground and by air, to observe
activities by others and changes in ground conditions—new construction,
maintenance work, agricultural cultivation and grading, canal maintenance,
erosion, land slips and slides, etc.—over or near the pipeline or progressing
toward the line from another area

* Participation with Underground Service Alert Center or equivalent agency
established to coordinate notifications regarding work on underground facilities

* Regular contacts with owners, authorities and contractors regularly working in
the vicinity of the line to learn about planned and forthcoming construction that
might jeopardize the pipeline

1.5.4. Managing Risk, In-Service Inspection and Testing
Pipelines, by their nature, are difficult to inspect, hard to protect and can run through
sensitive areas. Like other facilities, pipelines can be crucial to local production.
They may contain hazardous materials. Long and/or large diameter pipelines are a
large capital investment. Consequences resulting from an incident can be quite
severe. The risk associated with pipelines, therefore, is among the highest in the
Company.

Risk assessment (see Section 1.5.5 below) is the typical method used by Operators
to quantify and manage the risks associated with operating pipelines and pipeline
systems.

In-service inspection and testing are prudent measures that should be taken for
verifying the integrity of an operating pipeline system over the years. The following
topics should always be addressed as part of a robust risk management approach:

* Wall thickness inspection by electronic inspection pigs

* Corrosion coupons inspections

* Hydrostatic testing

* Coating quality inspection

* Cathodic protection surveys

The Department of Transportation requires that the operator of a pipeline system
prepare an operations and maintenance plan (see 49 CFR 195.402 and 192.605),
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but specific inspection and testing measures and frequency are not defined. Each
pipeline operating organization should therefore develop a program suitable for its
particular facility. Other than where federal or state regulations mandate specific
inspection and testing intervals, the program should be tailored to the individual
pipeline system.

1.5.5. Risk Assessment
The purpose of this section is to help Operators quantify and manage the risks
associated with pipelines.

1.5.5.1. Identifying Risk
An “incident” is an occurrence that negatively impacts business. Pipeline incidents
include, but are not limited to, oil spills, gas leaks, injury, lost revenue, and negative
press coverage. Operators must determine the likelihood of an incident occurring
and understand the potential consequences. These two elements combined,
consequence and likelihood, represent the risk.

Once the risks are clear, the Operator chooses whether to:
* Take action to prevent the incident from occurring;
* Attempt to mitigate the consequences; or
* Monitor for impending failure.

Preventing an “incident” is preferred unless the cost to do so is excessive compared
to the consequences.

It should be the stated goal of the Operator to be a safe, socially responsible and
profitable. Risk assessment helps achieve these goals.

1.5.5.2. Risk Assessment Overview
An incident is rated as “high risk” if it is extremely likely to occur and would result in
severe consequences. An incident is rated as “low risk” if it is unlikely to occur and
would result in only minor consequences.

Once risk is determined and rated, the Operator can choose to:

* Prevent the incident from occurring or reduce the probability of occurrence.
This is a good way to reduce risk and should be considered first.

* Monitor for impending failure. Sometimes this is more practical. Inspection for
corrosion is an example of monitoring a risk. Because all pipelines eventually
corrode, we monitor corrosion in order to predict a leak and take action before
it occurs. It is more practical to monitor for corrosion than to replace the line
every ten years.

* Mitigate consequences. Mitigation starts with the assumption that the incident
will occur. Projected consequences are then reduced through pre-planning. Oil
spill drills and initial route selection are examples of mitigating consequences.
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1.5.6. Electronic Inspection Pigs
Electronic inspection pigs are primarily used to detect pipe wall thickness anomalies,
record them electronically for playback at the end of the run, and determine the
location of observed defects along the length of the line. Crack detection, hard spot
detection, geometry, camera, leak detection, and mapping smart pigs are also
available.

Capability to run inspection pigs should be provided in the design of the pipeline and
appurtenances. Input should be obtained from one or more inspection services as to
limitations affecting design of a particular pipeline, such as:
* Minimum radius of bends, and corresponding minimum pipe internal diameters.
* Minimum length of straight pipe between bends
* Spacing between branch connections, size of side taps, and if the side taps are
* barred
* Length of the inspection pig
e Duration of batteries and maximum memory data storage capability (to
determine length of line that can be inspected in one run for a given flow rate)
* Installing permanent position markers for locating the position of the pig along
the line
* The types of valves (check, gate, ball, etc.) and the minimum bore of the valves
through which the inspection pig will have to pass.

Electronic intelligent pigs (smart pigs) are the most effective way to assess pipeline
integrity for corrosion defects. Although smart pig runs can be quite expensive, they
provide a detailed survey of almost 100% of the pipe wall while searching for areas of
metal loss or cracking.

Smart pigs can be used while a pipeline is either in or out of service:
* When a pipe is in service, force to push the pig down the line comes from
pressure drop across the pig.
* When a line is out of service, tethered smart pigs are pulled through the pipe
using a wire line (or tether).

After the run, data is retrieved from the pig and analyzed.

1.5.6.1. Inspection Methods

The accuracy of location and measurement of anomalies by the intelligent pigs has
continued to improve. Initially, the electronics and power systems were so large that
intelligent pigs could be used only in lines 30 in. and greater in size. The continued
sophistication and miniaturization of the electronic systems used in the intelligent pigs
has allowed the development of smaller pigs that can be used in small-diameter
pipelines. Newly enacted DOT pipeline-integrity regulations and rules acknowledge
the effectiveness of the intelligent pigs and incorporate their use in the pipeline-
integrity testing process.
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Pig selection
Pig runs of between 50 to 100 miles are normal, but pig runs exceeding 200 miles

should be avoided as the pig may wear and get stuck in the line. Cleaning pigs may
be constructed of steel body with polyurethane cups or discs and foam pigs with
polyurethane wrapping, solid urethane disc, and steel body with metallic brushes.
Drying pigs are usually low-density foam or multicup urethane. The intelligent pigs
may be:

* Magnetic flux leakage (MFL)

e Ultrasonic (UT)

* Elastic/shear wave

* Transponder/transducer, or

* Combinations of the above

Most Operators however utilize either MFL or UT:

* MFL can be used in either oil or gas lines. When using MFL tools in gas lines it
can be difficult to control the speed of the tool. Gas bypass is available on
some tools to control the speed and minimize impact on production.

* Ultrasonics are easiest to use in liquid systems (UT needs a liquid couplant to
work). However, UT tools can be adapted for gas lines by sequencing the tool
in a “liquid pill” between two cleaning pigs.

Recent developments in UT have seen tools developed for detecting external stress
corrosion cracking and tools with a gas bypass to minimize production impact on high
volume lines.

Specialized MFL and UT tools are designed to:
* Use in sour service
* Maximize travel distance
* Negotiate tight bends.
* Optimized to allow pigging through multiple line sizes
* In hot systems
* Optimized for very thick wall pipe, or very thin wall pipe
* Map out the line using inertial referencing (often called geopigs)
* Size the ID or look for dents (often called caliper pigs)

1.5.6.2. Line Design May Preclude Pigging
Original line design may preclude smart pigging. Some lines, however, may be
modified to make them piggable without spending a great deal of money. Lines may
be poor candidates for intelligent pigging under the following circumstances:
* The line contains bends with a radius of 1.5D or less. Note some of the newer
tools have been configured to allow pigging down to and including 1.5D bends.
* The line contains miter joints over 10 degrees. Miter joints are unusual except
on very old lines.
* The line contains unbarred branch connections. Depending on branch size,
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orientation, flow direction and control over pig speed, smart pigging may be
possible.

* The line contains reduced port valves (often done on older lines to save money
on valve costs).

* Line diameter changes by one or more standard pipe sizes. Again, depending
on specifics, smart pigging may be possible.

* The line does not have pig launching or receiving capability. Note there are
pipeline service companies that will rent horizontal and vertical pig traps for
smart pigging use.

1.5.6.3. Maintenance Pigging

Pipeline cleanup

Operations may conduct pigging on a regular basis to clean solids, scale, wax
buildup (paraffin), and other debris from the pipe wall to keep the pipeline flow
efficiency high. In addition to general cleaning, natural-gas pipelines use pigs to
manage liquid accumulation and keep the pipe free of liquids. Water and natural-gas
liquids can condense out of the gas stream as it cools and contacts the pipe wall and
pocket in low places, which affects flow efficiency and can lead to enhanced
corrosion.

Batch transportation
Pigs are used in product pipelines to physically separate, or “batch,” the variety of
hydrocarbons that are transported through the line. Product pipelines may
simultaneously transport gasoline, diesel fuel, fuel oils, and other products, which are
kept separated by batching pigs.

Prevention of solid accumulation and corrosion
Crude-oil pipelines are sometimes pigged to keep water and solids from
accumulating in low spots and creating corrosion cells. This can be especially
necessary when flow velocities are less than 3 ft/sec. Multiphase pipelines may have
to be pigged frequently to limit liquid holdup and minimize the slug volumes of liquid
which can be generated by the system.

Inspection
Pigs are being used more frequently as inspection tools. Gauging or sizing pigs are

typically run following the completion of new construction or line repair to determine if
there are any internal obstructions, bends, or buckles in the pipe. Pigs can also be
equipped with cameras to allow viewing of the pipe internals. Electronic intelligent, or
smart, “pigs” that use magnetic and ultrasonic systems have been developed and
refined that locate and measure internal and external corrosion pitting, dents,
buckles, and any other anomalies in the pipe wall.

Inspection sensitivity depends on the number of sensor heads in the tool:
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* Smart pigs that use more sensor heads (making them highly sensitive) and
give quantitative wall thickness data are commonly called high resolution tools.
* Tools that use fewer sensor heads are called conventional resolution tools.

These tools provide qualitative data. Conventional resolution pigs are considerably
less expensive than high resolution.

Conventional resolution tools can be cost effective where the line is in relatively good
condition with few areas in need of repair and where repair cost is low. Conventional
resolution tools have been used where the accessibility for cut out is good. For
example, in CCR in some lines where conventional resolution tools were used, all
defects greater than 30% of wall loss were cut out. However, conventional resolution
tools, even when run by a reputable vendor, can miss problems. This occurred at
least once. A significant site of external corrosion was missed and a multi-million
dollar spill resulted. The cause is suspected to have been thick, tight magnetic OD
corrosion scale saturated with high conductivity water. These conditions are thought
to have allowed the scale to carry more magnetic flux, making the pipe wall look
thicker than it really was. This line is now inspected using a high resolution ultrasonic
pig at a cost premium of five times over the prior conventional resolution technique.

Conventional resolution results are higher in false positives than high resolution tools.
If cost to repair is very high, like subsea lines, high resolution tools may be justified.
High failure costs may also justify use of high resolution to obtain the maximum
protection against a multi-million dollar incident.

Tethered tools are typically used on shorter sections in lines where just a river
crossing, for example, may have a high failure consequence. Short, high
consequence inspections like these can be done at reasonable cost. Tethered tools
have now been developed for use to impact the riser section of offshore platform
pipelines.

Key to getting the most value from a smart pig is working closely with the vendor to
ensure that all of the many details are communicated correctly and acted upon.
Overlooking or not handling correctly just one detail can potentially cause a pig to
stick in the line. Once a pig is stuck, the line must be shut down, the pig located and
cut out of the pipe, and both the line and the pig must be repaired. Usually,
unpleasant discussions with Operations follows such an event. Avoid this situation
by working with the vendor who will suggest a preparation plan of cleaning and sizing
pigs to prevent such problems.

After a successful run, review the results and verify that they are consistent with
known features and corrosion hot spots. Interpretation errors have been known to
occur.
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1.5.6.4. Data Developed by Smart Pigging

The amount of data developed by smart pigging is measured in gigabytes. The
computer revolution is just barely keeping up in its ability to analyze data in a timely
fashion. The latest technique developed to improve piggable distance is the use of
real time data filtering on board the pig. Desktop computers have made a big
improvement in the ability to review results of high resolution tools.

The major high resolution vendors now deliver the data on floppy or compact disk
with special application software which allows the client to manipulate the
information or combine it with other data bases. The software can also
automatically perform strength calculations based on the inferred shape and depth
parameters. It then prioritizes the defect areas based on maximum allowed
operating pressure at the defect. However, a waiting period of a month or more is
still common before the results of the run are analyzed by the vendor and returned.

1.5.6.5. Corrosion Coupons

1.5.7.

For corrosive fluids, for which a specific corrosion allowance has been provided in
determining the pipe wall thickness, it may be advisable to install corrosion
coupons at points in the system representative of flow conditions and where they
can be isolated and removed. These would normally be in the station or terminal
piping or on flowing branch lines, rather than on the main pipeline. Where the
piping must be kept in operation while removing or replacing coupons, a valved by-
pass can be provided.

If necessary to install a coupon in the main line, devices are available for
withdrawing and re-inserting the coupon with the line in service.

Hydrostatic Testing
Two types of pressure testing of operating liquid lines are:
* Testing after displacing lines with water at hydrotest pressures at 1.25 times
the maximum allowable operating pressure.
* Line pack or standup testing with the fluid normally handled after isolating
the section, at a pressure not exceeding the maximum operating pressure

The maximum allowable operating pressure should be determined taking into
consideration actual normal and abnormal operating pressures, limitations by
design codes for pipe grades and wall thickness, and limitations by valves, flanges
or other line appurtenances.

Operating demands usually limit the time available for testing. Therefore, the test
procedure must be well planned, giving consideration to all aspects and
contingencies.

All needed facilities, including communications, should be ready, as well as
materials and construction equipment in event of a leak or a break. When testing
in wet weather or wet areas, using a water-soluble dye in the test water may be
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1.5.8.

1.5.9.

warranted for identifying leak locations. Disposal of displacement water must be
arranged to comply with environmental restrictions.

Lines that have been idle for over 3 months and up to a year should have a
satisfactory standup test before returning to service. A line that has been idle for a
year or more should be hydrostatically tested with water to 1.25 times the
maximum operating pressure before returning to service.

Monitoring of Cathodic Protection and Pipe Coating

Overall quality of pipe coating to effectively protect the pipe from corrosion is
indicated by cathodic protection surveys at frequent intervals and by monitoring the
current from rectifiers needed to maintain cathodic protection on the pipeline.

If areas of severe coating failures and defects are suspected, coating holidays can
be located with equipment such as the Pearson null-method detector manufactured
by Tinker & Rasor, San Gabriel, CA, providing the pipe is buried in relatively moist
soil conditions. The Pipe-CAMP PCS-2000 equipment recently developed and
used in Australia is claimed to have greater sensitivity and ability to detect defects
in dry and rocky soil and under pavement; it is available through US agents, such
as Farwest Corrosion Control, Gardena, CA.

As regards frequency, checking cathodic protection potentials should be done at a
minimum on an annual basis.

A Direct Current Voltage Gradient (DCVG) survey should be undertaken as a part
of routine pipeline maintenance. DCGV is a technique used for assessing the
effectiveness of corrosion protection on buried steel structures. In particular, oil
and natural gas pipelines are routinely monitored using this technique to help
locate coating faults and highlight deficiencies in their cathodic protection (CP)
strategies. DCVG survey’s should be done immediately after construction is
completed to develop a system baseline. Afterward, DCVG survey’s should be
done every three (3) years.

If large swings in CP Potential were found it would be normal to follow up this
anomaly with a DCVG survey.

Repairs would be carried out as required.

Leak Detection by Physical Methods
SCADA leak detection systems will trigger the need for corrective action or repairs
and may indicate the general area of the suspected leak. To precisely locate a
pipeline leak, however, on-the-ground detection methods must be used. These
include:

* Visual observation by air or on the ground for evidence of line stock or effect

on vegetation
* Combustible gas detectors
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* Injection of odorants into gas and odor detectors
e Sonic instrumentation
* Pressure-wavefront instrumentation

Information on leak detection for gas lines is presented in ASME Code B31.8,
Appendix M, Gas Leakage Control Criteria. Appendix M relates to gas distribution
piping, not transmission pipe lines, so judgment should be used in considering the
action criteria outlined in Section 5 of Appendix M.

Leaks would be identified, root causes recognized and repaired.

1.5.10. Pipeline Repairs
When pipeline repairs are required because of corrosion, defects, or damage to the
pipe, the Company preference is to replace the section of pipe requiring repair.
This generally entails cutting out the affected section and installing a new piece of
pipe (pup). The circumferential welds to install the pup piece are straightforward
pipeline welds that can be inspected by standard radiographic practices and the
pipeline can be returned to service in good condition.

However, this practice requires shutting down the pipeline. When schedule
considerations make this impractical, other repair methods have to be employed,
such as Plidco sleeves and Stopple fittings, Clock Spring fiberglass coils, or full
encirclement welded sleeves.

1.5.11. Maintenance Program in Areas of Unstable Soils or Seismic
Activity
Nearly all pipeline systems are required to have normal operating and emergency
contingency plans. These plans specify immediate operating action in event of
landslide, subsidence, or earthquake.

In addition to normal maintenance surveillance, the following measures are
suggested for areas of unstable soils and seismic risk:

* As-built documentation should be on hand so that any changes from design
or design assumptions are recognized, documented, and evaluated for their
effect on pipeline integrity

* The inspection plan should include a recognition of the key components of
design, to ensure the integrity of the line, and a program for monitoring
these components

* Measurement surveys should be conducted periodically to detect changes
in field conditions and in the line

* A contingency repair plan should be prepared for corrective actions for
situations of varying degrees of severity. It should identify (1) recurring
problems requiring routine periodic correction, (2) problems that may arise
for which standard procedures can be implemented without engineering
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1.6.

involvement, and (3) critical problems requiring engineering investigation
and resolution. Necessary materials and construction equipment to make
repairs on an urgent basis should be available near the areas of risk

* A postevent monitoring plan with checklist for reporting as soon as possible
whether damage is severe or relatively minor. The initial inspection
checklist should identify specific system components and ground conditions
that are good indicators of damage. Ground condition indicators include:
ground cracks; misalignment of roads, trees, fences, pole lines, railroad
tracks, etc.; ground sags, sinkholes, or uplifts; signs of damage to other
nearby utility lines. As soon as possible after strong events, a thorough
investigation should be made by responsible operations and technical
personnel to determine the condition of the pipeline, safety of resuming
operations, and necessary corrective repairs or replacement

In making repairs to a line damaged by ground displacement, precautions should
be taken in cutting the pipe to avoid fire or injury in case of likely sudden release of
high-strain energy stored in the line. Precautions should also be taken for possible
hydrocarbon spills in the soil and for unstable ground conditions.

Asset Retirement
Asset retirement is performed once a pipeline, portion of a pipeline or a system is
deemed to be no longer required as part of the Operator’s current and/or future plans for
the development of their resources, or considered uneconomical to repair/reinstate.

Asset retirement does not have a relationship to useful life; however, the Author deemed
it pertinent to include a short discussion on asset retirement in order to provide a full
picture of a pipeline system from project initiation through the retirement of the asset.

A pipeline or portion of a pipeline may be considered no longer required if:
* A defect or several defects are identified in the pipeline or system, and repair is
determined to be uneconomical, or
* Production from a particular well diminishes such that shut-in is required.

It should be noted that assessment of possible future work-overs of such wells would
need to be done to assess the possibility of, for example, accessing deeper fields.

Any design changes or repairs/alterations performed on pipelines shall adhere to the
following primary industry codes and regulations:
* ASME 31.4, Pipeline Transportation Systems for Liquid Hydrocarbons and other
Liquids
* ASME 31.8 Gas Transmission & Distribution Piping
* Code of Federal Regulations 49, “Pressure Testing” (Sub Part E)
* Code of Federal Regulations 80, “Installation, Testing and Repair Requirements
for DOI Pipelines” (Sub Part J)

Other documents that could be referenced include:
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* APl Recommended Practice 17A, Design and Operation of Subsea Production
Systems

* Code of Federal Regulations (CFR) Title 30 - Mineral Resources Chapter Il —
Minerals Management service, Department of the Interior, Part 250 — Oil and
Gas and Sulphur Operations in the Outer Continental Shelf, 2001

* Article 60.3 (1982) of The 1958 Geneva Convention and the Nations Convention
of the Law of the Sea (UNCLOS)

1.6.1. International Regulations and Guidelines
The 1958 Geneva Convention and the Nations Convention of the Law of the Sea
(UNCLOS) Article 60.3 of the UNCLOS (1982) states that:

“Any installations or structures which are abandoned or disused shall be removed to
ensure safety of navigation, taking into account any generally accepted international
organization.  Such removal shall have due regard to fishing, the protection of the
marine environment and the right and duties of other Sates. Appropriate publicity shall
be given to the dept, position and dimensions of any installations or structures not
entirely removed”.

1.6.2. Pipeline no longer in use
If a pipeline is not in use for a period of up to one year it should be isolated with a blind
flange or a closed block valve at each end.

If a pipeline has not conveyed hydrocarbons or water for a continuous period of one
year, and is not considered likely to convey hydrocarbons or water for a further period of
five years, that pipeline may be considered temporarily abandoned and treated
accordingly.

Temporarily abandoned pipelines shall be returned to service within 5 years or be
abandoned in accordance with the relevant requirements below.

1.6.3. Abandon

For all abandonment and temporary abandonment procedures the project must submit a
brief pipeline abandonment application to the FE Supervisor for approval that includes
the following information:

* Reason for the operation;

* Proposed abandoning procedures;

* Length (meters or feet) of segment to be abandoned; and

* Length (meters or feet) of segment remaining.

1.6.4. Abandoned in Place
You may abandon a pipeline in place when the Marine Supervisor determines that the
pipeline does not constitute a hazard (obstruction) to navigation and commercial fishing
operations, unduly interfere with other users of the area, or have adverse environmental
effects.
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If a pipeline is no longer in service, and is never intended to return to use, then all of the
following conditions should apply:
* Pigged clean if feasible,
* Flushed of hydrocarbons to less than 40ppm,
* Filled with acceptable substance,
* Ends plugged and buried at least 3 feet or cover each end with protective mats,
* Remove all pipeline valves and other fittings that could unduly interfere with
other users.

Abandoned pipelines will not be in the list for integrity management.
1.6.5. Abandoned by Removal

If a pipeline is no longer in service, and is never intended to return to use, then all of the
following conditions should apply:

* Flushed,
* Pigged clean (if feasible),
* Flushed,

* Abandonment can be achieved through a reverse installation method, for
example, the reverse lay method.

1.6.6. Temporary Abandonment
If a pipeline is no longer in service, but may be returned to service at a later date (1 to 5
years), then all of the following conditions should apply:
* Flushed of hydrocarbons to less than 40ppm,
* Pigged clean (if feasible),
* Filled with filtered and treated seawater (to include biocide and corrosion
inhibitor),
* Blind flanged or skillets in place to provide a positive isolation from the process
system.

Temporarily abandoned pipelines will receive limited integrity management, which is
usually developed on a case-by-case basis. Prior to being returned to use, a
temporarily abandoned pipeline shall undergo a full set of procedures to include correct
disposal of contents, integrity verification and hydrotest to ensure it is fit-for-service.

1.6.7. Decision Method — Abandon or Temporary Abandonment
It is assumed that the pipelines under consideration for these procedures have been
shut-in. If a pipeline (and associated risers) is no longer in use, a decision must be
made whether to abandon the pipeline, or to temporarily abandon if there remains a
possibility of a resumption of service in the future.

This decision should take into account such factors as:
* Cost of repair (if required); and
* Future utility of associated wells (e.g. are workovers possible in the future that
will result in the use of the flowline that is being considered for abandonment?).
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Once

the decision has been made, the necessary steps to abandon or temporarily

abandon should be undertaken, as shown below.

1.6

1.6.8.

.7.1. lIsolation from the Process System
Pipelines taken out of service should be blind flanged or isolated with a closed
block valve at each end.

It is preferable to attach a blind flange with a “bleeder” valve. This permits the
pipe to be flushed again, if necessary, and provides for future use of the pipeline
should the need arise. When fitting a blind flange/bleed valve assembly, the valve
should be at least a 2-inch nominal size.

Ongoing Integrity Management Procedures

Partial ongoing integrity management should be maintained for pipelines that have been
temporarily abandoned. This typically includes activities such as checking and
maintaining any cathodic protection system. Each pipeline should be reviewed on a
case-by-case basis to determine ongoing integrity management.

1.6.9.
Shoul

Recommissioning of Temporarily Abandoned Pipelines
d it be determined to re-commission a pipeline at some point after abandonment,

recommissioning will involve the following basic steps:

Hydrostatic pressure testing.

Repair of any defects detected during the hydrotest and reassessment as
necessary.

Repeat hydrotest and repair of defects until the pipeline passes the hydrotest.
Dewatering of pipeline.

Cleaning pigging.

Recommissioning pipeline.
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2.0

Pipeline System Valuations — Basis of Estimate
The Author has provided a pipeline system valuation in Appendix B. We have seen over the
last year the following impacts to some of the more major construction-related components:

e Fuel Decrease of 56%

e Labor Increase of 2.46%
¢ General Materials Decrease of 4.94%
* Pipe Increase of 62%

* Equipment-General Increase of 0.91%

2.1. Estimate Overview and Requirements
Following is an overview of the methodology that was used to develop the Class 3 Cost
Estimate for the 4” base case:

A Class 3 Cost Estimate was prepared in Microsoft Excel based on the Author’s
proprietary Pipeline Cost Model for a generic 4” pipeline.

All relevant cost data used to develop the cost estimate is included or referenced in
the relevant documents of this Section 2, Estimate Basis.

Uses of common unit pricing (similar metrics, rates, percentages, activities or tasks)
are defined later in this document. They are consistently applied throughout
estimate.

Per the request of CREG, the remainder of the pipeline systems costs were are
escalated to the actual diameter of the gas line being evaluated.

The following are the general results of the assessment:
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The full breakdown of costs by diameter and length is found in Appendix B.

2.2. Assumptions, Exclusions, and Clarifications for 4” Base Case
2.2.1. Assumptions
The following is a list of assumptions made for the purpose of developing
the cost estimate not documented elsewhere in the Report. Assumptions
made include:
* EPC Contractors will have the resources to meet the timing required
for this project
* Labor will be in adequate supply for the entirety of the project
* Site conditions will be favorable and determinable, thus not impacting
cost/schedule targets
e All project funding will be available for project to commence and
move to completion timely.
* Pipe/steel prices will remain within an acceptable range of current
market rates included in the cost estimate.
* Fuel prices will remain within an acceptable range of current market
rates included in the cost estimate.
* As much as possible, the work will be planned and performed during
the dry season.
* Owner's will seek the most cost effective strategies for pipelines
system replacement

2.2.2. Exclusions
The following is a basic list of exclusions from the Cost Estimates and
document potential costs that may be incurred by the project but have not
been included in the estimate:
* OPEX costs
* Defining specific items to be capitalized or expensed
* Dirilling, workover, or field development costs
* Line pack costs
* Facilities, i.e. metering, compression
* Specific H2S handling equipment
* Land and land acquisition costs
* Market conditions that may impact EPC Contractors or pipeline
construction contractors ability to competitively tender projects has
not been considered

2.3. Cost Basis
The basis for this Cost Estimate is 3Q 2015. All dated costs (i.e. outdated vendor
pricing), if applicable, have been escalated to the Estimate Date by using Nelson-Farrar
or CE Plant Cost Index Report to ensure that the estimate reflects current market
conditions and pricing.
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2.3.1.

2.3.2.

2.3.3.

2.3.4.

2.3.5.

2.3.6.

2.3.7.

Currency
The primary currency used to develop the Class 3 Cost Estimate for this
project is the US Dollar.

The estimate has not taken into account currency rate fluctuations. These
are normally handled on a corporate level and are not included in the cost
estimates, contingency, or escalation.

Capital and Expense
The decision to address and assign project costs as expense or capital
costs are outside the scope of this effort.

Tendering Costs

Costs for Owner’s to manage the overall project, including developing
tender packages, awarding, and managing the project have been included
in the cost estimate.

Permanent Material/Service Quotes and Contractor Bid Pricing

Special consideration has been given to distinguish between cost and price
when developing the base estimate costs. Pricing includes techniques and
adjustments that bidders and contractors apply to a scope of work estimate
to allow for overhead and profit, to improve cash flow, or to otherwise
address market conditions and serve their business needs.

The estimate approach was to develop a standalone construction estimate
as a construction contractor would develop and that would be included into
the overall project related costs to determine the Total Installed Costs (TIC)
for each pipeline system, including the full EPC scope of work, risk
allocation, and final design specifications.

Shared Costs

For the purpose of this Report and cost estimate, shared costs, such as
those that may be shared between the contractor and the owner and the
assumptions regarding these costs have not been considered.

OPEX

Operating Expenditures are excluded from the base estimate and it is
assumed that Owner’s will include those from their own historical base
business for the purpose of determining overall project economics.

Socioeconomic

Costs for socioeconomic programs have been included, which incorporate
the hiring of local labor; training of local labor, anticipating some labor
disruptions, and local infrastructure requests, such as water supply,
educational and health programs, sustainable agriculture and fishing.
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The costs included were meant to support Owner’'s’ commitment to work
with groups in the area to produce energy, strengthen communities and
respect local culture in order to blend ethics of safety, environmental
responsibility and shared success with important values of the people:
kindness, friendliness and respect.

It was assumed 10% local labor (from local communities) would be utilized
and a dollar amount commensurate with the length and location of the
pipeline included for local infrastructure projects is included.

2.4. Project Execution Strategy
The execution basis for these projects was based on a standard Project Execution Plan
(PEP) that is typically developed to guide the process. The following project documents
are normally developed to form a part of the overall PEP and include the following:
* Execution Basis
¢ Environmental, Political & Business Conditions
* Project Approvals
* Project Management Team & Systems
e Appropriation and Control
e Cost and Schedule
* External Affairs
* Contract Plan (Scopes, Bidders, and Contract Type)
* Approved Vendor List
*  Procurement Plan
* Construction Plan
* Construction Management Plan
* Organization & Resource Plan
e Security Plan
* Training Plan
* Logistics Plan
* Key Issues

Normally the PEP will drive the process and form the basis of the cost estimate; in this
case as there were so numerous projects to develop, it was decided to use a generic
PEP and allow the project details that went into the cost estimate to drive the process.

2.5. Contracting Basis
In order to develop costs estimates for these systems, it was necessary to make some
essential contracting assumptions. A specific Contracting Plan was not developed, but
some fundamental assumptions were made in order to effectively cost the potential
interfaces that would exist between the multiple contractors. The contracting
assumption made was to contract these systems out to a consortium or single company
to manage the project on and EPC basis. Section 2.14 shows the basic WBS that was
used as a guideline.
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2.6.

2.7.

Contractors and EPC Contractors carry Construction All Risk (CAR) insurance.

Procurement Basis
It was assumed the overall EPC Contractor’'s responsibilities would be the full scope of
work, i.e. Engineering, Procurement and Construction.

The Procurement scope of work will include the purchasing, expediting, and inspection
coordination of all major equipment and materials and hundreds of bulk commodity
items. This will include mechanical equipment, and instrumentation and electrical
equipment and materials; and piping commodity items, such as pipe, valves, fittings and
flanges. Procurement responsibilities will encompass the worldwide sourcing and
purchasing of equipment, materials and services and will include Home Office and Field
Expediting, Supplier Surveillance and Inspection at supplier facilities.

Procurement costs were estimated based on typical material control strategies to ensure
the identified material requirements are available in a timely manner to support the
construction schedule.

The 4.500” pipe was assumed to be purchased and coated from international pipe mills
and was assumed to be X60.

Pipe cost per ton were based on current pricing received from several European pipe
mills. The average pipe price per ton was found to be $1,300/ton Ex-works and
therefore does not include VAT and taxes. 20% VAT was included to bring the total cost
per ton used in the estimates at $1,560/ton. Customs, taxes, and duties for importation
into Colombia are covered in the estimate, but not included in the per ton pipe costs.

Execution Basis
The following items were considered in costing the overall project execution:
* Engineering durations were estimated based on the scope of work
* Construction is assumed to start once engineering is 75% complete
* Fabrication/integration,/installation locations, estimated distance to site
e Labor rate standard for EPC Contracting entities
* Resource planning methodology, crew size/mix expectations, capacity planning,
travel/housing plan, local hire vs. expat employees
* Productivity factors (i.e. fabrication yard, construction site, etc.)
* Local content requirements
* Brownfield work/interfaces with existing facilities
* Project, shift, crew, and weather calendars by discipline and location
o Holidays
o Weather Windows
o Lost productivity time periods
o Extended workweek time periods
* Average and peak resource demand
* Average and peak performance progress that a typical project team can attain
* Permitting approval assumptions
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Labor, transportation, and construction equipment availability and limitations, including
potential impact of any competing projects

Storage facilities, lay-down areas, staging areas, and planned usage

Material handling onsite and safety of the lifting/transport equipment

Site Access and Security

Construction of Temporary Facilities/Site Accommodations

Coordination of Contractor Work (PM & CM Supervision)

Subcontractor interfaces and work limitations

Owner requirements (safety, quality control, regulatory, environmental, quality, etc.)

2.8. Quality Assurance and Quality Control
The cost estimate includes performing QA/QC of the EPC Contractor Site Team
undertaken to ensure specified product quality requirements of the Project are met by
the Site Team, and exclude all Engineering and Procurement scopes.

In general, the Site Team’s quality activities in relation to the above can be split into 2
basic categories:

Quality Assurance - Includes audit and document review. Document reviews
include quality procedures, site queries, weld procedures, welder qualifications
etc.

Quality Control — Includes witness and monitoring of the Site Team fabrication,
installation and commissioning activities.

All applicable industry standards for quality control and quality assurance requirements
were followed. Personnel required to carry out these QA/QC functions have been
included in the costs estimates as appropriate and required.

2.9. Turnover, Commissioning, and Start-Up Basis
It is envisioned in the cost estimate the EPC contractor will perform all pre-
commissioning activities, including but not limited to the following:

* Drying the pipeline after hydrostatic testing to a -30° dew point.
* Performing a Close Potential survey of the cathodic protection system
* Performing a baseline intelligent pig run

It has been assumed that Companies existing operations group will perform all
commissioning and start up activities with support provided by the EPC contractor.

It is also envisioned that Simultaneous Operations (SIMOPS) will be performed by
the EPC Contractor when working at existing facilities, this work may include hot
taps, hot bolting, and general operations coordination.

Cost for these activities for both the EPC Contractor and Owner’s are included in
the cost estimate.
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2.10. Work Breakdown Structure (WBS)

The cost estimate development and pricing is organized per a project work breakdown
structure (WBS) format. The following cost summary breakdown is provided for each
WBS line item or by subtotal when information for individual line items is not available:

* Material Quantity

* Material Units

* Material Unit Rate

* Material Cost

* Productivity Factor

* Labor Hours

* Labor Rates

* Labor Cost

* Subcontract Hours

* Subcontract Rates

* Subcontract Cost

* Subcontractor(s) Associated Profits

* Allowance % (Design, MTO, Trim and Waste)

* Allowance Cost (Design, MTO, Trim and Waste)

* Taxes and Duties Costs (Customs Duty, Withholding and Others, VAT)

The project cost estimates were developed based on the project scope as defined in the
typical WBS shown in the next section.

2.11. Scope of Work

The EPC Contractor will provide the personnel, equipment, materials and consumables
required for the complete installation, Mechanical Completion, Pre-Commissioning; and
Commissioning and Start-Up assistance of the pipeline system awarded. This Report and
cost estimate developed support the scope of work as described here.

The work will comply with all regulations, laws, decrees, procedures, and similar
requirements stipulated by the governing authority, including, but not limited to, the
operation of equipment, safety, environmental protection measures, notification to
authorities, permits, and similar items. The work will be performed to the requirements of
ASME B31.4 and will comply with standard requirements of Pipeline Design, and
Installation Specifications.  Additionally the performance of the work will with be in
accordance with internationally accepted Health, Safety and Environmental requirements.

2.11.1. Facilities and Resources

EPC Contractor will provide all administration, management, supervision,
professional and technical services, permitting, certification, all equipment
and machinery, tools, labor, temporary facilities, temporary access ways,
supports, temporary works, transportation, materials and scaffolding,
construction tools including small tools, workman supplies, consumables,
expendables, all fuel and lubricants, NDT services and all other services
and equipment, except those provided by Owner’s.
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212,

The Work Breakdown Structure that was utilized in principle to develop the overall EPC
cost estimate is shown in Figure 1 below:

211.2.

EPC Contractor will provide housing either via man-camps or by utilizing
existing infrastructure on shorter pipeline lengths) and offices at field sites
for the purpose of overseeing and inspecting the work, coordinating
approvals as required, monitoring, auditing, reviewing of drawings,
specifications and schedules and witnessing of all operations, and test and
inspections. Accommodations, offices, consumables, catering, special
tools, and similar items will be provided to The Owner’s personnel to enable
the performance of onsite inspections.

EPC Contractor will provide for Owner’s, all communication links required
during the performance of the work at all work sites. The communication
systems will include, radio, telephone, satellite telephone communication,
and Internet connections.

Management

EPC Contractor will provide, maintain, and be responsible for all project and
work management during the performance of the work including, but not
limited to, engineering, procurement, construction, quality assurance and
quality control, project control, cost and schedule, administration,
health/safety/environmental specialists, supervision, testing, Mechanical
Completion, Pre-Commissioning, and Commissioning, Start-Up assistance,
and handover.

Key personnel included in the cost estimate are based on fully qualified,
experienced personnel and competent in the areas of Quality
Assurance\Quality Control

* Construction Managers

* Engineering Managers

* Safety and Health Manager

* Environmental Managers

* Project Control Supervisor and Representatives
* Lead Engineers

* Welding Manager and Engineers

e Commercial Manager

WBS Level 3, Standard WBS Utilized

WORK BREAKDOWN STRUCTURE

ONSHORE PIPELINES

Project Management COMPANY
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Site Data Collection INTEC
EIA Review DAMES & MOORE

Route Selection

Survey / Center Line Survey

R.O.W. Acquisition LS
(ROW-RC)
Line Pipe Procurement COMPANY

Detail Engineering & Design

Equipment & Bulks Procurement

Infrastructure

EPC-LS CONTRACTOR

Construction/Fabrication

Onshore HU&C

Transport to Site & Installation

O&M COMPANY

Notes:

1. Project Management Team (PMT) consists of COMPANY, individual consultants and
engineering contractor personnel, as required.)

2. PMT to procure long lead items, i.e. line pipe, and free issue to EPC Contractor for
administration.

3. Infrastructure includes water wells, roads, camps, construction material offloading
facility, administration areas and other buildings.

Figure 1 — Work Breakdown Structure

Any names or companies contained above are shown strictly as representative and does
not indicate they were utilized nor preferred.

2.13. Engineering, Procurement, Project and Construction Management
The following broad categories of costs are considered as part of Owner or Owner’'s
costs and are carried in the cost estimate as such.

Engineering
Engineering was calculated at 4% of construction costs, which is a standard percentage

for pipeline systems.
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However, to complement the engineering work to be done, some special surveys and
studies were also considered where required, including but not limited to:

* Seismic Studies

* Geotechnical Surveys

* Regulatory Studies & Permits

* Environmental Studies & Permits
e Cultural Impact Studies

Procurement

Procurement services are included in both Owner’s (for line pipe, major valves, L/R’s,
and long lead items) and EPC contractor costs (for all remaining materials procurement
as well as local purchase, construction consumables) and include all procurement
related costs, i.e. inspection costs, vendor surveillance, procurement, document control,
QA/QC, and travel costs.

Project and Construction Management
The Owner and Contractor EPC costs are split and Owner EPC-related costs are
included in the Owner’s Cost section.

2.14. Transportation
All transportation costs are included in the overall cost estimate and include items such
as:
* Transportation origins and destinations (distance to site)
* Transportation method(s)
* |tems to be transported, volumes, and weights per transportation method
* Cost of standby and preparation
* Lease durations
* Scopes of work (ltems, volumes, and weights) per transportation type

¢ Unit rates
o $/Volume
o $/Weight

* Additional basis for transportation costs

2.15. Permanent Materials (including freight, handling, contingency)
All pipeline construction and installation costs are included in the overall cost estimate
and include items such as:
* Line Pipe
* Pilot Pipe (for road boring)
* Station Piping (including L/R's & hot bends)
* Valves
* Fittings/Stopples
* Coating Materials/Paint
* Equipment
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e Electrical

e [Instruments

* Misc Pipeline Materials
e Cathodic Protection

* Building Materials

e Concrete

e Rebar

¢ Fence Materials
e Structural Steel
¢ Misc Civil

2.15.1. Pipe for Special Crossings and Locations
The pipeline wall thickness calculations by diameter are found in Appendix
D. Special crossings such as seismic and HDD were calculated separately
based on the respective installation stresses.

2.16. Pipeline Construction & Installation
All pipeline construction and installation costs are included in the overall cost estimate
and include items such as:
* Construction Direct Labor

@)
@)

@)
@)

Mobilization and demobilization rates and time frames

Manpower requirements per discipline, by location

Inclusions in “all-in” rates for each type of skilled and unskilled worker
Work schedule(s)

List productivity factors incorporated into the above items

¢ Field In-directs

o

O O O O O O O O ©O

O O O

o

Temporary construction facilities
Yard Improvements
Construction Services
Construction supplies, equipment and small tools
Camp Facilities
Field Services
Field Staff
Camp Operating Costs
Communications
Manpower logistics

= Aircraft

= Site transportation

= Recruiting
Permits
Insurances
Training/HES
Testing (Welding, etc)

* Construction equipment

o

Earth moving
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@)
@)
@)
@)

o

Lifting

Bending

Welding
Generators/compressors
Tools and consumables

* Rigging and material handling/Heavy Lifts (cranes, hoists, side-booms)
* Labor supervision manpower quantity, duration, and cost basis
e Site work

O O O O O O O O

@)
* Piping

o

@)
@)
@)
@)

ROW grading

Cubic yards of concrete

Rebar work, formwork, concrete pour, dewatering requirements
Excavation

Rock excavation

Backfill

Hydrostatic testing

Pipeline drying

Clean up & restoration

Quantity installed

Welding rates (based on pipe type, diameters, and thickness)

Bolting and spool types and quantities

Hot taps, stopples, by-passes

Hydro testing, cleaning, joint coating, & non-destructive testing
requirements

* Electrical/Instrumentation and Controls

e Special construction methods

e Material preservation/Equipment maintenance
* Site cleaning/removal of temporary material

* Catering requirements

* Requirements to use local materials

e Customs requirements

2.17. Communications and Control
For the purposes of the Cost Estimate, the following system architecture and structure

were assumed:

* Communications & control system would be microwave with a satellite back up
* SCADA included at each Main Line Valve (MLV)

* SCADA included at each pig trap

* Tie in of all communications to the Central Control Room

2.18. Cathodic Protection
For the purposes of the cost estimate, the cathodic protection system is provided
by a system of rectifiers and ground beds. Test connections are provided at
intervals along the pipeline at 1km spacings and at road/railroad crossings.
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2.19.

2.20.

2.21.

2,22,

2.23.

Pipeline Markers
Pipeline signs and markers are included in the cost estimate to comply with APl RP
1109 and the following:

* Standard pipeline warning signs will be installed on metal posts on each
side of roads and railroads.

* Waterway warning signs will be installed on steel pipe (galvanized)
supports on each side of streams 30 meters or more in width (water's edge
to water’s edge).

* Aerial markers will be installed at 10 kilometer maximum spacing and at
every point of intersection in excess of 12.5 degrees. Aerial markers will be
installed on galvanized steel posts.

Main Line Valve Spacing
Mainline valve (MLV) spacing and quantities is based on information provided by
Owner’s.

Land Costs (ROW, Laydown, Pipe Yards)
No land acquisition costs were included in the cost estimate.

Additional Funds Used During Construction (AFUDC)

AFUDC were calculated based on a standard cash flows for an EPC Contractor
and an effective interest rate of 6.5%. AFUDC captures the interest payments
required to finance the project from the EPC contractor’s standpoint.

AFUDC was used on a case by case basis and not envisioned on smaller pipeline
systems.

Hookup, Commissioning, & Startup
All hook-up, commissioning and start-up (HU&C) costs are included in the overall
cost estimate and include items such as:
* Accommodations
o Provided accommodations in project camp
* Hook-Up and Commissioning Activities and Support
o Required manpower and supervisory/support personnel
o “All in” daily rates per trade and premium/overtime rates
($/days/man)
o Anticipated duration of services
o Required equipment (testing equipment, tools, consumables,
scaffolding, cranes) provided by EPC Contractor
o Work schedules
o Vendor Reps
o Permit to Work System
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3.0 Cost Adders per Terrain Gradation Changes
Extreme terrain present numerous safety, technical, construction, and cost challenges.
Additional ROW work is required to get the terrain into as suitable condition for construction as
possible. The sequential work itself is much slower through extreme terrain, increasing as the
terrain difficulties increase and may include utilizing winches and cables to allow equipment to
work on the slopes.

As the terrain becomes more severe, the amount of time and resources to safely and
successfully install a pipeline increases. In the Author’s experience, when estimating pipeline
construction projects the following is the typical breakdown that is considered from a cost
standpoint:

* 0% to 5% (considered normal terrain, i.e. no additional costs are included for it)
e 5% -10%

e 10% - 15%

e 15% - 20%

e 20% - 25%

o 25%+

For the extreme terrain variables and how the additional difficulty impact construction costs for
the above breakdown across the spectrum of pipeline diameters and lengths, see Appendix C.
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Appendix A-Pipeline Useful Life Model-Generic

The following Model has been completed using a fictitious pipeline system in order to illustrate the
components and the impacts within each component on the useful life of a pipeline system. The
Model contains the following parts:

1.
2.

Instruction Sheet
Summary Sheet containing the design life, year of initial construction, the calculated useful
life and the year in which the pipeline systems useful life will have been concluded. It
include a comparison graph of the pipeline system being assessed based on a worst-case
and best-case scenario.
Detail Sheet containing the following information:

a. Variables for Engineering & Design phase

b. Variables for Construction phase

c. Variables for Operation & Maintenance phase

d. Listing of the variables along with a minimum/maximum and a life cycle impact per

variable

Overview with a Graph indicating the variables with the most impact on pipeline system
useful life.

Additionally, the Author has included two (2) related models in order to show the contrast of how
decisions made greatly influence a pipeline system’s overall useful life:

1.

Appendix A-1: Considers a generic pipeline where very good decisions were made along
the project timeline that would result in a more robust pipeline as well as the resulting
useful life calculation.

Appendix A-2: Considers the same generic pipeline framed in Appendix 1, however in this
case, poor decisions were made, theoretically around capital cost savings upfront that
results in a pipeline of questionable integrity; the resulting useful life calculation supports
this.
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Appendix A
PIPELINE SYSTEM USEFUL LIFE CALCULATION MODEL

This program allows you to calculate the useful life of a pipeline system based on the characteristics of the particular pipeline.
This model has the following parts:

Pipeline Summary: Pipeline system historical & pertinent information; pipeline name; diameter; wall thickness; operating
company; design company, construction contractor; year placed in-service.

This sheet also contains a graph indicating how the assessed pipeline system compares with a worst case and best case
scenario.

Pipeline Detail Sheet: Enter all data here, including information regarding the design; construction; and operations &
maintenance.

This sheet also contains minimum/maximum for each variable; impact in years per each variable; and a standard deviation
calculation for the overall useful life of the pipeline system.

Spider Diagram: This sheet identifies via a Spider Diagram what variables contain the highest impact to overall pipeline
system useful life.

On the Pipeline Summary workbook, those items in Blue bold font are to be inputted.

On the Pipeline Detail Sheet workbook, all cells under the column "Response” should have a reply, either "Yes", "No", or "NA".
These are selected from the drop down menu contained in each cell.

For questions that may contain a series of potential responses, for example:
Intelligent pigging operations:
Monthly
Quarterly
Annual
Every 5 years
None

Only one response is required, which should be the least frequency, i.e. if Quarterly intelligent pigging is performed, then
Annual or Every 5 years should not be entered as "Yes".

The Excel workbooks are protected, but without a password.

Hyperlink List:
Pipeline Summary
Pipeline Detail Sheet

Spider Diagram
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Appendix A

Pipeline System Useful Life Assessment

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Design Life (Years) 40.00
Calculated Useful Life (Years) 40.06
Year Placed In-service 1981
End of Useful Life 2021
Pipeline System Useful Life Comparison
70.00
60.00
50.00
40.00
M Poor Decision Case
Standard (40 yr)
30.00
i Generic 16" Pipeline
M Good Decision Case
20.00 /
10.00
0.00 Poor Decisi Generic 16" Good Decisi
oor becision eneric [e]e] ecision
Case Standard (40 yr) Pipeline Case
Series1 10.40 40.06 65.00
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Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:

Pipeline Diameter (Inches):

Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
Pipe selection
API 5L Yes 0.00%
Corrosion Allowance included No 0.00%
Type of pipe
Seamless NA 0.00%
ERW Yes 0.00%
Spiral wound NA 0.00%
Was pipe transported by rail or o
ship using API specs? Yes 0.90%
Mill tested and inspected Yes 0.85%
Inspected at mill Yes 0.50%
Werg §h|pp|ng and. handling Yes 1.00%
specifications provided
Loadlng and Unloading Yes 1.05%
supervised
Valve stations
Manual Yes -1.50%
Automated No 0.00%
Security fencing Yes 1.00%
ESD stations installed Yes 1.00%
Were Hydraulic ~ Transient Yes 0.65%
Pressures addressed
Pressure Protection & Relief|
Devices installed and tested:
Monthly No 0.00%
Quarterly Yes 0.00%
Annual NA 0.00%
Every 5 years NA 0.00%
None NA 0.00%
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Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:

Pipeline Diameter (Inches):

Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
Plstance between valve stations Yes 1.00%
is no more than 30 kms
Cafm.era s monitoring critical No 0.50%
facilities
Launcher/receivers
Quick closures Yes 0.50%
Pig signals Yes 0.75%
Overpressure protection Yes 1.75%
Coating selection

FBE

Engineering and Design 15-18 mm Yes 0.00%

18-25 mm NA 0.00%
Coal Tar Enamel NA 0.00%
Tape NA 0.00%
3 Layer PE NA 0.00%
Internal coating NA 0.00%
Joint Coating
Shrink sleeve Yes -1.25%
FBE NA 0.00%
Coal tar NA 0.00%
3 Layer PE NA 0.00%
Formal route selection
performed
Study available No -1.85%
ngh Consequence Areas Yes 0.00%
avoided
More conservative Design o
Factors Used in critical areas? Yes 0.00%
Geote(_:_h_nlcal st_udles performed Yes 0.00%
for facilities/stations
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Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Geophysical Attributes:
Iélr?;z?;ggz areas identified Yes 0.00%
;)rtIZearV%?ggjzards identified Yes 0.00%
Soil samples at 1000m
nevseaesronEen | o | o
parameters?
;’(\jc;trl]\;;ies(?lsmlc Faulting No 0.00%
Subsidence, Mines nearby? No 0.00%
Eg.i-lfc:fnii:gvny survey Yes 0.75%
Fluid
Fluid properties corrosive No 0.00%
Chemical injection used No 0.00%
High water content > 0.5% No 0.00%
Operating temperature
Below 190 C Yes 0.00%
Between 190 - 250 C NA 0.00%
Above 250 C NA 0.00%
Type of soil
Sand
Less than 10% NA 0.00%
10% to 25% Yes -1.45%
25% to 50% NA 0.00%
More than 50% NA 0.00%
Clay
Less than 10% NA 0.00%
10% to 25% NA 0.00%
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Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife

25% to 50% NA 0.00%
More than 50% Yes 0.00%

Rock
Between 1% and 10% Yes -1.50%
10% to 25% NA 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Corrosive soils
Less than 10% NA 0.00%
10% to 25% Yes -1.85%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Type of vegetation

Heavy timber
Less than 10% NA 0.00%
10% to 25% Yes -0.65%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Medium timber
Less than 10% No 0.00%
10% to 25% Yes -0.45%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Light timber
Less than 10% NA 0.00%
10% to 25% Yes -0.25%
25% to 50% NA 0.00%
More than 50% NA 0.00%
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Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Water Crossings

HDD
One No 0.00%
Between 1 and 3 Yes -0.09%
Between 3 and 5 No 0.00%
More than 5 No 0.00%

Conventional
One No 0.00%
Between 1 and 3 No 0.00%
Between 3 and 5 No 0.00%
More than 5 Yes -0.35%

Concrete Weight Coating

\é\:sjig:tt coating required on the Yes
Concrete weights used No 0.00%
S;):;inuous conrete coating Yes 0.00%

Road/Railroad Crossings
One No 0.00%
Between 1 and 3 No 0.00%
Between 3 and 5 No 0.00%
More than 5 Yes -0.23%
Seismic crossings

One No 0.00%

Between 1 and 3 No 0.00%

Between 3 and 5 No 0.00%

Construction More than 5 No 0.00%
Cultivated area
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Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Less than 10% No 0.00%
10% to 25% Yes -0.15%
25% to 50% No 0.00%
More than 50% No 0.00%
Extreme terrain
Less than 5% No 0.00%
5% to 8% Yes -0.75%
8% to 10% No 0.00%
More than 10% No 0.00%
Quality Oversight
Operator performed No 0.00%
Contractor performed No 0.00%
3rd Party performed Yes 5.50%
Written Quality Plan Yes 2.00%
daing oonctructon No .
Bending
Qualified procedure used No -0.50%
Minimum bend radius mandated No -0.50%
Welding
Qualified procedure Yes 1.50%
Visual inspections performed No 0.00%
Welding performed by:
Stick Yes 0.00%
Automatic No 0.00%
NDT
100% welds inspected Yes 2.25%
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Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:

Pipeline Diameter (Inches):

Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
More than 10%, less than o
100% of welds inspected No 0.00%
0,

!_ess than 10% welds No 0.00%
inspected

Contractor performed No 0.00%

Operator performed No 0.00%

3rd party NDT crew Yes 2.75%

Joint coating

Vepc}or representative used for Yes 3.00%

training

Qua.ﬂlty surveillance reports No 0.50%

available

Was coating inspected off the No 0.50%

truck

Was coating tested over the Yes 0.75%

ditch

Lowering-in

Construction specifications

contain restrictions on sideboom No -1.25%

spacing's

Quallt.y reports available for No 0.50%

lowering-in

Backfilling

Cons_t_ructlon specmcat!on _ Yes 1.95%

specifies backfill material quality

Quallt.y. reports available for No 0.50%

backfilling

Erosion Protection

Slope stabilization methods used Yes 0.75%

Ditch plugs used Yes 0.75%

Was ROW re-seeded / re- Yes 0.75%

vegetated
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Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
Hydrotesting
Duration less than 24 hours No 0.00%
Duration of 24 hours used Yes 0.90%
Gauge plate used Yes 0.55%
Qonstructlon speC|f|cat!ons No 1.00%
include rate of dewatering
Quality reports available for Yes 1.95%
hydrotesting
Baseline intelligent pig run Yes 1.25%
Pipeline Integrity Management
(PIM) in place
Written document in place Yes 2.15%
For.mal Qualified .O.perator and No 115%
Maintenance Training Programs
Operation hl_story current and Yes 1.15%
regularly reviewed and analyzed
Formal Preventlve Maintenance No 1.15%
Program implemented
Repair and Work Order Yes 0.75%
Procedures in place
Malntenange History Records No 0.75%
and analysis current
Part Replacement Inventory No 0.75%
Adequate
Integrity Plan Updated Yearly No -1.15%
Geographic Data Management _ o
System (GIS) used No 11920
Intelligent pigging operations
Monthly No 0.00%
Quarterly No 0.00%
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Expert Report:
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Greg Lamberson

Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Annual No 0.00%
Every 5 years Yes -3.75%
None No 0.00%
Maintenance pigging
Monthly No 0.00%
Quarterly No 0.00%
Annual Yes 0.00%
Every 5 years Yes 0.00%
None No 0.00%
OB B LR R Written Maintenance Plan  |In place and in use No -5.85%
Minimizing Potential Damage
Surface markers Yes 0.50%
ROW Surveillance
Routine surveillance weekly No 0.00%
Routine surveillance monthly No 0.00%
Routine surveillance annually Yes 0.00%
B e | Mo | oom
andouners and sikenocers | N0 Rk
Cathodic protection
DCGV performed annually No 0.00%
}[I)e(;(ri‘v performed every 3 No 0.00%
:I;fle\:vGalperformed at any Yes 0.00%
Test posts maintained Yes 0.75%
Potential readings taken monthly No 0.00%
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Comisién de Regulacion de Energia y Gas (CREG)

Expert Report:

Pipeline System Useful Life and Valuations; Contract 2015-190

Product 1

Greg Lamberson

Appendix A

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Chief Oil & Gas, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife

Zﬁ;ir;ﬁis,l readings taken No 1.75%

Corrosion coupons used Yes 1.75%

Risk Management

Risk Plan in place Yes 1.95%

Risk register up to date Yes 1.00%

Leak detection System in place No -4.75%

ROW Maintenance performed

Monthly No 0.00%

Quarterly No 0.00%

Annually Yes 0.00%
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Greg Lamberson

Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
i "No" Answer Provided | Maximum Effect in
Answer . Sub-Description Yes No
. Weight Answer Years
Weight
0 -0.0575 |API5L 0.0000 -0.0575 0.0000 2.3000
0.055 0.0000 Corrosion Allowance included 0.0550 0.0000 0.0000 2.2000
Type of pipe
0.055 0.0000 Seamless 0.0550 0.0000 0.0000 2.2000
0 0.0000 ERW 0.0000 0.0000 0.0000 0.0000

-0.0175 0.0000 Spiral wound -0.0175 0.0000 0.0000 0.7000
0.009 .0.0215 |Waspipetransportedbyrailor | 5599 | 90215 | 0.0090 1.2200

ship using API specs?

0.0085 -0.0095 Mill tested and inspected 0.0085 -0.0095 0.0085 0.7200
0.005 -0.0095 |Inspected at mill 0.0050 -0.0095 0.0050 0.5800
0.01 -0.0115  |"Vere shipping and handling 0.0100 | -0.0115 | 0.0100 0.8600

specifications provided

0.0105 -0.0115 | -0ading and Unloading 0.0105 | -0.0115 | 0.0105 0.8800

supervised

-0.015 0.0000 Manual -0.0150 0.0000 -0.0150 0.6000

0.0125 0.0000 Automated 0.0125 0.0000 0.0000 0.5000
0.01 0.0000 Security fencing 0.0100 0.0000 0.0100 0.4000
0.01 0.0000 ESD stations installed 0.0100 0.0000 0.0100 0.4000

0.0065 0.0000 |Were Hydraulic Transient 0.0065 | 0.0000 | 0.0065 0.2600

Pressures addressed
Pressure Protection & Relief
Devices installed and tested:
0.0075 0.0000 Monthly 0.0075 0.0000 0.0000 0.3000
0 0.0000 Quarterly 0.0000 0.0000 0.0000 0.0000
0 -0.0095 |Annual 0.0000 -0.0095 -0.0095 0.3800
0.0000 -0.0125 |Every 5 years 0.0000 -0.0125 -0.0125 0.5000
-0.0225 0.0000 None -0.0225 0.0000 0.0000 0.9000

Report 1502015-CREG-ICC-001

October 2015



Comisién de Regulacion de Energia y Gas (CREG)
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Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
i "No" Answer Provided | Maximum Effect in
Answer riots Sub-Description Yes No A -
0.01 _0.009 [Distance between valvestations | o199 | 90090 | 0.0100 0.7600
is no more than 30 kms
0.0025 .0.005 |Camera's monitoring crifical 0.0025 | -0.0050 | -0.0050 0.3000
facilities
0.0000
0.005 0.0000 Quick closures 0.0050 0.0000 0.0050 0.2000
0.0075 0.0000 Pig signals 0.0075 0.0000 0.0075 0.3000
0.0175 -0.0175 |Overpressure protection 0.0175 -0.0175 0.0175 1.4000
FBE
0 0.0000 15-18 mm 0.0000 0.0000 0.0000 0.0000
0.02 0.0000 18-25 mm 0.0200 0.0000 0.0000 0.8000
-0.05 0.0000 Coal Tar Enamel -0.0500 0.0000 0.0000 2.0000
-0.15 0.0000 Tape -0.1500 0.0000 0.0000 6.0000
0.0425 0.0000 3 Layer PE 0.0425 0.0000 0.0000 1.7000
0.05 0.0000 Internal coating 0.0500 0.0000 0.0000 2.0000
-0.0125 0.0000 Shrink sleeve -0.0125 0.0000 -0.0125 0.5000
0 0.0000 FBE 0.0000 0.0000 0.0000 0.0000
-0.035 0.0000 Coal tar -0.0350 0.0000 0.0000 1.4000
0.04 0.0000 3 Layer PE 0.0400 0.0000 0.0000 1.6000
0.015 -0.0185  |Study available 0.0150 -0.0185 -0.0185 1.3400
0 -0.0185 |High Consequence Areas 0.0000 | -0.0185 | 0.0000 0.7400
avoided
0 .0.025  |More conservative Design 0.0000 | -0.0250 | 0.0000 1.0000
Factors Used in critical areas?
0 .0.0185  |Geotechnical studies performed | () 559 | 90185 | 0.0000 0.7400
for facilities/stations
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Comisién de Regulacion de Energia y Gas (CREG)

Expert Report:

Pipeline System Useful Life and Valuations; Contract 2015-190

Greg Lamberson

Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
e "No" Answer Provided | Maximum Effect in
Answer riots Sub-Description Yes No A -
Geophysical Attributes:
0 .0.0325 |Hquefactionareasidentiedand | g 5500 | 90325 | 0.0000 1.3000
avoided
0 L0.0215 |Other geohazards identified and | g 5500 | 90215 | 0.0000 0.8600
avoided
Soil samples at 1000m intervals
0.0075 -0.0075 |along RoW taken, evaluated as 0.0075 -0.0075 -0.0075 0.6000
design parameters?
-0.045 0 Active Seismic Faulting identified| -0.0450 0.0000 0.0000 1.8000
-0.015 0 Subsidence, Mines nearby? -0.0150 0.0000 0.0000 0.6000
0.0075 -0.0075  |Soil resistivity survey performed 0.0075 -0.0075 0.0075 0.6000
-0.0625 0.0000 Fluid properties corrosive -0.0625 0.0000 0.0000 2.5000
0.025 0.0000 Chemical injection used 0.0250 0.0000 0.0000 1.0000
-0.0195 0.0000 High water content > 0.5% -0.0195 0.0000 0.0000 0.7800
Operating temperature 0.0000 0.0000
0 0.0000 Below 190 C 0.0000 0.0000 0.0000 0.0000
-0.005 0.0000 Between 190 - 250 C -0.0050 0.0000 0.0000 0.2000
-0.009 0.0000 Above 250 C -0.0090 0.0000 0.0000 0.3600
Sand
-0.0115 0.0000 Less than 10% -0.0115 0.0000 0.0000 0.4600
-0.0145 0.0000 10% to 25% -0.0145 0.0000 -0.0145 0.5800
-0.0175 0.0000 25% to 50% -0.0175 0.0000 0.0000 0.7000
-0.0215 0.0000 More than 50% -0.0215 0.0000 0.0000 0.8600
Clay
0.0000 Less than 10% 0.0000 0.0000 0.0000 0.0000
0.0000 10% to 25% 0.0000 0.0000 0.0000 0.0000
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Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
e "No" Answer Provided | Maximum Effect in
Answer riots Sub-Description Yes No A -
0 0.0000 25% to 50% 0.0000 0.0000 0.0000 0.0000
0 0.0000 More than 50% 0.0000 0.0000 0.0000 0.0000
Rock
-0.015 0.0000 Between 1% and 10% -0.0150 0.0000 -0.0150 0.6000
-0.0195 0.0000 10% to 25% -0.0195 0.0000 0.0000 0.7800
-0.0205 0.0000 25% to 50% -0.0205 0.0000 0.0000 0.8200
-0.035 0.0000 More than 50% -0.0350 0.0000 0.0000 1.4000
Corrosive soils
-0.0125 0.0000 Less than 10% -0.0125 0.0000 0.0000 0.5000
-0.0185 0.0000 10% to 25% -0.0185 0.0000 -0.0185 0.7400
-0.021 0.0000 25% to 50% -0.0210 0.0000 0.0000 0.8400
-0.035 0.0000 More than 50% -0.0350 0.0000 0.0000 1.4000
Heavy timber
-0.0045 0.0000 Less than 10% -0.0045 0.0000 0.0000 0.1800
-0.0065 0.0000 10% to 25% -0.0065 0.0000 -0.0065 0.2600
-0.0095 0.0000 25% to 50% -0.0095 0.0000 0.0000 0.3800
-0.0115 0.0000 More than 50% -0.0115 0.0000 0.0000 0.4600
Medium timber
-0.0025 0.0000 Less than 10% -0.0025 0.0000 0.0000 0.1000
-0.0045 0.0000 10% to 25% -0.0045 0.0000 -0.0045 0.1800
-0.0075 0.0000 25% to 50% -0.0075 0.0000 0.0000 0.3000
-0.0095 0.0000 More than 50% -0.0095 0.0000 0.0000 0.3800
Light timber
-0.0015 0.0000 Less than 10% -0.0015 0.0000 0.0000 0.0600
-0.0025 0.0000 10% to 25% -0.0025 0.0000 -0.0025 0.1000
-0.0045 0.0000 25% to 50% -0.0045 0.0000 0.0000 0.1800
-0.0075 0.0000 More than 50% -0.0075 0.0000 0.0000 0.3000
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Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
e "No" Answer Provided | Maximum Effect in
Answer riots Sub-Description Yes No A -
HDD
-0.0005 0.0000 One -0.0005 0.0000 0.0000 0.0200
-0.0009 0.0000 Between 1 and 3 -0.0009 0.0000 -0.0009 0.0360
-0.0011 0.0000 Between 3 and 5 -0.0011 0.0000 0.0000 0.0440
-0.00275 0.0000 More than 5 -0.0028 0.0000 0.0000 0.1100
Conventional
-0.00075 0.0000 One -0.0008 0.0000 0.0000 0.0300
-0.00115 0.0000 Between 1 and 3 -0.0012 0.0000 0.0000 0.0460
-0.00185 0.0000 Between 3 and 5 -0.0019 0.0000 0.0000 0.0740
-0.0035 0.0000 More than 5 -0.0035 0.0000 -0.0035 0.1400
Weight coating required on
the project
-0.00185 0 Concrete weights used -0.0019 0.0000 0.0000 0.0740
0 0.0000 Continuous conrete coating used| 0.0000 0.0000 0.0000 0.0000
-0.0009 0.0000 One -0.0009 0.0000 0.0000 0.0360
-0.00125 0.0000 Between 1 and 3 -0.0013 0.0000 0.0000 0.0500
-0.00185 0.0000 Between 3 and 5 -0.0019 0.0000 0.0000 0.0740
-0.0023 0.0000 More than 5 -0.0023 0.0000 -0.0023 0.0920
-0.0125 0.0000 One -0.0125 0.0000 0.0000 0.5000
-0.0185 0.0000 Between 1 and 3 -0.0185 0.0000 0.0000 0.7400
-0.0215 0.0000 Between 3 and 5 -0.0215 0.0000 0.0000 0.8600
-0.0275 0.0000 More than 5 -0.0275 0.0000 0.0000 1.1000
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Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
e "No" Answer Provided | Maximum Effect in
Answer riots Sub-Description Yes No A -
-0.00125 0.0000 Less than 10% -0.0013 0.0000 0.0000 0.0500
-0.0015 0.0000 10% to 25% -0.0015 0.0000 -0.0015 0.0600
-0.00185 0.0000 25% to 50% -0.0019 0.0000 0.0000 0.0740
-0.0025 0.0000 More than 50% -0.0025 0.0000 0.0000 0.1000
-0.0033 0.0000 Less than 5% -0.0033 0.0000 0.0000 0.1320
-0.0075 0.0000 5% to 8% -0.0075 0.0000 -0.0075 0.3000
-0.0095 0.0000 8% to 10% -0.0095 0.0000 0.0000 0.3800
-0.0115 0.0000 More than 10% -0.0115 0.0000 0.0000 0.4600
0 0.0000 Operator performed 0.0000 0.0000 0.0000 0.0000
-0.075 0.0000 Contractor performed -0.0750 0.0000 0.0000 3.0000
0.055 0.0000 3rd Party performed 0.0550 0.0000 0.0550 2.2000
0.02 0.0000 Written Quality Plan 0.0200 0.0000 0.0200 0.8000
0.0065 -0.00125 |Temporary CP system used 0.0065 | -0.0013 | -0.0013 0.3100
during construction
0 -0.005 Quallified procedure used 0.0000 -0.0050 -0.0050 0.2000
0 -0.005 Minimum bend radius mandated 0.0000 -0.0050 -0.0050 0.2000
0.015 0.0000 Quallified procedure 0.0150 0.0000 0.0150 0.6000
0.008 0.0000 Visual inspections performed 0.0080 0.0000 0.0000 0.3200
Welding performed by: 0.0000 0.0000
0 0.0000 Stick 0.0000 0.0000 0.0000 0.0000
0.0085 0.0000 Automatic 0.0085 0.0000 0.0000 0.3400
0.0225 0 100% welds inspected 0.0225 0.0000 0.0225 0.9000
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Comisién de Regulacion de Energia y Gas (CREG) Greg Lamberson

Expert Report:
Pipeline System Useful Life and Valuations; Contract 2015-190

Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
e "No" Answer Provided | Maximum Effect in
Answer riots Sub-Description Yes No A -
-0.0155 0 More than 10%, less than 100% | o155 | 00000 | 0.0000 0.6200
of welds inspected
-0.0225 0 Less than 10% welds inspected -0.0225 0.0000 0.0000 0.9000
-0.0525 0.0000 Contractor performed -0.0525 0.0000 0.0000 2.1000
0 0.0000 Operator performed 0.0000 0.0000 0.0000 0.0000
0.0275 0.0000 3rd party NDT crew 0.0275 0.0000 0.0275 1.1000
Vendor representative used for
0.03 -0.0325 training 0.0300 -0.0325 0.0300 2.5000
0.0075 0,005 |Qualty surveillance reports 0.0075 | -0.0050 | -0.0050 0.5000
available
0.0075 0005 | /Vas coatinginspected offthe | ¢ og75 | 0.0050 | -0.0050 0.5000
0.0075 0005 | {as coating tested over he 0.0075 | -0.0050 | 0.0075 0.5000
Construction specifications
0.0075 -0.0125 contain restrictions on sideboom 0.0075 -0.0125 -0.0125 0.8000
spacing's
Quality reports available for
0.0075 -0.005 R 0.0075 -0.0050 -0.0050 0.5000
lowering-in
0.0000
0.0125 .0.0195 |Construction specification | g1o5 | 90195 | 0.0125 1.2800
specifies backfill material quality
0.0075 0,005 | Quality reports available for 0.0075 | -0.0050 | -0.0050 0.5000
backfilling
0.0075 -0.005 Slope stabilization methods used| 0.0075 -0.0050 0.0075 0.5000
0.0075 -0.005 Ditch plugs used 0.0075 -0.0050 0.0075 0.5000
0.0075 0005 |VasROWre-seeded/re- 0.0075 | -0.0050 | 0.0075 0.5000
vegetated
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Comisién de Regulacion de Energia y Gas (CREG)

Expert Report:

Pipeline System Useful Life and Valuations; Contract 2015-190

Greg Lamberson

Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
e "No" Answer Provided | Maximum Effect in
Answer riots Sub-Description Yes No A -
-0.005 0.0000 Duration less than 24 hours -0.0050 0.0000 0.0000 0.2000
0.009 0.0000 Duration of 24 hours used 0.0090 0.0000 0.0090 0.3600
0.0055 0.0000 Gauge plate used 0.0055 0.0000 0.0055 0.2200
0.0075 .0.01 |Construction specifications 0.0075 | -0.0100 | -0.0100 0.7000
include rate of dewatering
0.0125 L0.025  |Quality reports available for 0.0125 | -0.0250 | 0.0125 1.5000
hydrotesting
0.0125 -0.025 Baseline intelligent pig run 0.0125 -0.0250 0.0125 1.5000
0.0215 -0.075 Written document in place 0.0215 -0.0750 0.0215 3.8600
0.0115 .0.0115 |Formal Qualified Operatorand | g 445 | 90115 | -0.0115 0.9200
Maintenance Training Programs
0.0115 .0.0115  |Operation history current and 0.0115 | -0.0115 | 0.0115 0.9200
regularly reviewed and analyzed
0.0115 .0.0115  |Formal Preventive Maintenance | 5145 | 90115 | -0.0115 0.9200
Program implemented
0.0075 .0.0075  |Repair and Work Order 0.0075 | -0.0075 | 0.0075 0.6000
Procedures in place
0.0075 .0.0075 |Maintenance History Records 0.0075 | -0.0075 | -0.0075 0.6000
and analysis current
0.0075 -0.0075 |7 art Replacement inventory 0.0075 | -0.0075 | -0.0075 0.6000
Adequate
0.01 -0.0115  |Integrity Plan Updated Yearly 0.0100 -0.0115 -0.0115 0.8600
0.0085 .0.0115  |[Geographic Data Management | gag5 | 90115 | -0.0115 0.8000
System (GIS) used
0.075 0.0000 Monthly 0.0750 0.0000 0.0000 3.0000
0.0575 0.0000 Quarterly 0.0575 0.0000 0.0000 2.3000
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Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
e "No" Answer Provided | Maximum Effect in
Answer riots Sub-Description Yes No A -
0 0.0000 Annual 0.0000 0.0000 0.0000 0.0000
-0.0375 0.0000 Every 5 years -0.0375 0.0000 -0.0375 1.5000
-0.15 0.0000 None -0.1500 0.0000 0.0000 6.0000
0.008 0.0000 Monthly 0.0080 0.0000 0.0000 0.3200
0.03 0.0000 Quarterly 0.0300 0.0000 0.0000 1.2000
0 0.0000 Annual 0.0000 0.0000 0.0000 0.0000
-0.03 0.0000 Every 5 years -0.0300 0.0000 -0.0300 1.2000
-0.15 0.0000 None -0.1500 0.0000 0.0000 6.0000
0.0175 -0.0585 In place and in use 0.0175 -0.0585 -0.0585 3.0400
0.005 0.0000 Surface markers 0.0050 0.0000 0.0050 0.2000
0.0425 0.0000 Routine surveillance weekly 0.0425 0.0000 0.0000 1.7000
0 0.0000 Routine surveillance monthly 0.0000 0.0000 0.0000 0.0000
0 -0.0085 |Routine surveillance annually 0.0000 -0.0085 0.0000 0.3400
0.0000 0.0115  |Routine surveillance performed | g 5500 | 00115 | -0.0115 0.4600
at any interval
Regular and formal contact with
0.0085 -0.0025 0.0085 -0.0025 -0.0025 0.4400
landowners and stakeholders
0.05 0.0000 DCGV performed annually 0.0500 0.0000 0.0000 2.0000
0 0.0000 DCGV performed every 3 years 0.0000 0.0000 0.0000 0.0000
0.0000 -0.0175 DCVG performed at any interval 0.0000 -0.0175 0.0000 0.7000
0.0075 0.0000 Test posts maintained 0.0075 0.0000 0.0075 0.3000
0.012 0.0000 Potential readings taken monthly [ 0.0120 0.0000 0.0000 0.4800
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Product 1
Appendix A
Pipeline System Useful Life Factors
Minimum Value -0.1500 -0.0750 -0.0585
Maximum Value 0.0750 0.0000 0.0550
Average Value -0.0011 -0.0050 0.0000
Standard Deviation 0.0279 0.0116 0.0107
Calculated Useful Life Factor: 0.0015
Pipeline System Design Years: 40.00
Calculated Useful Life Years: 40.06
e "No" Answer Provided | Maximum Effect in
Answer riots Sub-Description Yes No A -
0.015 0.0000 |Potential readings taken 0.0150 | 0.0000 | 0.0000 0.6000
annually
0.0175 -0.015 Corrosion coupons used 0.0175 -0.0150 0.0175 1.3000
0.0195 -0.0625 |Risk Plan in place 0.0195 -0.0625 0.0195 3.2800
0.01 -0.0165 Risk register up to date 0.0100 -0.0165 0.0100 1.0600
0.0145 -0.0475 |System in place 0.0145 -0.0475 -0.0475 2.4800
0.0105 0.0000 Monthly 0.0105 0.0000 0.0000 0.4200
0 0.0000 Quarterly 0.0000 0.0000 0.0000 0.0000
-0.0075 0.0000 Annually -0.0075 0.0000 -0.0075 0.3000

Report 1502015-CREG-ICC-001

October 2015



Comisién de Regulacion de Energia y Gas (CREG)

Greg Lamberson

Expert Report:
Pipeline System Useful Life and Valuations; Contract 2015-190
Product 1

Most Significant Variables Impacting Pipeline System Useful Life

—Tape

—Maintenance None

—Risk Plan in place

—CQuality Oversight Contractor performed
—rFluid properties corrosive

—Leak Detection System in place
—Intelligent Pigging Quarterly
—Seamless

—NDT Contractor performed

—Internal coating

—Active Seismic Faulting identified
—Routine surveillance weekly

—Quality reports available for hydrotesting

Formal Route Selection-Study...
More than 50% Corrosive Soils

More than 50% rock

Coal tar

Overpressure protection

0.150
Tape

0.160

0.140

0120

0.100

—Intelligent Pigging None

—PIM-Written document in place

—Written Maintenance Plan in place and in use
—Intelligent Pigging Monthly

—Joint Coating Vendor representative used for training
—API 5L

—~Corrosion Allowance included

—~Quality Oversight 3rd Party performed
—~Coal Tar Enamel

—DCGV performed annually

—3 Layer PE

—3 Layer PE

—Baseline intelligent pig run

0.150

. 0.150 . .
Intelligent Pigging None
Maintenance None

PIM-Written document in place

Risk Plan in place
0.007
$ Written Maintenance Plan in...
0,082

Quiality Oversight Contractor...

0.038-03 0.076
0.035
0085~ 0075"
Intelligent Pigging Every 5 years /0035 ; Intelligent Pigging Monthly
0.035 0,075
0.038
Baseline intelligent pig run |- Ly bbe LT | oogs— - Fluid properties corrosive
‘ 10.038" | bosh |
Quality reports available for... 0,040 { | Joint Coating Vendor...
X 1062
0.043
0,043 0.058
3 Layer PE Ve | p Leak Detection System in place
0.050 | 0.055
. . 0.050, 0.055
Routine surveillance weekly 0.050¢,653 0.055 API 5L
3 Layer PE Intelligent Pigging Quarterly
Active Seismic Faulting identified Corrosion Allowance included
DCGV performed annually Seamless
Int i D lity O ight 3rd Party...
nterna %%?nggEnamel NDT Con Lt!gcltgr pveergrsolﬁneglr arty
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Pipeline System Useful Life Assessment

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Construction Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Pipelines R Us

Design Life (Years)

40.00

Calculated Useful Life (Years)

64.93

Year Placed In-service

1981

End of Useful Life

2046

Greg Lamberson

80.00

Pipeline System Useful Life Comparison

70.00

60.00

50.00

40.00

B Worst Case

Standard (40 yr)

i Generic 16" Pipeline

30.00 /
20.00

M Best Case

/

- .
0.00

Worst Case Standard (40 yr) Ger_]erl'c 16 Best Case
Pipeline
Seriesl 10.00 40.00 64.93 65.00
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Pipeline System Useful Life Factors

Pipeline System Name:

Pipeline Diameter (Inches):

Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
Pipe selection
API 5L Yes 0.00%
Corrosion Allowance included Yes 5.50%
Type of pipe
Seamless NA 0.00%
ERW Yes 0.00%
Spiral wound No 0.00%
Was pipe transported by rail or o
ship using API specs? Yes 0.90%
Mill tested and inspected Yes 0.85%
Inspected at mill Yes 0.50%
Werg §h|pp|ng and. handling Yes 1.00%
specifications provided
Loadlng and Unloading Yes 1.05%
supervised
Valve stations
Manual No 0.00%
Automated Yes 1.25%
Security fencing Yes 1.00%
ESD stations installed Yes 1.00%
Were Hydraulic ~ Transient Yes 0.65%
Pressures addressed
Pressure Protection & Relief|
Devices installed and tested:
Monthly No 0.00%
Quarterly Yes 0.00%
Annual NA 0.00%
Every 5 years NA 0.00%
None NA 0.00%
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
Plstance between valve stations Yes 1.00%
is no more than 30 kms
Cafm.era s monitoring  critical Yes 0.25%
facilities
Launcher/receivers
Quick closures Yes 0.50%
Pig signals Yes 0.75%
Overpressure protection Yes 1.75%
Coating selection

FBE

Engineering and Design 15-18 mm Yes 0.00%

18-25 mm NA 0.00%
Coal Tar Enamel NA 0.00%
Tape NA 0.00%
3 Layer PE NA 0.00%
Internal coating NA 0.00%
Joint Coating
Shrink sleeve No 0.00%
FBE Yes 0.00%
Coal tar NA 0.00%
3 Layer PE NA 0.00%
Formal route selection
performed
Study available Yes 1.50%
ngh Consequence Areas Yes 0.00%
avoided
More conservative Design o
Factors Used in critical areas? Yes 0.00%
Geote(_:_h_nlcal st_udles performed Yes 0.00%
for facilities/stations
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Geophysical Attributes:
Iélr?;z?;ggz areas identified Yes 0.00%
;)rtIZearV%?ggjzards identified Yes 0.00%
Soil samples at 1000m
pesEgesRonEen | ves | ors
parameters?
;’(\jc;trl]\;;ies(?lsmlc Faulting No 0.00%
Subsidence, Mines nearby? No 0.00%
Eg.i-lfc:fnii:gvny survey Yes 0.75%
Fluid
Fluid properties corrosive No 0.00%
Chemical injection used No 0.00%
High water content > 0.5% No 0.00%
Operating temperature
Below 190 C Yes 0.00%
Between 190 - 250 C NA 0.00%
Above 250 C NA 0.00%
Type of soil
Sand
Less than 10% No 0.00%
10% to 25% Yes -1.45%
25% to 50% NA 0.00%
More than 50% NA 0.00%
Clay
Less than 10% NA 0.00%
10% to 25% NA 0.00%
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife

25% to 50% No 0.00%
More than 50% Yes 0.00%

Rock
Less than 10% NA 0.00%
10% to 25% NA 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Corrosive soils
Less than 10% Yes -1.25%
10% to 25% No 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Type of vegetation

Heavy timber
Less than 10% Yes -0.45%
10% to 25% No 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Medium timber
Less than 10% Yes -0.25%
10% to 25% NA 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Light timber
Less than 10% Yes -0.15%
10% to 25% No 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Water Crossings

HDD
One Yes -0.05%
Between 1 and 3 No 0.00%
Between 3 and 5 No 0.00%
More than 5 No 0.00%

Conventional
One No 0.00%
Between 1 and 3 No 0.00%
Between 3 and 5 Yes -0.19%
More than 5 No 0.00%

Concrete Weight Coating

\é\:sjig:tt coating required on the Yes
Concrete weights used No 0.00%
S;):;inuous conrete coating Yes 0.00%

Road/Railroad Crossings
One No 0.00%
Between 1 and 3 No 0.00%
Between 3 and 5 No 0.00%
More than 5 No 0.00%
Seismic crossings

One No 0.00%

Between 1 and 3 No 0.00%

Between 3 and 5 No 0.00%

Construction More than 5 No 0.00%
Cultivated area
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Less than 10% Yes -0.13%
10% to 25% No 0.00%
25% to 50% No 0.00%
More than 50% No 0.00%
Extreme terrain
Less than 5% Yes -0.33%
5% to 8% No 0.00%
8% to 10% No 0.00%
More than 10% No 0.00%
Quality Oversight
Operator performed No 0.00%
Contractor performed No 0.00%
3rd Party performed Yes 5.50%
Written Quality Plan Yes 2.00%
daing oonctructon No .
Bending
Qualified procedure used No -0.50%
Minimum bend radius mandated Yes 0.00%
Welding
Qualified procedure Yes 1.50%
Visual inspections performed Yes 0.80%
Welding performed by:
Stick Yes 0.00%
Automatic No 0.00%
NDT
100% welds inspected Yes 2.25%
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Pipeline System Useful Life Factors

Pipeline System Name:

Pipeline Diameter (Inches):

Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
More than 10%, less than o
100% of welds inspected No 0.00%
0,

!_ess than 10% welds No 0.00%
inspected

Contractor performed No 0.00%

Operator performed No 0.00%

3rd party NDT crew Yes 2.75%

Joint coating

Vepc}or representative used for Yes 3.00%

training

Qua.ﬂlty surveillance reports Yes 0.75%

available

Was coating inspected off the Yes 0.75%

truck

Was coating tested over the Yes 0.75%

ditch

Lowering-in

Construction specifications

contain restrictions on sideboom No -1.25%

spacing's

Quallt.y reports available for Yes 0.75%

lowering-in

Backfilling

Cons_t_ructlon specmcat!on _ Yes 1.95%

specifies backfill material quality

Quallt.y. reports available for Yes 0.75%

backfilling

Erosion Protection

Slope stabilization methods used Yes 0.75%

Ditch plugs used Yes 0.75%

Was ROW re-seeded / re- Yes 0.75%

vegetated
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
Hydrotesting
Duration less than 24 hours No 0.00%
Duration of 24 hours used Yes 0.90%
Gauge plate used Yes 0.55%
Qonstructlon speC|f|cat!ons Yes 0.75%
include rate of dewatering
Quality reports available for Yes 1.95%
hydrotesting
Baseline intelligent pig run Yes 1.25%
Pipeline Integrity Management
(PIM) in place
Written document in place Yes 2.15%
For.mal Qualified .O.perator and Yes 1.15%
Maintenance Training Programs
Operation hl_story current and Yes 1.15%
regularly reviewed and analyzed
Formal Preventlve Maintenance Yes 1.15%
Program implemented
Repair and Work Order Yes 0.75%
Procedures in place
Malntenange History Records Yes 0.75%
and analysis current
Part Replacement Inventory No 0.75%
Adequate
Integrity Plan Updated Yearly Yes 1.00%
Geographic Data Management _ o
System (GIS) used No 11920
Intelligent pigging operations
Monthly No 0.00%
Quarterly No 0.00%
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Annual Yes 0.00%
Every 5 years No 2.00%
None No 0.00%
Maintenance pigging
Monthly No 0.00%
Quarterly Yes 3.00%
Annual No 0.00%
Every 5 years No 0.00%
None No 0.00%
OB B LR R Written Maintenance Plan  |In place and in use Yes 1.75%
Minimizing Potential Damage
Surface markers Yes 0.50%
ROW Surveillance
Routine surveillance weekly No 0.00%
Routine surveillance monthly No 0.00%
Routine surveillance annually Yes 0.00%
ancowners and siakehotcers | | Y°S 0.85%
Cathodic protection
DCGV performed annually No 0.00%
}[I)e(;(ri‘v performed every 3 Yes 0.00%
:I;fle\:vGalperformed at any Yes 0.00%
Test posts maintained Yes 0.75%
Potential readings taken monthly No 0.00%
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Good Decisions Inc.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife

Zﬁ;ir;ﬁis,l readings taken Yes 1.20%

Corrosion coupons used Yes 1.75%

Risk Management

Risk Plan in place Yes 1.95%

Risk register up to date Yes 1.00%

Leak detection System in place Yes 1.45%

ROW Maintenance performed

Monthly No 0.00%

Quarterly No 0.00%

Annually Yes 0.00%
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Pipeline System Useful Life Assessment

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Design Life (Years) 40.00
Calculated Useful Life (Years) 10.38
Year Placed In-service 1981
End of Useful Life 1991
Pipeline System Useful Life Comparison
70.00
60.00
50.00
40.00
B Worst Case
Standard (40 yr)
30.00
i Generic 16" Pipeline
M Best Case
20.00
10.00
Worst Case Standard (40 yr) Ger.1er|'c 16 Best Case
Pipeline
Series1 10.40 10.38 65.00
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Pipeline System Useful Life Factors

Pipeline System Name:

Pipeline Diameter (Inches):

Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
Pipe selection
API 5L Yes 0.00%
Corrosion Allowance included No 0.00%
Type of pipe
Seamless NA 0.00%
ERW No 0.00%
Spiral wound Yes -1.75%
Wgs plpe transported by rail or Yes 0.90%
ship using API specs?
Mill tested and inspected No -0.95%
Inspected at mill No -0.95%
Werg §h|pp|ng and. handling No 115%
specifications provided
Loadlng and Unloading No 115%
supervised
Valve stations
Manual Yes -1.50%
Automated No 0.00%
Security fencing No 0.00%
ESD stations installed No 0.00%
Were Hydraulic ~ Transient No 0.00%
Pressures addressed
Pressure Protection & Relief|
Devices installed and tested:
Monthly No 0.00%
Quarterly No 0.00%
Annual NA 0.00%
Every 5 years No -1.25%
None No 0.00%
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
Plstance between valve stations Yes 1.00%
is no more than 30 kms
Carr?t.era s monitoring critical No 0.50%
facilities
Launcher/receivers
Quick closures No 0.00%
Pig signals No 0.00%
Overpressure protection No -1.75%
Coating selection

FBE

Engineering and Design 15-18 mm Yes 0.00%

18-25 mm NA 0.00%
Coal Tar Enamel NA 0.00%
Tape NA 0.00%
3 Layer PE NA 0.00%
Internal coating NA 0.00%
Joint Coating
Shrink sleeve Yes -1.25%
FBE No 0.00%
Coal tar NA 0.00%
3 Layer PE NA 0.00%
Formal route selection
performed
Study available No -1.85%
ngh Consequence Areas Yes 0.00%
avoided
More conservative Design o
Factors Used in critical areas? Yes 0.00%
Geote(_:_h_nlcal st_udles performed No 1.85%
for facilities/stations
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Geophysical Attributes:
Iélr?;z?;ggz areas identified NA 0.00%
;)rtIZearV%?ggjzards identified NA 0.00%
Soil samples at 1000m
nevseaesronEen | o | o
parameters?
;’(\jc;trl]\;;ies(?lsmlc Faulting No 0.00%
Subsidence, Mines nearby? No 0.00%
Eg.i-lfc:fnii:gvny survey No 0.75%
Fluid
Fluid properties corrosive No 0.00%
Chemical injection used No 0.00%
High water content > 0.5% No 0.00%
Operating temperature
Below 190 C Yes 0.00%
Between 190 - 250 C NA 0.00%
Above 250 C NA 0.00%
Type of soil
Sand
Less than 10% No 0.00%
10% to 25% Yes -1.45%
25% to 50% NA 0.00%
More than 50% NA 0.00%
Clay
Less than 10% NA 0.00%
10% to 25% NA 0.00%
Report 1502015-CREG-ICC-001 October 2015



Comisién de Regulacion de Energia y Gas (CREG)

Expert Report:
Pipeline System Useful Life and Valuations; Contract 2015-190
Product 1

Greg Lamberson

Appendix A-2

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife

25% to 50% No 0.00%
More than 50% Yes 0.00%

Rock
Less than 10% NA 0.00%
10% to 25% NA 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Corrosive soils
Less than 10% Yes -1.25%
10% to 25% No 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Type of vegetation

Heavy timber
Less than 10% Yes -0.45%
10% to 25% No 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Medium timber
Less than 10% Yes -0.25%
10% to 25% NA 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%

Light timber
Less than 10% Yes -0.15%
10% to 25% No 0.00%
25% to 50% NA 0.00%
More than 50% NA 0.00%
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Water Crossings

HDD
One Yes -0.05%
Between 1 and 3 No 0.00%
Between 3 and 5 No 0.00%
More than 5 No 0.00%

Conventional
One No 0.00%
Between 1 and 3 No 0.00%
Between 3 and 5 Yes -0.19%
More than 5 No 0.00%

Concrete Weight Coating

\é\:sjig:tt coating required on the Yes
Concrete weights used Yes -0.19%
S;):;inuous conrete coating No 0.00%

Road/Railroad Crossings
One No 0.00%
Between 1 and 3 No 0.00%
Between 3 and 5 No 0.00%
More than 5 No 0.00%
Seismic crossings

One No 0.00%

Between 1 and 3 No 0.00%

Between 3 and 5 No 0.00%

Construction More than 5 No 0.00%
Cultivated area
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Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Less than 10% Yes -0.13%
10% to 25% No 0.00%
25% to 50% No 0.00%
More than 50% No 0.00%
Extreme terrain
Less than 5% Yes -0.33%
5% to 8% No 0.00%
8% to 10% No 0.00%
More than 10% No 0.00%
Quality Oversight
Operator performed No 0.00%
Contractor performed Yes -7.50%
3rd Party performed No 0.00%
Written Quality Plan Yes 2.00%
daing oonctructon No .
Bending
Qualified procedure used No -0.50%
Minimum bend radius mandated No -0.50%
Welding
Qualified procedure Yes 1.50%
Visual inspections performed No 0.00%
Welding performed by:
Stick Yes 0.00%
Automatic No 0.00%
NDT
100% welds inspected No 0.00%
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Pipeline System Useful Life Factors

Pipeline System Name:

Pipeline Diameter (Inches):

Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
More than 10%, less than o
100% of welds inspected No 0.00%
0,

!_ess than 10% welds Yes 2.25%
inspected

Contractor performed Yes -5.25%

Operator performed No 0.00%

3rd party NDT crew No 0.00%

Joint coating

Vepc}or representative used for No -3.259%

training

Qua.ﬂlty surveillance reports No 0.50%

available

Was coating inspected off the No 0.50%

truck

Was coating tested over the Yes 0.75%

ditch

Lowering-in

Construction specifications

contain restrictions on sideboom No -1.25%

spacing's

Quallt.y reports available for No 0.50%

lowering-in

Backfilling

Construction specification o

specifies backfill material quality No =

Quallt.y. reports available for No 0.50%

backfilling

Erosion Protection

Slope stabilization methods used Yes 0.75%

Ditch plugs used Yes 0.75%

Was ROW re-seeded / re- No 0.50%

vegetated
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Comisién de Regulacion de Energia y Gas (CREG)

Expert Report:
Pipeline System Useful Life and Valuations; Contract 2015-190
Product 1

Greg Lamberson

Appendix A-2

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Ltt'fe
Hydrotesting
Duration less than 24 hours Yes -0.50%
Duration of 24 hours used No 0.00%
Gauge plate used Yes 0.55%
Qonstructlon speC|f|cat!ons No 1.00%
include rate of dewatering
Quality reports available for Yes 1.95%
hydrotesting
Baseline intelligent pig run No -2.50%
Pipeline Integrity Management
(PIM) in place
Written document in place Yes 2.15%
For.mal Qualified .O.perator and No 115%
Maintenance Training Programs
Operation hl_story current and No 115%
regularly reviewed and analyzed
Formal Preventlve Maintenance No 1.15%
Program implemented
Repair and Work Order No 0.75%
Procedures in place
Malntenange History Records Yes 0.75%
and analysis current
Part Replacement Inventory No 0.75%
Adequate
Integrity Plan Updated Yearly No -1.15%
Geographic Data Management _ o
System (GIS) used No 11920
Intelligent pigging operations
Monthly No 0.00%
Quarterly No 0.00%
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Comisién de Regulacion de Energia y Gas (CREG)

Expert Report:
Pipeline System Useful Life and Valuations; Contract 2015-190
Product 1

Greg Lamberson

Appendix A-2

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife
Annual No 0.00%
Every 5 years Yes -3.75%
None No 0.00%
Maintenance pigging
Monthly No 0.00%
Quarterly No 0.00%
Annual No 0.00%
Every 5 years Yes -3.00%
None No 0.00%
OB B LR R Written Maintenance Plan  |In place and in use Yes 1.75%
Minimizing Potential Damage
Surface markers Yes 0.50%
ROW Surveillance
Routine surveillance weekly No 0.00%
Routine surveillance monthly No 0.00%
Routine surveillance annually No -0.85%
e B
andouners and sikenocers | N0 Rk
Cathodic protection
DCGV performed annually No 0.00%
}[I)e(;(ri‘v performed every 3 No 0.00%
:I;fle\:vGalperformed at any No 1.75%
Test posts maintained Yes 0.75%
Potential readings taken monthly No 0.00%
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Comisién de Regulacion de Energia y Gas (CREG)
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Appendix A-2

Pipeline System Useful Life Factors

Pipeline System Name:
Pipeline Diameter (Inches):
Pipeline Length (Kms):
Pipeline Operator:

Design Contractor:

Generic 16" Pipeline

16.000

240

Need Help, Ltd.

ACME Pipeline Design

Construction Contractor: Pipelines R Us
Pipeline Life Cycle Phases Description Sub-Description Response USI;f:Lttife

Zﬁ;ir;ﬁis,l readings taken No 0.00%

Corrosion coupons used No -1.50%

Risk Management

Risk Plan in place No -6.25%

Risk register up to date No -1.65%

Leak detection System in place No -4.75%

ROW Maintenance performed

Monthly No 0.00%

Quarterly No 0.00%

Annually No -0.75%
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Appendix B — Base Costs for Pipeline Systems

Comision de Regulacion de Energia y Gas (CREG) Greg Lamberson

Expert Report: Pipeline System Useful Life and Valuations; Contract 2015-190
Base Costs per 50 Kilometers of 4-Inch Pipeline Built in Good Conditions

Product 1
Description Total Cost Total Cost/Km L) Ot IS Tot_a =
Inch in/Meter
2-inch (2.375)
Variable Case-100 meters $ 41916 | $ 419160 | $ 17,649 | $ 176.49
Variable Case-1 km $ 317,000 | $ 317,000 | $ 133,474 | $ 133.47
Variable Case-2 kms $ 487,000 | $ 243500 | $ 205,053 | $ 102.53
Variable Case-3 kms $ 585,000 | $ 195,000 | $ 246,316 | $ 82.11
Variable Case-5 kms $ 817,000 | $ 163,400 | $ 344,000 | $ 68.80
Variable Case-10 kms $ 1,183,000 | $ 118,300 | $ 498,105 $ 49.81
Variable Case-15 kms $ 1,257,000 | $ 83,800 [ $ 529,263 | $ 35.28
Variable Case-20 kms $ 1,461,000 | $ 73,050 [ $ 615,158 | $ 30.76
4-inch (4.500)
Variable Case-100 meters $ 45755 $ 457550 $ 10,168 | $ 101.68
Variable Case-1 kms $ 445000 | $ 445000 | $ 98,889 | $ 98.89
Variable Case-5 kms $ 1,382,000 | $ 276,400 | $ 307,111 | $ 61.42
Variable Case-10 kms $ 2,355,000 | $ 235500 | $ 523,333 | $ 52.33
Variable Case-20 kms $ 3,197,000 | $ 159,850 | $ 710,444 | $ 35.52
Base Case-50 kms $ 8,365,000 | $ 167,300 | $ 1,858,889 | $ 37.18
Variable Case-100 kms $ 11,184,000 | $ 111,840 [ $ 2485333 $ 24.85
Variable Case-200 kms $ 14,663,000 | $ 73,315 $ 3,258,444 | $ 16.29
6-inch (6.625)
Variable Case-100 meters $ 54,636 | $ 546,360 | $ 82471 $ 82.47
Variable Case-1 kms $ 549,000 | $ 549,000 | $ 82,868 | $ 82.87
Variable Case-5 kms $ 1,934,000 | $ 386,800 | $ 291,925 | $ 58.38
Variable Case-10 kms $ 3,397,000 | $ 339,700 | $ 512,755 $ 51.28
Variable Case-20 kms $ 4,181,000 | $ 209,050 | $ 631,094 | $ 31.55
Variable Case-50 kms $ 10,525,000 | $ 210,500 | $ 1,588,679 | $ 31.77
Variable Case-100 kms $ 12,418,000 | $ 124,180 | $ 1,874,415 $ 18.74
Variable Case-200 kms $ 16,719,000 | $ 83,595 | $ 2523623 | $ 12.62
8-inch (8.625)
Variable Case-100 meters $ 61,356 | $ 613,560 | $ 7114 | $ 71.14
Variable Case-1 kms $ 583,000 | $ 583,000 | $ 67,594 | $ 67.59
Variable Case-5 kms $ 2,182,000 | $ 436,400 | $ 252,986 | $ 50.60
Variable Case-10 kms $ 3,951,000 | $ 395,100 | $ 458,087 | $ 45.81
Variable Case-20 kms $ 5,030,000 | $ 251,500 | $ 583,188 | $ 29.16
Variable Case-50 kms $ 11,978,000 | $ 239,560 | $ 1,388,754 | $ 27.78
Variable Case-100 kms $ 14,008,000 | $ 140,080 | $ 1,624,116 | $ 16.24
Variable Case-200 kms $ 19,261,000 | $ 96,305 | $ 2,233,159 | $ 11.17
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Appendix B — Base Costs for Pipeline Systems

Comision de Regulacion de Energia y Gas (CREG) Greg Lamberson

Expert Report: Pipeline System Useful Life and Valuations; Contract 2015-190
Base Costs per 50 Kilometers of 4-Inch Pipeline Built in Good Conditions

Product 1
Description Total Cost Total Cost/Km L) Ot IS Tot_a =
Inch in/Meter
10-inch (10.750)
Variable Case-100 meters $ 70,8051 $ 708,050 | $ 6,587 | $ 65.87
Variable Case-1 kms $ 597,000 | $ 597,000 | $ 55535 $ 55.53
Variable Case-5 kms $ 2,255,000 | $ 451,000 | $ 209,767 | $ 41.95
Variable Case-10 kms $ 4169,000 (| $ 416,900 | $ 387814 | $ 38.78
Variable Case-20 kms $ 6,414,000 | $ 320,700 | $ 596,651 | $ 29.83
Variable Case-50 kms $ 13,715,000 | $ 274,300 | $ 1,275,814 | $ 25.52
Variable Case-100 kms $ 16,544,000 | $ 165,440 | $ 1,638,977 | $ 15.39
Variable Case-200 kms $ 21,168,000 | $ 105,840 | $ 1,969,116 | $ 9.85
12-inch (12.750)
Variable Case-100 meters $ 80,010 | $ 800,100 | $ 6,275 $ 62.75
Variable Case-1 kms $ 610,000 | $ 610,000 | $ 478431 $ 47.84
Variable Case-5 kms $ 2,373,000 | $ 474600 | $ 186,118 | $ 37.22
Variable Case-10 kms $ 4478000 $ 447800 | $ 351,216 | $ 35.12
Variable Case-20 kms $ 7,563,000 | $ 378,150 | $ 593,176 | $ 29.66
Variable Case-50 kms $ 15,732,000 | $ 314640 | $ 1,233,882 $ 24.68
Variable Case-100 kms $ 19,109,000 | $ 191,090 | $ 1,498,745 $ 14.99
Variable Case-200 kms $ 25,000,000 | $ 125,000 | $ 1,960,784 | $ 9.80
14-inch (14.000)
Variable Case-100 meters $ 926521 $ 926,520 | $ 6,618.00 | $ 66.18
Variable Case-1 kms $ 623,000 [ $ 623,000 | $ 44,500.00 | $ 44 .50
Variable Case-5 kms $ 2,428,000 | $ 485600 | $ 173,42857 | $ 34.69
Variable Case-10 kms $ 4,577,000 | $ 457,700 | $ 326,92857 | $ 32.69
Variable Case-20 kms $ 8,244,000 | $ 412200 | $§ 588,857.14 | $ 29.44
Variable Case-50 kms $ 19,367,000 | $ 387,340 | $ 1,383,357.14 | $ 27.67
Variable Case-100 kms $ 24,441,000 | $ 244410 $ 1,745,785.71 | $ 17.46
Variable Case-200 kms $ 33,375,000 | $ 166,875 | $ 2,383,928.57 | $ 11.92
16-inch (16.000)
Variable Case-100 meters $ 102,816 | $ 1,028,160 | $ 6,426 | $ 64.26
Variable Case-1 kms $ 631,000 | $ 631,000 | $ 39,438 | $ 39.44
Variable Case-5 kms $ 2,458,000 | $ 491,600 | $ 153,625 | $ 30.73
Variable Case-10 kms $ 4,632,000 | $ 463,200 | $ 289,500 | $ 28.95
Variable Case-20 kms $ 8,820,000 | $ 441,000 | $ 551,250 | $ 27.56
Variable Case-50 kms $ 22,234,000 | $ 444680 | $ 1,389,625 | $ 27.79
Variable Case-100 kms $ 29,110,000 | $ 291,100 [ $ 1,819,375 | $ 18.19
Variable Case-200 kms $ 39,984,000 | $ 199,920 | $ 2,499,000 | $ 12.50
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Appendix B — Base Costs for Pipeline Systems

Comision de Regulacion de Energia y Gas (CREG) Greg Lamberson

Expert Report: Pipeline System Useful Life and Valuations; Contract 2015-190
Base Costs per 50 Kilometers of 4-Inch Pipeline Built in Good Conditions

Product 1
Description Total Cost Total Cost/Km L) Ot IS Tot_a =
Inch in/Meter

18-inch (18.000)
Variable Case-100 meters $ 108,368 | $ 1,083,680 | $ 6,020 | $ 60.20
Variable Case-1 kms $ 665,000 | $ 665,000 | $ 36,944 | $ 36.94
Variable Case-5 kms $ 2724000 $ 544,800 | $ 151,333 | $ 30.27
Variable Case-10 kms $ 5,239,000 | $ 523,900 | $ 291,056 | $ 29.11
Variable Case-20 kms $ 9,782,000 | $ 489,100 | $ 543,444 | $ 27.17
Variable Case-50 kms $ 26,278,000 | $ 525,560 | $ 1,459,889 [ $ 29.20
Variable Case-100 kms $ 36,883,000 | $ 368,830 | $ 2,049,056 | $ 20.49
Variable Case-200 kms $ 50,860,000 | $ 254,300 | $ 2,825,556 | $ 14.13

20-inch (20.000)
Variable Case-100 meters $ 113,028 | $ 1,130,280 | $ 56511 % 56.51
Variable Case-1 kms $ 758,000 | $ 758,000 | $ 37,900 | $ 37.90
Variable Case-5 kms $ 3,300,000 | $ 660,000 | $ 165,000 | $ 33.00
Variable Case-10 kms $ 6,474,000 | $ 647,400 | $ 323,700 | $ 32.37
Variable Case-20 kms $ 12,164,000 | $ 608,200 | $ 608,200 | $ 30.41
Variable Case-50 kms $ 29,882,000 | $ 597640 | $ 1,494100 | $ 29.88
Variable Case-100 kms $ 44,780,000 | $ 447800 | $ 2,239,000 | $ 22.39
Variable Case-200 kms $ 61,862,000 | $ 309,310 | $ 3,093,100 | $ 15.47

24-inch (24.000)
Variable Case-100 meters $ 121,392 | $ 1,213,920 | $ 5,058 1 $ 50.58
Variable Case-1 kms $ 830,000 | $ 830,000 | $ 34583 | $ 34.58
Variable Case-5 kms $ 3,838,000 | $ 767,600 | $ 159,917 | $ 31.98
Variable Case-10 kms $ 7,761,000 | $ 776,100 | $ 323,375 | $ 32.34
Variable Case-20 kms $ 14,581,000 | $ 729,050 | $ 607,542 | $ 30.38
Variable Case-50 kms $ 36,459,000 | $ 729,180 | $ 1,519,125 | $ 30.38
Variable Case-100 kms $ 53,674,000 $ 536,740 | $ 2,236,417 | $ 22.36
Variable Case-200 kms $ 74,149,000 | $ 370,745 | $ 3,089,542 | $ 15.45
[ 30inch(80.0000 |
Variable Case-100 meters $ 140,572 | $ 1,405,720 | $ 4686 | $ 46.86
Variable Case-1 kms $ 917,000 | $ 917,000 | $ 30,567 | $ 30.57
Variable Case-5 kms $ 4,603,000 | $ 920,600 | $ 153,433 | $ 30.69
Variable Case-10 kms $ 9,496,000 | $ 949,600 | $ 316,533 | $ 31.65
Variable Case-20 kms $ 17,630,000 | $ 881,500 | $ 587,667 | $ 29.38
Variable Case-50 kms $ 43,055,000 | $ 861,100 | $ 1,435,167 | $ 28.70
Variable Case-100 kms $ 65,666,000 | $ 656,660 | $ 2,188,867 | $ 21.89
Variable Case-200 kms $ 90,715,000 | $ 453,575 | $ 3,023,833 | $ 15.12
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Appendix B — Base Costs for Pipeline Systems

Comision de Regulacion de Energia y Gas (CREG) Greg Lamberson

Expert Report: Pipeline System Useful Life and Valuations; Contract 2015-190
Base Costs per 50 Kilometers of 4-Inch Pipeline Built in Good Conditions

Product 1
Description Total Cost Total Cost/Km L) Ot IS Tot_a =
Inch in/Meter

36-inch (36.000)
Variable Case-100 meters $ 153,790 | $ 1,637,900 | $ 42721 % 42.72
Variable Case-1 kms $ 1,024,000 | $ 1,024,000 | $ 28444 | $ 28.44
Variable Case-5 kms $ 5,349,000 | $ 1,069,800 | $ 148,583 | $ 29.72
Variable Case-10 kms $ 11,258,000 | $ 1,125,800 | $ 312,722 | $ 31.27
Variable Case-20 kms $ 20,941,000 | $ 1,047,050 | $ 581694 | $ 29.08
Variable Case-50 kms $ 51,043,000 | $ 1,020,860 | $ 1,417,861 $ 28.36
Variable Case-100 kms $ 77,848,000 | $ 778,480 | $ 2,162,444 | $ 21.62
Variable Case-200 kms $ 107,544,000 | $ 537,720 | $ 2,987,333 $ 14.94

42-inch (42.000)
Variable Case-100 meters $ 168,672 | $ 1,686,720 | $ 4016 | $ 40.16
Variable Case-1 kms $ 1,146,000 | $ 1,146,000 | $ 27286 | $ 27.29
Variable Case-5 kms $ 6,232,000 | $ 1,246,400 | $ 148,381 | $ 29.68
Variable Case-10 kms $ 13,380,000 | $ 1,338,000 | $ 318,571 | $ 31.86
Variable Case-20 kms $ 24,936,000 | $ 1,246,800 | $ 593,714 | $ 29.69
Variable Case-50 kms $ 60,664,000 | $ 1,213,280 | $ 1,444381( $ 28.89
Variable Case-100 kms $ 95,521,000 | $ 955210 | $ 2274310 $ 22.74
Variable Case-200 kms $ 127,814,000 | $ 639,070 | $ 3,043,190 | $ 15.22

48-inch (48.000)
Variable Case-100 meters $ 185290 | $ 1,852,900 | $ 3,860 | $ 38.60
Variable Case-1 kms $ 1,285,000 | $ 1,285,000 | $ 26,7711 $ 26.77
Variable Case-5 kms $ 7,272,000 | $ 1,454,400 | $ 151,500 | $ 30.30
Variable Case-10 kms $ 15,928,000 | $ 1,592,800 | $ 331,833 | $ 33.18
Variable Case-20 kms $ 29,740,000 | $ 1,487,000 | $ 619,583 | $ 30.98
Variable Case-50 kms $ 72,213,000 | $ 1,444.260 | $ 1,504,438 | $ 30.09
Variable Case-100 kms $ 113,707,000 | $ 1,137,070 | $ 2,368,896 | $ 23.69
Variable Case-200 kms $ 152,148,000 | $ 760,740 | $ 3,169,750 | $ 15.85

The additional diameters and lengths were evaluated directly in order to provide a basis for developing economy of scale factors.

All other diameters and lengths used a similar estimate basis as the 4" Case, i.e. Class | location, good terrain, no major obstacles or construction

issues.
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Appendix C — Cost Delta Table for Terrain Variable Impacts for All Diameters

Comision de Regulacién de Energia y Gas (CREG)

Expert Report: Pipeline System Useful Life and Valuations; Contract 2015-190
Base Costs per 50 Kilometers of 4-Inch Pipeline Built in Good Conditions

Greg Lamberson

. T el (e Total Cost/ | Multiplier/K | Total Cost/Dia- UEET (53 Incremental Increme_ntal
Description Total Cost Difference vs . Delta vs Base Cost/Dia-
Base Km m Versus in/Meter Case (%) Cost/Km in/Meter
Base Case

| 2inch(2375)x20kms |
Base Case $ 1,461,000 | $ -8 73,050 NA $ 30.76 NA NA NA
Terrain of 5%-10% (1 km) S 1,483,000 | $ 22,000 | S 74,150 1.015 S 31.22 1.51% S 1,100 | S 0.46
Terrain of 10%-15% (1 km) S 1,496,000 | $ 35,000 | $ 74,800 1.024 S 31.49 2.40% S 1,750 | $ 0.74
Terrain of 15%-20% (1 km) S 1,514,000 | $ 53,000 | $ 75,700 1.036 S 31.87 3.63% S 2,650 | S 1.12
Terrain of 20%-25% (1 km) S 1,540,000 | $ 79,000 | $ 77,000 1.054 S 32.42 5.41% S 3950 | S 1.66
Terrain of 25%+ (1 km) S 1,547,000 | $ 86,000 | $ 77,350 1.059 S 32.57 5.89% S 4,300 | $ 1.81

4-inch (4.500) x 50 kms
Base Case $ 8,365,000 | $ -1 $ 167,300 NA $ 37.18 NA NA NA
Terrain of 5%-10% (1 km) S 8,490,000 | S 125,000 | $ 169,800 1.015 S 37.73 1.49% S 2,500 | S 0.56
Terrain of 10%-15% (1 km) S 8,574,000 | $ 209,000 | $ 171,480 1.025 S 38.11 2.50% S 4,180 | $ 0.93
Terrain of 15%-20% (1 km) S 8,675,000 | S 310,000 | S 173,500 1.037 S 38.56 3.71% S 6,200 | S 1.38
Terrain of 20%-25% (1 km) S 8,825,000 | $ 460,000 | S 176,500 1.055 S 39.22 5.50% S 9,200 | $ 2.04
Terrain of 25%+ (1 km) S 8,867,000 | S 502,000 | S 177,340 1.060 S 39.41 6.00% S 10,040 | S 2.23

6-inch (6.625) x 50 kms
Base Case $ 10,525,000 | $ -1 $ 210,500 NA $ 31.77 NA NA NA
Terrain of 5%-10% (1 km) S 10,693,000 | $ 168,000 | $ 213,860 1.016 S 32.28 1.60% S 3,360 | S 0.51
Terrain of 10%-15% (1 km) S 10,809,000 | $ 284,000 | $ 216,180 1.027 S 32.63 2.70% S 5,680 | S 0.86
Terrain of 15%-20% (1 km) S 10,935,000 | $ 410,000 | S 218,700 1.039 S 33.01 3.90% S 8,200 | $ 1.24
Terrain of 20%-25% (1 km) S 11,114,000 | S 589,000 | $ 222,280 1.056 S 33.55 5.60% S 11,780 | $ 1.78
Terrain of 25%+ (1 km) S 11,167,000 | $ 642,000 | S 223,340 1.061 S 33.71 6.10% S 12,840 | S 1.94

8-inch (8.625) x 50 kms
Base Case $ 11,978,000 | $ -1 8 239,560 NA $ 27.78 NA NA NA
Terrain of 5%-10% (1 km) S 12,170,000 | $ 192,000 | $ 243,400 1.016 S 28.22 1.60% S 3,840 | S 0.45
Terrain of 10%-15% (1 km) S 12,301,000 | S 323,000 | $ 246,020 1.027 S 28.52 2.70% S 6,460 | S 0.75
Terrain of 15%-20% (1 km) S 12,445,000 | $ 467,000 | S 248,900 1.039 S 28.86 3.90% S 9,340 | $ 1.08
Terrain of 20%-25% (1 km) S 12,649,000 | S 671,000 | $ 252,980 1.056 S 29.33 5.60% S 13,420 | $ 1.56
Terrain of 25%+ (1 km) S 12,709,000 | $ 731,000 | S 254,180 1.061 S 29.47 6.10% S 14,620 | S 1.70




Appendix C — Cost Delta Table for Terrain Variable Impacts for All Diameters

Comision de Regulacién de Energia y Gas (CREG)

Expert Report: Pipeline System Useful Life and Valuations; Contract 2015-190
Base Costs per 50 Kilometers of 4-Inch Pipeline Built in Good Conditions

Greg Lamberson

. T el (e Total Cost/ | Multiplier/K | Total Cost/Dia- UEET (53 Incremental Increme_ntal
Description Total Cost Difference vs . Delta vs Base Cost/Dia-
Base Km m Versus in/Meter Case (%) Cost/Km in/Meter
Base Case

10-inch (10.500) x 50 kms
Base Case $ 13,715,000 | $ -1 $ 274,300 NA $ 25.52 NA NA NA
Terrain of 5%-10% (1 km) S 13,934,000 | $ 219,000 | $ 278,680 1.016 S 25.92 1.60% S 4,380 | $ 0.41
Terrain of 10%-15% (1 km) S 14,085,000 | $ 370,000 | S 281,700 1.027 S 26.20 2.70% S 7,400 | S 0.69
Terrain of 15%-20% (1 km) S 14,250,000 | $ 535,000 | $ 285,000 1.039 S 26.51 3.90% S 10,700 | $ 1.00
Terrain of 20%-25% (1 km) S 14,483,000 | $ 768,000 | S 289,660 1.056 S 26.95 5.60% S 15,360 | S 1.43
Terrain of 25%+ (1 km) S 14,552,000 | $ 837,000 | $ 291,040 1.061 S 27.07 6.10% S 16,740 | $ 1.56

12-inch (12.750) x 50 kms
Base Case $ 15,732,000 | $ -1 $ 314,640 NA $ 24.68 NA NA NA
Terrain of 5%-10% (1 km) S 15,984,000 | $ 252,000 | $ 319,680 1.016 S 25.07 1.60% S 5040 | S 0.40
Terrain of 10%-15% (1 km) S 16,172,000 | $ 440,000 | S 323,440 1.028 S 25.37 2.80% S 8,800 | S 0.69
Terrain of 15%-20% (1 km) S 16,361,000 | $ 629,000 | $ 327,220 1.040 S 25.66 4.00% S 12,580 | $ 0.99
Terrain of 20%-25% (1 km) S 16,629,000 | $ 897,000 | S 332,580 1.057 S 26.08 5.70% S 17,940 | S 1.41
Terrain of 25%+ (1 km) S 16,707,000 | S 975,000 | $ 334,140 1.062 S 26.21 6.20% S 19,500 | $ 1.53

14-inch (14.000) x 50 kms
Base Case $ 19,367,000 | $ -1 $ 387,340 NA $ 27.67 NA NA NA
Terrain of 5%-10% (1 km) S 19,677,000 | S 310,000 | $ 393,540 1.016 S 28.11 1.60% S 6,200 | S 0.44
Terrain of 10%-15% (1 km) S 19,909,000 | $ 542,000 | S 398,180 1.028 S 28.44 2.80% S 10,840 | S 0.77
Terrain of 15%-20% (1 km) S 20,142,000 | $ 775,000 | $ 402,840 1.040 S 28.77 4.00% S 15,500 | $ 1.11
Terrain of 20%-25% (1 km) S 20,471,000 | $ 1,104,000 | $ 409,420 1.057 S 29.24 5.70% S 22,080 | $ 1.58
Terrain of 25%+ (1 km) S 20,568,000 | S 1,201,000 | S 411,360 1.062 S 29.38 6.20% S 24,020 | $ 1.72

16-inch (16.000) x 50 kms
Base Case $ 22,234,000 | $ -1 8 444,680 NA $ 27.79 NA NA NA
Terrain of 5%-10% (1 km) S 22,612,000 | $ 378,000 | $ 452,240 1.017 S 28.27 1.70% S 7,560 | S 0.47
Terrain of 10%-15% (1 km) S 22,879,000 | S 645,000 | S 457,580 1.029 S 28.60 2.90% S 12,900 | $ 0.81
Terrain of 15%-20% (1 km) S 23,146,000 | $ 912,000 | $ 462,920 1.041 S 28.93 4.10% S 18,240 | $ 1.14
Terrain of 20%-25% (1 km) S 23,524,000 | $ 1,290,000 | $ 470,480 1.058 S 29.41 5.80% S 25,800 | $ 1.61
Terrain of 25%+ (1 km) S 23,635,000 | S 1,401,000 | S 472,700 1.063 S 29.54 6.30% S 28,020 | $ 1.75
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L T O Total Cost/ | Multiplier/K | Total Cost/Dia- LG Incremental Increme_ntal
Description Total Cost Difference vs . Delta vs Base Cost/Dia-
Base Km m Versus in/Meter Case (%) Cost/Km in/Meter
Base Case

18-inch (18.000) x 50 kms
Base Case $ 26,278,000 | $ -1 8 525,560 NA $ 29.20 NA NA NA
Terrain of 5%-10% (1 km) S 26,751,000 | $ 473,000 | S 535,020 1.018 S 29.72 1.80% S 9,460 | $ 0.53
Terrain of 10%-15% (1 km) S 27,066,000 | $ 788,000 | $ 541,320 1.030 S 30.07 3.00% S 15,760 | $ 0.88
Terrain of 15%-20% (1 km) S 27,382,000 | S 1,104,000 | S 547,640 1.042 S 30.42 4.20% S 22,080 | $ 1.23
Terrain of 20%-25% (1 km) S 27,828,000 | $ 1,550,000 | $ 556,560 1.059 S 30.92 5.90% S 31,000 | $ 1.72
Terrain of 25%+ (1 km) S 27,960,000 | S 1,682,000 | S 559,200 1.064 S 31.07 6.40% S 33,640 | $ 1.87

20-inch (20.000) x 50 kms
Base Case $ 29,882,000 | $ -1 $ 597,640 NA $ 29.88 NA NA NA
Terrain of 5%-10% (1 km) S 30,450,000 | $ 568,000 | $ 609,000 1.019 S 30.45 1.90% S 11,360 | $ 0.57
Terrain of 10%-15% (1 km) S 30,808,000 | S 926,000 | $ 616,160 1.031 S 30.81 3.10% S 18,520 | $ 0.93
Terrain of 15%-20% (1 km) S 31,167,000 | $ 1,285,000 | S 623,340 1.043 S 31.17 4.30% S 25,700 | $ 1.29
Terrain of 20%-25% (1 km) S 31,675,000 | $ 1,793,000 | $ 633,500 1.060 S 31.68 6.00% S 35,860 | $ 1.79
Terrain of 25%+ (1 km) S 31,824,000 | $ 1,942,000 | S 636,480 1.065 S 31.82 6.50% S 38,840 | $§ 1.94

24-inch (24.000) x 50 kms
Base Case $ 36,459,000 | $ -1$ 729,180 NA $ 30.38 NA NA NA
Terrain of 5%-10% (1 km) S 37,188,000 | $ 729,000 | $ 743,760 1.020 S 30.99 2.00% S 14,580 | $ 0.61
Terrain of 10%-15% (1 km) S 37,626,000 | $ 1,167,000 | $ 752,520 1.032 S 31.36 3.20% S 23,340 | $ 0.97
Terrain of 15%-20% (1 km) S 38,063,000 | $ 1,604,000 | S 761,260 1.044 S 31.72 4.40% S 32,080 | $ 1.34
Terrain of 20%-25% (1 km) S 38,683,000 | $ 2,224,000 | S 773,660 1.061 S 32.24 6.10% S 44,480 | $ 1.85
Terrain of 25%+ (1 km) S 38,865,000 | $ 2,406,000 | $ 777,300 1.066 S 32.39 6.60% S 48,120 | S 2.01
[ 30-inch (30.000) x50kms |
Base Case $ 43,055,000 | $ -1 $ 861,100 NA $ 28.70 NA NA NA
Terrain of 5%-10% (1 km) S 43,959,000 | $ 904,000 | $ 879,180 1.021 S 29.31 2.10% S 18,080 | $ 0.60
Terrain of 10%-15% (1 km) S 44,476,000 | S 1,421,000 | S 889,520 1.033 S 29.65 3.30% S 28,420 | $ 0.95
Terrain of 15%-20% (1 km) S 44,992,000 | $ 1,937,000 | S 899,840 1.045 S 29.99 4.50% S 38,740 | $ 1.29
Terrain of 20%-25% (1 km) S 45,724,000 | $ 2,669,000 | S 914,480 1.062 S 30.48 6.20% S 53,380 | $ 1.78
Terrain of 25%+ (1 km) S 45,940,000 | $ 2,885,000 | $ 918,800 1.067 S 30.63 6.70% S 57,700 | $ 1.92
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. T el (e Total Cost/ | Multiplier/K | Total Cost/Dia- UEET (53 Incremental Increme_ntal
Description Total Cost Difference vs . Delta vs Base Cost/Dia-
Base Km m Versus in/Meter Case (%) Cost/Km in/Meter
Base Case

36-inch (36.000) x 50 kms
Base Case $ 51,043,000 | $ -1$ 1,020,860 NA $ 28.36 NA NA NA
Terrain of 5%-10% (1 km) S 52,166,000 | S 1,123,000 | $ 1,043,320 1.022 S 28.98 2.20% S 22,460 | S 0.62
Terrain of 10%-15% (1 km) S 52,778,000 | $ 1,735,000 | $ 1,055,560 1.034 S 29.32 3.40% S 34,700 | $ 0.96
Terrain of 15%-20% (1 km) S 53,391,000 | S 2,348,000 | $ 1,067,820 1.046 S 29.66 4.60% S 46,960 | S 1.30
Terrain of 20%-25% (1 km) S 54,310,000 | $ 3,267,000 | S 1,086,200 1.064 S 30.17 6.40% S 65,340 | $ 1.82
Terrain of 25%+ (1 km) S 54,565,000 | S 3,522,000 | $ 1,091,300 1.069 S 30.31 6.90% S 70,440 | S 1.96

42-inch (42.000) x 50 kms
Base Case $ 60,664,000 | $ -1 $ 1,213,280 NA $ 28.89 NA NA NA
Terrain of 5%-10% (1 km) S 61,999,000 | $ 1,335,000 | $ 1,239,980 1.022 S 29.52 2.20% S 26,700 | S 0.64
Terrain of 10%-15% (1 km) S 62,727,000 | S 2,063,000 | S 1,254,540 1.034 S 29.87 3.40% S 41,260 | S 0.98
Terrain of 15%-20% (1 km) S 63,515,000 | $ 2,851,000 | $§ 1,270,300 1.047 S 30.25 4.70% S 57,020 | $ 1.36
Terrain of 20%-25% (1 km) $ 64,607,000 | S 3,943,000 | $ 1,292,140 1.065 S 30.77 6.50% S 78,860 | S 1.88
Terrain of 25%+ (1 km) S 64,910,000 | $ 4,246,000 | S 1,298,200 1.070 S 30.91 7.00% S 84,920 | $ 2.02

48-inch (48.000) x 50 kms
Base Case $ 72,213,000 | $ - $ 1,444,260 NA $ 30.09 NA NA NA
Terrain of 5%-10% (1 km) S 73,946,000 | S 1,733,000 | $ 1,478,920 1.024 S 30.81 2.40% S 34,660 | $ 0.72
Terrain of 10%-15% (1 km) S 74,740,000 | $ 2,527,000 | S 1,494,800 1.035 S 31.14 3.50% S 50,540 | $ 1.05
Terrain of 15%-20% (1 km) S 75,679,000 | S 3,466,000 | $ 1,513,580 1.048 S 31.53 4.80% S 69,320 | $ 1.44
Terrain of 20%-25% (1 km) S 77,051,000 | $ 4,838,000 | $ 1,541,020 1.067 S 32.10 6.70% S 96,760 | S 2.02
Terrain of 25%+ (1 km) S 77,412,000 | S 5,199,000 | $§ 1,548,240 1.072 S 32.26 7.20% S 103,980 | $ 2.17
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Terrain Gradient / Diameter 2" 4" 6" 8" 10" 12" 14" 16" 18" 20" 24" 30" 36" 42" 48"
Terrain of 5%-10% (1 km) 1.015 1.015 1.016 1.016 1.016 1.016 1.016 1.017 1.018 1.019 1.020 1.021 1.022 1.023 1.025
Terrain of 10%-15% (1 km) 1.024 1.025 1.027 1.027 1.027 1.028 1.028 1.029 1.030 1.031 1.032 1.033 1.034 1.035 1.037
Terrain of 15%-20% (1 km) 1.036 1.037 1.039 1.039 1.039 1.040 1.040 1.041 1.042 1.043 1.044 1.045 1.046 1.047 1.049
Terrain of 20%-25% (1 km) 1.054 1.055 1.056 1.056 1.056 1.057 1.057 1.058 1.059 1.060 1.061 1.062 1.064 1.065 1.068
Terrain of 25%+ (1 km) 1.059 1.060 1.061 1.061 1.061 1.062 1.062 1.063 1.064 1.065 1.066 1.067 1.069 1.070 1.073
1.080
1.070 i
1.060
1.050
1.040 .
. I Terrain of 5%-10% (1 km)
. . Terrain of 10%-15% (1 km)
1.030 [ Terrain of 15%-20% (1 km)
- mm Terrain of 20%-25% (1 km)
l mm Terrain of 25%+ (1 km)
1.020 —— 2 per. Mov. Avg. (Terrain of 5%-10% (1 km))
—— 2 per. Mov. Avg. (Terrain of 10%-15% (1 km))
1.010 —— 2 per. Mov. Avg. (Terrain of 15%-20% (1 km))
—— 2 per. Mov. Avg. (Terrain of 20%-25% (1 km))
—— 2 per. Mov. Avg. (Terrain of 25%+ (1 km))
1.000 I
0.990
0.980
M Terrain of 5%-10% (1 km) 1.015 1.015 1.016 1.016 1.016 1.016 1.016 1.017 1.018 1.019 1.020 1.021 1.022 1.023 1.025
M Terrain of 10%-15% (1 km) 1.024 1.025 1.027 1.027 1.027 1.028 1.028 1.029 1.030 1.031 1.032 1.033 1.034 1.035 1.037
M Terrain of 15%-20% (1 km) 1.036 1.037 1.039 1.039 1.039 1.040 1.040 1.041 1.042 1.043 1.044 1.045 1.046 1.047 1.049
M Terrain of 20%-25% (1 km) 1.054 1.055 1.056 1.056 1.056 1.057 1.057 1.058 1.059 1.060 1.061 1.062 1.064 1.065 1.068
M Terrain of 25%+ (1 km) 1.059 1.060 1.061 1.061 1.061 1.062 1.062 1.063 1.064 1.065 1.066 1.067 1.069 1.070 1.073
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